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Client’s Brief











Source and review available bathymetric data, habitat data, historic aerial photos,
and relevant GIS information for the study area (described as the north coast of
Waiheke Island including offshore areas out to approximately 3-4 kilometres)
Carry out on-water survey where required using geographically referenced sonar,
drop video, and still photography
Collate sufficient data to map rocky reef edge at a scale of at least 1:5,000
Produce Graphical Information System (GIS) marine habitat layer for the study
area
Provide a report for the project, including an executive summary, introduction,
methodology, habitat classification, map sets, discussion and conclusions relating
to the uses of the habitat map. The report must discuss accuracy and validity
issues associated with the investigation and output of habitat maps, and comment
on biological communities and assemblies in the study area
Provide representative photos and/or video clips in digital format for each of the
reference sites depicting the habitats therein. All digital photographs and video
clips must be geographically referenced
Provide recommendations for future research in the study area that would inform
planning of local marine protected areas (MPAs)

Executive Summary
Marine habitat survey investigations of the north coast of Waiheke Island, including offshore
areas out to approximately 4 km, were conducted from April 1-7 2013. Weather conditions
were generally favourable for the sonar equipment to capture images effectively, allowing for
successful survey. The survey used a combination of drop video, side scan and single beam
sonar techniques. All data was processed for use in a GIS system to construct a marine
habitat map of the study area. The mapping approach was to check and build on the existing
marine habitat map produced by the Department of Conservation (DOC) in 2011 which has
very poor definition of shallow rocky reefs for this area. A drop video/still camera system
was employed in sample sites around the survey area to ground truth the sonar approach and
collect further substrate and biological information. Intertidal habitats and the shallow
subtidal areas to a depth of 10m were checked against Auckland Regional Council aerial
photography as a layer in the GIS system. A map of physical habitats was produced at
1:1,500 scale covering an area of approximately 13,800 ha. Major habitats recognised and
described were:
• Inter-tidal habitats, including sandy beaches, gravel and boulder beaches, and solid rock
shores.
• Sub-tidal habitats, including large areas of sand, mud, coarse sandy shelly gravels, gravel
and cobble, as well as hard rock reefs.
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It is concluded that marine habitats of the north coast of Waiheke Island are typical of those
generally found on exposed northern shores of the Inner Hauraki Gulf.
It is recommended that the report and maps should be used widely to promote awareness
within the community of the marine values of Waiheke Island and the Inner Hauraki Gulf
Bay, and to foster moves toward improved management including establishment of marine
reserves as the core of any restoration programme. Monitoring at a few key sites could be
achieved by the local community and would be useful to identify concerns of biodiversity
loss and habitat decline in addition to tracking the recovery following establishment of a
reserve.
The complexity and diversity of habitats represented along the north coast suggests that the
area is an ideal candidate site for marine protection.

Introduction
Habitat mapping efforts by marine scientists began in New Zealand with the first marine
subtidal map and methodology produced at Mimiwhangata (Ballantine, Grace & Doak,
1973). In Northland this method has been refined and used for site-based habitat maps at
Leigh (Ayling, 1981), Mokohinau Islands (Creese, 1978), Mimiwhangata (Kerr & Grace,
2005), Doubtless Bay (Grace & Kerr, 2005a), Tawharanui (Grace, unpublished), Taiharuru
(Grace & Kerr, 2005a), Motukaroro (Kerr & Grace, 2006), and Northland’s east coast (Kerr,
2010). Over this time, new technologies like multi-beam and side scan sonar and inexpensive
underwater video systems have greatly increased our ability to undertake the task of
large-scale mapping.
This project aims to systematically combine available data in a reliable, quantitative GIS
format to provide a comprehensive coverage of the marine habitats for the Waiheke Island
north coast. The marine habitat maps and information created through this work are designed
to assist the planning and implementation of marine protection areas and other local
management initiatives for the north side of Waiheke Island. The habitat classification and
method uses as closely as possible the specifications described in the Marine Protected Areas
Classification, Protection Standard and Implementation Guidelines (MPA Guidelines) and
other related policy documents (MinFish & DOC, 2008).
The underlying assumption in mapping predominantly physical habitat categories is that
these are useful and readily recognised surrogates for more complex spatial patterns in
biodiversity, ecosystems, and ecological processes (reviewed by Costello, 2009). It is
generally recognised that biotic and physical parameters such as depth, substratum, and
exposure are important drivers for ecological processes and species distributions (Connor et
al., 2004; Kingsford & Battersfield, 2003). Physical parameters are often easier to map over
large areas, are relatively stable in time, and can potentially include a wide range of lesser
known species and processes.
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However, where biological data on species distributions and life processes are available,
these can provide more direct descriptions of patterns in biodiversity for the species
concerned and can also act as surrogates for other related species. This can be particularly
important where relationships between specific categories of different physical habitat and
biodiversity are assumed rather than known and where biological interactions among species
(e.g. dispersal, predation, competition, symbiosis) and their environment (e.g. behaviour,
biogenic habitats, evolution) have a major role in determining species distributions and
ecological processes.
Ideally, broad-scale physical surrogates and available biological data can be combined using
a rapidly evolving range of spatial, statistical, and other modelling techniques. The habitat
maps here provide a useful surrogate for major patterns in marine biodiversity for the study
area and are a critical component of understanding marine ecosystems and their protection
throughout New Zealand (Leathwick et al., 2008). They also lay the basic foundation for
more detailed modelling in future.

Previous Work
As part of this project a review of available information was completed. There are several
historic low resolution marine sediment surveys of the Hauraki Gulf which are available
through the National Marine Sediments Database (MinFish, 2008). Additional sediment
notations appear on the marine charts for this area (NZ5324), first compiled in 1968 and
updated in 2008. Both these historic databases were brought into this GIS project as mapping
layers and referred to during the mapping process (see Map 5). The current version of the
DOC marine habitat map was also utilised as a base map for the project. This unpublished
map has generally very good resolution of intertidal and very shallow (to approximately 7 m)
shoreline habitats but is very limited offshore due to lack of available information and ground
truthing done for this area. The DOC map was hand-drawn from Auckland Regional Council
aerial photos at a scale of approximately 1:1,000.

Methods
Habitat Classification and Mapping
The habitat classification used in this study is based on work by Ballantine et al. (1973),
Ayling (1978), Ayling et al. (1981), and Grace (1981; 1983). The method adopted in this
study closely follows the classification and methodology more recently adopted for the
Northland east coast marine habitat mapping project carried out by the author for DOC (Kerr,
2010). In this publication the development of the method and classification currently used in
the Marine Protected Areas Plan (MPA Plan) (DOC, 2008) is discussed and reviewed in the
context of the previous work and recent research relating biological communities to physical
habitats in northeast New Zealand (Shears et al., 2004). Table 1 below shows the
classification used for this study.
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Intertidal
Intertidal
Intertidal
Intertidal
Subtidal
Subtidal
Subtidal
Subtidal
Subtidal
Subtidal

Habitat
Boulder
Gravel/Cobble
Rock
Sand
Boulder
Coarse Sand/Shell/Gravel
Gravel/Cobble
Mud
Rock
Sand

Table 1 Classification of marine habitats
The classification used is consistent with previous work and the Government’s MPA Plan. It
is however somewhat simplified due to the nature of the habitats of the study area and
limitations on the data that could be collected. The subtidal habitats have not been broken
down according to depth zones as they are in the MPA Plan and previous work. In the study
area, all the rocky reefs essentially occur within the shallow zone as described by the
MPA Plan. Soft sediments in the northeast corner of the study area do exceed 30 m in depth,
but this depth boundary was not mapped in this study because no significant information was
collected across the boundary. Such information can easily be added at a future date.
Nor have shallow rocky reef habitats been broken down in to their major biological
community zones. A range of ground truthing work was carried out to determine the
biological zonation of the shallow reef communities. However, the quality of the aerial
photography available did not allow for reliable mapping of this zonation detail. The shallow
reef zonation observations are discussed further in the results section.
The subtidal classification ‘coarse sand shell gravel’ is used in this study to lump together a
number of soft sediments. The rationale for and implications of this approach are discussed
further in the results and discussion sections.
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Figure 1 Location map of the Waiheke Island marine habitat mapping project
The area investigated in the habitat survey (Figure 1) is situated along the northern shore of
Waiheke Island in the Hauraki Gulf. The area mapped extends out from the shoreline of
Waiheke Island between 3 and 5 km, including the D’Urville Rocks and Horuhoru (Gannet)
Rock. The field work was completed from April 1-7 2013. Aerial photography supplied by
the Auckland Regional Council, taken in 2008 and 2010, was used to assist mapping habitats
in shallow waters (< 10 m depth). For intertidal habitats the mapping done previously by
DOC was used as a base map. Extending outwards from shore two sonar methods were used.
Drop camera and scuba diver photography were used to ground truth the resulting habitat
classification. A detailed description of the various methods and equipment used follows.
Survey vessel
All work in this investigation was carried out from a 4.2 m Mac boat powered by a 50 hp
outboard. The sonar equipment described below is mounted in the boat and transducers for
both machines are mounted on the bottom edge of the transom on either side of the motor.
Side scan sonar
The side scan unit used was a Humminbird 987-C SI. The unit has side scan and GIS
capability as described in the following specification:





Side Image Coverage area (max 200 m swath 0-30 m depth) of the bottom, 160
degrees @ -10 dB in 455 kHz.
2D conventional sonar depth capability 780 m,74 degrees @ -10dB in 50 kHz &
20 degrees @ -10 dB in 200 kHz.
7" sunlight viewable colour display with 480V x 854H resolution TFT LCD
screen technology (allows easy screen capture with digital camera, i.e. no flicker).
Dual frequency 50/200 kHz sonar conventional 2D sonar, side image sonar 262
kHz / 455kHz.
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750 watts RMS, 6,000 watts PtP (200 kHz) and 1,000 watts RMS, 8,000 watts PtP
(50 kHz) Power Output, 63 m target separation.
Dual microprocessors and four channel sonar transmitter/receiver.
Full screen track-plotter, 3D track and split screen sonar/track with adjustable split.
Accelerated Real Time Sonar™ operates at up to 40 times per second to instantly
capture the action under the boat. Signal displayed in window as actual sonar
return intensity plotted against a vertical depth scale.
Freeze Frame pauses the sonar scroll for detailed inspection of the screen.
Totally automatic operation or totally manual operation with upper and lower
range control.

Imagery from the side scan sonar unit was used in two ways. The first method was used along
the shoreline to capture maximum data and resolution. In this mode the side scan unit is
recording a complete data stream in four files representing left and right side scan imagery,
side view imagery, and navigation and bathymetry data. Along the entire shoreline and
around offshore reefs we ran a minimum of two tracks with the scanner to attempt to pick up
the reef edge. Where reefs extended out further than this we ran more lines. The second
method employed was to take screen shots of the side scan at every waypoint where we were
collecting habitat data. This was usually a change in habitat. Outputs from the side scan unit
are recorded to a high speed SD memory card.
Post processing of the side scan recording was done to enable display as a GIS layer. The
software package SonarTRX version 01.447627062 produced by Leraand Engineering Inc.
was used successfully for this process. The Humminbird side scan unit combined with the
SonarTRX processing software in waters 3-30 m depth can produce images of impressive
resolution. For this initial mapping exercise the side scan imagery was processed at a
relatively low resolution resulting in a pixel dimension of .476 m x .476 m. This was found
adequate for mapping at the scale we were working at, which was normally about 1:1,000 for
the shallow rocky reef work.
The side scan image below (Figure 2) illustrates the capability of the side scan unit to
accurately capture bottom features. This example of the side scan output was processed at
medium resolution generating a pixel dimension of .076 m x .076 m. The location is the small
area of reef approximately 3 km offshore in a northwest direction from Thompson’s Point.
This rock formation is notated on the marine chart as a rock and a minimum depth of 4.6 m.
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Figure 2 The rock, example of side scan imagery processed at moderate resolution

Figure 3 The rock, example of side scan screen shot
Multibeam 3D sonar
A second sonar unit utilised for the project was a Humminbird 947c 3D unit. This machine
had a multi-beam arrangement and produces a 3D swath image on its screen. It also has
conventional 2D sonar images and the Humminbird ‘real time sonar’ window display. This
second system was used as a check on the interpretation of the side scan unit and was
especially helpful in the interpretation of soft sediments. It was a further advantage to have
the track-plotter capability on this second machine so that the side scan unit was totally free
for side scan imaging.
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Same GPS, track-plotter and general features as the Humminbird 987c SI unit
described above.
Dual frequency 83/455 kHz arranged in a 6 beam configuration.
Depth capability 3D 75 m, 2D 330 m.
Area of coverage 74 degrees @ -10 dB in 83kHz & 53degrees @ -10 dB in 455
kHz.
750 watts RMS, 6,000 watts PtP (200 kHz) and 1,000 watts RMS, 8,000 watts PtP
(50 kHz) Power Output, 63 mm Target Separation.
Accelerated Real Time Sonar™ operates at up to 40 times per second to instantly
capture the action under the boat. Signal displayed in window as actual sonar
return intensity plotted against a vertical depth scale.
Freeze Frame pauses the sonar scroll for detailed inspection and selection of
georeferenced target points via cursor control.

The multi-beam unit was used primarily for the rapid survey part of the work. In most cases
the single beam display was used. In this method, on days with relatively flat conditions, the
boat would travel in a pre-determined grid pattern at the highest speed that could be
maintained while the single beam image was still readable. The speed for this part of the
survey varied between 11 knots and 20 knots. When a change in habitat was noted a
waypoint and screen shot was taken for later referencing, checking, and ground truthing.
Notes were recorded for each waypoint in a field book and later transcribed to a spreadsheet
which was later brought into the GIS project’s attribute fields. If there was uncertainty in the
habitat classification observed there was an option to slow down and look at the side scan
image and/or take a screen shot. This method is especially well suited to covering large areas
of uniform sediment which occur in many offshore areas of this study area. The method has
been developed over a decade of similar work in Northland and is described and illustrated in
more detail in Kerr (2010a).
GPS and Georeferencing data collection
All point and track information in the study was recorded by the chart plotter functions in the
two Humminbird units on the boat. This navigation data was all transcribed to an Excel
spreadsheet and later to the GIS database along with the field notes.
Drop video/still camera equipment
To carry out ground truthing of the sonar survey habitat classification interpretation, we
employed a drop camera system capable of taking video or still photos in a set time sequence.
The set up utilised a Go-Pro Hero 3 (Silver edition) camera mounted in a standard Go-Pro
housing. The housing was arranged with a bottom weight attached to a 1 m line, attached in
turn to the bottom edge of the housing. Another line was attached to the top edge of the
housing, extending upwards to a series of floats starting at .5 m above the housing. By
adjusting these attachment points, weights, and floats, we were able to arrive at an
arrangement that allowed us to ‘feel’ when the unit hit the bottom. At this point we would let
out 3-5 m of slack in the line. The unit then hung vertically, held by the floats, with the
camera approximately 1 m above the bottom. The arrangement would naturally rotate the
housing in a circle or semi-circle, effectively panning the camera and greatly increasing the
viewing area. We also devised a method of bouncing the unit along the bottom for short
distances which also increased the area photographed. The housing unit had no external
camera controls. The camera was simply turned on, set on automatic focus and exposure,
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placed in the housing and deployed. Using this system drops could be made with a minimum
of time and effort, allowing many drops during a field session.
From the mapped sonar survey information a drop video survey was designed. The video
survey target points were selected to identify:
1. all major physical habitat types;
2. inconsistencies between the side scan and single beam sonar survey
interpretations;
3. areas where it was likely habitat boundaries were still not covered;
4. reef areas and depth zones where major biological boundaries were likely to
occur; and
5. areas to ground truth the analysis of aerial photography.
The camera drops were arranged across depth profiles in each reference area for the purpose
of identifying depth-dependent zonation patterns of biological communities as defined in the
Mimiwhangata study (Kerr & Grace, 2005). In two locations, in order to gather more detailed
information than the camera drop produces, we used snorkel swims and scuba dives and
underwater cameras to record habitat changes in relation to depth. For these dives the same
Go-Pro unit was used. The second diver used a Canon G-12 camera in an Ikelite underwater
housing.
Sediment Data
As part of the mapping method sediment data was compiled from the available marine charts
of the area and transcribed into a GIS layer to assist interpretation of the current field work.
An additional GIS layer was created from the New Zealand Combined Sediment Database
coverage for these areas (NIWA, 2008).
Habitat Mapping
Sonar imagery, underwater photography, available sediment data, aerial photography
(Auckland Regional Council, 2008 & 2010) and all ground truthing information were brought
together in a series of GIS layers. Using the DOC marine habitat map as a base, intertidal
habitat polygons were checked for accuracy against the aerial photography and corrected
where necessary. The shallow reef polygons were in most cases completely redrawn with the
aid of the side scan imagery which was designed to show the outer edge of the shallow reefs.
Mapping of the shallow areas was typically done at 1:1,000-1,500 scale. For the soft
sediments beyond the shoreline and detailed side scan coverage all assembled data from the
single beam rapid survey method and existing sediment data was used to draw a best possible
interpretation of the habitats. For this mapping exercise it was decided to lump together
coarse sand, coarse shelly sand, coarse sandy shelly gravel, and gravel habitats. It was simply
not possible to reliably map these variations with the rapid survey method we were restricted
to for soft sediment areas. Interpretation of soft sediment data and mapping was typically
done at 1:10,000-1:20,000 scale. Habitat classification interpretation accuracy and mapping
reliability is discussed further in the results and discussion sections.
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Figure 4 Hekerua Bay example of aerial photograph used in mapping

Figure 5 Hekerua Bay example of side scan imagery
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Figure 6 Hekerua Bay example of completed habitat map

Results
Habitat Maps
The habitat and methods maps produced from this study have been assembled in a map book
that accompanies this report. Map 1 is a habitat map view of the entire study area. The total
area mapped is 13,347 ha. The habitat classification used is shown in Table 1. Table 2 below
details the calculated area of each habitat. The offshore soft sediment habitats are by far the
largest components of the study area, but the shallow rocky reefs and rugged indented
shoreline of the island are also significant features and valuable and diverse habitats. Along
this coastline the percentage of rocky reefs is significant with only comparatively small areas
with sand or gravel beaches.
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Intertidal
Intertidal
Intertidal
Intertidal
Subtidal
Subtidal
Subtidal
Subtidal
Subtidal
Subtidal

Habitat
Boulder
Gravel/Cobble
Rock
Sand
Boulder
Coarse Sand/Shell/Gravel
Gravel/Cobble
Mud
Rock
Sand
Total Mapping Area

Hectares
3.47
12.70
100.61
47.01
1.19
4,966.04
4.16
7506.25
275.65
929.73
13,846.81

Table 2 Habitat areas calculated for the study area (ha)
Map 2 and Map 3 are finer scale versions of the basic habitat map depicted in Map 1. These
maps represent the western and the eastern ends of the island respectively. Map 4 is a
methods map which shows all waypoints where habitat information was recorded. For each
point there is a coloured symbol representing the interpretation of the habitat classification.
Overlaying this coloured dot there is a method symbol that shows what method was
employed at this data point: scuba diving photography, ground truthing photo, single beam
sonar screen grab, or side scan sonar screen grab. Map 5 shows the additional sediment data
collected transcribed from the marine chart and the National Combined Sediment Database.
Map 6 shows a view of actual processed side scan imagery depicting the coverage of this
layer of information. Map 7 shows the methods waypoints as in Map 4 with the addition of
waypoint numbers. This map has been included to allow people to reference the map to
imagery or information held in the survey archive. Maps 8 and 9 show the waypoints labelled
with no other symbology and at finer scale, with the survey area divided into two sections,
east and west. These two maps were included to help with identification of waypoints in areas
where the waypoint numbers are difficult to read on Map 4

Habitat Descriptions
Intertidal sandy beaches
There are a number of significant sandy beaches on the north coast of Waiheke Island,
including Oneroa and Onetangi. There are also a few small sandy beaches in embayments on
the predominantly rocky coast. Biologically the sandy beaches generally support little life
with species abundance and diversity low compared to other habitats (except gravel beaches).
Apart from sand hoppers on the drift line, marine life consists of several species of worms
and tiny crustaceans on the middle or lower parts of the beaches. The presence of the bivalve
Tuatua, Paphies subtriangulata on Oneroa Beach was noted during this survey. Wash-ups of
various surf clams and other molluscs from shallow water are frequent.
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Figure 7 Typical sandy beach habitat

Intertidal gravel beaches
Many of the smaller beaches in the area consist of gravel and pebbles, or gravel with sandy
areas at certain tidal levels. There are many small gravel beaches in coves on the rocky shores
on the north coast of Waiheke Island. This habitat is hostile to macro-invertebrates since
movement of gravel and pebbles even in very light wave action causes mechanical damage to
organisms living there. There are a few boulder beaches, particularly on the outer, more
wave-exposed, shores near Thumb Point.
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Figure 8 Gravel and cobble beaches

Rocky shores

The rocky shores of Waiheke Island are mainly greywacke sandstones and argillite formed in
the Jurassic era. Typical of the Hauraki Gulf, the shoreline is highly eroded by wind and
waves exposing a complex mixture of rocky substrates resulting from the folding and shifting
of the land. Areas of softer rock erode faster than the more durable types, leading to a very
complex shoreline. Marine life on these rocky shores is rich and varied. The details of
distribution and types of animals and plants present are controlled mainly by tidal level and
the degree of exposure to wave action (Morton & Miller, 1973). There is a considerable range
of exposure to wave action along highly indented coastline from Matiatia Bay to Hook Bay.
The generalised semi-exposed nature of this coast is complicated by the presence of
numerous embayments separated by projecting headlands. There is a correspondingly wide
range of patterns of marine life. Examples of the more familiar forms of marine life are rock
oysters on the most sheltered shores and surf barnacles on the more exposed rocky points and
headlands. There are also examples of rocky shores where the major patterns of life are
further modified by shade, sand scour, standing water in rock pools, and freshwater run-off.
Small colonies of green lipped mussels Perna canaliculus occur on many of the rocky shores.
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Figure 9 Rocky shores, taken at Thompson’s Point
Subtidal habitats
Fine sand and mud sediments
The soft sediments of the Waiheke area vary across spatial scales. They range from clean fine
sands close to shore to mixes of sand and mud further out and become predominantly muddy
offshore at a distance beyond 2 km. The exception is the areas to the west and east of the
island where channel currents appear to have a major impact on the level of silt and mud that
is deposited. In these areas the soft sediment is more typically coarse shelly sand or gravel. In
places the sandy environments are strewn with small rocks and boulders which do much to
add to the diversity of these habitats.
Coarse sandy shelly gravels
This habitat type is very common in the survey area and has significant importance for
marine biodiversity. In general terms the presence of this habitat suggests that the deposition
rate of silt is relatively low compared to the large areas of mud habitat in the Hauraki Gulf
and the northern offshore part of the survey area. This is usually correlated with areas of
higher current. Waiheke Island has significant channel areas to the west and the east which
coincide with the areas where we found large examples of this habitat. The presence of these
currents is significant biologically, as they carry many types of food sources for benthic
invertebrate organisms and pelagic fish species. The substrate also offers a range of
possibilities for benthic organisms, from the very small invertebrates and bivalves that prefer
sand substrates to the large gravels that can become encrusted with algal species or
macro-invertebrates like sponges. All of this biodiversity attracts other marine organisms that
either feed on or find shelter in these structurally diverse sediment habitats. Where these
habitats are adjacent to reefs they form a valuable combination with reef communities with
many species crossing regularly to feed or shelter between the two environments. In the small
17

sample of sites we photographed we saw very good examples of dog cockle Tucetona
laticostata and scallop beds Pecten novae zealandiae.

Figure 10 Typical example of coarse sandy shelly gravel habitat, five scallops can be seen in
this photo

Figure 11 Coarse sandy shelly gravel and dog cockle bed
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Gravel and cobbles (depth range 0-30 m)
Under normal conditions a cobble bottom is fairly stable. In the Waiheke Island area these
cobble areas are often strewn with larger stones or boulders which make the habitat more
diversified. The semi-stable nature of this habitat enables some types of faster-growing
seaweeds (often red algae) to survive on the more stable rocks. This is however a precarious
existence as even in the semi-sheltered Waiheke Island situation there may be significant
wave action caused by surface winds and storm swells, particularly affecting shallow areas. A
wide range of invertebrates and fish life frequents these areas.
Rocky reefs
For this mapping exercise we have lumped the various shallow reef habitats into one
classification representing the physical subtidal habitat ‘rock’. While this forms a useful base
to work from it does not describe the important biological communities that naturally occur
on rocky shallow reefs. We did however make observations and document the zonation of
these communities at a number of sites along the coast. What follows is description of the
zonation and characteristics of these sub-habitats of the shallow rocky reefs.

Zonation of Rocky Reefs in the Hauraki Gulf
Light and wave energy and depth have been found to be major shapers of biological
communities that make up shallow rocky reefs. When marine scientists first studied subtidal
ecology of shallow reef environments with the use of scuba it was not long before clear and
consistent patterns emerged, demonstrating how these environmental factors control the reef
communities. The Hauraki Gulf provides an especially good example. As you travel from the
inner Gulf to the outer there is a consistent gradient for both light penetration (related to
water clarity) and wave exposure. This relationship is illustrated in Figure 12 below. This
significant story from marine ecology also serves to introduce the shallow reef communities
of the north coast of Waiheke Island. In the zonation continuum between the inner and outer
Gulf the reefs in the study area sit roughly in a similar position to the Tiritiri Channel.
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Figure 12 Zonation of rocky reefs in the Hauraki Gulf (from Grace, 1983)
Shallow mixed weed (depth range 0-5 m)
This habitat occurs on rocky reefs between low water to about 2-5 m depth. At more locally
exposed sites this habitat extends deeper than in more locally sheltered sites, due to the
difference in wave energy. Typically the rocky substrate is very broken and dissected, with
tumbled boulders, ridges and crevices. Several species of large brown algae are visually
dominant. The flapjack kelp Carpophyllum maschalocarpum is common as a thin layer at the
top of the zone along with Xiphophora chondrophylla. Small plants of common kelp
Ecklonia radiata occur occasionally through this zone, typically where wave energy is
higher. Tangle weed kelp Carpophyllum flexulosum appears in a scattered distribution,
usually below the thick band of Carpophyllum maschalocarpum. Other occasionally
occurring kelp species are Carpophyllum plumosum and the red algae Pterocladia lucida.
The sea-urchin or kina Evechinus chloroticus is common in this habitat, usually nestled in
holes, crevices, and depressions. Here it often feeds on seaweed which has been torn off the
rocks by heavy wave action. A wide variety of grazing molluscs also occurs in this habitat.
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Figure 13 Shallow mixed weed
Urchin (kina) barrens (depth range 3-10 m)
This rocky habitat is characterised by a lack of large brown algae, the rock surface appearing
bare and relatively barren. Upon close inspection nearly the whole rock surface is covered in
a thin film of mauve to pink coloured encrusting coralline seaweed (coralline ‘paint’), and in
some areas with coralline turfing algae. In a few areas small plants of the brown seaweeds
such as Carpophyllum flexulosum form patches within predominantly coralline paint-covered
rocks. The most conspicuous animal in this habitat is the sea urchin or kina, which is often
present at a density of 5-10 m2 but may be much denser in places. It is grazing by urchins
which maintain the habitat in its relatively barren state. Sea urchins scrape the rock surface,
removing recently settled algae and encrusting animals before they have a chance to grow.
Sea urchins may also graze directly on large attached algae. This is relatively uncommon but,
when it does occur, can lead to an extension of the kina-grazed zone into formerly algalcovered areas. This zone is also home to a number of small grazing molluscs, such as limpets
and chitons. The most spectacular grazing mollusc here is the large Cook’s turban shell
Cookia sulcata, a rough-surfaced gastropod 10 cm or more in diameter.
Urchin barrens were once thought to be part of the natural zonation of shallow rocky reefs.
However, experience with long-term recovery of kelp forests in marine reserves has revealed
that urchin barrens result from removal of its key predators, which are large crayfish and
snapper, as a result of high and persistent fishing pressure.
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Figure 14 Urchin (kina) barrens
Tangle-weed forest (depth range 3-14 m)
The brown seaweed tangle weed kelp Carpophyllum flexuosum is the predominant algal
species stretching down the reef below the shallow mixed weed zone, forming a continuous
kelp forest. It has a rather upright unruly growth habit leading to its common name.
Individual plants may reach a height of over 3 m but are typically much smaller on the
Waiheke Island coast. The canopy of the tangle weed forest greatly reduces the light intensity
on the rock surface beneath, which provides more favourable conditions for small encrusting
animals such as bryozoans, hydroids, sponges, and ascidians. The holdfasts of the tangle
weed kelp provide a crevice-like habitat supporting a rich diversity of species. Where there is
locally increased wave exposure and/or current, there is a mixing with Ecklonia radiata.
Tangle weed kelp forests are typical of semi-sheltered coastlines and are tolerant of a
moderate level of silt deposition. The seaweed and the rock substrate of this semi-sheltered
zone can be seen covered with a thin layer of fine silt, settled out from the water, which may
be relatively turbid at times. This detritus provides food for a range of specialized detritus and
deposit feeders, such as the sea cucumber Stichopus mollis, found on the rocks and in
crevices beneath the weed canopy.
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Figure 15 Tangle weed forest
Deep reef (depth greater than 14-20 m)
On the rocky bottom, at depths greater than about 14-20 m, there is insufficient light to
support the large brown seaweeds found in shallower water. This depth marks the transition
to a biological community based on filter-feeding invertebrates which we refer to as the deep
reef. Typically sponge species become the dominant life form on the deep reef.
Representative sponges observed in the survey were the massive grey sponge Ancorina alata,
Raspailia sp. (a yellow branching sponge), Polymastia granulosa (a massive yellow sponge),
and Tethyaaurantium (the orange golf ball sponge). Determining distinct habitat or biotype
lines at a certain depth contour is problematic because there is so much overlap in
communities. However drawing the lines at an approximate depth contour is helpful to
illustrate that there is a transition zone. In this survey all the reefs that we dived or dropped
cameras on ran out to soft sediments at about 15 m maximum depth and were in transition
from tangle weed kelp forest thinning out to a sponge-dominated deep reef community. The
deep reef classification does not appear on our habitat map because all areas in the survey
area deep enough to form a true deep reef habitat were classified as soft sediments.
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Figure 16 Photo from Thompson’s Point at 15m depth at transition from tangle weed forest to
deep reef sponge garden habitat. Sponge is yellow finger sponge, Raspailia sp.

Discussion
Potential Uses of this Mapping Resource
This first version of the mapping resource should be viewed and used as a work in progress.
The data layers and the interpretation approach adopted can be improved upon in the future.
Ideally the classification should be extended to further define physical soft bottom substrates
and identify significant biological communities. An adaptive approach to the GIS database
design has been adopted to allow updates to be made readily as new information becomes
available.
The map can be useful to many forms of marine planning, including resource management,
fisheries and aquaculture planning management, and the design of future scientific research.
However, this project was specifically designed to assist the Waiheke Island community in
designing marine protected areas. To that end this information fulfils the basic information
requirements to relate any proposal to criteria suggested in the National Marine Protected
Area Strategy. It is now possible to evaluate any proposal at the national, the Northeast
Bioregion, or the Hauraki Gulf planning scale (MinFish & DOC, 2008). It needs to be
stressed that systematic MPA planning for the coastal zone is in its infancy in New Zealand,
and the author suggests that careful attention be given to international best practice in terms
of design guidelines. The author has prepared practical guidelines for community groups
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(Kerr 2010a) which attempt to cover some of the important internationally accepted design
criteria and principles that are not yet fully expressed in our ‘official’ government documents.
Important tasks in the MPA planning process are now enabled. An analysis of habitat areas
can be made. This information can be used to complete a gap analysis of current protection
mechanisms locally and regionally. This can lead to goal setting and identification and
prioritisation of recommended areas, leading eventually to the establishment of an effective
network of MPAs, with a core of highly protected areas for Waiheke Island contributing to
the emerging regional and national networks.
Looking to the future, this habitat map and the related GIS and photographic resources, sonar
imagery and field data can form the basis of a MPA design process which has the potential to
effectively engage and inform the community and decision-makers in the considerable
challenges that lie ahead.
Overseas experience demonstrates that the use of habitat maps and targeted information
layers can greatly aid the broader MPA public participation process (Beck et al., 2009; Wahle
et al., 2009; Bernstein et al., 2004). It enables the engagement of participants in a formative
process that is objective, transparent, and can be portrayed in a readily understood visual
format. Having the ability to assess cost and benefit analyses for alternative design options
can help to facilitate solutions and compromises among diverse stakeholder interests. Sound
information, and tools to access and communicate this information, are not substitutes for
well-run community participation processes and governance but they are clearly an important
tool in helping to meet these challenges.

Limitations of the Study
There were some limitations to our methods which should be noted. The precision changed
with depth, reflecting the methods used, being greatest in shallow areas and decreasing as the
depth increased. We suggest this is appropriate in that significant biological boundaries occur
across much smaller scales in shallow waters and tend to become further apart as depth
increases.
In depths of less than 10 m the accuracy of the mapping was determined by the interpretation
of aerial photography, which in most areas afforded resolution of detail down to 3-5 m. We
were able to achieve nearly 100% coverage of recorded side scan sonar imagery to
approximately 15 m depth. As a result, for areas with side scan coverage in terms of the
physical habitats, we expect that the accuracy of our habitat lines is well with 20 m. This
estimate accounts for GPS error, interpretation of the sonar, and a small error which we have
not fully quantified, generated by the sonar equipment and processing in the lateral
dimensions of the sonar image (mainly due to running curving lines).
For the large areas of soft sediment mapped by the rapid survey method utilising the single
beam sonar, what we are looking at is a line or track of habitat data, with waypoints that
depict changes observed in the habitats. The precision of this method can be expressed in
terms of distance between these tracks, which varies across the survey area from .5-1.6 km.
That indicates a large distance where there is effectively no information. However, in this
area all evidence supports the interpretation that the large areas of soft bottom are continuous
and not interrupted by patch reef or small isolated rocky reefs.
25

Maps 4-9 show various views of the data collection and ground truthing. The purpose of their
inclusion is to assist readers and researchers to access the data archive and test the mapping
interpretation or to refine the map with additional detail in future. In general terms our view
is that our methods and ground truthing were adequate to support the interpretation required
for this mapping exercise.

Recommendations
1. The information and maps in this report should be used widely in the Waiheke Island
community to promote an awareness of the values and attributes of the marine aspects
of the Bay.
2. The report and maps should be used to promote discussion within the community of
future directions and options for marine management, including establishment of and
marine reserves as the central core of any restoration and on-going management
programme. Core high-level protected areas will support all other local marine
management initiatives.
3. Refinement of some of the habitats in this habitat map would be desirable and helpful.
Better quality aerial photos, combined with a field survey effort, would allow for
detailed mapping of the important shallow reef biological communities described in
this report. This would then enable analysis of changes over time in these key
communities and the related ecological processes affecting them. This information
would be expected to show the dramatic restoration over time of kelp forest and
associated biodiversity within the boundaries of an established marine reserve.

4. The opportunity exists to establish a few key sites where more detailed mapping could
be completed based on the current map base and GIS project. This could be
accompanied by a programme of regular monitoring of habitats and species, ideally
involving members of the local community in an ongoing programme.
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