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Abstract

A marine habitat map for the Northland section of the Northeast Marine 
Bioregion in New Zealand’s territorial sea has been completed and is 
presented in a series of maps. The maps cover an area of 1.34 million 
hectares extending out 12 nautical miles from the coast between Ahipara 
in the west to Mangawhai on the east coast. 

Habitats were classified according to the Marine Protected Areas 
Classification, Protection Standard and Implementation Guidelines, with 
modifications required by insufficient data quality in some areas of the 
region. Data were collated from a range of recent and historic sources, 
and merged and analysed in ArcGIS 9.3.1 Geographical Information 
System. These data include multibeam and sidescan sonar data from 
the National Institute for Water and Atmospheric Research and Land 
Information New Zealand. A ‘rapid sonar survey’ technique was developed 
to fill data gaps for areas not covered by past or recent survey effort. 
These sources and methods are described to assist in understanding 
the strengths and weaknesses of the current habitat maps and to help 
implement improvements in this and future work 

Rocky reefs make up 14.3% of the mapped area, indicating the presence 
of a significant array of these habitats. Estuarine areas make up 3.3% 
of the mapping area and include internationally significant tidal flats, 
Zostera capricorni seagrass beds and the Avicennia marina mangrove 
areas of Parengarenga and Rangaunu Harbours. 

The use of the habitat maps to identify potential locations for a network 
of marine protected areas in Northland is discussed and recommendations 
are made to incorporate this information within decision support tools 
to assist in planning, education and community engagement. The habitat 
maps, underlying data and techniques developed also provide a valuable 
resource for other research and management projects in Northland and 
elsewhere. 
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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Doubtless Bay (Grace & Kerr, 2005a), Tawharanui (Grace, unpublished), 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) and Motukaroro (Kerr & Grace, 2006). 
Over this time, new technologies like multibeam and sidescan sonar and 
inexpensive underwater video systems have greatly increased our ability 
to undertake the task of large-scale mapping. The data supporting this 
mapping effort has been assembled from work over many years, with a 
substantial effort in the past two years. The main contribution has come 
from the surveys completed as part of the NIWA Ocean Survey 20/20 Bay 
of Islands Coastal Project (Ocean 20/20) (Mitchell et al., 2009), contract 
survey work completed by NIWA for LINZ for navigational charting 
purposes and NIWA research projects at the Poor Knights Islands and 
Spirits Bay. Additional survey effort, completed by the author for the 
Department of Conservation, was designed to fill the gaps left in the 
larger data sets. Use was also made of a number of historic habitat 
mapping information data sets (Morrison, 2005a), with Mimiwhangata 
(Kerr and Grace, 2005a) and Doubtless Bay (Grace and Kerr, 2005) the 
most significant areas covered by previous mapping exercises. 

This project aims to systematically combine these data in a reliable, 
quantitative GIS format to provide a comprehensive coverage of known 
marine habitats for the Northland section of the Northeast Marine 
Bioregion. The approach and methodology used here, while updated 
with modern data sets, draws heavily from the first effort and thinking 
developed in the 1973 Mimiwhangata study and refined in the subsequent 
Northland studies. 

The aim is to develop marine habitat maps to assist the planning and 
implementation of a national network of marine protected areas (MPAs) for 
New Zealand’s territorial sea. The habitat classification and methods used 
therefore aim to match, as closely as possible, the specifications described 
in the Marine Protected Areas Classification, Protection Standard and 
Implementation Guidelines and other related policy documents (MinFish 
& DOC, 2008). This is the first attempt to produce a comprehensive, 
region-wide coverage of marine habitats for Northland.

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 
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and can potentially include a wide range of lesser known species and 
processes.

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 in 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 Northland. However, they 
also lay the basic foundation for more detailed modelling and are a critical 
component of understanding marine ecosystems and their protection 
throughout New Zealand (Leathwick et al., 2008).

This mapping resource will, for the first time, support many of the tasks 
underpinning research planning in Northland, including gap analysis of 
marine protection in the region. In addition, the comprehensive spatial 
coverage of the maps will provide the raw inputs for modelling work 
leading to recommendations for the establishment of a network of highly 
protected areas and ancillary fisheries management areas in Northland 
and the Bioregion. Experience with MPA process shows that having good 
quality mapping resources and supporting software applications greatly 
adds to the effectiveness of the process. Commonly reported advantages 
are increased transparency, participation and objectivity in decision 
making (Beck et al., 2009; Wahle et al., 2009; Bernstein et al., 2004).
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Methods

The aim of this project was to collect all information which could be 
used to consistently map marine habitats in estuaries and ocean within 
territorial waters (12 nm of the coast) throughout the Northland section 
of the Bioregion. There is an inherent risk in using data from different 
sources in that some areas will have higher quality data and that some 
areas will have little or no information. As a result methods were 
developed to fill these gaps so that a comprehensive coverage could be 
achieved under the existing resource constraints. 

To avoid bias remaining in the extents of different data sources, it is 
important to explicitly recognise limitations in different areas to avoid 
artefacts in subsequent models and analyses and to plan for more detailed 
future work. The data sources and methods are therefore described in 
detail below along with an appraisal of any limitations in the data and 
methods. To avoid repetition, some habitat categories are grouped and 
subdivided according to the particular methods required for different 
conditions such as depth. Hence similar methods for mapping intertidal 
and shallow subtidal (0–15 m) are discussed separately from methods for 
deeper waters although data were later pooled to generate categories in 
the National Inshore Marine Habitat Classification.

The use of a GIS (ArcGIS 9.3.1) to analyse, organise and interpret data 
from many sources was integral to the approach because of its ability 
to join disparate data sets locations, to mathematically intersect, measure 
and analyse these to produce habitat categories and to map and display 
habitats for future analyses and communications.

H A B I T A T  C L A S S I F I C A T I O N

The habitat classification used for this project (Table 1) is based on the 
current New Zealand MPA Implementation Plan (MinFish & DOC, 2008). 
One exception is the introduction of the subtidal habitat ‘undefined 
sediments’. Sediments in this project classed as undefined sediments 
are described as non-reef or patch reef habitats composed of fine and/
or coarse sediments including cobbles. Use of this catch-all sediment 
category was adopted as a way of reflecting the low resolution of some of 
the data sets and methods used to differentiate sediments. In the subtidal 
zone, fine and coarse sediments are not further classified to sand/mud 
and gravel/cobble as they are in the MPA classification. This is due to 
high cost of the ground truthing work that would have been required to 
resolve sediment area boundaries given the data sets available. 
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TABLE 1. THE HABITAT CLASSIFICATION USED IS INDICATED ABOVE BY THE INTERSECTION 
OF DEPTH CLASSES (VERTICAL DIMENSION), AND SUBSTRATE (HORIZONTAL DIMENSION). 
THE FAR RIGHT COLUMN REPRESENTS A SPECIAL CLASS OF HABITATS (BIOGENIC) THAT ARE 
HABITAT FORMING BIOLOGICAL COMMUNITIES.

DEPTH MUD SAND GRAVEL UNDEFINED 
SUBSTRATE* 

MIXED 
SEDIMENT 
AND ROCK

ROCK BIOGENIC

Intertidal mud sand gravel rock rock mangrove, salt 
marsh, seagrass

0m<30m fine sediments coarse 
sediments

undefined 
sediments

reef reef rhodolith (maerl)

30m–200m fine sediments coarse 
sediments

undefined 
sediments

reef, ridge 
feature

reef, ridge 
feature

rhodolith (maerl)

>200m undefined 
sediments, steep 
shelf, shelf canyon

* Non high relief rock or mixed sediment with high relief rock substrates

I N T E R T I D A L  A N D  S H A L L O W  S U B T I D A L  Z O N E 
( M L W S – 1 5  m )

Existing GIS line and polygon data from the New Zealand 260 1:50,000 
topographic series and the digitised geotiff files for the New Zealand 
marine charts series for Northland provided the first base layer for this 
area of the map. Polygons for coastline, rocky shore, and low tide line 
were copied to a mapping layer. 

Aerial photos were selected from files held by the Information Management 
Unit, Northland Conservancy of DOC. Photographs were selected for 
conditions that allow viewing of intertidal habitats or subtidal habitats 
to 10-15 m depth. Typically, these were taken at low tide in the middle 
hours of the day and in conditions of low swell, clear water and calm 
or light offshore winds. Very few photos taken for terrestrial purposes, 
however, meet these criteria. Therefore the author, in partnership with 
Roger Grace and supported by DOC, undertook dedicated marine aerial 
photo surveys for the Northland coast during June 2003, 2005, 2006 and 
2009. Details of the methods used are documented in previous reports 
(Grace & Kerr, 2005, 2005a). All useful photos were georeferenced against 
the various Northland Regional Council-commissioned ortho-registered 
aerial photo sets, which have a precision estimate of approximately 
5 m. In some areas the Council photos were suitable to some extent for 
viewing intertidal and subtidal habitats. Existing boundaries from the NZ 
Topo series line work for all intertidal areas including all estuaries were 
modified after inspection of the aerial photos, working at approximately 
1:10–20,000:1 scales. 

Polygons for physical habitats (sand, gravel, mud) and biological habitats 
(mangroves, salt marsh and seagrass and low tide boundaries were 
determined from the aerial photos and in combination with the marine 
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chart line work. In all areas where we could view underwater substrata 
and habitats with aerial photography, polygons were drawn to depict 
the physical substrata or biological habitats as described in Table 1. The 
maximum depth that could be mapped varied with the quality of the 
photos and ranged from less than 10 m down to 30 m (one location near 
Tom Bowling Bay). Typically the depth mapped by this method extended 
down to 10–15 m for most of the coast. This mapping was done at a 
scale of approximately 1:10,000.

Figure 1a. Example of 
intertidal zone habitat 

mapping derived from an 
aerial photo at Rangaunu 

Harbour (1b). 

Figure 1b. Example of 
aerial photo at Rangaunu 

Harbour. Figure 1a shows 
habitat polygons derived 

from this aerial photograph. 
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S H A L L O W  S U B T I D A L  1 5 – 5 0  m

As a result of the Ocean 20/20 project, extensive high quality multibeam 
coverage was achieved for much of the zone along Northland’s east 
coast from 50 m depth outwards. The zone between the outer limit of 
the habitat covered by aerial photography, at 10–15 m depth, and the 
50 m depth inner boundary of the multibeam data sets represents an 
important and large area which was poorly covered by survey. Only small 
areas at depths between 15 and 50 m have been previously surveyed at 
Mimiwhangata and Doubtless Bay (Grace & Kerr, 2005, 2005a). To deal 
with this gap, a rapid sonar method was devised to allow for mapping 
between the shallow ‘aerial photo zone’ and the offshore multibeam 
surveys. HumminbirdTM sidescan sounder units were used with transom 

Figure 2a. Example of 
subtidal habitat mapping 

derived from aerial photo of 
Maitai Bay, Cape Karikari. 

Figure 2b. Example of aerial 
photo, Maitai Bay, Cape 

Karikari. 
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mounted transducers on two speedboats (4.3 and 7.5 m), to map single 
beam and sidescan transects through the 15–50 m zone. 

The specifications for the Humminbird sounders and examples of images 
are reported in previous reports (Grace & Kerr, 2005, 2005a). Prime 
considerations in this survey were the limitations of boat and staff time 
on the water and the large distances that needed to be covered. From 
previous work we had refined a method to do basic substratum surveys at 
depths up to 60 m at relatively high speed. The method requires near-calm 
sea conditions with boat speeds to 20 knots along survey lines parallel to 
the coast at 20–25 m and 35–40 m depths. Depending on the conditions 
the sounder was switched between its single beam view and the sidescan 
view. Whenever a change in substratum was detected, a waypoint was 
taken along with a screenshot of the sonar view. In most cases, boundaries 
between substrata could be determined with confidence. Where there was 
uncertainty, boat speed was reduced to 4–8 knots so that higher quality 
side scan images could be evaluated and recorded. 

In this rapid method, the alternative use of single beam and sidescan 
imaging works well in identifying basic substrata and in most cases allows 
the survey to cover large areas rapidly. It does require however constant 
attention and experience with interpretation of the sonar images. We were 
able to run the minimum survey lines at two depths from Mangawhai 
to Tom Bowling Bay in 12 field days including time spent at the Hen & 
Chickens, Cavalli, Stephenson and Moturoa Island groups (Cape Karikari). 
In total 1,200 km of survey lines were completed. All sonar screen shots 
were referenced to substratum boundaries and archived for future use. 
One important caveat to this method is that gradual boundaries between 
fine and coarse substrata can be difficult to detect with consistency. This 
occurs for a variety of reasons. Substrata can be mixed in a wide variety 
of ways that make interpretation difficult. Another variable is variation 
in signals in relation to the shell content of the substrate. Where this 
difficulty occurred, we did not have sufficient time to slow down and 
ground truth using video and sediment grab sampling. Instead we noted 
the uncertainties and these areas became ‘undefined sediments’ undivided 
into fine or coarse sediments. To map this zone, boundaries between 
substrata were transferred to habitat lines categorised by substratum 
type. Polygons were then hand drawn and classified across these lines 
by interpolating by eye between polygons derived from the inshore aerial 
photography and polygons derived from offshore multibeam surveys. 
The relative accuracy of this method can be estimated by the distance 
interpreted between the rapid survey lines and the bordering inshore and 
offshore data sets. This spatial relationship is graphically represented in 
Maps 5a and 5b. The mapping precision in this zone typically varies from 
100–200 m, but in some places where there is no bordering survey data, 
precision can extend up to 1 km. Mapping for this zone was typically 
done at 1:10–20,000 scale. 
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Fig 3a Sidescan screenshot 
image of waypoint #604 

located northeast of Tom 
Bowling Bay. Boat is 

travelling north leaving the 
edge of the reef moving on 

to coarse substrate.

Fig 3b Habitat map showing 
locations of waypoints #604 

and #537 at North Cape.
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D E E P  S U B T I D A L  5 0 – 2 0 0  m

Recent (1995 onwards), multibeam (EM3000) and sidescan sonar (C-Max 
CM2, 105 khz and 325 khz) data were acquired from several sources as a 
result of several independent government programs and contracts. These 
surveys are listed in Table 2 and their locations and extents are displayed 
on Maps 4a and 4b. A description of the equipment specifications can 
be found in the Ocean 20/20 progress report (Mitchell et al., 2009). 

TABLE 2 MULTIBEAM AND SIDESCAN SONAR DATA SETS IN NORTHLAND

SURVEY NAME DATE OF 
SURVEY

MULTIBEAM 
PROCESSED
GRID SIZE

MULTIBEAM 
BACK SCATTER 

IMAGE

MULTIBEAM DIGITAL 
TERRAIN

MODEL (DTM)

SIDESCAN
IMAGERY

Ocean 20/20 offshore 2008
2009

5 m Yes Yes No

Ocean 20/20 inshore Bay of Islands
NIWA

2008
2009

5 m Yes Yes Yes

Poor Knights Is. and Pinnacles 
section habitat survey
NIWA (unpublished data)

2007 5 m Yes Yes No

Poor Knights 
Southern Area shipping lane survey

2009 5m Yes Yes No

Shipping Lane 1
NZ Navy

1999
2000

30 m Yes but not 
currently available

Yes No

Figure 3c Split screen image 
view is a single beam sonar 
(left), and a sidescan image 
(right), for waypoint #537 
south of North Cape. The 

boat has left a reef edge and 
has moved on to a patch of 

coarse substrate. 
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SURVEY NAME DATE OF 
SURVEY

MULTIBEAM 
PROCESSED
GRID SIZE

MULTIBEAM 
BACK SCATTER 

IMAGE

MULTIBEAM DIGITAL 
TERRAIN

MODEL (DTM)

SIDESCAN
IMAGERY

Shipping Lane 1
Cape Reinga Section
NZ Navy

1999
2000

5 m Yes but not 
currently available

Yes No

Spirits Bay 
Biodiversity survey NIWA 

1999 N/A No No Yes

Spirits Bay Biodiversity survey NIWA 
(unpublished data) 

2006 25 m No Tes No

The Ocean 20/20 project (Mitchell et al., 2009) provided extensive 
multibeam sonar coverage for much of the zone along Northland’s east 
coast from 50 m depth outwards. 

The Shipping Lane 1 and Shipping Lane 1 Cape Reinga Section data 
sets consisted of only a multibeam digital terrain model as backscatter 
and sidescan sonar data were not available. Semi-transparent gridded 
bathymetry from the digital terrain model was draped over hillshading 
for interpretation. However, fine sediments and coarse sediments were 
not easily differentiated and may require seabed video or grab sampling 
to ground truth categories. As a result non-reef substrata in these survey 
areas are only described as undefined sediments. In the Spirits Bay 
area, all available data layers from the two studies and the draft maps 
produced to date were interpreted together to make up the final mapping 
interpretation (Cryer et al., 2000; NIWA, 2005 unpublished data). Where 
the NIWA teams had made interpretations of their data layers in the form 
of draft habitat maps, these interpretations were accepted as the best 
interpretation of the available data. For all the offshore areas (i.e. >50 m), 
mapping was carried out at scales ranging from 1:20–50,000.

B A Y  O F  I S L A N D S  S E C T I O N

Preliminary multibeam sonar was also made available for the Bay of 
Islands from Ocean 20/20. This survey provided digital terrain models and 
backscatter images derived from 5 m grid data for areas deeper than 10 m. 
Sidescan sonar data was produced for areas too shallow to use multibeam 
efficiently. Where applicable hillshading, bathymetry, sidescan and 
backscatter layers were used to interpret substratum categories at scales 
of approximately 1:10–20,000. This finer mapping scale was used because 
of the quality of the data available and the complexity of the habitats in 
this area. For the shallow areas covered by the sidescan layer, the method 
adopted was to switch between the available aerial photographs and the 
sidescan image layer. Essentially, mapping interpretation was based on the 
best images that were available in each area. The sidescan was particularly 
useful in identifying reef located just beyond the underwater viewing 
range of the aerial photographs. Consistently differentiating between fine 
and coarse sediments was however difficult. These areas were simply 
classed as undefined sediments. 
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Figure 4. NIWA research 
vessel Tangaroa and 

graphic representation of 
multibeam sonar survey 

(courtesy of NIWA)

Figure 5a. Example of 
Ocean 20/20 multibeam 

sonar derived habitat 
data layer (Mitchell et al, 
2009). The area pictured 
is extending offshore to 
the northeast from Cape 

Karikari. 
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Figure 5b. Example of 
Ocean 20/20 multibeam 
sonar backscatter image 

(Mitchell et al, 2009): 
b). The area pictured is 

extending offshore to 
the northeast from Cape 

Karikari. 

Figure 5c. Example of 
Ocean 20/20 multibeam 

sonar derived data layers—
backscatter image draped 
over digital terrain model 

(Mitchell et al, 2009). The 
area pictured is extending 

offshore to the northeast 
from Cape Karikari. 
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A D D I T I O N A L  D A T A

For areas that were not covered by the previously described data there 
was a need to evaluate all other data sources that could be used to 
help cover the target mapping area. The area not covered by specialised 
survey is very large and extends over areas of outer shelf habitats in 
depths beyond 200 m. Off North Cape, part of the continental slope and 
canyon areas come within the 12 nm limit of the territorial sea. Available 
bathymetry data and marine charts were used to identify potential reefs 
associated with large changes in elevation. However, flat reefs and flat 
patch reefs and areas of coarse sediments and mixed sediments could 
not be reliably identified by this method. To refine this approach, we 
acquired the original paper naval fair sheets (depth soundings for marine 

Figure 6a. Example of 
sidescan image from Ocean 

20/20 (Mitchell et al, 2009). 
Area shown here is Black 

Rocks, Bay of Islands.

Figure 6b. Example of 
habitat polygons derived 

from Ocean 20/20 (Mitchell 
et al, 2009) side scan 

imagery (6a). Area shown 
here is Black Rocks, Bay of 

Islands.
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charting) for the region from LINZ. We then applied the following method 
of preparation and analysis to these charts. All charts were scanned and 
georeferenced in our GIS project. They were printed off at a consistent 
scale (20,000:1 in most cases). We then visually assessed the data using 
a ruler with 200 m (scaled map unit) intervals. All depth measures were 
checked with adjacent measures. To indicate when a change in elevation 
exceeded 4 m across a horizontal distance of 200 m a symbol was drawn 
on the chart. A double symbol was drawn wherever the vertical change 
exceeded 8 m in a 200 m horizontal distance. Another symbol indicated 
when the elevation change was a hole versus a rise. Once the entire 
chart was marked in this way, polygons were drawn around the marks 
to indicate potential reef areas. The chart was then scanned again, the 
images georeferenced and indicative habitat areas hand digitised in ArcGIS 
9.3.1.

Figure 7a. Example of 
marked fair sheet analysis 

for reef indication. Area 
shown here is the area 
offshore to the west of 

Tauroa Pt. Data points are 
depth soundings in meters.

Figure 7b. Example of 
habitat polygons derived 

from fair sheet analysis (7a) 
Area shown here is the area 
offshore and to the west of 

Tauroa Pt.
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G R O U N D  T R U T H I N G

Ground truthing by scuba diving surveys, underwater video, sediment 
grabs or dredges would ideally compliment all of the methods described 
in this project. However a significant body of information of this type 
from previous studies and the experience of the author in Northland 
waters also provided support for habitat interpretation. In addition, the 
completed Ocean 20/20 project will also provide ground truthing for 
this work and additional information on substrata, habitats and species 
on Northland’s eastern shelf.

G I S  D A T A B A S E

The database behind the mapped habitat polygons contains information 
fields documenting substrata, habitats and various zones for each habitat 
polygon according to the classification outlined in Table 1. Fields also 
document data sources, methods and data editors so that polygons can 
be queried and readily updated when new and more detailed information 
becomes available. 
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Results 

The completed maps of this project can be viewed in the Map Section at 
the end of this report. Map 1 is drawn at 1:1,850,000 scale and shows 
the extent of the complete project which covers the coastal area from 
Mangawhai to Ahipara and out to the 12 nm limit to the New Zealand 
territorial sea. Maps 2a–d show this same map drawn at 1:310,000 scale 
with the entire area broken into four sections. Map 3 shows the Bay 
of Islands drawn at 1:110,000 scale. Altogether the mapped area covers 
1,354,545 ha and represents the Northland Conservancy portion of the 
Bioregion as defined in the New Zealand MPA Implementation Plan 
(MinFish & DOC, 2008). The capabilities of the GIS system mean that 
this map can be drawn at any scale which is useful for specific site-
based work. The accuracy of the mapping method allows this map to be 
useful at scales as large as 1:2,000 for estuaries and shallow areas. This 
would translate to dozens of maps (A3 size) to cover the whole area. 
The GIS system also allows us to calculate the areas of any attribute 
that is represented by a polygon on the map. Table 3 below contains 
the result of the analysis of areas represented by each habitat for the 
entire mapping area.

TABLE 3 HABITAT AREA CALCULATIONS FOR MAPPING AREA

DEPTH HABITAT HECTARES PERCENTAGE

Total  1,354,545 100%

30–200 m undefined sediments 405,513 29.94%

30–200 m fine sediments 259,882 19.19%

> 200 m undefined sediments 199,538 14.73%

30–200 m reef 156,162 11.53%

0–30 m fine sediments 77,423 5.72%

> 200 m fine sediments 56,607 4.18%

30–200 m coarse sediments 46,802 3.46%

0–30 m undefined sediments 42,122 3.11%

0–30 m reef 31,811 2.35%

0–30 m coarse sediments 10,770 0.80%

> 200 m shelf canyon 9,758 0.72%

intertidal mangroves 9,393 0.69%

intertidal mud 8,891 0.66%

intertidal sand 8,266 0.61%

0–30 m channel 7,096 0.52%

> 200 m reef 5,702 0.42%

intertidal seagrass 5,192 0.38%

> 200 m coarse sediments 4,467 0.33%

0–30 m island 2,906 0.21%

> 200 m steep shelf 2,477 0.18%



17Kerr—Northland marine habitat map: Mangawhai to Ahipara

intertidal rock 2,459 0.18%

intertidal salt marsh 749 0.06%

30–200 m ridge feature 262 0.02%

intertidal gravel 239 0.02%

0–30 m rhodolith bed 51 0.00%

30–200 m shelf canyon 3 0.00%

Intertidal, shallow, deep and very deep depth zones accounted respectively 
for 2.6%, 12.7%, 64.1% and 20.6% of the mapping area. Estuarine 
environments made up 3.3% of the mapped area and there were 487 
islands mapped representing just over 0.2% of the mapping area. Perhaps 
the most interesting result is the very large area of shallow and deep 
rocky reef that exists off the eastern and northern coasts of Northland. 
In total the reef areas mapped represent 193,675 ha or 14.3% of the total 
mapped area. Approximately 2.4% of the region’s total area is estimated 
to be shallow (<30 m) rocky reef, 11.5 % is deep (30–200 m) rocky reef 
and 0.4% is reef deeper than 200 m. 

Seagrass and mangrove areas in estuaries comprise some significant 
areas. Seagrass covers 5,192 ha and mangroves 9,393 ha. Salt marsh is a 
habitat that has been greatly decreased due to reclamation and drainage 
programs and currently covers only 749 ha. It is quite possible that 
subtidal seagrass beds have been underestimated due to the limitations 
of the survey. Likewise the known rhodolith beds in the mapping area 
are most likely only a small percentage of what actually exists. Specialist 
surveys are required to map these habitats comprehensively. Rhodolith 
beds are considered to be important for biodiversity and are a protected 
habitat in the European Union. 
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Discussion

This is the first attempt to derive a consistent regional map of marine 
habitats for the Northland section of the Bioregion. The range of methods 
and data sources mean that there are significant variations in precision 
and accuracy, particularly at fine scales. However, the work provides an 
extremely useful first map of the distribution and occurrence of marine 
habitats in this region that can be used for initial planning for marine 
protection, prioritising additional research and applications in many other 
areas.

However it is important to qualify fitness for use of the data by 
recognising limitations that may be due to a number of factors:

1. the subjective interpretation of data layers assembled;

2. the scale at which the map drawing is undertaken;

3. the accuracy and resolution of the data layers used; and

4. the limited amount of ground truthing.

In previous Northland projects carried out at Mimiwhangata and Doubtless 
Bay (Grace & Kerr, 2005, 2005a), a similar interpretation method was 
employed. Ground truthing demonstrated that within the stated precision 
range the interpretation method proved reliable. Some of the multibeam 
sonar data produced by the Ocean 20/20 survey also overlapped the 
previously surveyed Doubtless Bay and Mimiwhangata habitat maps, 
helping to ground truth these areas and indicating that previous maps 
had a very high level of consistency with the new multibeam data. 

The drawing scale is a limiting factor on mapping precision. Drawing 
scales ranged from 1:10,000 to 1:50,000 depending on habitat. For rocky 
reef, in most cases the error was low as they were relatively easy to 
detect, although flat reefs and flat patch reefs were often difficult to 
differentiate from coarse sediments. Where substrata were mixed in 
composition or arranged in streaks, bands and mosaics, interpretation 
was also difficult. Where there was doubt due to data type or quality, 
the habitat was classified as ‘undefined’ sediments. The differentiation 
between silts, muds and sand within the fine sediments group was also 
not practicable without additional aids to interpretation. Ground truth 
data would improve the accuracy of the classification of sediments 
indicated on this map. 

With the exception of the area covered by the Shipping Lane 1 Cape 
Reinga data, the West Coast section of this map has poor data coverage. 
Marine charts and the results of the fair sheet analysis method were used 
for this section. During the course of this project we had opportunities 
to compare the results of the fair sheet analysis method to data from the 
multibeam surveys and previous surveys at Mimiwhangata and Doubtless 
Bay. We found that this method was sometimes a useful method to 
identify boundaries between reefs and sediments. However, predictions 
were also frequently very poor depending on the type of substrata. The 
cases where the method failed were: 
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1. areas of flat reef and flat patch reef (falsely identified as soft 
sediment); 

2. consistent sloping terrain of sediments (falsely identified as rocky 
reef); and

3. areas of sediments with large wave and ridge features (falsely 
identified as rocky reef).

However, areas that had rocky reefs with high relief could be consistently 
indicated using the fair sheet method. 

In the West Coast section of the survey area, where fair sheet analysis was 
used, a conservative approach was therefore adopted and only ‘indicated 
reefs’ were mapped for obvious high relief features. The remaining area 
was coded as ‘undefined sediment’. The significant area of reef off Tauroa 
Pt was mapped with the fair sheet method. As a result, the areas of 
reef that are mapped are high relief reef only, and it is possible that 
we have significantly underestimated the extent of the reef that is flat 
or near flat in contour. 

In the area south of Cape Maria Van Diemen there is an area of locally 
known banks and ridges. Our fair sheet analysis indicated large areas 
of reef, but with the data available many of these indicated reefs could 
in fact be sand and gravel wave, ridge features and banks, so we again 
took a conservative approach and classified the areas as undefined soft 
substrate where any doubt existed.

There are many references in New Zealand marine science literature to 
the extensive natural values of the Northland region and its importance 
in biodiversity terms. An overview and bibliography have been brought 
together in the publication An information review of the natural 
marine features and ecology of Northland (Morrison, 2005a). It is not 
necessary to attempt to discuss that body of information in the context of 
this report. However, the special marine values of the Northland inshore 
region form the backdrop to this project. For the first time, knowledge of 
marine biodiversity and fisheries can be examined and investigated in the 
context of comprehensive habitat map of these waters. The information 
in these maps, seen in one spatial context, immediately points to some 
significant findings and observations. Although work of this kind has not 
been completed yet in many other regions of the country, it is apparent 
that Northland may have a disproportionately high amount of coastal reef 
habitats from the intertidal zone extending out to waters of 200 m and 
deeper. When this is considered in light of the geographical position of 
Northland and the effects of the East Auckland current, the indication is 
that, in marine biodiversity terms, Northland has a large proportion of the 
most important coastal habitat areas in New Zealand. The completion of 
similar mapping projects around New Zealand’s coast will in time allow 
us to examine this claim quantitatively.

This mapping resource allows us to portray the habitats of our unique 
array of estuaries in the context of the greater coastal area for the first 
time. Northland’s estuaries are indeed rich in biodiversity and marine 
habitat terms. The large estuaries of Parengarenga and Rangaunu have 
extensive areas of rich intertidal mud and sand flat habitats, important for 
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many species, including internationally significant migratory shorebirds. 
These two estuaries arguably have a significant percentage nationally 
of Zostera capricorni seagrass habitats, a key nursery habitat for 
commercially important fish species and a habitat generally diverse in 
marine flora and fauna (Morrison, 2005b). 

P O T E N T I A L  U S E S  O F  T H I S  M A P P I N G  R E S O U R C E

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 will be improved upon in the future. The classification can and 
should be extended to further define physical substrates and identify 
significant biological communities. An adaptive approach to the GIS 
database design has been adopted to allow updates to be readily made as 
new information becomes available. The map can be useful to many forms 
of marine planning, including resource, fisheries and aquaculture planning 
management and the design of future scientific research. However, this 
project was specifically designed to fulfil information requirements for 
the National MPA Strategy, and specifically the Northland section of the 
Bioregion (MinFish & DOC, 2008). With limited exceptions, this task is 
now advanced. Important tasks in the MPA 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. This 
process can lead to goal setting and identification and prioritisation of 
recommended areas, leading to the establishment of an effective network 
of MPAs with a core of highly protected areas for Northland and the 
Bioregion. Information on how to obtain the GIS resources, the maps of 
this report and the electronic copy of this report can be obtained from 
the DOC website: www.doc.govt.nz/northlandmarinehabitats1

Looking to the future, this habitat map and the GIS resources created 
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. The next steps in this process are:

1. Identify and assemble additional information layers in a spatial context 
that documents and quantifies social and economic values in relation 
to the marine environment. The focus will be on marine use and 
user information, and on more detailed ecological information where 
available.

2. Develop modelling and decision support GIS-based software systems 
to generate, test and evaluate design criteria and goals to generate 
options for protection or special management arrangements. 

The above modelling and design process briefly outlined here is essentially 
a technical and information support process. Overseas experience 
demonstrates that its use can greatly aid the larger full MPA public 
participation process (Beck et al., 2009; Wahle et al., 2009; Bernstein 
et al., 2004). It brings an ability to engage participants in a formative 
process that is objective, transparent and can be portrayed in a readily 
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understood visual format. Having the ability to assess cost and benefit 
analyses for alternative design options can help to achieve 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.



22 Kerr—Northland marine habitat map: Mangawhai to Ahipara

Acknowledgments

We thank Bill Ballantine and Roger Grace and Wade Doak who in 1973 
had the vision to invent a new way of describing our marine environment 
with their work at Mimiwhangata. They have continued to contribute as 
mentors and reviewers of this current study and marine work generally in 
Northland. We thank Mark Costello who served as external reviewer for 
this report. Data contributions from NIWA and LINZ have been integral 
to this project and we appreciate their ongoing support. Jessica Kerr 
ably assisted as proof reader of the manuscript.

There have been many contributions from DOC staff to this project. 
Paul Buisson assisted as skipper of our survey boat during the inshore 
rapid survey work. The Northland Conservancy Information Management 
Unit team of Terry Conaghan, Lorraine Wells, Kaye Seymour and 
Andrew McDonald have all made important contributions to the project. 
Dan Breen from the Head Office Marine Conservation Team provided 
technical support in approaches to mapping and combining data, and also 
contributed as DOC internal reviewer for this report. Finally, credit is 
due to the managers at Northland Conservancy who supported this work.



23Kerr—Northland marine habitat map: Mangawhai to Ahipara

References

Ayling, A.M.; Cumming, A.; Ballantine, W.J., 1981. Map of shore and subtidal habitats of the 
Cape Rodney to Okakari Point Marine Reserve, North Island, New Zealand in 3 sheets, 
scale 1:2,000. Department of Lands and Survey, Wellington.

Ballantine, W.J.; Grace, R.V.; Doak, W.T., 1973. Mimiwhangata Marine Report. Turbott & 
Halstead and New Zealand Breweries Limited, Auckland. 98 p.

Beck, M.W., Ferdania, J., Kachmar, K.K., Morrison, P., Taylor, P. and others, 2009. Best Practices 
for Marine Spatial Planning. The Nature Conservancy, Arlington, Va. USA.

Bernstein, B., Iudicello, S., Stringer, C., 2004. Lessons Learned from Recent Marine Protected 
Area Designations in the United States: A Report to the National Marine Protected Areas 
Center NOAA. The National Fisheries Conservation Center, Ojai, California.

Connor, D. W., Allen, J H., Golding, N., Howell, K. L., Lieberknecht, L. M., Northen, K. O. 
and Reker, J. B., 2004. The Marine Habitat Classification for Britain and Ireland Version 
04.05 JNCC, Peterborough. ISBN 1 861 07561 8 (internet version).

Costello, M.J., 2009. Distinguishing marine habitat classification concepts for ecological data 
management. Leigh Marine Laboratory, University of Auckland, Box 349, Warkworth, 
Northland 0941, New Zealand.

Creese, B., 1978. The Mokohinau Islands: A Marine Survey. Leigh Lab. Bulletin No 21.

Cryer, M, O’Shea, S., Gordon, D., Kelly, M., Drury, J., Morrison, M., Hill, A., Saunders, H., 
Shankar, U., Wilkinson, M., Foster, G., 2000. Distribution and structure of benthic 
invertebrate communities between North Cape and Cape Reinga. NIWA Final Report 
for Research Project ENV9805, Objectives 1–4.

Grace, R.V., Kerr, V.C., 2005. Intertidal and subtidal habitats of Doubtless Bay, Northland, N.Z. 
Contract report for the Department of Conservation, Northland Conservancy, Whangarei.

Kerr, V.C., Grace, R.V., 2006. Progress report: Motukaroro Island baseline marine investigations, 
BUV fish monitoring, subtidal and intertidal habitat mapping 2006. Report for the 
Department of Conservation, Northland Conservancy, Whangarei, June 2006.

Kerr, V.C., Grace, R.V., 2005a. Intertidal and subtidal habitats of Mimiwhangata Marine Park and 
adjacent shelf. Department of Conservation Research and Development Series 201. 55 p. 

Kerr, V.C., Grace, R.V., 2005b. A Preliminary Investigation of the Marine Habitats of Taiharuru 
Reef. Report to Northland Conservancy, Department of Conservation, July 2005.

Kingsford, M., Battershill, C., 2003. Studying temperate marine environments: A handbook for 
ecologists. Canterbury Press, Christchurch, New Zealand. 

Leathwick, J., Moilanen A., Francis, M. and others, 2008. Novel methods for the design and 
evaluation of marine protected areas in offshore waters. Conserv Lett 1: 91–102.

Mitchell, J., Pallentin, A., Verdier, A., Gerring, P., Swartz, J., Pinkerton, M., Searson, S., Grant, 
B., 2009. Ocean Survey 20/20, Bay of Islands Coastal Project Phase 1 – Factual Voyage 
Report. Prepared for Land Information New Zealand. NIWA Client Report: WLG2009-2. 
NIWA, Wellington.

Ministry of Fisheries and Department of Conservation, 2008a. Marine Protected Areas: 
Classification, Protection Standard and Implementation Guidelines. Ministry of Fisheries 
and Department of Conservation, Wellington, New Zealand. 54 p.

Morrison, M., 2005a. An information review of the natural marine features and ecology of 
Northland. NIWA client report for Department of Conservation, May 2005. 162 p.

Morrison, M. 2005b. Update on NIWA survey of fish communities in mangroves and seagrass 
meadows. Water & Atmosphere 13(2):8.

National Institute of Water and Atmospheric Research, 2005. Monitoring recovery of the benthic 
community between North Cape and Cape Reinga, unpublished data.



24 Kerr—Northland marine habitat map: Mangawhai to Ahipara

Shears, N.T., Babcock, R.C., Duffy, C.A.J., Walker, J.W., 2004. Validation of qualitative habitat 
descriptions commonly used to classify subtidal reef assemblages in north-eastern New 
Zealand. New Zealand Journal of Marine and Freshwater Research, 38: 743–752.

Wahle, C., D’lorio, M., Hayden, N., Gass, J., Butner, C., Morgan, L., Guinotte, J., Tsao, F. 
Sano, L., 2009. Ocean Uses Atlas: Informing comprehensive coastal and marine spatial 
planning. ONMS MSP Science Symposium (internet version). 



25Kerr—Northland marine habitat map: Mangawhai to Ahipara

Map book

Map 1 Northland MPA Habitats

Map 2a Northland MPA Habitats (far north)

Map 2b Northland MPA Habitats (upper north)

Map 2c Northland MPA Habitats (mid north)

Map 2d Northland MPA Habitats (lower north)

Map 3 Northland MPA Habitats Bay of Islands

Map 4a Northland MPA Method Map (north section)

Map 4b Northland MPA Method Map (south section)

Map 5a Northland MPA Rapid Sonar Survey (north section)

Map 5b Northland MPA Rapid sonar survey (south section)

These maps may be downloaded as PDF files from the DOC website: 
www.doc.govt.nz/northlandmarinehabitats1




