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Executive Summary
Te Tai Tokerau Water Trust proposes to develop a new water supply reservoir, by constructing two dams across unnamed
tributaries of the Waitangi River, which will result in the inundation of streams, drains, wetland, and surrounding land. The
construction and ongoing operation of the water supply dam is anticipated to have residual effects on terrestrial, wetland and
aquatic ecological values.
The purpose of this Environmental Offset Strategy is to outline the measures proposed to address the residual ecological
effects of the project. The detail contained in this Strategy is intended to provide an appropriate degree of confidence for the
consenting process that the proposed offset measures will address the residual effects.
The project site is situated in the headwaters of the Waitangi River on an operational livestock farm. There are no mapped
areas of ecological significance within the site, but the site contains habitats that would be impacted should the Project proceed,
including secondary tōtara forest, wetlands and watercourses (streams and drains).
Given the nature of a reservoir development, effects on these habitats cannot be fully managed using the first three steps in the
Effects Mitigation Hierarchy (i.e., avoid, minimise or remedy) and therefore offsetting is proposed to manage the effects on
these habitats as follows:
›
›
›

Plant 1.4 ha of current farmland to create secondary totara forest (in the medium term) as an offset for the inundation
of 0.17 ha of forest within the reservoir footprint.
Enhance and restore approximately 6.5 ha of wetland habitat, as well as vegetated buffers at two sites near the Project
site to offset the inundation of 4.5 ha of wetland in the reservoir footprint. The total area of wetland offsets and
associated buffer will be approximately 14.4 ha.
Enhance, primarily through riparian planting, approximately 15 km of stream channel to offset the inundation of
approximately 7.5 km of stream within the reservoir footprint.

The proposed offsetting activities have been developed with reference to best practice offsetting principles. Should the consent
be granted, an Environmental Offsetting Implementation Plan will be developed as a condition of consent that shall be
consistent with this Strategy. Such an implementation plan will provide further information on planting plans, fencing locations
and other specifications to inform on-the-ground implementation.

OTAWERE EFFECTS MANAGEMENT STRATEGY | PAGE 3

Table of Contents
Executive Summary ....................................................................................................................................................................... 3
Table of Contents ........................................................................................................................................................................... 4
1.

Introduction............................................................................................................................................................................ 5

2.

Ecological values and effects management .......................................................................................................................... 6
2.1 Secondary tōtara forest ....................................................................................................................................................... 7
2.2 Indigenous wetland .............................................................................................................................................................. 8
2.3 Watercourses..................................................................................................................................................................... 15

3.

Offsetting principles ............................................................................................................................................................. 16

4.

References .......................................................................................................................................................................... 17

5.

Appendix 1 – BOAM modelling............................................................................................................................................ 18

OTAWERE EFFECTS MANAGEMENT STRATEGY | PAGE 4

1. Introduction

Te Tai Tokerau Water Trust (TTTWT) have received provincial growth funding to provide improved water supply in Northland.
Puhoi Stour Limited and its subconsultant Morphum Environmental Limited have collaborated to prepare this Environmental
Offset Strategy (‘Strategy’) to address the residual ecological effects associated with the proposed Otawere Water Supply
Reservoir (‘the Project’) adjacent to Te Ahu Ahu Road in Waimate North, Northland (Figure 1).
Te Tai Tokerau Water Trust proposes to construct a new water supply reservoir, by constructing two dams across unnamed
tributaries of the Waitangi River, which will result in the inundation of watercourses (streams and drains), wetland and
surrounding land. The construction and ongoing operation of the water supply dam is anticipated to have effects on terrestrial,
wetland and aquatic ecological values. The detail regarding these ecological values and effects is presented in the Otawere
Water Storage Reservoir: Assessment of Ecological Effects (AEcE) report (Puhoi Stour Limited, 2020) and this Strategy should
be read in conjunction with the AEcE.
The purpose of this Strategy is to outline the measures proposed to address the residual ecological effects of the project. The
detail contained in this Strategy is intended to provide an appropriate degree of confidence for the consenting process that the
proposed offset measures will address the residual effects.
If the consent is granted, an Environmental Offset Implementation Plan will be developed as a condition of consent that shall be
consistent with this Strategy. Such an implementation plan will provide further information on planting plans, fencing locations
and other specifications to inform on-the-ground implementation. This Strategy is in addition to Fauna Management Plans that
may be required to avoid, remedy or mitigate effects on freshwater fish, bats, avifauna and lizards if these groups are found to
be present on the site (see section 7 of AEcE report).

Figure 1: Location of proposed Otawere reservoir (red outline) and surrounds in Waimate North.
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2. Ecological values and effects management

The project site is situated in the headwaters of the Waitangi River on the boundary of two ecological districts (Kaikohe to the
west and Kerikeri to the east). There are no mapped areas of ecological significance within the site, although there are four
mapped areas of significant forest within 3 km as described in the AEcE.
The project site is an operational livestock farm, and the landscape has been heavily modified, typical of historical and ongoing
agricultural activities (Figure 2). Notwithstanding the intensive land use, the site contains habitats that would be impacted
should the reservoir be developed, including:
›
›
›

Secondary tōtara forest
Indigenous wetland
Watercourses (streams and drains)

Given the nature of a reservoir development, effects on these habitats cannot be fully managed using the first three steps in the
Effects Mitigation Hierarchy (i.e., avoid, minimise or remedy) and therefore we propose to use offsetting (step four) to manage
the effects on these habitats. The following three sections address the effects, and their proposed management, for each of the
three habitats.

Figure 2: Aerial image of the proposed Otawere reservoir footprint (blue outline) illustrating the agricultural landscape.
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2.1 Secondary tōtara forest
Secondary tōtara (Podocarpus totara) forest is present in two locations at the site – amongst exotic trees near the southern dam
embankment and on the eastern margin of the reservoir. The forest in both areas has been degraded by livestock and the
understory is degraded from browsing and trampling. The trees are relatively young, being up to 12m in height.
The area near the dam embankment is approximately 0.16 ha and contains a range of other tree and understory species,
including native and exotic species (see section 6.1.1 in AEcE). The full extent of this area will be inundated should the project
proceed. The area of forest on the eastern margin of the reservoir is 1.7 ha of mature WF11 (kauri, podocarp, broadleaved
forest (Singers & Rogers, 2014)). Of this area, approximately 0.01 ha is within the reservoir footprint, which consists of small to
medium sized tōtara with pasture understorey.
The Biodiversity Accountancy Offsetting Model (‘BOAM’) developed by the Department of Conservation (Maseyk et al, 2015)
was used to provide a preliminary estimate of the quantum of replacement forest planting to offset the effects of the loss of a
total of 0.17 ha in section 6.6.1.4 of the AEcE. A potential offset location has been identified contiguous with the mature area of
WF11 forest on the eastern edge of the reservoir (Figure 3) and the assumptions used in the BOAM for this habitat type are
unchanged.
Therefore, we propose that to manage the effects of the loss of 0.17 ha of secondary totara forest, an area of 1.4 ha will be
planted with species intended to provide WF11 forest type in the medium term. The details of this planting will be provided in
the Implementation Plan should the consent be granted, but shall be consistent with the assumptions in the BOAM model thus:
›
›
›
›
›
›
›

Restoration planting fenced to exclude livestock
Planting to achieve 80% canopy cover after 10 years
Totara seedlings 40cm high when planted
At least 300 tōtara planted per hectare
At least 10 native species to be planted consistent with WF11 forest type
Understory enrichment planting at year 5
Logs and log discs (from felled trees within the site) to be used to provide habitat for fauna

Figure 3: Aerial image of the indicative impact (red) and offset (blue) areas of totara forest for the proposed Otawere reservoir project.
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2.2 Indigenous wetland
Summary of effects
The site currently contains approximately 4.5 ha of wetland fragments, which are degraded by stock access and drainage
channels. The landowner indicated the wetland had been initially drained approximately 50 years ago by Landcorp, with drains
cleared and deepened around 25 years ago. The hydrological modifications have resulted in a loss of habitat quality and low
diversity. However, some of the wetland fragments retain indigenous plant dominance despite the drainage channels and stock
grazing and trampling. These habitats are described in detail in the AEcE (Section 6.1), but include:
›
›
›
›
›
›
›

0.06 ha of mānuka, kānuka gumland, Machaerina wetland
0.19 ha of mānuka wetland
0.06 ha of mānuka – kiokio – Machaerina wetland
0.09 ha of Eleocharis – Schoenoplectus – Machaerina wetland
4.05 ha of indigenous-dominated Juncus wetland
0.13 ha of exotic-dominated Juncus wetland
0.005 ha of isolepis turf wetland

Should the reservoir project proceed, the full extent of the 4.585 ha listed above would be inundated.
It should be noted that the assessment of wetlands on the site for the AEcE was carried out using the current ‘natural wetland’
definition provided in the National Policy Statement for Freshwater Management 2020 (New Zealand Government, 2020). The
definition provides an exclusion for areas of improved pasture (>50% exotic pasture species) that are subject to temporary rainderived water pooling. This exclusion was intended to allow highly modified pasture environments to continue in their current
use or be able to shift land use even if they were once natural wetlands (Ministry for the Environment, 2021). However, the
Government has received feedback that the current definition is problematic to apply and captures some heavily modified,
exotic pasture dominated wetlands even though the definition seeks to exclude these areas. The Government is consulting on
proposed changes to simplify the definition to exclude (Ministry for the Environment, 2021):
“any area of pasture that has more than 50 percent ground cover comprising exotic
pasture species or exotic species associated with pasture”

This timeframe for any potential change in the definition is uncertain and the Te Tai Tokerau Water Trust are proceeding with
the application under the current definition, in part due to the fact that the project is a COVID Fast Track recovery project.
However, it is important context for the management of effects as any change in definition could result in a smaller area of
‘natural wetland’ being impacted by the project.
For example, the 4.05 ha of indigenous-dominated Juncus ‘natural wetland’ is described in the AEcE as “approximately 50%
native Juncus cover and 50% exotic pasture grass cover”, with the classification partly based on hydrological features. It is
possible that a re-assessment of this area under a revised definition could result in it meeting the criteria for exclusion as
pasture, which would mean the national regulations for ‘natural wetlands’ would not apply to some of the wetland on the site.
Under the operative wetland definition and using the BOAM model, a preliminary estimate of the area of wetland restoration to
offset the effects of the inundation of 4.585 ha of wetland was 8.73 ha (AEcE Table 9). This was a conservative estimate, based
on best knowledge of potential offset sites at that time (e.g., degraded exotic wetlands with potential for enhancement) and
enhancement actions (e.g., planting in wetland areas containing some indigenous species). It was noted that once offset sites
had been identified, the BOAMs would be updated to determine the final quantum of offset required to achieve no net loss.
Two wetland offset sites have since been identified and therefore this Strategy updates the BOAM calculations to reflect the
specifics of the two identified offset sites and provides a high-level description of the offset actions to inform the Environmental
Offset Implementation Plan should the project proceed.
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Offset site descriptions
Two wetland offset sites have been identified at 839 Te Ahu Ahu Road
and 297 SH1
, Waimate
North. Both of the wetland offset sites drain to the Waiaruhe River, which flows into the Waitangi River, the same catchment as
the impact sites (Figure 4).

Figure 4: Aerial image of the indicative impact (orange) and offset (red) areas for wetland offset for the proposed Otawere reservoir project

The sites offer opportunities for wetland enhancement and re-establishment of wetland hydrology in former wetland areas
(wetland creation). The wetland enhancement areas are areas of existing wetland hydrology that have potential for biodiversity
enhancement, including though enhancement planting and pest plant and animal control. The wetland creation areas are areas
that do not currently have wetland hydrology, however, have high confidence potential for wetland creation though minor
earthworks including recontouring and/or filling or realignment of artificial or modified drainage features. These areas are likely
to be former wetland areas. Brief descriptions of the two identified offset sites are outlined below.
Farm
The offset site identified on
farm is situated immediately north of the proposed water reservoir site with the proposed
emergency spill way discharging into the wetland along the southern edge of the offset site. The wetland can be predominately
classified as a headwater seepage wetland, with hydrological input provided by a series of headwater seepages occurring
where shallow ground water intersects a shallow low permeability allochthon material layer, as well as through direct rainfall and
surface runoff. The wetland generally drains from an east to west direction.
Most of the site consists of pugged pasture sporadically interspersed with both native and exotic Juncus species (J. edgariae, J.
effusus, J australis). Areas that experience more frequent saturation and surface water such as the seepage areas and areas of
lower elevation host Isolepis cernua, Eleocharis acuta and Juncus planifolius. The margins of the wetland areas are
predominantly pasture with swathes of gorse (Ulex europaeus).
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A small area of potential wetland creation is present on the south-eastern extent of the wetland. This is likely to be a former part
of the wetland with currently reduced (or absent) hydrological functionality as a result of artificial drainage. The watercourse
running east to west on the northern extent of this potential wetland creation area appears to have been straightened and
deepened through historical modifications. In addition, a separate drainage feature is evident to the west of this potential
wetland creation area. With partial or complete infilling of these drainage features and/or minor reshaping of the potential
wetland creation area, it is anticipated that the wetland hydrology will be restored, and the areas can form part of the wider
wetland enhancement offset.
A smaller area of seepage wetland exists to the north of the main wetland area. Part of the offset enhancement is it proposed to
connect this feature and the other seepages though the creation of a vegetated riparian/wetland buffer. The buffer is proposed
to be on average 20 m wide around most of the wetland areas, however, this is reduced around the eastern extent of the
wetland where the landowner wishes to retain productive pasture (Figure 5). There is also an existing track and crossing
through the wetland that the landowner wishes to retain. The track will be no more than 5 m wide and fenced.
Farm
The offset site identified on
farm is situated approximately 7.5 km to the south west of the proposed water reservoir site.
As noted above, the site is located within the same catchment as the impact site with both sites draining to the to the Waiaruhe
River, then the Waitangi River. The wetland can be predominately classified as a marsh wetland, with hydrological input
provided by a series of springs, as well as from direct rainfall and surface runoff. The wetland generally drains from a west to
east direction.
The majority of the site consists of rank un-grazed pasture. Compared to the
farm sites, a greater diversity of native
wetland vegetation is present (albeit with generally low spatial coverage). Within the wider wetland enhancement area there are
pockets of established native vegetation including (but not limited to): raupo (Typha orientalis), Schoenoplectus
tabernaemontani, Eleocharis acuta, Machaerina rubignosa, Parablechnum minus, Isolepis cernua, I. prolifa, mānuka
(Leptospermum scoparium), and kahikatea (Dacrycarpus dacrydioides). Exotic weeds including gorse, woolly nightshade
(Solanum mauritianum) and Japanese honeysuckle (Lonicera japonica) are present throughout the site. Other exotic wetland
species are also present, including Juncus articulatus.
An area of potential wetland creation exists on the north-eastern portion of the wetland area. Similar to the
farm site, this
area is likely to be a former part of the wetland area with currently reduced (or absent) hydrological functionality as a result of
drainage. A straightened drainage feature runs from the driveway past the north western portion of the wetland and connects to
a deepened straight drain running along the northern property boundary. With redirecting the drainage feature originating from
the driveway, partial or complete infilling of the drain along the northern boundary and/or minor reshaping of the potential
wetland creation area, it is anticipated that the wetland hydrology will be restored, and the areas can form part of the wider
wetland enhancement offset area.
A smaller area of wetland exists in near the southern boundary. This wetland is feed by a spring and stream upstream. As part
of the offset enhancement is it proposed to connect these features though the creation of a vegetated riparian/wetland buffer
(Figure 6).
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Figure 5: Aerial image of the wetland offset approach for

Figure 6: Aerial image of the wetland offset approach for

Farm

Farm
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Enhancement principles and actions
The key principals to guide the offset enhancement and the anticipated actions that underpin the BOAM calculations are
outlined below. It is anticipated that these will form the basis of the Environmental Offset Plan and can be certified against by
way of a resource consent condition.
Principles
› Nursery species and succession - Revegetation aims to create a closed native canopy in a short time frame by
planting pioneering plant species. A closed canopy reduces the chance of exotic weeds establishing at the
enhancement site and creates an environment suitable for ‘secondary’ plants to establish and ‘succeed’ the nursery
species.
› Whole ecosystem approach – the enhancement shall seek to:
o Create a mosaic of wetland, terrestrial and riparian ecosystem enhancement which connects and improves
the currently degraded ecosystems in a cohesive manner.
o Reduce overall landscape ecosystem fragmentation and increase connectivity between ecological features.
o Provide a sequence of diverse habitats for sensitive indigenous flora and fauna which reflect the natural
(reference state) habitat expected of the area, with consideration for past and future environmental change
o Provide a sequence of vegetation assemblages that, to the extent practicable, reflect the vegetation
assemblages and proportions indicated though the BOAM calculations.
› Ecological buffer - Support the whole ecosystem approach to create a connected mosaic of ecosystem types though
the use of contiguous vegetated riparian/wetland buffers where possible. Where possible the vegetated
riparian/wetland buffers will be at least 20 m wide. The buffer areas provide protection to the wetland enhancement
areas from edge effects and reduce nutrient inputs from surrounding land use, as well as providing additional habitat
diversity and extent.
Actions
› Wetland creation - areas of wetland creation will have wetland hydrology restored though actions such as redirecting
the drainage features, partial or complete infilling of drains and/or minor reshaping of the potential wetland creation
area.
› Pest plant and animal control
o Pest plant control must be carried out to ensure no mature fruiting or flowering pest plant species are present
within the offset enhancement areas. Furthermore, no pest plant species that will impact on the growth rates
of the planted vegetation and/or the potential for native regeneration are to be present within the footprint of
the enhancement areas.
o Rats, possums, and mustelids will be controlled following best practice methods and standards.
o Other pests, such as rabbits, are to be controlled if likely to cause damage to the plantings.
› Planting standards
o All wetland plants shall be eco-sourced plants and no less that PB3 or 1L grades
o Planting densities shall be no less than 1.5 m centres for wetland tree species and vegetated riparian/wetland
buffer areas. Densities shall be no less than 1 m centres for all other species including wetland rush and
sedge species.
o Slow-release fertiliser is to be used for riparian/wetland buffer areas if soil fertility is low. No fertiliser is to be
used for wetland plantings. Topsoil and mulching is not required.
o All planting is to be undertaken within the first planting season following the wetland inundation.
o Riparian and wetland buffer planting is to be undertaken between June and August (inclusive). Wetland
planting is to be undertaken spring (August through to late October) when plants are emerging from
dormancy and the water temperature is starting to rise.
o Plant species selection will consider:
 To the extent practicable (given site specific hydrology and soil factors) seek to achieve the
vegetation assemblages sought by the BOAM calculations.
 Naturally occur within the region, with regard to known (reference) vegetation assemblages.
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›
›
›
›

 Offer diverse food resources and refuge/shelter for a range of native fauna.
Fencing - all wetland and vegetated riparian/wetland buffer areas will be permanently fenced from stock.
Woody debris - woody debris will be sourced from the removal of trees from the impact site and placed within the
offset enhancement sites to increase habitat diversity and provide cover for indigenous fauna. For the forested wetland
offset areas (1 ha) woody debris will be placed at no less than 10m3 per ha.
Protection in perpetuity - The offset enhancement areas will be protected in perpetuity.
Monitoring - enhancement outcome monitoring and pest plant and animal control shall be an ongoing requirement
until planting has established (expected to be five years).

Offset model calculations
The AEcE provided separate BOAM calculations for the seven separate wetland habitats. In this Strategy, we have updated the
BOAM calculations to reflect the two wetland enhancement sites identified and the proposed enhancement actions.
No changes were made to the ‘impact site’ side of the BOAM equation (Impact Model). All impact site areas and impact site
measures prior to impact remain unchanged. Similarly, no changes have been made to benchmark values and justifications for
those values have been replied upon from the AEcE. The discount rate applied to account for time lag has remained unchanged
at 3%.
Similarly, no changes to biodiversity attributes used in the calculations were made. However, it is noted that in the AEcE
calculations, the ‘litter depth’ attribute, while included in the BOAM calculations for the forested wetland types (mānuka, kānuka
gumland; mānuka treeland; and mānuka kiokio Machaerina wetland), was not used in the calculations. Therefore, the updated
calculations also exclude this attribute. It is also noted that the ‘habitat complexity’ attribute was not included in the AEcE
calculations for the mānuka, kānuka gumland biodiversity type, and therefore, was also not used in the updated calculations of
this biodiversity type.
The seven biodiversity types representing the separate wetland habitats assessed as part of the AEcE can broadly be split into
forested wetland types (mānuka, kānuka gumland; mānuka treeland; and mānuka kiokio Machaerina wetland) and un-forested
wetland types (indigenous-dominated Juncus wetland, exotic-dominated Juncus wetland, Isolepis turf, and Eleocharis –
Schoenoplectus – Machaerina wetland). The AEcE applied a different suite of biodiversity attributes to forested and un-forested
wetland types. The justification for the values used in the ‘offset site’ side of the BOAM equation (Offset Model) are outlined in
Appendix 1.
The values used in the Offset Model are conservative. While there are two offset sites identified for enhancement, to not over
complicate the BOAM calculations beyond the existing seven calculators, a single offset site was considered when assigning
values for measures prior to and after offset actions. These values were chosen using the more conservative of the two sites.
For example, the
Farm site has the greatest existing indigenous plant diversity so the values applicable to
Farm
were used for the measure prior to offset value. In some instances where justification of Offset Model values has been sourced
from literature in the AEcE, and those values remain applicable to the identified offset sites, no changes have been made.
The attributes chosen in the AEcE are considered appropriate to understand some of the exchanges that are likely to occur
though losses of habitat, function, and biodiversity at the impact site and gains at the offset sites. However, the attributes
chosen do not consider the full suite of attributes that could be considered. Attributes such as the size of the wetland,
area/perimeter ratio, pest control measures, and area and width of the buffer are not included.
The updated BOAM modelling indicates that 6.4 ha of wetland offset is required to achieve no net loss of biodiversity values
(Table 1), with the available suitable habitat at the offset sites of 6.51 ha (Table 2). To achieve the full ecological potential of the
wetland restoration, the wetlands will be protected by a native vegetation buffer of 20 metres average width at both sites.
Cumulatively, the wetland offsets and associated vegetated buffer will be 14.45 ha (Table 2).
Given the site-specific values of the impact sites and the proposed actions at the offset sites, this approach would highly likely
be expected to result in improved biodiversity values (Positive Net Present Biodiversity Value).
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Table 1: Area (hectares) of different wetland types impacted by proposed works and the corresponding offset areas to achieve at least a neutral net present
biodiversity value (see Appendix 1 for each biodiversity component).

Wetland type

Impact area

Offset area

Mānuka kānuka gumland

0.06

0.2

Mānuka treeland

0.19

0.6

Mānuka kiokio Machaerina

0.06

0.2

Eleocharis – Schoenoplectus – Machaerina
wetland

0.09

0.2

Indigenous Juncus Edgeriae Wetland

4.05

5.0

Exotic-dominated Juncus wetland

0.13

0.15

Isolepis turf wetland

0.005

0.05

Total

4.585

6.4

Table 2: Area (hectares) of wetland enhancement and creation, and associated buffer areas for each of the offset sites.

Site
Farm
Farm
Total

Wetland
enhancement

Wetland
creation

Wetland
Buffer

Total

3.08

0.26

5.11

8.46

2.42

0.75

2.82

5.99

5.50

1.01

7.93

14.45
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2.3 Watercourses
There is a network of watercourses within the footprint of the proposed reservoir, which are mainly modified channels that have
been straightened and deepened for drainage purposes. The channels had little riparian vegetation, contained high fine
sediment loading, and instream habitat was mostly limited to aquatic macrophytes. The ecological condition of these
watercourses was considered low, but they do provide habitat for native fish, including the at-risk longfin eel (Anguilla
dieffenbachii).
The extent of stream network within the reservoir footprint is 7,372 m (4,797 m of permanent stream, and 2,575 m of
intermittent stream), all of which would be inundated should the project proceed. The Stream Ecological Valuation (SEV) tool,
and the associated Environmental Compensation Ratio (ECR) calculation (Storey et al, 2011: Neale et al, 2017)), was used to
estimate the extent of stream that would need to be enhanced to offset the loss the watercourse within the reservoir footprint.
The details of this analysis are presented in the AEcE, but it involves calculations based on streambed area. For simplicity in
this Strategy, these areal estimates have been converted to lengths based on the assumptions in the analysis. This indicates in
the order of 9,400 m of permanent stream and 5,500 m of intermittent stream enhancement would be required to offset the loss
of streams within the reservoir footprint.
The Trust are working with the Waitangi Catchment Group 1 to identify areas of the catchment that can be enhanced to meet the
offset requirements of the project and that is consistent with the Waitangi Catchment Management Plan. As with the wetland
offsetting the SEV and ECR calculations should be updated to reflect the characteristics of the offsetting locations when they
are confirmed, and as a result the actual area or length of stream to be enhanced may increase or decrease from the estimates
provided here. The Trust have indicated they are confident of securing access to sufficient stream length to meet these
requirements and it is considered that the calculations can be updated as part of the Offset and Compensation Implementation
Plan.

1

https://www.nrc.govt.nz/resource-library-summary/catchment-group-documents/waitangi/
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3. Offsetting principles

In developing this offset and compensation strategy, the principles of biodiversity offsetting have been considered and
incorporated as described in Table 3.
Table 3: Assessment of offsetting principles for Otawere Water Storage Reservoir

Offsetting principles

Incorporation and adoption into this Strategy

Limits to offsetting

The ecosystem types are not so rare or unique that there is a limit to offsetting.
Specifically, these ecosystem types can be offset and have been in other projects.
The degraded habitat values also contribute to these ecosystems not being
beyond the limits of offsetting.

No net loss and preferably net gain

The BOAM and SEV/ECR methods are robust and transparent and appropriate to
quantify no net loss and net gain.

Landscape context

The restoration and enhancement work proposed within this Strategy adopts a
landscape approach to achieve the highest ecological benefits. The work is
focussed on creating areas of habitat contiguous with existing habitats and
incorporates a range of ecological sequences across the landscape.

Additionality

The restoration and enhancement work proposed within this Strategy is not
otherwise required by another mechanism and so meets the principle of
additionality.

Permanence

The restoration and enhancement work proposed in this Strategy will be protected
in perpetuity.

Ecological equivalence

As described above, the offset measures proposed have been targeted
specifically to address the habitats and ecosystems being affected (i.e., like for
like).

Adherence to the mitigation hierarchy

Measures to avoid, minimise and remedy have been applied in the first instance.
Only those residual adverse effects which remain after the mitigation hierarchy
has been applied are offset.

Stakeholder participation

The Otawere Reservoir Project has been developed under the guidance of a
steering group containing a range of stakeholders.

Transparency

The AEE describing the environmental effects and conceptual offsetting for the
project has been circulated to a range of stakeholders.

Science and traditional knowledge

This OCP has been developed using the two most scientifically robust offsetting
tools available in New Zealand.

Equity

The cost of the offsetting will be borne by the Te Tokerau Water Trust as the
developer, while the benefits from the offsetting work will accrue to the local
community within the same catchment.
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5. Appendix 1 – BOAM modelling
The justification for the values used in the ‘offset site’ side of the BOAM equation (Offset Model) are outlined below.

Forested wetlands
Biodiversity
component

Biodiversity
attribute

Measurement unit

Justification for offset site ‘measure prior to offset’ and
‘measure after offset’ values

Canopy

Cover

Percentage

Canopy

Height

indigenous

Canopy

Basal Area

cover (%)

Diversity

Diversity of native
vascular plants

Indigenous

Understorey

Cover

vegetation

Fauna habitat and
food provision

Flaky bark trees

canopy height

Fauna habitat and
food provision

Coarse woody

m2/ha

Fauna habitat and
food provision

debris

Count of: indigenous
turf tier, rush tier, tree
tier, stock exclusion,
open water, and
wetland buffer
planting.

As part of the offset actions, areas of new mānuka canopy cover wetland
will be created within the wider wetland enhancement, creating a
sequence of wetland vegetation types. These new mānuka canopy cover
areas will be established where there is currently no tree canopy cover.
It is assumed mānuka will dominate the canopy with at least 80% cover in
these areas after 10 years.
Mean annual height growth rate of mānuka in gumlands of 11.90 cm per
year (Clarkson et al. 2011). Note the gumlands in the study were highly
nutrient poor, with all vegetation less than 2 m tall.
Reduced to 10 cm per year as a conservative estimate with planted height
of 40 cm. Therefore 1.4 m after 10 years.
Basal area of mānuka stands at Tongariro returned an average of 29.36
after 25 years (Scott et al., 2000)
Assumes a conservative basal area growth of 0.6 m2/ha per annum. Thus,
6m2 after 10 years.
Farm site had the highest existing native vegetation species diversity
with at least 12 native species identified in a rapid site inspection.
There are at least 10 native species commonly grown in nurseries that are
suitable for planting as part of offset enhancement works that were not
identified on the
farm site including: Carpodetus serratus, Syzygium
maire, Juncus sarophorus, J. pallidus, J edgariae, Eleocharis sphacelata,
Machaerina articulata, Carex geminate, C. secta, Cyperus ustulatus. This
increase in diversity will be realised within the first year following planting.
Conservative estimate of understory cover beneath mānuka planting of
30% after 5 years, given planting of Macaherina spp. which can form
dense understorey areas. However, understory planting throughout other
areas of the enhanced wetland without tree tier canopy cover will be much
greater (80%)
After 10 years mānuka and kānuka are expected to be at approximately
5000 stems/ha.
However, only a few of these plantings are expected to comprise flaky
bark due to their young age. 500 of these trees (i.e. 10%) have been
conservatively estimated as having flaky bark that will support fauna.
Woody debris from felled vegetation as part of construction will be
salvaged and used in restoration plantings to provide habitat for
indigenous fauna. 10 m3 per ha can be realised within the first year of
offset enhancement.
Farm site had the highest existing habitat complexity including
indigenous turf tier, rush tier, tree tier, stock exclusion, and open water.
However, many of these habitats had poor spatial coverage with most of
the site being exotic pasture areas with areas of native habitat complexity
fragmented. The meaningful habitat complexity of the site has
conservatively been applied as including rush tier, and stock exclusion
(count of 2).
Wetland enhancement of various vegetation assemblages and buffer
planting will increase the count of habitat complexity, as well as the
connectivity and spatial extent. This is expected that within 10 years
connected habitat complex’s including, indigenous turf tier, rush tier, tree
tier, stock exclusion, and buffer planting (count of 5) will be established
with coverage across most of the site.
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Un-forested Wetlands:
Biodiversity
component

Biodiversity
attribute

Measurement unit

Justification for offset site ‘measure prior to offset’ and
‘measure after offset’ values

Canopy

Cover

Percentage
indigenous cover (%)

Canopy

Height

Indigenous vegetation
canopy height

Diversity

Diversity of native
vascular plants

Species richness of
native vascular plants

Fauna Provision

Habitat
complexity

Count of: indigenous
turf tier, rush tier, tree
tier, stock exclusion,
open water, and
wetland buffer
planting.

Farm site had the highest existing cover of native species with
approximately 0.3 ha (of 3.17 ha; approximately 10%) of existing native
wetland vegetation cover. Therefore, a conservative measure prior to
offset of 20% cover of indigenous plants (double) has been applied.
80% canopy cover after 5 years is a standard and achievable performance
target for new plantings.
Majority of offset enhancement planting will likely comprise of native rush
and sedge. Wetland plants are fast growing and a height of 1.5 m (for
species that reach this height) within 5 years is a conservative estimate.
Farm site had the highest existing native vegetation species diversity
with at least 12 native species identified in a rapid site inspection.
There are at least 10 native species commonly grown in nurseries that are
suitable for planting as part of offset enhancement works that were not
identified on the
farm site including: Carpodetus serratus, Syzygium
maire, Juncus sarophorus, J. pallidus, J edgariae, Eleocharis sphacelata,
Machaerina articulata, Carex geminate, C. secta, Cyperus ustulatus. This
increase in diversity will be realise within the first year following planting.
Farm site had the highest existing habitat complexity including
indigenous turf tier, rush tier, tree tier, stock exclusion, and open water.
However, many of these habitats had poor spatial coverage with most of
the site being exotic pasture areas with areas of native habitat complexity
fragmented. Given the poor spatial coverage and fragmentation of the
habitat types currently present, the habitat complexity of the site has been
applied as including rush tier, and stock exclusion (count of 2).
Wetland enhancement of various vegetation assemblages and buffer
planting will increase habitat complexity, as well as habitat connectivity
and spatial extent. It is expected that within 10 years, connected habitat
complexes including, indigenous turf tier, rush tier, tree tier, stock
exclusion, and buffer planting (count of 5) will be established with
coverage across most of the site.
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A summary of the BOAM calculations is presented below

Mānuka-kānuka gumland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Impact site
Prior to
impact

After
impact

Prior to
impact

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Canopy

0.06

80

0

0

80

Indigenous vegetation
canopy height (m)

0.06

7.5

0

0

Basal area

m2/ha

0.06

17.11

0

Diversity

Habitat complexity

Number/100m2

0.06

7

Understorey

Cover

0.06

Fauna Provision
Fauna Provision

Flaky bark tress
Course woody
debris
Habitat complexity

% cover of indigenous
understorey species
Number/ha
m3/ha

Fauna Provision

Area (ha)

Attribute
NPBV

10

0.2

0.06

1.4

10

0.2

-0.01

0

6

10

0.2

-0.01

0

12

22

1

0.2

0.03

0.03

50

0

0

30

5

0.2

0.01

0.01

0.06

4200

0

0

500

10

0.2

-0.03

0.06

0

0

0

10

0

0.2

0.03

Area (ha)

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

Offset site
After
Time to
impact
end point

Component
NPBV

0.01

0.00
/

/

/

/

/

/

/

/
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Mānuka treeland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Impact site
Prior to
impact

After
impact

Prior to
impact

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Canopy

0.19

60

0

0

80

Indigenous vegetation
canopy height (m)

0.19

5

0

0

Basal area

m2/ha

0.19

22.6

0

Diversity

Habitat complexity

Number/100m2

0.19

2

Understorey

Cover

0.19

Fauna Provision
Fauna Provision

Flaky bark tress
Course woody
debris
Habitat complexity

% cover of indigenous
understorey species
Number/ha
m3/ha

Fauna Provision

Area (ha)

Attribute
NPBV

10

0.6

0.20

1.4

10

0.6

-0.09

0

6

10

0.6

-0.08

0

12

22

1

0.6

0.07

0.07

10

0

0

30

5

0.6

0.12

0.12

0.19

6000

0

0

500

10

0.6

-0.10

0.19

0

0

0

10

0

0.6

0.09

Area (ha)

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

Offset site
After
Time to
impact
end point

Component
NPBV

0.01

0.04
0.19

2

0

2

5

10

0.6

0.12
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Mānuka kiokio machaerina
Biodiversity
component

Biodiversity
attribute

Measurement unit

Impact site
Prior to
impact

After
impact

Prior to
impact

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Canopy

0.06

20

0

0

80

Indigenous vegetation
canopy height (m)

0.06

2

0

0

Basal area

m2/ha

0.06

0.3

0

Diversity

Habitat complexity

Number/100m2

0.06

7

Understorey

Cover

0.06

Fauna Provision
Fauna Provision

Flaky bark tress
Course woody
debris
Habitat complexity

% cover of indigenous
understorey species
Number/ha
m3/ha

Fauna Provision

Area (ha)

Attribute
NPBV

10

0.2

0.10

1.4

10

0.2

0.01

0

6

10

0.2

0.12

0

12

22

1

0.2

0.00

0.00

60

0

0

30

5

0.2

0.01

0.01

0.06

0

0

0

500

10

0.2

0.03

0.06

0

0

0

10

0

0.2

0.17

Area (ha)

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

Offset site
After
Time to
impact
end point

Component
NPBV

0.08

0.08
0.06

3

0

2

5

10

0.2

0.03
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Eleocharis – Schoenoplectus – Machaerina Wetland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Indigenous vegetation
canopy height (m)

0.09

1.5

0

0

1.5

5

0.2

0.03

Diversity

Diversity of native
vascular plants

Species richness of
native vascular plants

0.09

6

0

12

22

1

0.2

0.02

0.02

Fauna Provision

Habitat complexity

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

0.09

2

0

2

5

10

0.2

0.03

0.03

Impact site
Prior to
impact

After
impact

Prior to
impact

Area (ha)

Attribute
NPBV

Component
NPBV

50

0

20

5

0.11

Area (ha)
0.09

Impact site
Prior to
impact

After
impact

Prior to
impact

97

0

20

Offset site
After
Time to
impact
end point
80

5

Area (ha)

Attribute
NPBV

0.2

0.00

Component
NPBV

0.01

Indigenous Juncus Edgeriae Wetland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Indigenous vegetation
canopy height (m)

4.05

1.5

0

0

1.5

5

5

-0.02

Diversity

Diversity of native
vascular plants

Species richness of
native vascular plants

4.05

2

0

12

22

1

5

0.73

0.73

Fauna Provision

Habitat complexity

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

4.05

1

0

2

5

10

5

0.86

0.86

Area (ha)
4.05

Offset site
After
Time to
impact
end point
80

5

0.04
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Exotic-dominated Juncus wetland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Indigenous vegetation
canopy height (m)

0.13

0.4

0

0

1.5

5

0.15

0.00

Diversity

Diversity of native
vascular plants

Species richness of
native vascular plants

0.13

1

0

12

22

1

0.15

0.02

0.02

Fauna Provision

Habitat complexity

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

0.13

1

0

2

5

10

0.15

0.02

0.02

Impact site
Prior to
impact

After
impact

Prior to
impact

Area (ha)

Attribute
NPBV

Component
NPBV

50

0

20

5

0.02

Area (ha)
0.13

Impact site
Prior to
impact

After
impact

Prior to
impact

20

0

20

Offset site
After
Time to
impact
end point
80

5

Area (ha)

Attribute
NPBV

0.15

0.04

Component
NPBV

0.02

Isolepis turf wetland
Biodiversity
component

Biodiversity
attribute

Measurement unit

Canopy

Cover

Percentage indigenous
cover (%)

Canopy

Height

Indigenous vegetation
canopy height (m)

4.05

1.5

0

0

1.5

5

5

0.00

Diversity

Diversity of native
vascular plants

Species richness of
native vascular plants

4.05

2

0

12

22

1

5

0.01

0.01

Fauna Provision

Habitat complexity

Count of: indigenous turf
tier, rush tier, tree tier,
stock exclusion, open
water, and wetland buffer
planting.

4.05

1

0

2

5

10

5

0.01

0.01

Area (ha)
4.05

Offset site
After
Time to
impact
end point
80

5

0.01
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