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PREFACE

In July 1999 Cawthron Institute received support from 11 regional/local authorities and the Ministry
for the Environment Sustainable Management Fund (SMF) to develop a standardised, cost-effective
and defensible methodology for assessing and monitoring the condition of New Zealand estuaries.
In order to achieve this, over a three-year project duration, a case-study approach was adopted.
Coordinated surveys of eight New Zealand estuaries, representing different latitudes/ecotypes, were
designed and carried out. The objective was to provide a robust database, suitable, both for

addressing a variety of management questions, and devel oping the standardised National protocol.

The surveys combined an initial broad-scale mapping of the spatial distribution of intertidal
habitats, followed by fine-scale analyses of one dominant habitat shared by all the reference
estuaries, the sand/mud habitat at mid-low tidal elevation.

The Structure of the Report
The project output contains three integral components:

Part A: Development of the Monitoring Protocol for New Zealand Estuaries: Introduction,
Rationale and M ethodol ogy.

This component provides background regarding the importance of estuaries, the problems often
associated with their management, and why the project was undertaken. It describes the methods,
rationale and the development of the Estuary Monitoring Protocol (EMP). Summary boxes are
included at the end of each main section and numerous technical boxes (for the definition of
scientific terms) are interspersed throughout the document. Our intention was to give readers the
option of reading the document quickly and obtaining the “essence” of the summary information or

delving into the detail of the results and protocol development.

Part B: Development of the Monitoring Protocol for New Zealand Estuaries. Appendices to

the Introduction, Rationale and Methodology.
Many of the procedures involved with development of the EMP, and much of the data collected, are
of a highly technical nature. For this reason, we have transferred much of the detailed information
into a series of appendices with numerous cross references. The Appendices include individual
estuary descriptions, details of the broad-scale classification system, results of individual estuary

broad and fine-scale analyses, and fine-scale data processing methods. Background information
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about the individual reference estuaries varies in completeness depending on whether or not the
information existed and whether or not we were able to access it. We encourage managers to add

information, where possible, that may be relevant to assessment of estuarine condition.

Part C: Application of the Monitoring Protocol for New Zealand Estuaries

This document provides a condensed step by step guide for application of the monitoring protocol
(where, what, how and when to monitor), based on the background, rationale and initial case study
results described in Part A and Part B.

The Living Document Concept

All three components of this report should be updated periodically. The individual estuary results
provide potentially valuable datasets for managers that can be further evaluated and/or expanded as
additional data becomes available. As the protocol is applied to additional estuaries, the expanded
database will most likely extend the range of conditions comprising the continuum (pristine to
highly modified). It will also extend the range of estuary types and habitat types compared. The
expanded data sets will improve the interpretive value of assessment and monitoring surveys. The
overall database was also designed to provide opportunities for future development of various
indices of estuarine condition. For example, as the data base expands, the species and abundance of
animal communities may be used to develop biotic indices, while physico-chemical characteristics
could lead to development of companion indices (e.g. of nutrient enrichment). Similarly,
methodologies can be improved (e.g. taxonomic precision) and new tools may become available
(e.g. satellite imagery, GIS software capabilities). Thus the Protocol and supporting data should be
viewed as a“living document” that will improve with use and technological advancement.

Continued technical support

Cawthron’'s Coastal and Estuarine and Group are dedicated to continued support of the National
protocol initiative. In some instances, councils may wish to develop and carry out their own
monitoring programmes with minimum consultation (i.e .advice only). In others, they may elect to
contract some or all of the work to an independent science provider. Cawthron would be pleased to

provide support in either capacity.
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1. INTRODUCTION

1.1 Background

An estuary can be defined as a partially enclosed body of water which is open to the sea
(permanently or periodically) and within which there are variations in salinity due to the dilution of
seawater with freshwater from land drainage (Pritchard 1967). Although estuaries are considered
short-term features of the landscape on a geologica timescale, they are often highly productive
areas that play important roles at the boundary between land and sea. They provide a link between
terrestrial and marine ecosystems and nourish the marine food web (Gillespie 1983). Due to their
position at the foot of watersheds on the coastal interface, estuaries are dynamic, complex and
variable environments. New Zealand estuaries, in particular, are generally characterised by
extensive intertidal zones that provide productive, high-value habitat for a variety of plant (e.g.
mangrove, salt marsh, eelgrass) and animal (e.g. fish, shellfish, waterfowl) species. Estuaries and
their resources are also highly valued in human terms. They often provide transportation arteries
and accessible locations for a wide variety of recreational pursuits. When properly managed, they
can have high aesthetic/scenic values, particularly in populated areas, and commercial ecotourism

use of estuariesis growing rapidly.

Globally, the coastal zone is under increasing pressure from human activities, and multi-use
estuarine environments are reflecting the increase in human impacts by a modification, and
sometimes, deterioration in their condition (Knox 1986). Because they are convenient receiving
bodies for the wastes of cities, industries and farms, many New Zealand estuaries are considered to
be at risk from contaminant impacts. Thus the development of management techniques, to assess
estuarine habitat status and change, is currently a mgor resource management priority within New
Zeadland. The localised effects of point source discharges (e.g. treated sewage, industrial
wastewater, dairy and landfill effluents) have generally been adequately handled through consent
procedures but managing and monitoring overall estuary condition, particularly for State of
Environment (SOE) reporting, has largely been inadequate. Hence, the overall health of many New
Zealand estuaries, and differences between estuaries subject to different pressures from human
activities, is poorly understood. In part, thisis attributable to the lack of a standard and affordable

monitoring approach.
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Monitoring within Regional Councils is generaly classified as either consent monitoring or SOE
monitoring. Consent monitoring is the relatively specific assessment of compliance with conditions
relating to a resource consent. It is generally carried out at predetermined intervals after
commencement of a development/activity.  Monitoring results are compared with a pre-
development baseline to assess change. SOE monitoring has a broader focus, is generally long-term
and spread over a wide geographica area. It therefore provides the Council with a broad
information base that is useful when considering the issues of individual resource consents and the

sustainability of resources.

Successful management of estuaries and their catchments for sustainable use in the future requires
us to focus our knowledge on developing simple, defensible and cost-effective strategies to assess
and monitor estuary condition and predict the results of management actions. However, despite the
large extent of research on estuaries, our ability to predict the consequences of change or even
develop a set of cost-effective monitoring indicators of estuary condition is limited. Reasons for
thisinclude alack of funding to determine these monitoring indicators, the complexity of estuaries,
and the fact that most research has focused on local estuary problems and is difficult to transfer to

other sites. The current study provides an opportunity to rectify this situation.

In 1999 the Cawthron Institute received support from eleven New Zealand regional/local authorities
and the Ministry for the Environment (MfE) Sustainable Management Fund (SMF) to initiate the
development of a defensible and cost-effective monitoring protocol to assess the condition of New
Zedland estuaries. The primary aims of the study were to: (1) design and undertake baseline
monitoring of a suite of characteristics in nine New Zealand estuaries representing a wide range of
latitudes, (2) evaluate these characteristics as potential indicators of estuarine environmental health,
and (3) use the results to develop a standardised monitoring protocol. Three potential assessment
tools, representing different scales of investigation, were developed to form the Estuary Monitoring
Protocol (EMP).

1. Preliminary assessment of estuary condition: development of a decision matrix that
allows managers to prioritise estuaries for monitoring and provide a defensible basis for

their long-term planning decisions.

2. Broad-scale habitat mapping: development of a robust GlS-based methodology for
mapping the spatial distribution of intertidal estuarine habitats.
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3. Fine-scale environmental monitoring: development of a methodology to measure the

gpatial variation and inter-relationships of a suite of commonly measured indicators.

As a management tool, the value the standardised monitoring approach we propose (particularly the
ability to assess change) will evolve as the database expands through application of the approach to
additional estuaries or through repeated monitoring in the same estuaries. The assessment
parameters used for monitoring, or a subset thereof, may emerge as a suitable suite of
environmental performance indicators for estuarine habitats. The final result will be a cost-effective
and defensible estuary monitoring protocol that is primarily designed to help meet coastal
managers requirements for SOE-type monitoring, but will also be useful in the design of consent

monitoring programmes.

Consent monitoring often lacks the broader perspective provided by estuary-scale or inter-estuary
comparison. SOE monitoring programmes generally focus on ‘representative’ rather than localised,
high impact sites. Linking the two through the application of consistent or comparable
methodologies will benefit both greatly. Consent monitoring surveys will obtain the broader
interpretive base necessary for assessing the significance of localised impacts (refer Technical Box
1.1 for monitoring definitions). Applying the methodology to high impact situations will extend the

range of conditions for assessment of estuarine health.

The protocol development described here represents a ‘first step’ in this direction, and as the
database expands, it will become more and more valuable. It isanticipated that additional work will

be required to ensure that its full potential is achieved. Thiswork should include:

testing the optimised sampling design on awider range of New Zealand estuaries,
studiesin temporal variability,

extending the fine-scale approach to other intertidal habitats (e.g. eelgrass beds, saltmarsh,

mangroves),
extending the protocol to include subtidal habitats and,

developing guideline standards against which measured benthic characteristics can be compared

and the estuary condition categorised (e.g. enrichment indices, biotic indices).
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Technical Box 1.1: Monitoring definitions

Consent monitoring: monitoring carried out in
accordance with conditions pertaining to a
resource consent; e.g. to determine the effects
of a wastewater discharge.

State of the environment (SOE) monitoring: long-
term monitoring carried out at sites
representative of a region; e.g. to identify bay
or estuary-scale changes.




Sustainable Management Contract National Estuary Monitoring Protocol September 2002
No. 5096 DRAFT o
CAWTHRON

2. STUDY RATIONALE

It is impractical and cost-prohibitive to undertake intensive and long-term monitoring of all the
types of estuaries and their habitats in New Zealand. Therefore it was necessary to select a
manageable number of estuaries, habitats and indicators based on physical and practical
considerations, and then develop monitoring approaches that can have a wide application to similar

estuary types.

A summary flow diagram of the key decisions and processes involved in the development of the
estuary monitoring protocol (EMP) is presented in Figure 1. A brief discussion of the five key

stages shown in Figure 1 is given below.

2.1 Estuary selection in the current study

Eight New Zealand estuaries were selected to develop initial comparative data sets, in order to tria
the monitoring techniques and develop the monitoring protocol. The estuaries were chosen based
on Council nomination and support, geographical location (i.e. latitude) and specific issues that
were involved. Each reference estuary has been attributed high value by the respective regulatory
agencies and interest organisations. All are likely candidates for inclusion (or are already included)
in long-term SOE monitoring programmes. Those chosen represent the most common estuary types
found in New Zealand in terms of size, how they were formed (i.e. geomorphology), flushing time,
catchment landuse, catchment area, freshwater and marine inputs, catchment contaminant loadings,
and resource uses and values. Funding for one of the case study locations, Whangamata Estuary,
was discontinued after completion of the broad-scale mapping component, however an additional
location, Ruataniwha Estuary, was subsequently added. The locations of the nine reference

estuaries are summarised in Figure 2 and Table 1.
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PROCESS 1:

» Council nomination

» Specific issues identified
» Funding/support
consideration

OUTCOME 1:

Nine New Zealand estuaries
chosen as “reference”
estuaries for developing the
monitoring protocol

1

ESTUARY SELECTION
Which estuary to choose?

PROCESS 2:

» Develop aranking framework

» Establish key issues of
selected estuaries

» Select other factorsindicative

of estuarine condition

OUTCOME 2:

A preliminary assessment
index (Decision Matrix) that
will assist estuary managers

in prioritising estuaries for

future monitoring

2

Decidewhat toincludein
PRELIMINARY
ASSESSMENT

PROCESS 3:

» Identify the benefits of
monitoring the benthic
intertidal zone

3

HABITAT SELECTION
What habitat to study?

OUTCOME 3:
Benthic intertidal zone
targeted for monitoring

PROCESS 4:
» ldentify benefits of broad-scale
habitat distribution mapping

» Tria GlS-habitat mapping and
ground-truthing on the intertidal

OUTCOME 4:
GI'S habitat mapping
technique, applied to
reference estuaries to obtain

Choose appropriate
BROAD-SCALE
MONITORING

habitat of the study estuaries baseline data
PROCESS 5:
» Choose habitat to sample OUTCOME 5:

» Choose parameters to measure

» Survey the parameters at the
study estuaries

» Undertake statistical analysesto

refine protocol

Fine-scale sampling approach
and a baseline dataset from
reference estuaries for future
comparison

Choose appropriate
FINE-SCALE
MONITORING

¢

A monitoring protocol for New Zealand estuary condition
»  Integration of broad-scale and fine-scale analyses
»  Scientifically defensible and cost-effective
»  Providing a baseline dataset for inter-estuary and intra-estuary comparison

Figure 1: Key decisions and processes in the development of the Estuary Monitoring Protocol
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Figure 2: Locations of the nine selected estuaries with expanded inserts showing a magnified view

of each estuary.
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Table 1. Estuary locations and associated Councils

Estuary Location Associated Councils
Otamatea Arm (KaiparaHarbour)  Northland NRC

Ohiwa Bay of Plenty EBOP

Whangamata® Coromandel EW

Ruataniwha® Golden Bay TDC

Waimea Nelson TDC, NCC, NRSBU
Havelock Havelock MDC
Avon-Heathcote Christchurch EC, CCC

Kaikorai Dunedin ORC

New River Invercargill SRC

The Whangamata Estuary study discontinued after the broad-scale habitat mapping at the request of EW.
2The Ruataniwha Estuary was added in 2001 at the request of the TDC.

2.2 What the Councils wanted

The initial phase of the study involved meeting with Regional Council staff and other interested
parties from each of the nine reference estuary areas, to ascertain what they perceived were the
major issues affecting the condition of the estuary within their region. The key issues that were
raised by Council staff and interested parties are summarised in Table 2. This phase also served as
a preliminary familiarisation visit and as an opportunity to collect any relevant background
information on each of the estuaries. The information was then used to help characterise the
estuaries and aid in further refining the monitoring program, particularly in the development of
relevant estuary characteristics that would form the initia ranking framework of the preliminary

assessment protocol (Section 2.3).
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Table 2: Key potential issues relating to estuarine condition for the nine reference estuaries
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Sedimentation X X X X X X X X X
Nutrient enrichment X X X X X X X X X
Shellfish health/condition X X X X X X X
Extent of sediment toxicity X X X
Waterborne disease risk X X X
Expansion of mangrove habitat X
Threat of Pecific oyster invasion/spread X X X
Sartina invasion X X X X
Effects of Spartina eradication X
V egetation health/condition X X X X X
Ecological status X X X X X X X X
Potential for rehabilitation X
Wastewater discharge impacts X X X X X X
Reclamation X X X
Influence of residential development X X
Influence of rural development X X
Impacts of boating activities X X

A number of key requirements relating to the monitoring of estuarine condition were identified
from these discussions (listed in Table 3 as a‘Council Wish List’). Most of these arose in relation
to the Councils' need for a cost-effective and defensible estuary monitoring programme to fit within
their SOE requirements. Nine of the 15 requirements identified (Table 3) were addressed during the

present study, however two of those have only been partly achieved. Achievement of No. 1, “the
ideal tool”, will require further incorporation of fine-scale assessment of other habitat types and an

expanded comparative data base for assessment of change over time. Although the protocol
addresses issues of enrichment status (No. 15) and wastewater discharge (No. 9) impacts in a

general sense, the field assessments did not target high impact sites. However, the protocol will

provide a context for focussed environmental impact assessments concerning those issues.
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Table 3: List of key requirements relating to monitoring of estuary condition (not necessarily in
order of perceived importance). +, +/-, and — refer to those requirements that were addressed,
partially addressed, and not addressed in the present EMP, respectively.

Council Wish List

Source

This Study

1

10.

11

12.

13.
14.

15.

A rapid and cost-effective monitoring tool that i) gives a
defensible indication of whole estuary condition that is readily
transferable to similar types of estuaries, and ii) identifies
condition of priority habitats in NZ estuaries. It should be
robust enough to be able to measure change over
approximately 5 year intervals (i.e. the ideal monitoring tool).

A standardised methodology for mapping and classifying
dominant habitats in estuaries (with minimum error in habitat
boundary definition)

A standardised methodology for mapping the extent of mud
intrusion (i.e. is mud habitat expanding, contracting?)

A defensible means of choosing which estuaries to monitor in a
region.

A standardised methodology for assessing mud habitat
condition (ecological health, biodiversity, contamination)

A standardised methodology for assessing mangrove habitat
condition (a cost effective indicator)

A standardised methodology for mapping mangrove habitat
expansion

Assessing whether seagrass habitat is a reliable indicator of
overall estuary condition

A rapid monitoring tool to assess the impact of wastewater
discharges on overal estuary condition (issues include metal
toxicity, stormwater, treated sewage, industrial)

A standardised methodology for mapping the habitat of the
Pacific oyster (Crassostrea gigas)

A standardised methodology for assessing shellfish habitat 1oss
and condition of existing beds

A standardised methodology for assessing condition of
vegetation habitat (a standardised scale)

Practical guidance on vegetation rehabilitation

A rapid monitoring tool to assess the waterborne pathogen risk
to humans using the estuary

A rapid monitoring tool to assess the enrichment status of an
estuary

EW, EBOP, NRC, TDC,
MDC, EC, ORC, ES.

EW, EBOP, NRC, TDC,
MDC, EC, ORC, ES

EW, EBOP, NRC, TDC,
MDC, EC, ORC, ES
ES, ORC

EW, EBOP, NRC, TDC,
MDC, EC, ORC, ES
EW, NRC, EBOP

EW, NRC, EBOP

EW

NRC, TDC, EC, ORC, ES,
CCC, NRSA, NCC

NRC
Iwi (Whangamata), ES
EBOP

ORC

EC, ES, Whangamata
community

All

+/-

2.3 Preliminary estuary assessment

The current study aimed to design a preliminary assessment tool that combined a ‘ decision matrix’

of a wide range of estuarine characteristics that would be ranked for each estuary within a region.

Indices of estuarine condition are valuable as they condense a broad range of often complicated

information into a simple, comprehensible index. This ranking system would alow estuaries to be
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prioritised for long-term environmental monitoring, and provide afast, smplified way of comparing

and evaluating estuaries that is easily communicated to coastal managers and the public. The key

decisions and rationale for this approach are outlined in Table 4.

Table 4: Rationale for the preliminary assessment protocol

Key Design Decisions

Reasons

1. Decision Matrix Utility

It was decided that the study should develop
an index of estuary condition asthe initial
part of the estuary monitoring protocol.

To assist coastal managersin theinitial decision of which estuaries
to prioritisein their region.

Preliminary assessment ranking is a tool that condenses a lot
information into a simple, comprehensible index.

There needs to be a rapid, first-cut assessment of environmental
conditions and relevant issues of estuariesin aregion.

A decision matrix provides a holistic, multidisciplinary framework
from which preliminary management decisions can be made.

2. Select Estuary Characteristicsto form
the Decision Matrix

Consultation with Councils and interest
groups provided a number of key issues
relating to estuaries. Other important
physical and biological characteristics and
indicators of condition were included as
assessment factors to be ranked.

It was considered important to include current, relevant issues to
New Zealand estuaries as some of the ranking criteria

Priority was given to features that relied on current knowledge,
historical data or easily accessible information.

Effort was made to select characteristics that did not require
intensive sampling.

A broad range of characteristics were chosen in order to
encompass the biological, physical and aesthetic factors as well as
catchment processes and risk assessment.

The matrix covered the complete range of estuarine habitats, rather
than focussing on a single habitat like other monitoring
procedures.

3. Include Weighting Factors

A further choice was made to include
weighting factors that could be assigned to
each estuary characteristic to reflect the
important issues and concerns of the region.

Weighting factors allow the decision matrix to be personalised by
the end-user, as they can alocate relative weighting factors to
particular estuary features they perceive are more important to
determining their management decisions.

2.4 Focus on the benthic intertidal habitat

It is important to define and standardise the estuarine habitat targeted for monitoring for a number

of reasons. The physical characteristics of sediment (e.g. grain size, sediment type) are often

identified as important factors governing community structure and distribution of benthic fauna
(Probert 1984). Additionally, the physical characteristics of a habitat can influence the relative

accumulation of contaminants such as heavy metals (Kennish 1997, Koppelman & Dillard 1975).

Therefore, confining the monitoring to a single, characteristic estuarine habitat allows a ssimplified,

11
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cost-effective approach that avoids the confounding problems of comparing between different

habitat types.

The bed of the estuary in the intertidal zone was chosen as the most appropriate area for monitoring,
and the rationale for this selection is outlined in Table 5. Due to the large dilution effect of tidal

flushing in most New Zealand estuaries, studies of surface waters are often not particularly useful as

indicators of estuarine condition (Updegraff et al. 1977). Benthic characteristics, however, are

more stable (Turner et al. 1995) and are generally considered to be better integrators of condition in

well-flushed estuaries that may have been periodically exposed to contaminants over along period
of time (Gillespie & MacKenzie 1990, Roper et al. 1988). Thusit was decided to develop and test a

monitoring protocol for New Zealand estuaries based on comparison of benthic characteristics.

Table 5: Rationale for choosing the benthic intertidal habitat for estuary monitoring.

Key Design Decisions

Reasons

1. Intertidal Habitat

Within the nine estuaries it was decided that
the study would concentrate on intertidal
areasonly.

Intertidal habitats are known to be functionally important (‘high
value') components of coastal ecosystems.

They are the most accessible.

Data can be obtained quickly and more cost-effectively than
subtidal habitat.

They are particularly vulnerable to human impact.

2. Benthic Intertidal Habitat

A further choice was made to limit the
assessment to the benthic intertidal
environment.

There is evidence that various contaminants, including nutrients,
organic matter, metals, synthetic organic toxicants and pathogens,
accumulate in estuarine sediments at greater concentrations than
the overlying water. As such, estuarine sediments serve as sinks
for contaminants with the potential to affect benthic communities
and overlying water quality (Church 1975).

Benthic plants and animals are intimately involved in the wider
estuary ecosystem through the food web and as agents of
bioturbation and nutrient regeneration (Bilyard 1987, Hagerman et
al. 1996).

Benthic organisms often contribute to the bioaccumulation of
pollutantsin estuarine food chains, especially heavy metals.

Compared with overlying water (which exhibits large short term
fluctuations in physical, chemical and biological characteristics),
the benthic environment is much more stable as it effectively
integrates these fluctuations over time.

In shallow, well-flushed, bar-built estuaries that are typical of NZ,
it is more promising to characterise the sediments rather than
overlying waters to determine the enrichment and toxicity status of
estuaries.

Existing consent monitoring information provides useful
comparison for benthic habitats.

12
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2.5 Broad-scale intertidal benthic habitat mapping

The next step in developing the EMP was to establish a suitable method for monitoring the
dominant characteristics of estuarine benthic intertidal habitat at a broad scale. It was decided that
this could be best achieved by developing a standardised approach for classifying and mapping
dominant vegetation and unvegetated areas of intertidal habitat. The rationale for this approach is

outlined in Table 6.

Table 6: Rationale for broad-scale mapping of intertidal habitat

Key Design Decisions

Reasons

1. Map Intertidal Habitat

Develop a method for mapping the
distribution of estuarine intertidal habitat
and test this on at least selected portions of
estuaries. For each estuary, aeria
photographs will be used to identify habitat
and vegetation at a broad-scale. Digital
maps will then be produced from the aerial
photographs and verified with field studies
to provide baselines for historical
comparison, and for detecting change over
different spatio-temporal scales.

To develop a methodology and provide baseline information on
the spatial distribution of broad habitat groupings within each
estuary.

To provide an overview of habitat distribution in an estuary as a
framework for risk assessment and design of subsequent finer
scale monitoring programmes.

To allow similar habitats within different estuaries to be compared
in general terms.

To help provide a broad picture of the key productive components
and ecological processes associated with each estuary.

To progress MfE's confirmed environmenta performance
indicator ME6 — Percentage change in extent of selected marine
habitats.

2. Coordinatewith Classification Group
In the process of the broad mapping of
intertidal habitats, it was decided to
coordinate the procedures, techniques and
outcome with the general approach being
adopted in the SMF funded “ Coordinated
Monitoring of New Zealand Wetlands’.

Many issues were similar between the two SMF projects.

The other SMF project group is producing a national classification
system based on a defensible, simple and cost-effective approach
based on the Atkinson system (Atkinson 1985).

Ensures the use of one national approach.
Expertise shared and overlap avoided.

2.6 Fine-scale intertidal benthic environmental monitoring

The next step in developing the EMP was to choose an appropriate intertidal benthic habitat that
would reflect important aspects of overall estuary condition, and select fine-scale variables to
monitor. Fine-scale monitoring measures the variation and inter-relationships of a suite of benthic
indicators in a habitat that is likely to reflect current estuarine condition and subsequent changes. It
represents the appropriate level of scale to investigate aspects of estuarine health, such as
biodiversity, contamination, toxicity and enrichment. The rationale for the fine-scale monitoring

approach isoutlined in Table 7.
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Table 7; Rationale for fine-scal e assessment of intertidal habitat

Key Design Decisions

Reasons

Step 1

Choose a commonly impacted estuarine
intertidal habitat.

A decision was made to target one
commonly impacted intertidal habitat.
Muddy sand habitat in the mid-low tidal
range, where mean salinities of overlying
water were greater than 20ppt, was selected.

Soft mud habitat is a common habitat in New Zealand estuaries.

To build on other successful long-term estuary monitoring
programmes in use (e.g. Manukau and Bay of Plenty estuaries).
Fine-grained (muddy) sediments are characteristic of sedimentary
environments. These environments are known to be depositories of
particulate contaminants (e.g. particle bound organic materia,
nutrients, metals etc). Fine-grained sediments can aso take up
dissolved contaminants from the water column, either by physical
sorption or biological uptake.

Mid to low tidal elevations are inundated with potentially
contaminated overlying water for a larger percentage of time than
higher elevations.

The biology of the mid-low tide area is frequently more diverse and
abundant and therefore has a high potential for indicating change.
Biological characteristics of habitats of widely variant salinities are
not directly comparable.

Step 2

Choose a suite of benthic characteristics that
have potential asindicators of estuary
condition

Physical and Chemical
- Gransize
Nutrients (nitrogen and phosphorus)
Organic matter (AFDW)
Depth of redox layer
Heavy metals (copper, chromium,
cadmium, lead , nickel, zinc)

Common issues associated with estuary condition in New Zealand
are: muddiness, nutrient and organic enrichment, clarity, toxicity and
human waterborne disease risk. Waterborne disease is best
monitored through water column and shellfish monitoring. The other
issues are addressed in the proposed suite of benthic indicators.

The chosen physical and chemical indicators are relatively
inexpensive to monitor because point in time observations can be
related to a past history of exposure.

Nutrients, organic matter and heavy metas tend to sorb to small
sediment particles and settle onto muddy areas of estuaries. Grain
size analysis will provide a record of the relative proportion of fine
grained sediments.

Biological The structure of the biological community living on and within the
Species abundance for both infauna and sediment is affected by the condition of both the surrounding
epifauna sediment and the overlying water.

Chlorophyll a as an indicator of micro-
agal mat cover.
Step 3 Provide a statistically robust data foundation so that the data can then

Design and undertake a survey to establish
the spatial distribution of these benthic
characteristics in the chosen habitat for all
the reference estuaries.

be used to optimise sampling design (precision versus effort, identify
differences between estuaries and identify potential benthic
indicators).

There have been various low cost indicator studies undertaken on
oversess estuaries using minimal replication. However, such studies
are lacking in many areas, in particular, the ability of the sampling
design to adequately account for spatial and temporal distributions.
The general sampling design and methodology is expected to be
readily transferable to other intertidal estuarine habitats.

This is an important step in developing a link between mudflat
physical and chemical variables and biota distribution in a range of
NZ estuaries.

Step 4

Undertake optimisation analyses to balance
precision against effort for each of the
variables and produce a defensible cost-
effective monitoring programme, including
the identification of any necessary further
work (e.g. temporal studies).

The baseline study will be too costly for widespread use by Councils.
It is expected that sufficient data to establish the general condition of
an estuarine habitat can be generated from fewer replicates and less
variables than used in the basdline study. This will be primarily
achieved by determining the influence of physical and chemical
variables on biological species, feeding guilds, abundance and
biomass data.
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3. ESTUARY CHARACTERISTICS

This section outlines the general characteristics of New Zeaand estuaries and how these align with
the characteristics of the nine reference estuaries (RES).

3.1 General characteristics of New Zealand estuaries

New Zealand has over 300 estuaries (McLay et al. 1975) that vary in size from small coastal creeks
and lagoons (as small as 1 ha) to large harbours, sounds and fiords (up to > 15,000 ha), but a
majority of those identified are > 500 ha.

New Zealand estuaries have developed in a variety of geomorphological situations. These include
coastal former river or glacial valeys, coastal plains, rocky shores (fiords) and tectonically active
areas. The mgjority have developed as incised valleys eroded by river and glacier action during the
late glacial maximum. These were filled with water as the sea level rose approximately 10,000
years ago. Subsequently, they began to accumulate deposits and have been doing so ever since.
The rate of infilling will vary among estuaries, depending on factors such as wave, tide and river
flow energies, biological characteristics and input sediment loads. This infilling has often been
encouraged by bar or spit formation near the estuary mouth. A survey of all New Zealand estuaries
(McLay et al. 1975) identified 78% as either bar-built estuaries or lagoon environments.

Because the majority of New Zealand rivers carry high sediment loads and enter the ocean in broad,
coastal plain areas, their estuaries are wide and relatively shallow. This means that they are largely
drained at low water exposing extensive areas of sand/mud flats and peripheral salt marsh. The
combination of the rapid tidal flushing, the broad expanse of intertidal area, and wind and wave
turbulence generally results in most of the input sediments and contaminants being flushed out to
sea. The remainder is dispersed relatively widely within the estuary, but accumulates in localised
areas of poor flushing. Despite favourable flushing characteristics, sediment deposition (probably
accelerated due to past landcover clearance/disturbance and wetland drainage) has caused the
majority of New Zealand’'s estuaries to become progressively muddier. Over the last century, the
depositing sediments have, in many cases, become contaminated with elevated nutrients, organic

matter, potentialy disease-causing organisms and potentialy toxic chemicals (e.g. metals and
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hydrocarbons), as the inputs of domestic, industrial and agricultural wastewaters, landfill leachates

and stormwater have increased.

Catchment landuse, both past and present, isintimately linked with estuary condition (Dauer et al.
2000, Harris 2001). Within New Zealand, most of the land is used for agriculture and exotic and
native forestry, but around some estuaries urban development can be particularly intense (e.g.
Christchurch, Auckland, Wellington and Dunedin). Because human settlements are often
concentrated in coastal regions and attracted by coastal resources, sediment and contaminant

loadings to estuaries from urban and agricultural catchments are frequently elevated.

The tidal, sheltered waters and sediments of New Zealand estuaries support diverse communities of
plants and animals, specially adapted for life at the land/sea interface (Bradstock 1985). These
estuarine environments can be highly productive (Knox 1986). They contain a wide range of
different habitats, including shallow open water and/or tidal pools, salt marsh, sandy and rocky
shore, mud and sand flats, biogenic reefs (e.g. reefs containing oysters, polychaete worms or
mussels), mangrove forests, sea grass and kelp beds. Freshwater wetlands and offshore delta
regions often adjoin estuaries on the land and seaward ends, respectively. Over the past 150 years,
many of these habitats have changed as a result of human activities (e.g. infilling, wetland drainage,

exotic infestations, grazing, dredging and fishing).

3.2 Characteristics of the reference estuaries

The nine REs chosen for the study (refer Section 2.1) were classed according to the nomenclature of
Hume & Herdendorf (1988). Background information describing each of the REs is provided in
Appendix A (Part B of this report). This information is summarised and compared in Sections
3.2.1-3.2.7 in order to demonstrate their similarities/contrasts with respect to the present study.

3.2.1 Estuary location, shape and hydraulics

The REs are located throughout New Zealand from New River, in the lower South Island, to the
Otamatea Arm of the Kaipara Harbour in Northland. The estuaries vary in size from relatively small
(200 hafor the Kaikorai Estuary) to large (3500 hafor the New River Estuary).

All the REs were formed when the basin was originally cut by river action, generally when sea level
was lower than at present. The landform has since been inundated by a rise in sea level, and
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modified by sediment deposition of both fluvial and marine origin. The majority of the estuaries
have barrier spits or islands near their mouths. In amost all cases, the barrier provides no maor
restriction to drainage from the estuary to the sea. The exception is the Kaikorai Estuary where a
barrier beach restricts the ponded drainage of the relatively small input streams to the sea. The
Kalkorai estuary is ‘perched,’ in that the sea crosses the barrier beach only near high tide resulting
in a lagoona situation with restricted tidal exchange. Often the barrier beach builds up and
prevents drainage to the sea, or tidal input of marine water, until the barrier is purposely breached
by machinery. Such lagoonal estuaries are common and are generally important for wildlife and
recreation, but they often present flooding problems for surrounding low-lying land. They are also
more prone to nutrient enrichment and/or contaminant build-up. The Havelock estuary is the only
RE enclosed by a headland rather than a barrier spit.

All the REs are shallow (mean depths <2m at high tide) and most are well-flushed. Although
residence time has not been accurately measured for most of these estuaries, the fact that a large
proportion of their water volume drains out on each tidal cycle indicates that residence times are
likely to be within the 0.5 to 5 day range. The exception is the Kaikorai, whose residence time will
vary depending on the extent to which the mouth is blocked at any time. The estuaries are generally
expected to be well-mixed systems with little stratification outside localised freshwater discharge

Zones.

3.2.2 Catchment geology and landuse

The New River Estuary has the largest catchment (350,000 ha) and the Whangamata and Kaikorai
have the smallest (5,188 and 5,467 ha, respectively). Geologically the catchments are relatively
diverse, including the muddy limestones and mudstones that overlay basement rock in the Kaipara
Harbour catchment (causing the harbour arms to be especially muddy), the recent loess deposits of
the catchments of the Avon-Heathcote, Kaikorai and New River estuaries, and the volcanic

influenced soils of the Ohiwa Estuary catchment.

Catchment development varies among the estuaries, but all include agriculture as a key landuse
category (Table 8). The Otamatea Arm of the Kaipara Harbour and the New River estuaries have
the greatest proportion of agricultural development (79 and 65% respectively). Intensive use of part
of the catchment for urban development has occurred, to the greatest extent, in the Avon-Heathcote
(56%), but urbanisation is aso significant in the Kaikorai, Waimea, and New River estuary

catchments. The REsaso vary in the extent of undeveloped land within their catchments.

17



Sustainable Management Contract National Estuary Monitoring Protocol September 2002 -
No. 5096 DRAFT CAUTHRON
Table 8: Summary of catchment landuses for the nine reference estuaries
Land Use Avon- Havelock Kaikorai Kaipara New River Ohiwa Ruataniwha Waimea Whangamata
Heathcote (Otamatea
Arm)

Percent Cover (%)*
Indigenous forest 0.1 65.2 7.8 7.3 12.0 25.2 65.6 31.2 334
Prime pastoral 26.9 12.9 53.5 79.8 64.5 48.8 11.3 25.6 15.4
Planted forest 31 12.3 4.8 5.9 57 184 0.1 319 46.4
Scrub 15 8.3 9.5 6.0 4.4 5.2 14.7 4.9 14
Bare ground 0.1 0.5 11 0.0 2.8 0.1 0.7 0.7 0.0
Tussock 31 0.3 0.3 0.0 9.5 0.0 7.0 3.0 0.0
Inland water 0.0 0.2 0.0 0.2 0.1 0.0 0.5 0.0 0.0
Coastal wetlands 0.0 0.1 21 0.0 0.0 0.8 0.0 0.1 0.0
Inland wetlands 0.0 0.1 0.2 0.0 0.7 0.0 0.0 0.0 0.0
Urban 56.0 0.1 0.0 0.1 0.2 11 0.0 0.8 34
Urban open space 6.5 0.0 20.8 0.0 0.0 0.3 0.0 0.1 0.0
Prime horticultural 1.0 0.0 0.0 0.2 0.0 0.2 0.0 1.8 0.0
Inland water 17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mangrove 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Total catchment area (ha)? 18783 104660 5468 61414 350289 18559 76681 81170 5188
Population® 280000 549 13999 1263 61491 500 120 7023 3700*

Source: Land Cover Database 2001 (LCDB1)

Source: Regional and local Council’s

3Source: Census data

“Current residential population but increases to 20,000 over the Christmas/New Y ear period.
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Indigenous forest land cover varies from 65% for the more isolated (and therefore relatively
pristine) Ruataniwha and Havelock estuaries to 0.1 % for the urban-dominated Avon-Heathcote
(Land Cover Database 2001).

3.2.3 Freshwater inflows

Although al the REs are dominated by marine inflow as the major source of water, some of the
estuaries have relatively large freshwater inputs (e.g. Ruataniwha, New River and Havelock). This
causes a diluting effect in these estuaries which becomes more noticeable with decreasing estuary
area (Figure 3) and can be further emphasised during flood events. Other estuaries have very small
inputs of freshwater and consequently are not influenced by large salinity variations (e.g. Ohiwa,
Whangamata and Otamatea Arm, Kaipara Estuary). Figure 3 shows that the Havelock and
Ruataniwha Estuaries have the smallest area to freshwater inflow ratio, and the Ohiwa Estuary has
the greatest. Once again the Kaikorai is an outlier. Although it receives arelatively low freshwater
input, it experiences low salinity (brackish) conditions for extended periods due to restricted tidal

exchange.
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Figure 3: Ratio of estimated estuary area (ha) to mean annua freshwater inflow (m3/s) ratio for the
REs
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3.2.4 Contaminant inputs

Contaminant entry from point source discharges to the reference estuaries varies from minor input
for some, to relatively large for others (Table 9). For example, treated municipal sewage is the
largest point source input to some estuaries, and varies from 145,000 m*/day for the Avon-
Heathcote Estuary to zero for the Ohiwa and Kaikorai estuaries (Table 9). Other point contaminant
sources include urban stormwater, dairy shed wastewater, and various small industrial inputs, but

flows are not easily quantifiable.

In the past, industrial and municipal contaminant discharges to estuaries like the Avon-Heathcote,
Kakora and, to a lesser extent, the Waimea were more numerous, with the majority being
untreated (e.g. those from tanneries, glue factories, metal and gas works, timber and woollen mills,
wool scours and untreated sewage). With the growing public awareness of estuary deterioration
and health risks, legislation has been tightened up and now there are greater controls/restrictions,

and improved treatment systems for most domestic and industrial wastewater.

Table 9: Point source discharge information for the reference estuaries
Municipal Wastewater Historical Point

Estuary Point Source Discharges Flow (m3/d) Source Input

New River Invercargill treated wastewater, landfill leachate,

Estuary fertiliser plant wastewater, dairy shed wastewater. 20,000 Moderate

Kaikorai

Estuary Urban stormwater. 0 High inputs

Avon Heathcote

Estuary Christchurch oxidation ponds, urban stormwater. 145,000 High inputs

Havelock Havelock oxidation ponds, fish processing

Estuary wastewater 100 Low

Ruataniwha Collingwood treated wastewater, dairy shed

Estuary wastewater upstream. 60 Very Low
Bells Is oxidation ponds, dairy shed wastewater

Waimea Estuary  upstream. 12,050 Moderate

Ohiwa Estuary Dairy shed wastewater upstream. 0 Zero

Whangamata

Estuary Whangamata oxidation ponds, urban stormwater. 1600 Low

Otamatea Arm

Estuary Treated sewage, Dairy Factory Discharge 300 + dairy Fact Low

Yincludes maximum of 3000 m® per day from the Maungaturoto Milk processing plant

3.2.5 Biology

In general, the plant and animal life of the reference estuaries has not been well studied. In
particular, the intricate web of ecosystem dynamics and the major factors that drive the productivity
of each of the estuaries (or habitats within estuaries) has received little attention. In addition, the

more mobile and temporary inhabitants that may use estuaries as nursery and breeding grounds are
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poorly understood. However, studies of fish populationsin avariety of New Zealand estuaries have
identified more than 20 resident or migratory species (Morrison & Francis 2000) and Bradstock
(1983) suggests that more than 40 species may use estuarine habitat during some stage of their life
cycle. In genera, where studies have been undertaken, they have been initiated in response to

existing estuary contamination problems.

The available information on benthic animal life in New Zealand estuaries indicates that biota is
similar to that found in other estuaries throughout the temperate world. Thisincludes bivalves (e.g.
pipi, cockle, nut shell, trough shell), gastropods (e.g. whelks, topshells, mud snails), crustaceans
(e.g. crabs, amphipods), anemones, fish, and burrowing worms. Likewise the submerged and
emergent vegetation includes species from the common groupings of rushes, reeds, scrub, grasses
and tussocks, herbfields, seagrasses and macroalgae. Because of the generally large expanses of
otherwise unvegetated sand and mud flats, benthic microalgal communities are important
contributors to estuarine productivity. Estuarine benthic environments are aso sites of intensive

microbial activities that are important for controlling nutrient and oxygen dynamics.
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Table 10: Comparison of general characteristics of reference estuaries. Many of the values are 'best guess' estimates. For the detailed descriptions of
each estuary, refer to Appendix A.

Volume Mean
Type HWS Residence FW Total Shoreline | Catchment | Catchment
Estuary/ (refer | (10°md) Time I nflow Area | Area/FW | Intertidal % Max.Tidal length Area Population Major
L ocation key) * (days) * (m%s) * (ha) inflow Area(ha) | Intertidal | Range(m) (km) (km2) / km? L anduse
Havelock - FE,
Havelock, HE <3 40 908 23 4.2 105 NF, P, EF
Waimea FE,
-Nelson, BE (1) 62 0.6 25 3455 166 2870 83 4.2 812 EF, NF, P
FE,
Avon-Heathcote BE
-Christchurch, (SS) 8.3 <1 3 800 267 85 2.2 188 u,P
FE,
Kaikorai BE
-Dunedin, (B) Variable 04 195 488 1.0 55 P, U
FE,
New River BE
- Invercargill, (DS) 85 3 61 3,500 57 3502 P, NF
Ohiwa FE,BE
— Bay of Plenty (DS) <2 3 2700 900 1890 70 15 85 186 P, NF, EF
Otamatea Arm of FE,
Kaipara Harbour BE
— Northland. (DS) <37? 3 1675 558 2.7 614 P
FE,
Ruataniwha BE
-Collingwood (MS) <1 80 1610 20 4.2 702 0.2 NF, S P

Estuary Type: FE = Fuvia Erosion; B-E = Barrier-Enclosed; H-E = Headland-Enclosed; SS = Single Spit; DS = Double Spit; MS = Multiple Spit; | = Island; B = Beach
ValuesUses. a= Historical/Cultural; b = Recreational; ¢ = Ecological; d = Fish/Wildlife habitat; e = Wastewater discharge; f = Commercial (e.g. aguaculture, ecotourism); g =
Harbour; i = Shellfish harvesting

Threats. a= Spread of exotic species; b = Contamination (e.g. chemical, microbiological); ¢c = Nutrient enrichment; d = Sediment input

Landuse: Magjor uses (>10% of total) in decreasing order; U = Urban; P = Pastoral; EF = Exotic Forestry; NF = Native Forestry; S = Scrub
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3.2.6 Conclusions

How useful were these nine reference estuaries for development of a monitoring protocol? The

following points summarise the main considerations:
A broad range of estuaries, in terms of latitude and size, wastrialled. This was necessary in
order to make the protocol nationally applicable.
The types of estuaries compared (i.e. origins, morphological structure, flushing
characteristics) were typical of most estuaries in New Zealand. Less common estuary types
such as those with deep mixing basins or embayments and low flushing rates (e.g. sounds
and fiords) were not adequately represented. Nor were river delta systems, that are not
barrier enclosed, included. Only one lagoon system with restricted flushing was included.
Most of the mgjor intertidal habitat classes were represented in all the estuaries, athough
some (e.g. mangroves and Pacific oyster beds) were restricted to northern latitudes.
The mud/sand habitat, selected for fine-scale analyses, was dominant in all the estuaries, and
thisistypical of estuariesin general in New Zealand.
The estuaries were representative of a variety of different states of modification or
condition. Some were relatively pristine while others had been subjected to significant
impacts from various stresses/uses.
The reference selection did not include estuaries (or sites within estuaries) that are highly
impacted (i.e. those with highly enriched, anoxic, or highly contaminated sediments). The
intention was to include ‘representative’ sites within the estuaries rather than ‘hot spots' that

would normally be subject to consent monitoring.

Conclusions

We conclude that the choice of reference estuaries provided a
useful basis of comparison for trialing/developing the protocol. It
is expected that eventual assessment of pristine and highly
impacted sites, and estuaries of contrasting morphological
characteristics (using the protocol), will build on the database
provided in this report. This will broaden the applicability of the
protocol and improve confidence in interpretation of assessment

results.
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4. PRELIMINARY ASSESSMENT OF ESTUARY
CONDITION

4.1 Introduction

Estuaries represent a transitional ecosystem between land and sea, influenced by a diverse range of
factors. As such, an integrated, multidisciplinary approach to assessing estuarine condition is
central to effective environmental monitoring and decision-making. An index of estuarine status
that ranks estuary characteristics is a valuable tool for making a rapid, first-cut assessment of
environmental conditions and issues of estuaries in a region, and gives a holistic framework within

which to make preliminary management decisions.

One impetus behind developing indices of environmental condition is that they allow a considerable
volume of scientific environmental information to be conveyed in a concise and meaningful way.
This can provide coastal managers and the general public asimplified, yet comprehensive overview
of the estuariesin their region. Anindex gives regiona perspective by condensing a broad range of
information without undue sacrifice of individual detail. A ranking tool is useful in the preliminary
classification of estuaries in a region as it gives a transparent rationale for assigning relative
ecological value to estuaries, providing a defensible mechanism for prioritising estuaries in terms of

their long-term state of environment monitoring.

There have been a number of indices of estuarine health and classification recently developed and
applied to estuaries, both overseas and within New Zealand (Hume and Herdendorf 1988; Cooper et
al. 1994). These have focussed on classifying one or more aspects of the estuary such as
geomorphology, water quality, biology and aesthetics. The ‘ pressure-state-response’ model is aso
commonly used as a framework for developing environmental indicators and reporting (MfE
Environmenta Performance Indicators report series). These indices have provided a framework for
comparison, and allowed estuaries, or regions within estuaries, to be assigned particular value or

status and managed and monitored accordingly.

An initial ranking protocol for estuaries was developed in the current project, in order to help New

Zealand coastal managers with the decision over which estuaries to monitor in aregion. The am
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was NOT to provide a ‘magic’ number that would represent the state of health of an estuary. The
aim was to provide a flexible tool (the ‘decision matrix’) to give a rapid, broad overview of the
condition/status of an estuary to alow managers to prioritise candidate locations for monitoring,

and hence, provide a defensible basis for long-term planning decisions.

4.2 Approach

The first step in developing an initial assessment ranking tool (the decision matrix) was to define
the key issues relating to the condition of New Zeadand estuaries. This was achieved by
consultation and feedback from Regional Council staff and other interested groups from the
reference estuary regions (summarised in Table 2). This background information was then used to
decide on a number of the estuarine characteristics that would be included in the decision matrix to
classify and prioritise estuaries in their regions. It was considered important to include the current

issues, as perceived by coastal managers and the public, in the preliminary assessment procedure.

The second step was to identify other estuarine characteristics that should be included in the
decision matrix. Effort was made to include a wide range of estuarine habitats, so the matrix was
not focussed on a single habitat (e.g. the intertidal area that is the focus of the fine-scale monitoring
in this study).

Some of the characteristics/features identified are easily assessed (e.g. level of aguaculture risk).
However, some characteristics are not so easily assessed and may require consultation (e.g.
community perception, cultural values), or scientific or ecological knowledge/investigation (e.g.
hydrodynamic characteristics, indicators of habitat condition/health).

A number of characteristics chosen were similar to those from a ‘ pressure-state-response’ model.
The matrix included characteristics that were pressures on the environment (e.g. point source
effluent discharges) and states describing estuary condition (e.g. habitat extent). Responses
(management actions that may be remedial, e.g. applying consent conditions, rehabilitation efforts)
were not directly included as characteristics in the matrix, but they may be considered in the scoring
(e.g. the scoring of ‘Aquaculture Licences as a ‘3: no current or likely future aquaculture

activities' could relate to the restriction of aguaculture activities by council legislation).
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The estuary assessment factors that make up the decision matrix were separated into four broad
themes:

a) Existing physical and biological characteristics

b) Natural character and values

¢) Characteristics that indicate a potential for an adverse impact

d) Characteristics that indicate an existing impact

The final stage of the process was to assign a weighting factor to the assessment criteria, to place
emphasis on those characteristics of particular relevance to a region, community or manager
(allowing the ranking procedure to be ‘personalised’). This means that the ranking is applied, to a
limited extent, at the discretion of the end-user (through the application of a relative weighting
factor to particular characteristics of interest). For example, if the estuary is of important cultural
significance as a traditional food-gathering site, then the assessment factors ‘ Cultural significance’
and ‘Extent of fish/shellfish resource’ may be allocated a greater weighting relative to other factors.
Ultimately, the decision on what estuary to monitor, based on the final score, is at the discretion of
the matrix-user. By using a risk-assessment approach, they may decide to prioritise estuarine
monitoring to high-risk, highly impacted estuaries or to estuaries of high natural (or other) value
that are not showing the same level of degradation.

The decision matrix was developed to assist managers in the preliminary characterisation of
estuaries in their region. In completing the table for each of their estuaries, it is envisaged that
managers will:

a) become more familiar with their estuaries,

b) identify knowledge gaps about their estuaries,

¢) identify the significant values within their estuaries,

d) identify potential threats to estuarine values,

€) prioritise estuary monitoring based on the current condition, potential threats, or values of

significance (e.g. ecological, cultural, recreational, and economic).

It is accepted that the decision matrix does have limitations, including:
there is some loss of individual detail as it condenses and simplifies a large bulk of

information about each estuary,
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the decision matrix can not be applied to a broad comparison of estuaries outside a particular
region. The ranking factors allocated in the examples are subjective and discretionary. They
can be modified or replaced to emphasise particular features that are considered more
relevant to estuaries in a region. Although this allows the ranking process to be tailored to
the concerns and issues of the region, community or manager, it precludes its use for
ranking estuaries against those in other regions,

the ranking result is only as good as the information used in its application. This could also
be seen as a strength as it will allow improvement of the result with the application of more
or higher quality information about the estuary and,

in the case of relatively undisturbed estuaries, particularly, further consideration will be
required of the potential for future degradation of existing values;, e.g. high natural
freshwater (nutrient or sediment) inflows, low flushing rate, etc.

4.3 Results

The decision matrix is presented in Table 12, along with two examples of the process of ranking

estuaries.

Weighting factors are applied to estuarine criteria that are considered to be more important/
significant to that region or estuary, and a rank is applied to that estuary based on the preliminary
assessment of the criteria. For example, an estuary that is remote, with no large residential
communities nearby might alocate a lower weighting (1, 3, or 5) to ‘Extent of water clarity
problems and ‘Extent of nuisance odour problems' as those factors are not considered as important
to theregion (i.e. they are not ‘problems’). Therefore, even if that estuary scores a high rank (1 to 3)
for those factors (maybe because there is extensive agricultural effluent causing eutrophication,
excess algae, odours etc,) those criteria will not contribute as much to the final score as other (more
heavily weighted) criteria (Table 11).

27



Sustainable Management Contract National Estuary Monitoring Protocol September 2002
No. 5096 DRAFT h
CAWTHRON

Table 10: An example of the application of weighting factors and ranking of the Decision Matrix

Scenario  Assessment Factor Weighting Factor Rank Total Score
(5,30r 1) (1,20r 3)

A Extent of nuisance algal blooms 1 3 3

B Extent of nuisance algal blooms 5 3 15

A Wetland and bird status 5 3 15

B Wetland and bird status 5 1 5

Scenario A = low/no residential communities, large extent of algal blooms, low use of the estuary for recreation etc, but
high international bird community

Scenario B = high extent of residential communities surrounding estuary, large extent of algal blooms, with a high level
of recreation on and around the estuary etc...

The decisions based on the results of the preliminary assessment ranking are also at the discretion of
the matrix-user. A low final score indicates that the estuary condition is at risk or already degraded.
If the users of the matrix are prioritising estuaries for monitoring that are impacted or are at risk by
disturbances or contaminants from urban development, catchment landuse practices, pollution or
other disturbances, then alow final score indicates a high priority estuary. If the users of the matrix
are prioritising estuaries for monitoring that are near ‘pristine’, with high natural values, then a high
fina score indicates a high priority estuary. In this case, further consideration will be required of
potential or perceived risks. This could involve some crystal ball gazing to predict the likelihood
for future development within the catchment. However existing physical and biological
characteristics can also indicate the potential for the future decline of natural values; e.g. freshwater
and sediment inflow rates, flushing rate, etc. Thus fine-tuning of priorities among relatively
undisturbed estuaries can be achieved by revisiting the matrix and adjusting weightings
accordingly.
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Table 11: The decision matrix developed for a preliminary estuary assessment to assist with prioritising estuaries for state of environment monitoring.

DECISION MATRIX FOR PRIORITISING ESTUARIES FOR STATE OF ENVIRONMENT MONITORING

Estuary Assessment Factor Explanation Scoring Schedule Example 1. Ruataniwha Example 2: Waimea
I : . . _— Weighting Weighting
A. Existing Estuary Physical and Biological Characteristics Score factor Total | Score factor Total
1 | Areaof Estuary (ha) Vaue of an estuary increases with the area of the resource. 1 = <500 ha, 2 = 500-2500 ha, 3 =>2500 ha. = =
2 Diversity of intertidal Estuaries with the broadest array of intertidal habitats have the greatest potential for high intertidal biodiversity and therefore 1 =limited array of habitats, 2 = moderate 3 3
habitat have greatest ecological valueto aregion. Habitats include: rushes, reeds, seagrasses, tussocks, herbfields, scrub, rock, cobble, array of habitats, 3 = most common habitats
gravel, mobile sand, sand, shell, muddy sand, soft muds, shellfish beds, sabellid beds. present and in good condition
3 Diversity of subtidal Estuaries with the broadest array of subtidal habitats over a wide depth range have the greatest potential for high subtidal 1 =limited array of habitats, 2 = moderate 3 3
habitat biodiversity and therefore have greatest ecological value to aregion. Habitats include: macroalgal beds, seagrass beds, rock, array of habitats, 3 = most common habitats
cobble, gravel, mobile sand, sand, shell, muddy sand, soft muds, shellfish beds. present and in good condition
4 | Flushing time (days) Flushing time is the average period during which a quantity of freshwater derived from a stream or seepage remainsin the 1=>10days, 2= 3-10 days, 3 =< 3 days 5 5
estuary. The very well-flushed estuaries will be least at risk from build-up of contaminants.
5 Freshwater input Estuaries with a high FW/A ratio have alarge freshwater influence and often result in arelatively harsh environment for aquatic 1=>100, 2 = 10-100, 3 = <10. 5 5
(m¥/s)/Areaof estuary life (i.e. biodiversity tends to be less).
(ha) ratio
6 Extent of mangrove and | Estuaries where mangrove and/or saltmarsh habitats have been reduced or reclaimed have lower ecolgical value, fewer feeding 1 =1low or severely reduced, 2 = moderately 3 5
saltmarsh habitat and nursery habitat for other species, and a decreased ability to assimilate contaminant and sediment entry. These habitats act as reduced, 3 = habitat present in unaltered
coastal buffers. extent and in good condition (For regions
outside the range of mangroves, use
saltmarsh habitat as the single assessment
factor)
7 Extent of fish/shellfish | Occurrence of fish and shellfish resources in an estuary enhance the value. A drop in abundance and diversity could result from 1 =low or no fish and shellfish resources, 2
resources an increase in nutrients and pollutants to an estuary. = medium abundance/diversity, 3 = High 5 5
abundance and/or diversity
B. Natural Character and Values
8 | Wetland and wildlife Estuaries are often important habitat for coastal fisheries and international migratory birds, and may be recognised as having 1=1low, 2 =medium, 3 = high wetland and 5 5
status significant conservation value. Estuaries with high wetland and wildlife status have a high perceived value. wildlife status
9 Recreational use An estuary can be a significant socia resource, used for water sports, food gathering, sightseeing, exercising etc. 1 =Ilow utilisation for recreation, 2 = 3 5
moderate, 3 = high utilisation for recreation
10 | Cultural signifcance The values of tangata whenua, including the issue of manawhenua (customary authority) may be significant to an estuary. 1 =low perceived cultural significance, 2 = 1 5
Estuaries may have a high cultural valueif they are or were a traditional food-gathering site, papataakoro or of other cultural medium, 3 = high perceived cultural
importance. significance
11 | Commercia use An estuary can be a commercial resource with economic importance, for example through shellfish/fish harvesting, aquaculture, 1 =low commercial use, 2= moderate, 3= 1 1
ecotourism etc. high commercial use
12 | Perceived value by the | Estuaries may have high aesthetic and amenity value to surrounding residential communites. They may also be important for 1 =low perceived value by communities, 2 = 1 5
communitiesin the education, tourism, or significant to the communities natural character or identity. medium, 3 = high perceived value by
region communities
13 | Potential for Historically impacted estuaries may have a greater potential for rehabilitation of estuary condition than currently impacted 1 =low potential for rehabilitation, 2 = 1 5
rehabilitation estuaries. medium, 3 = high potential for rehabilitation
C. Characteristicsthat Indicate a Potential for an Adver se lmpact
14 | Proportion of Modified catchments are likely to pose greatest risk to each estuary from contaminant entry. Urban and industrial contaminants 1 = high extent of urban/industria landuse, 2 5 5
urban/Industrial landuse | include heavy metals, nutrients, organochloride pesticides etc. = medium, 3 = low extent of urban/industrial
in the estuary landuse
catchment
15 | Proportion of Modified catchments are likely to pose greatest risk to each estuary from contaminant entry. Agricultural run-off has been 1 = high extent of agricultura landuse, 2 =
agricultural landusein | attributed to increased sedimentation, nutrients and contaminants in estuaries. medium, 3 = low extent of agricultural 5 5
the estuary catchment landuse
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Table 11 (cont.): The decision matrix developed for a preliminary estuary assessment to assist with prioritising estuaries for state of environment monitoring

accidental spills

16 | Proportion of exotic Modified catchments are likely to pose greatest risk to each estuary from contaminant entry. Exotic forestry can impact on 1 = high extent of exotic forest landuse, 2 =
forest landuse in the estuaries by causing increased erosion of the catchment, increased sedimentation and nutrients in the estuaries. medium, 3 = low extent of exotic forest
estuary catchment landuse

17 | Proportion of The least modified catchments are likely to pose least risk to each estuary from contaminant entry. Unmodified land may also 1 =low extent of unmodified catchment, 2 =
unmodified estuary include parks, reserves and other protected areas on the estuary margin. medium, 3 = high extent of unmodified
catchment catchment

18 | Estuary margin Estuaries where margins have been altered and/or reclamation has been undertaken have less value and a decreased ability to 1 = high extent, 2 = medium extent, 3 = low
dteration (e.g. assimilate contaminant entry and increased erosion and sedimentation processes. extent of margin alteration
reclamation)

19 | Point Source effluents Presence of point source discharges of wastewater (municipal, industrial and/or agricultural) into an estuary pose a high risk of 1 = extensive discharges, 2 = moderate

contaminant entry. discharges, 3 = very low or no discharges.

20 | Aquaculture Licences Presence of aguaculture activitiesin an estuary provides a greater risk of contaminant entry and other impacts (e.g. biosecurity 1 = aguaculture licences exist in estuary, 2 =

risk and impingement on the natural and aesthetic values of an estuary). estuary is at risk from aguaculture
developments, 3 = estuary has no current or
likely future aquaculture activities.

21 | Extent of biosecurity Infiltration of an estuary by foreign plants and/or animals poses risks to the existing habitat and community structure. Risk 1 =highrisk, 2= mediumrisk, 3 =low
risk assessment should include such factors as: likelihood of entry (e.g. high risk for ports, areas with extensive aguaculture or areas biosecurity risk

which attract boats), likelihood of invaders surviving, and risk of impacts on perceived estuary values.
22 | Extent of risk of Accidental spillage of hazardous wastes (e.g. oil) lowers valuesin an estuary. 1 =highrisk, 2=mediumrisk, 3 =low risk

of accidental spills

D. Characteristicsthat Indicate an Existing | mpact

23 | Extent of nuisance Algal blooms (e.g. Ulva sp.) indicate nutrient enrichment. Estuaries with algal bloom problems often have widespread adverse 1 = freguent algal bloom problems and/or
macro and micro-algal ecological and aesthetic effects. Additionally, there may be health risks associated with eating contaminated shellfish during large areas of nuisance macroalgae, 2 =
blooms bloom events. occasional algal bloom problems 3 = rare

algal bloom problems

24 | Extent of invasive Occurrence of exotic invasive species can threaten the natural character and biodiversity of an estuary (e.g. Pacific oyster, 1 = large colonisation of invasive species, 2
species Soartina sp.) = low extent of invasive species, 3=no

known invasive species

25 | Extent of modification | The hydrodynamic processes of an estuary can be altered by gravel or sand extraction, roading, reclamation and structures, 1 =large extent, 2 = moderate extent, 3 =
of estuary creating modified water circulation patterns, increased sedimentation, less flushing and an increase in contaminant loading. low extent of modification of hydrodynamic
hydrodynamic characteristics
characteristics

26 | Extent of water clarity Widespread water clarity problems (e.g. after heavy rain and/or wind events) lower the perceived value of an estuary, have an 1 =frequent, 2 = occasional, 3 = rare water
problems adverse socia effect and adversely effect aquatic ecosystems. clarity problems

27 | Suitability for human Water that people would not swim in or wade in has low value. Watersthat are appealing to swim or wade in have highest value. | 1 = water frequently not suitable for human
contact Water quality problemsinclude water-bourne disease risks. contact, 2 = water on occasions not suitable

for human contact, 3 = water always suitable
for human contact

28 | Extent of faecal Widespread faecal contamination problems lower estuary values. Problems are indicated by high faecal coliforms and 1 = High extent, 2 = moderate extent, 3=
contamination problems | enterococci in the water column and shellfish, illness or perceived health risk. low or no extent of faecal contamination

problems

29 | Extent of nuisance Widespread nuisance odour problems lower estuary values, e.g. from effluent, decomposing macroal gae, anaerobic sediments. 1 = frequent problems, 2 = occasional
odour problems problems, 3 = rare or no nuisance odour

problems

30 | Extent of toxicity Widespread toxicity problems or perceived problems (e.g. metals, organics, sulphide, ammonia) lower estuary values. Toxicity 1 = High extent, 2 = moderate extent, 3 =
problems problems can be both in the water column and sediment, and may have extensive adverse effects for the biological communities low or no extent of toxicity problems

within the estuary.

31 | Solid waste The presence of solid waste (e.g. refuse) lowers estuary values. 1 = High occurrence, 2 = medium
occurrence, 3 = low occurrence of solid
waste

If estuarieswith existing and potential adver se effectsand currently degraded estuary condition are prioritised for monitoring, then the lower thefinal score the higher
the priority for state of environment monitoring. If the estuarieswith near to pristine condition, high natural valuesand low potential for adver se effectsare
Total Score prioritised for monitoring, then the higher thefinal scorethe higher the priority for state of the environment monitoring.
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5. BROAD-SCALE HABITAT MAPPING (USING GIS)

5.1 Introduction

Intertidal physical and biological habitats are integral to the structure and function of the estuarine
environment and the way that they interact with adjoining terrestrial and marine ecosystems. Key
steps in understanding the functional importance of the nine REs (and managing them accordingly)
were to design an intertidal habitat classification scheme, and, subsequently, to map their different
habitat types. Once the dominant habitats are defined, and their boundaries established, this
information becomes a valuable benchmark indicator for measuring change (MfE Confirmed
Indicators for the Marine Environment, ME6 2001). Within this framework, finer-scale monitoring
priorities can be better defined in order to address issues of habitat or whole estuary condition (see
Section 6).

The boundaries of ecologically important (functional) habitats, e.g. mud flat, sand flat, seagrass, salt
marsh, mangrove, have the potential to shift over time. Some habitats may shrink in area while
others expand or merely relocate. Gross changes in habitat areas may reflect natural perturbations
or they may be due to human impacts that simultaneously affect benthic physical, chemical and
biological characteristics relating to environmental quality. For example, if sandy areas become
inundated with mud, it follows that the infaunal biological community living within the substrate
will also change. While it is possible to monitor the infaunal community directly, it is much more
cost-effective, in the first instance, to look for broader habitat changes that will allow specific

studies to be focused on areas where change is most likely to be significant.

The aim of broad-scale habitat mapping was to define each RE according to the dominant intertidal
habitats, based on surface features (e.g. substrate and vegetation type), and develop baseline maps
for each estuary. This procedure involved the use of aerial photography coupled with ground-
truthing of the images, and digital mapping using GIS technology. The first stage was to develop a
methodology appropriate for translating aerial photographic information into a GIS format suitable
for the project’s requirements. Wilton & Saintilan (2000) provide a detailed discussion of the
mapping methodol ogies.
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5.2 Approach

5.2.1 Allocating mapping scales

The ability to detect habitat change is directly related to scale. Scale in this context, is the
relationship between a distance on a map and a corresponding distance on the ground. For example,
we refer here to a scale of 1:10,000 as large in comparison to a scale of 1:100,000, however this can

be confusing as it is sometimes defined (perhaps more correctly) in the opposite way.

In order to detect small changes in habitat area, the habitat boundaries must first be accurately
mapped. At large spatial scales, only large changes may be detectable (even when using the most
up-to-date mapping procedures) or it may take many years for a number of small changes to
become apparent. At smaller scales, small changes are likely to be more readily detectable. The
scale used must also reflect the precision or resolution required (i.e. the size of the smallest feature
that can be represented on a boundary). For example, if it is important to know the total area of
sand compared to mud within an estuary, broad mapping can provide such information. However,
if it isimportant to know specifically where the mud and sand areas are, a higher level of precision
would be required. Therefore, it is important to define an appropriate spatial scale for baseline
mapping of estuarine habitat to enable detection of change at an appropriate scale to assist in
management. The scale selected will depend on the logistical constraints of data collection and

management, the purpose of the monitoring, and the time frame being investigated.

It was anticipated that the broad-scale habitat mapping technique would be capable of detecting a
shift in a habitat boundary of <5 m for a single rectified image (an image in GIS format that has
had certain points on the image matched, or ‘rectified’, to correspond with the same point on the
aerial map). To achieve this, an appropriate mapping scale would be a maximum of 1:10,000. The
detection of changes at larger spatial scales than this is likely to be too broad to serve a useful
purpose. This s particularly so for salt marsh vegetation where the spatial change may be due to
the summation of the expansion of a large number of small patches. The detection of change at
smaller spatial scales than this is difficult to achieve using relatively inexpensive methods such as
aeria photography and field verified digital mapping. The selected scale of 1:10,000 is also likely
to be sufficient to track changes over a reasonably short time interval (2-5 years), which would aid
in the ecological management of estuaries and would provide a relatively simple, inexpensive and

effective basis upon which to assign management priorities.
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5.2.2 Precision on habitat boundaries

The process of broad-scale habitat mapping at 1:10,000 using aerial photography carries with it an
error at any point of approximately 2-15 m. This is due to the fact that overlapping aerial
photographs will be taken from dightly different angles and, when overlaid and scanned into a
computer on aflat plane, single points in space will vary. The direction and magnitude of the error
at any point is going to be very similar to that for other points nearby. For example, acircular patch
of Zostera (eelgrass), which is measured at 5 m diameter in the field, will be shown at around 5 m
diameter on the digitised mosaic map. Thus, the area of the habitat patch may remain accurate, and
the only difference will be that the map position may show the patch to be 2 m to 15 m away from

where it actually isin the estuary.

There are techniques for limiting such errorsto < 5 m for asingle rectified image. Thisis achieved
by field verification of a number of points within each photo, and subsequent rectification of the
aerial photo with the field measurements using computer software. In the process of combining all
the rectified images of an estuary into a mosaic of the whole estuary, the total error broadens to
around 10-15 m for larger estuaries (i.e. those which require a large number of images) and 5-10 m

for smaller estuaries.

When using such methods it is critical to ascertain the actual error for each estuary. It was proposed
to check this by physically measuring the boundary of representative areas in the field using a
Geographical Positioning System (GPS), and checking the extent to which they coincided with their
positions on the digitised map. The actual error is also important to determine in situations where
there is a need for precise mapping of a habitat boundary. For example, plotting the encroachment
by mangroves or Spartina into an estuary may require monitoring to be able to differentiate a
change of 2-5 m. The monitoring protocol will address this requirement to obtain greater precision
by providing single rectified images with an error <5 m. To put thisinto perspective, aline drawn
on a map with a sharp ‘00" pencil can produce an on-the-ground thickness of 3 m at a scale of
1:10,000.
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5.3 Methods

5.3.1 Production of GIS maps
The GIS maps were created in two stages,
Stagel: Aeria photography to generate base maps of vegetation and substrate.
Stage2: Field surveys to verify photography, and identify and map features not
distinguishable through aerial photography alone.

Colour aerial photographs were taken at low tide at a maximum scale of 1:10,000. Individual
photos were then scanned at a resolution of 508 dpi (dots per inch) yielding an image resolution of
0.5 m per pixel. Prominent landmarks (sometimes referred to as ground control points) were
identified on each photo, and during field verification, differential GPS positions were collected for
each landmark using a Trimble Pathfinder Pro GPS. Photos were then rectified using a minimum of
six GPS landmarks per photo. The landmarks were converted to Arcview shapefiles using Trimble
Pathfinder software. ERDAS image analysis software, running under Arcview (v 3.1), was used to

register, rectify, and mosaic the scanned photos.

Although this method could not achieve ortho-rectification of the photos, where the GIS image has
had the distortion due to tilt and 3-dimensional relief removed (Wilton & Saintilan 2000), the lack
of vertical features within the estuaries meant that camera lens distortion was minimised. Positional
accuracy was recorded by calculating and documenting the root mean square (RMS) error for each
landmark. In general, RMS error was kept to within £ 5 m using this procedure, however much
greater accuracy could be achieved for many of the photos. On some occasions, image-to-image
rectification could also be used to further improve accuracy. Each landmark, and the associated
RMS error, was saved for future reference. Vegetation and substrate features were then digitally
mapped on-screen from the rectified photos using the Arcview ‘image analysis' extension. This
procedure required using the mouse to draw as precisely as possible around the features identified
from the field surveys on the computer screen and saving each drawing to a shape file or GIS layer
associated with each specific vegetation or substrate feature. To calculate the area cover for a
chosen habit type, the Arcview ‘ X-tools' extension was used. This gave the area of any selected
features in hectares. These GIS layers, along with supplemental field information, were then

combined with the image mosaic and written to CD-ROM as part of the final GIS output.
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The classification of the features followed the proposed national classification system (with
adaptations), which is currently being developed under another SMF program (Coordinated
Monitoring of New Zealand Wetlands). The classification system for wetland types is based on the
Atkinson System (Atkinson 1985) and covers 4 levels, ranging from broad to fine-scale;

. Level I: Hydrosystem (e.g. intertidal estuary)

. Level 11: Wetland Class (e.g. saltmarsh)

. Level I1I: Structural Class (e.g. marshland)

. Level IV: Dominant Cover (e.g. Leptocarpus similis)

For this project, Level 111 (Structural Class) and Level IV (Dominant Cover) were used. A list of al
the classification types used in the study and their codes are given in Appendix B, Table A21 and
A22.

5.4 Results

5.4.1 Summary of thereference estuaries
The broad-scale results for the REs are summarised individually in Appendix B.1. Included for
each estuary, are:

amap describing the general structural class distribution,

amap representing the pattern of dominant cover,

asummary figure comparing the areas of major habitats, and

atable providing the area and relative proportions of the habitat groupings.

The complete data set, provided on the accompanying compact disc, will allow any combinations of
habitat characteristics to be identified and compared in asimilar way.

These results provide an overview of the broad-scale characteristics of a range of New Zeaand
estuaries. Considerable inter-estuary variation occurred in the habitat categories represented and
their proportional coverage. Contrasting structural patterns can be seen that relate to location (i.e.
latitude), estuary background characteristics (e.g. morphology, hydrology, etc), and degree of

estuary modification (e.g. infilling, catchment development characteristics).
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Table 13 provides an example of the application of broad-scale habitat mapping to determine the
change in habitat types and area over time. The narrow range of habitats found in the Whangamata
Estuary is dominated by unvegetated substrate, mangroves (scrubland) and seagrass. The changes
in relative proportions of mangrove and eelgrass habitat are evident over time, as the mangrove
habitat has expanded and the eelgrass meadows have declined. Since such changes in habitat
structure can significantly ater estuarine function in terms of productivity, sedimentation, nutrient

flux, etc., they can have important management implications.

Table 13: An historical comparison of the dominant habitat of Whangamata estuary using data from
1944, 1965 and 2001.

Habitat Type 1944 1965 2001
Scrubland (mangroves) 31 46 103
Rushland 17 17 10
Tussockland - - 4
Herbfield - - 3
Seagrass meadow 81 103 60
Unvegetated - - 256
Water - - 83
Total area of estuary (ha) 460

Some of the REs (e.g. Otamatea Arm, Ohiwa, Havelock, Kaikorai) contained a relatively large
subtidal area (Table 14). This highlights a potential deficiency of the broad-scale mapping protocol
for some estuaries as only intertidal habitats were surveyed. Estuaries that contain large areas that
are not exposed during spring low tides should ideally be considered for the inclusion of additional
subtidal investigation. This will require different sampling procedures than the ones described in

the present project.
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Habitat Type Otamatea Whangamata Ohiwa Ruataniwha Waimea Havel ock Avon-Heathcote  Kaikorai New River
Scrubland 19.4% 22.3% 3.7% 1.6% 0.1% 3.5% 0.0% 3.1% 0.0%
Rushland 0.3% 2.3% 1.7% 13.4% 3.1% 22.9% 1.0% 10.5% 7.5%
Reedland 0.0% 0.0% 0.0% 0.0% 0.0% 6.2% 0.0% 1.3% 2.7%
Tussockland 0.0% 1.0% 0.0% 0.1% 0.3% 0.0% 0.0% 0.4% 0.4%
Grassland 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.9% 0.4%
Sedgeland 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1%
Herbfield 0.1% 0.6% 0.0% 0.4% 3.8% 0.2% 0.0% 29.8% 0.1%
Seagrass meadow 0.0% 13.0% 4.0% 1.4% 0.9% 0.1% 1.9% 0.0% 2.2%
Unvegetated 39.7% 55.7% 67.6% 68.7% 77.4% 36.8% 66.3% 22.6% 58.4%
Macroalgal bed 0.1% 0.0% 2.1% 0.0% 2.1% 0.3% 6.2% 0.0% 1.3%
Shellfish field 9.6% 0.0% 0.0% 0.0% 1.0% 2.4% 0.0% 0.0% 0.0%
Worm field 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%
Water 40.2% 18.1% 26.8% 15.9% 14.3% 27.9% 32.7% 24.3% 26.9%
Total area of 1716 460 2683 863 3206 817 707 113 4225
estuary (ha)
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6. FINE-SCALE ENVIRONMENTAL MONITORING

6.1 Introduction

Once an estuary has been classified according to its main distinguishing features, and the dominant
habitats have been described and mapped on a broad scale, suitable habitats may be selected and
targeted for fine-scale monitoring. A typical fine-scale monitoring programme involves measuring
one or more environmental parameters that are known to be indicative of estuary condition, and are
likely provide ameans for detecting subsequent changes. For the purpose of this study, the range of
environmental parameters was restricted to a suite of commonly used benthic indicators (see section
2.4 for justification). Decisions regarding which of these parameters are most appropriate and how
many samples are needed in order to get a reliable estimate, are critical, and will ultimately
determine the usefulness of the study. An appropriately designed monitoring protocol will enable
many of the key issues (e.g. nutrient enrichment, extent of sediment toxicity) affecting estuary

condition to be addressed at an appropriate level of investigation.

The main aims of this component of the programme were to undertake a fine-scale survey of the
eight reference estuaries, and examine the results to develop and refine a scientifically defensible,
cost-effective and repeatable fine-scale methodology for incorporation into the Estuary Monitoring
Protocol (EMP) for New Zealand estuaries. The specific goals of this section were to:

1. Describe each reference estuary in terms of a suite of physical, chemical and biological
characteristics of a standardised benthic habitat (muddy sand in the mid-low intertidal zone).

2. Utilise data from the standardised habitat to develop a baseline of characteristics relating to
environmental condition.

3.  Examine and compare environmental characteristics among estuaries and sites within
estuaries.

4.  Examine the inter-relationships between environmental characteristics in order to determine
the key variables to be included in the monitoring protocol.

5.  Examine the variability that is associated with each measurement in relation to the precision

and sample number that is required to detect the desired level of change.
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Additionally, the study has generated a preliminary baseline data set that can act as a benchmark of
estuarine condition for future monitoring. This data set will become more valuable over time as

repeat surveys are carried out and additional estuaries are included.

The first step was to identify the key issues that needed to be addressed for this standardised
programme to be effective, and to highlight any likely limitations.

Key points are:
how to choose a benthic monitoring site,
how many sites are needed per estuary,
which characteristicss to monitor,

what is the appropriate methodology for each parameter (e.g. how many replicates to take
from each site and where from, how often to monitor, mesh size for sorting macro-

invertebrates), and

how to interpret the results.

6.2 Approach

The fine-scale approach adopted for this study evolved from an initial proposal to assess a suite of
benthic characteristics of a variety of dominant or ecologically important habitats within each
estuary. However, after evaluation of a variety of potential sampling designs, it became clear that
the sample replication required to enable a statistically robust comparison over time (say for four
habitats in each of the eight estuaries) was outside the funding allowance available. For this reason,
it was decided to focus on a single ‘key’ habitat that was a major component of al the reference
estuaries, and indeed al estuaries in New Zealand; i.e. the mud/sand habitat a mid to low tidal

elevation.

Once the genera approach had been decided, it became evident that the most effective method was
to simply build on the few existing long-term monitoring approaches aready adopted in regions
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such as Auckland and the Bay of Plenty. These regions assess estuary benthic condition by
monitoring sediment (primarily macro-invertebrate) characteristics at representative mid-low water
sandflat sites using a relatively large number of replicates. Although the Auckland Regional
Council does not have an integrated and standardised approach for estuary benthic monitoring in the
whole region, it does have a long-term (13 years), defensible ecological monitoring programme
operating in the Manukau Harbour (Pridmore et al. 1990). On the other hand, the Environment Bay
of Plenty estuary monitoring programme (operating for 11 years) is undertaken on a region-wide
basis and in a relatively standard and defensible fashion (Park 1995). Monitoring programmes
using a suite of benthic indicators of enrichment have also been developed and applied to a number
of estuaries in the Nelson region (Gillespie et al. 1992, 1995, 2001; Gillespie & Asher 1996).
These were based on descriptions of physico-chemical characteristics and related biological
processes (Gillespie & MacKenzie 1981, 1990).

These approaches and others have provided Councils with defensible means of assessing estuary
condition, particularly when focused on localised impact sites, but the approaches have not been

widely adopted throughout the country. Possible reasons for thisinclude:
A lack of National standards against which the results can be compared,;

Confusion as to the need for a large number of replicate samples at each site and the

consequent elevated cost;

Lack of an integrated and standardised monitoring design.

A brief examination of the macro-invertebrate survey approaches used in two of the most
comprehensive and long-term monitoring programmes (Auckland and Bay of Plenty regions) is
presented in Table 15. In summary, the Auckland approach consisted of an initia intensive study
which was used to design a defensible and relatively cost-effective long-term programme that
included sampling 12 replicate cores at a number of representative sites on two occasions per year.
The sampling design for Auckland estuaries has focused on detecting changes over relatively large
gpatial scales (5-30 m) and includes the area between low water and 90 m shoreward of low water
in its sampling strategy. The Bay of Plenty approach also evolved out of the Manukau intensive
study but in a different way. In the Bay of Plenty approach, it was decided to instigate a
programme that included sufficient replication at each site to include all the likely species present at
that site. The results of Pridmore et al. (1990) showed that for each site, few new taxa were likely
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to be found in each additional core after 16-24 cores had been analysed. From this evaluation, a
soft-shore sample replication number of 30 was chosen for the Bay of Plenty estuary programme.
Other differences in the Bay of Plenty approach are that: the frequency of sampling was set at once
per year; the sieve size was increased to 1 mm to reduce handling times and cost; the focus has been
on detecting changes over both small (1-5 m) and large (5-60 m) spatial scales; and the area of
mud/sand habitat covered has been limited to that bordering the channel at low water.

Table 15: Summary of long-term monitoring approaches used to sample sediment macro-
invertebrate characteristics at two NZ estuaries.

Estuary Size (ha) Summary of sampling approach Author (s)
Manukau 36800 Six sites on the mid-tide sand flats (each site =100 x 90 m), and  Pridmore et
each site divided into 12 equally-sized sectors. Every two al. (1990)

months, 12 cores were collected from each site (one randomly
from each sector). Invertebrates were separated from the
sediment using a 0.5 mm mesh sieve.

Ohiwa 2700 A total of six sitesin the mud/sand habitat. At each site, atotal Park (1995)
of 30 benthic cores were collected, 6 cores randomly sampled
from 5 x 5 m blocks located at 15 m intervals along a60 m
transect (i.e. 5 blocksin total at each site) at mean low tide level,
parallel to the shoreline. A 1 mm mesh used to sieve
invertebrates.

The two respective approaches are still in operation and provide Councils with long-term
monitoring data which they use to assess the state of their estuaries. Given the apparent success of
both programmes, it was logical to build on that success and develop a standardised fine-scale
macro-invertebrate monitoring approach that could be used in estuaries throughout New Zealand. It
was aso decided to incorporate a companion suite of physico-chemical and biological
measurements, into the sampling design, that has been successfully used for estuarine impact
assessment in a number of locations in New Zealand.

It isimportant to point out that the proposed approach does have certain clear limitations:

It was designed as a means of assessing the condition of a dominant and relatively
vulnerable intertidal habitat. Its relationship with the condition of other estuary habitat is
uncertain and therefore its use as an indicator of whole estuary condition must be
approached with caution. It is envisaged that further work will need to be undertaken to

guantify such relationships and increase the power of the method.

WTHRON



Sustainable Management Contract National Estuary Monitoring Protocol September 2002
No. 5096 DRAFT o
CAWTHRON

It has been designed for use in the dominant New Zealand estuary type (i.e. shallow, short
residence time, barrier-enclosed estuaries with broad areas of sand/mudflat).

Monitoring the condition of an estuary is complicated by the high natural spatial and
temporal variability frequently associated with complex and dynamic estuarine
environments (Pridmore et al. 1990). It can be difficult to accurately detect changes in a
habitat if natural variation is high, and may lead to uncertainties in results. Therefore, fine-
scale monitoring of benthic parameters is a balance between gathering a sufficiently robust
dataset to detect and explain trends, and cost-efficiency/ease of sampling. This trade-off
between scientific defensibility (sampling accuracy and repeatability) and cost
efficiency/ease of use, dictates the monitoring design and places some limitations on its

application and ability to detect change.

Turner et al. 1995 provide evidence of stability in sandflat macro-invertebrate communities
in some situations. However, further research is needed to resolve short-term temporal
variability in New Zeadland estuaries. In order to minimise interference due to seasonal
variation, the protocol recommends that the sampling be carried out during the mid- to late

summer period.

Technical Box 6.1: Biological Definitions

Taxon- refers to a taxonomic category (e.g. species, family or class)

Taxa- plural of taxon.

Macro-invertebrates- refers to animals without backbones that will not pass
through a 0.5 mm mesh sieve.

Infauna- animals living buried within the sediments.

Epifauna- animals living on the surface of the sediments

Biota- plants and animals.

Diversity/richness- number of taxa found within a specific area of the
seabed.

Abundance- number of individuals of a particular plant or animal species
occurring within a specific area of seabed.
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6.3 Methods

6.3.1 Sampling design
The sampling approach adopted for the fine-scale monitoring of the reference estuaries incorporated
a combination of the methods of Pridmore et al. (1990) and some solicited advice of a specialist
biometrician, David Baird (AgResearch, Christchurch). A summary of his recommendations is
provided in Table 16. Three pointsto note are:
emphasis was placed on getting adequate spatial coverage of New Zealand (i.e. sampling
several estuaries across New Zealand), rather than attempting to resolve spatio-temporal
variation in only afew estuaries,
Kaikora estuary was only sampled at one site due to the fact that the estuary was blocked at
the time of sampling and access was limited (The Kaikorai is also small in size and lacking in
shoreline complexity) and,
Whangamata estuary was not included in the fine-scale study because Environment Waikato

elected to carry out this component independently.

Table 16: Summary of sample design recommendations by the specialist biometrician David Baird
(AgResearch, Christchurch)

Aim: Detect temporal changein estuarine health

Recommendations

The use of static sites avoids adding extra spatial variation into future temporal comparisons. The
analyses of changes in parameters over time should use either a paired comparison technique, or a
repeated measures analysis.

To minimise spatial variation in the initial set of samples, as many plots as possible should be chosen (a
minimum of ten), with only one sample per plot.

The fixed sampling location within each plot should be chosen at random and recorded as accurately as
possible by GPS.

Subsequent samples should be taken as closely as possible to the original sampling location, but without
re-sampling the same area.

The number of sites within estuaries does not need to be uniform, however, a minimum of three is
recommended.

The size of a site does not need to be fixed, but should be chosen to reflect the variation in local
environment (i.e. account for variations in environmental gradients). Habitats within sites should be as
homogeneous as possible.

6.3.2 Site selection within estuaries
The choice of sites was made using a combination of the knowledge collected through the broad-

scale habitat mapping, and on-site, specialist expertise as follows:
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broad-scale habitat maps and local knowledge were used to determine broad areas of
unvegetated, mid-low water, mud/sand habitat located away from river mouths (mean
salinity of overlying water > 20 ppt),

a representative position within each of the broad areas was chosen to locate each site.
Areas of significant vegetation and channel areas were avoided,

the number of sSites selected within each of the reference estuaries was allocated
proportionately, based on estuary size, extent of the mud/sandflat habitat, and the number of
isolated arms. Large and/or highly branched estuaries were allocated more sites (a maximum
of 4), while those that were small or had a single arm, were allocated fewer (Table 17). The
reference estuaries ranged in size from 195 to 3500 ha, which is considerably smaller than
the Manukau Harbour at 36800 ha studied by Pridmore et al. (1990). In that study, six
relatively isolated (un-contaminated) sites were chosen, spaced at distances of between 4
and 20 km apart.

Table 17: Number of sites allocated to each reference estuary. Refer to Appendix C for the site
GPS coordinates.

Estuary Number of Sites

Ohiwa

Waimea

New River
Otamatea Arm (Kaipara)
Avon-Heathcote
Ruataniwha

Havelock

Kaikorai

PNWWWADMD

6.3.3 Sampling design within sites

The size of each site was set at 30 x 60 m for the larger estuaries, but was reduced in width for the
narrow estuaries. Each site within areference estuary was divided into 12 ‘plots of equal size (i.e.
in agrid-like fashion). One sampling station was randomly positioned within each plot and the co-
ordinates recorded. Figure 4 is a schematic diagram representing the sampling design within an
estuary, using the Avon-Heathcote Estuary as an example.

The sample collection and analytical procedures adopted for the present study were adapted from

those used successfully in a number of previous studies (e.g. Gillespie et al. 2001). These

procedures were as follows:
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Epifauna (surface-dwelling animals): Epifauna were assessed from twelve replicate 0.25 m?
guadrats within each site (one randomly placed within each plot). All animals observed on
the sediment surface were identified and recorded, and any visible microagal mat
development was noted. Crab burrows were counted as a relative indicator of mud crab

populations. Photographs of representative quadrats were also taken.

Benthic macroalgae: Where a significant macroalgal cover existed, the percent coverage was
estimated from the same quadrats but with gridlines dividing it into 36 equally-spaced
squares. The number of grid intersections (49 in total, including the outer frame) that
overlapped vegetation were counted and the result converted to percent (i.e. No. X 2 = %).
The method was found to be reasonably consistent with visual estimations of % cover, but

less prone to variation among different field personnel.

Infauna: Twelve sediment cores (one randomly placed within each plot) were collected from each
site using 130 mm diameter (area = 0.0133 m?) PV C tubes with 0.5 mm nylon mesh bags
affixed to the top to act as a sieve. The tubes were manually driven 150 mm into the
sediments, removed with core intact, and the contents were washed through the sieve using
seawater from a nearby source. The remaining contents were carefully emptied into a
plastic container, preserved in 4 % formalin (in seawater) and transported back to the

laboratory for sorting, identification and counting.

Benthic microalgae: The primary objective was to identify any major bloom occurrences that
could be indicative of eutrophic (highly enriched) conditions. Where a visible mat was
present, sediment chlorophyll a (chl a) and phaeopigment concentrations were analysed as
an indicator of the degree of mat development (refer to Technical Box 6.2). Cut-off 10 cc
syringe barrels (15 mm internal diameter) were used to collect sediment cores (four per
plot). Thetop 5 mm of the sediment cores were sliced off and mixed in a 50 cc centrifuge
tube to obtain one sediment composite sample per plot. Samples were stored on ice and
frozen (-20°C) upon return to the laboratory and later analysed as described in Table 18.
Additional samples were collected and preserved with Lugol’s iodine solution for later

microscopal examination to identify dominant taxa.
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Figure 4. Summary of the sampling strategy applied to each estuary, with a sampling site and
station expanded for clarity. The Avon-Heathcote Estuary is used as the example.
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Technical Box 6.2: Phaeophytin and chlorophyll a

Microscopic algae growing on intertidal flats can often take advantage of excess
nutrients under conditions which do not favour macroalgae (e.g. soft mud). In
extreme cases of nutrient loading, dense green to orange films or mats can be
seen covering the sediment surface.

Chlorophyll a is a primary photosynthetic pigment contained in microalgae (as well
as other plants). It is often used as a relative measure of microalgal biomass.

Phaeopigments (or phaeophytin) refer to a variety of pigments formed as
breakdown products of chlorophyll as cells die and decompose.

Chemical and physical analyses: Twelve replicate sediment samples (one from each plot) were

collected from within 300 mm of the infauna cores and analysed for:
common trace metal contaminants (copper, cadmium, nickel, lead, zinc, and chromium),
nutrients (total phosphorus and total nitrogen),
ash free dry weight (AFDW, a measure of organic content) and
particle size distribution (percent gravel, sand, mud).

The methods for analysing each variable are briefly outlined or referenced in Table 18. The six
trace metals were chosen because they are the most ubiquitous and commonly used indicators of
contaminant sources in New Zealand coastal sediments (reference?). Total organic carbon (TOC)
may be cal culated from the ash-free dry weight (AFDW) according to the relationship described by
Craft et al. (1991) {412 /id} for soilsfrom ten salt and brackish water marshes: TOC = 0.40
(AFDW) + 0.0025 (AFDW)2.

Table 18: Methods used for laboratory physical and chemical analyses

Parameter Analytical method

Metals Perchloric/nitric acid digestion and AAS (AOAC 1995 950.46 modified)
Total Kjeldahl N Distillation, colourimetric (APHA, 19" Edn. 1995, Method 4500-N Org C)
Total Phosphorus Colourimetric, APHA, 20" Edn. 1998, Method 4500-P. A, B, E

AFDW Weight loss from dry sediment after combustion at 550 °C

Grainsize Wet sieving and calculation of percentage fractions according to dry weight

Chl a and Phaeopigments  Extraction with 90% acetone and analysis according to Strickland & Parsons (1968)
and Lorenzen (1967)
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6.3.4 Data Analysis
Analysis of the environmental data obtained from the fine-scale surveys of the estuaries was
approached in three main steps (refer to Figure 5 for aflowchart of the process):

Step 1 Obtaining summary statistics for each variable within each estuary and

comparing environmental variables among sites and estuaries.

Step 2: Examining the rel ationships between environmental variables to determine

whether suitable surrogates can replace the measurement of certain variables.

Step 3: Determining the optimum sample size for future surveys to increase the cost-

efficiency of monitoring, while ensuring adequate sample collection.

A detailed description of the methodology employed for the data analysis of each step can be found
in Appendix C. A summary of the data analysesis presented below.

Data analyses were undertaken using the statistical software SYSTAT® (v.10), PRIMER (v.5.1.2),
Excel (Microsoft® 2002) and various statistical tests described in Zar (1999). Differences were
considered to be significant when probabilities were <0.05 (a = 0.05) unless otherwise specified. In
order to facilitate interpretation, the chemical data were presented in two ways. Firstly, as
concentration per mass of whole sediment, and secondly they were normalised by assigning the
mass of each of the constituents (organic matter, nutrients or metals) to the mud fraction aone.
This was undertaken because it is recognised that these sediment constituents are generally higher
in muddy sediments. Metals in particular are known to be closely associated with clay mineralsin
the fine sediment fraction through sorption. Thus differences in contaminant concentrations in
sediments of different textures can be a reflection of sediment grain size rather than the extent of
contamination (Grant & Middleton 1998). Normalising assumes that 100% of the organic matter,
nutrients, and trace metals are associated with the mud fraction of the sediments and the results are
interpreted as the concentration of the constituent that would be present if the sample was
comprised of 100% mud.

The normalised results can be used as an ‘alarm bell’ to indicate the extent to which the main
vehicle of contaminant entry to the estuary (i.e. mud <63 um) may be contaminated compared with
other estuaries and other sites in the same estuary. In cases where the mud fraction appears to be

contaminated, direct analyses of that fraction may be required for confirmation along with further
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investigation to identify the source(s). It is important to note that normalised data should not be

used to determine whether sediment quality guidelines have been exceeded.

The overall purpose of this component was to:
» Obtain a baseline data set of benthic environmental variables from
arange of New Zealand estuaries
> Test the effectiveness and refine the monitoring strategy

Implicationsfor EMP

» Provided a baseline dataset
of biological, chemical and
physical variablesfor
future comparisons

» Demonstrated a useful way
of analysing the data

» Confirmed the value of the
parameters for inclusion in
the EMP

|

> Identified which variables
need to be measured, and
which variables are not
necessary to sample,
refining the cost-efficiency
of the sampling design

» Gave the minimum number
of samples required to
collect for each variable,
and the size of change this
sample size will likely
detect, refining the fine-
scale sampling design

Figure 5: Approach to data analysis for the development of the fine-scale component of the EMP.

Development and refinement
of the fine-scale sampling approach

stuary Monitoring Protoco

STEP 1:
Obtain baseline datafrom
the reference estuaries and
compare the estuariesin
terms of their biological,
chemical and physica
variables

STEP 2:
Determine whether it was
necessary to measure all the
variables, or whether some
may be suitable surrogates for
others

STEP 3
Determine how many
samples need to be collected
for each variable, and what
level of change can be
detected

of the

Statistical Analyses

Summary statistics were
obtained and estuaries
wer e compared using

univariate and
multivariate statistical
analyses

I nter-relationships
between the variables
were examined using

correlation analyses

The variability of each
of the variables was
examined and power
analyses applied to
estimate the optimum

sample size required
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6.3.5 Step 1. Comparison of reference estuaries

A comparison of the environmental parameters measured in the eight RES provides a preliminary
baseline dataset for future comparisons, demonstrates a useful way of analysing and displaying
these data, as well as indicating the usefulness of the chosen parameters in assessing estuarine
health. For the complete methodology adopted in Step 1, refer to Appendix C.

Step 1 Methodology: Summary of analyses
Key summary statistics were obtained for each environmental variable (mean, variance, and 95%
confidence intervals) and displayed using bar graphs.
Infauna and epifauna abundance and richness were expressed as the number of taxa encountered
per core (0.013 m?) and per quadrat (0.25 m?), respectively.
The biological communities were grouped according to the taxonomic levels. Groups that
represented less than 1% of the total number of animals encountered were pooled to form a

composite group, termed ‘ Others'.

Univariate analyses
Data were examined for normality and for homoscedasticity and, when necessary, were
appropriately transformed to satisfy the assumptions of analysis of variance (ANOVA).
A mixed model, nested ANOVA was used to compare the degree of variation among estuaries
with the degree of variation within estuaries for each parameter. This approach was limited to
estuaries with two or more sites, therefore excluding Kaikorai from this analysis.
Multiple, one-way ANOV As were used to determine which estuaries contained the most site to

site variation, and for which variables.

Multivariate analyses
Environmental data were appropriately transformed, and examined in a site-averaged form.
Non-parametric multidimensional scaling (MDS) was used to produce dendrograms and
ordination plots to depict any similarities among sites and estuaries in their macro-invertebrate
composition.
The significance of differences was tested using an analysis of similarities (a 2-way nested
ANOSIM).
Ordinations of the environmental data were produced using principal components analysis (PCA)

for both normalised and un-normalised mean site data.
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6.3.6 Step Two: Examining the relationships between environmental parameters

Inter-relationships between the environmental variables were investigated to determine if it was
necessary to measure al those included in the present study, or whether some were strongly
correlated enabling one to be a surrogate for the other in future surveys. For the complete

methodology adopted in Step Two, refer to Appendix C.

Step 2 Methodology: Summary of analyses:
Data were appropriately transformed and examined both prior to, and
following normalisation to mud content.
The inter-relationships between the environmental and biological variables
were initially examined using Pearson product-moment correlation
coefficients, compared at both the replicate and sSite-average levels,
identifying highly correlated variables (r > 0.85).
The environmental data were also examined using a principle component
analysis (PCA) to explore the similarity of the sites based on their
environmental characteristics. (For an explanation of ordination procedures
see Technical Box A8, Appendix C).
Relationships were further examined using the BIOENV procedure, which
identified the combination of environmental variables that best grouped the
sites, in a manner consistent with the arrangement of sites according to the
biological assemblages (MDS ordinations).
Prior to the BIOENV procedure, one of each pair of the highly correlated
variables was removed from the analysis under the assumption that the other
was a suitable surrogate. The parameter to be removed was selected based
on the relative loss of interpretative power if removed, the ease of sampling,

and the cost of sample analysis.
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6.3.7 Step 3: Determining the optimum sample size

Optimising sample sizes using a‘ cost-benefit’ approach allows the sampling regime to be designed
around the variability of each individual characteristic, providing the minimum number of samples
that will enable confident conclusions to be drawn from future surveys. For the complete

methodology adopted in Step 3, refer to Appendix C.

Step 3 Methodology: Summary of analyses:
Optimum sample size analyses were carried out using combinations of the 12-replicate data
sets (i.e. 12 samples per variable per site) that were collected during the present study.
Coefficient of variation (CV) was used as the measure of variance.
The CV was calculated for randomly chosen combinations of the data from each of the
estuary data sets. Sites within an estuary were pooled prior to drawing the combinants if the
means and CVsfor avariable were not significantly different (one way ANOVA). If the sites
were significantly different, the site most dissimilar was removed from the analyses and the
remaining sites were re-tested.
A maximum of 1000 randomly generated combinations of the data was drawn from the
replicate pool of each parameter using Matlab follow methods of Bros & Cowell (1987). The
mean CV of the combinations was calculated along with the 5™ and 95™ percentiles, which
were used to estimate the variability of CV for each parameter.
The optimum sample number for each parameter was explored by examining estimates of
sample variation with increasing sample number. The Cost Benefit Point (CBP) was defined
as the point (n) when significant gains in CV are not made with a further 5n increase in

sample size, was identified: e.g.
15 r

Cost Benefit Point

10 r

5n

Variation (CV)

5 10 15 20
Sample Number (n)

The level of change able to be detected using sample sizes based on CBP was investigated

using two power analysis models.
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6.4 Results

The results section of the fine-scale monitoring contains three parts, corresponding to the three steps
outlined in Figure 5. Due to the highly technical nature of much of the results, the mgority of the
statistical outputs and detailed results (i.e. tables and graphs) are presented in Appendix C.
Summary results are provided in this section (with some cross referencing to the results in the
Appendix), followed by a Summary Box with the major findings of each step and the implications
for the EMP. It is envisaged that the appendix will be used for clarification of statistical analyses
applied, and to provide defensibility to the major findings and implications for the EMP.

Step 1. Comparison of estuaries

A comparison of the reference estuary (RE) data sets provided in Step 1 allows the reader to
compare the current state of some New Zealand estuaries with overseas estuaries, and with the
existing environmental quality guidelines (e.g. ANZECC & ARMCANZ 2000). It aso
demonstrates a common way of using, displaying and interpreting the data obtained during estuary
monitoring. The findings from the REs allow the usefulness of the variables measured in depicting
the overall condition of an estuary to be assessed. Additionaly, it provides a baseline data set that

can be used as a benchmark, against which future monitoring surveys can be compared.

Summary results for each RE are presented individualy in Appendix C. A comparison of the
estuary characteristics determined in the present study, as well as comparisons with other New
Zealand and overseas estuary studies are presented below. The summary results are described and
displayed in the first part of this section, after which, the major findings of the statistical analyses
are presented followed by a Summary Box outlining the mgjor findings and recommendations.

6.4.1 Physical, chemical and microalgal characteristics

The sediment particle size distributions, organic contents and nutrient and photosynthetic pigment
concentrations were variable between the eight reference estuaries, as well as within the estuaries
themselves (Figure 6). Sand was the dominant substrate size in al of the estuaries, except in the
Otamatea Arm of the Kaipara Harbour, which was dominated by mud at two of the three sites. The
sediments at most estuary sites had an organic content (AFDW) of 1 to 2 %. However, the Kaikorai
site and the Otamatea sites contained an average of 5.1 and 5.7% organic content, respectively.
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The link between a high proportion of mud and high organic and nutrient concentrations in the
sediment was evident (Figure 6). An elevated mud fraction coincided with elevated organic and
nutrient contents, particularly for the Otamatea Arm and the Kaikorai sites. Normalising the datato
100% mud content typically resulted in an inverse pattern to the raw data, where the estuary
sediments that contained a small proportion of mud had higher relative concentrations of organics
and nutrients within that fraction. Manipulating the datain this way provides some insights into the
potential for the accumulation of contaminants into the mud fraction thereby suggesting the
possibility of some source(s) of contaminated sediments entering the estuary. It should be stressed,
however, that no conclusions can be drawn from the ‘normalised’ data without verification through

direct analyses of the mud fraction.

Sediment chlorophyll a and phaeophytin concentrations were analysed as relative measures of
photosynthetically active and senescent microalgal biomass, respectively. The primary objective
was to identify any major bloom occurrences that could be indicative of eutrophic (highly enriched)
conditions. Considerable variation in pigment concentrations was observed, both among and within
estuaries, however conditions of extreme enrichment (e.g. chlorophyll a =200 mg m™) were not
observed (Figure 6). Pigment concentrations indicated low to moderate microalgal mat
development within a majority of the reference estuaries. The densest microalgal coverage, as
indicated by pigment concentrations and sediment colouration, was observed at a site in the Avon-
Heathcote estuary that was likely to be affected by the discharge from the Christchurch Wastewater
Treatment Plant.

With one notable exception, the microalgal species composition of the surface sediments was
generaly similar among all estuaries and sites (Table 19). The exception was a site in the Avon-
Heathcote estuary that contained an assemblage influenced by an oxidation pond discharge (i.e.
dominated by freshwater taxa characteristic of oxidation pond communities). Microalgal
community structure is a good example of a potential indicator of estuarine health that requires
considerably more development. Although it clearly identified the effects of an oxidation pond
discharge at one location, it was not generally useful in most situations. The present survey does
provide one of the first comparisons of microalgal community structure in a variety of estuary
environmentsin New Zealand. In one other comparative survey, the potentially toxic dinoflagellate
species, Pfeisteria shumwayae was identified at three of the REs; Kaipara, Havelock and New River
estuaries (Rhodes, in press).
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Figure 6: Site-averages of sediment particle sizes, ash-free dry weight (AFDW) and TN, TP,
chlorophyll a and phaeophytin concentrations in sediments from the eight reference estuaries.
Nutrient and AFDW data, normalised to 100% mud content, are included for comparison.
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Table 19: Microagal genera observed in reference estuary sediments (all sites). PD = pennate
diatom, CD = centric diatom, Cy = cyanobacteria, Eu = euglenoid, Gr = green aga.

Genus Group (Number of Sites)
Dominant or Co-dominant Present

Achnanthes PD 1 11
Amphora PD 0 4
Bacillaria PD 0 1
Chaetoceros' CD 0 1
Chlorococcun? Gr 0 1
Entomoneis PD 0 6
Euglena Eu 2 4
Licmophora PD 0 1
Melosira CD 1 6
Navicula PD 0 14
Nitzschia PD 1 9
Oscillatoria® Cy 1 1
Pleurosigma/Gyrosigma PD 9 12
Scenedesmus’ Gr 0 1
Thalassionema PD 0 5
Thalassiosira CD 0 1

1. Generaly found in the water column (phytoplanktic).
2. Freshwater taxatypically found in oxidation pond environments.

The large sigmoid-shaped pennate diatom, tentatively identified as Pleurosigma or Gyrosigma sp.,
appeared to be dominant or co-dominant in nine of 18 sediments tested. Other genera, such as

Achnanthes, Euglena, Melosira and Nitzschia, were aso occasionally dominant or co-dominant.

The levels of nutrients, organic content and photosynthetic pigment concentrations of sediments of
comparable mud content at the eight REs, were within a range reported for other estuarine sitesin
New Zealand (Table 20). Thistable provides an overview of where any particular site is positioned
within an enrichment continuum of sediment characteristics extending from the relatively natural
Delaware Estuary (largely native and exotic forestry catchment) through moderately enriched sites
affected by avariety of nutrient sources, to a highly enriched site affected by a freezing works waste
discharge. Sites within the REs ranged from unenriched to moderately enriched in comparison to
the other sites. Kaikora and Kaipara (Otamatea Arm) sediments (for example) appeared to be

moderately enriched, particularly with respect to nitrogen, in comparison to the other locations.
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Table 20: Comparison of average physico-chemical characteristics of sediments from the eight
estuaries examined in this study and some other New Zealand estuarine sites.

%Mud TN TP AFDW Chl a Phaeo
% mgkg® mgkg? % mg m* mg m*

Present study
Avon-Heathcote 5 301 327 1 56 55
Havelock 19 421 330 2 6 27
Kaikorai 27 1650 799 5 46 49
Kaipara 56 1630 526 7 53 149
New River 2 250° 268 1 24 31
Ohiwa 20 650 278 3 30 43
Ruataniwha 9 263 458 1 26 185
Waimea 25 506 433 2 19 25
Other NZ sites
Tamaki A (E1) 2 48 110
Tamaki B (E2) @ 86 200
Tamaki C (E3) @ 54 250
Tamaki D (E4) 67 520
Tauranga Hbr (10 m from outfall)® 15 650" 275
Tauranga Hbr (1 km from outfall)® 15 460" 175
Delaware Inlet (4 sites) © 7 303 540 2 33 19
Delaware Inlet (5 sites) © 73 1260 716 6 29 20
Nelson Haven (6 sites) ° 23 347 403 2 39 25
Moutere Inlet (5 sites) >50 1305 648 6
Moutere Inlet (13 sites) © <50 546 419 2
Waimea (enriched site) | 83 4340 1063 9 155 134

a Sites positioned from inner (E4) to outer (E1) estuary locationsin heavily urbanised area (Thompson 1987)

b Subtidal on open coast (Roper 1990)

¢ Largely undisturbed estuary near Nelson (Gillespie & MacKenzie 1990)

d Slightly modified estuary near Nelson; affected by urban stormwater runoff, roading, marina development (Gillespie & MacKenzie
1990)

e Slightly modified estuary near Motueka; affected by food processing industry wastes, urban runoff (Gillespie et al. 1995)

f Site affected by a high nutrient freezing works discharge (Gillespie & MacKenzie 1990)

g Below detection limit (250 mg kg™)

h Total Kjeldahl Nitrogen (does not include nitrate/nitrite)

i Probable artifact of decomposing terrestrial plant debris

The trace metal concentrations found in the sediments of the reference estuaries are presented in
Figure 7. The concentrations were generaly lower than the ANZECC 1SQG-Low guideline values,
with the exception of nickel and chromium in sites from the Waimea and Havelock estuaries. Since
both of these estuaries receive catchment runoff from the mineral-rich Dun Mountain region, thisis
likely to be a natural condition. Kaikorai estuary sediments contained elevated levels of zinc, lead
and chromium relative to the other estuaries, although the concentrations did not exceed the
ANZECC 1SQG-Low limits.

When normalised to 100% mud content, the trace metal concentrations at the estuary sites showed a
different pattern to the raw data (Figure 8). All four sites at the New River estuary had high trace
metal concentrations within the mud fraction compared to the other estuaries in the study. Lead and
zinc were also elevated at the Avon-Heathcote and Kaikorai estuaries. The patterns of trace metal
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concentration were clearly related to the proportion of mud in the sediment (Figure 6 & Appendix
C2 Table A40/A41). Further investigation would be required to confirm that the metal loadings in
the three estuaries in question are indeed concentrated within the mud fraction. Once this has been
established, the question of contaminant source(s) could be addressed.

Technical Box 6.3 Sediment Quality Guidelines

Sediment quality guidelines aim fo predict ‘acceptable’ levels of contaminants
in sediment, above which adverse ecological effects are possible. New
Zealand has recently published national guidelines for sediment quality
(ANZECC & ARMCANZ 2000) based on international guidelines (eg. PSDDA &
U.S. Army Corps of Engineers 1989, Long & Morgan 1991). The criteria are
listed as Interim Sediment Quality Guideline- Low (ISQG-Low) and Interim
Sediment Quality Guideline- High (ISQG6-High) and have two distinct
threshold levels under which biological effects are predicted. The criteria
use statistical models fo determine the levels at which effects can be
predicted with a degree of certainty. The lower threshold (ISQG-Low)
indicates a possible biological effect while the upper threshold (ISQG-High)
indicates a probable biological effect. It should be noted however, that the
guidelines are limited to certain individual analytes and do not take into
account the synergistic effects of combined contaminants within the
sediment. Guidelines are used as part of the risk assessment, and if
exceeded, additional testing may be required.
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Figure 7: Mean (+ 95 % CI) of cadmium, chromium, copper, lead, nickel and zinc concentrations in
sediments at sites within the eight reference estuaries. ANZECC 1SQG-High and 1SQG -low
guideline values are given for each.
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Figure 8: Mean (x 95 % CI) of cadmium, chromium, copper, lead, nickel and zinc concentrationsin
sediments at sites within the eight reference estuaries, normalised to 100% mud content.
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The eight REs in the present study contained trace metal concentrations that are very similar to
those reported for a variety of other New Zealand estuaries (Table 21). In a comparison with
reported values for some overseas estuaries, however, the New Zealand estuaries often had much
lower sediment trace metal concentrations. For all the metals measured, there was at least one
overseas estuary with reported sediment concentrations far exceeding the ANZECC 1SQG- high
guidelines.

Table 21: Average concentrations of heavy metals in sediments from the eight reference estuaries
compared to other New Zeadland estuaries, a selection of overseas estuaries that have been
contaminated to varying degrees, and ANZECC 1SQG-High and I1SQG -low guideline values.
Some values drawn from other studies are approximate as they were estimated from figures.

Cd Cr Cu Pb Ni Zn
mgkg® mgkg® mgkg® mgkg® mgkg® mgkg®
ANZECC ISQG-Low 15 80 65 50 21 200
ANZECC 1SQG-High 10 370 270 220 52 410
Present
study Avon-Heathcote 0.1 15.6 3.2 6.3 6.6 38.3
Havelock 0.3 48.8 10.7 5.6 26.5 43
Kaikorai 0.1 48.4 16.8 45.3 15.6 184.2
Otamatea Arm 04 20.5 138 114 9.4 54.5
New River 0.1 111 3.8 0.7 5 171
Ohiwa 0.1 7.4 4 34 3.9 27.7
Ruataniwha 0.1 24 7.1 4.7 13.7 375
Waimea 0.3 67.6 9.6 7.4 72.5 41.8
Other
NZ sites Tamaki A (E1)?® 145 27.8 132.1 56.9 136.1
Tamaki B (E2)? 20.6 26.1 72.9 6.6 167
Tamaki C (E3)? 17.3 29.4 69.7 9.3 173
Tamaki D (E4)? 35.9 385 145.2 12.8 233
Manukau (rural catch)® 0.03 20 9 15 114
Manukau (industrial catch)® 0.25 90 58 14 285
Waitemata Harbour " <0.5 52 60 65 28 161
Otago (mid-upper harbour)® 0.26 21 17 19 9.7 110
Lampton Harbour, Wellington ¢ 91 68 183 21 249
Poriora Harbour, Wellington © 20 48 93 20 259
Aparima Estuary' 0.067 15 12 1 10 49
Mataura Estuaryf 0.024 7.1 6.6 6.2 6 27
Overseas
sites Delaware Bay, USA ¢ 0.24 27.8 8.3 15 49.7
Lower Chesapeake Bay, USAY 0.38 58.5 113 15.7 66.2
San Diego Harbour, USA ¢ 0.99 178 218.7 51 327.7
Salem Harbour, USA ¢ 5.87 2296.7 95.1 186.3 238
Rio Tinto Estuary, Spain' 41 1400 1600 3100
Restronguet Estuary, UK’ 12 1060 4500 1620 3000
Nervién Estuary, Spain 0.2-15 50-300 50-350  50-400 20-100  200-2000
Sorfjord, Norway' 850 12000 30500 118000

Sources: a Thompson (1987), b { Roper et al. (1988), ¢ ORC. 1998, d { Stoffers, Glashy, et a. 1986 317 /id}, e { Glashy, Moss, et al.
1990 316 /id}, f { Robertson 1995 318 /id}, g { Kennish 1997 315 /id}, h { Jezus Belzunce, Solaun, et al. 2001 369 /id}.
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6.4.2 Biological characteristics

Infaunal species richness and abundance were dominated by polychaetes and bivalves at six of the
eight estuaries in the current study, with polychaetes being the most dominant in many of the study
sites (Figure 9). Avon-Heathcote estuary was largely dominated by the polychaete Aonides sp.
(approximately 86% of the total abundance of the Avon-Heathcote sites). By contrast, the infauna
at Kaikora estuary, and at one of the four New River estuary sites, was dominated by amphipods
and gastropods, respectively.

Infaunal species richness was lowest at the Kaikorai estuary (13 species present in total) and highest
at Ohiwa estuary (53 species), with the remaining estuaries having close to the total estuary average
of 37 species (Figure 9B). In addition to the dominant polychaetes and bivalves, several other
species were commonly found at the reference estuaries; including gastropods (marine snails),

nemertea (ribbon worms), and oligochaetes (worms).
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Figure 9: Mean (x 95 % Cl) of infauna abundance (A) and species richness (B) at sites within the
eight reference estuaries.

64



Sustainable Management Contract
No. 5096

National Estuary Monitoring Protocol

DRAFT

September 2002

CAWTHRON

The infaunal species richness of the REs was very similar to other New Zealand estuaries (Table

22). Infauna abundance was also similar between estuaries around New Zealand, although the

average abundances from sites within the Avon-Heathcote and Kaikorai estuaries were higher than

most others.

Table 22: A comparison of estuary infauna studies, showing the number of replicates, core size,
mean number of individuals, mean number of taxa per core and total number of taxa per site for the
eight estuaries examined in the current study and from other New Zealand nearshore sediments.

n Coresize No. Individuals No.taxa/ No. taxa

m? /0.1 m? core Isite
Present study
Avon-Heathcote 36 0.013 242.7 12.6 27.3
Havelock 24 0.013 17.3 9.0 28.5
Kaikorai 12 0.013 249.5 6.0 14.0
Kaipara (Otamatea Arm) 36 0.013 51.4 10.0 24.0
New River 48 0.013 67.0 9.4 205
Ohiwa 48 0.013 73.1 14.9 34.3
Ruataniwha 36 0.013 34.8 9.0 26.3
Waimea 48 0.013 447 11.2 25.0
Other NZ sites
Tamaki A (E1)? 3 0.05 13.7 6.30 8.0
Tamaki B (E2)? 3 0.05 7.94 4.70 4.0
Tamaki C (E3)? 3 0.05 2.0 2.70 2.0
Tamaki D (E4)? 3 0.05 8.9 4.00 4.0
Tauranga 0-200 m from dc” 3 0.10 25.0 33.0
Tauranga 600-1000 m° 3 0.10 25.0 38.0
Gisborne 100 m from dc (Coastal)® 3 0.10 45.0 15.0
Hastings 100 m from dc (Coastal) © 3 0.10 120.0 20.0
Gisborne 1600 m from dc* 3 0.10 5.0 22.0
Hastings 3200 m from dc® 3 0.10 26.0 32.0
Manukau (rural catch)® 3 0.017 73.4 10.0
Manukau (Indust. Catch) 3 0.017 11.2 5.0
Manukau (DSIR ave. 1988) © 12 0.013 33.8 12.0
Tauranga (Welcome Bay)' 30 0.013 10.33
Tauranga (Blue Gum Bay) | 30 0.013 6.47
Tauranga (Katikati) ' 30 0.013 10.13
Tauranga (Waikareao estuary) ’ 30 0.013 10.33
Maketu (Site 1) 30 0.013 8.17
Maketu (Site 3)" 30 0.013 3.67
Waihi (Site 1)f 30 0.013 9.13
Ohiwa Harbour (Site 1) f 30 0.013 10.97
Ohiwa Harbour (Site 4) ' 30 0.013 350
Whakatane (site 1) ' 30 0.013 4.00
Opotiki (Site 1) 30 0.013 4.30
Waiotaha' 30 0.013 6.33
Otago (mid upper harbour) 3 0.008 292.8 12

Sources: { Thompson 1987 321 /id}, *{ Roper 1990 279 /id}, {{ Roper, Smith, et al. 1989 280 /id}, %{ Roper, Thrush, et al. 1988 282

/id}, {{Water Quality Centre 1988 323 /id}, { Park 1995 322 /id},
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The epifauna and macroalgal cover at the eight REs are presented in Figure 10. Epifauna and
macroalgae were not sampled from the Kaikora site and epifauna were not sampled from Otamatea
Arm sites A and B. The mean abundance of epifauna was highly variable, both between and within
estuaries. For example, the four New River sites ranged from 6 to > 50 individuals per quadrat. All
estuaries sampled were dominated by gastropod and bivalve species. Most sites contained a
moderate range of taxa, from 7 to 13 species. Refer to Box A.7, Appendix C for further detail on
the use of epifaunain estuary monitoring.

Macroalgal distribution was highly variable between estuaries and between sites within estuaries in
the present study (Figure 10B). Waimea Estuary Site D contained the greatest percentage cover of
macroalgae, with Gracilaria chilensis and Ulva lactuca covering an estimated 29% of the
substratum within quadrats. Site C of the New River Estuary contained the widest range of species
compared to the other estuaries in this study (a combination of Enteromorpha sp., G. chilensis, U.
lactuca and unidentified red macroalgae). Havelock Estuary site A contained G. chilensis at
approximately 5% cover while site B contained no alga cover, consistent with the greater
abundance and diversity of invertebrates at site A (refer to Tables A42 and A43 in Appendix C).
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Figure 10: Mean (+ 95 % ClI) of epifauna abundance (A) and species richness (C) and macroalgal
cover (B) at sites within the eight reference estuaries.
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6.4.3 Summary of statistical comparisons
Univariate and multivariate statistical analyses were applied to determine whether within-estuary
and between-estuary differences in environmental parameter levels existed. The complete statistical

analyses are presented in Appendix C. A summary of the key findings is provided below.

The key findings of the univariate analyses were as follows:

The nested ANOVA, using normalised data, identified both the estuary, and sites within an
estuary as significant sources of variation for al of the parameters (Table A55, Appendix C).
The multiple one-way ANOVAs for each parameter in each estuary indicated significant
variation in parameter levels existed between sites in most of the estuaries (Table A56,
Appendix C).

All environmental characteristics within sites from the Ohiwa and Otamatea estuaries were
highly variable. A majority of these also varied significantly between sites at the remaining
reference estuaries. Cadmium levels and epifauna abundance and richness were the only

characteristics to consistently exhibit significant variation between sites at all estuaries.

The key findings of the multivariate analyses were as follows:
The analysis of similarities (ANOSIM) indicated that significant variation existed both among
sites (within-estuary) and among different estuaries (inter-estuary) for all biological, chemical
and physical parameters (Table A57, Appendix C).
Spatial representation by MDS and PCA analyses indicated that infaunal communities at the
Kalkorai estuary were distinct from all other sites and estuaries (Figure 11). All four New
River estuary sites, and one of the Havelock sites (Site A) were placed in a separate group
(Group A) from the remaining sites (Group B) (Figure 11).
Infauna assemblages appeared to characterise estuaries well, exhibiting strong similarities
among sites within estuaries. However, the bulk of the infauna assemblages were similar,
with the exception of New River, Kaikorai and one Havelock site.
Epifaunal communities did not characterise individual estuaries well, athough some
significant groupings did exist, suggesting that intra-estuary variations in epifauna were

comparable to the observed inter-estuary variations (Figure 12).
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Figure 11: Bray-Curtis similarity dendrogram and corresponding two-dimensional MDS plot for
average abundance of infauna species found in cores (grouped by site). Clusters superimposed on
MDS plots are at similarity levels of 22 (solid), 36 (dashed) and 50 % (dotted). (2D Stress = 0.14).
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Figure 12: Bray-Curtis similarity dendrogram and corresponding two-dimensional MDS plot for
average abundance of epifauna species found in quadrats (grouped by site). Clusters superimposed
on MDS plots are at similarity levels of 20 (solid) and 50 % (dashed). (2D Stress= 0.13).
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Step 1 Results: Summary and applicationsto the EMP

Sediment particle size was variable among estuaries.

Sediment nutrient, organic matter and photosynthetic pigment concentrations were
consistent with sediments of similar textures from other New Zealand estuaries, with a
range from unenriched to moderately enriched.

Sediment trace metal concentrations were within ANZECC trigger guidelines at all
reference estuaries, except for the concentrations of nickel and chromium in the Waimea
and Havelock estuaries, which were attributabl e to catchment geol ogy.

The relative concentrations of organic matter, nutrients and trace metals in the estuary
sediments, following standardisation to 100% mud content, were useful in indicating the
need for follow-up investigation of contaminant loads in the mud fraction and their
origins.

The fine-scale monitoring provided a record of the commonly found epibiota and infaunal
communities of the intertidal habitat sampled at the reference estuaries.

Species richness, abundance and composition observed in the present study were
comparable to those reported for a number of other estuaries throughout New Zealand.
Environmental parameter levels were significantly different between sites (within-estuary)
and between estuaries (inter-estuary). The present sampling strategy (of 12 replicates per
site) was sufficient to detect within-estuary differences (i.e. suitably accounted for
variation on a scale of 10s of metres). Differences between replicate sites within estuaries
means should not be treated as true replicates without a preliminary investigation; doing
SO may approximate pseudo-replication.

Such site heterogeneity within a single ‘habitat’ type highlights the difficulties associated
with selecting the number and location of monitoring sites and the need for precise
relocation for subsequent samplings.

Infauna assembl ages tended to characterise estuaries better than epifauna assemblages and
generaly, the maority of infaunal assemblages were similar across estuaries in the
present study. This may facilitate the development and use of a national biotic health
index to assess biological condition of New Zealand estuaries.
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Step 1 Results: Summary and Applicationsto the EMP (continued...)

Although epibiota communities did not characterise individual estuaries well, some
significant groupings did exist. Epibiota has historically been included in estuary
monitoring programmes, and are worthy of inclusion in the EMP based on the valuable

comparative data available.

The aims of this step of the fine-scale monitoring devel opment were successfully met. The
groups of variables chosen to assess estuary condition were appropriate, as the summary
statistics describe the reference estuaries in terms of key environmental variables relevant to
the intertidal muddy sand habitat. The results of this section provide a baseline dataset for
future comparisons of fine-scale characteristics relating to estuary condition, which will be
included in the EMP aong with the dataset used in the statistical analyses for the following

steps of the fine-scale monitoring protocol development.

The techniques of comparison (i.e. statistical analyses) used in this study were effective in

determining whether the environmental characteristics differed among sites and estuaries.

72



Sustainable Management Contract National Estuary Monitoring Protocol September 2002
No. 5096 DRAFT o
CAWTHRON

Step 2: Examining the relationships between environmental parameters

This section examined the relationships between al measured environmental parameters in order to
identify those which were closely related, and therefore may have suitable surrogates. The benefit
of identifying suitable surrogates is that the number of parameters to be sampled may be reduced
(thereby reducing sampling costs) without losing interpretive power on the health of the estuary.
Particular emphasis was placed on examining the relationships between biological assemblages
(infauna and epifauna) and the other environmental parameters to determine which abiotic
parameters may be the better indicators of biological heath. The complete statistical analyses of
this section are presented in Appendix C to remove the technical details from the main document.
A summary of the key findingsis provided below. At the end of this step, a summary box outlining

the mgjor findings and recommendations for the development of the EMP is also presented.

Caution:

It is important to note that correlations with TN,
cadmium or lead may be partially confounded due to
the arbitrarily assigned value (0.5 x the detection

limit) to results below the detection limit.

Univariate analysis. correlation matrix
Inter-relationships between the environmental variables were explored using correlation matrices.
The Pearson correlation matrix for un-normalised data identified a number of notable relationships
and non-relationships, outlined below (refer Table A61, Appendix C for the complete correlation
matrix and Table 62 for the correlation matrix using site-averaged data).
Sediment mud content was strongly (? > 0.8) positively correlated with organic content
(AFDW) and total nitrogen (TN), and to alesser degree, total phosphorus (TP), copper (Cu),
lead (Pb) and zinc (Zn). Relationships with chlorophyll a, phaeophytin and the other trace
metals were wesk.
Chlorophyll a and phaeophytin were not strongly correlated with any of the other
parameters.
AFDW was strongly positively correlated with the TN and TP, and with some trace metals
(Cu, Pb and Zn).
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Both TN and TP were positively correlated to the trace metals Cu, Pb and Zn, while TP was
also correlated with chromium and nickel.

Apart from cadmium (Cd), each of the trace metals typically correlated well with other trace
metals and all significant correlations were positive. In particular, Cu, chromium (Cr), Pb,
nickel (Ni), and Zn were well correlated, although the relationships between Pb and Cr, Pb
and Ni and Zn and Ni were not strong (? < 0.5). Ni was particularly strongly correlated with
Cr (?=0.94), aswas Pb to Zn (? = 0.83).

Infauna species richness and abundance did not correlate well to any other characteristics
(physical, biological or chemical).

Epifauna abundance correlated only with epifauna species richness, which was aso

correlated to infauna species richness.

Standardising chlorophyll a, phaeophytin, nutrient and chemical datato 100 % mud content resulted
in several important changes in the relationships between parameters (Table A61 and Table A62,
Appendix C):
Relationships of nutrients and trace metals with AFDW were intensified, with some
correlations exceeding ? = 0.8.
Stronger positive correlations were identified between al of the trace metals and nutrients,
with many correlating very strongly (? > 0.9). An exception to this trend was Pb, for which
normalisation resulted in weaker relationships with the other metals.
No strong correlations existed between any of the physical and chemical characteristics and
the epifauna and infauna analyses. However, the genera trend was for weak negative
correlations between epifauna abundance and species richness and all nutrient and trace
metal characteristics.
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Multivariate analysis. Environmental parameters (PCA)

PCA plots generated from normalised (to mud content) and non-normalised environmental data are
presented in Figure 13A and B. For un-normalised data, PC1 (x-axis) and PC2 (y-axis) together
account for 75.5 % of the total sample variability (Table A63, Appendix C). On the PC1 axis, the
influence of most of the (transformed) characteristics was roughly equally weighted, with the
strongest coefficients being for mud content, AFDW, TN, TP, Cu, Pb and Zn. The characteristics
that barely featured on PC1 (Chl a, Phaeo, Cd and Ni) were the dominant influencing factors on the
PC2 axis (Table A64, Appendix C) (refer to Technical Box 6.5 for definitions).

The distribution of sites resulting from the PCA of the non-normalised environmental data formed
four approximate groupings:
- Group 1 the single site at the Kaikorai Estuary.
- Group 2: the three sites from the Otamatea arm of the Kaipara Estuary.
- Group 3:  dll sitesfrom the Avon-Heathcote, Ohiwa, Ruataniwha and New River
estuaries.
- Group 4: all sitesfrom the Havelock and Waimea Estuary.

The amount of variance accounted for by a 2-dimensional ordination (PC1 and PC2) for the 100%
mud-normalised values was similar to that for the un-normalised data, at 75.3 % (Table AG3,
Appendix C). Normalisation of the environmental data to 100% mud content altered the PCA
ordinations (Figure 13B):

- the Kaikorai site was no longer considered distinct from the Otamatea sites.

-> the Ohiwa sites shifted from being more closely related to the New River and Avon-

Heathcote estuaries, to being more aligned with the Havelock and Waimea estuary sites.
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Figure 13: Two-dimensional PCA ordination of (a) transformed un-normalised, and (b) normalised
physical and chemical data.

Multivariate analysis: BIOENV Procedure

Based on the strong correlations observed between some variables; AFDW, TN, Cr and Zn were
omitted from the first BIOENV procedure comparing biotic assemblages to non-normalised
environmental data. AFDW, TN, TP, Cr and Zn were omitted from the normalised data set. The
omitted variables and the corresponding potential surrogates and correlation coefficients are listed
below in the Summary Box. In general, grouping of the environmental variables did not explain the
ordination of the biotic variables well, with no correlations (?) > 0.52. However, mud content in
combination with Pb concentration did explain approximately 50 % of the pattern. The second best
combinations included TP and the third also included Chlorophyll a.
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The infauna assemblages observed in this study are most closely linked to sediment texture,
nutrients and one of a few contaminant concentrations (Cr, Cu or Pb). Normalised data (indicative
of the concentrations in the mud fraction) explained a ssimilar amount of the pattern, but included
copper in the explanatory combination and omitted TP. Epifauna data could not be well predicted

from any combinations of the un-normalised environmental parameters (correlations < 0.23).

Normalised data accounted for up to 50% of the observed pattern. Trace metal concentrations (Cu
and Cd), and to a lesser degree Chlorophyll a, were the most relevant characteristics.
Concentrations of contaminants in the mud fraction of the sediment seemed to be more relevant to

the type of epifauna assemblages that were present than concentrations in the whole sediments.
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Step 2 Results: Summary and Applicationsto the EMP
Many strong correlations (? > 0.8) existed between nutrients, trace metals, organic and
mud content. However, no strong correlations existed between any of the physical and
chemical variables with the biological assemblages.
Sediment type (mud content) played a dominant explanatory role in determining the
environmental patterns in the present study. Therefore, sediment particle size analysisis
considered an essential part of an EMP.
The strong correlations (? > 0.8) determined in Step 2 identified several variables that
could serve as surrogates (or proxies) for others. These are outlined in the table below,
based on the univariate correlation matrix (refer to Table 84B, Appendix C) with data

standardised to mud content:

Variable 1 Variable 2 Correlation (?) | Surrogate Rationale
Zinc TP 0.951 No Loss of interp.
Nickel Chromium 0.943 ? ?

Copper TP 0.918 Cu Prelim. screening
Copper Zinc 0.889 Cu Prelim. screening
Copper Chromium 0.865 Cu Prelim. screening
AFDW TN 0.847 AFDW Prelim. screening
Copper Cadmium 0.836 Cu Prelim. screening
Zinc Chromium 0.824 ? ?
Chromium TP 0.816 No Loss of interp.
Copper TN 0.813 No Loss of interp.

The key issue regarding the use of surrogate analyses is that the interpretive value of the
data will aways be reduced. This must be weighed against the saving in cost.

The data indicates that copper may be used as a surrogate for other metals. This may be
appropriate as long as it is recognised that observations of high copper concentrations
may result in the need for follow-up analyses of other metals that (by association)
approach levels of environmental concern.

AFDW could be used as a surrogate for TN (in some monitoring situations), as it is less
expensive to analyse. However, we would suggest, for a general estuarine monitoring
programme such as the one under development here, that the loss of interpretive value
would outweigh the cost saving.
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Step 3: Determining the optimum sample size

Determining the optimum sample size for the environmental variables ensures that an adequate
number of samples are collected to provide an accurate assessment of estuarine health, while
maintaining cost-efficiency. Determining the optimum sample size in the present study involved:

a  Comparing the variability (using the coefficient of variation (CV)) of each variable
between sites and between the eight REs. Highly variable parameters will require
larger sample sizesto reliably estimate the mean value.

b)  Comparing the relative variation (CV) within estuaries for each parameter to identify
sites (within an estuary) that could be pooled. Pooling the data from more than one
site served to increase the available number of samples from which the estimated
mean CV was generated, and thereby also increased the maximum n that could be
assessed (see Appendix C4 for details).

c) Conducting power analyses using the estimated mean CVs (from random
combinations of pooled sites) for each parameter in each estuary to determine the
optimum sample sizes (by cost benefit point (CBP) analysis).

The complete statistical analyses of this section are presented in Appendix C. A summary of the
key findings, followed by a Summary Box is provided below.

Analysisof precision and pooling of sites

Differences in CVs among estuaries were significant (using one-way ANOVAS) for 8 out of the 16
parameters (Table A67, Appendix C). The characteristics that demonstrated significantly different
inter-estuary variation in CV included: nutrients, total nitrogen (TN) and total phosphorus (TP), and
the trace metals, Cd, Cr, Cu, Pb, Ni and Zn. The differences in CVs among estuaries was not
significant for mud content, phaeophytin, organic content (AFDW), or infauna and epifauna species
richness and abundance. With half of the parameters exhibiting differences attributable to estuary,

it was considered necessary to address sample size on a estuary by estuary basis.

Tests for homogeneity of CVs identified significant differences between sites (Table A68,
Appendix C), meaning that pooling of sites was also not valid in some instances. As with between
estuary variations in precision, significant variations between sites was also more common with

chemical parameters. Significant variation in precision was more common for chemical variables
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than for physical and biological variables. The Avon-Heathcote, Havelock, New River, Ruataniwha
and the Waimea data sets contained variables with similar CVs that allowed pooling of the
sampling sites within those estuaries. In some cases however, up to two sites needed to be removed
to achieve the desired similarity between CVs.

Power analysesto determine optimum sample sizes

The estimated mean CV's (derived from computer-generated plots, refer Appendix C for methods
used), approximating the ‘actua variation’ for that characteristic in a particular estuary, ranged
from 0.10 to 0.75, with the majority lying between 0.20 and 0.40. Lead typically exhibited the
highest variation (lowest precision), possibly due to the inclusion of samples below the method
detection limit (as these were assigned a level of 0.5 x the detection limit). Biological parameters
also exhibited high variation, with CV's ranging between 0.25 and 0.50. Chlorophyll a, TN and Cd
had mean CVs of approximately 0.20 to 0.40, while the organic content (AFDW), TP, and the trace
metals Cr, Cu, Ni and Zn showed the highest precision, typically between 0.15 and 0.30. The point
(n) a which substantial gains in CV were no longer made for a further 5n increase in sample size
(termed cost benefit point, CBP) was estimated for each variable and these are summarised in
Figure A32, Appendix C.

The mean number of samples required to reach the CBP was 8.0 (SD = 2.0), averaged across all
variables and all estuaries. For individual variables within each estuary, the maximum sample size
was 14 (for lead in the Ohiwa estuary), whereas the minimum was 4 (recorded on one occasion for
each of: Zn, Ni, Cu and mud content). Based on this analysis, Cu and Ni consistently required 7
samples to reach the optimal level of precision, represented by the CBP. The CBP for Pb was, on
average, notably higher than for the other physical and chemical characteristics, at approximately
11 (due, in part, to some sample concentrations of Pb being lower than the analytical detection

limit).

Chlorophyll a concentrations and epifauna richness required 8-12, and 7-12 samples, respectively.
Infaunal abundance required 8-9 samples, while infauna diversity required 7-8 samples to reach the
CBP. Figure 55 shows the relationships between sample size (n) and the size of the measurable
change for four variables with differing CV's from the Waimea Estuary, and provides the CV's used
in the two power analysis models.
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Based on the G* Power model (refer Appendix C for details), estimates of environmental parameter
levels with CVs of greater than 0.6 were only capable of detecting changes greater than a 2-fold
change in the given variable. For a sample size of 10, the measurable change able to be detected for
avariable with alow CV (0.08) was approximately 15 %, and up to a 98 % with a variable with a
higher CV (0.58) (Power = 0.8, a = 0.05) (Figure A33a, Appendix C). The iterative process
described in Zar (1999) was less conservative, calculating CV values from 0.08 to 0.58 tranglating
to an expected measurable change of 10 to 57 %, despite using a dlightly higher power of 0.9 (a =
0.05) (Figure A33b, Appendix C).

Figures A33c and d, Appendix C illustrate the sample size required at varying levels of precision
(CV), for a range of detectable changes. For example, with a CV of 0.3, the G*Power model
calculated that approximately five samples were required to detect a 100 % change in the mean, and
as many as 63 samples to detect a 20 % change. However, the less conservative estimate from the
t-test model (Zar, 1999) suggested < 3 samples were necessary to detect a 100 % change and 25

samples to detect a 20 % change.

Estimates of mean CV (x 95% Cls) are presented in Table A69, Appendix C. Estimates of the
minimum detectable differences for each parameter in each of the estuaries are presented in Table
A70, Appendix C. The relative minimum levels of detectable change associated with each
parameter are compared in Figure 54C. The size of the detectable difference between means using
the CBP sample number according to Zar (1999) with a = 0.05 and b = 0.1 was between 25 and 50
% for most parameters. The less variable parameters such as AFDW, TP, Cu, Ni and Zn had
dightly lower ranges of estimated minimum detectable differences of 25 to 35 %. Characteristics
that were inherently more variable, such as Chlorophyll a, TN, Cd, Pb and abundance of infauna,
would reguire a change in the order of 30-65 % before a difference could be confidently detected.

In some instances (e.g. Ni and Zn in the Avon-Heathcote) this method resulted in selecting a low
CBP (4) with a relatively high mean CV (> 0.3), which trandated into a large relative level of
detectable change. This occurred when the plots showed little discernable reduction in CVgs with
increasing sample number, suggesting additional sampling was not warranted, but at the same time
demonstrated considerable variability about the mean (CVmean). 10 such cases, it is suggested that
sample size should be increased dlightly in order to increase the power of detection, despite the fact

the precision is unlikely to be improved.
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Step 3 Results: Summary and Applicationsto the EMP

The variability of the environmental characteristics measured in this study (indicated by
the estimated actual CVs) was high, typicaly around 20-40%, and ranged from 10-75%.
Variability also differed among estuaries. This means that the estimated optimum
sampling size for each variable will fluctuate, depending on itsinherent variability and the
particular estuary.

In most instances, taking more than eight samples does not result in any substantial
increase in precision. The minimum cost benefit point (CBP) varied between variables,
and to alesser extent, between estuaries, and typically ranged from 6 to 12 samples.

The high variability associated with many of the measured variables dictates that
impracticaly large numbers of samples would be needed to achieve a detectable change
of less than 30%.

A recommended minimum sample size of 10 would encompass most of the minimum
CBPs determined in this study for the measured variables. However, it is recommended
that CBP analyses for a particular estuary are undertaken, once monitoring data were
available, in order to determine the estuary-specific optimum sample numbers for
measured variables.

Using the recommended minimum sample size of 10, the detectable change in parameter
levels would be between 25 and 65%, depending on the variability of the parameters
measured. If aparticular variable is considered a higher monitoring priority than others, a
greater proportion of sampling effort could be alocated to it (i.e. increase the sample
number greater than 12, but only for that variable), thereby increasing the ability to detect
change.

In view of the summary statistics described above, it is possible to develop a fine-scale
monitoring design that: (1) will enable assessment of change (at an environmentally
meaningful level), and (2) is both cost-efficient and scientifically defensible in terms of

sampling effort required.
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Fine-Scale Environmental Monitoring Summary

The fine-scale sampling approach adopted in this study was successful in obtaining a
baseline data set of benthic intertidal variables from the eight reference estuaries. Statistical
analyses were then applied to investigate the variability of the data, both among estuaries
and at sites within estuaries. Those variables that were closely correlated were also
identified, enabling some to be considered as surrogates for others in a monitoring
programme. The optimum number of samples was determined for each variable to
accommodate the established spatial variability, aswell as the expected level of change able
to be detected with different levels of variability (~sampling precision).

These findings have refined the fine-scale environmental monitoring approach, particularly
with regard to the cost-efficiency, ease of use, and sampling precision. Although we apply
this information to the development of a standardised National Estuarine Monitoring

Protocol, it could also provide guidance for the design of more specific consent monitoring

programmes.

It isimportant to note that the fine-scal e approach adopted in this study focused on middle-
of-the-range estuaries, and did not include sampling at highly impacted estuaries. Therefore,
the baseline dataset generated from this research (against which future studies will be
compared) does not include the full spectrum of estuary conditions. Further research that
expands the range of estuaries included in the study may adjust the benchmark relationships

to estuarine condition.

The aim of this study was to investigate the spatial distribution of a number of estuarine
variables. Although it iswell established that temporal variation is often afeature of
dynamic coastal environments such as estuaries, it isimportant to note that the temporal
variation has not been described in this study. Further research is needed to describe short-
term and seasonal variation of the characteristics measured.

The statistical analyses suggest that it is feasible to design afine-scale environmental
monitoring programme that: (1) will enable assessment of change (at an environmentally
meaningful level), and (2) is both cost-efficient and scientifically defensible in terms of

sampling effort required.
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