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Executive summary
This report outlines what might be described as a ‘Māori cultural accounting method’ that can
be used to assess aspects of the wellbeing and survival prospects of Te Iho Matua whānau o
Rangi rāua ko Papatūānuku (transl. the family of Ranginui and Papatūānuku). This accounting
method is based on map-making activities made possible by the use of GIS software. The use
of this ‘non-financial’ accounting method makes it possible to both visually depict Atua
domains and create estimates of their spatial extent over very large areas (in this case two
regions of New Zealand). This method can also be used to map either ‘present-day’ or ‘former’
Atua domains (in this case, circa 1769–1840). Visual (map) reconstruction of the former
composition and extent of Atua domains (circa 1769–1840) is a task that is more technically
challenging than mapping present-day Atua domains using satellite, aerial photograph and/or
drone imagery. In this report we describe the use of a method we developed to tackle this
problem based on the verification and adjustment of existing map layers using various types of
what is generally described as ‘superior’ historical and research data.
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Table 1

An illustration that provides a stepwise outline of the method we have used to
visually reconstruct the pre-1840 extent of plant communities, awa (transl.
rivers), kūkūwai (transl. wetlands) and moana (transl. lakes) in our study area.
A map of the ‘Atua domain’ study area used in this map-making project with:
(i) colour coded catchments labelled by dominant catchment river names and
a (ii) major river overlay in blue.
Plant communities of Kapiti Island circa 1769-1840 based on spatial data
derived from the Land Cover Database (LCDB) II
A map of the study area created in this map-making project that attempts to
depict pre-1840 plant community types of the Horowhenua and Manawatū.
Clearings of inland ngahere urutapu (transl. indigenous forest) associated
with the Wellington to Manawatū railway line (circa 1878), (Source:
Horowhenua Historical Society, 2007).
An early photograph, probably taken at the height of the forest clearance
period showing the “dark sweep of forest on the inner plain” in the
background at the foot of the nearby ranges (Source: Horowhenua Historical
Society, 2007).
An early photograph of the pākihi tāhuahua (transl. sand dune) hill country
described by McDonald as stretching from the Manawatū river to Ōtaki
(Source: Horowhenua Historical Society, 2007).
A photograph of localised flooding (covering a new road) that was probably a
consequence of local forest clearance. (Source: Horowhenua Historical
Society, 2007).
A photograph showing the results of forest fire (LHS) and resultant
agricultural landscape today (RHS), (source: LHS photograph provided by the
Horowhenua Historical Society, 2007).
The Horowhenua Manawatū study area with a visual depiction of ngahere
urutapu (transl. indigenous forest), kūkūwai (transl. wetlands) and major awa
(transl. rivers) circa 1769-1840.
A contour map of the Horowhenua Manawatū study area based on elevation
above sea-level in 10 metre intervals with major awa (transl. river) features
also depicted.
A digital elevation model (DEM) map of the Horowhenua Manawatū study
area (2013) with 10km buffer around the study area boundary.
A map of the Horowhenua Manawatū study area that provides a visual
depiction of the coverage of kūkūwai (transl. wetlands) circa 1769–1840.
Summary of plant community area estimates (hectares) that are visually
depicted in Figure 4.
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1.
Introduction
This report outlines what might be described as a ‘Māori cultural accounting method’
that can be used to assess aspects of the wellbeing and survival prospects of Te Iho
Matua whānau o Rangi rāua ko Papatūānuku (transl. the family of Ranginui and
Papatūānuku). This accounting method is based on map-making activities made
possible by the use of GIS software. The use of this ‘non-financial’ accounting method
makes it possible to both visually depict Atua domains and create estimates of their
spatial extent over very large areas (in this case two regions of New Zealand). This
method can also be used to map either ‘present-day’ or ‘former’ Atua domains (in this
case, circa 1769–1840). Visual (map) reconstruction of the former composition and
extent of Atua domains (circa 1769–1840) is a task that is more technically challenging
than mapping present-day Atua domains using satellite, aerial photograph and/or drone
imagery. In this report we describe the use of a method we developed to tackle this
problem based on the verification and adjustment of existing map layers using various
types of what is generally described as ‘superior’ historical and research data.
Since this spatial accounting method was first developed and applied within with the
Horowhenua and Manawatū regions (2006–2009), it has been used by whānau and hapū
in many other parts of New Zealand as a measurement method for better understanding
the impact of the capitalist, mixed market economy in New Zealand on the Māori
cultural economy (transl. Te Iho Matua, Te Aho Matua whānau o Rangi rāua ko
Papatūānuku). Because of this growing interest, this report has been revised and
rewritten from earlier drafts and manuscripts in response to repeated requests from
hapū, kaitiaki and manawhenua to document this emerging accounting method so that
it can be more widely used. Therefore, in this report we provide a written outline of the
stepwise method we developed, key assumptions and the results of the very first
application of this method in the Horowhenua and Manawatū regions of New Zealand
(2006–2009).
1.1
Tātari Tauutuutu (transl. Māori cultural accounting)
This non-financial accounting method is one of numerous tools being developed by
staff at Te Toi Ōhanga1 as part of the creation of a distinctly ‘Māori cultural’ approach
to accounting that we call ‘Tātari Tauutuutu. Accounting tools of this kind are urgently
needed by whānau, hapū and kaitiaki to help them (i) measure, (ii) better understand
and (iii) track progress towards the goals of Māori cultural/community wellbeing and
survival. Accounting of this kind measures (i) the expressions of generosity from Te
Iho Matua whānau o Rangi rāua ko Papatūānuku (transl. the celestial family of
Papatūānuku and Ranginui) and (ii) the reciprocal contributions of Māori communities
(transl. Te Aho Matua whānau o Rangi rāua ko Papatūānuku) that assist in maintaining
the wellbeing of Māori cultural economy. This is an approach to what we describe later
in this report as ‘whānau-Māori-ecosystem’ wellbeing assessment that plays an
essential role in measuring the progress of Māori communities towards the goal of
1

The New Zealand Institute of Māori economic development and innovation
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cultural survival. As such, this approach to accounting falls outside of and beyond the
current limits of financial accounting.
At Te Toi Ōhanga we still use financial accounting to measure the contributions of
Māori communities towards New Zealand’s mixed market economy. While New
Zealand’s mixed market economy continues to play an important role in maintaining
the physical survival and wellbeing of Māori communities, the Māori cultural economy
is inextricably connected with the goal of Māori cultural survival. We created Te Toi
Ōhanga™ to ensure that there was at least one research/educational institution in New
Zealand that was working with Māori communities and businesses (on the ground)
towards reclaiming, reframing and re-instating the mana and mauri of the Māori
cultural economy (transl. Te Iho Matua, Te Aho Matua whānau o Rangi rāua ko
Papatūānuku) – the celestial and terrestrial whānau of Ranginui and Papatūānuku. The
work of Te Toi Ōhanga includes contributing towards local, regional and national
economic, policy and planning conversations that still tend to focus around non-Māori
worldview perceptions and constructions of reality. In particular, this includes key
assumptions that planners, policy-makers, researchers and politicians make in regards
to the meaning of the Māori word ‘whānau’. Because this point is so important to the
content of this report, clarification and elaboration of a more helpful understanding of
the word ‘whānau’ is offered below.
1.2
Towards an understanding of ‘whānau’
The reason for creating a non-financial accounting method to measure, monitor and
better understand the wellbeing of Atua domains is linked to a more complete
understanding of all that is implied in the deeper meaning of the word ‘whānau’. A
common, modern English translation for the word ‘whānau’ is nuclear family. While
not wrong, this translation is incomplete and therefore unhelpful as a basis for
understanding all that is implied by a Māori cultural understanding of whānau
wellbeing and survival. The Māori dictionary defines ‘whānau’ as:
“… extended family, family group, a familiar term of address to a number of
people - the primary economic unit of traditional Māori society (Moorfield,
2005).
In the remainder of this introduction section we attempt to elaborate each of the
meanings drawn attention to in this dictionary definition. First, the idea of an ‘extended
family’ moves us closer towards a Māori cultural understanding of the English concept
of ‘family’. However, even the extended nuclear Māori family we call ‘hapū’ is only
one small branch of a Māori family tree (cf. whakapapa) that includes Papatūānuku our Earth mother, Ranginui - our sky father and Atua Māori – the various children of
Papatūānuku and Ranginui. One of the children of Papatūānuku and Ranginui is named
Tāne-nui-a-rangi and it is through this tūpuna (transl. ancestor) that Māori communities
trace their ‘genealogy’ back to Papatūānuku and Ranginui, of whom they are
descendants. In other words, Māori communities do not consider themselves as the
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senior member (transl. tuakana) of this whānau, but rather as one of its youngest
siblings (transl. Teina). This understanding of the correct meaning of the expression
‘whānau Māori’ has a number of important implications for the way in which we think
about a Māori cultural contribution to economic, planning and policy-making activities.
First, when the authors of the Resource Management Act (1991) refer to ‘safeguarding
the life-supporting capacity of air, water, soil, and ecosystems’ in Part 2, section 5(b)
of the Act, from a Māori cultural perspective they are referring to safeguarding the lifesupporting capacity (cf. mauri) of the members of Te Iho Matua whānau o Rangi rāua
ko Papatūānuku (i.e. the family of Ranginui and Papatūānuku2). This point is important
because damage done to what western scientists refer to as ‘ecosystems’ can likewise
be thought of as ‘damage’ or a ‘mana-diminishing’ act towards whānau Māori (i.e. the
members of the Māori family). The writers of the RMA fail to recognise that what they
call ‘ecosystems’ is actually an integral part of ‘whānau Māori’. A simple way of
avoiding confusion of this kind would be to add the word ‘ecosystem’ to the expression
‘whānau Māori’ (i.e. whānau Māori ecosystem). This Te Reo Māori-English
construction would help to remind us that in Te Ao Māori, ‘ecosystems’ (transl. Te Iho
Matua whānau o Rangi rāua ko Papatūānuku) never exist in isolation from extended,
nuclear, Māori families (transl. Te Aho Matua whānau o Rangi rāua ko Papatūānuku).
Put simply, hapū and ecosystems are two parts of one family identity that is central to
Māori community wellbeing and survival. We have yet to find a piece of New Zealand
legislation, a local government plan or policy that acknowledges this crucially
important identity relationship.
Second, when we talk about the goal of Māori cultural wellbeing and survival, we are
really talking about ‘whānau Māori ecosystem’ wellbeing and survival. The English
word ‘culture’ can be translated as ‘whānau’ in a Māori cultural context because it is
this extended whānau (i.e. the children of a family entity defined by the various domains
of the natural world) that provides us with our unique ‘indigenous’ (Māori) identity.
Thus, ‘ecosystem decline’ can be thought of as ‘whānau Māori wellbeing decline’. One
of the most effective ways of assessing whānau Māori ecosystem wellbeing (in a
modern-day context) is to measure the remaining (i.e. post–1840) spatial extent of Atua
domains (e.g. ngahere, awa, moana, wahapū, ngā tai hau ika) in a given area. When we
do this, we discover straight away, that in most cases, 178 years of colonisation in this
country has reduced Te Iho Matua whānau o Rangi rāua ko Papatūānuku (transl. the
celestial members of the family of Ranginui and Papatūānuku) wellbeing to threshold
(i.e. near extinction) levels. This is one reason why we feel that the accounting method
outlined in this report is so important as a contribution towards Tātari Tauutuutu (transl.
Māori cultural accounting).
Third, the expression ‘whānau Māori ecosystem’ not only assists in providing
understanding about the meaning of the English concept of ‘family’ in a Māori cultural
2

In some contexts we also find it helpful to use the expression ‘whānau Māori ecosystem’.
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context, it also assists in defining the Māori cultural economy that existed in the time
of our tūpuna (i.e. before the arrival of non-Māori settlers). This point is made very
clear in the preference to the book by Raymond Firth, first published in 1929 under the
title – ‘The Primitive Economics of the New Zealand Māori’.
“The life of the Māori, cannot be explained on the assumption that economic
interests and needs have created their social structure ... Though modified by
them, that structure had biological and social foundations of its own ... The
economic activities of the Māori were developed, in short, within a framework
set by the family ... (Firth, 2011)”
In Te Reo Māori, we can describe the Māori economy with the name – Te Iho Matua,
Te Aho Matua whānau o Rangi rāua ko Papatūānuku (i.e. the celestial and terrestrial
family of Ranginui and Papatūānuku). Reclaiming the Māori family and economy is an
important and essential contribution towards the goal of Māori cultural survival. In
order for a culture to survive, it needs the freedom to give daily expression to its
language, systems of knowledge development/learning and culturally derived
institutions. For Māori communities, this is a defining lesson of the last four decades
that has emerged from efforts to reclaim, reframe and reinstate the Māori language and
Māori responsive approaches to education, healthcare, social welfare, and knowledge
development (cf. western science). An urgent need now exists to expand this reinstating
and decolonising effort into the domain of the Māori cultural economy. The work of
planners and policy-makers is central to the achievement of this Māori cultural
wellbeing and survival goal. However, the pursuit and achievement of this goal can
only ever be Māori community-led. Wellbeing measurement tools of the kind outlined
in this report are now needed to assist the work of Māori communities in this emerging
wellbeing and survival concern.
1.3
Map-making and the visual depiction of whānau Māori ecosystems
This report records the results of creative activities aimed at producing a digital map
layers of the various children of Tāne (transl. plant communities), kūkūwai (transl.
wetlands), awa (transl. rivers) and moana (transl. lakes) that once covered the
Horowhenua and Manawatū regions of New Zealand circa 1769–1840. We first created
these map layers in an effort to establish a ‘whānau Māori ecosystem’ baseline against
which we could then measure and better understand the impacts (both negative and
positive) of the growth and expansion of the mixed market economy in these regions
(1840–2012). A comparison of pre- and post-deforestation landscapes for the
Horowhenua and Manawatū is provided in other reports of this Te Toi Ōhanga, Korero
Māori report series. Our primary interest in the creation of a baseline map-layer, is so
that we can use area measurements of pre-1840 plant community cover or extent as a
point of comparison with the present day. In addition, visual GIS maps of the kind
described in this report have many other practical uses including: (i) recording and
storing of oral histories, (ii) informing the creation of hapū and iwi management plans,
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(iii) supporting the assessment of Resource Consent applications and (iv) providing
evidence in Treaty Claims.
In earlier times our tūpuna had no reason to record whānau Māori ecosystem wellbeing
in written documents or visual map form. The work of tohunga and kaitiaki was linked
with the daily and annual rhythms of the natural world. The expression of kaitiakitanga
encompassed the entire whānau Māori ecosystem. This was a comparatively ‘simple
task’ back at that time because Atua domains remained relatively constant over long
periods of time. Over the last 180 years this situation has dramatically changed. In our
work as kaitiaki today, there now exists an urgent need for tools to help us better
understand the many and varied causes of decline in the wellbeing of Te Iho Matua, Te
Aho Matua whānau o Rangi rāua ko Papatūānuku (transl. the family of Ranginui and
Papatūānuku) along with what options exist to remedy consequent problems. Thus,
while not needed in the time of our Tūpuna, map-making is now an important tool for
measuring and tracking the wellbeing of what staff at Te Toi Ōhanga describe as ‘the
Māori cultural economy’.
In the time of Tūpuna Māori (transl. ancestors), without paper maps and written books,
understanding relating to the wellbeing of Atua Māori (transl. the children of Ranginui
and Papatūānuku) was sustained by the daily expression of kaupapa tuku iho (transl.
inherited identity) and the rote learning of oral history (Royal, 1992). This method of
sustaining and communicating Māori cultural identity within and between generations
was simple and yet effective. It provided our tūpuna (transl. ancestors) a ‘means’ for
maintaining the survival and wellbeing of whānau Māori ecosystems during their time
of isolation in these islands, prior to the first arrival of Tauiwi in 1769. A period of time
that may well have exceeded a thousand years. This same Māori cultural identity is still
crucial for our work as kaitiaki today. However, in addition, an urgent need currently
exists for us to rapidly and effectively adapt to a very new world in which ‘whānau
Māori’ wellbeing and survival goals can be achieved. It currently seems unlikely that
this outcome will be realised without the creation of new Māori knowledge and tools.
Compared with the wellbeing and survival challenges that our Tūpuna faced, the
context in which we live today is very different and the rate of change much greater.
The human population within New Zealand has increased over the last 180 years. This
increase in population size has been associated with an increase in natural resource use,
the creation of pollutants and consequent damage to whānau Māori ecosystems. Also,
humans now have access to technologies that have dramatically accelerated the rates of
(i) extraction of natural resources and (ii) decline, destruction and modification of Atua
domains. Most hapū now live in highly fragmented and modified landscapes that are a
faint shadow of the whānau Māori landscapes that existed in the time of our tūpuna.
This changed context has created a need to describe and record Māori community
wellbeing in ways that were not needed in earlier times. Map making of the type
described in this report is a simple and effective way of visually depicting, storing and
measuring the wellbeing of whānau Māori ecosystems with respect to time.
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1.5
Organisation of this report
The various themes outlined in this introduction section are developed across the
remainder of this report in a way that moves from (i) an initial outline of the mapmaking method used in this study (section 2) to (ii) a written account of the map
verification or ‘ground-truthing’ process (sections 3–5). Section 2 provides a stepwise
account of the map-making process that we have developed. Section 3 provides a
written account of key map-making assumptions. Sections 4–5 provide a written
account of the map-making verification process as applied to the Horowhenua and
Manawatū maps we have created. Finally, sections 6–7 provide a discussion of results,
conclusions from this study and identification of prioritises for future research.

11 | P a g e

2.
Method of map creation
This report section provides a stepwise explanation of the method we have used in an
attempt to visually reconstruct the pre-1840 composition and extent of ngahere urutapu
(transl. plant communities), awa (transl. rivers), kūkūwai (transl. wetlands) and moana
(transl. lakes) in our study area. This study does not focus attention on wahapū (transl.
estuaries) or ngā tai hau ika (transl. coastal fisheries). A visual, stepwise depiction of
the method used to create the maps presented in this report is shown in Figure 1 and
explained in the various sub-sections of this ‘Method of map creation’ section.

Figure 1

An illustration that provides a stepwise outline of the method we have used to
visually reconstruct the pre-1840 extent of plant communities, awa (transl. rivers), kūkūwai
(transl. wetlands) and moana (transl. lakes) in our study area.

Map-making is based on goals that largely determine a particular choice of map-making
method. For example, it would be easy to use a pencil and paper to draw a map of the
pre-1840 ngahere urutapu relevant to our study rohe. Given this option, why use GIS
map-making software (i.e. ESRI ArcMap in this case). The reason for using GIS
computer software to build maps was to provide access to computer-based area
estimates of kūkūwai and ngahere urutapu within our study area. With such maps it is
possible to know what area is still covered in kūkūwai (transl. wetlands) and/or
different types of ngahere urutapu (transl. indigenous forest). For consistency, all area
measurements used in this study have been converted to metres squared (m2) and for
the convenience of the reader are documented in this report in hectares (ha.).
This map making exercise should be considered as work in progress. As new research
findings become available, this initial contribution will be improved. Extensive survey
information of ngahere urutapu (transl. indigenous forest) remnants is currently
available through the Department of Conservation (DOC). However, this information
is still recorded on field survey or investigation sheets and was, therefore, never
included in the earlier Protected Natural Area reports (Ravine, 1992a; Ravine, 1995).
Mapping this information would require much work, but would provide valuable
12 | P a g e

information about plant community variability across the landscape that is not included
in this current map-making effort.
2.1
Figure 1 (step 1) - Define a study area boundary
GIS map-making activities usually start with efforts to define a study area boundary
Figure 2) and there are different economic, social, ecological and cultural criteria that
can be used to do this. Of particular interest to map-makers is the question of how to
create a study boundary so that the results of a map-making activity are relevant to
Māori communities. Defining a hapū relevant study boundary is not an easy task for a
number of reasons. First, hapū boundaries can change over time. In map-making, it is
difficult to work with a boundary that changes over time because of the problems
associated with comparative wellbeing assessment. It is possible to make standardising
adjustments for changes of this kind, but such calculations can easily become overly
complicated. In map-making it is helpful to have a study area boundary that does not
change over time.
Second, hapū boundaries can sometimes overlap and result in contested areas of
cultural significance to multiple Māori communities. In map-making, it can be difficult
to depict such contested areas because of the need to preference at least one boundary
line over equally valid boundary line interpretations held by other hapū. Third, while
the use of oral history provides us with a means of defining hapū and iwi boundaries,
in some cases this mātauranga has been diminished or in some cases completely lost.
There can also be important characteristics of oral history boundaries (i.e. mana,
wairua) that it is simply not possible to capture in attempts to create cadastral (i.e. map
lines) boundaries.
Finally, hapū boundaries are generally defined by whakapapa and/or conquest events
while modern-day map-making projects may desire to focus on other aspects of Māori
community wellbeing associated with market economic, social and ecological criteria.
Thus, for a number of reasons, the task of defining a hapū and/or iwi relevant study
area boundary was not as easy as it might first seem.
A simple way to remedy the challenges outlined above is to shift the focus of attention
away from a strictly ‘cultural’ definition of a ‘study area’. One way of doing this could
be to just focus attention on Atua domains or currently established regulatory
boundaries (e.g. regional boundaries). An approach of this kind does not detract from
the relevance or importance of hapū or iwi boundaries, but acknowledges that it is not
always easy or possible to define these in a way that carries collective agreement. By
focusing on Atua domains like catchment boundaries for example, we can create an
‘inclusive’ study area in which individual hapū and iwi can still identify with their own
perceptions of whenua rohe. Catchment boundaries also provide a helpful means of
including catchment-relevant features like awa (transl. rivers), kūkūwai (transl.
wetlands), moana (transl. lakes) and wahapū (transl. estuaries).
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Figure 2
A map of the ‘Atua domain’ study area used in this map-making project with:
(i) colour coded catchments labelled by dominant catchment river names and a (ii) major river
overlay in blue.

One draw-back with the use of catchment boundaries is that they do not align with
Statistics NZ mesh block and area-unit boundaries that are used to spatially organise
Census data. However, recent policy goals being signalled by Statistics NZ indicate
that there is a recognition of the need to address this problem in the future. In the
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meantime, staff at Te Toi Ōhanga and Waka Digital3 are working on the development
of web-based survey tools that will make it possible for hapū to gather their own
spatially relevant ‘whānau’ wellbeing data in a way that enhances existing Māori
registers.
2.2
Figure 1 (step 2) - Create an initial map using available data
The plant community map developed in this step is based on two earlier map-making
studies. First, for the Horowhenua and Manawatū regions, pre-1840 plant community
map-making is based on the use of Land Environments of New Zealand (LENZ)
Potential Natural Vegetation4 (PNV) map layers (Leathwick et al., 2002; Leathwick et
al., 2003). The aim of the LENZ map-making work was to infer the ‘likely’ or
‘potential’ existence of plant communities5 in the New Zealand landscape at a given
point in time. Unfortunately, ‘potential’ does not necessarily imply ‘actual’ past plant
communities, mainly because the LENZ database has been developed from modern
environmental data reflecting the state of the recent New Zealand landscape. However,
as will be explained later, the LENZ ‘potential’ plant communities map layer provides
a useful starting point that can be ground-truthed using other lines of data. In our study
area, independent verification of this kind using modern botanical, documented, field
and visual research findings suggests that, overall, ‘potential’ is an appropriate
representation of ‘actual’. This statement forms an important assumption in the mapmaking work outlined in this report.
Second, the LENZ, PNV map layer shows Kapiti Island as supporting two main plant
communities : (i) rimu, tawa and kamahi and (ii) kahikatea, matai, tawa and mahoe
with the former covering the whole island except for a small pocket of the latter at the
northern end. This interpretation is not particularly useful, as the actual plant
communities as surveyed by Esler (1967) are more complex. The distributional patterns
identified by Esler strongly resemble those employed in version 2 of the Land Cover
Database (LCDB) layer produced by Landcare Research. Therefore, to improve this
PNV interpretation of Kapiti Island, we used the spatial polygons from the LCDB 2
map layer and the plant communities identified by Esler (1967). Changes made to the
Kapiti Island layer can be seen in Figure 3. A drawback with the use the LCDB concerns
a question of just how associate this Kapiti Island plant community map with a definite
time period. We have assumed that it provides a useful snapshot of ngahere urutapu
(transl. indigenous forest) from about the turn of the 19th century, just before the
southern migration of Ngāti Raukawa, Ngāti Toa Rangatira and Te Atiawa (Carkeek,
1966).

3

MBIE contract iPans1502 – Māori Genuine Progress Indicator project
The English word ‘vegetation’ is often used as a simplification of ‘plant communities’ or ‘plant
ecosystems’.
5
A plant communities is a name given to a group of plant communities that grow together in many
different places.
4
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Figure 3
Plant communities of Kapiti Island circa 1769-1840 based on spatial data
derived from the Land Cover Database (LCDB) II

2.3
Figure 1 (step 3) - Verify and adjust the initial map using superior data
In this map-making step, we attempted to ‘ground-truth’ or ‘independently verify’ the
accuracy of the LENZ, PNV map layer of pre-1840 plant community type and extent
in our study area. This verification goal was accomplished with the aid of a number of
different types of ‘ground-truthing’ evidence elaborated in the following sub-sections.
The written outcomes of this verification step are recorded in sections 3–5 of this report.
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2.3.1 Verification using early paper maps
To verify the digital maps shown in Figures 3, 4, 10 and 13 two different types of early
paper maps were used: (i) early survey or investigation maps, most of which were
produced to record cadastral boundaries and a few of which included landscape and
ngahere urutapu (transl. indigenous forest) features; and (ii) maps that record both
cultural and ecosystem information (Adkin, 1948; Ravine, 1992a; Ravine, 1992b;
Ravine, 1995; Esler, 1978; Carkeek, 1966). The latter class proved most useful for
verifying the PNV map layer.
2.3.2 Verification using photographic evidence
Photographic records were also used to assist in verifying the PNV map layer. The
Horowhenua Historical Society provided access to over 3,000 digitised images for use
in this research project. These images were sorted into categories based on plant
community type and then reviewed. Some of these images have been included in this
report. As expected, the quality of the images varied substantially and few had any form
of reference information. However, these images did help as additional evidence when
interpreting different plant community patterns, particularly for the sand dune country.
Collectively, these images provide a very good record of changes in the Horowhenua
study area over the last 150 years. Combined with more recent aerial photographs, this
material may also provide a valuable basis for future change detection studies.
2.3.3 Verification using the Protected Natural Area (PNA) data
The PNV map layer can be checked for accuracy by examining its plant community
definitions for agreement with protected natural area survey data listed in the DOC
Wanganui management strategy (DOC, 1997a; DOC, 1997b) or Protected Natural Area
reports (Ravine, 1992a; Ravine, 1992b; Ravine, 1995). To assist us in this verification
task, DOC staff at the Wanganui Conservancy Office supplied us with map layers of
spatial GIS information showing the location of reserves and protected natural areas.
Overall, the LENZ and DOC spatial layers correspond well. The main criterion we used
to check the extent of correspondence was to ensure that the individual ngahere urutapu
(transl. indigenous forest), kūkūwai (transl. wetlands), or pākihi (transl. sand dune plant
community) species in the LENZ classifications were also present in the DOC plant
communities lists. This match, while not perfect, suggested there was no need for
substantial changes. Where differences were noted, these were usually the result of
compositional variation within the DOC mapping unit (i.e. usually forest remnants).
Unfortunately, the PNV classification system is not of a high enough resolution to
detect variation at this level.
Further work could improve this analysis. DOC staff told me they currently have
hundreds of Protected Natural Area survey sheets, the information from which was not
entered into the published PNA reports. This additional survey information includes
lists of plant communities and animal (including bird) species. If mapped, this could
provide new, valuable insights into the compositional variation of fauna and flora
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across the landscape. However, this would be a highly labour intensive task that is
beyond the scope of this current study.
2.3.4 Verification using published research
The PNV map layer can also be checked for accuracy by comparing this visual
depiction with what currently exists in terms of historic written descriptions and the
documented findings of ecological research in this area (ref. sections 4–5).
2.4
Figure 1 (step 4) - Clarify and document key assumptions
An important way of helping us to assess the ‘accuracy’ of our ‘ground-truthed’ map
layers is to carefully document the working assumptions on which this map-making
method is based. Transparency of this kind provides opportunity for those who read
this report and seek to use these map layers to draw their own inferences and
conclusions on the important ‘accuracy’ question.
2.5
Figure 1 (step 5) - Calculate summary area data
After completion of the PNV map layer verification process it was possible to create
total area estimates for each plant community in our study area (Table 1). The results
of this analysis step can be found in section 6 of this report.
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3.
Step 4 (Figure 1) - A written account of key assumptions
The contribution made by this map making effort will improve as new research findings
become available. In an absence of ideal source data, simplifying assumptions must be
made and include such areas of the map-making process as: resources, map coordinate
information, area measurements, data choices, preferred systems of classification, the
creation of generalized feature classes, known limitations of the LENZ, PNV map layer
and differences in the portrayal of kūkūwai (transl. wetlands).
3.1
Map co-ordinate information
In map making, the choice of preferred coordinate system can influence the
mathematical accuracy of features in a map layer. In this study we have avoided the use
of co-ordinate system transformations by maintaining the default co-ordinate system
used in the LENZ layers (i.e. GD 1949, New Zealand Map Grid).
3.2
Preferred system of plant classification
The plant community groupings (association classes) used in this map-making study
were mainly drawn from the LENZ ‘Potential’ Natural Vegetation (PNV) map layer.
The use of different systems of ngahere (transl. forest) classification is appropriately
referenced in the remainder of this report. Choosing representative indicator species to
use in naming conventions in the attribute table of the final GIS map layer is based on
the use of those conventions already established in the LENZ Potential Natural
Vegetation (PNV) classification system – with some minor adjustments. The main
exceptions to this are plant community class names for Kapiti Island and the lowland
coastal areas. Details of these differences in naming conventions are provided later in
this report.
There is further work that needs to be done on the systems of plant community
classification used in this study. Ideally, these systems of classification should be
whakapapa-based, a contribution that can only be made by someone highly skilled in
mātauranga Māori and whakapapa. The use of whakapapa as a basis for naming
conventions would then make possible a clearer depiction of Atua domains. Also, as
noted earlier in this introduction, this map-making study focuses on the map depiction
of ngahere urutapu (transl. indigenous forest), but this should not be viewed as an
intentional exclusion of Tangata Whenua. This is a dimension of ‘whānau Māori
ecosystem’ wellbeing that only Māori communities can provide and this would require
a lengthy engagement with local hapū – a task outside of the scope of this study.
3.3
The creation of generalised feature classes
LENZ map makers used ‘plant classification’ choices or assumptions related this a
certain preferred level of spatial scale or resolution. Assumptions of this kind can easily
be questioned, changed and improved given appropriate published research. Important
published work for the Horowhenua and Manawatū includes the Wanganui
Conservation Management Strategies (Wanganui Conservancy, 1997a; Wanganui
Conservancy, 1997b), the Protected Natural Area research reports (Ravine, 1992a;
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Ravine, 1995), Alan Esler’s Botany of the Manawatū (Esler, 1978), and an important
paper published on the botany of the Manawatu lowlands by Frances Duguid (Duguid,
1990). All these publications indicate that the ngahere urutapu (transl. indigenous
forest) of the Manawatū and Horowhenua was floristically complex and spatially
diverse. This fact suggests that the use of generalised GIS feature classes by the LENZ
GIS team is very much a first step for what could be done – given appropriate funding
and time.
3.4
Limitations of the LENZ, PNV map layer
In modern–day ngahere urutapu (transl. indigenous forest) remnants it is not uncommon
to find ngahere urutapu (transl. indigenous forest) growing on adjacent north and west
facing slopes to have quite different compositions. However, in the LENZ, Potential
Natural Vegetation (PNV) map layer these distinctly different plant communities are
typically represented as one. This is partly a result of the ‘inferential’ method employed
by the LENZ GIS team to define spatial patterns of different plant communities; (i.e.
land environments have been used to infer plant communities). Given that we no longer
have an intact ngahere urutapu (transl. indigenous forest) to use as a baseline, the LENZ
method is a helpful way of mapping likely or potential ngahere urutapu (transl.
indigenous forest). This discussion on plant communities classification emphasises that
our mapping of ngahere urutapu (transl. indigenous forest) is very much a model (i.e. a
simplification of a much more complex reality). However, with further effort and the
use of existing Department of Conservation ‘Protected Natural Rohe’ survey data it
would be possible to greatly improve the resolution of the existing PNV ngahere
urutapu (transl. indigenous forest) map layer. This would however, involve an amount
of work that is beyond the scope of this current study.
3.5
A ngahere urutapu (transl. indigenous forest) orientation
Another important assumption of this investigation involves a focus on plant community
groupings (associations) instead of ecosystems. This assumption is due to a limitation
of our ‘plant community’ oriented classification system. It would be possible to
‘upgrade’ this study to an ‘ecosystem level of scale’, however this would require access
to additional landscape scale ecosystem information on soils, geology, hydrology and
fauna. At present, we simply don’t have access to landscape scale information of this
kind. This current study only includes water bodies associated with roto (transl. lakes),
pūroto (transl. dune lakes), awa (transl. rivers) and kūkūwai (transl. wetlands) because
they strongly influence local plant community patterns. Because it is now very difficult
to assess the full extent of former kūkūwai (transl. wetlands) within these two regions,
I have portrayed kūkūwai (transl. wetlands) plant communities by working very closely
with the earlier maps of the region from the published literature (Adkin, 1948; Esler,
1978). However, this leaves some issues unresolved.
3.6
Differences in portrayal of kūkūwai (transl. wetlands)
A recent computer-generated model of historic kūkūwai (transl. wetlands), (Figure 13)
cover across the Horowhenua and Manawatū regions suggests kūkūwai (transl.
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wetlands) were far more extensive than indicated in either of the two books mentioned
earlier (Adkin, 1948; Esler, 1978). The spatial extent of kūkūwai (transl. wetlands)
depicted in this recent GIS model and that estimated according to early maps might be
resolved by examining the definition of kūkūwai (transl. wetlands) used in these two
different investigative contexts. For example, some areas of landscape are constantly
immersed in water whereas others are periodically under water; the former can be
characterised by the presence of aquatic plant communities whereas the latter may have
support the growth of open pākihi and kahikatea dominant ngahere urutapu (transl.
indigenous forest).
3.7
The inference of past plant communities using environmental parameters
The Land Environments of New Zealand (LENZ), Potential Natural Vegetation (PNV)
GIS database was created by inferring past ngahere urutapu (transl. indigenous forest)
from modern environmental parameters (e.g. temperature, plant communities type,
altitude, aspect) with the change in these parameters across the landscape used to infer
patterns in ngahere (transl. forest) composition. Environmental data from the
Manawatū and Horowhenua regions were organised into a set of common land
environments using statistical cluster analysis. This same method was repeated across
New Zealand by measuring land environments related to all different indigenous plant
communities. Once ‘land environments’ associated with different plant community
type had been characterised, they could then be cross-correlated with data from land
environments where the original ngahere urutapu had disappeared such as in the
Horowhenua and Manawatū regions.
3.8
Limitations associated with the LENZ inference method
The LENZ inference method is not fool proof. First, it assumes that land environments
measured and characterised in the absence of existing ngahere urutapu (transl.
indigenous forest) can be used to infer ngahere urutapu (transl. indigenous forest); even
though the presence of ngahere urutapu (transl. indigenous forest) is known to modify
local climate and hydrology. Second, this method is unlikely to be sensitive enough to
pick up actual local variation in distributional patterns. Instead, it provides a low level
of resolution, albeit one that is adequate for the aims of this study. Finally, this map
creation process, based on land environments inferences has been automated so that a
PNV layer for all New Zealand can be created. A tradeoff with automation of this kind
is that it does not pick up ‘exceptions to the rule’. Given the known limitations of
LENZ, there is much to be gained in seeking to ground truth or verify the PNV layer
for the Horowhenua and Manawatū against independent sources of evidence. As
described in sections 4–5 of this report, very few written descriptions of the ngahere
urutapu (transl. indigenous forest) of the Horowhenua and Manawatū exist, for this
reason the verification of the PNV layer described in the remainder of this report has
relied on: historic landscape photographs, early maps, published studies on plant
community distributions, modern GIS research and written narrative (where it is
available). The adjustments made to the PNV layer as part of this ground-truthing verification process is outlined in sections 4–5 of this report.
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4.
Map verification and adjustments for the Horowhenua (Figure 1, step 3)
Our visual reconstruction of the plant communities of the Horowhenua and Manawatū
circa 1769–1840 is shown in Figure 4. The Horowhenua study area as depicted in
Figure 4 is composed of different landscapes, including chihuahua (transl. sand dune)
country, kūkūwai (transl. wetlands) and ngahere urutapu (transl. indigenous forest).
Early written descriptions of the Horowhenua are contained in a number of different
published sources including: fossil pollen histories, an early botanical account of the
ngahere urutapu (transl. indigenous forest), books, early photograph collections and
historic (paper) maps. Each of these varied lines of plant community insight is
considered in this section.
4.1
Fossil pollen (Palynological) research
A more ‘regional’ aspatial6 perspective on ngahere urutapu (transl. indigenous forest)
change is provided by several different fossil pollen histories covering the Horowhenua
and Manawatū regions. This palynological research covers ngahere urutapu (transl.
indigenous forest) changes during the Quaternary7 for the Ruahine ranges (Lees, 1986),
the Holocene8 for the neighbouring Whanganui region (Royd Bussel, 1988) and the late
Holocene 9 for the Tararua ranges (Rogers & McLeod, 1994). Unfortunately, these
studies don’t include much useful information about ngahere urutapu (transl.
indigenous forest) change before and after forest clearance in the two study regions (i.e.
Horowhenua and Manawatū). One late Holocene fossil pollen diagram from a
podocarp-broadleaf forest remnant in lowland Manawatū focuses on pre- and postdeforestation history (Cole & Flenley, 2006). This data indicates that this podocarpbroadleaf forest remnant (cf. ngahere urutapu), before the 1840s deforestation event
was highly disturbed by drought, fire, and flood events. Similar evidence exists for a
forest remnant in the Turitea catchment of the Northern Tararua ranges that dates back
to circa 1760 (Esler, 1963). This suggests the ngahere urutapu (transl. indigenous
forest) of this part the Manawatū was more widely disturbed (around this time period).
4.2
The ngahere urutapu (transl. indigenous forest) of the Horowhenua
The most comprehensive early botanical account of the plant communities of the
Horowhenua lowlands dates back to the early twentieth century (Cockayne, 1909). The
Ōtaki area warrants only a passing mention by Aston in his botanical outline of the
indigenous plant communities of the Wellington province (Aston, 1910). Later, Zotov
et al. (1939) produced a botanical account of the ngahere urutapu (transl. indigenous
forest) of the Tararua ranges including the foothills (Zotov et al., 1939). Forest
clearance beginning in 1840, followed by land drainage from 1890 onwards (Duguid,
1990; Esler, 1978) saw the ngahere urutapu (transl. indigenous forest) of the
Horowhenua change dramatically.
6

Not spatial or not involving any visual perception of area. Instead, aspatial data represents area as a
cardinal number.
7
The last 2.5 million years
8
The last 10 thousand years
9
The last 2500 years
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Figure 4
A map of the study area created in this map-making project that attempts to
depict pre-1840 plant community types of the Horowhenua and Manawatū.

Rod McDonald commented on this in his co-authored book, Early History of the
Horowhenua (McDonald & O'Donnell, 1979):
At the time I was born in my father’s accommodation house-homestead at the mouth
of the Hokio stream, the Horowhenua district as it is now known did not exist. A
narrow strip of pākihi sand dune hill country, of an average of some two miles in
width, followed the coastline from the Manawatū to Ōtaki, and lying between that
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and the mountain top was an unbroken stretch of bush. Certain clearings there were
in this bush—the Weraroa sand dunes and patches along the Ohau awa where the
wild horses were to be found, and those other clearings ... but they hardly broke the
timbers continuity (McDonald & O'Donnell, 1979, p. 3).
Similarly, Leslie Adkin (1948) recounted:
The picturesque villages and fortified strongholds of the Māori people, situated for
the most part on the open coastal belt or on the bordering roto and pūroto, have
been almost wholly replaced, on the former densely-forested hinterland, by the busy
road- and railway-linked townships of the present-day Pākehā. The former dark
sweep of forest on the inner plain and mountain-foothills has largely vanished
…[The] … sand dune-drifts on the sand dune belt did not exist, the whole rohe being
clothed in natural plant communities … Occasional stretches of swamp and many
beautiful pūroto, with clean cut margins bounded by pākihi slopes or copses of
verdure, completed a landscape of unspoiled charm … The awa, too, have changed
– more especially along the portion of their courses where they cross the
Horowhenua plain from the mountains to the sea. Prior to the destruction of the
primeval forest all the local awa occupied comparatively narrow and well-defined
channels bordered by alluvial flats for the most part clothed in virgin bush. (Adkin,
1948, pp. 4–5)
The impenetrable nature of the former forest plant communities of the coastal plain and
lowland areas at the foot of the nearby maunga can be inferred from further quotations
in Adkin’s book (Adkin, 1948):
The sea-beach … [was] … a great highway, first for pedestrian traffic, later for
livestock and horsemen, and finally for the horse-drawn coach … In its primitive
state Horowhenua was not easy of access save from the seaward side … It was not
until later … that inland trails were opened to give access from the east. At a
somewhat later period a number of trails, principally used for war-raids, were
marked out across the high Tararua [ranges] … Coming to still later times … a
fairly extensive series of well-trodden native paths developed … Access to
Horowhenua and the West Coast generally in the early days of European
settlement was by a narrow foot-track through dense forest or along sea-beaches
… The first road put through to open up the inner part of the Horowhenua lowland
is said to have been constructed under the orders of Sir George Grey during his
administration as premier, in 1877 and 78 … The greatest single factor in the
Europeanisation of the district was the construction of the Wellington-Manawatū
railway line … The three great obstacles to construction were: the hilly nature of
the country to the south; the cover of dense forest along nearly the whole route;
the stretches of deep swamp to the north … [The] main line was completed and
through traffic commenced in 1886. (Adkin, 1948, pp. 5–16)
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Figure 5
Clearings of inland ngahere urutapu (transl. indigenous forest) associated
with the Wellington to Manawatū railway line (circa 1878), (Source: Horowhenua Historical
Society, 2007).

4.3
The location and extent of ngahere urutapu (transl. indigenous forest)
The LENZ, PNV layer shows lowland ngahere urutapu (transl. indigenous forest) as
contiguous (Figure 6), but Leslie Adkin (1948) suggests that the margins of lowland
ngahere urutapu (transl. indigenous forest) were punctuated by numerous clearings,
most of which were known by name. Adkin named 36 such clearings and briefly
described their pākihi plant communities. The position of some of these forest clearings
is indicated on the maps in Adkin’s (1948) book on the Horowhenua. These clearings
were added to the PNV layer by inserting ngahere urutapu (transl. indigenous forest)
clearing polygons and adjusting the area totals of the neighbouring polygons. Areas of
ngahere urutapu (transl. indigenous forest) adjusted for pākihi clearings include: (i) the
Papaioea kūkūwai (transl. wetland) on the present site of Palmerston North city, (ii) the
ngahere (transl. forest) on the lower reaches of the Oroua awa (transl. river) confluence,
(iii) ngahere urutapu (transl. indigenous forest) just north of the Ohau awa (transl. river)
and the inland ngahere urutapu (transl. indigenous forest) of the Horowhenua coastal
plain.

Figure 6
An early photograph, probably taken at the height of the forest clearance
period showing the “dark sweep of forest on the inner plain” in the background at the foot of
the nearby ranges (Source: Horowhenua Historical Society, 2007).

The most comprehensive account of the differing plant communities of the
Horowhenua lowlands is provided by Frances Duguid who started survey work in this
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area in 1941, well after forest clearance was underway. To give some sense of the key
species associated with different local plant communities, extracts from Duguid
writings are quoted in the following sub-sections.
4.4
Tāhuahua (transl. sand dune) country
This plant community, which clothed the tāhuahua (transl. sand dunes) and thus
stabilised them, included: flax, toetoe, raupo (Typha orientalis), manuka (Leptosperum
scoparium), kanuka (Kunzea eircoides), bracken fern, pingao (Desmoschoenus
spiralis), spinifex, (Coprosma acerosa), tauhinu (Cassinia leptophylla), shore
bindweed (Calystegia soldanella), Tetragonia trigyna, and Scirpus nodosus (Duguid,
1990). Duguid differentiated between tāhuahua (transl. sand dunes) of different ages
and suggested that on the older tāhuahua (transl. sand dunes) presumably further back
from the coastal foreshore:
The occurrence of tree and scrub species can be assumed from Māori place names
and from remnants of light forest and scrub growing on ridges and flats up to recent
times. Among species noted in and near Hokio sand dune forest, only a small
remnant of a much larger rohe of bush, are kowhai (Sophora microphylla), totara
(Podocarpus totara), matai (Prumnopitys taxifolia), miro (Podocarpus ferruginea),
rewarewa (Knightia excelsa) and three species of Nestegis, akeake (Dodonea
viscosa), lancewood (Pseudopanax crassifolius) and cabbage tree (Cordyline
australis), (Dugguid, 1990, p. 385).
Note that in his description of the plant community composition of the tāhuahua (transl.
sand dune) country, Duguid (1990) makes no mention of kahikatea (Dacrycarpus
dacrydioides) except in relation to the ngahere urutapu (transl. indigenous forest) along
the eastern flank of the tāhuahua (transl. sand dune) belt suggesting that:
Some kahikatea (Dacrycarpus dacrydioides) there would have been in swamps.
Some patches of bush at Poroutawhao and Whirokino seem to owe their persistence
to small springs in the sand dunes. (Dugguid, 1990, p. 385)
The puna (transl. freshwater spring) spoken of by Duguid (1990) may have been unable
to find its way to the coastal foreshore because the tāhuahua (transl. sand dune) system
dammed them, thereby creating conditions ideally suited to lowland swamp of which
kahikatea (Dacrycarpus dacrydioides) was a common component (Figure 7). Pākihi
tāhuahua (transl. sand dunes) hill country that followed the coastline from the
Manawatū to Ōtaki played an important role in stabilising the tāhuahua (transl. sand
dunes). The location and extent of former kūkūwai (transl. wetlands) is difficult to
assess accurately.
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Figure 7
An early photograph of the pākihi tāhuahua (transl. sand dune) hill country
described by McDonald as stretching from the Manawatū river to Ōtaki (Source: Horowhenua
Historical Society, 2007).

McDonald and O’Donnell (1979) explain that:
… a narrow strip of pākihi tāhuahua (transl. sand dune) hill country, of an
average of some two miles in width, followed the coastline from the Manawatū to
Ōtaki and lying between that and the mountain top was an unbroken stretch of
bush (McDonald and O’Donnell, 1979).
Their description implied the existence of pākihi tāhuahua (transl. sand dune) hill
country that played an important role in stabilising the tāhuahua (transl. sand dunes).
Excerpts from the works of Duguid and Esler also suggest this rohe of pākihi was more
or less consistent across the Manawatū and Horowhenua plains. The rear of the
tāhuahua (transl. sand dune) country was often associated with the damming of surface
water by the tāhuahua (transl. sand dunes), giving rise to localised kūkūwai (transl.
wetlands) and semi-swamp forest, often dominated by kahikatea.
Furthermore, Esler suggested that the pākihi cover on the tāhuahua (transl. sand dune)
country was not contiguous and may have provided evidence of an ecological
succession (i.e. developmental sequence) over the latter half of the Holocene10. Plant
community formation in this successional sequence was probably linked with manuka,
bracken fern and shrubs giving rise to the well-known Foxton black tāhuahua (transl.
sand dune). An emerging ngahere (transl. forest) developed on the rear portions of the
tāhuahua (transl. sand dune) country and may have once covered it, at least on the
tertiary tāhuahua (transl. sand dunes) where appropriate plant community cover would
have allowed this. Now, this area of coastal ecosystem has contracted to about 4% of
the once former extent of tāhuahua (transl. sand dune) country.

10

The latter half of the Holocene includes a period of 5000 years. The Holocene is generally considered
to be 10 thousand years in length.
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To accurately represent the plant communities of this narrow corridor of the landscape
in a digital map posed a substantial challenge. This is because we have little information
about the composition and distributional dynamics of these tāhuahua (transl. sand dune)
plant communities. The LENZ, PNV layer suggests this area of the lowland coastal
landscape was dominated by a kahikatea, matai, tawa and mahoe forest. We changed
this plant community type so that it included swamp, pākihi and fern species. However,
estimating its distribution was more difficult and remains a problem for future research.
Figure 7, was probably photographed in the late nineteenth or early twentieth century
and suggests pākihi plant communities were dominant then, implying our inclusion of
swamp, pākihi, and fern species on the Horowhenua side of the coastline is probably
justified. In contrast, the LENZ, PNV map layer suggests this that this area was
completely covered in ngahere urutapu (transl. indigenous forest) at this late stage. This
explanation seems is highly unlikely given our scientific, photographic, and written
historical evidence.
4.5
Kūkūwai (transl. wetlands)
Kūkūwai (transl. wetlands) were prolific across the Horowhenua plains and the
meanders of the lower reaches of the Manawatū awa (transl. river). Furthermore, the
kūkūwai (transl. wetland) plant communities took on many different forms (Figure 8).
The tāhuahua (transl. sand dune) caused ponding of water on their landward side
where they inter-fingered with swamps extending from the lake to the north-east
across to Opiki and Tokomaru where the Makerau swamp was periodically flooded
by the Manawatū river… The Makerau swamp had been a forest, but was mostly
filled with raupo when the first attempts at drainage in the 1890s unexpectedly
promoted flax which became the basis of a large industry … There are still some
relics of flax swamps. Species associated with flax vary according to local
conditions … Sphagnum bogs occur at the eastern boundary of the sand dune
country and in open sunny situations in the foothills … other patches of Sphagnum
occur in the foothills (Duguid, 1990, p. 37).

Figure 8
A photograph of localised flooding (covering a new road) that was probably a
consequence of local forest clearance. (Source: Horowhenua Historical Society, 2007).
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According to maps showing the former extent of kūkūwai (transl. wetlands) in the
Horowhenua (Adkin, 1948) and Manawatū (Esler, 1978) regions, the LENZ, PNV map
layer under-represents the coverage of kūkūwai (transl. wetlands). As already
mentioned, it is difficult to know how to assess the former extent of kūkūwai (transl.
wetlands). By incorporating spatial information from maps, we assume our adjustments
to the PNV layer will have included all the main kūkūwai (transl. wetland) systems. By
mathematically adding together the area of these kūkūwai (transl. wetlands) polygons,
we adjusted the total kūkūwai (transl. wetland) area estimate listed in the ArcGIS 9.0
attribute table by making small adjustments to feature class polygons (i.e. entities in the
map layer that symbolise kūkūwai (transl. wetlands)).
Adjustments were also made to either insert or adjust the extent of kūkūwai (transl.
wetlands) area shown in the PNV layer in: (i) Feilding/Kopane kūkūwai (transl.
wetlands), (ii) Taonui kūkūwai (transl. wetlands), (iii) west-facing kūkūwai (transl.
wetlands) flanking the Oroua awa (transl. river) near its confluence with the Manawatū,
(iv) the kūkūwai (transl. wetlands) system either side of the lower meander/estuary of
the Manawatū awa (transl. river), (v) the roto (transl. lake) Horowhenua kūkūwai
(transl. wetland) system and its tributaries, (vi) the roto (transl. lake) Papaitonga
kūkūwai (transl. wetlands) system and its tributaries, and (vii) the kūkūwai (transl.
wetlands) system on both sides of Tasman road in Ōtaki.
4.6
Ngahere urutapu (transl. indigenous forest)
By the 1890s, the destruction of ngahere urutapu (transl. indigenous forest) was being
actively pursued from the north of Levin to the Ohau awa (transl. river). Many of the
larger stands of timber in this area were milled. An interesting note appeared in the
Levin Chronicle describing an extensive fire known to have produced the Weraroa
clearing in the south-west quarter of the present town of Levin (Figure 9). The article,
quoted by Duguid (1990), stated:
Believed to have been started by lightning, the fire spread from a rata tree to several
neighbouring rata. It extended over a considerable acreage and all undergrowth
was destroyed before the fire ceased. The rata continued to burn until there was
none left and the duration of the fire could have run into years, this being not
unusual with burning rata trees (Duguid, 1990, p. 388).
Fire may well have been an important form of disturbance in ngahere urutapu (transl.
indigenous forest) development. Despite this type of disturbance and the known
impacts of drought upon local ngahere urutapu (transl. indigenous forest) remnants in
the Manawatū (Atkinson & Greenwood, 1972), the ngahere urutapu (transl. indigenous
forest) of this region was known for its majestic qualities:
Early observers described the trees as having boles “100 feet to the first branch”.
Kahikatea grew in swamp forest near the Manawatū river, west of Manukau and
round the lake; totara on the terraces, matai often associated with totara on the
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stony terraces and on the gravel plain around Levin; and rimu on the fertile terraces
north and east of Levin, especially on the foothills. Giant northern rata, plentiful
on the plain and foothills seems to have been appreciated mainly for firewood …
There used to be a conspicuous stand of swamp forest at the northern end of Lake
Horowhenua. About 1931 the lake was artificially lowered, killing most of the trees.
The shallow lake embayment in the vicinity has become a flax swamp with toetoe
and many other associated species (Dodson et al., 1986, pp. 389-390).

Figure 9
A photograph showing the results of forest fire (LHS) and resultant
agricultural landscape today (RHS), (source: LHS photograph provided by the Horowhenua
Historical Society, 2007).

The description of kūkūwai (transl. wetland) and tāhuahua (transl. sand dune) country
provided by Duguid (1990) seems not to emphasise the actual abundance of open water
bodies that formerly existed in the landscape. Between the Manawatū wahapū (transl.
estuary) and the Ōtaki awa (transl. river), Adkin suggests there were as many as 73 roto
(transl. lakes) and pūroto (transl. lagoons). Each of these would have had an important
influence in modifying local ngahere urutapu (transl. indigenous forest) in the area
around them. Adkin also noted the existence of 36 ngahere urutapu (transl. indigenous
forest) clearings along the borders of the lower ngahere urutapu (transl. indigenous
forest) margins. Evidently, the dense ngahere urutapu (transl. indigenous forest) in the
hinterland above this lower margin was only used for snaring birds and gathering edible
bush products (Adkin, 1948).
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5.
Map verification and adjustment for the Manawatū (Figure 1, step 3)
One of the main early written records describing the ngahere urutapu (transl. indigenous
forest) of the Manawatū may be found in the personal journals of E. J. Wakefield. The
ngahere urutapu (transl. indigenous forest) of the Manawatū includes semi-swamp
forest dominated by kahikatea and pukatea. In different areas, the ngahere urutapu
(transl. indigenous forest) was dominated by different species, including totara, mixed
podocarp, tawa, black beech, and northern rata-kamahi. Kūkūwai (trans. Wetlands) also
covered large parts of the Manawatū lowlands. Published information about plant
communities of the Manawatū has been used to aid map-making activities.
5.1
The ngahere urutapu of the Manawatū
Our visual reconstruction of the ngahere urutapu (transl. indigenous forest) and
kūkūwai (transl. wetlands) of the Horowhenua and Manawatū circa 1769-1840 is
shown in Figure 10. While several attempts were made around the turn of the last
century to begin systematically documenting the ngahere urutapu (transl. indigenous
forest) of the Horowhenua, no early botanist documented the salient features of the
ngahere urutapu (transl. indigenous forest) of the Manawatū, let alone attempted to
collect and catalogue its plant communities. Some of the best statements we have
describing the early ngahere urutapu (transl. indigenous forest) of the Manawatū are
found in the personal journals of E. J. Wakefield:
As we ran along within two miles of the shore I saw a remarkable grove of high
pine-trees rising from behind the sand dune-hummocks (Wakefield, 1845).
and Thomas Bevan, who wrote of his impressions of the Manawatū awa (transl. river):
The banks were adorned with kowhai trees, the yellow blossom of which shone
resplendent in the bright sunshine. Then there were patches of bush skirting the
river banks, composed of tall trees and thick undergrowth of many shades of green,
among which bright-blossomed creepers reached aspiringly upwards till some
reached the tops of the tallest trees, making a striking scene of beauty (Peterson,
1952).
Recently, a number of important academic research papers have been published on the
ngahere urutapu (transl. indigenous forest) of the Manawatū. These include research on
ngahere urutapu (transl. indigenous forest) remnants (Druce & Greenwood, 1985;
Atkinson & Greenwood, 1972; Atkinson & Greenwood, 1972; Esler, 1961; Esler,
1962), tāhuahua (transl. sand dune country), (Esler, 1969), roto (transl. lake) margins
(Williams & Imber, 1970), macrophyte swamps (Ogden & Campbell, 1982), and the
survey of ngahere urutapu (transl. indigenous forest) remnants associated with the
Protected Natural Areas programme (Ravine, 1992a; Ravine, 1995). The Manawatū
also contains significant areas of DOC estate for which the ngahere urutapu (transl.
indigenous forest) is reasonably well-documented (Wanganui Conservancy, 1997a;
Wanganui Conservancy, 1997b). However, the most comprehensive description of the
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botany of the Manawatu by far was produced by Alan Esler as a hobby during his years
of employment at Massey University (Esler, 1978).
An important and helpful feature of Esler’s published work is that it also includes a
map attempting to reconstruct the extent of key plant communities of the Manawatū
dated around the 1860s. According to Esler, the distribution of ngahere urutapu (transl.
indigenous forest) within the Manawatū plains is almost identical with that described
by Duguid, McDonald, and Adkin for the coastal plains of the Horowhenua. Coastal
foreshore changed into tāhuahua (transl. sand dune) country covered by pākihi and
swamp species; behind the tāhuahua (transl. sand dune) country of the former alluvial
terraces of the Manawatū awa (transl. river) grew dense ngahere urutapu (transl.
indigenous forest), bordered on its seaward margin by swamp.
This swamp probably resulted from impeded surface water drainage, but was also fed
by the lower reaches of the Oroua awa (transl. river) which bisected the coastal plain
before connecting with the Manawatū awa (transl. river). Up the Oroua and Pohangina
valleys toward the northern limits of our study area, local plant communities graded
into the dense ngahere urutapu (transl. indigenous forest) of the hinterland, with
kūkūwai (transl. wetlands) in the lower valleys. Ngahere urutapu (transl. indigenous
forest) of this region fall into one of 7 main associations, outlined below. However,
before describing these associations it is worth noting Alan Esler’s concerns about the
challenges of attempting to reconstruct former patterns of ngahere urutapu (transl.
indigenous forest) for this region.
Presenting an account of the early plant community cover of the Manawatū is
fraught with difficulties. In the first place there is no written record of the forest,
swamps, scrub and sand dune vegetation which covered most of the district. Only
passing comments or general descriptions of the scenery have been handed down
to us. This places heavy reliance upon the interpretation of the remaining
vegetation to give a picture of the past. Such interpretation must take into account
the changes of more than a century of European occupation. In some instances
pieces of forest have been destroyed and there is no evidence of their existence other
than records on early stumps or decaying logs in the plant communities (Esler,
1978, p.24).
5.2
Semi-swamp ngahere urutapu (transl. indigenous forest) dominated by
kahikatea and pukatea
Semi-swamp ngahere urutapu (transl. indigenous forest) was dominated by kahikatea
and pukatea and was a dominant feature of the lowland flood plains and wet tāhuahua
(transl. sand dune) areas.
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Figure 10
The Horowhenua Manawatū study area with a visual depiction of ngahere
urutapu (transl. indigenous forest), kūkūwai (transl. wetlands) and major awa (transl. rivers)
circa 1769-1840.

This plant community was most common along the floodplains of the Manawatū and
Oroua awa (transl. river) near their confluence. Elsewhere it tended to form a mosaic
of semi-swamp ngahere urutapu (transl. indigenous forest) with other types of ngahere
urutapu (transl. indigenous forest) along the margins of streams. Some remaining relics
of this former plant community suggest that kahikatea and totara often grew in close
proximity. Totara tended to grow on higher ground in the coarser alluvium while
kahikatea grew on the finer sediments which remained under water throughout the year.
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This association also grew along the western margin of the Makerua swamp on land
periodically flooded by the Manawatū awa (transl. river). A remnant of this once
common plant community still remains near Linton military camp today. Some have
also suggested the Palmerston North Esplanade bush is an example of this plant
community, but this area was probably drier than most typical semi-swamp lowland
areas. Concerning the composition of this ngahere urutapu (transl. indigenous forest)
Esler (1978) wrote:
Of the nature of the primitive forest we know little apart from what the meagre
early accounts and the vegetation remnants tell us (Esler, 1978, p. 28).
5.3
Totara dominant ngahere urutapu (transl. indigenous forest)
Unfortunately, little remains of the once extensive belts of totara dominant ngahere
urutapu (transl. indigenous forest) that existed in various parts of the Manawatū
including: (i) the free-draining soils and low rainfall areas throughout the region, (ii)
various inland flanks of the Manawatū and Oroua awa (transl. river), (iii) modern-day
Terrace End which was once part of the Papaioea clearing, (iv) the terrace lands near
modern Aokautere and Linton military base, and (v) what was probably the largest
block near the Rongotea-Ohakea district. This absence of extant stands of totara makes
it very difficult to characterise this plant community; however, from what remains of
individual totara trees in scattered ngahere urutapu (transl. indigenous forest) remnants
across the region it seems that this stately tree grew in association with matai and
kahikatea in low lying places. There is no evidence of the presence of rimu. Smaller
trees associated with totara may have included: titoki, tawa, black maire, white maire
and mahoe (Esler, 1978).
According to historic records mentioned by Esler (1978), there is no one single cause
for the disappearance of totara dominant ngahere urutapu (transl. indigenous forest)
from the region.
Long before the white man saw the Manawatū, large area of totara forest were
destroyed by changing levels of the Manawatū river. Sometime later, it seems that
totara forest may have been destroyed by Māori fires in the downlands. In this
region, which receives less than 914 mm of rain a year and is subject to occasional
drought and fairly constant drying winds, totara forest existed near the climatic
margin of the forest and pākihi. Fires would have been more damaging and
regeneration much slower than in higher rainfall areas (Esler, 1978, p. 34).
Concerning the fate of the largest known block of totara dominant ngahere urutapu
(transl. indigenous forest) that was located on Rongotea-Ohakea terraces, Esler (1978)
recounted a private communication with Edgar Dear in which he states:
Some of the largest rata that ever grew surrounded the present town of Rongotea.
These were too large to be felled but were killed by fire when the area was burnt.
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These trees were a feature of the landscape for 25 years after the bush was felled
(Esler, 1978, p. 35).
5.4
Mixed podocarp dominant ngahere urutapu (transl. indigenous forest)
The mixed podocarp ngahere urutapu (transl. indigenous forest) of the Manawatū
comprised mainly rimu, matai, totara, and kahikatea. It occupied parts of the Manawatū
plains, the terraces east of the Manawatū awa (transl. river) and the basins of the Turitea
and Kahuterawa streams. Mixed Podocarp ngahere urutapu (transl. indigenous forest)
is intermediate in composition between semi-swamp ngahere urutapu (transl.
indigenous forest) on the very wet ground and totara on the drier ground. Once again,
the full extent of this ngahere urutapu (transl. indigenous forest) will never be fully
known because no early records were made.
5.5
Tawa dominant ngahere urutapu (transl. indigenous forest)
Esler (1978) notes that tawa was a component of all ngahere urutapu (transl. indigenous
forest) within the Manawatū except beech ngahere urutapu (transl. indigenous forest).
Normally, tawa existed as a sub-component in podocarp ngahere urutapu (transl.
indigenous forest), but a shift towards tawa dominance in the region may have been
driven by two factors: (i) the failure of podocarp regeneration and, after 1840, (ii) the
selective felling of podocarps for timber. The extent of tawa dominant ngahere urutapu
(transl. indigenous forest) is not known with any certainty; however, early survey maps
suggest stands occurred in the greywacke hills, on the terraces between the Manawatū
Gorge, the Kahuterawa valley and on parts of the plains, the Turitea reserve, a loop of
the Manawatū awa (transl. river) near the current Poplar Road, along certain flanks of
the Oroua awa (transl. river), and along the southern margin of the Papaioea clearing.
Composition of the tawa dominant ngahere urutapu (transl. indigenous forest) is
probably best gauged from a description by Esler (1978) of a remnant in the Turitea
reserve.
The tallest tawa trees reach over 24m and have a diameter of about 1m. Most are
shorter than this and small-diameter classes predominate. Mahoe and pigeonwood
are the most common associated species. Others frequently found in tawa forest are
hinau, rewarewa and toro (Esler, 1978, p. 47).
5.6
Black beech dominant ngahere urutapu (transl. indigenous forest)
Black beech seems to have been especially associated with certain flanks of the
Manawatū and Pohangina awa (transl. river). A survey of beech stumps suggests an
area as large as 526 ha. of black beech may have grown in the Aokautere district near
the current Forest Hill Road. As is typical for beech species, its distribution seems to
be controlled in this area by lower and upper limits of altitude (90–275 m). Esler (1978)
said little about its plant communities.
The most striking feature of the beech forest remnants is the dominance of beech
and the abundance of Cyathodes fasciculata and Coprosoma rhamnoides. The
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beech trees are in the 12–18m height range and few exceed 0.5m in diameter. They
are quite young and were never part of the canopy of the original forest. The
scrubby understory is doubtlessly animal induced. The gross disturbance, the small
size of the remnants and the indistinct boundary with other types of forest make it
impossible to state the composition of the primary forest. (Esler, 1978, p. 48)
5.7
Northern rata-kamahi dominant ngahere urutapu (transl. indigenous
forest) with podocarps
The northern rata-kamahi ngahere urutapu (transl. indigenous forest) probably
occupied most of the hill country except where it was displaced by tawa dominant
ngahere urutapu (transl. indigenous forest). Esler suggests early settlers possibly
overlooked or misidentified this plant community. In general, northern rata-kamahi
dominant ngahere urutapu (transl. indigenous forest) was regarded as poor timber
country. Esler (1978) considered enough early ngahere urutapu (transl. indigenous
forest) remained to be able to suggest:
The picture of the primitive forest that emerges is a multi-tiered forest with a
considerable amount of northern rata, miro and rimu above a subordinate layer of
kamahi, tawa and black maire with conspicuous amounts of Griselinia littoralis
and Hall’s totara above 365m and an abundance of tawa below this altitude (Esler,
1978, p. 49).
5.8
Tāhuahua (transl. sand dune) country
Early survey maps of the region show that about 2,100 ha. of ngahere urutapu (transl.
indigenous forest) grew in localised patches on the tāhuahua (transl. sand dune) country
near its eastern margin. This position at the rear of the tāhuahua (transl. sand dune)
systems suggests this plant community is related to a phase of successional
development which seems to coincide with the third phase of tāhuahua (transl. sand
dune) construction (circa 5,000–years in age). Why did this ngahere urutapu (transl.
indigenous forest) association not cover the entire third phase of tāhuahua (transl. sand
dune) construction along the coast? Esler (1978) suggested:
No very clear picture of the primitive sand dune forest can be gained from the minor
relics which remain. Probably the dominant trees were mahoe, titoki, Dodonaea,
and ngaio, with tawa prominent in parts. There may also have been some totara
(Esler, 1978, p. 54).
5.9
Swamps and kūkūwai (transl. wetlands)
Because wetlands tend to have ill-defined margins that can merge with surrounding
ngahere urutapu (transl. indigenous forest), their boundaries are difficult to define.
However, landscape elevation (Figures 11 and 12) impeded drainage caused by local
landslips, large trees that had fallen down and or tāhuahua (transl. sand dune) migration.
However, simple factors like clay rich soils (i.e. poor drainage), puna wai (transl.
freshwater springs) and nearby awa (transl. river) causing elevation in nearby water
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tables can also influence water retention. Unfortunately, wetlands were seldom clearly
marked on early survey maps and it is therefore difficult to effectively assess their total
extent and distribution today. As mentioned earlier, recent spatial computer modelling
from Landcare Research suggests kūkūwai (transl. wetland) areas may have covered
much of the lowland Manawatū plains and coastal tāhuahua (transl. sand dune) country.
This is not surprising given the central lowlands of the Manawatū are flanked by the
Manawatū and Oroua awa (transl. rivers), (Figure 2). However, this coastal area is
extensive, suggesting semi-swamp ngahere urutapu (transl. indigenous forest) probably
dominated this part of the region with other plant communities claiming the higher and
more free draining landforms.
5.10 Estimating the extent of kūkūwai (transl. wetlands)
Esler (1978) concluded that the full extent of kūkūwai (transl. wetlands) was very
difficult to assess accurately, but he suggested that over 8,000 ha. or 8% of the land
surface of the Manawatū might have been covered by a combination of stream/riparian
(Figures 2 and 13) and estuarine kūkūwai (transl. wetlands). Well-known pockets of
swamp or kūkūwai (transl. wetlands) included the Moutoa swamp near the lower
reaches of the Manawatū awa (transl. river), the Makerua swamp formed as a result of
attempts to drain this area, the Glen Oroua kūkūwai (transl. wetland) mentioned by
Wakefield (Wakefield, 1845), the Taonui swamp and a large expanse of kūkūwai
(transl. wetlands) between Feilding and Kopane (Esler, 1978). The composition of these
swamps included flax, raupo, toetoe and cabbage trees (Cordyline australis).
5.11 Using plant communities as an aid for map-making
The written descriptions outlined in the sub-sections of this report section represent the
state of current knowledge about former plant communities and their distributions
across this study area. Constructing a map based on this information (alone) would be
difficult because we currently lack written information on as much as 40–50% of plant
community distribution patterns. Furthermore, the works by Esler and Duguid are of
little use in understanding how ngahere urutapu (transl. indigenous forest) composition
changed across the landscape in response to environmental factors.
Given these constraints, efforts to reconstruct former plant communities based on
inferences drawn from current land environments analysis (i.e. LENZ) seems not only
justified, but innovative. In the final section of this report we use the ngahere urutapu
map constructed in this map-making study (Figure 10) to: (i) explain how it differs from
the Potential Natural Vegetation (PNV) layer produced earlier by the LENZ research
team (Leathwick et al., 2002; Leathwick et al., 2003) and (ii) create summary area
estimates of the plant communities of our study area (Table 1).
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Figure 11
A contour map of the Horowhenua Manawatū study area based on elevation
above sea-level in 10 metre intervals with major awa (transl. river) features also depicted.
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Figure 12
A digital elevation model (DEM) map of the Horowhenua Manawatū study
area (2013) with 10km buffer around the study area boundary.
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Figure 13
A map of the Horowhenua Manawatū study area that provides a visual
depiction of the coverage of kūkūwai (transl. wetlands) circa 1769–1840.
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6.
Discussion of results
The aim of this study was to build a digital (GIS) map of plant communities of the
Manawatū and Horowhenua as they existed approximately 180 years ago, prior to the
onset of non-Māori settlement in this area (Figures 3, 4, 10 and 13). Methods used in
reconstructing former plant community distributions have involved attempts to
reconcile early and recent written descriptions, historic maps and photographic
evidence of plant community composition and extent with spatial information in the
LENZ, Potential Natural Vegetation map layer. The evaluation we provide in this report
shows that of the two regions making up our total study area, the Manawatū region is
probably the least adequately represented in terms of records of early ngahere urutapu
(transl. indigenous forest) cover.
6.1
Reflections on our map-making method
The method used in constructing a map of former plant community cover involved
collecting different types of information that could be used to verify the accuracy of the
PNV map layer produced by the LENZ research team (Leathwick et al., 2002;
Leathwick et al., 2003). This test information included written accounts of early
ngahere urutapu (transl. indigenous forest), published research on plant community
patterns, photographic records, and historic maps. These various sources of information
were used to adjust the PNV map layer for: (i) the ngahere urutapu (transl. indigenous
forest) of Kapiti Island (Figure 3), (ii) the plant communities of the lowland coastal
plain, (iii) the location and former extent of kūkūwai (transl. wetlands) and (iv) forest
clearings.
The plant community type area estimates shown in Table 1 have been checked against
DOC reserve and Protected Natural Area survey data11. This approach to verification
shows that the greatest disparity currently exists in efforts to reconcile early and more
recent written descriptions of the ngahere urutapu (transl. indigenous forest) with the
spatial information in the PNV layer. One such disparity concerns the written
description of a large lowland coastal plain for which we have concluded that the
current PNV plant communities class is incomplete.
Another difficulty involves reconciling Esler’s 1978 written descriptions of the plant
communities of the Manawatū region with those employed in the PNV map layer.
Cross-checking all 8 of Esler’s plant communities against the PNV vegetation classes
shows clearly that: (i) totara dominant ngahere urutapu (transl. indigenous forest) is
probably under-represented in the PNV map layer, (ii) black beech dominant ngahere
urutapu (transl. indigenous forest) near Aokautere is entirely missing in the PNV map
layer, and (iii) written descriptions of coastal plant communities are difficult to
reconcile with the current PNV map layer. The first of these two problems is difficult
to remedy because we lack any information on the area and spatial location of past plant
communities.
11

This form of testing is not yet comprehensive.
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Table 1
Summary of plant community area estimates (hectares) that are
visually depicted in Figures 4, 10 and 13.
Plant community type
Broadleaved indigenous hardwood
Deciduous hardwood
Duneland
Ngahere urutapu waerenga, pākihi/bracken fern
Totara and broadleaf
Totara, silver beech, kamahi/northern rata
Kahikatea, matai, tawa and mahoe
Kahikatea, Pukatea and tawa
Kohekohe, akeake, karaka, manuka/pākihi
Matai, kahikatea and totara
Matai, totara and beech
Matai, totara, kahikatea, rimu, broadleaf and beech
Mixed taekai, kohekohe, akeake, karaka and Manuka
Mountain beech
Mountain beech, red beech
Pākihi
Pākihi, tauhinu, taekai and flax
Rata, tawa, kohekohe, hinau, rewarewa and mahoe
Red beech, silver beech
Rimu, matai, miro, totara and kamahi
Rimu, miro, tawari, red beech, kamahi and tawa
Rimu, miro, totara and kamahi
Rimu, tawa and kamahi
Taekai, tussock pākihi/herbfield (above the tree line)
Silver beech
Swamp, pākihi, bracken fern, kahikatea, matai, tawa …
Kūkūwai
Total area estimate

Area (ha.)
%
0.1
0.00
0.01
0.00
116.9
2.39
8.01
0.17
106.64
2.18
7.29
0.15
30.46
0.62
1,229.04 25.14
0.23
0.00
1.72
0.04
61.79
1.26
2.51
0.05
3.40
0.07
4.91
0.10
65.47
1.34
0.32
0.01
2.62
0.05
12.35
0.25
147.15
3.01
257.33
5.26
125.21
2.56
0.61
0.01
1,886.60 38.59
51.03
1.04
86.77
1.77
443.95
9.08
236.16
4.83
4,888.84 100.00

Of the total 27 plant communities that are visually depicted in Figures 4, 10 and 13
more than half are minor components. The 10 plant communities with the highest area
estimates collectively account for 95% of the study area, with 3 of these contributing
to 73% of the total ngahere urutapu (transl. indigenous forest) within the study area.
Research over the last 3–decades provides some insight into the diversity of plant
species that once made up the regional plant communities listed in Table 1. Duguid
(1990) compiled a list of 424 native plant communities species, 23 growing in low
population numbers and 29 possibly no longer found in the Horowhenua region.
Collectively, this list of 424 native entities comprises 93 fern species, 6 gymnosperms,
139 monocots, and 240 dicotyledons (Duguid, 1990). Esler (1978) compiled a list of
1033 species for the Manawatū region. Of these, 505 species are indigenous and 354
are endemic. It appears that no recent publications have compared species lists between
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regions. It seems strange that the plant community diversity of the Manawatū is more
than twice that of the Horowhenua. A very real benefit of this study is that it has created
a high level synthesis of knowledge that has made knowledge gaps and inconsistencies
of this kind more apparent. These questions provide an important prioritisation for
future investigative studies aimed at improving the accuracy of this initial map-making
exercise.
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7.
Reflections
This study has attempted to make interpretive and spatial change to a PNV map layer
of the Horowhenua and Manawatū regions produced by LENZ researchers. This
ground-truthing did not have sufficient resources to fully exploit all the spatially
referenced data that is available to this project. Nevertheless, the plant community map
created in this study is an improvement on previous map-making efforts and as such
constitutes an important wellbeing baseline that will assist us in to measure and better
understanding the present-day wellbeing of Te Iho Matua whānau o Rangi rāua ko
Papatūānuku. The ground-truthing or verification process that was an essential part of
this map-making method has also helped us to better understand just where uncertainty
exists in our current map depictions (Figures 4, 10 and 13).
Before undertaking the study outlined in this report, it was hoped that enough written
historical and modern scientific information about plant community patterns in the
Manawatū and Horowhenua regions could be gathered to generate a regional scale map
from such sources. As has been shown in this report, given the paucity and
incompleteness of the current state of knowledge in this area, it is unlikely that this
aspiration will ever be realised. As an alternative, this study has concentrated on making
interpretive and spatial changes to a Potential Natural Vegetation (PNV) map layer for
the Manawatū and Horowhenua produced by LENZ researchers. These changes are part
of a process of verification or ground-truthing based on various lines of narrative,
historic, photographic and historic map evidence that could be employed – with benefit
– in other map-making studies of this kind.
As has been noted in a number of places in this report, there are some interpretive
questions that this project has not been able to resolve. Furthermore, this study has not
had the resources needed to fully exploit all of the spatially referenced data collected
as part of the DOC Protected Natural Area (PNA) surveys. If this data was uplifted
from its field survey sheets and depicted in spatial map form, it would provide a
valuable resource for verifying the PNV map layer – a resource that is missing in this
current study. For this reason, this task should be considered as a priority for future
map-making activities aimed at improving the quality of this current map making effort.
While acknowledging the potential for further work, the ground-truthed PNV map layer
for the Manawatū and Horowhenua created in this study is an improvement on any other
GIS map layer of this kind that has been created to date. As such, this map-making
method is an important contribution towards creating a distinctly Māori cultural model
of accounting that can be used to measure, better understand and track the wellbeing
whānau Māori ecosystems.
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Appendix A

Māori kupu used in this report

Māori
Ako
Atua

English
Reciprocal learning, studying, instructing and/or
advising
In this report - an ancestor with continuing
influence (e.g. Papatūānuku, Ranginui, Tāne)

Atuatanga

The Atua experiences of Māori

Awa
Hau
Hinengaro
Honi
Hua whenua
Kaitiakitanga
Kānga
Kaupapa
Kaute
Kikokiko
Kūkūwai
Kupu whakataki

River
Wind
The mind
Honey
Vegetables
A guardian, steward or trustee
Corn
The expression of Māori cultural identity
To count or measure something
Meat
Wetland

Plant communities

An inclusive term used to denote the existence
of different plant life forms living together
Prestige, authority, control, power, influence,
status, spiritual power
Ecosystem services
Landcare Research
Enlightenment
To know
And
To consider and/or reflect upon
Measurement
Sea, ocean and/or large lake
Vision
Experiential knowing
The plural of te
A primary/sacred forest
A primary/sacred forest clearing
Forest fires
Coastal fisheries
Forest
Fish
Economic, economics
Fertile black surface soil
Soil
Survival
Survival with difficulty
Ranges
Outer leaves
Grassland
Ozone layer
Earth mother
Mountain streams

Mana
Manaaki mai i taiao Māori
Manaaki Whenua
Māramatanga
Mātauranga
Me
Me huritau anō
Mēhua
Moana
Moemoea
Mōhiotanga
Ngā
Ngahere urutapu
Ngahere urutapu waerenga
Nga ahi ngahere
Ngā tai hau ika
Ngahengahe/wao
Ngohi
Ōhanga
Onemata
Oneone
Ora
Oraiti
Maunga
Pakere
Pākihi
Paparanga hāora-toru
Papatūānuku
Parawhenua

Introduction
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Pīhopatanga
Pūaha
Puehu parāoa
Pūroto
Putaiao
Rā
Rakahore
Rākau
Rākau Māori
Rangahau
Rangatiratanga
Ranginui
Raurau
Repo
Rohe
Rongo
Roto
Roto Tāhuahua
Tāhuahua
Taiao Māori
Tama-nui-te rā
Tāne
Tāne-mahuta
Tangaroa
Tangata
Tauiwi

Bishopric
Estuary
Flour
Lagoon
Science
Date
Rocks
Tree, stick, timber, wood
A tree that is endemic to New Zealand
To seek, search out, pursue, investigate
To exercise authority and/or the expression of
chieftainship
Sky father
Leaves, foliage
Swamp
Area
The Tūpuna of healing plants
Lake
Dune lake
Sand dunes
The natural world
A sacred name for the sun
The Tūpuna of forests
Trees and birds
The Atua of the sea and fish
Māori (whānau, hapū, iwi)
Foreigner or European

Tautuhi

Indicate, define, identity, specify

Tawhito
Te Ao Māori
Te Ika a Maui
Te paparanga haurehu kati mahana
Te Taiao Māori
Te Waipounamu
Te whānau akaaka
Te Wharekauri
Tikanga
Tū-matau-enga
Tūpuna
Turanga whai tikanga
Waerenga
Wai
Wai Māori
Wai tapu
Wao Repo
Whā
Whakatupu ā-wai
Whakapapa

To be old, ancient, primeval, out of date
All things Māori
The North Island of New Zealand
Greenhouse gases
The natural world
The South Island of New Zealand
The whānau of soil micro-organisms
Stewart Island
An right way of doing something
Humans
Ancestors, grandparents
Status
Forest clearing
Water
Freshwater
Sacred waters
Swamp forest
The number 4
Water born nutrients
An oral or written account of the children of
Papatūānuku and Ranginui
To grow knowing

Whakatupu matatau
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Whakatupu matatau whānui
Whakatupu mātauranga
Whakatupu ora
Whānau
Whare
Whenua
Whenua rohe
Whenua Taekai

Growing knowing to broaden and deepen
understanding
To grow Māori knowing
Growing knowing to survive
The family of Ranginui and Papatūānuku
House or building
Placenta or the domain of Atua
A Māori cultural landscape
Scrublands
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