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Abstract
Rock wall communities and structuring processes in Doubtful Sound have been widely
studied. However, due to the limitations of SCUBA diving this research has been limited to
30 m. This study attempts to further the understanding of the rock wall communities through
the quantitative use of a remote operated vehicle (ROV) to observe these communities below
the depths of SCUBA divers.
The study developed a ROV methodology to quantitatively sample the rock wall communities
of fiords. The developed ROV methodology was compared to the conventional methodology
of digital photoquadrats taken by SCUBA divers at Tricky Cove in Doubtful Sound. The
ROV methodology was observed to successfully sample the patterns of species richness and
community composition across depth, however; the ROV underestimated the alpha species
richness of the site by 45.5%, the point S and H’ of the samples by 33.9% and 22.3%
respectively. The variations between the ROV and photoquadrat survey were concluded to be
caused by the lower resolution of the ROV camera which missed small cryptic species (< 5cm
in size).
The ROV was deployed to a maximum water depth of 100 m at four sites, Deep Cove, Mid
C4, Tricky Cove and Thompson Sound, across an inner to outer fiord gradient in Doubtful
Sound. Variations in taxonomic abundance and community composition occurred across both
vertical and horizontal spatial scales. Across sites, the surveys separated the communities into
shallow and deep assemblages at ≈ 40 m. Shallow samples had a higher level of similarity
among sites to samples from similar depth brackets, while deep samples had a higher level of
similarity to other deep samples from the same site. Shallow samples followed an inner to
outer fiord gradient of increasing taxonomic diversity and abundance, while deep samples did
not have any along fiord gradient. These results were used to create a basic zonation profile of
Doubtful Sound consisting of three zones; (1) a shallow low diversity zone from 0 – 8 m,
characterised by Mytilus edulis galloprovincialis and Ulva spp.; (2) a shallow high diversity
zone from 8 – 14 m, characterised by large populations of erect and encrusting sponges,
encrusting ascidians, brachiopods and Antipathes fiordensis; (3) a deep barren zone from 40 –
100 m, characterised by Caryophyllia profunda and small populations of encrusting sponges
and ascidians which were present under small overhangs and within crevices. The shallow
communities were proposed to be structured by the LSL and biotic interactions, while the
deep communities were proposed to be structured by sedimentation and basin processes.
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This research demonstrates the ability of an ROV to survey the patterns of diversity and
abundance for rock wall communities in fiords, separating the communities into shallow and
deep communities at 40 m. However, due to the low camera resolution of current ROVs,
using an appropriate scale for surveys has been shown to be important.
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1 General introduction

1.1 Community structure of ecosystems
How communities are structured within an ecosystem is a fundamental question of
community ecology (Leibold et al. 2004). Community structure is influenced by the
distribution of species and the patterns of species diversity, abundance and interactions
between species (Leibold et al. 2004, Loreau 2010). These factors of community structure are
influenced by biological and environmental parameters within the ecosystem (O'Neill et al.
1986). In order to generate and test hypotheses of community structure, quantitative
observations of the patterns of community structure, and comparisons with the variations in
biological and environmental parameters are required (O'Neill et al. 1986, Menge and Olson
1990, Underwood et al. 2000, Leibold et al. 2004).
Communities and the processes structuring them are heterogeneous across spatial and
temporal scales (O'Neill et al. 1986, Menge and Olson 1990). As spatial and temporal scales
change the importance of the structuring processes varies in a hierarchical fashion (O'Neill et
al. 1986). At a local scale community structure is dependent upon the interactions between
the biotic factors and on direct and indirect effects of small-scale variation in
environmental stress. Whereas over large spatial scales community structure is associated
with variations in the influence of environmental conditions, long range dispersal mechanisms
and nutrients (O'Neill et al. 1986, Menge and Olson 1990).
Ecosystems can be described across a range of spatial and temporal scales. The resulting
metapopulation and metacommunity models are used as descriptors of the connectivity
between spatially subdivided habitats (Hanski 1999, Leibold et al. 2004, Loreau 2010). Due
to their ability to identify the interactions between local and regional processes with
communities, these approaches are being used in conservation and ecosystem management
(Hanski 1999, Guichard et al. 2004, Leibold et al. 2004). However, before metapopulation
and metacommunity models can be utilised, patterns of community structure and the
structuring processes should be quantified across a range of spatial and temporal scales
(Underwood et al. 2000).

1

1.2

Fiord ecosystems

Fiords are drowned glacially carved valleys, which are distributed from temperate to subpolar regions. Fiord ecosystems harbour diverse communities, structured by a range of
biological and environmental parameters (Howe et al. 2010). The dynamic aspects of fiord
ecosystems mean that the environmental processes and communities can vary greatly over
spatial and temporal scales (Syvitski et al. 1989, Dethier and Schoch 2005, Renaud et al.
2007). Variations in the structuring processes of fiord environments and the community
responses to these processes, have led to fiords being termed ‘natural laboratories’ (Syvitski et
al. 1989).
The community structure of fiords has been widely studied across a range of spatial scales,
observing changes in faunal abundances and diversity in relation to environmental gradients.
The structuring forces of fiord ecosystems which drive the patterns of faunal compositions are
a combination of the fiords’ geomorphology, sediment supply, biogeochemistry and
hydrography (Farrow et al. 1983, Syvitski et al. 1989, Drexler et al. 2006, Howe et al. 2010).
Variations in these fiord processes create horizontal and vertical gradients of sedimentation,
nutrient flux, salinity, and temperature (Farrow et al. 1983, Smith 1998, Witman and Grange
1998, Gibbs et al. 2000, Wlodarska-Kowalczuk and Pearson 2004).
The majority of studies on fiord communities focus on the benthic fauna and the soft sediment
habitat in fiord basins (Buhl-Mortensen and HØisæter 1993, Buhl-Mortensen 1996, KlitgaardKristensen and Buhl-Mortensen 1999, Dethier and Schoch 2005, Brewin et al. 2008). In
Fiordland, New Zealand studies of the community assemblages of the epilthic fauna present
on the sheer rock walls of fiords are limited, and are typically focused on shallow area of the
rock walls within diver depth (Grange et al. 1981, Smith 1998). Studies of the deeper rock
wall fauna have occurred (Farrow et al. 1983); however, these studies have used
submersibles, an expense which is beyond the reach of most studies. The advent of
technology such as remote operated vehicles (ROVs) provides an opportunity for the deeper
areas of the fiords to be studied. The abundance and diversity of these deeper rock wall
communities is unknown. As the deep rock wall habitat makes up a significant part of the
fiord environment, an understanding of these communities would greatly increase our
knowledge of the diversity of fiord ecosystems. Additionally whether these communities are
structured by the same processes as shallow rock wall communities or the same processes as
deep basin communities is unknown.
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1.3 Ecosystem applications of ROVs
Using ROVs to sample the marine environment provides a range of advantages over
traditional blind sampling and SCUBA diving based methodologies (Ellis 1988). ROVs can
operate over a greater range of scales and provide spatial referenced investigations (Lam et al.
2006, Jones 2009). Through the adaptation of ROVs and the addition of study-specific
equipment ROVs have been used to measure the ecosystem processes while directly
observing communities (Pilgrim et al. 2000, Jones 2009). The videos and images from ROV
surveys allow for surveyors to quickly investigate large areas of the marine environment
efficiently, while the navigation features and depth monitors allow the images to be related to
environmental processes (Jones 2009, Teece 2009). Quantitative information of the spatial
distribution of communities from ROV footage, will allow for a hypothesis of the structuring
processes of deep rock wall communities to be proposed.

1.4

Study aims

The areas of sheer rock walls in Doubtful Sound below diver depths (40 m) represent an area
of the habitat which has not been previously described. The study aims to quantitatively
observe the sheer rock wall habitat and describe the patterns of community structure of the
deep epilithic fauna to 100 m across a range of sites in Doubtful Sound. In order to achieve
this aim the study will, firstly develop a quantitative methodology for the ROV to observe
patterns of community composition, and secondly use the ROV to describe the patterns of
community composition across a range of sites in Doubtful Sound.
Chapter Two: Development of a quantitative ROV methodology for surveying benthic
communities
The initial video footage acquired from ROV surveys are qualitative observations. In order to
be able to make comparisons across sites and studies these observations need to be quantified.
Chapter two aims to develop a quantitative ROV methodology designed specifically for the
University of Otago Seabotix LBV 150 ROV model. Once developed the ROV methodology
will be compared against the common method of quantitatively analysing the epilithic fauna
of fiord rock walls using digital photoquadrats collected by SCUBA divers. Through
comparisons with the conventional methodology the precision and continued application of
the ROV methodology can be assessed.
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Chapter Three: ROV surveys of Doubtful Sound
The structure of the shallow rock wall communities and the structuring processes have been
extensively surveyed in Doubtful Sound (Smith 1998, Witman and Grange 1998) and other
areas of Fiordland (Grange et al. 1981, Smith 2001). This chapter aims to extend the
understanding of these communities below the depth of the previous studies, which were
limited due to the use of SCUBA divers. The ROV will observe the communities at 10 m
intervals to a maximum depth of 100 m or until limited, across four sites in Doubtful Sound.
The sites are spread across the inner, mid and outer fiord gradient which has previously been
described (Smith and Witman 1999). The results from the surveys will be used to create a
basic vertical zonation pattern for the rock wall habitat in Doubtful Sound. Variations in the
structure of the community across vertical and horizontal spatial gradients will be discussed in
relation to the structuring processes which have been observed by previous studies.
Chapter Four: Key results and conclusions
Chapter four will combine the key results and conclusions from the development of the ROV
methodology with the observations from the ROV surveys. Allowing for the effectiveness of
the methodology to be discussed in relation to the observations of community structure made
by the ROV surveys. The implications of the present study and avenues for further research
will also be discussed
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2 Development of a quantitative ROV methodology
for surveying benthic communities
2.1 Introduction
2.1.1

Remote operated vehicles (ROVs)

Since the introduction of Remote Operated Vehicles (ROV) into scientific methodology the
potential of these tools to extend the view of scientists into the ocean has been lauded (Ellis
1988). Foremostly, with SCUBA divers depth limited to 40 m, ROVs dramatically improve
the spatial scale in which scientists can directly observe the marine environment. Examples
include the large scale surveys of continental shelves and the discovery of the deep sea
hydrothermal vent habitats (Guinan et al. 2009). The video capabilities of ROVs lead to many
advantages over traditional blind methods (dredges and water samples) of sampling the
marine environment, with ROVs allowing scientists to noninvasively sample the environment
while viewing the origin of their samples (Ellis 1988, Pilgrim et al. 2000, Jones 2009, Teece
2009).
The initial use of ROVs was limited due to the cost of owning and operating large work class
ROVs which required specialised operators, vessels and support platforms. These ROVs were
primarily used by petroleum companies and large oceanographic institutions such as the
Monterey Bay Aquarium Research Institute and Woods Hole Oceanographic Institution
(Pacunski et al. 2008, Jones 2009, Teece 2009). The advent of smaller observation class
ROVS and collaborative programs such as the Scientific and Environmental Remotely
operated vehicle Partnership using Existing Industrial Technology (SERPENT), which pairs
industrial work class ROVs on standby with scientific ventures, has allowed more
Universities, institutions and companies access to ROV technology for use in both scientific
and commercial ventures (Pacunski et al. 2008, Jones 2009).
Observation class ROVs collect visual images through onboard video cameras. In order to use
these ROVs to study specific elements of ecosystems, researchers need to adapt them with
additional features (Teece 2009). Studies have adapted observation class ROVs to
quantitatively analyse environments (Parry et al. 2003, Parnell et al. 2005, Rossi et al. 2008),
collect live specimens (Janssen et al. 2006, Kilgour and Shirley 2008, Toller et al. 2008),
water samples (Biddanda et al. 2006), sediment cores (Drexler et al. 2006), and take sonar
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readings (Biddanda et al. 2006, Drexler et al. 2006). Adaptations such as these allow for
broader uses of ROVs, not only in ecological studies, but in marine science as a whole.

2.1.2

Quantitative ROV surveys

Quantitative methodologies have become the standard in community ecology (Schneider
1994). A quantitative approach has several advantages. Firstly, when coupled with
multivariate statistical approaches, quantitative methodologies allow for ecologists to make
assertions based on scale, compare communities between methods and studies, and detect
smaller differences within samples (Gauch 1982). Secondly, due to the specified scales and
consistency inherent to quantitative methodologies, the level of communication and
cooperation between ecologists, as well as scientists in other disciplines is increased and
encouraged (Gauch 1982, Schneider 1994).
ROV methodologies have strived to maintain a quantitative approach to surveys (Pilgrim et
al. 2000, Parry et al. 2003, Lam et al. 2007). Due to variations in the speed of the ROV, angle
of camera, distance travelled and distance from the benthos, quantitative samples can be
difficult to obtain during ROV surveys (Pilgrim et al. 2000, Parry et al. 2002). To counter
these factors the addition of specific technologies, such as scaling lasers (Pilgrim et al. 2000,
Parry et al. 2003, Rooney et al. 2010) and GPS locators (Norcross and Mueter 1999, Rossi et
al. 2008), in conjunction with the use of well planned methodologies have been used to
achieve quantitative samples and surveys when using ROVs.
Scaling lasers have been used by divers in studies using both quantitative photographic and
video transects (Leonard and Clark 1993, Pech et al. 2004, Leujak and Ormond 2007, Lirman
et al. 2007, Parravicini et al. 2009) and are now being widely used in ROV surveys to
quantitatively analyse the area that is being sampled. The use of scaling lasers on ROVs can
be broken into two categories. Firstly, parallel lasers, which were initially used for direct size
measurements, and have also been successfully paired with simple geometry to produce
quantitative photographical methods (Tusting and Davis 1993, Patterson et al. 2009).
Secondly, complex laser arrays which are used in conjunction with advanced software
programs to quantitatively analyse images (Pilgrim et al. 2000, Parry et al. 2002, West 2002).
GPS and sonar technology have been used in conjunction with scaling lasers, and are used to
measure the distance that the ROV has travelled, allowing for the replication of consistent
transects (Lam et al. 2006).
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Rossi et al. (2008) used parallel lasers in an extensive quantitative ROV survey investigating
deep-dwelling red coral (Corallium rubrum) populations in the Mediterranean Sea. The ROV
was equipped with parallel lasers 34 cm apart which were used to determine the width of the
transect. The ROV was flown along a transect at a consistent speed, with the GPS coordinates
being recorded to assess the distance that the ROV travelled. The results were quantified as
coral colonies per cm2. Other quantitative ROV studies incorporating parallel lasers include;
Hardin et al. (1994) who used parallel lasers to measure the size of photoquadrats taken by a
still camera attached to a ROV; Patterson et al. (2009) who used parallel lasers equipped ROV
to measure and count fish along transects. Gutt and Starmans (2001) developed a ROV
methodology for sampling transects using parallel lasers, the ROV was suspended in midwater and was slowly pulled along by the research vessel. The vessel maintained a steady
velocity and was able to measure the distance travelled. The parallel lasers were used to
represent the width of the transect observed. This methodology has been adapted and used in
other studies (Starmans and Gutt 2002, Mortensen and Buhl-Mortensen 2004, Bo et al. 2009).
Laser diode arrays have been used in a number of ROV and other video based studies to
quantitatively analyse video footage (Sánchez et al. 2009). Parry et al. (2003) used an array of
five laser diodes in conjunction with the ABISS software program, a system designed by
Pilgrim (2000), to quantitatively analyse the patch structure of benthic marine invertebrates.
West (2002) developed a quantitative methodology using video taken from a submersible
equipped with an array of four laser diodes in conjunction with the Lasermeasure program.
The methodology was used to quantitatively analyse the distribution of solitary ascidians and
corals on Fiordland rock walls. Kogan et al. (2006) used a similar array of laser diodes and
software equipped on an ROV to quantitatively analyse and compare the impact of the deep
sea Pioneer Seamount cable on different ecosystems along its 95 km stretch.

2.1.3 Method comparisons
The advent of new methodologies requires that they are tested to assess their accuracy, cost
effectiveness and usability (Lam et al. 2006, Parravicini et al. 2009). An ideal test of these
factors is a comparison with the conventional methodologies used in the field of study (Parry
et al. 2002). Comparisons of the advantages and disadvantages of the conventional and new
methods, in conjunction with a small scale study using both the new and conventional
methodologies are ideal tests allowing for critical and statistical assessment of the
methodologies. Comparisons with conventional methods are a key step in developing any
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new methodology before embarking on larger scale experiments (Parry et al. 2002, Lam et al.
2006).
ROVs methodologies have been developed in order to study percentage cover and community
composition (Hardin et al. 1994, Gutt and Starmans 2001, Kogan et al. 2006, Lam et al. 2007,
Leichter et al. 2008, Guinan et al. 2009, Rooney et al. 2010). The conventional methods of
studying percentage cover and community composition are with digital photoquadrats and
video-transects taken by SCUBA divers (Leonard and Clark 1993, Smith and Witman 1999,
Pech et al. 2004, Lam et al. 2006, Parravicini et al. 2009). Methods involving SCUBA divers
are time and depth limited. Using an ROV overcomes these disadvantages, allowing for
deeper, longer studies from the relative safety of the research vessel. The disadvantages of
using ROV as a quantitative sampling tool have been mentioned above, as well as the
solutions; however, the technology required for these solutions can be expensive and are not
available to every study (Teece 2009). The still camera technology used by SCUBA divers,
will however, have higher resolutions than the cameras on the ROVs, allowing for images of a
much higher quality (Lam et al. 2006).
ROVs have been tested against diver methodologies by both Lam et al. (2006) and Parry et al.
(2002) before embarking on larger scale studies using these methodologies, Lam et al. (2007)
and Parry et al. (2003) respectively. Lam et al. (2006) developed a methodology to monitor
subtropical coral communities using an ROV to take video transects. The developed
methodology was compared against the traditional point intercept transect (PIT) and a
conventional diver video-transect method. Fifty non-overlapping frames were chosen for each
transect for both the ROV and video-transect samples, on which 100 random points were
observed. The study found that there were no significant difference at any of the sites between
the ROV and video transect methods for the number of species observed, the Shannon
diversity index (H’), and Pielou’s evenness (J’) and the percentage cover of the various coral
species. The main advantage of the ROV observed by the study was the potential spatial scale,
both horizontally and vertically that was possible with a ROV survey.
Parry et al. (2002) developed a methodology using an ROV equipped with a five laser diode
array to measure and map the abundance and distribution of burrowing megafauna and
benthic features. This methodology was compared to the conventional method of SCUBA
divers surveying and mapping the area using surveying tools and slates. The study recorded
no significant differences between the two methods for abundance estimates of total biotic
features. The study did, however, note that the ROV continuously underestimated the smallest
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features observed in the study even though there was no significant difference, and related this
as an artefact of the measurement of the features rather than feature detection. The study also
highlighted that the limit of agreement between the two methods decreased as the sampling
grain increased (from 0.25 m2 to 1 m2). The main advantage of using an ROV observed by the
study was the decreased sampling time when compared to the divers surveying the site.
The studies conducted by Lam et al. (2006) and Parry et al. (2002) show, that with a well
planned methodology ROV surveys can be accurate quantitative sampling tools that are in
agreement with conventional methods. The studies highlight the abilities of ROV surveys to
sample large spatial areas at reduced times when compared to conventional methods
involving SCUBA divers.

2.1.4

Aims of the study

The steep rock walls of the Fiordland marine environment are habitats which harbour a rich
range of sessile invertebrate communities (Smith and Witman 1999). The sheer rock walls,
which extend to 465 m in some areas, are an ideal environment to be quantitatively surveyed
using an ROV. Such a study would greatly enhance our understanding of the biodiversity of
the area, and the deep sea processes which occur in Fiordland.
As previously stated, before the deployment of an ROV survey on a large spatial scale, a
quantitative methodology needs to be developed, and comparisons with the conventional
methodology, digital photoquadrats taken by SCUBA divers (Grange et al. 1981, Witman and
Grange 1998, Smith and Witman 1999) are required. The aim of this study is therefore to:


Develop a quantitative ROV methodology to survey the patterns of biodiversity and
community composition of the fiord walls in Doubtful Sound.



Compare the developed ROV methodology with the conventional methodology of
digital photoquadrats taken by SCUBA divers.



Use the results from the comparison of the methodologies to assess the success of
using an ROV to survey the patterns of biodiversity in Doubtful Sound.
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2.2 Methods
2.2.1 Site
The site chosen to compare the ROV and the photoquadrat sampling methods was Tricky
Cove (45°20.861’ S, 167°02.794’ E) a small embayment on the northern side of the mid-fiord
area in Doubtful Sound (Fig. 2.1). The near-vertical rock walls typical of Doubtful Sound are
present at Tricky Cove and extend to >200 m. Tricky Cove has been used extensively for
hydrographic (Grange et al. 1991), ecological (Witman and Grange 1998) and biological
(Lamare and Stewart 1998, Miller 1998). Tricky Cove was chosen as the site for this
experiment because of the species rich benthic communities composed of crinoids,
brachiopods, bryozoans, crayfish (Jasus edwardsii), black coral (Antipathes fiordensis) and a
variety of sponges and ascidians (Miller 1998, Lee et al. 2010). The sheer rock walls at the
site make consistent sampling with both the ROV and diver operated photoquadrats simple
and accurate.
The area of the cove sampled was the sheer rock face on the western internal edge of the cove.
This rock wall descends down to 30 m before it levels off on to a highly sedimented ledge.
The majority of the wall is vertical with little large scale features; however there is a large
amount of small scale variation provided by small outcrops, cracks in the rock wall and
overhangs. This main rock wall has distinctive boundaries on each edge which can be used for
ROV orientation and navigation.
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(a)
Figure 2.1 Map of Doubtful Sound, Fiordland located in the South Island of New Zealand. The highlighted area (a) is the
location of Tricky Cove

2.2.2

ROV specifications

The Remote Operated Vehicle (ROV) used for the study was the LBV-150SE2 manufactured
by the Seabotix Company (Plate 2.1). The study utilized the standard operating system and
camera installed on the ROV; the camera is a 560 line Wide Dynamic Range camera with a
minimum illumination rating of 0.3 lux. The camera had a 270° field of view and was
attached to a chassis which rotated 180°. The camera was cased in a clear acrylic dome along
with a LED lighting system which tracked the camera and provided up to 700 lumens. The
ROV was driven by four brushless DC direct drive thrusters, with one thruster in each of the
vertical and lateral positions and two thrusters positioned at the rear of the unit. The lateral
thruster allowed the ROV to track along the rock wall while keeping the camera facing the
wall. Additions to the ROV included scaling lasers and an external light system. The scaling
lasers, which were positioned 5 cm apart, were mounted on the camera chassis within the
acrylic dome and tracked with the camera and internal light system. The external light system
consisted of four additional multihead LED lights with a total output of 1080 lumens, that
were attached to the front corners of the ROV frame.
The control unit consisted of; a 32 cm LCD screen which displays the real time footage from
the unit and has the depth, heading, time and vehicle configuration overlaid on the video; and
a control pad, with controls for vertical, horizontal and lateral movement, as well as controls
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for the lighting, auto-depth, auto heading, menu and other features of the unit. The data was
transferred between the ROV and the control unit by a 200 m fibre optic umbilical cord. The
data from the control unit was then converted into a DV video file through a DV converter
and saved as AVI files onto a HP Pavilion Dv6 Laptop using the program CyberLink
PowerDirector (version 7).

12

a
d
b

c

e

g
f

h

Plate 2.1 The Seabotix LBV -150SE2 ROV used in the survey. Highlighted features include (a) external LED lights (b) high
definition colour camera and attached laser (c) internal light source (d) umbilical input (e) rear brushless thrusters (f) attached
weights to control buoyancy (g) lateral brushless thrusters (h) vertical brushless thrusters
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2.2.3

Preliminary deployments for understanding ROV limitations

To develop the quantitative ROV methodology used in the experiment the extent to which the
ROV and its accessories could be used in the environment needed to be trialled. The ROV
was initially trialled at Tricky Cove with no additional structures or calibrations apart from
the external lighting, scaling lasers and manipulator arm already on the model. The initial test
was successful in organizing a system on board the boat for the set-up of the ROV control
console, generator and power boards for the electrical equipment. The test highlighted the
importance of the external lighting in observing the fauna on the rock wall, and the
significance of the scaling lasers in the all-round descriptiveity of the ROV in the water and
while processing the footage. The limitations of the initial ROV setup highlighted were
primarily that it was impossible to measure the distance the ROV had travelled horizontally,
and that it was difficult to measure the area which the ROV was viewing.
In order for quantitative samples to be taken, it was decided that still images taken from the
ROV video footage would be the most accurate, and would allow for consistent samples. This
technique makes comparisons with conventional diver photoquadrats simpler (Lam et al.
2006). Small scale features on the sheer rock walls in Fiordland can make measuring the
sample area difficult. Primary deployments attempted to distance the ROV from the rock wall
firstly using the manipulator arm on the ROV, and secondly using a piece of PVC piping
which held the ROV at a distance of 0.5 m from the rock wall. Neither of these methods of
physically distancing the ROV were accurate enough to address the small scale features
present on the rock walls, and overall the system felt clumsy. This issue was resolved by
using the scaling lasers on the ROV in conjunction with the Coral Point Count (CPCe (Kohler
and Gill 2006). This program allowed for a border to be placed around the ROV image using
two scale points (positioned 5 cm apart) and then calculated the area of rock wall within the
image.
In order to compare the images from the ROV survey with those from the conventional diver
photoquadrats the ROV needed to be able to take samples of the same area, in this case 0.25
m2. In order for the laser and software system to measure a consistent 0.25 m2 sample the
system needed to be calibrated. Calibration was done using a 0.25 m2 quadrat which was
suspended underwater against a vertical wall in the saltwater ponds at the Portobello Marine
Laboratory. The ROV was driven up to the quadrat and when the quadrat was fully in view on
the control panel the positions of the laser points were marked on the screen. This calibration
allowed the ROV driver to estimate from the screen when the observed area on screen was
0.25 m2. A border was then placed over the central 0.25 m2 area of the image using CPCe.
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2.2.4 Study design
The study aimed to develop a ROV methodology which was able to quantitatively assess the
biodiversity in the Fiordland environment. In order to address this aim, the methodology
needed to not only observe the species richness and diversity, but to also be able to observe
the patterns of diversity at the site. Species richness and composition vary with depth (Smith
1998, Witman and Grange 1998) therefore, comparison of the developed ROV methodology
with the conventional methodology of diver photoquadrats occurred across four depth
brackets (5, 10, 15 and 20 m). Five samples (images) were collected at each depth brackets,
representing a total sampled area of 1.25 m2 (5 x 0.25 m2) at each depth. As both methods
sampled the same area at each depth bracket, the major difference between the two methods
was the resolution of the images which are taken. Image resolution from the ROV camera was
784 x 576 pixels, which was lower than the image resolution of 3008 x 2000 pixels from the
photoquadrat survey (Table 2.1).
ROV photoquadrats
The ROV footage was collected at Tricky Cove on the 8th of February 2010. The ROV was
manoeuvred towards a randomly selected area of the rock wall at the selected depth bracket
until the scaling lasers lined up with the calibrated dots on the screen, indicating that the area
in view was 0.25 m2. When the lasers and the dots lined up and the ROV was facing a sheer
rock wall the time signature was recorded, this processes occurred five times at each depth.
Subsequent quadrats at the depth were monitored to make sure that there was no overlapping
between the quadrats. The ROV photoquadrat images used for analysis were obtained by
using the snapshot tool in the VLC Media Player program (version 0.9.9, copyright
VideoLAN). The ROV footage was reviewed, and at the time signatures for each of the
quadrats and the image snapshot was taken when the footage was in focus, resulting in the
highest quality image possible. The CPCe program was then used to place a 0.25 m2 border
around the image to check the area of the image prior to the image analysis.
Diver photoquadrats
Photoquadrats were collected at the Tricky Cove on the 28th of January 2010 by SCUBA
divers. Photoquadrats were taken at 5, 10, 15 and 20 m using a Nikon D100 Camera with an
18-50 mm lens, held in a focal length at 50 mm. The camera was housed in a Ikelite housing
with an external strobe. The camera and housing were attached to a custom made 0.25 m2
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photoquadrat frame (Plate 2.2). The depths were measured by a wrist mounted UWATEC
Aladin AIR-2 dive computer. Five photoquadrats were taken at each depth, the locations of
each of the quadrats were chosen at random with special care given so that the photoquadrats
would not overlap with each other. The digital photographs were stored as JPEG files and
analysed in CPCe to check the area of the images were consistent. The tape measure on the
side of the steel photoquadrat frame was used as the scale points in the CPCe program.

Plate 2.2 The photoquadrat set up in use in Doubtful Sound. Image courtesy of A. Rowe.
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Table 2.1 Comparison of the specifications of the ROV and photoquadrat surveys and the images which they produce.

Camera

Lighting

ROV

Photoquadrat

560 line Wide Dynamic Range

Nikon D100 SLR Still digital

video camera

camera 6 mega-pixel

4 multihead LED providing

External Strobe

1080 lumens
Area Sampled

0.25 m2

0.25 m2

Focal Length

90 mm

50 mm

Resolution of Image

784 x 576 pixels

3008 x 2000

Measurement Tools

Scaling lasers (5 cm apart)

Tape measure on frame

Number of Points Analysed

100

100

2.2.5 Image analysis
All images were analysed using the CPCe program. Firstly each image had a border placed
around the image to ensure that the area sampled was 0.25 m2. The border was created using
the scale tool in the CPCe program in conjunction with the scaling measures in each of the
images. For the ROV the measure was the 5 cm scaling lasers on images, and for the diver
photoquadrats a 2 cm section of the measuring tape on the side of the photoquadrat frame was
used for the scale. Each image was analysed using the random dot method (Messe and
Tomich 1992) with 100 random points generated by the CPCe prgoram being placed on the
image (Fig. 2.2).

Figure 2.2 An image from the photoquadrat survey in the CPCe program with the 0.25 m2 border (yellow square) and 100
random points
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In order to analysis the diversity of species within each image, the species had to be labelled
and categorized. Firstly, each organism was categorized into a descriptive group, these labels
were typically based on phyla (e.g. Porifera), however, some were categorised by class (e.g.
Ascidiacea), or general description (e.g. Sediment). The variations in categorisation occurred
in order to simplify the associations of the descriptive groups with the taxa which were being
observed. Secondly, the organisms were identified to the lowest possible taxonomic level
using reference books (Ryan and Paulin 1998, Wing 2008), photographs from previous
studies (Department of Conservation collections, courtesy of Lamare, M.) and conversations
with experts (Pers. comm. Lamare, M., Barker, M. and Smith, A.). Species that could not be
fully described and had not been given a label from a previous study were given a descriptive
label (e.g. red cup sponge). These labels were recorded and photographs were taken of the
individual to make a record of the labels. The CPCe programme utilizes a zoom function
which allows for accurate identification of the taxa being observed (Fig. 2.3). Points on the
edge of the photoquadrat or in areas of shadow were categorised as TWS (Tape, Wand,
Shadow. A default setting in the program) and later removed from the dataset. After all of the
points in the image were labelled according to species and substrate the data was exported to a
Microsoft Excel file for statistical analyses.

Figure 2.3The CPCe program zooming in and identifying an ascidian (Cnemidocarpa bicornuata)
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2.2.6 Statistical analyses
A suite of statistical analyses were used to compare the differences in the observations of the
ROV and photoquadrat methods. Firstly, the observed alpha taxonomic richness of the site as
observed by two methods was analysed. Secondly, the percentage covers of the descriptive
and taxonomic groups observed at the depth brackets were compared between the ROV and
photoquadrat survey. Thirdly, diversity indices were calculated to analyse the variations
between the methods, depths and interaction effect of the two factors. And fourthly,
multivariate analyses were used to assess the resemblances between the community
compositions of the sites and the effect of method and depth on these resemblances. In this
study the terminology for the scale of diversity is akin to that used by Brewin (2003), and
defined by Whittaker (1972). Alpha diversity was defined as the diversity of the local
community, in this case the site Tricky Cove, and point diversity was defined as the diversity
present in the image (0.25 m2).
Alpha taxonomic richness
The initial comparison between the two methods was of the differences in the observed alpha
taxonomic richness of the site. The second comparison of alpha taxonomic richness was
comparing the observed species accumulation curves for each of the methods to an estimated
Chao2 species richness curve. The Chao2 richness is an incidence based estimator and has
been shown to be an accurate predictor of the true richness of a site based of a limited number
of samples (Colwell and Coddington 1994), and can be compared to the observed species
accumulation curves to assess if the sampling effort of the method has made a reasonable
estimate of the true species richness at the site (Brewin 2003). The Chao2 species richness
estimates were calculated using the EstimateS program (Version 8.2.0) (Colwell 2006).
Percentage cover
The percentage cover data for both the descriptive and taxonomic groups was used to
compare the observations of the two methods at the four different depth brackets. The
percentage cover data from the five images from each depth were averaged and the standard
deviations and standard errors were calculated. If a descriptive group or taxa was observed by
both of the methods a two-way t-test was used to test for significant differences in percentage
cover between the methods.
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Diversity indices
The point diversity of the 0.25m2 samples were described using diversity indices of species
richness (S), Shannon diversity (H’) and Pielou’s evenness (J’). S was calculated as the
number of species present in each sample. This definition of species richness is also referred
to as point diversity and is analogous with that of Spellerberg (2003). H’ is a descriptor of the
ecological diversity of the sample based on the percentage composition by species in the
sample (Pielou 1966, Peet 1975). Communities with a high H’ typically have a high
proportion of species to the number of individuals observed, with the highest H’ occurring
when the number of species observed are equal to the individuals observed (Peet 1975). J’ is
based on the H’ index and was developed by Pielou (1975) to compensate for the effects of
species richness on H’ (Smith and Wilson 1996). A community with high J’ has each species
present at equal abundances, while in a low J’ community the abundances of the species differ
widely (Smith and Wilson 1996). H’ and J’ were calculated using natural logs (Magurran
1988) in the PRIMER program.
The diversity indices observed were compared using ANOVA to assess the effect of the
factors of method, depth, and the interaction effect of method x depth on the diversity indices.
Factors which had significant differences were assessed using two-way t-tests. If the
interaction effect of the factors was significantly different two sets of two-way t-tests were
used. Firstly the methods were compared to each other at the depth intervals to assess if they
recorded significantly different levels of the diversity indices at that level. Secondly two-way
t-tests were used to compare each of the depth brackets with each other, this was performed
separately for each method, and was used to assess if the methods were observing the same
patterns of the diversity index across the depth bands.
Multivariate analysis
Prior to any multivariate analysis an appropriate definition of the resemblance of the samples
to each other is fundamental to the operation of the analysis (Clarke and Gorley 2006). For
this study a Bray-Curtis resemblance was used on square root transformed percentage cover
data for all of the multivariate analyses.
In order to thoroughly investigate the multivariate patterns observed in the ecological data,
four steps have been taken as prescribed by Anderson and Willis (2003). These steps include,
(1) a robust unconstrained ordination of the data, (2) an appropriate constrained analysis, (3) a
rigorous statistical test of the hypothesis, and (4) characterization of the species responsible
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for the multivariate patterns. In this study a non-metric multidimensional scaling (MDS) plot
was used as an unconstrained ordination, a canonical analysis of principal components (CAP)
provided a constrained analysis of the data, permutational multivariate analysis of variance
(PERMANOVA) was used as a statistical test of the hypothesis and the species vectors from
the CAP analysis provided a characterization of the species responsible for the observed
patterns.
The hypothesis of the analysis was that the ROV and photoquadrat survey would detect
significant differences in the resemblances of the community compositions, with a null
hypothesis that the methods were not significantly different. To investigate this hypothesis a
two-way crossed PERMANOVA was carried out to assess the impact of method, depth and
the associated interaction effect on the resemblances of the communities for each of the
samples. The main test was calculated using partial sums of squares with the residuals
permutated under a reduced model with 9999 permutations being calculated (Anderson et al.
2008). Pairwise tests were conducted on the factors which were found to be significantly
different to assess which of the levels of the factors which were causing the significant
differences. The pairwise tests conducted are analogous to the t-test comparisons which were
conducted after the ANOVA analyses and compare the differences between the methods at
each depth and the variations in the patterns of diversity as observed by each method.
The MDS plot is an unconstrained ordination of the samples in a low dimensional space. The
samples are positioned at relative distances from each other in the same rank order as the
relative dissimilarity as calculated by the resemblance matrix, in this case Bray-Curtis
analysis preformed on the fourth root transformed data. The samples were ordinated closer to
samples which they are more similar to (Clarke and Gorley 2006). The MDS plot in this study
was created using 50 restarts, and was assigned clusters from a dendogram based on the
similarity levels which were calculated by the Bray-Curtis analysis.
CAP analyses are a constrained multivariate ordination which can be based on any
dissimilarity measure. The purpose of CAP is to find the axes through the multivariate cloud
of points in order to find the highest level of discrimination amongst the observed groups
(Anderson et al. 2008). In this study the CAP analysis were preformed on the two methods
separately and ware used to observe the variations in how the two methods organised the
samples and the variations between the methods in the levels of discrimination for each depth
bracket. Each of the taxonomic groups in the analysis were weighted according to their
influence on the ordination of the samples, these variations in the weights of the taxonomic
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groups allowed for comparisons to be made between the observations of the two methods.
The CAP analysis was performed in PRIMER from the square-root transformed Bray-Curtis
resemblance using 4999 permutations, with the vectors being calculated using Spearman
correlation types.
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2.3 Results
2.3.1 Alpha taxonomic richness
A combined total of 10 descriptive groups and 54 taxonomic groups were observed at Tricky
Cove by the ROV and photoquadrat surveys (Table 2.2). The ROV survey identified 33
taxonomic groups, with five being unique to the ROV survey, while the photoquadrat survey
identified 48 taxonomic groups, with 20 being unique to the photoquadrat survey.
The observed species accumulation curves for each of the surveys were compared with their
Chao2 species richness estimates (Fig. 2.4). For the ROV survey (Fig. 2.4a) the observed
accumulation and estimated richness curves were not converging, suggesting that more
samples are required to obtain reasonable estimates of the richness for this method. For the
photoquadrat survey (Fig. 2.4b) the observed and estimated species richness curves have
converged, suggesting that the survey had used a reasonable number of samples to estimate
the richness (Brewin 2003). The error bars generated through the randomisations of the Chao2
estimator can be used to determine if observed richness is significantly different from the
estimated richness. For the ROV survey the observed species richness fell outside of the error
bars, suggesting that the observed richness was significantly different, and had probably
underestimated the true richness (Brewin, 2003). The observed species richness curve of the
photoquadrat survey fell within the estimated species richness curve error bars, suggesting
that for the photoquadrat survey the estimated richness is not significantly different from the
true species richness of the site.
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Table 2.2 Descriptive and taxonomic groups observed by the ROV and photoquadrat (PQ) methods at Tricky Cove, Doubtful
Sound. + signifies that the organism was observed by the methodology. N = 20 for each method
Descriptive Group
Cnidaria

Taxonomic Group

ROV

PQ

Antipathes fiordensis
Hydroids
Monomyces flabellum
Zooanthid

+
+
+

+
+
+
+

Coralline algae
Bushy algae
Red algae spp. 1
Red algae spp. 2
Ulva spp.

+
+
+
+
+

+
+
+

Aegogropila sp
Axinella tricalyciformis
Cacospongia spp. 5
Callyspongia latituba
Chelonaplysilla violacea
Clathria coreacea
Darwinella oxeata
Dysidea spp.
Echiniclinum spp. 1
Leucettusa spp. 1
Polymastia granulosa
Raspailia agminata
Raspailia spp.
Raspailia topsenti
Red cup sponge
Tethya spp.

+

+
+
+

Algae

+

Porifera

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

Ascidiacea
Aplidium spp. 10
Aplidium nottii
Aplidium spp. 11
Botrylloides spp.
Cnemidocarpa bicornuata
Encrusting ascidian 1
Didemnum albidum
Didemnum candidum
Didemnum densum
Leptoclinides spp.
Psuedodistoma spp.
Synoicium occidentalis
Wax Ascidian

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

Brachiopoda
Calloria inconspicua
Liothyrella neozelanica
Notosaria nigricans
Terebratella sanguinea

+
+

+

+

+
+

+

+
+

+

+

Bryozoa
Hornera foliacea
Crisiid spp.
Mollusca
Mytilus edulis
galloprovincialis
Maoricolpus roseus

+

Echinodermata
Australostichopus mollis
Ocnus brevidentis

+
+

Annelida
Red thread worm
Spirobranchus carinferus
Protula spp.
Spirorbis spp.

+
+

+
+
+
+

Sediment
Counts

+
33

+
48

Sediment
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Figure 2.4 Comparison of the Observed Species Accumulation Curves (dark grey diamonds) and the Chao2 Species
Richness Estimate ± SE (light grey squares), for the ROV (a) and photoquadrat (b) surveys at Tricky Cove, Doubtful Sound.
N = 20 for each survey
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2.3.2 Variations in percentage cover over depth
The results for the percentage cover (± SE) observed at each of the four depth brackets were
analysed in two groups, firstly, in their descriptive group and secondly, in their taxonomic
group. All percentages and their standard errors are given in the order of ROV and then
photoquadrat survey respectively.
5m depth bracket
Seven descriptive groups were observed at the 5 m depth (Fig. 2.5). The ROV observed all
seven of the groups, while the photoquadrat survey observed four of the groups. The groups
which were only observed by the ROV were Cnidaria, Echinodermata and sediment. The
group with the greatest representation for both methods was Algae, with percentage covers
per 0.25 m2 of 75.5 ± 8.6% and 74.6 ± 8.5%. The Mollusca group was well represented in
both of the methods (10.5 ± 7.5% and 11.9 ± 5.0%). No significant differences were observed
between the methods for any of the descriptive groups.
At the 5 m depth 10 taxonomic groups were observed between the two methods (Table 2.3),
with the ROV observing all 10 (Fig. 2.6) and the photoquadrat survey observing six (Fig. 2.7).
The most abundant taxonomic group for both methods was coralline algae which had an
average percentage cover per 0.25 m2 of 51.6 ± 4.7% and 61.9 ± 7.1% respectively.
Taxonomic groups which were also observed at considerable abundances were; Mytilus edulis
galloprovincialis with abundances of 10.5 ±7.4% and 11.9 ± 5.0%, Ulva spp. which was only
observed by the ROV survey and had an abundance of 21.4 ± 6.2%, and Crisiid spp. with
abundances of 2.8 ± 1.7% and 11.2 ± 9.2%. The taxonomic groups which were only observed
by the ROV survey included Ulva spp., hydroids, Australostichopus mollis and sediment.
While taxonomic groups observed at low levels by both of the methods include, Protula spp.,
bushy algae and red algae 1. There were no significant differences between any of the
taxonomic groups which were observed by both methods
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Figure 2.5 The percentage cover (±standard error) per 0.25 m2 of the descriptive groups which were observed by the ROV
(dark grey) and the photoquadrat survey (light grey), at the 5 m depth bracket at Tricky Cove. N = 5 for each survey.

Table 2.3 The average percentage cover (± standard error) per 0.25 m2 of the taxonomic groups which were observed by the
ROV and photoquadrat survey at the 5 m depth bracket at Tricky Cove. N = 5 for each survey.

Descriptive
Group
Cnidaria

Taxonomic Group

ROV Average
(±SE)

PQ Average
(±SE)

PValue

Hydroids

6.24 (±4.5)

-

-

Coralline algae

51.66 (±4.7)

61.94 (±7.1)

0.273

Bushy algae

2.28 (±1.8)

8.3 (±3.6)

0.190

Red algae 1

0.2 (±0.2)

4.3 (±1.7)

0.066

Ulva spp.

21.36 (±6.2)

-

-

Crisiid spp.

2.8 (±1.7)

11.2 (±9.2)

0.324

Mytilus edulis galloprovincialis

10.54 (±7.5)

11.86 (±5.0)

0.880

Australostichopus mollis

1.48 (±1.5)

-

-

Protula spp.

2.26 (±2.0)

2.4 (±1.1)

0.954

Sediment

1.24 (±1.2)

-

-

Algae

Bryozoa
Mollusca
Echinodermata
Annelida
Sediment

27

Figure 2.6 Examples of the 0.25 m2 samples taken at the 5m depth bracket by the ROV survey. Taxonomic groups
highlighted include (a) Australostichopus mollis (b) Crisiid spp. (c) Protula spp.(d) Mytilus edulis galloprovincialis (e) Ulva
spp. (f) Hydroids (g) Coralline algae.
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Figure 2.7 Examples of the 0.25 m2 samples taken at the 5 m depth bracket by the photoquadrat survey. Taxonomic groups
highlighted include (a) Crisiid spp. (b) Protula spp. (c) bushy algae (d) Mytilus edulis galloprovincialis (e) Coralline algae (f)
red algae.
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10m depth bracket
A total of eight descriptive groups were observed at the 10 m depth bracket by the two
methods (Fig. 2.8). Of these, Bryozoa (2.9 ± 1.3) and Echinodermata (0.9 ± 0.4) were only
observed by the photoquadrat survey. The group with the greatest percentage cover per 0.25
m2 in the ROV survey was Algae (42.1 ± 3.4%) with sediment (25.3 ± 5.6%) being the
second. While for the photoquadrat survey the group with the greatest percentage cover per
0.25 m2 was sediment (37 ± 5.9%), with algae (23.7 ± 3.5%) being second. Both of the
methods found similar abundances for the Ascidiacea (14.8 ± 2.6% and 16.4 ± 2.4%) and
Porifera (9.6 ± 3.3% and 10.6 ± 2.1%). A two-way ANOVA observed a significant difference
between the two methods for Algae (t

(7)

= 3.78, P = 0.007), with the ROV observing a

significantly higher percentage cover than the photoquadrat survey.
A total of 38 taxonomic groups were observed at the 10 m depth by both methods (Table 2.4),
with the ROV observing 22 (Fig. 2.9) and the photoquadrat survey observing 36 (Fig. 2.10).
Of the taxonomic groups observed, 16 were only observed by the photoquadrat survey and
two were only observed by the ROV survey. The percentage cover per 0.25 m2 was
dominated by coralline algae and sediment for the ROV, 39.1 ± 3.4% and 23.3 ± 3.5%
respectively, and photoquadrat surveys, 23.5 ± 5.3% and 35.7 ± 6.2% respectively.
Taxonomic groups observed at large percentages per 0.25 m2 included Didemnum densum
(2.4 ± 1.2% and 4.5 ± 0.7%), Didemnum candidum (6.6 ± 1.6% and 3.6 ± 1%) and Dysidea
spp. (3.1 ± 1.4% and 2.9 ± 1.4%) The two taxonomic groups which were only observed by
the ROV survey were red algae 2 and the Callyspongia spp. sponge, both of which were
present in low percentages (0.4 ± 0.3% and 1 ± 0.8% respectively). The 16 taxonomic groups
unique to the photoquadrat survey included; a variety of Ascidiacea and Porifera taxa, the
brachiopods Calloria inconspicua (0.2 ± 0.2%) and Notosaria nigricans (0.7 ± 0.4), and
smaller cryptic taxa such as red thread worms (3.2 ± 1.2%) and Ocnus brevidentis (0.9±0.4 ).
Of the taxonomic groups unique to the photoquadrat survey, red thread worms (3.2 ± 1.2%)
and Crisiid spp. (2.5 ± 1.4%) had the highest percentage covers per 0.25 m2 with most of the
taxonomic groups unique to the photoquadrat survey having low percentage covers (< 1%).
Of the taxa observed by both of the methods only coralline algae was found to be significantly
different between the methods (F (7) = 3.21, P = 0.015), with the ROV observing it at a higher
percentage cover. The 18 taxonomic groups which were not significantly different between
the methods were either distinct groups such as Aegogorophillia spp., Chelonaplysilla
violacea, and Dysidea spp., D. densum; or groups which had patchy distributions and were
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only observed in a single sample including; Antipathes fiordensis, Raspailia topsenti,
Cnemidocarpa bicornuata, Terebratella sanguinea and Protula spp.
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Figure 2.8 The percentage cover (±standard error) per 0.25 m2 of the descriptive groups which were observed by the
ROV (dark grey) and the photoquadrat survey (light grey), at the 10 m depth bracket at Tricky Cove. Asterix (*)
signifies significant differences. N = 5 for each survey.
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Table 2.4 The average percentage cover (± standard error) per 0.25 m2 of the taxonomic groups observed by the ROV and
photoquadrat surveys at the 10 m depth bracket at Tricky Cove. Taxonomic groups which were observed at significantly
different levels by two methods are in bold. N = 5 for each survey.

Descriptive Group
Cnidaria

Taxonomic Group

ROV Average (± SE)

PQ Average (± SE)

P-Values

Antipathes fiordensis
Hydroids
Monomyces flabellum
Zooanthids

1.84 (±1.601)
0.62 (±0.418)
-

0.44 (±0.44)
0.22 (±0.22)
0.92 (±0.431)
0.22 (±0.22

0.447
0.632
-

Coralline algae
Red algae 2
Ulva spp.

39.06 (±3.435)
0.4 (±0.245)
2.68 (±1.341)

23.32 (±3.495)
0.44 (±0.44)

0.015

Aegogrophilla spp.
Cacospongia spp. 5
Callyspongia lattituba
Chelonaplysilla violacea
Clathira coreacea
Darwinella oxeata
Dysidea spp.
Leucettusa spp. 1
Raspailia agminata
Raspailia topsenti
Tethya spp.

1.02 (±1.02)
1.02 (±0.794)
0.4 (±0.245)
0.22 (±0.22)
3.1 (±1.372)
3.04 (±1.871)
0.2 (±0.2)

1.12 (±0.712)
0.66 (±0.44)
1.14 (±0.621)
0.88 (±0.412)
0.86 (±0.86)
2.86 (±1.430)
0.88 (±0.412)
0.24 (±0.24)
0.44 (±0.44)
0.7 (±0.475)

0.93
0.318
0.208
0.907
0.248
0.377

Aplidium nottii
Aplidium spp. 11
Botrylloides spp.
Cnemidocarpa bicornuata
Didemnum candidum
Didemnum densum
Leptoclinides spp.
Psuedodistoma spp.
Synoicium occidentalis
Wax Ascidian

0.2 (±0.2)
2.04 (±1.175)
6.64 (±1.565)
2.44 (±1.154)
0.8 (±0.583)
1.84 (±1.107)
-

0.88 (±0.22)
1.36 (±0.556)
0.68 (±0.68)
1.58 (±1.322)
3.6 (±0.973)
4.5 (±0.652)
2.44 (±0.874)
0.44 (±0.44)
0.68 (±0.445)
0.22 (±0.22)

0.107
0.802
0.150
0.171
0.170
0.376
-

Calloria inconspicua
Notosaria nigricans
Terebratella sanguinea

2.5 (±1.118)

0.22 (±0.22)
0.66 (±0.44)
2.62 (±0.712)

0.931

Crisiid spp.
Hornera foliacea

-

2.48 (±1.423)
0.44 (±0.269)

-

Ocnus brevidentis

-

0.9 (±0.415)

-

Red thread worm
Protula spp.
Spirorbis spp.

1.66 (±0.522)
-

3.16 (±1.145)
0.66 (±0.269)
0.22 (±0.22)

0.263
-

Sediment

24.48(±5.276)

35.7 (±6.241)

0.212

Algae

0.188

Porifera

Ascidiacea

Brachiopoda

Bryozoa

Echinodermata
Annelida

Sediment
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Figure 2.9 Examples of the 0.25 m2 samples taken at the 10 m depth bracket by the ROV survey. Taxonomic groups
highlighted include (a) Sediment (b) Leptoclinides spp. (c) Raspailia topsenti (d) Didemnum densum (e) Didemnum
candidum (f) Terebratella sanguinea
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Figure 2.10 Examples of the 0.25 m2 samples taken by the photoquadrat survey at the 10 m depth bracket. Highlighted
taxonomic groups include (a) Leptoclinides spp. (b) Sediment (c) Botrylloides spp. (d) red thread worm (e) Dysidea spp. (f)
Didemnum densum (g) Didemnum candidum (h) Terebratella sanguinea
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15m depth bracket
At the 15 m depth bracket a total of nine descriptive groups were observed between the two
methods (Fig. 2.11), of these the Bryozoa and Mollusca groups were only observed by the
photoquadrat survey. The algae (32.3%) group had the greatest percentage cover per 0.25 m2
for the ROV survey, while the sediment (45.5%) group had the greatest percentage cover per
0.25 m2 for the photoquadrat survey. The sediment (21.2%) and algae (18.3%) groups had the
second greatest percentage covers per 0.25 m2 for the ROV and photoquadrat surveys
respectively. Ascidians (27.5% and 14.8%) and sponges (16.2% and 14.2%) made up
important components of the ROV and photoquadrat surveys respectively. The ROV survey
observed significantly higher percentage covers per 0.25 m2 of the algae (t
0.007) and Ascidiacea (t

(4)

(6)

= 4.01, P =

= 4.37, P = 0.0012) groups than the photoquadrat survey. The

photoquadrat survey observed a significantly higher percentage cover of sediment (t

(6)

=-

3.39, P = 0.015). The Porifera, Cnidaria, Brachiopoda and Annelida groups were observed at
similar percentage covers per 0.25 m2 by both of the methods.
A total of 35 taxonomic groups were observed at the 15 m depth bracket (Table 2.5). The
ROV survey observed 17 taxonomic groups, with four of the groups being unique to the ROV
survey, and the photoquadrat survey observed 31 groups, with 18 being unique to the
photoquadrat survey. The taxonomic group with the greatest percentage cover per 0.25 m2 in
the ROV survey was coralline algae (32.3%), and for the photoquadrat survey sediment
(45.5%) had the percentage cover per 0.25 m2. The ROV survey observed D. candidum
(14.5%) and Aegogrophilla spp. (13.28%) as important components (Fig. 2.12). Leptoclinides
spp. (4.1%) and C. violacea (3.8%) are important components for the photoquadrat survey
(Fig. 2.13). The taxonomic groups that were observed only by the ROV were the unidentified
red cup sponge, Tethya spp., Synoicium occidentalis and Spirorbis spp. The majority of the
taxonomic groups unique to the photoquadrat survey were the smaller, cryptic organisms such
as Psuedodistoma spp., Botrylloides spp., N. nigricans, zooanthids, red thread worms, and
Spirobranchus carinferus, however, some of the groups which were not observed by the ROV
were common or distinct species such as Axinella tricalyformis, Polymastia granulosa and
Didemnum albidum. The taxonomic groups which were observed only by the photoquadrat
survey were typically recorded at a low percentage coverage per 0.25 m2 (< 1%) with A.
tricalyformis (2.5%) and the Aplidium species, A. spp. 10 (1.3%), A. nottii (1%) and A. spp.11
(1.3%) being the exceptions to this. The taxonomic groups which were recorded at
significantly different percentage cover per 0.25 m2 by the two methods were, coralline algae
(t (6) = 4.22, P = 0.006) and D. candidum (t (5) = 6.00, P = 0.002) both of which were recorded
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at higher percentage covers per 0.25 m2 by the ROV survey. Sediment (t

(7)

= -2.75, P =

0.028) which was recorded at a higher percentage cover by the photoquadrat survey. The nine
taxonomic groups which were recorded at similar levels by the two methods consisted of
encrusting taxonomic groups such as Aegogorophillia spp., C. violacea, Dysidea spp., D.
densum, and distinctive species such as A. fiordensis, R. topsenti, C. bicornuata, T. sanguinea
and Protula spp.
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Figure 2.11The percentage cover (±standard error) per 0.25 m2 of the descriptive groups which were observed by the ROV
(dark grey) and the photoquadrat survey (light grey), at the 15 m depth bracket at Tricky Cove, Doubtful Sound. Significantly
different groups are highlighted by an asterix (*). N = 5 for each survey.
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Table 2.5 The average percentage cover (± standard error) per 0.25 m2 of the taxonomic groups which were observed by the
ROV and photoquadrat survey at the 15 m depth bracket at Tricky Cove in Doubtful Sound. Taxonomic groups which are
significantly different between the methods are in bold. N = 5 for each survey.
Descriptive Group

Taxonomic Group

ROV Average

PQ

Antipathes fiordensis
Monomyces flabellum
Zooanthids

(±SE)
0.42 (± 0.420)
0
0

(±SE)
1.5 (±0.772)
0.84 (±0.393)
0.22 (±0.220)

0.244
-

Coralline algae
Ulva spp.

32.36 (±1.705)
0

19.02 (±2.658)
0.22 (±0.0.220)

0.006
-

Aegogrophilla spp.
Axinella tricalyformis
Chelonaplysilla violacea
Dysidea spp.
Echiniclinum spp. 1
Leucettusa spp. 1
Polymastia granulosa
Raspailia topsenti
Red cup sponge
Tethya spp.

13.28 (±5.85)
0
0.42 (±0.258)
0.2 (±(0.200)
0
0
0
1.84 (±1.336)
0.2 (±0.200)
0.22 (±0.220)

2.76 (±1.752)
2.54 (±2.275)
3.82 (±1.535)
2.5 (±0.965)
0.62 (±0.254)
0.2 (±0.200)
0.42 (±0.420)
0.64 (±0.640)
0
0

0.147
0.094
0.080
0.455
-

Aplidium spp. 10
Aplidium nottii
Aplidium spp. 11
Botrylloides spp.
Cnemidocarpa bicornuata
Didemnum albidum
Didemnum candidum
Didemnum densum
Leptoclinides spp.
Psuedodistoma spp.
Synoicium occidentalis

0
0
0
0
0.4 (±0.400)
0
14.5 (±1.778)
7.58 (±1.841)
4.4 (±1.666)
0
0.4 (±0.245)

1.28 (±0.628)
1.04 (±1.040)
1.26 (±1.008)
0.2 (±0.200)
2.5 (±1.181)
1.04 (±0.566)
2.875 (±0.867)
2.94 (±1.008)
4.06 (±1.107)
0.64 (±0.262)
0

0.167
0.002
0.069
-

Notosaria nigricans
Terebratella sanguinea

0
1.26 (±1.260)

0.82 (±0.377)
1.9 (±0.511)

0.658

Crisiid spp.

0

0.42 (±0.258)

-

Maoricolpus roseus

0

0.22 (±0.220)

-

Red thread worm
Spirobranchus carinferus
Protula spp.
Spirorbis spp.

0
0
0.82 (±0.260)
0.4 (±0.245)

0.86 (±0.409)
0.44 (±0.269)
0.22 (±0.220)
0

0.087
-

Sediment

21.24 (±6.001)

42.22 (±4.712)

0.028

Cnidaria

Average

P-Value

Algae
Porifera

Ascidiacea

Brachiopoda
Bryozoa
Mollusca
Annelida

Sediment
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Figure 2.12 Examples of the 0.25 m2 samples taken at the 15 m depth bracket by the ROV survey. The highlighted
taxonomic groups include (a) Leptoclinides spp. (b) Synoicium occidentalis (c) Terebratella sanguinea (d) Aegogorophillia
spp. (e) Antipathes fiordensis (f) Didemnum densum
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Figure 2.13 Examples of the 0.25 m2 samples taken by the photoquadrat survey at 15 m. Taxonomic groups highlighted
include (a) Cnemidocarpa bicornuata (b) Didemnum densum (c) Calloria inconspicua (d) Aplidium nottii (e) Dysidea spp. (f)
Raspailia topsenti (g) Aegogorophillia spp. (h) Polymastia granulosa (i) Axinella tricalyformis (j) Antipathes fiordensis
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20m depth bracket
Eight descriptive groups were identified at the 20m depth bracket, of which the
Echinodermata group was only observed by the photoquadrat survey (Fig. 2.14). Algae
(42.9%) had the greatest percentage cover per 0.25 m2 of the descriptive groups in the ROV
survey with Ascidiacea (18.6%) and sediment (12.7%) being important components.
Sediment (48.9%) had the greatest percentage cover per 0.25 m2 in the photoquadrat survey
with algae (24.4%) and Ascidiacea (13.4%) being important components. The percentage
covers per 0.25m2 of the algae (t

(7)

= 3.24, P = 0.014) and sediment (t

(7)

= -3.55, P = 0.009)

groups was found to be significantly different between the two methods with the ROV
recording algae at a higher level, and the photoquadrat survey recording sediment at a higher
level than the ROV.
A total of 34 taxonomic groups were observed at the 20 m depth bracket (Table 2.6). Of these
six were only indentified by the ROV survey (Fig. 2.15) and 14 were only identified by the
photoquadrat survey (Fig. 2.16). The taxonomic group with the greatest percentage cover per
0.25 m2 for the ROV was coralline algae (40.9%), and for the photoquadrat survey sediment
(48.9%) had the greatest percentage cover per 0.25 m2. The ROV survey identified sediment
(12.7%) and Liothyrella neozelanica (12.2%) as important taxonomic groups, while the
photoquadrat survey identified coralline algae (24.3%) and D. candidum (5.4%) as important
components. Taxonomic groups which were found to have significantly different percentage
covers per 0.25 m2 between the two methods were coralline algae (t
Protula spp. (t

(6)

= 2.57, P = 0.042) and sediment (t

(7)

(7)

= 2.79, P=0.027),

= -3.80, P = 0.0047). Coralline algae

and Protula spp. was identified as having a greater percentage cover by the ROV and
sediment being recorded at a greater level by the photoquadrat survey. The groups which were
only identified in the ROV survey at the 20 m depth bracket included P. granulosa, C.
inconspicua and notably L. neozelanica. The taxonomic groups which were identified only by
the photoquadrat survey at the 20m depth bracket included zooanthids, A. tricalyformis,
Monomyces flabellum, A. nottii, Leucettusa spp.1, D. albidum, O. brevidentis and the red
thread worm. The 11 taxa which were recorded at a similar level of percentage cover by both
of the methods included encrusting groups such as C. violacea, Dysidea spp., Raspailia spp.,
D. candidum, D. densum, Leptoclinides spp. and S. occidentalis, as well as some of the more
common and distinctive species such as C. bicornuata, T. sanguinea and R. topsenti.
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Figure 2.14The percentage cover (±standard error) per 0.25 m2 of the descriptive groups which were observed by the ROV
(dark grey) and the photoquadrat survey (light grey), at the 20 m depth bracket at Tricky Cove, Doubtful Sound. Significantly
different groups are highlighted by an asterix (*). N = 5 for each survey.
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Table 2.6 The average percentage cover (± standard error) and standard deviations per 0.25 m2 of the taxonomic groups
which were observed by the ROV and photoquadrat survey at the 20 m depth bracket at Tricky Cove in Doubtful Sound.
Taxonomic groups which are significantly different between the methods are in bold. N = 5 for each survey.
Descriptive

Taxonomic Group

ROV Average

PQ

Antipathes fiordensis
Hydroids
Zooanthids

(±SE)
0
0.8 (±0.800)
0

(±SE)
2.3 (±2.300)
0
0.22 (±0.220)

Coralline algae
Red algae 2
Monomyces flabellum
Ulva spp.

40.86 (±4.234)
0.22 (±0.220)
0
1.88 (±1.015)

24.32 (±4.160)
0
0.4 (±0.245)
0

0.027

Aegogrophilla spp.
Axinella tricalyformis
Chelonaplysilla violacea
Dysidea spp.
Echiniclinum spp. 1
Leucettusa spp. 1
Polymastia granulosa
Raspailia agminata
Raspailia spp.
Raspailia topsenti

2.1 (±1.627)
0
2.72 (±1.280)
1.84 (±1.003)
0
0
0.42 (±0.420)
0
0.42 (±4.20)
0.42 (±0.258)

0.4 (±0.245)
0.64 (±0.423)
2.48 (±1.388)
2.06 (±0.722)
0.42 (±0.258)
0.22 (±0.220)
0
0.2 (±0.200)
0.42 (±0.258)
0.2 (±0.200)

0.360

Aplidium nottii
Aplidium spp. 11
Cnemidocarpa bicornuata
Encrusting ascidian 1
Didemnum albidum
Didemnum candidum
Didemnum densum
Leptoclinides spp.
Psuedodistoma spp.
Synoicium occidentalis

0
0
2.66 (±1.437)
0
0
5.2 (±1.654)
9.08 (±5.798)
0.62 (±0.418)
0
1.04 (±0.656)

0.62 (±0.418)
0.22 (±0.220)
1.46 (±0.435)
1.5 (±1.265)
0.62 (±0.620)
5.44 (±1.421)
0.84 (±0.211)
2.3 (±0.583)
0.2 (±0.200)
0.22 (±0.220)

Calloria inconspicua
Liothyrella neozelanica
Terebratella sanguinea

0.2 (±0.200)
12.16 (±9.588)
0.2 (±0.200)

0
0
0.64 (±0.423)

Ocnus brevidentis

0

1.44 (±0.532)

Red thread worm
Spirobranchus carinferus
Protula spp.
Spirorbis spp.

0
0
1.64 (±0.398)
1.44 (±0.522)

0.82 (±0.390)
0.2 (±0.200)
0.42 (±0.258)
0

Sediment

12.66 (±5.907)

47.34 (±7.346)

Group
Cnidaria

Average

P-Value

Algae

Porifera
0.902
0.864

1.000
0.522

Ascidiacea
0.469
0.915
0.229
0.052
0.302

Brachiopoda
0.390

Echinodermata
Annelida
0.042

Sediment
0.007
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Figure 2.15 Examples of the 0.25 m2 samples taken at 20 m by the ROV survey. Taxonomic groups highlighted include (a)
Liothyrella neozelanica (b) Cnemidocarpa bicornuata (c) Chelonaplysilla violacea (d) Leptoclinides spp. (e) Protula spp. (f)
Didemnum candidum
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Figure 2.16 Examples of the 0.25 m2 samples taken by the photoquadrat survey at 20 m. Highlighted taxonomic groups
include (a) Monomyces flabellum (b) Synoicium occidentalis (c) Protula spp. (d) Aplidium notti (e) Oncus brevidertis (f)
Echiniclinum spp. 1 (g) Raspailia spp.
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2.3.3 Patterns of diversity indices
Species Richness (S)
A two-way ANOVA indicated that S per 0.25 m2 (Fig 2.17a) was significantly different
between the factors of method (F

(1)

= 23.59, P < 0.001) and depth (F

(3)

= 23.6, P < 0.001).

The factors of method and depth were also shown to have an interaction effect (F (3) = 4.61, P
= 0.009) (Table 2.7). Due to the significant interaction effect, two-way t-tests were used to
compare the differences in S between the methods at the four depth brackets (Table 2.8), and
to compare the patterns of S observed by the two methods (Table 2.9). S was observed at
significantly different levels by the two methods at 10 m (t (7) = 3.2, P = 0.015) and 15 m (t (5)
= 4.38, P = 0.007). Both the ROV and the photoquadrat survey observed the same patterns of
S (Table 9), with the 5 m depth bracket being significantly different from the 10 m (ROV: t (5)
= -3.38, P = 0.02. PQ: t (4) = -7.94, P = 0.001), 15m (ROV: t (7) = -3.21, P = 0.015. PQ: t (5) = 78.24, P > 0.001) and 20 m (ROV: t (7) = -4.67, P = 0.002. PQ: t (4) = -4.95, P = 0.008) depth
brackets.
Shannon Diversity Index (H’)
A two-way ANOVA indicated that H’ per 0.25 m2 (Fig 2.17b) was significantly different
across the factors of method (F (1) = 22.18, P < 0.001) and depth (F (3) = 24.62, P < 0.001). An
interaction effect between the factors of method and depth was also apparent (F (3) = 6.10, P =
0.002) (Table 2.7). Two-way t-tests were used to investigate the interaction effect comparing
the differences in H’ between the methods at the four depth brackets (Table 2.8), and to
compare the patterns of H’ observed by the two methods (Table 2.9). The two methods were
observed to be significantly different at the 10 m (t (6) = 3.69, P = 0.008), 15 m (: t (5) = 4.38, P
= 0.007), and 20 m (t (7) = 2.5, P = 0.041) depth brackets. The ROV and photoquadrat surveys
recorded different patterns of H’ (Table 2.9). The only depth brackets among which the ROV
observed a significant difference in H’ was between the 5 and 15 m (t (5) = -2.72, P = 0.042).
While the photoquadrat survey observed significant differences between the 5 and 10 m (t

(7)

= -9.19, P > 0.001), 5 and 15 m (t (7) = -6.87, P > 0.001), 5 and 20 m (t (6) = -6.37, P = 0.001)
and the 10 and 20 m depth brackets (t (7) = 4.07, P = 0.005).
Pielou’s Evenness (J’)
A two-way ANOVA indicated that J’ per 0.25 m2 (Fig 2.17c) was significantly different
across the factor of method (F

(1)

= 4.17, P = 0.049), with the photoquadrat survey observing
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higher levels of J’. Due to the lack of significant differences among the depths and no
interaction effect, no other statistical analyses were done on the diversity index of J’.

Shannon Diversity Index (H') ±SE
30

0

0

0

5

5
Depth (m)

Depth (m)

0

Species Richness (S) ±SE
10
20
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1

2

3

10

15

15

20

20
Pielou's Evenness (J') ± SE
0

0.5

1

0

Depth (m)

5

10

ROV
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15

20
Figure 2.17 The diversity indices of Species richness (a) Shannon diversity (b), and Pielou’s Evenness (c) per 0.25 m2, for
the ROV (dark grey diamonds) and photoquadrat (light grey squares) surveys for each the depth brackets of the survey at
Tricky Cove, Doubtful Sound
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Table 2.7 ANOVA results comparing the differences in the diversity indices of H’, S and J’ per 0.25 m2 against the different
depth brackets and methods at Tricky Cove, Doubtful Sound. Significant values are bolded
Source

DF

Seq SS

Adj SS

Adj MS

F

P

Method

1

168.1

168.1

168.1

23.59

<0.001

Depth

3

504.5

504.5

168.17

23.6

<0.001

Method*Depth

3

98.5

98.5

32.83

4.61

0.009

Error

32

228

228

7.13

Total

39

999.1

Method

1

1.4883

1.4883

1.4883

22.18

<0.001

Depth

3

4.9542

4.9542

1.6514

24.62

<0.001

Method*Depth

3

1.2282

1.2282

0.4094

6.10

0.002

Error

32

2.1468

2.1468

0.0671

Total

39

9.8176

Method

1

0.029963

0.029963

0.029963

4.17

0.049

Depth

3

0.058275

0.058275

0.019425

2.7

0.062

Method*Depth

3

0.057691

0.057691

0.01923

2.68

0.064

Error

32

0.22995

0.22995

0.007186

Total

39

0.375879

S

H’

J’

Table 2.8 Two-Way t-tests comparing the differences between the H’ and S values found by the different methods at the
depth brackets.
Depth

DF

T-Value

P-Value

5m

6

-0.22

0.834

10 m

7

3.2

0.015

15 m

6

4.85

0.003

20 m

6

1.27

0.252

5m

7

-0.83

0.434

10 m

6

3.9

0.008

15 m

5

4.38

0.007

20 m

7

2.5

0.041

S

H’
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Table 2.9 Results from the Two-Way T-Tests comparing the diversity indices of H’ and S found at the different depth
brackets. Each of the depth bracket pairings were compared separately for each diversity index and method.
Groups

DF

T-Value

P-Value

Groups

DF

T-Value

P-Value

S
PQ

ROV
5, 10

5

-3.38

0.02

5, 10

4

-7.94

0.001

5, 15

7

-3.21

0.015

5, 15

5

-8.24

<0.001

5, 20

7

-4.67

0.002

5, 20

4

-4.95

0.008

10, 15

6

1.27

0.251

10, 15

7

1

0.349

10, 20

6

0

1

10, 20

7

2.04

0.081

15, 20

7

-1.74

0.126

15, 20

7

1.27

0.244

H’
PQ

ROV
5, 10

7

-2

0.085

5, 10

7

-9.19

<0.001

5, 15

5

-2.72

0.042

5, 15

7

-6.87

<0.001

5, 20

7

-2.21

0.063

5, 20

6

-6.37

0.001

10, 15

4

0.08

0.944

10, 15

6

0.4

0.701

10, 20

6

0.25

0.813

10, 20

7

4.07

0.005

15, 20

6

0.3

0.722

15, 20

5

2.47

0.056

2.3.4 Community Composition
A permutational multivariate analysis of variance (PERMANOVA) was carried out to assess
the impacts of the factors method and depth on the resemblances of the communities for each
of the samples. The results from the PERMANOVA (Table 2.10) measured method (F

(1)

=

7.124, P <0.0001) depth (F (3) = 7.800 P <0.0001) and the interaction of method and depth (F
(3)

= 2.356, P<0.0001) as significant factors affecting the resemblances of the communities.

Pairwise tests from the PERMANOVA analysis were firstly used to compare the community
compositions recorded by the two methods at the four different depth brackets (Table 2.11).
The tests were secondly used to assess the patterns of diversity across the depth brackets by
comparing the resemblances of the depths to each other, separately for each of the methods
(Table 2.12). Firstly, the pairwise tests showed that the ROV and photoquadrat survey
recorded significantly different community compositions at the 5 m (P = 0.0251), 10 m (P =
0.0076), 15 m (P = 0.0101) and 20m (P = 0.0083) depth brackets. Secondly, the ROV and the
photoquadrat survey recorded different patterns of community composition. The ROV
observed that the community composition of the 5 m depth bracket was significantly different
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from the 10, 15 and 20 m brackets, with the 10 and 15 m, and the 15 and 20 m depth bracket
also being significantly different. The photoquadrat survey showed that the resemblance of
the community composition of the depths were only significantly different between the 5 m
depth bracket and the 10 , 15 and 20 m depth brackets.

Table 2.10 PERMANOVA results testing the differences in the Bray-Curtis community resemblance across the different
methods, depths and the interaction of the two factors. Significant values shown in bold

Source
Method
Depth
Method*Depth
Residual
Total

df
1
3
3
32
39

SS
6153.3
20214
6106.3
27636
60110

M
6153.3
6737.9
2035.4
863.64

Pseudo-F
7.1248
7.8018
2.3568

P(perm)
<0.0001
<0.0001
<0.0001

Unique perms
9918
9900
9846

Table 2.11 PERMANOVA results testing the differences between the community resemblance observed by the ROV and
photoquadrat methods over the depth brackets. Significant differences are bolded.

Depth
5m
10m
15m
20m

T
1.6922
1.8147
2.3347
1.6742

P(perm)
0.0251
0.0076
0.0101
0.0083

perms
126
126
126
126

P(MC)
0.0314
0.0197
0.0045
0.0366

Table 2.12 Results from the pairwise tests from the PERMANOVA comparing the community resemblance found at the
different depth brackets. Each of the depth bracket pairings were compared separately for each method.

Groups t

P(perm) perms

Groups t

P(perm) perms

PQ

ROV
5, 10

2.4018 0.0079

126

5, 10

3.2212 0.0077

126

5, 15

3.6176 0.0093

126

5, 15

3.3365 0.0086

126

5, 20

2.0429 0.0074

126

5, 20

2.9599 0.009

126

10, 15

1.9192 0.0074

126

10, 15

1.1328 0.2362

126

10, 20

1.0041 0.4163

126

10, 20

1.237

0.1191

126

15, 20

1.7308 0.0084

126

15, 20

1.1197 0.2188

126

The MDS plot (Fig. 2.18) highlights, firstly that there are two main clusters of samples,
separating the 5 m depth bracket, with an outlier, from the 10, 15 and 20 m depths. Secondly
there is a general distinction between the two methods within each of the clusters. The
similarity levels from the denodgram (Fig. 2.19) can be used to refine the distinctions seen in
the MDS plot. Firstly the 50% similarity level separates the majority of the samples into a
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large group consisting of both ROV and photoquadrat samples from the 10, 15 and 20 m
depth brackets, in the dendogram this group is labelled as a. The samples from the 5 m depth
bracket form a separate group from the deeper samples depth brackets, seen as group d in the
dendogram. The 50% similarity also observes a split between the majority of the deeper
samples and a small group of four ROV samples, from 10 and 20 m, group b.. A single 5 m
photoquadrat sample is observed as an outlier, labelled group c. Secondly when applying the
60% similarity level the samples within the two depth clusters are generally separated into
groups of the same method. The 60% similarity is more precise at separating out the methods
in the cluster of 5 m samples than in the cluster of the deeper samples.
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Figure 2.18 The MDS plot observing the resemblances between the samples, which are labelled based on method and depth.
The levels of similarity used to cluster and label the groups (a, b, c, d) are from the dendogram in Figure 2.19. N = 5 for each
method depth treatment.
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Figure 2.19 Dendogram used as the similarity measure in the MDS plot. The lines separate the dendogram into the groups a,
b, c and d observed by the MDS plot

Patterns observed by the methods
CAP analyses were used as a constrained ordination of the samples to further assess the
patterns of diversity which were observed by the two methods. The methods were analysed
separately due to the interaction effect of depth and method. The allocation success of the
samples, squared canonical correlations and the correlations of the individual taxonomic
groups with the canonical axes were used to contrast the two methods (Table 2.13).
The results from the CAP analysis of the ROV survey (Fig. 2.20) successfully separate the
depths into three clusters, with the 5 m group being clustered by itself to the left of the CAP1
axis and central of the CAP2 axis, and the 10 m group being clustered centrally along the
CAP1 axis and negatively along the CAP2 axis. The 15 and 20 m groups are clustered
together to the right of the CAP1 axis and range around the centre of the CAP2 axis. The
clustering together of the 15 and 20 m brackets is highlighted by the 20 m group having a
lower allocation success rate, of 60%, than the other depth brackets (Table 2.13).
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The CAP analysis for the photoquadrat survey (Fig. 2.21) successfully separated the depth
brackets into four clusters, with the 5 m depth bracket clustered in a similar position to the 5
m bracket of the ROV survey. The clustering of the deeper depth brackets from the
photoquadrat survey was different when compared to the ROV survey. The 10 and 15 m
brackets from the photoquadrat survey are positioned to the right along the CAP1 axis, and
are separated by the 15 m bracket being positioned at a more positive position along the
CAP2 axis. These are similar to the positions to the 15 and 20 m depth brackets in the ROV
survey, however, the allocation success rate, of 100% for both the 10 and 15 m photoquadrat
depths, shows that they are in separate clusters. The 20 m bracket form the photoquadrat
survey is central along the CAP1 axis, and positioned negatively along the CAP2 axis, in a
similar position to the 10 m depth brackets in the ROV survey.
The variations in the positioning of the depth brackets between the methods arises from the
different taxonomic vectors (Table 2.14) which were used in the separate CAP analyses to
ordinate the samples. The ordination of the samples along the CAP1 axis, were due to a
combination of significant taxonomic vectors (significant > 0.3). Along the CAP1 axis the
two methods observed similar results, with similar taxonomic groups having positive and
negative influences on the ordination of the samples along the CAP1 axis. The taxonomic
groups which had a negative influence on the ordination samples were; hydroids, coralline
algae, bushy algae, red algae 1, Ulva spp., Crisiid spp., M. edulis galloprovincialis, and A.
mollis, these taxonomic groups were shown to be prevalent at the 5 m depth bracket for both
methods, and hence the 5 m samples for both methods are clustered in a negative position on
the left of the CAP1 axis.
The taxonomic groups which had a positive influence on the ordination of the samples along
the CAP1 axis were also similar for both methods. All of the taxonomic groups from the
Porifera and Ascidiacea that had a significant effect on the CAP plot had a positive influence
along the CAP1 axis. The main difference between the two methods along the CAP1 axis is
that the ROV survey has nine taxonomic groups which have a significant positive effect
compared to the 21 observed by the photoquadrat survey. Other taxonomic groups that had a
positive influence along the CAP1 axis were, for the photoquadrat survey; N. nigricans, T.
sanguinea, Spirorbis spp., P. caeruleus and sediment. Of these only Spirorbis spp. and
sediment had a positive influence of the ROV survey.
There was a greater variation among the taxonomic groups which had positive and negative
influences along the CAP2 axis between the two methods. The ROV survey observed that
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hydroids, bushy algae, red algae 1, L. neozelanica, A. mollis and Crisiid spp. had positive
effects on the CAP2 axis. While A. fiordensis, red algae spp. 2, four Porifera species Aplidium
spp. 10, S. occidentalis had a negative influence along the CAP2 axis. Whereas for the
photoquadrat survey, A. fiordensis, Aplidium spp. 10, Botrylloides spp., N. nigricans, T.
sanguinea, and M. roseus were observed as having significant positive effects on the CAP2
axis. With only R. topsenti, encrusting ascidian 1 and O. brevidentis having significant
negative effects on the CAP2 axis for the photoquadrat survey.

Table 2.13 Results of the CAP analysis for the two methods examining the effect of depth. m= the number of principal
coordinate (PCO) axes used in the CAP procedure, % Var = the percentage of the total variance explained by the first m PCO
axes, Allocation success = the percentage of points correctly allocated into each group, δ2 = the squared canonical correlation.
Method

m

% Var

δ2

Allocation Success (%)
5m

10 m

15 m

20 m

total

ROV

10

99.96

100

80

80

60

80

0.982

PQ

12

98.94

100

100

100

100

100

0.998
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Figure 2.20 The CAP ordination of the ROV survey analysing the community composition among the depth brackets. There
are five points for each depth bracket, n = 20
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Figure 2.21 The CAP ordination of the photoquadrat survey analysing the community composition among the depth
brackets. There are five points for each depth bracket, n = 20
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Table 2.14 The significant (> 0.3) taxonomic vectors which had an effect on the ordination of the samples for the ROV and
photoquadrat surveys
CAP1

CAP2

ROV

CAP1

CAP2

PQ

Cnidaria
Antipathes fiordensis
Monomyces flabellum
Hydroids

-0.44742

-0.51765
-0.5181
0.451717

0.353992
0.460218
-

0.310485
-

Coralline algae
Bushy algae
Red algae 1
Red algae 2
Ulva spp.

-0.62129
-0.59989
-0.37796
-0.75864

0.425731
0.377964
-0.43462
-

-0.75789
-0.65929
-0.67435
-

-

Aegogrophilla spp.
Callyspongia lattituba
Chelonaplysilla violacea
Dysidea spp.
Echiniclinum spp. 1
Polymastia granulosa
Raspailia spp.
Raspailia topsenti

0.584041
0.543192
0.054339
0.400951

-0.5181
-0.43301
-0.34796

0.462772
0.558841
0.450481
0.345003
0.338179
-

-0.37811
-

0.81972
0.739781
0.64011
-

-0.21882
-0.47814

0.590218
0.46293
0.311727
0.426698
0.500501
0.411089
0.655306
0.678109
0.481862
-

0.549096
0.369454
-0.43007
0.308911
-

-

0.323272
-0.64926

0.509235
0.693332

0.453862
0.407935

-0.37796

0.377964

-0.5878

-

-0.56603
-

-

-0.65929
-

0.377964

-0.33818
-

0.338179
-

-

-0.58787

0.544456

-

0.458913
0.305082
-0.45373
0.059679

-

0.364985

-0.49604

0.500014

-

Algae

Porifera

Ascidiacea
Aplidium spp. 10
Aplidium spp. 11
Botrylloides spp.
Cnemidocarpa bicornuata
Encrusting ascidian 1
Didemnum albidum
Didemnum candidum
Didemnum densum
Leptoclinides spp.
Psuedodistoma spp.
Synoicium occidentalis
Brachiopoda
Liothyrella neozelanica
Notosaria nigricans
Terebratella sanguinea
Bryozoa
Crisiid spp.
Mollusca
Mytilus edulis galloprovincialis
Maoricolpus roseus
Echinodermata
Australostichopus mollis
Ocnus brevidentis
Annelida
Red thread worm
Spirobranchus carinferus
Protula spp.
Spirorbis spp.
Sediment
Sediment
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2.4 Discussion
The results from the ROV and photoquadrat survey showed that between the two methods the
levels of alpha richness, percentage cover of taxonomic groups, patterns of diversity indices
and community composition were observed to be significantly different. The suite of
comparative and statistical methods which were used to analyse the data highlights the range
and complexity of the variations in the biodiversity observations which were made by the two
methods.

2.4.1 Alpha taxonomic richness
The study showed that the photoquadrat survey observed 45.5% more species than the ROV
survey over the 20 0.25 m2 samples which each survey took. The second comparison that was
made of the alpha richness observed by the two methods was using the Chao2 richness
estimates and the observed species accumulation curves. The comparison showed that the
alpha species richness observed by the photoquadrat survey was not significantly different
from the Chao2 estimate of the alpha species richness of the surveyed area; however, the
ROV survey was showed to have underestimated the species richness.

2.4.2 Variations in percentage cover over depth
The major difference in the percentage covers observed by the methods over the depth
brackets was in the number of taxonomic groups which were observed. This is highlighted by
the limited number of descriptive groups which are significantly different across all of the
depth brackets, with only the Algae (at 10, 15 and 20 m), Ascidiacea (at 15 m) and sediment
(at 15 and 20 m) being significantly different between the two methods.
The same pattern is apparent among the taxonomic groups, with very few taxonomic groups
being significantly different across the depth brackets. The taxonomic groups which were
significantly different were coralline algae (at 10 m, 15 m and 20 m), sediment (at 15 m and
20 m) and Protula spp. (at 20 m). The largest difference that was observed between the two
methods was the number of groups which were observed. At the 5 m depth bracket the ROV
observed 66% more taxonomic groups than the photoquadrat survey, although at the 10, 15
and 20 m depth brackets the photoquadrat survey identifying a greater number of taxonomic
groups, 63%, 87.5% and 40% respectively, than the ROV survey.
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The patterns of percentage cover observed by both methods are in agreement with previous
studies of subtidal diversity in Doubtful Sound. Witman and Grange (1998) and Smith (1998)
both observed a zone of low diversity ranging down to 6 m, which was dominated by M.
edulis galloprovincialis, Ulva spp. bryozoans, ascidians and hydroids, with the low salinity
layer limiting the diversity in the shallow zone. At 10 – 18 m both studies observed areas of
higher diversity, with the highest levels of diversity being centred around 10 m. The
taxonomic groups which were observed to make up the majority of the high diversity deeper
zone were benthic invertebrates, sponges, brachiopods, solitary and colonial ascidians.

2.4.3 Patterns of diversity
The differences in the diversity indices of S, H’ and J’ that were recorded between the two
methods highlighted the variations which were observed by the alpha richness and percentage
cover analyses. The methods were not significantly different at 5 m, while significant
differences occurred between the methods at deeper brackets, with the photoquadrat survey
observing greater levels of S and H’ at 10, 15 and 20 m. As S is a measure of point species
richness it is logical that it follows the same pattern as observed by the alpha richness
measures. H’ as an estimator is calculated using the number of individuals compared with the
number of observed taxonomic groups, with the highest possible H’ being obtainable when all
of the individuals in the sample belong to separate taxonomic groups (Peet 1975). The higher
H’ values observed by the photoquadrat survey reflecting the wider range of observed
taxonomic groups with few individual observations within each group. J’ was obser to be
different between the methods, with the photoquadrat survey observing J’ at a higher level.
The higher J’ observed by the photoquadrat is indicative of the relative number of individuals
to taxonomic groups which the method observed, whereas for the ROV survey the lower J’
highlights that fewer taxonomic groups were observed, and the individuals observed were
mainly distributed among a selection of common groups (Pielou 1966).
The patterns of the diversity indices, S and H’ across the depth brackets varied between the
two methods. For S there was no difference, with S being significantly lower at the 5 m depth
bracket than deeper samples. However, for H’ the ROV survey only observed a significant
difference between the 5 and 15 m depth brackets. Whereas the photoquadrat survey observed
the 5 m depth bracket to be significantly lower than all of the depth brackets, and significant
differences between the 10 and 20 m, and the 15 and 20 m depth brackets. Previous studies in
Doubtful Sound are in agreement with both methodologies concerning S, however, in relation
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to H’, the previous studies are only in agreement with the photoquadrat survey. Smith (1998)
observed localized areas of low and high H’ (high H’ characterized as H’ > 2.0 per 0.25 m2),
S and J’. The zone with the highest S, H’ and J’ centred around 10 m and was bound
vertically by areas of low diversity at 7 and 25 m, with the 5 m group having the lowest H’
and J’, and the second lowest S. The variation between the methodologies when observing H’
highlights the limited variation in the taxonomic groups observed by the ROV survey.

2.4.4 Community Composition
Multivariate analyses comparing the community compositions agreed with the earlier single
variate comparisons, with significant differences being observed between the methods, among
the depth brackets and as having a significant interaction effect. The community compositions
of all of the depth brackets were observed to be significantly different between methods. This
result varies from earlier comparisons of the diversity indices which showed that the ROV
and photoquadrat survey were not significantly different at 5 m. The observed patterns of
community composition varied between the methods. The results from the photoquadrat
survey agreed with the single variate analyse, with the 5m depth bracket being significantly
different from all other depth brackets. The results from the ROV survey not only observed
that the 5 m depth bracket was significantly different from all of the other depth brackets, but
that the 15 and 20 m depth brackets were also significantly different.
The unconstrained MDS plot separated the 5 m samples from the deeper groups, as well as
generally separating the methods out within the depth brackets. The constrained ordination of
the samples from the CAP analysis showed that the methods observed generally similar
patterns of community composition. The analysis clearly separated the 5 and 10 m brackets
into clear groups for both methods. The ordination of the samples varied between the methods
due to the ROV methodology failing to separate the 15 and 20 m brackets as clearly as the
photoquadrat survey, as well as the methods also ordinating the 10 and 20 m brackets in
different areas of the plot.
The CAP analysis ordinated the depth brackets by the vectors of the taxonomic groups.
Therefore the differences in the ordination of the samples between the methods stems from
the differences in the weights and directions of the taxonomic vectors, which the methods
observed. When a taxonomic vector was significant for both methods, the methods agreed on
the direction, although, there were variations between the methods for the size of these
vectors. Therefore the vectors driving the differences between the methods were the vectors
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which were considered to be only significant for one of the methods. Along the CAP1 axis the
ROV survey observed four significant taxonomic vectors which the photoquadrat survey did
not, compared to the 15 vectors which only the photoquadrat survey observed as significant.
The majority of these unique vectors for the photoquadrat survey came from the Porifera and
Ascidiacea groups, highlighting the greater number of taxonomic groups which the
photoquadrat survey observed, and agreeing with the earlier single variate and multivariate
comparisons. The variations between the two methods were more pronounced along the
CAP2 axis with taxonomic groups rarely observed in the samples, such as O. brevidertis, L.
neozelanica, Raspailia spp., C. lattituba and A. fiordensis, having greater influences.
Variations in the ordination of the 10 and 20 m depth brackets were caused by taxonomic
groups such as A. fiordensis and T. sanguinea. These groups were observed as being
significant by both methods. However, the methods disagreed on the direction of the vectors
along the CAP2 axis.
The community composition observed by both the ROV and photoquadrat survey varied
slightly in regards to previous studies observing community composition in similar areas in
Doubtful Sound. Smith (1998) observed four distinct groups while surveying the diversity at
Ranson Head a mid-fiord site, located near Tricky Cove in Doubtful Sound. The shallower
group sites which were labelled group I and III and represented the 3 and 5 m depth zone
were dominated by Aulacomya spp., M. edulis galloprovincialis and bare rock, while groups
II and IV were representative of the 10 and 18 m zones, with II being dominated by
sediments, coralline algae and A. tricalyformis, and group IV being dominated by N.
nigricans, Eurypon spp. and Aegogrophilla spp. Witman and Grange (1998) sampled
community composition at two sites at Tricky Cove. Their results also partially agreed with
the results from this study, observing a shallow low diversity zone ranging from 1 – 6 m
consisting of M. edulis galloprovincialis, coralline algae and hydroids. A deeper higher
diversity zone, which ranged from 10 – 18 m, was characterized by large populations of
solitary and encrusting ascidians, bryozoans and sponges.

2.4.5 Rationale of the results
The majority of the variations which were observed by the results occur due to the differences
in the number of taxonomic groups observed by the two methods. Which leads to the
photoquadrat survey observing greater levels of S, H’ and having greater levels of distinction
in the resemblances of the community compositions for the depth brackets. As the area
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surveyed by both of the surveys was equal, this difference comes down to the resolution and
scale which each survey took of the samples. The images from the photoquadrat survey had a
resolution of 3008 x 2000, compared to the ROV images of 784 x 576, allowing for the
photoquadrat survey to perform a much finer survey of the area. The finer scale of the
photoquadrat survey is obvious when the sizes of the rarer species which the photoquadrat
survey observed are considered. For example C. inconspicua (20 – 30 mm), N. nigricans (10
– 20 mm), O. brevidentis (30 – 50 mm) and Psuedodistoma spp. are small and inconspicuous
taxonomic groups (Wing 2008).
Studies comparing ROVs and video transects to the conventional methodology for their field
of study, typically found that ROVs had difficulty measuring smaller features (Leonard and
Clark 1993, Parry et al. 2002). Hill and Wilkinson (2004) noted that images from video
transacts were only capable of identifying species greater than five centimetres in width,
which agrees with observations in this study of the lower resolution of the ROV. Leujack and
Ormond (2007) observed that surveys utilizing video transects had difficulties distinguishing
smaller encrusting coral fauna, which led to an overestimation of massive coral species. Lam
et al. (2006) also observed that images from digital video cameras were a lower quality than
those from digital still cameras. The study also compared the quality of digital video between
diver held cameras and cameras attached to ROVs, noting that ROVs typically had lower
resolution cameras. Although ROVs have been shown to underestimate smaller features,
method comparisons show that they can accurately record the presence of larger features
when used at a sampling grain of 0.25 m2 (Parry et al. 2002) and be used to accurately
measure temporal changes in these larger features (Lam et al. 2006).

2.4.6 Limitations
The major limitations of this study are related to the use of the ROV as a quantitative
sampling tool in the unique environment present in Doubtful Sound. The majority of studies
using ROVs as quantitative tools to measure community composition have used them to
sample benthic environments such as coral features (Lam et al. 2007, Rossi et al. 2008,
Rooney et al. 2010) and soft bottom features (Parry et al. 2003). These studies require the
ROV to be a constant distance from the bottom and run horizontal transects across the
sediment sampling what comes into view. The sheer rock walls of Doubtful Sound make
sampling in this fashion difficult, and while the rock walls are quite homogenous over large
scale areas, the small scale features are very heterogeneous (Smith 1998). The combination of
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these small scale features along with variations in the slope mean that keeping a consistent
sampling regime can be difficult. The methodology was designed with these features in mind
and the sampling technique of using lasers in conjunction with the software program allowed
accuracy to be present in the sampling of the ROV images. Although, more complex laser
diode arrays and software would have allowed for an increase in the consistency of the
samples and allow for quicker sampling, however, these technologies are specialized and
expensive and would not have fit within the financial constraints of this study.
The development of the methodology was also hampered by a range of technical difficulties.
The technical difficulties ranged from: losing control of the ROV while attempting to survey
the site, to having external storage devices for the footage malfunction resulting in the loss of
footage. Pacunski et al. (2008) noted that technical issues are an inevitable part of working
with ROVs, and to maximize efficiency a coordinated and considered approach was
necessary. Their approach consisted of utilising equipment schematics, checklists for
procedures, troubleshooting tables, logbooks, a kit with a wide variety of spare parts and
backup equipment, as well as secondary ROV pilots. These systems led to fewer mistakes,
reduced the downtime associated with technical difficulties and maximized the efficiency of
the operation while the ROV was deployed. In the current study procedural checklists and
logbooks were used, as well as having a well supplied spare parts kit, although, the efficiency
of the study could have been improved by using equipment schematics, troubleshooting tables
and secondary ROV pilots. Future ROV studies will benefit from a greater level of efficiency
by adhering to the tools and utilising the coordinated and considered approach outlined in
Pacunski et al. (2008).
The resolution of the ROV in this study has been shown to be the driving force for the
differences between the methods. This is a limitation of the unit which was used in the study.
Due to this, the scale of the study could have been adjusted to sample taxonomic groups
which are larger than the minimum ideal size, in this case 5 cm. The low resolution of the
ROV led to difficulties in not just observing some taxonomic groups, but also accurately
identifying the taxonomic groups which were observed.

2.4.7 Conclusion
In conclusion the ROV methodology which was developed to sample the biodiversity and
community composition of Tricky Cove in Doubtful Sound managed to do so with a degree
of success. The key results are:
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The ROV methodology underestimated the alpha species richness, point S, and H’ as
45.5%, 33.9%, and 22.3% lower than the photoquadrat survey respectively.



When the two methodologies observed the same taxonomic group, the percentage
cover observed was often not significantly different.



Patterns of community composition and species richness which the ROV observed
across the depth brackets were in agreement with the photoquadrat survey and
previous studies of the sample site and similar mid fiord sites in Doubtful Sound.



The majority of the taxonomic groups which caused the variation between the ROV
and photoquadrat survey were smaller than 50 mm and considered cryptic

As the ROV failed to observe the smaller taxonomic groups, the lower resolution of the ROV
was suggested to be the cause of the differences between the methods. Therefore, in further
studies the scale of the investigation should be limited to what the ROV can accurately
observe. The success of this methodology is a step forward in using the ROV in a large scale
survey of Doubtful Sound, allowing for researchers to produce an accurate picture of the
biodiversity of this unique marine environment at both shallow and deeper depths beyond the
reach of SCUBA divers.
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3 ROV surveys of Doubtful Sound
3.1 Introduction
3.1.1 Fiord environments
Fiords harbor diverse ecosystems created by: the physical structure, historic ecological
processes of the fiord and the presence of spatial environmental gradients (Syvitski et al.
1989, Smith 1998, 2001, Dethier and Schoch 2005, Howe et al. 2010). Environmental
gradients can occur in both horizontal and vertical directions, and have been observed across a
variety of scales within fiord environments including; along the entirety of fiords, between
basins, and locally within a basin (Brewin 2003, Howe et al. 2010). Gradients are produced
by the geomorphology, anthropogenic influences and the natural estuarine processes present
in fiords (Wlodarska-Kowalczuk and Pearson 2004, Dethier and Schoch 2005, Howe et al.
2010). The size and structure of these environmental gradients have led to fiords being termed
‘natural laboratories’ (Syvitski et al. 1989).
Sills are the dominant structural feature of fiords, acting as a physical barrier restricting water
circulation, leading to the creation of gradients between basins (Brewin et al. 2008). Estuarine
processes are produced by the natural and anthropogenic input of freshwater into the fiord.
The gradients produced include: salinity (Gibbs et al. 2000, Dethier and Schoch 2005),
temperature (Gibbs et al. 2000) nutrient flux (Ellegaard et al. 2006), suspended sediment
loads and sedimentation rates (Farrow et al. 1983, Syvitski et al. 1989, Wlodarska-Kowalczuk
and Pearson 2004, Howe et al. 2010).
Temperature and salinity
Gradients of temperature and salinity in fiord environments have been shown to be primarily
affected by the input of freshwater and the level of mixing between the fresh and marine
water (Gibbs et al. 2000, Dethier and Schoch 2005). Inputs of freshwater into fiord
environments can be from natural or anthropogenic sources. Natural sources are driven by
precipitation, including, rain, snow, glacial melt as well as the inflow from rivers. Natural
sources can be highly seasonal. Fiords can be ideal locations for hydroelectric power plants,
for example both Sandsfjord in Norway and Doubtful Sound in New Zealand are the sites for
the outflow from hydroelectric power plants. These anthropogenic sources of freshwater are
substantial; for example, in Sandsfjord the power plant accounts for 75% of the total
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freshwater input into the fiord (Kaartvedt and Svendsen 1995). The high levels of freshwater
input, in conjunction with low levels of tidal mixing can result in the formation of buoyant
low salinity layers (LSL) in some fiords, creating a vertical gradient of salinity (Kaartvedt and
Svendsen 1995, Gibbs et al. 2000). Wave action, wind and storm events cause mixing to
occur between the LSL and the marine water below. In areas of the fiord, such as the mouth,
where the LSL is shallow and mixing events are common, salinity and temperatures are
marine and less variable. These variations create horizontal gradients of salinity and
temperature across fiords (Gibbs et al. 2000, Dethier and Schoch 2005).
Nutrient flux
Nutrient flux in the fiord environment is affected by primary production and the input of
nutrients into the system from the terrestrial environment. Primary production occurs from a
range of sources in fiord environments, including macroalgae, suspended particulate organic
matter and chemoautotrophic bacteria (Ellegaard et al. 2006, Lusseau and Wing 2006). The
levels of primary production in fiords can be affected by irradiance, water movement
(Cornelisen et al. 2007), and phytoplankton blooms. The irradiance and water movement can
be adversely affected by the presence of an LSL and a stratified water column. While
phytoplankton blooms have been shown to occur due to the mixing of fresh and marine water
along the borders of an LSL (Goebel et al. 2005). These occurrences highlight how gradients
of salinity in the water column can create gradients of primarily production and nutrient flux
within a fiord.
Sedimentation
Suspended sediment loads and sedimentation rates are affected by terrestrial inputs from the
surrounding regions and glacial processes in the area (Farrow et al. 1983, Syvitski et al.
1989). The terrestrial input of sediment into the fiord environment can be highly seasonal, due
to seasonal variations in precipitation and snow melt. Glacial retreat results in the deposition
of sediment as the sediment stored in the glacier is released (Syvitski et al. 1989). Glacial
sediments are typically deposited at the head of the fiord, creating a gradient of sedimentation
along the fiord (Farrow et al. 1983).

3.1.2 Fiord communities
The environmental gradients, physical and historical processes which create the fiord
ecosystem also structure the community, leading to gradients of species diversity and
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richness. Gradients of physical and estuarine processes, including salinity, temperature,
suspended sediment loads, nutrient flux, sedimentation rates and benthic structure have been
widely studied in relation to the community structure and biodiversity of fiords. These
physical processes have been shown to influence the community structure through species
exclusion, restricting larval dispersal, resource limitation, turbidity and sediment size
selection (Syvitski et al. 1989, Klitgaard-Kristensen and Buhl-Mortensen 1999, Oug 2000,
Jørgensen and Gulliksen 2001, Nielsen and Anderson 2002, Wlodarska-Kowalczuk and
Pearson 2004, Renaud et al. 2007). The physical structure and historical processes of fiords
regulate the integration of species into the fiord environment (Brewin 2003). Biotic
interactions within fiord communities have been observed to structure communities, through
predation, spatial competition, recruitment and disturbance of the substrate (Witman and
Grange 1998, Smith and Witman 1999, Webb et al. 2009)
Along fiord gradients of salinity and temperature have been widely studied in relation to the
diversity and abundance of communities. Dethier and Schoch (2005) observed gradients of
temperature, salinity and wave energy across a north to south axis in Pugent Sound. At the
north of the Sound, close to the mouth where salinity and wave energy levels were higher and
temperatures were less variable. The authors observed greater species richness and diversity
of the shallow benthic fauna, and concluded that the lower species diversity at the head of the
fiord may have been produced by species exclusion caused by lower salinity levels. Josefson
and Hansen (2004) noted that species richness of benthic macrofuana in a range of Danish
fiords was positively related to salinity. Nielsen and Anderson (2002) observed changes in
copepod community structure in a Norwegian fiord along a vertical gradient, as the salinity
changed from low salinity brackish water at the surface of the water column to deeper higher
salinity marine water.
Sedimentation rates and sediment loads have been observed to structure fiord communities
across horizontal and vertical gradients. Farrow et al. (1983) noted that there was a faunal
change along Knight Inlet, British Columbia, as sedimentation and turbidity decreased. At the
head of the fiord where sedimentation and turbidity were the highest, the rock wall epifauna
consisted of species (solitary corals, brachiopods and encrusting sponges) which were more
tolerant to sediment and fed on large particulate matter. Along the length of the fiord a
gradient of sedimentation and sediment loading was observed, the epifauna were distributed
along this gradient in relation to the size selection of the particulate matter which they fed
upon, for example fauna which feed on fine particulate matter were more prevalent at the
mouth of the fiord. Dethier and Schoch (2005) also noted that higher sedimentation of fine
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sediment towards the head of the fiord may have led to fauna being excluded from this area of
the fiord.
Historic ecological processes regulate the integration of regional oceanic species into the fiord
environment (Buhl-Mortensen and HØisæter 1993). In fiord environments, recruitment is
driven by the transference of larvae into the fiord through oceanic exchange across the sill
(Buhl-Mortensen and HØisæter 1993, Klitgaard-Kristensen and Buhl-Mortensen 1999, Brewin
2003). The age of fiords and the distance of the fiord from the regional pool have been shown
to impact the community composition of fiords, with older fiords, and fiords which were
closer to the regional pool of species having higher levels of species richness (Smith 2001).
Biotic interactions are heterogeneous over spatial scales. In fiord communities the structuring
biotic interactions of predation, spatial competition, recruitment and disturbance have been
observed to be vary due to local variations in the environmental processes (Witman and
Grange 1998) and the biogenic structure of the community (Smith and Witman 1999).

3.1.3 Deep fiord environments
Deep fiord environments, like all deep sea environments are fundamentally linked to the over
lying water column and surface layers. In fiord environments the water column can be
dramatically affected by the presence of sills (Oug 2000). In those without sills, also called
open fiords, the water masses are homogeneous and have extensive exchanges with seawater
(Holte et al. 2004), whereas when present sills act as physical barriers to water movement
within the fiord. The sills separate the basins from each other, reducing the levels of larval
dispersal and nutrient exchange across the fiord (Oug 2000, Wlodarska-Kowalczuk and
Pearson 2004). The combination of surface gradients along a fiord and the presence of sills
lead to the formation of diverse ecosystems between the basins within a fiord (Brewin et al.
2008).

3.1.4 Deep fiord communities
Studies of deep fiord environments have focused on the community structure of the soft
sediment benthic fauna. The majority of the studies focus on comparing fiord communities
with the local offshore areas. Comparisons between inner and outer fiord communities have
since been studied across a range of fauna and fiords, examples include studies by BuhlMortenson et al. investigating benthic amphipods (Buhl-Mortensen 1996), molluscs (Buhl66

Mortensen and HØisæter 1993) and foraminifera (Klitgaard-Kristensen and Buhl-Mortensen
1999) in a Norwegian fiord. They observed that outer fiord environments have higher levels
of diversity and abundance than inner fiord environments for these groups. These studies
proposed a range of hypotheses based on the physical processes of the fiord to account for the
distributions of the groups throughout the fiord. Firstly the depth of the sill was hypothesized
to regulate integration of taxa into the fiord. Secondly, the distance to the regional pool of
species also regulated the integration of taxa into the fiord. Thirdly, the sediment quality was
proposed to increase diversity. Fourthly, high levels of organic carbon were proposed to
reduce diversity due to the exclusion of opportunist species. The molluscs and amphipods
were shown to be influenced by the first and second hypotheses, whereas foraminifera were
influenced by the third and fourth hypotheses.
Farrow et al. (1983) investigated the rock wall communities of Knight Inlet, British Columbia
with a submersible. Seven sites were surveyed ranging from the inner reaches to the outer
mouth of the fiord, and the survey extended down to 500 m in some areas. It was noted that
the number of species increased from 9 to 45 in a down inlet direction. The increase in species
down-inlet was correlated with a decrease in sediment loading. The authors noted that the
high level of suspended sediment in the fiord impacted the slope fauna by subjecting the fauna
to a consistent ‘gentle rain’ of flocculate material, local microturbidity flows caused by
biological resuspension, and major slides of rock and sediment. Changes in sediment loading
through the fiord were accompanied by a change in the feeding types. Species which were
present in the high sediment inner reaches were suspension feeders, while in the low sediment
outer reaches filter feeders were prevalent.
Variations in community structure of benthic communities have been observed to occur
between and within basins. Between basins, variations in the sediment structure, water
currents, food and nutrient supply have been observed to vary and have been suggested to
drive patterns of community structure (Buhl-Mortensen 1996, Klitgaard-Kristensen and BuhlMortensen 1999, Brewin et al. 2008). Within basins, patchiness has been suggested to be
caused by small scale biological and geological disturbances to the sediment, and competition
with opportunistic species resulting from the disturbance (Brewin et al. 2008).

3.1.5 The environmental gradients and community composition of Doubtful Sound
The Doubtful Sound complex is the combination of Doubtful Sound with Thompson and
Bradshaw Sounds. This combination occurs halfway along the main channel of Doubtful
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Sound. The five arms of the complex all have their own basin and sills separating them from
the main fiord system. The basins range in water depth from 90 m to over 400 m, the inner
fiord sills range in depth from 30 m to 60 m, while the entrance sill is the deepest in the fiord
at approximately 100 m. The depth of the sills results in frequent mixing of the deep fiord
water with oceanic water, resulting in a semi-closed system
The predominant physical feature of the Doubtful Sound environment is the LSL. The LSL in
Doubtful Sound is a robust buoyant layer which is present year round in the fiord (Stanton
1984, Gibbs et al. 2000, Gibbs 2001). The LSL is formed by two major inputs of freshwater,
firstly from the large amount of rainfall which the Fiordland region receives (up to 7 m year 1

), and secondly from the outflow of the Manapouri Hydroelectric Power Plant which has an

input of 450-510 m3 s-1. The Hydroelectric Power Plant outflows into Deep Cove at the head
of the fiord and contributes more than half of the freshwater input into the system (Gibbs et al.
2000, Peake et al. 2001). The increased addition of freshwater has altered the structure and
variability of the LSL in Doubtful Sound, causing the LSL to range between 5 and 12 m at
Deep Cove, and reducing the variability of the LSL and the likelihood of periods of oceanic
salinity in the inner fiord areas (Gibbs et al. 2000). Strong wind events have also been shown
to alter the structure of the LSL, pushing the freshwater into the upper reaches of the fiord,
further increasing the depth of the LSL at Deep Cove (Gibbs et al. 2000). The variability in
the LSL along the fiord drives the along fiord salinity gradient, with oceanic salinities being
present at the mouth of the fiord and low salinities being present in the upper reaches of the
fiord (Gibbs et al. 2000).
Pickrill (1987) characterized New Zealand fiords as having low (< 1 mg l-1) concentrations of
suspended particulate matter. The low concentrations of suspended sediment have been
attributed to low sediment inputs driven by high year round precipitation and minimal storage
of sediment in seasonal or permanent ice fields, which also drive a lack of seasonality in the
sediment inputs (Pickrill 1987). Due to the low levels of suspended sediment, sedimentation
rates in New Zealand fiords are generally low, although variable weak gradients of suspended
particulate material have been observed to reflect pulses of earlier higher freshwater inputs
(Stanton 1984).
The habitats which have been observed to be affected by the LSL in Doubtful Sound include:
the community structure of intertidal areas (Boyle et al. 2001), the diversity and abundance of
fauna in shallow subtidal rock wall habitats (Smith 1998, Witman and Grange 1998, Smith
and Witman 1999) and the population size, diversity and distributions of infaunal sediment
68

communities (Rutger and Wing 2006, McLeod and Wing 2008). The LSL has been accredited
with influencing these spatial gradients through species exclusion, the creation of predation
refuges (Witman and Grange 1998), larval dispersal (Smith and Witman 1999) and benthic
production. Kregting and Gibbs (2006) observed that Antipathes fiordensis was limited to
depths due to salinity tolerance, while Tallis et al. (2004) observed that the distribution of
Austrovenous stutchburyi had reduced at inner fiord sites and related this to the decreased
salinity, caused by the increase in freshwater input.
The community structure of the deep benthic environment in Doubtful Sound was extensively
surveyed by Brewin (2003). The author sampled 12 of the deep basins throughout the
Doubtful Sound complex, comparing the biodiversity and abundances of the entire fiord,
between basins and observing variations within the basins. The basins at the mouth of the
fiord had the highest levels of diversity, with inner basins being less diverse than the main
channel basins. The author also observed that the inner basin communities had unique
elements which may possibly suggest that the inner basin fauna is representative of the local
deep ocean habitats (Brewin 2003).
The community structure of the shallow rock wall habitat in Doubtful Sound has been
extensively studied. Variations in community structure have been observed across vertical and
horizontal spatial scales, and have been related to structuring processes (Smith 1998, Witman
and Grange 1998). The advent of ROV technology presents an opportunity for the deeper
aspects of the rock wall habitat to be surveyed and to observe the spatial variations in
community structure and the structuring processes in deeper areas of the rock wall habitat.

3.1.6 Aims of the study
The study aims to complete a number of surveys of the rock wall habitat across vertical and
horizontal spatial scales in Doubtful Sound complex using an ROV. The survey will aim to:


Observe the patterns of taxonomic abundance and diversity of the rock wall
community across a range of depths and sites in Doubtful Sound.



Use the patterns observed to identify a zonation profile of the rock wall habitats of
Doubtful Sound, observing which sites vary from the proposed zonation profile.



Relate the structure and variations of the zonation profile to spatial variations in
environmental processes which have been previously observed in Doubtful Sound
and other fiords.
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3.2 Methods
3.2.1 Sites
The sites that were sampled in this study were: Deep Cove (45° 34’ 168” S, 167° 36’ 543” E),
a inner-fiord site; Mid C4 (45° 22’ 104” S, 167° 05’ 310” E), a mid-fiord site; Tricky Cove
(45° 20’ 861” S, 167° 02’ 794” E), a mid-fiord site; and Thompson Sound (45° 13’ 541” S,
166° 58’ 887” E), a outer-fiord site (Fig. 3.1). The Mid C4 and Thompson Sound sites were
sampled on the 20th of May 2009 and 21 May 2009 respectively while the Deep Cove and
Tricky Cove sites were sampled on the 8th September 2009.
Deep Cove
Deep Cove (Fig. 3.1a) is located at the head of Doubtful Sound, and is the closet site in this
study to the outflow of the Manapouri Hydroelectric Power Plant. The increased input of
freshwater from the outflow of the power plant, in conjunction with wind and current events
can cause the LSL to be several metres deeper at Deep Cove than at outer Fiord sites (Gibbs
et al. 2000). Deep Cove has been extensively studied and monitored in order to assess the
impact of the increased input of freshwater into the system (Boyle et al. 2001, Cornelisen et
al. 2008)
Mid C4
The Mid C4 (Fig 3.1b) site is a mid-fiord site and is situated close to an oceanographic
mooring site. The LSL at this site is highly variable, and consists of a higher degree of mixing
between the fresh and saltwater than the Deep Cove site.
Tricky Cove
The Tricky Cove (3.1c) site is an embayment in the mid-fiord region and is the same site as
used in Chapter 2. The hydrology and physical features of the site have been studied in
Grange (1991) and Witman and Grange (1998). The LSL at the site has been shown to be
typical of the inner fiord region, and ranges between 1.5 m in December and 4 m in February
(Witman and Grange 1998).
Thompson Sound
The Thompson Sound (Fig. 3.1d) site was located in the outer-fiord region of the
Thompson/Bradshaw Sound complex. The site is close to an oceanographic mooring. The
salinity regime at the Thompson Sound site is similar to an oceanic system, with a large level
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of mixing between the LSL and coastal water, resulting in higher and less variable salinities.
Rutger and Wing (2006) used this site as a outer ford comparison to inner fiord areas.

(d)

(c)

(b)

(a)

Figure 3.1 Map of Doubtful Sound and the studied sites, (a) Deep Cove, (b) Mid C4, (c) Tricky Cove, (d) Thompson Sound
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3.2.2 Survey procedure
In order to produce a profile of each site and to qualitatively view and compare the taxonomic
groups present at each site, the survey was separated into two sections. Firstly, horizontal
transects were performed at 10 m depth intervals. Transects were performed for 10 minutes at
a constant speed and attempted to survey a wide section of the rock wall habitat at each depth
bracket. Randomly during the transect the ROV zoomed into the rock wall to observe the
smaller encrusting fauna. Secondly, to link the depth brackets to each other, the ROV faced
the rock wall while descending and held a distance at which the megafauna could be
identified and observed. At each site the ROV descended until the 200 m length of the
umbilical cord was fully deployed. At Deep Cove and Tricky cove this was 90 m deep, at Mid
C4 the survey went to a depth of 100 m. However, at Thompson Sound the ROV travelled a
long horizontal distance while descending and the survey only extended to a depth of 50 m.
The specifications of the ROV are fully described in Chapter Two (2.2.2).

3.2.3 Footage and image analysis
The footage was analysed by identifying and then noting the depth of the taxonomic groups
that were observed during the ROV survey. The species were identified to the lowest possible
species or genus level using species identification books (Ryan and Paulin 1998, Wing 2008),
conversations with experts (Barker, M., Lamare, M., and Smith, A.) and images from
previous studies. Descriptive groups predominately based on the phyla of the animals, were
also assigned in the same manner as descriptive groups were used in Chapter Two. Fauna
which could not be identified to species or genus level were given names based upon their
appearance. The majority of these species which could not be identified to genus level could
be placed into a descriptive group. However, some animals could not be placed into a
descriptive group and were assigned into the unknown group.
To compare the presence/absence of the taxonomic groups the depth brackets the raw footage
and images were taken from the footage were used. Firstly the footage from the 10 minute
transect was analysed, and secondly 10 random non-overlapping frames were taken from the
transects. These frames were used to identify the smaller encrusting organisms and
macrofauna which were present at each depth bracket. The number of taxonomic groups
observed in these images during the horizontal transect were counted at each depth bracket.
To create the zonation profiles for each site the megafauna which were observed during the
descent of the ROV were combined with the presence/absence data from the horizontal
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transects. These observations were combined with the impressions of the sites taken during
the descent. The ROV was able to observe the bottom of the LSL as it passed through the
mixing of fresh and sea water in the water column (Ryan and Paulin 1998).

3.2.4 Statistical analyses
The presence/absence data were analysed using descriptive and multivariate statistics.
Descriptive comparisons of the number of taxonomic groups observed at the depth brackets
were compared in two ways. Firstly, the abundance of the taxonomic groups along depth
gradients was plotted for each site. Secondly, the numbers of taxonomic groups in each
descriptive group were calculated, with the proportions of each descriptive group at each
depth bracket plotted as a measure of the variation of the community.
The multivariate statistics used to ordinate the resemblances and similarities of each of the
depth brackets were based on the presence/absence data. The resemblances of the community
were calculated using a Sorenson similarity (Clarke and Gorley 2006) and then ordinated by
an MDS of these resemblances. Groups were then formed using the similarities calculated
from a dendogram created using the same Sorenson similarity. A constrained ordination of the
samples was calculated by a CAP plot, with the samples constrained by site. For a more
detailed introduction of the MDS and CAP plots see the multivariate section of the methods in
Chapter Two (2.2.6).
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3.3 Results
3.3.1 Vertical gradients of taxonomic proportions
Deep Cove
Taxonomic abundances and proportions
At Deep Cove there was a high level of variability in the number of taxonomic groups
observed between the depth brackets (Fig. 3.2a). Initially at the 10 m depth bracket 12
taxonomic groups were observed, as the depth increased so did the number of taxonomic
groups observed with the 20 and 30 m depth brackets observing 19 and 28 taxonomic groups
respectively. After 30 m the number of groups observed decreased until 50 m, with eight
groups being observed, from here the deeper depth brackets observed a similar number of
taxonomic groups ranging from nine groups at 60 m to six groups at 70 m.
The proportions of the descriptive groups which were observed varied over the depth brackets
(Fig 3.2b). The observed patterns can be broken into three groups; firstly the 10 m depth
bracket, secondly between 20 and 50 m and thirdly from 60 to 90 m. The community of
descriptive groups at the 10 m depth bracket predominantly consisted of Porifera and
Mollusca, with Algae, Echinodermata and Annelida making up the remainder. Between 20
and 50 m the community was more diverse with ascidians, cnidarians, echinoderms and
annelids making up a large proportion of the community, although Porifera still had the
largest proportion of taxonomic groups. The deeper depth brackets consisted predominately of
Ascidiacea, with Porifera, Annelida and Cnidaria also being present. A number of unknown
species were also present in the deeper depth brackets.
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Figure 3.2The (a) number of taxonomic groups observed and (b) the proportions of each descriptive group in the
communities at each depth bracket in Deep Cove

Observed zonation patterns (Table 3.1)
0 - 5 m: Diatom and Ulva spp. zone (Plate 3.1a)
From the surface of the water to 5 m the substrate in the zone consisted of a sheer rock wall.
The rock wall was largely covered by benthic diatoms, which were covered in high levels of
sediment. Ulva spp. was patchily distributed throughout the zone in amongst the diatom mass.
The distributions of both the diatom species and the Ulva spp. end at 5 m. The ROV observed
the LSL descending to 6.5 m.
5 - 12 m: Coralline algae zone (Plate 3.1b)
Between 5 and 12 m the rock wall was as vertical as the first zone. Sediment in this zone was
restricted to small pockets and crevices. Coralline algae were the most prevalent organism
covering large areas of the rock wall. The encrusting sponge Chelonaplysilla violacea was
distributed patchily along the wall, and was typically found in crevices. Protula spp. and
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Spirorbis spp. annelids were both observed on the rock wall. Protula spp. tubes were typically
covered in coralline algae, while Spirorbis spp. occurred in patchily distributed colonies.
Motile species observed in the zone included Patiriella regularis, Amphineura spp. and Doris
wellingtonensis.
12 - 30m: Pseudechinus huttoni zone (Plate 3.1c)
At 12 m the rock wall flattened out into a small shelf. The shelf had a low level of sediment
cover and extended to 18 m. On the shelf area boulders were present and created areas of
small scale topographic variation. From the edge of the shelf down to the bottom of the zone
the rock wall was a sheer cliff face which slopes slightly. The fauna in the deeper areas were
present within the crevices and small overhangs which have formed in the cliff face. Coralline
algae were still prevalent in this zone, covering all rocky surfaces which were sediment free.
The sea urchin Pseudechinus huttoni was the most prevalent motile species observed in this
zone with a large number of individuals being dispersed throughout the entire zone from the
small shelf and down to the bottom of the rock wall. Australostichopus mollis, Evechinus
chloroticus and Coscinasterias muricata were the other echinoderms observed in this zone.
Chitons (Amphineura spp.) were distributed throughout the entire zone and were prevalent on
the face of the rock wall. Circular Saw Shells (Astraea heliotropism) were common in the
shallower areas of the zone, being observed on the initial shallow shelf. Encrusting ascidians
(Didemnum densum, Didemnum candidum, Leptoclinides duminus Polysyncraton spp. and
Aplidium spp.) and encrusting sponges (Aegogrophilla spp., Polymastia spp., C. violacea,
Penares spp., Iricania spp.) were present throughout the zone, occurring on the flanks and
undersides of the boulders in the shelf area and in the crevices on the rock wall. While erect
sponges (Clathira coreacea, red cup sponge) and the cup coral (Monomyces flabellum) were
rarely present and only occurred on rock faces in low sediment areas. Antipathes fiordensis
was observed on the shelf areas of the zone.
30 - 54 m: Sponge community and cup coral zone (Plate 3.1d and Plate 3.1e)
The substrate in this zone consisted of a sheer rock wall, which was interrupted occasionally
by small overhangs, crevices and shelf areas. The majority of the fauna in this zone was
located within the crevices, under overhangs or on the flanks and undersides of the boulders
on the shelf areas. Coralline algae was still present in the zone, but not as prevalent as in
shallower areas. The level of sediment was low in most areas, with occasional patches of high
sediment which were related to the local typography. For example there was a small chute at
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40m which had collected a large amount of shell debris and sediment, as well as a small
plateau at 50m that was covered in sediment.
The cup coral Caryophyllia profunda was the most abundant and highly distributed species
within the zone, initially occurring in large crevices in the rock wall, under overhangs and
from 40 m individual C. profunda appeared on the sheer rock walls. The fauna in this zone
could be separated into an overhanging and crevice community, a sheer rock wall community.
In the crevices and overhangs (Plate 3.1d) the community was dominated by C. profunda,
with encrusting ascidians (D. candidum, D. densum, L. duminus, Leptoclinides marmoreus,
Synoicium occidentalis), encrusting sponges (Aegogrophilla spp., Darwinella oxeata, Ircinia
spp.), and worm tubes (Protula spp.). On the rock walls (Plate 3.1e) C. profunda, erect
sponges (Axinella tricalyformis, Tethya spp.), encrusting sponges (Aegogrophilla spp.,
Darwinella oxeata) and ascidians (D. candidum, D. densum) were present on the sheer rock
walls, however, they were patchily distributed with a single species dominating each patch,
opposed to the encrusting fauna under overhangs which had a variety of species in each area.
The motile species observed were P. huttoni, which was widely distributed on the sheer rock
walls, and A. mollis, which had more patchy distribution and occurred on the highly
sedimented shelves.
54 - 90 m: Shelf zone (Plate 3.1f)
From 54 m the substrate mainly consists of long shelf zones covered in coarse sandy sediment
and occasional leaf debris. The shelf is interrupted by a number of overhanging areas.
Throughout the entire zone the shelf areas small boulders were present which created isolated
areas of spatial variation. Coralline algae was still present at 50 m, however, by 70 m coralline
algae had disappeared.
The shelf areas were highly sedimented and the majority of the fauna on the shelves were on
the flanks of the boulders. Occasionally on the shelf individual C. profunda or large erect
sponges (Adocia spp., Sycon spp., Chondropsis spp.) were present. The majority of fauna
observed in this zone were on the overhangs which interrupted the sloping shelves. The
communities in the overhanging environments consisted of C. profunda, Penares spp., S.
occidentalis, Protula spp. D. candidum, Aplidium adamsi, as well as two unidentified
encrusting fauna (encrusting disc and white dots).

77

Table 3.1The taxonomic groups organised by descriptive group in each zone at Deep Cove

Zone
Zone 1: 0 – 5 m

Taxonomic groups present in zone
Algae: Ulva spp., coralline algae
Unknown: Benthic diatoms

Zone 2: 5 – 12 m

Algae: Coralline algae
Porifera: Chelonaplysilla violacea, Sycon spp., Penares spp., Ircinia spp.
Mollusca: Amphineura spp., Doris wellingtonensis
Echinodermata: Australostichopus mollis, Patiriella regularis
Annelida: Protula spp., Spirorbis spp.

Zone 3: 12 – 30 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Caryophyllia profunda, Monomyces flabellum,
zooanthid spp.
Porifera: Aegogrophilla spp., Chelonaplysilla violacea, Clathira coreacea,
Eurypon spp., Echiniclinum spp., Raspailia spp., red cup sponge, Penares spp.,
Ircinia spp., Chondropsis spp. Iophonopsis spp., white bulbous sponge, blue
encrusting sponge, Polymastia spp.
Ascidiacea: Didemnum candidum, Didemnum densum, Leptoclinides
marmoreus, Leptoclinides duminus, Synoicium occidentalis, Polysyncraton
spp., Aplidium spp.
Mollusca: Amphineura spp., Maoricolpus roseus, Astrea heliotropium
Echinodermata: Australostichopus mollis, Pseudechinus huttoni,
Coscinasterias muricata, Evechinus chloroticus
Annelida: Protula spp.

Zone 4: 30 – 54 m

Algae: Coralline algae
Cnidaria: Caryophyllia profunda, Monomyces flabellum, zooanthid spp.
Porifera: Adocia spp., Acanthoclada spp., Chelonaplysilla violacea,
Cacospongia spp., Clathira coreacea, Dysidea spp., Eurypon spp. Penares spp.,
Ircinia spp., large Clathira spp., Darwinella oxeata, Aegogrophilla spp.,
Axinella tricalyformis, Tethya spp., Iophonopsis spp., Suberites spp., red cup
sponge
Ascidiacea: Didemnum candidum, Didemnum densum, Leptoclinides
marmoreus, Leptoclinides duminus, Synoicium occidentalis
Echinodermata: Australostichopus mollis, Pseudechinus huttoni
Annelida: Spirorbis spp., Protula spp.

Zone 5: 54 – 90 m

Algae: Coralline algae
Cnidaria: Caryophyllia profunda
Porifera: Adocia spp., Sycon spp., Chondropsis spp., Penares spp. large
Clathira spp.
Ascidiacea: Didemnum candidum, Aplidium adamsi, Synoicium occidentalis
Annelida: Protula spp.
Unknown: Encrusting disc, white dots
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Plate 3.1 Images taken at each of the zones observed at Deep Cove. (a) 0 - 5 m diatom and Ulva spp. zone (b) 5 – 12 m
coralline algae zone (c) 12 – 30 m Pseudechinus huttoni zone (d) an overhanging area in the 30 – 54 m sponge community
and cup coral zone (e) a wall area in the 30 – 54 sponge community and rock wall zone (f) a sheltered area of the 54 – 90 m
shelf zone.

79

Mid C4
Taxonomic abundances and proportions
At the Mid C4 site the number of taxonomic groups (Fig. 3.3a) observed increased along the
first four depth brackets, from 22 to 28 groups at 10 and 40 m respectively. From 50 to 100 m
the number of taxonomic groups decreased with the depth from 14 groups at 50 m to 10
groups at 100 m. Although at 60 m at 22 groups were observed.
The proportions of the taxonomic groups (Fig. 3.3b) observed also followed a similar pattern
to the number of groups observed, forming two distinct groups at 10 to 40 m and 50 to 100 m.
Between 10 and 40 m the majority of the taxonomic groups observed were Porifera, with
Ascidiacea being the second most substantial group. Algae, Cnidaria, Brachiopoda and
Annelida were consistent across the depth brackets, while Echinodermata were only present at
10 and 20 m. Below 50 m Ascidiacea and Porifera were at similar proportions at most depths,
with Ascidiacea being more prevalent than Porifera at 70, 80 and 90 m. The rest of the
community was comprised of Bryozoa, Annelida and Cnidaria. Unidentified species had a
high proportion at 60, 70 and 100 m.

Figure 3.3 The (a) number of taxonomic groups observed and (b) the proportions of each descriptive group in the
communities at each depth bracket, at Mid C4
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Observed zonation patterns (Table 3.2)
0 – 3 m: Algal zone (Plate 3.2a)
From the surface to 3 m the rock wall substrate consisted of sheer rock walls. The epifauna in
this first zone consisted of two species of algae, Ulva spp. and red algae spp. 2. The LSL at
Mid C4 was 3 m thick, and no sediment was observed in this zone.
3 – 8 m: Ulva spp. and coralline algae zone (Plate 3.2 b)
At 3 m the red algal species from the above zone disappears, Ulva spp. is still highly prevalent
and the gaps left by the disappearance of the red algae are filled by coralline algae. By 5 m
Ulva spp. has also disappeared from the rock wall, with coralline algae being the dominant
species between 5 and 8 m.
8 – 22 m: High diversity sponge zone (Plate 3.2 c)
From 8 m the rock wall was moderately sloped. The sloped areas of rock wall were
interrupted by segments of sheer rock wall and overhangs. Sediment in the zone was
concentrated around crevices and flat areas of the rock where it was able to collect. Coralline
algae was observed continuously throughout the zone.
Two distinct patch communities were observed in this zone, the variations in the composition
of the patches were driven by variations in the rock wall features. Firstly there was an edge
community which was located on the edge of shelves and some areas of the sheer rock wall.
This community was characterised by A. fiordensis, Codium spp., Terebratella sanguinea,
Cnemidocarpa bicornuata, Monomyces flabellum, erect sponges (Raspailia topsenti, Tethya
spp., Axinella tricalyformis, Clathira spp., Callyspongia lattituba, Sycon spp., red cup
sponge), encrusting sponges (Aegogrophilla spp., Ircinia spp., Dysidea spp.), and encrusting
ascidians (D. candidum, D. densum). The encrusting fauna in this community occurred in
large patches, normally consisting of one dominate species and covered large areas of the rock
wall. The second community was located under overhangs and on the sides of large boulders.
This community consisted of Liothyrella neozelandea, Notosaria nigricans, Protula spp. and
Beaniid spp. the encrusting sponges (Aegogrophilla spp.), and ascidians (L. duminus, D.
candidum D. densum). The patches of encrusting fauna were much smaller in the overhanging
community, than on the edge of shelves. The motile species observed in the zone were
Evechinus chloroticus and A. mollis, both of which were observed on the sloping rock wall.
22 – 50 m: Overhanging community zone (Plate 3.2d and Plate 3.2e)
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Between 22 and 50 m the rock wall was moderately sloped, and had several shelf areas
breaking up the continuous rock wall. Levels of sediment on the rock wall were higher than in
the previous zone and the shelves were typically covered in sediment and shell debris. There
were numerous small scale features along the sloped rock wall with crevices, overhangs and
large boulders occurring. Coralline algae was present on most of the rock wall at the
beginning of the zone, however, by 50 m coralline algae had a very patchy distribution.
The fauna in this zone had a very patchy distribution. Along the main sloped rock wall few
species were present apart from coralline algae. The majority of the fauna was located in the
small scale features, inside crevices, on the sides of boulders and under overhangs,
communities present in the refuges were highly diverse. Species which were on the main wall
were A. fiordensis, M. flabellum, R. topsenti, Suberites spp., C. profunda and octocorals.
Encrusting species which were present on the main wall (Plate 3.2e) included sponges
(Aegogrophilla spp., C. violacea, Iophonopsis spp.) ascidians (D. densum, D. candidum, S.
occidentalis) and when present they occurred in large colonies dominating entire patches. The
fauna which were present in the crevices and under overhangs (3.2d) formed similar
communities. Caryophyllia profunda was very prominent in this community with multiple
corals being clustered closely together under overhangs. The overhang and crevice
communities were typically small and diverse, the patches consisted of a large variety of
sponges (R. agminata, Tethya spp., C. lattituba, Sycon spp., Aegogrophilla spp., Ircinia spp.,
Dysidea spp., Polymastia granulose), ascidians (C. bicornuata, S. occidentalis, D.
candidum.), Beaniid spp., Protula spp., and Errina dendyi were also prevalent in the
overhanging community. Australostichopus mollis was the only motile animal observed in
this zone.

50 m – 100 m: Deep barrens (Plate 3.2f)
From 50 m the structure of the rock wall varied between sloping shelves and sheer rock walls.
Between 50 and 70 m the rock wall was predominately sheer with the occasional shelf, while
between 70 and 100 m the majority of the rock wall was sloping, with occasional small scale
boulders and crevices creating small scale sheer surfaces. Along the sloping areas of the rock
wall a layer of sediment was present which covered the majority surface of the rock wall.
Coralline algae was present at low distributions at 50 m, however by 80 m it had disappeared.
Below 50 m low levels of diversity and abundance were observed. Along the sloping areas of
the rock wall the diversity and abundance of the communities were low, with only single
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individuals of C. profunda, octocorals and Suberites spp. being observed. On the sheer rock
faces the communities consisted of encrusting sponges (Penares spp., Eurypon spp., R.
agminata, Chondropsis spp.), ascidians (S. occidentalis, D. candidum, D. densum, Aplidium
adamsi,), annelids (Protula spp., Spirorbis spp.), and in the deeper zones three unidentified
encrusting fauna were prevalent. Caryophyllia profunda was observed at greater numbers on
the sheer rock walls than on the sloping face. No motile species were observed on the rock
wall in this zone.
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Table 3.2 The taxonomic groups organised by descriptive group observed in each zone at Mid C4

Zone
Zone 1: 0 – 3 m

Taxonomic groups present in zone
Algae: Ulva spp., red algae spp.

Zone 2: 3 – 8 m

Algae: Coralline algae, Ulva spp.

Zone 3: 8 – 22 m

Algae: Coralline algae, Ulva spp., Codium spp.
Cnidaria: Antipathes fiordensis, Monomyces flabellum, Errina dendyi
Porifera: Raspailia topsenti, Tethya spp., Axinella tricalyformis, Clathira
spp., Callyspongia lattituba, Sycon spp., red cup sponge, Aegogrophilla spp.,
Ircinia spp., Dysidea spp., Chelonaplysilla violacea, Polymastia granulosa,
Cacospongia spp., Clathira coreacea, Tethya spp., large Clathira spp.
Ascidiacea: Cnemidocarpa bicornuata, Didemnum densum, Didemnum
candidum, Leptoclinides duminus, Synoicium occidentalis,
Brachiopoda: Terebratella sanguinea, Liothyrella neozelandea, Notosaria
nigricans, Calloria inconspicua
Bryozoa: Beaniid spp.
Echinodermata: Evechinus chloroticus, Australostichopus mollis,
Annelida: Protula spp., Spirorbis spp.

Zone 4: 22 -50 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Errina dendyi, Caryophyllia profunda
Monomyces flabellum
Porifera: Raspailia topsenti, Raspailia spp., Raspailia agminata, Tethya
spp., Axinella tricalyformis, Clathira spp., Callyspongia lattituba, Sycon spp.,
Aegogrophilla spp., Ircinia spp., Dysidea spp., Chelonaplysilla violacea,
Polymastia granulosa, Cacospongia spp., Clathira coreacea, Hamigera spp.,
Eurypon spp., Echiniclinum spp., Penares spp., large Clathira spp.,
Iophonopsis spp., Suberites spp., Sycella spp., blues encrusting sponge
Ascidiacea: Aplidium adamsi, Cnemidocarpa bicornuata, Aplidium spp.,
Didemnum albidum, Didemnum candidum, Didemnum densum, Leptoclinides
marmoreus, Leptoclinides duminus, Synoicium occidentalis, encrusting disc
Brachiopoda: Calloria inconspicua
Mollusca: Agrobuccinum pustulosm tumidum
Annelida: Protula spp., Spirorbis spp.

Zone 5: 50 – 100 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Errina dendyi, Caryophyllia profunda
Porifera: Adocia spp., Sycon spp., Suberites spp., Chondropsis spp., Penares
spp., Hamigera spp., white bulbous sponge, Dysidea spp., Eurypon spp.
Ascidiacea: Aplidium spp., Aplidium adamsi, Didemnum candidum,
Didemnum densum, Synoicium occidentalis, encrusting disc
Annelida: Protula spp., Spirorbis spp.
Unknown: White thread, yellow fuzz, yellow leafed, white dots.
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Plate 3.2 Images taken at each of the zones observed at Mid C4 (a) 0 – 3 m algal zone (b) 3 – 8 m Ulva spp. and coralline
algae zone (c) 8 – 22 m high diversity sponge zone (d) overhanging area of the 22 – 50 m overhanging community zone (e)
wall section of the 22 – 50 m overhanging community zone (f) 50 – 100 m deep barren zone

Tricky Cove
Taxonomic abundances and proportions
At Tricky Cove the 10 and 20 m depth brackets both observed the highest number of
taxonomic groups with 32 (Fig. 3.4a) After the first two depth brackets the number of
taxonomic groups declined to 12 at 40 m, although at 50 m 21 groups were observed. After 50
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m the decline in the number of taxonomic groups continued, with 12 groups being observed at
60 m. The number of taxonomic groups observed decreased to just five groups at 90 m.
The proportions of the taxonomic groups for the depth brackets followed a similar pattern to
the presence of the groups (Fig. 3.4b). The 10 and 20 m depth brackets had the most diverse
communities, with the diversity reducing steadily as the depth increased. For both the 10 and
20 m depth brackets Porifera was the most prevalent group, Ascidiacea the second most, with
Cnidaria, Algae, Bryozoa, Brachiopoda, Mollusca, Echinodermata and Annelida making up
the rest. By 30 m Bryozoa, Mollusca and Echinodermata were no longer present; however,
Bryozoa and Echinodermata reappeared at 40 and 50 m. From 60 m the diversity of the
communities rapidly declined, until at 90 m where only Porifera, Annelida and unknown
groups occurred.

Figure 3.4 The (a) number of taxonomic groups observed and (b) the proportions of each descriptive group in the
communities at each depth bracket, at Tricky Cove
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Observed zonation patterns (Table 3.3)
0 - 3 m: Coralline algae zone (Plate 3.3a)
From the surface of the water down to 3 m the substrate consisted of sheer rock walls covered
in coralline algae. No other fauna or sediment was observed in this zone. The LSL was 2 m
deep.
3 – 6 m: Blue mussel zone (Plate 3.3b)
Between 3 and 6 m the most abundant organism on the rock wall was the blue mussel, Mytilus
edulis galloprovincialis The mussels aggregated in patches on the rock wall, the distribution
of these patches was scattered and seemingly random. Coralline algae was present on the rock
wall in between patches of the mussels. No sediment was observed in this zone.
6 -18 m: High diversity sloped zone (Plate 3.3c)
The substrate between 6 and 18 m consisted of a generally sloping rock wall, which was
bordered by areas of sheer rock wall at the start and beginning of the zone. The rock wall had
a range of small scale features including small overhangs, boulders, crevices and crevices.
The sediment in the zone was very low, with pockets of sediment occurring in some crevices.
At 16 m shell debris (M. edulis galloprovincialis shells) is present on a shelf at a greater level
than any other sediment pockets in the zone. Coralline algae was continuously present on the
rock wall in areas of low sediment.
In the high diversity zone the most diverse group fauna present were the sponges, with a range
of erect (R. topsenti, Tethya spp., C. lattituba, A. tricalyformis, M. flabellum, Leucettusa spp.,
red cup sponge) and encrusting (Darwinella oxeata, Polymastia granulosa, C. violacea,
Dysidea spp., Ircinia spp.) sponges being present. Ascidians were also present in both
encrusting (D. densum, D. candidum, L. duminus, S. occidentalis) and solitary forms (C.
bicornuata), although they were not present in the same abundances as the sponges. On the
sloping rock wall large populations of T. sanguinea and scattered populations of A. fiordensis
were also observed, the only motile fauna observed in the zone were A. mollis and the smooth
whelk (Agrobuccinum pustulosm tumidum). The composition of the community was stable
throughout the entire zone and did not vary with the small scale features in the rock wall.
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18 – 33 m: High diversity overhang zone (Plate 3.3d)
From 18 m the rock wall featured several large overhanging features, separated by sloping
rock walls. The sloping rock walls in this zone had a thin layer of sediment, with the fauna
under the overhangs being protected from sediment deposition. On some of the shelves under
overhangs large depositions of shell debris had occurred. Coralline algae was continuously
present on all rock surfaces with no sediment cover.
In this zone there was very little diversity or abundance of macrofauna on the sloping rock
walls and shelves, with the majority of the macrofauna being present under the overhangs.
The overhang communities are predominately composed of L. neozelanica and C. bicornuata,
with encrusting ascidians (D. candidum, D. densum, Didemnum albidum, L. duminus) and
sponges (Aegogrophilla spp., Dysidea spp., Ircinia spp., Penares spp.) being present and
encrusting both the rock wall and some of the large L. neozelanica and C. bicornuata
individuals. Erect sponges (R. topsenti, C. lattituba¸ Sycon spp., Leucettusa spp. Tethya spp.,
M. flabellum), Crisiid spp., E. dendyi, Protula spp. and Spirorbis spp. were also components
of the overhang communities.
33 – 60 m: Sheer rock wall low diversity zone (Plate 3.3e)
Between 33 and 60 m the rock wall was homogeneous consisting of sheer rock walls, with the
occasional small shelf. On these shelf areas a large amount of sediment and shell debris was
present. The sheer rock walls had a low level of small scale variations, which typically
consisted of small vertical crevices which did not harbour communities. Coralline algae had a
patchy distribution in this zone, by 50 m there was very little coralline algae present on the
rock walls.
The community structure on the sheer rock walls in this zone consisted of patches of
encrusting fauna, predominately sponges (Penares spp. Ircinia spp., Hamigera spp. and
Eurypon spp.), ascidians (D. candidum, D. candidum, Leptoclinides marmoreus, A. adamsi, S.
occidentalis), Beaniid spp. and annelids (Protula spp. and Spirorbis spp.). Erect fauna had a
very patchy distribution and occurred rarely, with sponges (Cacospongia spp., Sycon spp.,
Suberites spp.), C. profunda and T. sanguinea occasionally occurring on the rock wall.
60 – 90 m: Deep barrens (Plate 3.3f)
Below 60 m the rock wall continued in the same pattern as the pervious zone, homogeneous
sheer rock walls with very little small scale variation, broken up by the occasional shelf which
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had large depositions of sediment. The small scale variation in the rock walls consisted of
small vertical crevices. Coralline algae was rarely observed, and was absent from the rock
walls below 80 m.
The community below 60 m was highly scattered, with epifauna only being present on small
areas of sheer rock faces where no sediment was settling. The organisms observed and
identified in this zone were Protula spp., Spirorbis spp., Ircinia spp. Suberites spp., D.
densum and D. candidum; unidentified species included yellow leafed and white dots
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Table 3.3 The taxonomic groups organised by descriptive groups in each zone at Tricky Cove

Zone
Zone 1: 0 – 3m

Taxonomic groups present in the zone
Algae: Coralline algae

Zone 2: 3 – 6 m

Algae: Coralline algae
Mollusca: Mytilus edulis galloprovincialis

Zone 3: 6 – 18 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Monomyces flabellum, hydroid spp.,
zooanthid spp.
Porifera: Axinella tricalyformis, Cacospongia spp., Callyspongia lattituba,
Chelonaplysilla violacea, Dysidea spp., Leucettusa spp., Sycon spp.,
Polymastia granulosa, Raspailia topsenti, red cup sponge, Ircinia spp., large
Clathira spp., Darwinella oxeata
Ascidiacea: Aplidium spp., Cnemidocarpa bicornuata, Didemnum albidum,
Didemnum candidum, Didemnum densum, Leptoclinides duminus,
Synoicium occidentalis
Brachiopoda: Calloria inconspicua, Terebratella sanguinea,
Mollusca: Maoricolpus roseus, Agrobuccinum pustulosm tumidum
Echinodermata: Australostichopus mollis
Annelida: Protula spp., Spirorbis spp.

Zone 4: 18 – 33 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Caryophyllia profunda, Errina dendyi
Porifera: Adocia spp., Aegogrophilla spp., Callyspongia lattituba, Dysidea
spp., Eurypon spp., Echiniclinum spp., Leucettusa spp., Sycon spp.,
Raspailia spp., Penares spp., Ircinia spp., Iophonopsis spp., Tethya spp.,
white bulbous sponge, blue encrusting sponge
Ascidiacea: Cnemidocarpa bicornuata, Didemnum albidum, Didemnum
candidum, Didemnum densum, Leptoclinides marmoreus, Leptoclinides
duminus, Synoicium occidentalis, encrusting disc
Brachiopoda: Terebratella sanguinea, Liothyrella neozelandea, Notosaria
nigricans, Calloria inconspicua
Echinodermata: Australostichopus mollis
Annelida: Protula spp., Spirorbis spp., red worm
Unknown: White dots

Zone 5: 33 – 60 m

Algae: Coralline algae
Cnidaria: Antipathes fiordensis, Caryophyllia profunda, Errina dendyi
Porifera: Adocia spp., Dysidea spp., Eurypon spp., Hamigera spp., Sycon
spp., Penares spp., Ircinia spp., Suberites spp., Iophonopsis spp., white
bulbous sponge, blue encrusting sponge
Ascidiacea: Cnemidocarpa bicornuata, Didemnum albidum, Didemnum
candidum, Didemnum densum, Leptoclinides marmoreus, Leptoclinides
duminus, Synoicium occidentalis, Aplidium adamsi, encrusting disc
Brachiopoda: Terebratella sanguinea
Bryozoa: Beaniid ssp., yellow encrusting
Echinodermata: Ocnus brevidentis
Annelida: Protula spp., Spirorbis spp., red worm
Unknown: White thread, yellow leafed, white dots

Zone 6: 60 – 90 m

Algae: Coralline algae
Porifera: Ircinia spp., Suberites spp.
Ascidiacea: Didemnum candidum, Didemnum densum
Annelida: Protula spp., Spirorbis spp.
Unknown: Yellow leafed, white dots
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Plate 3.3 Images from the zones observed at Tricky Cove (a) 0 – 3 m Coralline algae zone (b) 3 – 6 m blue mussel zone (c) 6
– 18 m high diversity sloped zone (d) 18 – 33 m high diversity overhang zone (e) 33 – 60 m sheer rock wall, low diversity
zone (f) 60 – 90 m deep barren zone
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Thompson Sound
Taxonomic abundances and proportions
At Thompson Sound the 10 m depth bracket observed the highest number (37) of taxonomic
groups (Fig 3.5a). As the depth increased the number of taxonomic groups observed
decreased, with 20 m, 40 m and 50 m observing 24, 21 and 15 groups respectively. The 30 m
depth bracket observed nine taxonomic groups, which was the lowest of any of the depth
brackets.
The proportions of the descriptive groups in Thompson Sound (Fig. 3.5b) were similar across
the depth brackets. Across all of the depth brackets Porifera was the most prevalent group,
ascidians were the second most common group, and Cnidaria and Echinodermata had similar
proportions. Variations occurred at the 10 m and 50 m depth brackets. The 10 m depth bracket
had the highest range of groups containing populations of Brachiopoda, Annelida and
Mollusca. The 30 and 50 m depth brackets observed the lowest number of descriptive groups,
five.

Figure 3.5 The (a) number of taxonomic groups observed and (b) the proportions of each descriptive group in the
communities at each depth bracket, at Thompson Sound

92

Observed zonation patterns (Table 3.4)
0– 2 m: Algal zone (Plate 3.4a)
From the surface of the water to 2 m the sheer rock wall community consisted predominately
of Ulva spp. and red algae spp. 2. These two species covered the majority of the rock wall,
gaps between patches of algae were encrusted with coralline algae. The LSL was observed as
being 2 m thick.
2 – 7 m: Coscinasterias muricata and Evechinus chloroticus zone (Plate 3.4b)
Between 2 and 5 m the rock wall structure of the rock wall was highly variable, forming a
number of small overhangs and ridges. Coralline algae encrusted the entire visible rock wall.
Coscinasterias muricata and E. chloroticus were present in this zone in high abundances; A.
mollis was also observed in this zone, although not in the same abundances as C. muricata
and E. chloroticus. The epifaunal communities had a very patchy distribution in this zone,
Ulva spp. was present in a narrow band between four and six metres, while the only sponges
observed were Tethya spp. and M. flabellum.
7 – 18 m: High diversity zone (Plate 3.4c and Plate 3.4d)
From 7 m the rock wall structure was sloped with a high degree variability, separated by large
shelves and small scale overhangs. On the main rock wall the small scale variations consisted
of a series of channels and ridges, within the channels a large amount of sediment had built
up. Coralline algae was present on all visible areas of rock wall not already encrusted with
other fauna.
In the high diversity zone two separate communities were observed. Firstly, a community
which formed on the ridges of the sloping rock wall (Plate 3.4d), and secondly, a community
which formed under the small scale overhangs and areas of vertical rock wall (Plate 3.4c). On
the ridges of the sloping rock wall the community had a patchy distribution and consisted of
A. fiordensis, C. bicornuata, T. sanguinea, Codium spp., erect sponges (R. topsenti, Suberites
spp., A. tricalyformis, Clathira spp., Polymastia spp., Tethya spp., C. lattituba, M. flabellum,
red cup sponge) and encrusting ascidians (D. densum, D. candidum, L. duminus). The
overhang community consisted of high abundances of C. bicornuata, T. sanguinea, N.
nigricans, Beaniid spp., Protula spp., Spirorbis spp., encrusting sponges (Aegogrophilla spp.,
D. oxeata, Dysidea spp., Iophonopsis spp.) and encrusting ascidians (D. densum, D.
candidum, D. albidum, S. occidentalis, L. duminus). The motile species observed in this zone
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were A. mollis, Oxycomanthus plectrophorum and A. pustulosm tumidum, all of which had
low abundances.
18 – 35 m: Variable sand flat zone (Plate 3.4e)
From 18 m the substrate consisted of large sand flats occasionally disrupted by areas of either,
sheer rock faces, ridges or small scale overhangs. These disruptive features harboured
communities of macrofauna. Encrusting coralline algae was not present on any of these areas
under 20 m.
The community which resided in the hard substrate areas was similar to the community of the
above zone, however, the diversity and abundance of the fauna observed was lower. The
communities consisted of A. fiordensis, T. sanguinea, N. nigricans, Crisiid spp., erect sponges
(R. topsenti, Suberites spp., Clathira spp., M. flabellum, C. lattituba, Sycon spp.), encrusting
sponges (Aegogrophilla spp., D. oxeata, Echiniclinum spp., Penares spp.), encrusting
ascidians (D. densum, D. candidum, D. albidum, S. occidentalis, L. duminus). Motile species
observed in this zone were A. mollis and O. plectrophorum.

35 – 50 m: Low diversity sand flat zone (Plate 3.4f)
Below 35 m the sand flats continued, although the levels of variation in the substrate were
much lower. The small scale features which harboured the communities were limited to the
sides of boulders which jutted out from the sand flat.
The community which was present on this sand flat area was highly scattered and occurred
only on the boulders, crevices and small scale overhangs, the only animal observed on the
sand flat was a single gorgonian spp. at 40 m. The communities consisted of A. fiordensis, C.
profunda, E. dendyi, Crisiid spp., Beaniid spp., Spirorbis spp., erect sponges (R. topsenti, C.
lattituba, Suberites spp., Sycon spp., Cacospongia spp.), encrusting sponges (Acanthoclada
spp., Hamigera spp., Penares spp., Iophonopsis spp.), and encrusting ascidians (D. densum,
D. candidum, D. albidum, S. occidentalis, L. duminus). Motile species that were observed in
this zone were A. mollis and O. plectrophorum.
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Table 3.4 The taxonomic groups organised by descriptive groups in each zone at Thompson Sound

Zone
Zone 1: 0 – 2 m

Taxonomic groups present in zone
Algae: Ulva spp., red algae spp., coralline algae

Zone 2: 2 – 7 m

Algae: Ulva spp., coralline algae
Porifera: Tethya spp.
Echinodermata: Coscinasterias muricata, Evechinus chloroticus,
Australostichopus mollis

Zone 3: 7 – 18 m

Algae: Ulva spp., Codium spp., coralline algae
Cnidaria: Antipathes fiordensis, Errina dendyi, Monomyces flabellum,
hydroid spp., zooanthid spp. gorgonian spp.
Porifera: Adocia spp. Aegogrophilla spp., Axinella tricalyformis,
Callyspongia lattituba, Clathira coreacea, Chelonaplysilla violacea, Dysidea
spp., Leucettusa spp., Sycon spp., Polymastia granulosa, Eurypon spp.,
Raspailia topsenti, red cup sponge, Ircinia spp., large Clathira spp.,
Iophonopsis spp., Suberites spp., Tethya spp., Darwinella oxeata
Ascidiacea: Cnemidocarpa bicornuata, Didemnum albidum, Didemnum
candidum, Didemnum densum, Leptoclinides duminus, Synoicium occidentalis
wax ascidian
Brachiopoda: Notosaria nigricans, Terebratella sanguinea
Bryozoa: Beaniid spp.
Mollusca: Agrobuccinum pustulosm tumidum
Echinodermata: Australostichopus mollis, Oxycomanthus plectrophorum
Annelida: Protula spp., Spirorbis spp.

Zone 4: 18 – 35 m

Algae: Ulva spp., red algae spp., coralline algae
Cnidaria: Antipathes fiordensis, Errina dendyi, Monomyces flabellum
Caryophyllia profunda
Porifera: Aegogrophilla spp., Callyspongia lattituba, Clathira coreacea,
Chelonaplysilla violacea, Dysidea spp., Eurypon spp., Leucettusa spp., Sycon
spp., Polymastia granulosa, Eurypon spp., Raspailia topsenti, red cup sponge,
Ircinia spp., large Clathira spp., Tethya spp., Darwinella oxeata, Penares
spp., white bulbous sponge
Ascidiacea: Didemnum albidum, Didemnum candidum, Didemnum densum,
Leptoclinides duminus, Synoicium occidentalis
Brachiopoda: Notosaria nigricans , Terebratella sanguinea
Bryozoa: Crisiid spp.
Mollusca: Pectan novazelandiae
Echinodermata: Australostichopus mollis, Oxycomanthus plectrophorum

Zone 5: 35 – 50 m

Cnidaria: Antipathes fiordensis, Errina dendyi, Caryophyllia profunda,
gorgonian spp.
Porifera: Adocia spp., Acanthoclada spp., Cacospongia spp., Callyspongia
lattituba, Clathira coreacea, Hamigera spp., Sycon spp., Raspailia topsenti,
Penares spp., Ircinia spp., Suberites spp., Iophonopsis spp., blue encrusting
sponge.
Ascidiacea: Didemnum albidum, Didemnum candidum , Leptoclinides
duminus, Synoicium occidentalis wax ascidian, encrusting disc
Bryozoa: Beaniid spp., Crisiid spp.
Echinodermata: Australostichopus mollis, Oxycomanthus plectrophorum
Annelida: Spirorbis spp.
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Plate 3.4 Images taken from the zones observed at Thompson Sound (a) 0 – 2 m algal zone (b) 2 – 7m Coscinasterias
muricata and Evechinus chloroticus zone (c) overhanging section of the 7 – 8 m high diversity zone (d) sloping section of the
7 – 8 m high diversity zone (e) an area of habitat diversity in the 18 – 35 m variable sand flat zone (f) Community on the side
of a boulder in the 35 - 50 m low diversity sand flat zone
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3.3.2 Multivariate analyses of community resemblances
An MDS plot ordinates the sites into four main groups (Fig. 3.6), the groups can be
highlighted using the 40 percent similarity from the dendogram (Fig. 3.7). The first group (a)
consists of the 10 m Deep Cove sample. The second group (b) consists of the deep (> 40 m)
samples all for the sites. The third group (c) consists of the remaining shallow samples (< 40
m) for all the Deep Cove, Mid C4 and Tricky Cove samples, as well as the 10 and 20 m
samples for Thompson Sound. The fourth group (d) consists of the 30, 40 and 50 m samples
for Thompson Sound. Applying the 50% similarity constraint further separates the groups. In
the group of deeper samples this constraint separates out the sites, although the 40 and 50 m
Tricky Cove samples are grouped with the Mid C4 samples. In the shallow group the 50%
similarity constraint forms a cluster containing all the Mid C4, Tricky Cove and Thompson
samples, and two clusters containing the Deep Cove samples, one with the 20 and 30 m
samples and the other with the 10 m sample by itself. In the Thompson Sound group the 30
and 40 m samples are grouped together, while the 50 m sample is separate.
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Figure 3.6 MDS ordination of the resemblances of depth brackets from Deep Cove (DC) Mid C4 (Mid) Tricky Cove (TC)
and Thompson Sound). The similarities used to cluster the samples into groups (a, b, c, d) are from figure 3.7.
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Figure 3.7 Dendogram of the similarities of the depth brackets from each of the sites. The samples are separated into four
groups at a 40 % similarity level.

The constrained ordintation of the sites in the CAP plot (Fig. 3.8) demonstrates the
interactions between the samples and the resemblances of the sites to each other. As the CAP
attempts to allocate the samples into the prescribed sites the allocation success of the sites can
highlight the influence of site alone on the resemblances of the samples (Table 3.5). The
allocations of the Thompson Sound samples were the most accurate with 80%, whereas the
Mid C4 samples had the lowest with 60%. The Mid C4 samples were typically allocated as
Tricky Cove samples, suggesting a high degree of similarity between sites. The total
allocation success of 72.3% indicates that while site had an impact on the resemblances of
communities to each other, just grouping the samples by site is not robust enough to make site
the only factor grouping the resemblances of community composition in Doubtful Sound. The
CAP plot does not suggest any patterns in relation to depth.
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and Thompson Sound (TS)

Table 3.5 Results of the CAP analysis of the depth brackets constrained by site. m= the number of principal coordinate
(PCO) axes used in the CAP procedure, % Var = the percentage of the total variance explained by the first m PCO axes,
Allocation success = the percentage of points correctly allocated into each group, δ2 = the squared canonical correlation.

Allocation Success (%)
M
% Var
DC
M4
81.34%
77.78
6

TC
60

TS
77.78

δ2
Total
80
72.73
0.88
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3.4 Discussion
Variations in the community structure of the epilithic fauna in Doubtful Sound were observed
across the vertical gradient of depth and the horizontal gradient of site. The variations in
community structure were firstly observed through qualitative observations from the ROV
survey, and secondly through the statistical interpretation of the presence/absence data
gathered from the survey. By combining the observations from the qualitative survey and
statistical interpretation a simplified zonation patterns for the entire fiord can be described.

3.4.1 Observed zonation patterns
Taxonomic abundances and proportions
At all of the sites the greatest numbers of taxonomic groups were observed above 40 m. The
highest observations for each site were: Deep Cove, 28 groups at 30 m; Mid C4, 27 groups at
40 m; Tricky Cove, 32 groups at 10 and 20 m; Thompson Sound 37 groups at 10 m. From 50
m the number of taxonomic groups observed declined steadily, as the depth which observed
the lowest number of taxonomic groups was below 70 m for Tricky Cove, Mid C4 and Deep
Cove. Variations between the sites were more pronounced in the shallow samples. The
clearest example of this was at 10 m, where a clear along fiord gradient was observed; with
Thompson Sound observed the largest number of taxonomic groups (37) and Deep Cove (12)
observed the least. From 20 to 40 m the pattern of taxonomic changes at each depth bracket
with no obvious patterns, for example at 30 m Deep Cove observed the most taxonomic
groups (28).
The proportions of descriptive groups observed varied along the gradient of depth, although
no consistent pattern of variation was observed between the sites. In the majority of the
samples Porifera and Ascidiacea were the dominant descriptive groups in the communities. In
samples above 40 m, more descriptive groups were observed and a greater proportion of the
community consisted of the less common descriptive groups (Echinodermata, Annelida,
Brachiopoda, Bryozoa, and Cnidaria). In samples below 40 m the communities were less
variable and typically consisted of Porifera, Ascidiacea, Annelida, Cnidaria and the unknown
group. Porifera and Ascidiacea were still the dominant groups in the deeper sample
contributing over 50% of the taxonomic groups in the majority of the samples. The
proportions and diversity of the descriptive groups appeared to have greater levels of
similarity with other deep samples at the same site, rather than to the other sites of the same
depth bracket.
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Qualitative surveys
The observations from the survey allowed the sites to be separated into different depth zones
based on the community composition. The zones of community composition observed a basic
pattern of five zones: (1) a low diversity zone dominated by algae, located completely in the
LSL and typically ranging from 0 – 3 m; (2) a low diversity zone below and on the edge of
the LSL from 3 -8 m, with coralline algae covered rock walls; (3) a high diversity zone from 8
– 20 m with large numbers of erect and encrusting sponges, ascidians, brachiopods and black
coral; (4) A medium to low diversity zone extending from 20 – 40m, the majority of the fauna
in this zone were observed under overhangs and in crevices in the rock wall, the end of this
zone was characterised by the reduction in coralline algae present; (5) a low diversity deep
barren zone which ranges from around 40 m to the end of the survey, this zone was highly
sedimented and the few fauna which were observed were typically under small scale
overhangs and had very scattered distributions.
Multivariate analyses of community resemblances
The multivariate ordinations of the community assemblages demonstrated the resemblances
and similarities of the samples among the sites and depths, allowing for the descriptions of the
zonation patterns to be refined. The first distinction the ordinations made was to define and
separate the shallow (> 40 m) and deep (< 40 m) samples. Additionally, the first distinction
highlights that the three deeper Thompson Sound samples and the 10 m Deep Cove sample do
not adhere to either of the shallow or deep groups. The second distinction the ordinations
make is that the resemblances of the samples within the groups are different for the deep and
shallow clusters. In the shallow depth cluster the Mid C4, Tricky Cove and Thompson Sound
samples were clustered together, while the Deep Cove samples were separate. In the deep
depth cluster the majority of the samples were clustered by sites. The ordinations of the
samples by the CAP plot further highlight the influence of site on the resemblances of the
communities to each other. The percentages of allocation success show that while site can be
used to allocate the samples, site alone cannot be fully used to classify the samples. The
allocations also highlight the similarity between the Mid C4 and Tricky Cove samples.
Synthesis of the observed and statistical zonation patterns
The five zones observed in the qualitative survey were combined with the results from the
statistical analyses. The combination allowed the zonation patterns to be simplified into three
zones, based on the levels of taxonomic diversity and abundance observed.
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Zone 1: 0 – 8 m, a low diversity area from the surface of the water down to 8 m,
characterised low diversities of encrusting fauna with algae, coralline algae and mussels
dominating the rock wall. .
Zone 2: 8 – 40 m, a mid to high diversity zone from 8 to 40 m, with the highest diversity of
taxonomic groups being centred at 10 to 20 m. This zone is characterised by large numbers of
sponges, ascidians, brachiopods and other encrusting fauna.
Zone 3: 40 – 100 m A deep low diversity area below 40 m. The zone is characterised by low
levels of taxonomic groups, with encrusting ascidians, sponges and C. profunda being present
under overhangs and in crevices on the rock wall.
Comparisons with previously observed zonation patterns
Vertical zonation patterns of rock wall communities have previously been observed by other
studies in Doubtful Sound (Smith 1998, Witman and Grange 1998) and in other fiords
(Farrow et al. 1983). Smith (1998) studied the rock wall fauna between 0 and 18 m at three
sites in Doubtful Sound. The zonation patterns which Smith (1998) observed were: (1) a
shallow (3 m) assemblage of low diversity, dominated by mussels, barnacles and bare rock;
(2) an intermediate zone of mid to low diversity at 5 m; (3) a deep (10 and 18 m) assemblage
of high diversity, characterised by sponges, ascidians, brachiopods and other benthic
invertebrates; (4) a mid to low diversity deep (10 and 18 m) zone consisting of bare rock
substrata, encrusting sponges and ascidians. Witman and Grange (1998) sampled community
composition at Tricky Cove, and indentified a low and a high diversity zone. The community
composition of the shallow low diversity zone, ranged from 1 – 6 m and was dominated by M.
edulis galloprovincialis, coralline algae and hydroids, a deeper higher diversity zone, ranging
from 10 – 18 m, characterized by large populations of solitary and encrusting ascidians,
bryozoans and sponges. These zonation patterns are in partial agreement with the structure
proposed by the current study. Variations from previous studies occur as Smith (1998)
separates the shallow low diversity zone into two sections, and observes a medium to low
diversity zone beneath 18 m.
In Knight Inlet, British Columbia Farrow et al. (1983) observed changes in the abundances of
key epilithic species along the gradient of depth. At depths less than 50 m which were within
the photic zone, coralline algae was the dominant group, and bryozoans, echinoderms and
encrusting sponges made up the subordinate fauna The study also noted a low diversity 10 m
zone with a population of mussels and algae. At deeper depths abundances and distributions
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of the fauna was lower, although cup corals were noted as being more abundant at deeper
depths. At particular sites large abundances of cup, corals surpulids and sponges were
observed at deeper depths. The study noted that at depth the majority of the fauna were
present under overhangs and within crevices, although cup corals were observed on sloping
rock walls. These patterns of community composition and location over depth are similar to
those observed by the current study. As the taxonomic groups which made up the deep
community were cup corals (C. profunda), annelids (Protula spp., Spirorbis spp.) and a
number of sponges and ascidians. The deep communities were also typically located within
crevices and under overhangs. These observations were in agreement with the patterns
observed in the deep low diversity.
The only deep sites with any similarity were Mid C4 and Tricky Cove, which are in the same
basin area of Doubtful Sound. Brewin (2008) observed that samples taken within basins had
high degrees of similarity in the levels of diversity and community composition. The
similarity between these sites in the same basin suggest that the deep rock wall communities
are structured by similar processes as the benthic basin communities

3.4.2 Structuring processes of the zonation patterns in fiords
Epilithic zonation patterns in fiords are driven by the environmental physical processes which
structure community composition. Previous studies have observed; salinity, sedimentation,
light attenuation, water movement and the small scale topography of the rock wall to structure
fiord communities (Farrow et al. 1983, Smith and Wilson 1996, Witman and Grange 1998,
Jørgensen and Gulliksen 2001, Dethier and Schoch 2005). Therefore through comparisons
with previous studies, conclusion may be made as to the processes structuring the zones.
Salinity
Salinity in fiords has been shown to vary along horizontal and vertical gradients. The
gradients are more extreme in fiords such as Doubtful Sound where a persistent LSL is
present (Gibbs et al. 2000). Along a vertical gradient, salinity changes are affected by the
depth of the LSL and amount of mixing between the LSL and marine water below. Along a
horizontal gradient, variations in salinity can occur due to local changes in mixing caused by
wave energy and weather events (Gibbs et al. 2000, Gibbs 2001, Goebel et al. 2005). The
higher wave energy at the mouth of the fiords have been observed to result in higher, oceanic
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salinities which are less variable at outer fiord sites (Gibbs et al. 2000, Dethier and Schoch
2005).
Salinity is one of the dominant structuring processes at shallow depths in fiords. Salinity
structures fiord communities through direct and indirect effects. The direct effect of low
salinities and LSLs is that they create a barrier, directly excluding stenohaline animals, and
creating zones of low diversity. In Doubtful Sound studies (Smith 1998, Smith and Witman
1999) have correlated variations in rock wall communities to variations in the depth of the
LSL, caused by the effect of salinity excluding species and restricting larval dispersal (Smith
and Witman 1999). Indirect effects occur through the exclusion of keystone species. In
Doubtful Sound Witman and Grange (1998) observed the indirect effects of the LSL through
predator exclusion.
Sedimentation and rock wall structure
Gradients of sedimentation in fiord ecosystems occur due to variations in the inputs of
sediment into the system. In New Zealand fiords the input of sediment is constant and shows
no signs of consistent spatial gradients or temporal seasonality (Pickrill 1987). Sediment
structures communities through flocculates of sediment aggregating to fauna and smothering
them, local microturbidity currents resuspending sediment, and major slides of sediment
(Farrow et al. 1983). Variations in the rock wall structure have been observed to create
refuges for communities, sheltering them from sediment.
Farrow et al. (1983) observed sedimentation and to impact the distribution of epilithic fauna
in Knight Inlet, British Columbia. Across the gradient of depth abundance and diversity of the
epilithic communities decreased. Deep communities typically consisted of species with high
tolerances to salinity including, cup corals, encrusting sponges and serpulid worms. Tolerance
to sedimentation and changes in the sedimentation regime were also observed by Farrow et al.
(1983) to structure communities along the fiord. At the head of the fiord the study observed
higher rates of sedimentation and the species observed were suspension feeders. In the midinlet the sedimentation rates were lower and the communities consisted of selective
suspension feeders sorting the suspended particulate matter for larger particles. At the outer
fiord sites sedimentation rates were much lower and the communities consisted of filter
feeders.
The impact of sedimentation on the distribution of the fauna highlights the importance of the
structure of the rock wall. Variations in the rock wall, such as overhanging structures and
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crevices, create refuges for the fauna. The impact of these variations is large, with Farrow et
al. (1983) observing the majority of the fauna at depths living in these refuges. The study
categorised the structure of the rock wall into ‘usable’ (rock wall sections with a slope > 90°),
as sediment drapes occurred on unusable rock wall which deterred settlement of larvae, noting
that only 20% of the observed rock wall in Knight Inlet was usable. Jørgensen and Gulliksen
(2001) studied the rocky bottom of Kongsfjord, observing that communities on horizontal
surfaces had a low similarity to sheer rock wall and overhanging communities.
Water movement
Water movement disperses larvae and nutrients throughout fiords (Oug 2000). In shallow
areas of fiords water movement can be influenced by the LSL (Smith and Witman 1999). In
deep areas of fiords, basin features and sills restrict water movement. Restrictions in water
movement create gradients of larval dispersal, nutrient flux and sediment profiles (BuhlMortensen 1996, Klitgaard-Kristensen and Buhl-Mortensen 1999). These processes have been
observed to be influential in the structuring of the benthic communities in fiords (Brewin et al.
2008). Whether these processes structure the deep epilithic communities in fiords has not
been studied.
In Doubtful Sound Brewin (2003) comprehensively studied the basins communities and their
structuring processes. The basins were observed to have significantly different community
structures, abundances and diversities. The innermost basins were observed to have the lowest
diversities and abundances, with the entrance basins having the highest. In other basins sill
height was related to the levels of diversity in the basin. In shallow communities of Doubtful
Sound, Smith and Witman (1999) suggest that the direction and magnitude of the LSL
influences water movement beneath the pycnocline, directly influencing the dispersal and
recruitment of larvae in these shallow areas.
Biotic
In the shallow areas the biotic interactions of spatial competition, predation and recruitment
have been observed to be influential on the structuring of the community (Witman and
Grange 1998, Smith and Witman 1999). Smith and Witman (1999) suggest that the high
diversity zones in fiords are structured through the increased biogenic structures providing
higher levels of larval recruitment. Witman and Grange (1998) noted that the influences of
predation and competition were altered by the presence of the LSL excluding stenohaline
species.
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3.4.3 Processes structuring the observed zonation pattern
Zone 1: 0 – 8 m
As zone 1 is predominately within the LSL, it can be concluded that this area of low diversity
is directly influenced by the low salinity of the LSL. The LSL accounts for the low diversity
through the restriction of stenohaline species. The high abundances of M. edulis
galloprovincialis has been observed by previous studies, and are related to the predator refuge
created by the species exclusion (Witman and Grange 1998).
Zone 2: 8 – 40 m
Zone 2 consisted of an area of the water column which was primarily marine and has been
observed to have stable salinities and low seasonality (Witman and Grange 1998). Without
low salinities excluding many species, the structuring processes in this zone consist of the
biotic factors of predation, recruitment and competition, and the abiotic factors of water
movement and sedimentation (Witman and Grange 1998, Smith and Witman 1999).
Sedimentation can be observed structuring the community through the distinction in shelf and
overhanging communities. Previous studies have observed zones very similar high diversity
zones in Doubtful Sound, although these studies limited the depth of this zone to 18 m (Smith
and Witman 1999).
Zone 3: 40 -100 m
The deeper communities in zone 3 can be concluded to be primarily structured by
sedimentation, the structure of the local rock wall and basin processes. Sedimentation drapes
form on most flat and sloping rock wall areas, limiting the areas where the fauna can settle.
Overhangs and crevices in the rock wall form refuges from sediment and the majority of the
epilithic fauna present in zone 3 were present in these locations. The deeper communities
consisted of the fauna which Farrow et al. (1983) identified as being tolerant to high sediment
(cup corals, encrusting sponges, annelids). The deeper communities were more rigidly
structured into groups based on their sites than depths; this separation based on site could be a
function of local basin processes such as water movements and larval dispersal. Basins have
been observed to significantly affect the composition of deep benthic communities (Brewin et
al. 2008). These processes could also impact the distribution of the deep epilithic
communities.
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3.4.4 Variations from the zonation pattern
At Deep Cove the 10 m sample had low levels of taxonomic diversity and abundance, and
none of the encrusting sponges, ascidians and brachiopods which characterised the high
diversity zone at 10 m at the other sites were present. At Thompson Sound the 30, 40 and 50
m samples the communities observed had higher diversities of taxonomic groups and different
assemblages, with higher proportions of Porifera and Bryozoa, than at these depths at other
sites.
At Deep Cove the LSL has been observed to be deeper than in other areas of the fiord, up to
12 m depending on seasonality and weather conditions (Gibbs 2001). The deeper LSL
therefore extends the low diversity zone 1 past its normal end point of 8 m.
Previous studies of fiord epifauna have noted variations in the community composition along
fiord gradients, with higher diversities and abundances being present at the mouth of the fiord.
These studies relate the variations in community composition to local changes in the
structuring processes of fiords (Farrow et al. 1983, Smith and Witman 1999, Dethier and
Schoch 2005). As Thompson Sound is an outer fiord site, the higher diversities and
abundances of fauna present in the deeper areas of the site could be related to this pattern.

3.4.5 Limitations
Due to technical difficulties with the ROV the surveys were separated by an unplanned
temporal period of four months. The surveys at Mid C4 and Thompson Sound were
completed during autumn, while the samples at Deep Cove and Tricky Cove were completed
in spring. Environmental processes in fiords have been observed to have a degree of
seasonality (Kaartvedt and Svendsen 1995, Josefson and Hansen 2004, Howe et al. 2010), and
therefore this could have influenced the results.
The majority of the seasonality is influenced by the changes in precipitation and the input of
freshwater into the fiord system, leading to variations in the salinity of the surface layer
(Kaartvedt and Svendsen 1995, Tallis et al. 2004). In Doubtful Sound the LSL is a robust year
round feature (Gibbs 2001). Seasonality is primarily driven by changes in local wind
conditions, leading to variability in the mixing of the LSL with the oceanic water beneath
(Gibbs 2001). Seasonal changes in mixing were observed by Goebel et al. (2005) to cause
phytoplankton blooms in Doubtful Sound.
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Due to the influence of seasonality on the LSL it is presumed that the results of the shallower
sites have been influenced by the temporal separation of the surveys. However, it is unknown
if there are temporal changes in the environmental processes in the deeper areas of the fiord.
Therefore it is unknown if this temporal separation of surveys has influenced the results of the
deeper sites.

3.4.6 Conclusions
In conclusion the qualitative ROV surveys of four sites in Doubtful Sound observed
variations in the community composition of the rock wall fauna across the horizontal gradient
of site and the vertical gradient of depth. Key results were:


Epilithic communities were separated into shallow and deep communities, this
distinction occurred around 40 m, suggesting that different structuring processes are
important across the scale of depth.



Shallow sites had higher levels of taxonomic abundance and diversity of proportions
than deeper sites



Across a horizontal scale the outer and mid fiord shallow samples, especially the 10 m
sample, were observed to have higher levels of taxonomic diversity than the inner
fiord samples.



Across the deep samples no clear horizontal gradient was observed. Samples were
more similar to other deep samples from the same site, rather than to samples from the
same depth bracket, suggesting that basin processes are influential in structuring the
deep rock wall community

The variations observed allow the study to propose a simplified zonation profile consisting of
three zones for the rock wall fauna in Doubtful Sound:


Zone 1: 0 – 8 m, a shallow low diversity zone characterised by coralline algae, M.
edulis galloprovincialis and Ulva spp. The structuring processes of this zone are
proposed to be driven by the LSL.



Zone 2: 8 – 40 m, a high diversity zone characterised by encrusting and erect sponges,
ascidians, brachiopods and A. fiordensis. The structuring processes in this zone are
proposed to be driven by the biotic interactions of competition, predation and
recruitment. In deeper areas of this zone the topography and availability of refuges
also seems influential.
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Zone 3: 40 – 100 m, a low diversity zone characterised by C. profunda and encrusting
sponges and ascidians which were predominately present under overhangs. In this
zone the structuring processes are proposed to be sedimentation, availability of refuges
and water movement influenced by the basin processes.

These surveys provide a general zonation pattern for the structuring of the rock wall
communities in Doubtful Sound. However, further quantitative studies are required to confirm
the zonation pattern and the processes structuring the communities.
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4 Key results and conclusions

4.1 Development of a quantitative ROV methodology for surveying
benthic communities
The quantitative ROV methodology was used to successfully describe the patterns of
community structure of the rock wall epifauna at Tricky Cove in Doubtful Sound. Through
comparisons with diver photoquadrats it was concluded that the methodology underestimated
some of the measures of richness and diversity. The key results from the development of the
methodology were:


The ROV survey observed 33 taxonomic groups compared with 48 observed by the
photoquadrat survey, this 45.5% difference in the alpha taxonomic richness highlights
the differences between the two methods.



The alpha taxonomic richness observed by the ROV survey was suggested to be an
underestimation of the actual richness by a Chao2 estimator.



The ROV survey observed point S and H’ to be 33.9% and 22.3% lower than the
photoquadrat survey, respectively.



The ROV observed patterns of community resemblance and point species richness
across depth, that were in agreement with the photoquadrat survey and the results of
previous studies at Tricky Cove and other mid fiord sites in Doubtful Sound (Smith
1998, Witman and Grange 1998).

The source of the variation between the ROV survey and the diver photoquadrats was the
lower number of species observed by the ROV. Importantly the majority of the species which
the ROV failed to observe were less than 5 cm and considered cryptic (such as Ocnus
brevidentis). Previous studies have concluded that ROV and video analyses are unable to
observe animals smaller than 5 cm due to the low resolutions (Hill and Wilkinson 2004). It is
therefore suggested that the lower resolution of the ROV failed to identify a number of
taxonomic groups observed by the photoquadrat survey. The lower resolution of ROVs
implies that scale was an important aspect of the survey, contributing to the underestimation
of the taxonomic richness. ROV surveys which occur at inappropriate scales are likely to miss
the smaller cryptic species and underestimate the alpha species richness and point S, and H’.
Therefore, in future research the ROV should only be used to identify fauna larger than 5 cm.
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4.2 Qualitative ROV surveys of Doubtful Sound
The qualitative ROV surveys of the rock wall communities in Doubtful Sound showed
variations in taxonomic diversity, proportion and community resemblance among depth and
site. The variations were observed to occur across the horizontal gradient of site and the
vertical gradient of depth. The key observations from the surveys were:


Communities can be separated into shallow and deep communities, this distinction
occurs at around 40 m. Shallow sites had higher levels of taxonomic abundance and
diversity of proportions than deep sites.



Across a horizontal scale the outer and mid fiord shallow (< 40 m) samples were
observed to have higher levels of taxonomic diversity than the inner fiord samples.



Across the deep samples (> 40 m) no clear horizontal gradient was observed among
sites. the samples were more similar to other deep samples from the same site, rather
than to samples from the same depth bracket. Suggesting that basin processes, such as
the restriction of water movement by sills maybe influential in structuring the deep
rock wall community

The qualitative surveys allowed for a simplified zonation profile to be created and the
structuring processes to be proposed:


Zone 1: 0 – 8 m, a shallow low diversity zone characterised by coralline algae, M.
edulis galloprovincialis and Ulva spp. The structuring processes of this zone are likely
to be driven by the LSL (Witman and Grange 1998).



Zone 2: 8 – 40 m, a high diversity zone characterised by encrusting and erect sponges,
ascidians, and A. fiordensis. The structuring processes in this zone are proposed to be
driven by the biotic interactions of competition, predation and recruitment (Witman
and Grange 1998, Smith and Witman 1999). In deeper areas of this zone the
topography and availability of refuges also seems influential.



Zone 3: 40 – 100 m, a low diversity zone characterised by C. profunda and encrusting
sponges and ascidians which were predominately present under overhangs. The
structuring processes of this zone are proposed to be sedimentation, availability of
refuges and water movement influenced by the basin processes.

The zonation profiles observed were in agreement with previous studies of Doubtful Sound,
and other fiords (Farrow et al. 1983, Witman and Grange 1998, Smith and Witman 1999).
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4.3

Synthesis

The results from the development of the ROV methodology show that the ROV will likely
underestimate the abundance of species < 5 cm, and therefore levels of diversity at a site. This
result has implications for the observations made by the ROV in the qualitative survey. It can
be assumed that the qualitative ROV surveys of the rock wall have underestimated the species
richness of the sites, and the diversity and abundance of species in high diversity areas.
Taxonomic abundances and proportions in the high diversity areas are almost certainly higher
than the ROV surveys indicate. Therefore, due to the higher abundances and diversities in
some areas, the actual variations in community structure across the spatial gradients of site
and depth may be more distinct than the ROV observed. For example previous studies have
observed the high diversity zone to be centred between 10 and 18 m, with an area of medium
to low diversity beneath 18 m (Smith 1998, Witman and Grange 1998). This study however,
observed the high diversity area to extend to 40 m. The low resolution of the ROV could have
underestimated the species richness of the areas previously described as high diversity (i.e. the
10 to 18 m zone and extended the zone. In effect reducing the number of species required to
be labelled as high diversity, although, as this study operated on a larger spatial scale, the
definition of high and low diversity areas are different.

4.4

Future directions for study

Future research using the ROV methodology developed in Chapter Two is the next step in
quantitatively observing the deeper (> 30 m) rock wall communities in Doubtful Sound.
Measurements of the environmental processes along horizontal and vertical gradients in
conjunction with the ROV survey, would allow for comparisons to be made between the
variations in the patterns of community composition and spatial variations in environmental
processes. Ultimately a study of this breadth could describe the variations and structuring
processes of the Doubtful Sound rock wall community across a range of spatial scales. As the
shallow rock wall communities have been thoroughly described, extending these descriptions
below diver depths (40 m) is required. The current body of work suggests that for the deep
rock wall communities, sedimentation is an important environmental process. A hypothesis is
proposed that there are variations in structuring processes at shallow and deep areas, with
deep areas being structured similarly to deep basin communities.
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Doubtful Sound is part of the Fiordland National Park, which is a UNESCO World Heritage
Area. Areas of the marine environment are being protected through marine reserves,
monitoring and ecological management. This study suggests that the deep rock wall
communities are diverse assemblages structured by different processes than shallow rock wall
communities. A quantitative analysis of the deep rock wall community would allow future
monitoring and conservation of the Doubtful Sound environment to take this environment into
account. Monitoring of the rates of sedimentation in Doubtful Sound in relation to changes in
the deep rock wall communities is suggested by this study. Further research on the rock wall
habitat in Doubtful Sound will increase our understanding of the entire fiord environment,
increasing our ability to monitor and conserve this important ecosystem.

4.5

Conclusion

In conclusion, this MSc research demonstrates the effectiveness of the scientific use of ROVs
in the fiord environment. The research highlights the ability of a developed quantitative ROV
methodology to identify patterns of spatial variation in community structure, and presents
patterns of spatial variation in community structure observed by qualitative surveys across
horizontal and vertical spatial scales in Doubtful Sound. Importantly the present study
manages to separate the rock wall habitat into shallow and deep communities at 40 m, and
suggests that there are different structuring processes for these communities. Combined, the
two sections of this research provide the foundation for future quantitative ROV research into
the structure of rock wall communities in Doubtful Sound and other fiords.
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