Kaipara Harbour Ecological Monitoring Programme:
Report on Data Collected between October 2009 and
February 2014
March 2015

Technical Report 2015/008

Auckland Council
Technical Report 2015/008
ISSN 2230-4525 (Print)
ISSN 2230-4533 (Online)
ISBN 978-0-9941335-8-8 (Print)
ISBN 978-0-9941335-9-5 (PDF)

This report has been peer reviewed by the Peer Review Panel.
Submitted for review on 3 June 2014
Review completed on 13 March 2015
Reviewed by two reviewers
Approved for Auckland Council publication by:

Name: Regan Solomon
Position: Manager, Research and Evaluation Unit
Date: 13 March 2015

Recommended citation
Hailes, S F and Carter, K R (2015). Kaipara Harbour ecological monitoring programme:
report on data collected between October 2009 and February 2014. Prepared for Auckland
Council by the National Institute of Water and Atmospheric Research Ltd. Auckland
Council technical report, TR2015/008

© 2015 Auckland Council
This publication is provided strictly subject to Auckland Council’s copyright and other intellectual property rights (if any) in the
publication. Users of the publication may only access, reproduce and use the publication, in a secure digital medium or hard copy, for
responsible genuine non-commercial purposes relating to personal, public service or educational purposes, provided that the publication
is only ever accurately reproduced and proper attribution of its source, publication date and authorship is attached to any use or
reproduction. This publication must not be used in any way for any commercial purpose without the prior written consent of Auckland
Council. Auckland Council does not give any warranty whatsoever, including without limitation, as to the availability, accuracy,
completeness, currency or reliability of the information or data (including third party data) made available via the publication and
expressly disclaim (to the maximum extent permitted in law) all liability for any damage or loss resulting from your use of, or reliance on
the publication or the information and data provided via the publication. The publication, information, and data contained within it are
provided on an "as is" basis.

Kaipara Harbour Ecological Monitoring
Programme: Report on Data Collected Between
October 2009 and February 2014

S F Hailes
K R Carter
National Institute of Water and Atmospheric Research Ltd
Project No. ARC14217
Report No. HAM2014-051

Executive summary
In October 2009, the Kaipara Harbour Ecological Monitoring Programme was established
to investigate the health of the southern half of the Harbour (the area within Auckland
Council (AC) jurisdiction) and to detect changes associated with development in the
surrounding catchment. The monitoring conducted is similar to other AC ecological
monitoring programmes, and is focused on the abundances of selected macrofaunal taxa
expected to respond differently to anthropogenic stressors, and the sediment
characteristics of the extensive intertidal sandflats. Since the commencement of the
Kaipara Harbour Monitoring Programme, valuable information has been collected
concerning intertidal sediment characteristics and benthic macrofaunal communities in
southern Kaipara Harbour. This has been presented to the combined AC/Northland
Regional Council (NRC) Kaipara Research Projects Group and the Integrated Kaipara
Harbour Management Group.
Bi-monthly monitoring is conducted at six sites distributed throughout the main body of the
southern section of the Harbour: Tapora Bank; Kakarai Flats; Omokoiti Flats near the
mouth of Haratahi Creek; Kaipara Flats; near the mouth of Ngapuke Creek; and Kaipara
Bank near the mouth of Kaipara River. Sites are located on homogeneous sandflat areas
but positioned near to mud/sand transitions to enhance the ability of the programme to
detect the spread of muddy sediment.
Recognising natural patterns in macrofaunal abundances aids in detecting changes above
natural variation related to anthropogenic activities. In the Kaipara, taxa displaying
seasonal patterns and/or multi-year cycles in their abundances have been observed
across all monitoring sites (average 51%). Furthermore, with an additional two years of
data, there are fewer occurrences of taxa displaying high and unpredictable variability in
abundance (average 10% across all sites, compared to 16% reported in 2012). Seasonal
patterns in sediment properties are also becoming apparent, with percent mud content and
sediment organic matter content generally higher leading up to and during the winter
(April-October) at all monitored sites.
This report addresses several questions relevant to State of the Environment (SOE)
monitoring:
•

Have there been any changes in the characteristics of each site or the surrounding
areas?

•

Have there been any changes in the monitored taxa and are these of concern?

•

Are any changes observed confined to one site or area of the Harbour, or do they
reflect a harbour-wide change?
Trends in abundance over the monitored period have been detected at each site, with the
uppermost sites in both channels having between 21-25% of the monitored species
_____________________________________________________________________________________
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exhibiting trends. Most of the trends detected are not of concern and are likely to be part of
longer-term natural cycles. However, for the southernmost site (KaiB) in the main channel,
three of the four species exhibiting trends are doing so in a direction consistent with a
response to increased sediment deposition or muddiness at the site. Thus, there are no
indications of harbour-wide change and only limited indications of a change in the main
channel. SOE indicators developed for intertidal sites in the Auckland Region suggest that
all sites have moderately good to good health with minimal change occurring since
monitoring was initiated.
Most monitoring programmes conducted by AC are reviewed after five to six years to
determine whether a nested rotational sampling scheme would allow cost-effective SOE
assessment and detection of changes. This sampling scheme nests monitoring of a
restricted number of sites for five years within monitoring of all sites for a further two years,
as is presently conducted in Manukau, Mahurangi, and Central and Upper Waitematā
Harbours. The sites selected for the restricted monitoring are chosen to represent both of
the harbour channels. At this time we recommend monitoring the following three sites for
the next five years.
•

The site located on Kaipara Bank. This is the southernmost site and is closest to
Helensville. The sediment surface at this site exhibits considerable variation with
muddy sediment sometimes covering the site to depths of 2-50 mm. The community
composition is still in “good” health, with many sensitive taxa, making it ideal for
monitoring the effects of sedimentation.

•

The site located near the mouth of Ngapuke Creek. If the Kaipara Bank site
becomes muddy, this is the next site located down the Harbour which may then
come under pressure from sedimentation.

•

The site located on Kakarai Flats. This site is ideal for monitoring potential changes
associated with activities in the Hoteo River catchment. Similar to the site on the
Kaipara Bank, a muddy surficial sediment layer is often observed which generally
corresponds to winter months and rainfall events.

The other three sites are not recommended for the following reasons:
•

Sites located on Omokoiti Flats and Kaipara Flats have sediment characteristics
and macrofaunal abundances that are relatively stable over time, making detection
of changes over time reasonably easy without ongoing knowledge of seasonal and
multiyear cycles.

•

The site located on Tapora Bank. This site also has reasonably stable sediment
characteristics and macrofaunal abundances, however, the tidal elevation of this
site is changing. Therefore, we recommend the establishment of a new site on the
bank to detect changes associated with land use change in the surrounding
catchment, or changes occurring as a result of land use change in the Hoteo River
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catchment that extends past the site located closer to the Hoteo River mouth. Both
the present and the new site would need to be monitored for three consecutive
sampling occasions to allow merging of the two time series.
Monitoring should be reinstated again at the full suite of sites after five years, or sooner if
significant change is occurring in adjacent catchments or is observed at a nearby site with
ongoing monitoring.

_____________________________________________________________________________________
Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

iii

Table of contents
1.0

Background ................................................................................................................ 7

2.0

Methodology .............................................................................................................. 9

2.1

Sample collection.................................................................................................. 10

2.2

Macrofaunal processing ........................................................................................ 10

2.3

Sediment sample processing ................................................................................ 12

2.4

Statistical analyses ............................................................................................... 12

2.5

State of the environment indicators ...................................................................... 13

3.0

Present Status of Benthic Communities in Southern Kaipara Harbour .................... 16

3.1

Site characteristics................................................................................................ 16

3.2

Sediment characteristics ....................................................................................... 19

3.3

Are species exhibiting temporal variation? ........................................................... 23

3.4

Are species abundances exhibiting similar patterns at all sites? .......................... 47

3.5 Have any changes over time led to communities, or sites, becoming more or less
similar to each other? ..................................................................................................... 47
3.6
4.0

State of the environment indicators ...................................................................... 49
Conclusions ............................................................................................................. 53

4.1

Have any trends over time been detected? .......................................................... 53

4.2

Are these trends of concern? ................................................................................ 54

4.3 Are trends confined to one site, one area of the harbour or do they reflect a
harbour wide change? .................................................................................................... 55
4.4

What is the overall health of the harbour? ............................................................ 55

5.0

Recommendations ................................................................................................... 56

6.0

Acknowledgements .................................................................................................. 59

7.0

References............................................................................................................... 60

8.0

Plates ....................................................................................................................... 65

Appendix A

Sampling coordinates ................................................................................. 71

Appendix B

Monitored species list ................................................................................. 72

_____________________________________________________________________________________
Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

iv

List of figures
Figure 1: Map of Kaipara Harbour showing the positions of the monitoring sites ................ 9
Figure 2: Changes in the proportions of gravel/shell and coarse sand (≥500 µm), medium
sand (500-250 µm), fine sand (250-125 µm) and silt/clay (i.e., mud <63 µm) at each
monitored site over the entire monitoring period. ............................................................... 19
Figure 3: Sediment mud (silt and clay fractions; <63 µm) content (% weight) of sediment
collected from monitored sites between October 2009 and February 2014. ...................... 20
Figure 4: Percentage organic content of sediment collected from monitored sites between
October 2009 and February 2014. ..................................................................................... 21
Figure 5: Chlorophyll a levels (µg/g sediment) of sediment collected from monitored sites
between October 2009 and February 2014). ..................................................................... 22
Figure 6: Size class structure of bivalves Austrovenus, Macomona and Soletellina at
monitored sites (n = 12 cores) between October 2009 and February 2014. ...................... 26
Figure 7: Total abundance (n=12 cores) of Euchone sp. and Aglaophamus macroura. .... 31
Figure 8: Total abundance (n=12 cores) of Aricidea sp. and Taeniogyrus dendyi ............. 32
Figure 9: Total abundance (n=12 cores) of Macrocylmenella stewartensis and Nicon
aestuariensis...................................................................................................................... 34
Figure 10: Total abundance (n=12 cores) of Austrovenus stutchburyi and Macomona
liliana.................................................................................................................................. 35
Figure 11: Total abundance (n=12 cores) of Aricidea sp. and Colurostyis lemurum. ......... 37
Figure 12: Total abundance (n=12 cores) of Heteromastus filiformis and Waitangi
brevirostris. ........................................................................................................................ 38
Figure 13: Total abundance (n=12 cores) of Aricidea sp.. ................................................. 39
Figure 14: Total abundance (n=12 cores) of Aglaophamus macroura and Soletellina
siliquens ............................................................................................................................. 40
Figure 15: Total abundance (n=12 cores) of Soletellina siliquens and Aglaophamus
macroura............................................................................................................................ 42
Figure 16: Total abundance (n=12 cores) Heteromastus filiformis and Magelona dakini... 43
Figure 17: Total abundance (n=12 cores) of Cossura consimilis and Macomona liliana. .. 45
Figure 18: Total abundance (n=12 cores) Magelona dakini and Heteromastus filiformis... 46
Figure 19: Non-metric multidimensional scaling plot . ........................................................ 48
Figure 20: Plots of the community composition at each of the monitored sites.................. 50
Figure 21: Monitored sites in south Kaipara Harbour and their combined Health Score.... 52

_____________________________________________________________________________________
Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

v

List of tables
Table 1: Coordinates (NZTM) of the six intertidal sites monitored by AC in southern
Kaipara Harbour. ............................................................................................................... 10
Table 2: Monitored species that are expected to respond to increased sediment or
contaminant inputs (Appendix B) ....................................................................................... 11
Table 3: Conversion of CAPmetals and CAPmud scores into health groups…………….. 15
Table 4: The five most abundant taxa from each monitored site ....................................... 24
Table 5: Summary of temporal patterns in abundance of monitored taxa displaying
seasonal patterns .............................................................................................................. 28
Table 6: TBI scores for monitored communities sampled .................................................. 49
Table 7: CAPmetal and CAPmud scores for all Sites over time......................................... 51
Table 8: Total number of taxa displaying S = seasonal patterns, M = multi-year cycles, T =
both positive and negative trends, L = low variation and H = high unpredictable (irregular)
variation in 2014.. .............................................................................................................. 55

_____________________________________________________________________________________
Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

vi

1.0

Background

Kaipara Harbour is the largest harbour in the Auckland region (612 km perimeter) and the
second largest in the southern hemisphere, with a total surface area of 947 km2 and a total
intertidal area of 409 km2 (Department of Conservation 1992; Heath 1975 and 1976).
Formed from a system of drowned river valleys (Hume and Herdendorf 1988), the large
inlet, bound by two, large sand spits (South Head and Pouto Point), provides an entrance
for high wave action and strong current velocities creating a very dynamic system.
The National Institute of Water and Atmospheric Research (NIWA) was commissioned to
establish the Kaipara Ecological Monitoring Programme in October 2009 by the Auckland
Regional Council (ARC). It was recognised that there was a lack of detailed knowledge on
the spatial and temporal patterns of soft sediment benthic species in Kaipara Harbour
(Haggitt et al. 2008) and of the health of the harbour. In addition, there was mounting
concern surrounding the effects of historical and present day land based activities (i.e.,
intensified catchment land use) on the ecological functioning and health of Kaipara
Harbour. Monitoring focuses on detecting changes to the sediment properties and
ecological status of the extensive intertidal sandflats and builds on knowledge gained by
the comprehensive survey of southern Kaipara Harbour carried out as part of the Tier II
monitoring (Hewitt and Funnell 2005). The six sites are located near the entry of different
creeks and rivers, but away from any known point discharges.
Intertidal sandflats, and in particular their sediment characteristics and abundances of
selected macrofauna are monitored for the following reasons:
•

Intertidal sandflats are relatively cheap to monitor. They are accessible without
undue health and safety concerns (compared to subtidal areas). Sandflats are
preferred to mudflats because they can be sampled frequently, and inspected
visually, without site damage, and changes due to increased sediment deposition
are more likely to be observed.

•

Changes associated with modifications to land use, especially those that could
result in increased nutrients, sediment contamination, sediment deposition or
suspended sediment concentrations can be detected by variations to the sediment
particle size, sediment contamination, organic content and chlorophyll a content.

•

Many of the macrofauna living within and on the surface of the sediment have been
demonstrated to respond to changes in sediment contamination or sediment
deposition, and often before changes in the actual measures of these can be
detected. This is partly because there are a number of species of varying
sensitivities and both increases and decreases in their abundances can be
observed, depending on the contaminant, the degree of sediment deposition or
suspended sediment concentrations.
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The methods used to collect and process the samples are consistent with the other
established ecological monitoring programmes that the Auckland Council undertakes in its
harbours (e.g., Manukau (Greenfield et al. 2013), Upper Waitematā (Townsend et al.
2012), Central Waitematā (Halliday et al. 2012) and Mahurangi (Halliday and Cummings
2012)). These methods have proven to be successful at establishing patterns in
macrofaunal abundances and detecting changes due to anthropogenic effects and also
enable inter-harbour comparisons.
This report presents the results of data collected bi-monthly from monitored sites since the
initial sampling in October 2009 until February 2014. The report addresses the following
overarching questions:
•

Have there been any changes in the characteristics of each site or the surrounding
areas?

•

Have there been any changes of concern in the monitored taxa?

•

Are any changes observed confined to one site or area of the Harbour, or do they
reflect a harbour-wide change?
It also presents an assessment of health using AC indices related to taxa functional traits
(TBI), sediment heavy metal (BHMmetals) and mud (BHMmud) concentrations, and
reviews the current monitoring programme to determine whether it is cost-effective and
robust.
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2.0 Methodology
Sites for intertidal monitoring are distributed throughout the main body of the southern
section of Kaipara Harbour: Tapora Bank (TPB), Kakarai Flats near the Tauhoa Channel
(KKF), Omokoiti Flats near the mouth of Haratahi Creek (HCK), Kaipara Flats (KaiF), near
the mouth of Ngapuke Creek (NPC) and Kaipara Bank, near the mouth of the Kaipara
River (KaiB) (Figure 1; Table 1). Sites are 9,000 m2 (100 m, 90 m) and are in close
proximity to major river and creek inputs. The sites chosen for monitoring are sandy,
homogeneous, un-vegetated habitats, without excessively dense tube-worm mats, and are
also in close proximity to sand/mud boundaries which will enhance the ability of the
programme to detect the spread of muddy sediment.

Figure 1: Map of Kaipara Harbour showing the positions of the monitoring sites, Tapora Bank (TPB); Kakarai
Flats (KKF); Haratahi Creek (HCK); Kaipara Flats (KaiF); Ngapuke Creek (NPC) and Kaipara Bank (KaiB).
The differing land colours indicate the areas of the Harbour under Auckland Council and Northland Regional
Council jurisdiction.

Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

9

Table 1: Coordinates (NZTM) of the six intertidal sites monitored by AC in southern Kaipara Harbour.

2.1

Site

Easting

Northing

TPB

1717946

5970870

KKF

1723881

5967593

HCK

1715426

5961837

KaiF

1722170

5960111

NPC

1723882

5953346

KaiB

1724873

5948511

Sample collection

During each bi-monthly field trip, attention is paid to the surface appearance of each site
and the surrounding sandflat. In particular, surface sediment characteristics including the
presence of sediment ripples, Macomona liliana feeding tracks, surficial sediment, ray pits,
gastropods and macroalgae are all noted.
For this and other intertidal monitoring programmes funded by AC, samples are collected
and processed as follows: each 9,000 m2 site is divided into 12 equal sectors (Appendix A)
and one macrofauna core sample (13 cm diameter, 15 cm depth) is collected from a
random location within each sector (total of 12 replicate macrofaunal cores per site). To
limit the influence of spatial autocorrelation (Legendre 1993), and preclude any localised
modification of populations by previous sampling events, core samples are not positioned
within a 5 m radius of each other or of any samples collected in the preceding six months.
Sediment samples are collected from each site on each sampling occasion to assess
sediment particle size, organic matter and chlorophyll a (Chla) content. At six random
locations within the monitored area, two small sediment cores (2 cm deep, 2 cm diameter)
are collected, one to determine sediment particle-size and organic content and the other
for Chla analysis. Cores collected from the six sampling locations are combined, giving 2
samples, and kept frozen (approximately -18 ºC) in the dark prior to being analysed.

2.2

Macrofaunal processing

The macrofaunal core samples collected are sieved over a 500 µm mesh to remove the
sediment. All macrofauna retained in the sieve are preserved with 70% isopropyl alcohol
and then stained with Rose Bengal (~0.1%), prior to processing. The macrofaunal samples
are then sorted and identified to the lowest practical taxonomic level and enumerated,
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including 28 monitored species which are expected to respond to increased sediment or
contaminant inputs (Table 2; Appendix B).

Table 2: Monitored species that are expected to respond to increased sediment or contaminant inputs
(Appendix B). Names in brackets indicate previous taxonomy.

Amphipoda
Bivalvia

Cnidaria
Cumacea
Gastropoda
Holothuroidea
Isopoda
Polychaeta

Torridoharpinia hurleyi
Waitangi brevirostris
Austrovenus stutchburyi
Macomona liliana
Arcuatula (Musculista) senhousia
Linucula (Nucula) hartvigiana
Soletellina (Hiatula) siliquens
Anthopleura aueoradiata
Colurostylis lemurum
Notoacmea scapha
Taeniogyrus (Trochodota) dendyi
Exosphaeroma planulum (chilensis)
Exosphaeroma waitemata (falcatum)
Aglaophamus macroura
Aonides trifida
Aricidea sp.
Asychis sp.
Boccardia syrtis
Cossura consimilis
Euchone sp.
Macroclymenella stewartensis
Magelona dakini
Nicon aestuariensis
Orbinia papillosa
Owenia petersenae (fusiformis)
Prionospio aucklandica
Scoloplos cylindrifer
Travisia olens novaezealandiae

After identification, bivalves (Austrovenus, Macomona and Soletellina) are measured
(longest shell dimension (mm)) and grouped into size classes to enable direct comparison
with other long-term monitoring locations (<5 mm; 5-10 mm; 10-15 mm; 15-20 mm; 20-30
mm; 30-40 mm; 40-50 mm and > 50 mm).
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2.3

Sediment sample processing

Sediment particle size: Sediment samples are homogenised and a subsample of
approximately 5 g is placed in 9% hydrogen peroxide for organic matter digestion, until
bubbling ceases. The sediment sample is then wet sieved through nested 2000 µm, 500
µm, 250 µm and 63 µm mesh sieves. Pipette analysis is used to find the proportion of the
<63 µm fraction that is >3.9 µm (silt) and <3.9 µm (clay). All fractions are then dried at
60oC until a constant weight is achieved (fractions are weighed at 40 h and then again at
48 h to ensure a constant weight is achieved). The results of the analysis are presented as
a percentage weight of gravel/shell hash (>2000 µm), coarse sand (500 – 2000 µm),
medium sand (250 – 500 µm), fine sand (63 – 250 µm), silt (3.9 – 63 µm), and clay (<3.9
µm). Mud content is calculated as the sum of the silt and clay content.
Organic matter content: Approximately 5 g of sediment is placed in a dry, pre-weighed
tray. The sample is then dried at 60oC until a constant weight is achieved (the sample is
weighed after 40 h and then again after 48 h to ensure a constant weight is achieved). The
sample is then combusted for 5.5 h at 400oC and then reweighed.
Chlorophyll a: Within one month of sampling, the full sediment sample is freeze dried,
then homogenised and a subsample (5 g) taken for analysis. Chla and its degradation
product (phaeophytin) are extracted by boiling the sediment in 90% ethanol. An
acidification step is used to remove phaeophytin before reading the extract on a
spectrophotometer (measured in µg/g of sediment) (Sartory 1982).

2.4

Statistical analyses

For macrofauna, all analyses were performed on the sum of the twelve cores collected at a
site on each sampling occasion. For the previous years’ reports, results had focused on
descriptions of temporal variation, as there was insufficient data for trend analysis.
Temporal variations were still examined visually, and characterised (Hewitt and Thrush
2007) as exhibiting:
•

Seasonal patterns: peaks and troughs in abundance occurring within the same two
month period most years.

•

Multi-year cycles: a repeated variation in the magnitude of seasonal patterns or in
average annual abundances.

•

Low variability: low variation around the mean.

•

High unpredictable variability: none of the above.

With 5.5 years of data collection, trend analysis was able to be undertaken, although it is
important to recognise that many of the trends detected are likely to prove to be part of
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longer-term cycles (Wolfe et al. 1987). Regression analysis was used to investigate the
potential for trends over time for both sediment properties and macrofauna. Autocorrelation was investigated in the trend analysis using chi-square probabilities. Where
auto-correlation was indicated, increasing or decreasing trends were investigated by
adjusting parameters and significance levels (AUTOREG procedure, SAS). Otherwise
ordinary least squares regression was carried out. Where a statistically significant trend
was observed (p < 0.05) residuals were examined and the original time series was
assessed to verify that the trend was not driven by cyclic patterns. Regression analysis
was linear unless a step trend was indicated or a logarithmic transformation was required.
Rank abundance tables and multivariate ordinations of macrofaunal community data
collected in October of each year were used to determine if there had been temporal
variations in community composition between years. Rank abundance tables were
constructed for the five most numerically dominant taxa. Ordination of October raw, log
and square root transformed data was performed, using non-metric multidimensional
scaling (MDS) of Bray Curtis similarities and correspondence analysis of chi-square
distances (Clarke and Gorley 2006).

2.5

State of the environment indicators

2.5.1 Traits-Based Index
Organisms can be categorised according to characteristics (traits) that are likely to reflect
ecosystem function (i.e., their feeding mode, degree of mobility, position in the sediment
column, body size, body shape, capacity to create tubes/pits/mounds, etc.). During 2010
and 2011, an index based on these biological traits was created (van Houte-Howes and
Lohrer 2010) and improved (Lohrer and Rodil 2011). The index is based on seven broad
trait categories (living position, sediment topography feature created, direction of sediment
particle movement, degree of mobility, feeding behaviour, body size, body shape and body
hardness) and, specifically, the richness of taxa exhibiting seven particular traits: living in
the top 2 cm of sediment, having an erect structure or tube, moving sediment around
within the top 2 cm, being sedentary or only moving within a fixed tube, being a
suspension feeder, being of medium size, or being worm shaped. Values of this index
range from 0-1, with values close to 0 indicating low levels of functional redundancy and
highly degraded sites. Values closest to 1 indicate high levels of functional redundancy
and healthier sites (high functional redundancy tends to increase the inherent resistance
and resilience in the face of environmental changes; Hewitt et al. 2012). The index has
been refined recently (Hewitt et al. 2012), with the SUMmax parameter modified to allow
the metric to be applied to a wider range of sites and those sampled with differing numbers
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of replicates (Lohrer and Rodil 2011, Equation 1). Finally, three general levels of functional
redundancy have recently been defined (Rodil et al. 2013) using the following values:
<0.30 (poor); 0.30 – 0.40 (intermediate); >0.4 (good).
Equation 1: Calculating the TBI for an intertidal community

TBI = 1 – (SUMmax – SUMactual)/SUMmax

2.5.2 Benthic Health Models
The original benthic health model (BHMmetals) was developed by AC (then Auckland
Regional Council), Marti Anderson (then University of Auckland) and Simon Thrush and
Judi Hewitt (NIWA), to determine the health of macrofaunal communities relative to stormwater contaminants. The model is based on a multivariate analysis of the variation in
macrofaunal community composition related to total sediment copper, lead and zinc
concentrations, extracted from the 500 µm fraction of the sediment (Anderson et al. 2006).
In 2010-2011, another model was developed, this time to determine health relative to
sediment mud content (BHMmud, Hewitt and Ellis 2010). At the time of the development
of this model it was determined that, while there was some crossover between community
compositions found in response to high mud and high contaminants, the two effects could
still be separated.
Both models are based on the community composition observed at 84 intertidal sites in the
Auckland Region between 2002 and 2005. The sites are within tidal creeks, estuaries or
harbours, but do not include exposed beaches. They cover sites with a range of
contaminant concentrations and mud content. The models use Canonical Analysis of
Principal Coordinates (CAP, Anderson and Willis 2003) of square-root transformed BrayCurtis similarities to extract variation related to a single environmental variable and
produce a score of community composition related to that variable. For the metal model,
the concentrations of the three metals have been used in a Principle Component Analysis
to create a single axis (PC1) that explains >90% of the variability in contaminant
differences between the sites. For the mud model, the percent mud content of sediment at
the time of sampling is used.
The macrofaunal community composition of sites and sampling times not in the models
are compared to the model data (using the “add new samples” routine in CAP,
PermANOVA add-on, Primer E). The samples are then allotted to 5 different groups
related to health (Table 3).
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2.5.3 Combined indices
Hewitt et al. (2012) recommended the use of the three indices above (TBI index, BHMmud
score (CAPmud) and BHMmetals score (CAPmetals)) to provide a complementary
assessment of health. Average health values are determined for each site in the following
way:
1. If the CAPmud score is ≤ -0.12, the site is allocated to Mud group 1 (Table 3), and
the combined Health score is calculated as the average CAPmetals and
CAPmud group values. The TBI is not used in the combined score in this case,
as it does not work well when mud content is extremely low (Hewitt et al. 2012).
2. If the CAPmetals score is ≥0.0234, the site is allocated to group 4 or 5, and the
combined Health score is equal to the TBI group value. At this level of
contaminants, the TBI score itself fully reflects health.
3. Otherwise, Health is the average of the CAPmetals, CAPmud and TBI group
values.
Health scores are then translated as ≤ 0.2 “extremely good”; 0.2 < value < 0.4 “good”; 0.4
< value < 0.6 “moderate”; 0.6 < value < 0.8 “poor” and ≥ 0.8 “unhealthy with low
resilience”. It is important to recognise that the health scores are from particular sites
within each estuary, and do not necessarily represent the health status of each estuary as
a whole. There may be locations in each estuary that are significantly healthier, or less
healthy, than the monitored sites.

Table 3: Conversion of CAPmetals and CAPmud scores into health groups (1 is most healthy). Cut off point
is equal or less than. These groups are then converted (along with TBI scores) into values of similar scale (0
to 1) that run in the same direction (higher values indicating more degraded conditions), to facilitate their
combination into overall health scores.

Group

CAPmetals

CAPmud

TBI

Cutoff

Value

Cutoff

value

Cutoff

value

1

-0.164

0.2

-0.12

0.2

0.4

0.33

2

-0.0667

0.4

-0.05

0.4

0.3

0.67

3

0.0234

0.6

0.02

0.6

4

0.10

0.8

0.10

0.8

5

1.0

1.0

1.0
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3.0 Present Status of Benthic Communities in Southern
Kaipara Harbour
Site characteristics (i.e., appearance of the sediment surface and sediment characteristics)
were observed to provide a context against which changes in macrofauna could be
related. Temporal changes to site characteristics, such as the expansion of seagrass
(Zostera muelleri) or the invasive Asian date mussel (Arcuatula senhousia; previously
Musculista senhousia) into a monitored area, or altered levels of disturbance by rays, are
important to observe as they may help explain natural variability (i.e., Townsend 2010).
For this reason, a brief description of the appearance and sediment characteristics of each
site are given below.

3.1

Site characteristics

Tapora Bank (TPB)
Located on Tapora Bank, site TPB is the northernmost of the six sites monitored (Figure 1;
Plate 1A; Table 1). The site is characterised by firm sand, low density shell hash, ray pits
and unattached Zostera detritus. TPB is near a large intertidal Zostera bed and although
detritus is washed onto the monitored site, there is no indication of the live Zostera
expanding onto the site. The sediment surface is usually rippled (5-10 mm height; 10-50
mm length) (Plate 1B). A thin surficial mud layer was observed in April 2013, however, this
is rare and has only been observed five times over the monitoring period. Throughout the
year, the whelk Cominella adspersa, the sand dollar Fellaster zelandiae and the cushion
star Patiriella regularis, are usually present at TPB and appear to be the dominant larger
macro-invertebrate bioturbators at this site. Furthermore, a low density of evenly
distributed Maldanid tubes is also usually observed on the sediment surface (Plate 1C).
Arcuatula beds were present south of the monitored site (approaching the site) when
monitoring was initiated in October 2009. The beds frequently migrate, however, in June
2013 it was noticed that they had disappeared altogether.

Kakarai Flats (KKF)
Site KKF is located on the north-eastern side of the southern arm of Kaipara Harbour, on
Kakarai Flats (Figure 1; Plate2A; Table 1). The monitored area is consistently firm sand
with ripples ranging from 2-10 mm in height and 20-100 mm in length (Plate 2B) over the
monitored period. Additionally, terrestrial sediment (generally 1 mm thick) is usually
present in the troughs of ripples, although in April 2013 a 2 mm thick silty layer was
observed covering the whole site. Low to medium density Macomona liliana feeding tracks
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are observed year-round and low density Austrovenus stutchburyi are generally present at
the sediment surface. Macomona and Austrovenus shell hash is always present, however,
no Arcuatula has been observed since last reported in 2012 (Hailes and Hewitt 2012).
Epifauna, including the whelks Cominella glandiformis and Diloma subrostrata, and the
Patiriella, are consistently present in low densities and unattached Ulva spp. is often
observed on the sediment surface (Plate 2C). Extensive Zostera surrounds the monitored
area at KKF and detritus is usually present on the sediment surface at this site.

Haratahi Creek (HCK)
Site HCK is located where Haratahi Creek meets the southern Kaipara Harbour, on the
northern tip of Omokoiti sandflat (Figure 1; Plate 3A; Table 1). Strong rippling of the
sediment characterises the site, with ripple wave lengths varying from 20-200 mm and
wave heights from 10-50 mm; more pronounced than last reported by Hailes and Hewitt
(2012). Small amounts of terrestrial sediment is consistently observed in the troughs of
ripples (Plate 3B), along with low to medium density Macomona feeding tracks (1-9 tracks
0.25 m2), and Patiriella over the monitored period. As reported in Hailes and Hewitt (2012),
the site is homogeneous and has minimal shell hash (very low density Arcuatula),
gastropods (including C. adspersa and C. glandiformis) and tube worms. There have been
few changes at this site over the monitoring period, but during August 2013 sampling, a
thick green diatom mat was observed over the north western third of the monitored area
(Plate 3C). The sediment surface was noticeably green and there was a pungent smell of
algae in the air. Consequently, this is represented by a large spike in the sediment Chla
data (Section 3.2). Furthermore, in February 2014, raised beds of Arcuatula were
observed recolonising the west side of the monitored area (Plate 3D).

Kaipara Flats (KaiF)
Kaipara Flats is the largest sandflat in Kaipara Harbour, located on the eastern side of
southern Kaipara Harbour. The monitored site (Figure 1; Plate 4A; Table 1) is surrounded
by water on three sides and is located on a tapered section of the sandflat. The site is firm
sand with a rippled sediment surface (5-30 mm wave height, 40-150 mm wave length;
Plate 4B) containing low density tube worms and a variety of gastropods in low abundance
including Maoricolpus roseus (turret shell), Zethalia zelandica, Diloma and C. glandiformis.
Fellaster is often present in low densities and shell hash on the sediment surface is
generally rare. Hailes and Hewitt (2012) reported the presence of a hummock of sediment
containing a low density patch of Zostera located in the north-east corner of the site.
Although the hummock increases and decreases in height annually, the patch of seagrass
has expanded slightly from 6 x 4 m to 6 x 6 m, but the low density and sparse arrangement
of the plants has remained the same (Plate 4C).
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Ngapuke Creek (NPC)
Site NPC is located on the sandflat adjacent to where Ngapuke Creek meets Kaipara
Harbour (Figure 1; Plate 5A; Table 1). The monitored site is consistently firm (over entire
monitoring period) and sandy with ripples ranging from 1-10 mm wave height and 10-50
mm wave length (Plate 5B). The sediment surface is marked with varying densities of shell
hash (rare – medium density), consisting mainly of Macomona and Austrovenus shells.
Low densities of the gastropods C. glandiformis and Diloma are observed. A surficial
muddy layer on the sediment surface was observed in August and December 2012, and
April, August and December 2013 (Plate 5C). As reported by Hailes and Hewitt (2012),
there is a large patch of Gracilaria sp. to the north of the site. Unattached Gracilaria has
been observed on the sediment surface of the monitored site, but there is no indication of
live Gracilaria colonising the monitored area.

Kaipara River (KaiB)
Site KaiB is the southernmost of the sites monitored, and is located on the sandflat where
Kaipara River meets the main body of the Kaipara Harbour (Figure 1; Plate 6A; Table 1).
Large inputs of sediment from the Kaipara River, as well as Puharakeke and Parekawa
Creeks, and Kaukapakapa River contribute to the layer of surficial sediment observed on
most occasions (2–50 mmm in depth; Plate 6B and 6C). Since October 2009 (start of
monitoring) the sediment surface of KaiB is generally homogeneous and windswept in
appearance, with hummocking occurring across the site. Ripples were observed only in
October 2012, June 2013 and February 2014 (1-5 mm wave height, 30-100 mm wave
length). The sediment topography also has a medium to high abundance of crustacean
(crab) burrows. Medium to high densities of Macomona feeding tracks and low density
tube worms were observed on the sediment surface, along with varying densities of the
gastropods C. glandiformis, Zeacumantus lutulentus and Diloma. Both unattached and
attached Gracilaria have been observed onsite in very low densities since last reported in
2012.
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3.2

Sediment characteristics

Sediment Particle Size
Site TPB has remained fine sand dominated since first sampled in 2009 (87.4 - 93.8% of
total sediment particle size) (Figure 2). Very little variation in medium sand (5.6 - 7.9%)
and mud (silt + clay sediment fractions; 0.4 - 0.5%) content has occurred over the
sampling times, except in October 2010 where mud content increased to over 1% and
medium sand to over 10%. Site KKF is displaying a decrease in mud content over time,
although this is a very small change (0.7 - 1.2%). HCK has remained constant in terms of
sediment particle size, with fine sand making up 99% of the total sediment. Sites KaiF and
NPC have also remained fine sand dominated, with only small amounts of shell hash (>2
mm) appearing in October 2012 and 2013 at KaiF (1.2 and 0.7%, respectively). Site KaiB
has the highest percent mud content, which has fluctuated between 6.0% and 29.5%
(October 2010), but was still dominated by fine sand.

Figure 2: Changes in the proportions of gravel/shell and coarse sand (≥500 µm), medium sand (500-250
µm), fine sand (250-125 µm) and silt/clay (i.e., mud <63 µm) at each monitored site over the entire
monitoring period (October months only).
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Mud was not a large component of the sediment particle size at sites TPB, KaiF and NPC,
although there was a small but temporary increase in mud content in June 2010. Site NPC
also maintained a low mud content (~1%) except for peaks in April each year. The most
southern site, KaiB had the highest percentage of mud (6.0 - 29.5%; Figure 3), followed by
KKF (0.7 - 8.7%) which generally had a lower mud content with less variation throughout
2013 than in previous years.

Figure 3: Sediment mud (silt and clay fractions; <63 µm) content (% weight) of sediment collected from
monitored sites between October 2009 and February 2014.
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Sediment Organic Content
Sediment organic matter content is highest at site KaiB and KKF (0.8 - 2.6% and 0.6 1.6%, respectively; Figure 4) and more variable than the other four sites monitored. Since
October 2009, sites TPB, HCK, KaiF and NPC have remained consistently between 0.3
and 1.0% organic content, with the exception of a trough in February 2011 (HCK, 0.1%),
and peaks in April 2011 (NPC, 1.1%), August 2011 (HCK, 1.4%) and April 2013 (NPC,
1.1%). Interestingly, peaks occur simultaneously across multiple sites in August 2011 and
August 2012.

Figure 4: Percentage organic content of sediment collected from monitored sites between October 2009 and
February 2014.
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Sediment Chlorophyll a
The sediment chlorophyll a (Chla) content at all sites has been variable since first sampled
in October 2009. Sites HCK and KaiF had the highest peaks in February 2012 and August
2012 (15.3 and 15.1 µg/g, respectively; Figure 5). Sites HCK, KaiB and KKF have
significantly increased in Chla since sampling began in October 2009 (P-values = 0.048,
0.014, 0.003, respectively), while the other three sites show no significant change. Peaks
and troughs in the data often occur simultaneously at multiple sites, for example a peak in
Chla content occurred in August 2013 at KKF, HCK, KaiF and NPC. These peaks often
occur at similar times in the Manukau Harbour, for example in August 2013 sites AA, CB
and CH recorded peaks of 12.04, 16.28 and 11.11 µg/g sediment, respectively (Greenfield
et al. 2013).

Figure 5: Chlorophyll a levels (µg/g sediment) of sediment collected from monitored sites between October
2009 and February 2014).
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3.3

Are species exhibiting temporal variation?

The most abundant taxa at sites TPB, KKF, HCK and KaiF have remained the same since
2009, whilst the positions of lower ranking taxa have been more variable (Table 4).
Interestingly, at NPC and KaiB (neighbouring sites), there has been a shift in the most
dominant taxa from Magelona dakini to Heteromastus filiformis since October 2012.
Bivalves Austrovenus, Macomona and Soletellina have been present at all sites since
monitoring began, but in varying abundances and size class structure (Figure 6). KKF
displays a positive linear trend in abundance of adult Austrovenus (Table 5), while
numbers of adults at site KaiB have been increasing (total 37 individuals in October 2010
compared to 148 collected in February 2014 (n=12 cores)) and contributing to the
seasonal patterns within multi-year cycles of abundance detected (Table 5). The highest
abundance of Macomona was found at site KaiB (ranging between 26-151 total individuals
(n=12 cores)) over the whole monitoring period and to a lesser extent at sites HCK and
NPC. Soletellina sized >20 mm maximum shell length have been found rarely at sites NPC
and KaiB, although populations of juveniles are represented at all sites. There is some
seasonality to the recruitment of Soletellina at sites KKF, KaiF and KaiB and greater than
annual cycles in abundance have also been observed (sites KKF, KaiF and NPC).

Table 5 provides a summary of the patterns and significant trends detected in the
abundance of monitored taxa (Appendix B) and illustrative figures provide examples of
taxa demonstrating these trends and patterns (Figure 7 to Figure 18).
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Table 4: The five most abundant taxa from each monitored site in October since 2009 until 2013. NB: Heteromastus filiformis, Austrovenus stutchburyi and
Macroclymenella stewartensis have been abbreviated.

Most abundant
TPB

KKF

HCK

Less abundant

Oct-09 Euchone sp.

Magelona dakini

Aricidea sp.

Heteromastus

Syllinane BC

Oct-10 Euchone sp.

Magelona dakini

Heteromastus

Colurostylis lemurum

Macroclymenella

Oct-11 Euchone sp.

Magelona dakini

Heteromastus

Aricidea sp.

Hesionidae

Oct-12 Euchone sp.

Magelona dakini

Aricidea sp.

Urothoidae

Macroclymenella

Oct-13 Euchone sp.

Urothoidae

Magelona dakini

Aricidea sp.

Syllinane BC

Oct-09 Heteromastus

Macomona liliana

Aricidea sp.

Magelona dakini

Owenia petersenae

Oct-10 Heteromastus

Magelona dakini

Owenia petersenae

Macomona liliana

Nemertea

Oct-11 Macomona liliana

Linucula hartvigiana

Nemertea

Heteromastus

Aricidea sp.

Oct-12 Heteromastus

Colurostylis lemurum

Magelona dakini

Macomona liliana

Nemertea

Oct-13 Heteromastus

Aricidea sp.

Macroclymenella

Linucula hartvigiana

Magelona dakini

Oct-09 Aricidea sp.

Magelona dakini

Heteromastus

Colurostylis lemurum

Nemertea

Oct-10 Aricidea sp.

Magelona dakini

Soletellina siliquens

Waitangi brevirostris

Heteromastus

Oct-11 Aricidea sp.

Heteromastus

Colurostylis lemurum

Aglaophamus macroura

Magelona dakini

Oct-12 Aricidea sp.

Magelona dakini

Waitangi brevirostris

Soletellina siliquens

Hesionidae

Oct-13 Heteromastus

Aricidea sp.

Hesionidae

Waitangi brevirostris

Levinsenia gracilis
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Most abundant
KaiF

NPC

KaiB

Less abundant

Oct-09 Aricidea sp.

Methalimedon sp.

Magelona dakini

Waitangi brevirostris

Aglaophamus

Oct-10 Aricidea sp.

Soletellina siliquens

Hesionidae

Colurostylis lemurum

Aglaophamus

Oct-11 Aricidea sp.

Colurostylis lemurum

Hesionidae

Soletellina siliquens

Aglaophamus

Oct-12 Aricidea sp.

Hesionidae

Soletellina siliquens

Urothoidae

Waitangi brevirostris

Oct-13 Aricidea sp.

Aglaophamus macroura

Hesionidae

Urothoidae

Nemertea

Oct-09 Magelona dakini

Heteromastus

Soletellina siliquens

Anthopleura aureoradiata

Macomona liliana

Oct-10 Magelona dakini

Heteromastus

Soletellina siliquens

Macomona liliana

Colurostylis lemurum

Oct-11 Magelona dakini

Heteromastus

Colurostylis lemurum

Soletellina siliquens

Nicon aestuariensis

Oct-12 Heteromastus

Magelona dakini

Soletellina siliquens

Macroclymenella

Colurostylis lemurum

Oct-13 Heteromastus

Magelona dakini

Aricidea sp.

Colurostylis lemurum

Nemertea

Oct-09 Magelona dakini

Macomona liliana

Austrovenus

Cossura consimilis

Nemertea

Oct-10 Magelona dakini

Heteromastus

Macomona liliana

Austrovenus

Nemertea

Oct-11 Austrovenus

Macomona liliana

Heteromastus

Magelona dakini

Soletellina siliquens

Oct-12 Heteromastus

Austrovenus

Macomona liliana

Nemertea

Magelona dakini

Oct-13 Heteromastus

Austrovenus

Macomona liliana

Aonides trifida

Nicon aestuariensis
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Figure 6: Size class structure of bivalves Austrovenus, Macomona and Soletellina at monitored sites (n = 12 cores) between October 2009 and February 2014.
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Figure 6 continued: Size class structure of bivalves Austrovenus, Macomona and Soletellina at monitored sites (n = 12 cores) between October 2009 and
February 2014.
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Table 5: Summary of temporal patterns in abundance of monitored taxa displaying seasonal patterns (S; peaks or troughs in abundance that are similar in timing
from year to year), multi-year cycles (M; created either by variations in the magnitudes of seasonal patterns or variations in average annual abundances),
seasonal patterns within multi-year cycles and significant positive (+T) and negative (-T) trends (increases or decreases in taxa abundance over the entire
monitoring period). Furthermore, the size of the change in the total abundance of 12 cores over the monitored period and associated p-value is also presented.

Site

Seasonal
Patterns

Multi-year
Cycles

Seasonal patterns within
multi-year cycles

Trends

Trend direction
(+ or -)

Size of
change

p-value

TPB

Aglaophamus
Boccardia
Colurostylis
Nicon
Taeniogyrus
Travisia
Waitangi

Magelona
Owenia

Euchone
Heteromastus
Macroclymenella

Aricidea
Taeniogyrus
Waitangi

+
+

77
-9
-5

<0.0001
0.0011
0.0006

KKF

Nicon
Orbinia
Prionospio

Heteromastus
Linucula
Notoacmea
Owenia

Boccardia
Euchone
Macroclymenella
Soletellina

Aglaophamus
Austrovenus
Macomona
Nicon
Taeniogyrus

+
+
-

4
21
-44
-43
-6

0.0005
0.0160
0.0372
<0.0001
<0.0001

Aricidea
Magelona

Aglaophamus
Colurostylis
Heteromastus

Waitangi

+

9

<0.0001

HCK

Travisia
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Site

Seasonal
Patterns

Multi-year
Cycles

Seasonal patterns within
multi-year cycles

Trends

Trend direction
(+ or -)

Size of
change

p-value

Magelona

Aglaophamus
Colurostylis
Heteromastus
Soletellina
Waitangi

Aricidea

+

153

<0.0001

Heteromastus
Macomona
Nicon
Soletellina

Aglaophamus
Austrovenus
Colurostylis

Aricidea
Heteromastus
Magelona

+
+
-

23
182
-60

<0.0001
0.0005
<0.0001

Arculatula
Aglaophamus
Macroclymenella
Asychis
Soletellina
Macomona

Austrovenus
Boccardia
Colurostylis
Cossura

Cossura
Heteromastus
Magelona
Soletellina

+
-

-17
309
-70
-7

0.0005
<0.0001
<0.0001
0.0043

KaiF

NPC

KaiB

Boccardia
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3.3.1 Site TPB
Site TPB is polychaete dominated with high abundances of Euchone (max. abundance
over time 1778 total individuals (sum of n = 12 cores)), which has been the top ranked taxa
at TPB for the whole monitoring period (Table 4). Magelona and Heteromastus are also
observed to have high abundances (max. abundances of 231 and 528, respectively) and
are generally ranked second or third most abundant. Six taxa are displaying low temporal
variability (including Asychis, Austrovenus and Soletellina), and only Macomona displays
highly variable temporal abundances. There has been no evidence of the spread of
Arcuatula into the monitored area, and abundances have remained rare (between 0-3
individuals within 12 macrofauna cores) since the high recruitment in June 2010.
With five years of data now, 20 of the monitored taxa at TPB are displaying patterns and
trends in abundance (Table 5). The abundances of the top-ranked taxa Euchone,
Macroclymenella, Heteromastus and Magelona are displaying seasonal patterns within
multi-year cycles, whilst Aglaophamus, Colurostylis and Boccardia are displaying seasonal
patterns only. Abundance over time of Euchone and Aglaophamus are shown in Figure 7
as they are prime examples of seasonal patterns within multi-year cycles and seasonal
patterns, respectively.
Positive trends in abundance were detected for Aricidea (Figure 8) and Waitangi, while the
abundance of Taeniogyrus (Figure 8) has significantly decreased over time. The
abundance of Macomona has been relatively low in recent years, however, it is interesting
that the abundance of juvenile Macomona decreased at TPB and neighbouring KKF in
2011 (Figure 6).
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Figure 7: Total abundance (n=12 cores) of Euchone sp. and Aglaophamus macroura (displaying examples of
seasonal patterns with multi-year cycles and seasonal patterns, respectively) at site TPB between October
2009 and February 2014.
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Figure 8: Total abundance (n=12 cores) of Aricidea sp. and Taeniogyrus dendyi (displaying examples of
positive and negative trends in abundance, respectively) at site TPB between October 2009 and February
2014. Taeniogyrus is also displaying seasonality with late winter-summer peaks in abundance yearly.

Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

32

3.3.2 Site KKF
Site KKF, is generally polychaete (Heteromastus, Magelona and Aricidea) dominated.
However, Macomona and Linucula were the dominant taxa in October 2011 (Hailes and
Hewitt, 2012), and Colurostylis was the second most dominant taxa in October 2012.
Twenty one of the monitored taxa are displaying trends and patterns in abundance at KKF,
which is the most across all sites. Aonides and Arcuatula (last reported as having 0-4 total
individuals per 12 cores per time) both display low abundances with low variability. All
monitored taxa have been observed at KKF at some stage throughout the duration of the
monitoring; however, many, including Anthopleura, Cossura, Exosphaeroma spp. and
Travisia are rarely observed.
Similar to TPB, the abundances of Euchone, Soletellina and Macroclymenella (Figure 9)
are still displaying seasonal patterns within multi-year cycles in abundance (Table 5).
Boccardia also displays a seasonal pattern of winter recruitment, although a multi-year
pattern also seems to be developing. There was an increase in abundance after October
2011 (average 44 individuals per time during October 2009 to 2011 compared to an
average of 3.5 between December 2011 and February 2014). However, Boccardia
frequently displays greater than five year cycles in the Manukau (e.g., Greenfield et al.
2013), so the observations at KKF may not be unusual. The abundances of Orbinia,
Prionospio and Nicon (Figure 9) all display seasonality (winter recruitment).
Aglaophamus and Austrovenus (Figure 10) are displaying positive linear trends in
abundance, while Macomona (Figure 10), Nicon (Figure 9) and Taeniogyrus (similar to
TPB) are displaying negative trends (Table 5). Juvenile Macomona are driving the
negative trend in overall Macomona abundance displaying a statistically significant
decreasing trend, due to a step in abundance observed in 2011 (similar to TPB, as stated
in 1.1.1; Figure 6).
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Figure 9: Total abundance (n=12 cores) of Macrocylmenella stewartensis and Nicon aestuariensis
(displaying examples of a seasonal patterns within multi-year cycles, and a seasonal and negative trend,
respectively) at site KKF between October 2009 and February 2014.
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Figure 10: Total abundance (n=12 cores) of Austrovenus stutchburyi and Macomona liliana (displaying
examples of positive and negative trends in abundance, respectively) at site KKF between October 2009 and
February 2014.
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3.3.3 Site HCK
The dominant taxa at HCK has remained relatively unchanged since October 2009 (Table
4). The benthic community is largely dominated by the polychaetes Magelona, Aricidea
and Heteromastus (max. total abundances (n = 12) of 55, 145 and 226, respectively), the
bivalve Soletellina, amphipod Waitangi, and the cumacean Colurostylis. Taeniogyrus has a
low abundance with minimal variability, while Macomona and Soletellina both display
variable and unpredictable abundances over time. Monitored bivalve taxa present at HCK
(rarely Austrovenus) are mostly represented by juveniles with a maximum shell length of
<5 mm (Figure 6). All other monitored taxa are either rarely observed (i.e., Aonides,
Arcuatula, Macroclymenella and Torridoharpinia) or have never been found at HCK
(Anthopleura, Exosphaeroma planulum, Notoacmea and Scoloplos).
Aricidea (Figure 11) and Magelona are still displaying multi-year patterns in abundance,
and Aglaophamus, Colurostylis and Heteromastus are displaying both seasonality and
multi-year patterns of abundance (Table 5).
Waitangi is the only taxon displaying a trend with total abundance increasing from 4 four
when first recorded in October 2009 to 28 individuals in December 2013 (Figure 12).
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Figure 11: Total abundance (n=12 cores) of Aricidea sp. and Colurostyis lemurum (displaying examples of a
multi-year cycle and seasonal patterns within a multi-year cycle, respectively) at site HCK between October
2009 and February 2014.
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Figure 12: Total abundance (n=12 cores) of Heteromastus filiformis and Waitangi brevirostris (displaying
examples of a seasonal pattern within a multi-year cycle, and a positive trend in abundance, respectively) at
site HCK between October 2009 and February 2014.
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3.3.4 Site KaiF
Since monitoring began, Site KaiF has been dominated by the polychaete Aricidea (Table
4; Figure 13). Amphipods (namely Methalimedon, Urothoidae and Waitangi), the bivalve
Soletellina and cumacean Colurostylis are also frequently abundant. No taxa are
displaying high and unpredictable variability, however, Macroclymenella, Orbinia and
Taeniogyrus are all displaying low abundances with minimal variability (Table 5).
Austrovenus and Macomona are rarely found at KaiF and Austrovenus have not been
observed since last reported in 2012. The Soletellina population is dominated by juveniles
(<5 mm maximum shell length) relative to larger sized animals (Figure 6). Sixteen of the
monitored taxa are rarely observed at KaiF and E. planulum and Owenia have never been
observed.
A high proportion of taxa at this site display seasonal patterns within multi-year cycles in
abundance (46%; Aglaophamus, Colurostylis, Heteromastus, Soletellina and Waitangi;
Figure 14).
Aricidea shows a positive trend in abundance since monitoring began in October 2009.

Figure 13: Total abundance (n=12 cores) of Aricidea sp. (displaying an example of a positive trend in
abundance) at site KaiF between October 2009 and February 2014.
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Figure 14: Total abundance (n=12 cores) of Aglaophamus macroura and Soletellina siliquens (displaying
examples of seasonal patterns within multi-year cycles in abundance) at site KaiF between October 2009
and February 2014.
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3.3.5 Site NPC
Up until October 2011, the first- and second-most dominant taxa at NPC were Magelona
and Heteromastus, respectively (Table 4). Since October 2012, Heteromastus has been
the most dominant, with Magelona second. Soletellina is also well represented at NPC
with an abundance ranging from 0 to 103 total individuals (n = 12 cores/sampling time),
which are predominantly juveniles (Figure 6). All taxa have been observed at NPC over
the duration of the monitoring period, however, nine taxa are rarely observed (e.g.,
Arcuatula, Asychis, Orbinia and Torridoharpinia). The majority of taxa (38%) are displaying
low abundances with minimal variability (i.e., Aonides, Notoacmea, Owenia and
Prionospio) and 10% are displaying high and unpredictable patterns in abundance
(compared to 16% reported in 2012).
Heteromastus, Macomona, Nicon and Soletellina (Figure 15) are all displaying multi-year
cycles in abundance with seasonal patterns, with Heteromastus also displaying a positive
linear trend (Table 5). Boccardia is displaying a seasonal pattern, and Aglaophamus
(Figure 15), Colurostylis and Austrovenus are all displaying seasonal patterns within multiyear cycles in abundance. The pattern observed in the abundance of Austrovenus appears
to be generated by juvenile recruitment (Figure 6).
Aricidea and Heteromastus are displaying statistically significant positive linear trends,
whereas Magelona is declining in abundance (Figure 16).
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Figure 15: Total abundance (n=12 cores) of Soletellina siliquens and Aglaophamus macroura (displaying
examples of multi-year cycles and seasonal patterns within multi-year cycles in abundance, respectively) at
site NPC between October 2009 and February 2014.
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Figure 16: Total abundance (n=12 cores) of Heteromastus filiformis and Magelona dakini (displaying
examples of positive and negative trends in abundance, respectively) at site NPC between October 2009
and February 2014.
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3.3.6 Site KaiB
KaiB has been continually dominated by the same combination of polychaetes (i.e.,
Magelona, Heteromastus, Cossura and Aonides) and bivalves, including Austrovenus and
Macomona, since monitoring was initiated in October 2009 (Table 4; Figure 6).
Interestingly, there was also a shift to Heteromastus being the most dominant over
Magelona at KaiB, similar to neighbouring NPC.
The majority of the monitored taxa at this site are displaying seasonal patterns within multiyear cycles and low abundances with minimal variability (24% and 23%, respectively)
(Table 5). Austrovenus, Boccardia, Colurostylis and Cossura are all displaying seasonal
patterns within multi-year cycles, while Aglaophamus, Asychis and Macomona are
displaying multi-year cycles and Arcuatula, Macroclymenella and Soletellina are displaying
seasonal temporal patterns in their abundances. The seasonal patterns within the multiyear cycles observed in the abundances of the bivalves are driven by juvenile (<5 mm
maximum shell length) recruitment and all three taxa are abundant at this site (Figure 6).
Aricidea, Linucula and Prionospio are low in abundance and variability, and Anthopleura,
Aonides, Euchone, E. waitemata, Notoacmea, Scoloplos, Taeniogyrus, Torridoharpinia
and Waitangi are rarely found at KaiB. E. planulum, Orbinia, Owenia and Travisia have not
been found at site KaiB since monitoring began in October 2009.
With two additional years of data, the abundances of Cossura, Magelona (Figure 17) and
Soletellina are displaying statistically significant decreasing trends and Heteromastus is
increasing in abundance (Figure 18).
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Figure 17: Total abundance (n=12 cores) of Cossura consimilis and Macomona liliana (displaying examples
of seasonal patterns within multi-year cycles, and multi-year cycles of abundance, respectively) at site KaiB
between October 2009 and February 2014.
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Figure 18: Total abundance (n=12 cores) of Magelona dakini and Heteromastus filiformis (displaying
examples of negative and positive trends in abundance, respectively) at site KaiB between October 2009
and February 2014.
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3.4

Are species abundances exhibiting similar patterns at all sites?

As is often observed in the other ecological monitoring programmes, most species do not
exhibit the same temporal patterns at all sites that they occur. However, some general
patterns are apparent for some species. Colurostylis exhibit seasonality at five of the six
sites (Table 5). Fewer species exhibit commonality in multi-year cycles, although
Heteromastus exhibits multi-year cycles at three of the six sites, and Aglaophamus and
Colurostylis at three and four of the six sites, respectively.
Trends over the monitored period in the same direction are found for Aricidea at three of
the six sites, one site in the inner main channel, one in the outer main channel and one in
the Tauhoa Channel). Positive trends in the abundance of Heteromastus and negative
trends in the abundance of Magelona were observed at both sites in the inner main
channel. Negative trends in the abundance of Taeniogyrus were observed at both sites in
the Tauhoa Channel. Negative trends in abundance of Waitangi were found at two of the
four sites at which it occurred (TPB and HCK).

3.5 Have any changes over time led to communities, or sites,
becoming more or less similar to each other?
3.5.1 Changes in sediment characteristics
All sites have continued to be dominated by fine sands. Mud content fluctuated at KaiB
between 6.0% and 29.5% and KKF between 0.7% and 8.7%, while mud content at HCK,
KaiF, NPC and TPB was ~1% consistently. There was no significant change in organic
content with all sites continuing to display <3% organic content with slight peaks and
troughs between sampling times. Chla content at sites HCK, KaiB and KKF significantly
increased, and peaks in Chla were observed at multiple sites simultaneously.

3.5.2 Changes in communities
A non-metric multidimensional scaling analysis was conducted on all taxa collected from
monitored sites in October 2009-2013 (Figure 19). All sites continue to be discretely
clustered and dissimilar from each other. Neighbouring sites are generally more similar in
terms of their community composition than those located in other areas of the harbour;
SIMPER analyses indicate that TPB and KKF are most similar to each other (48.82%),
HCK is most similar to KaiF (55.96%) and KaiB and NPC are 48.91% similar. Over the five
years of monitoring, although sites are still clustering and discrete, the community
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composition at TPB and KaiB seem to be moving away from the original community
sampled. It will be interesting to observe this over the next few years.

Figure 19: Non-metric multidimensional scaling plot (MDS) on log(x+1) transformed data, using Bray Curtis
similarities of macrofaunal communities over time (October 2009 (open circles) – 2013 (open diamonds). KF
= KaiF and KB = KaiB). The closer the points are in ordination space, the more similar the community
composition.
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3.6

State of the environment indicators

State of the environment indicators were calculated for all sites monitored in the Kaipara
Harbour using both monitored and non-monitored taxa collected in October 2009-2013 to
determine the health of the communities with respect to taxa traits (TBI), sediment mud
content (BHMmud) and contaminants (BHMmetals).
3.6.1 Traits Based Index (TBI)
The TBI, based on seven broad trait categories, generates a value between 0 and 1.
Values close to 0 indicate low levels of functional redundancy and a highly degraded site,
whereas, values closest to 1 indicate high levels of functional redundancy (increased
resilience in the face of environmental change) and health. TBI scores calculated for sites
TPB and KKF were all greater than 0.4, indicating high resilience (see Table 3 in
methods). Only HCK has had values <0.3 indicating poor resilience, and there are
indications that this site may have improved. Except for HCK, TBI scores have not
changed greatly since 2009 (Table 6).

Table 6: TBI scores for monitored communities sampled in October 2009-2013, where values <0.30 and
>0.40 indicate low and high levels of functional redundancy/resilience, respectively.

2009

2010

2011

2012

2013

TPB

0.49

0.60

0.48

0.57

0.64

KKF

0.62

0.65

0.59

0.57

0.63

HCK

0.25

0.29

0.29

0.35

0.33

KaiF

0.38

0.37

0.45

0.34

0.36

NPC

0.40

0.35

0.43

0.53

0.44

KaiB

0.37

0.37

0.34

0.38

0.44

3.6.2 Benthic Health Models (BHMmetals and BHMmud)
The BHMmetals was developed to determine the health of communities relative to storm
water contaminants (total sediment copper, lead and zinc concentrations). Soon after, the
BHMmud was also developed to determine the health relative to sediment mud content.
Using all monitored and non-monitored taxa from October (2009-2013) sampling
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occasions no consistent change in the community composition associated with mud or
metals at any of the monitored sites was observed (Figure 20). The sites all continue to
indicate good health with all sites attaining a BH score of 1 or 2 for both models (Table 7).

Figure 20: Plots of the community composition at each of the monitored sites related to mud (CAPMud) and
metals (CAPcont) between October 2009 and October 2013. --- denotes Benthic Health Group cut-off
values.
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Table 7: CAPmetal and CAPmud scores for all Sites over time (October sampling) with the BH Group Value
of communities (1 = very healthy, 2 = good health) displayed in brackets.

BHMmetals

BHMmud

2009

2010

2011

2012

2013

TPB

-0.187 (1)

-0.195 (1)

-0.167 (1)

-0.169 (1)

-0.162 (2)

KKF

-0.110 (2)

-0.146 (2)

-0.138 (2)

-0.180 (1)

-0.135 (2)

HCK

-0.172 (1)

-0.159 (2)

-0.190 (1)

-0.159 (2)

-0.172 (1)

KaiF

-0.169 (1)

-0.158 (2)

-0.175 (1)

-0.161 (2)

-0.129 (2)

NPC

-0.182 (1)

-0.222 (1)

-0.169 (1)

-0.195 (1)

-0.159 (2)

KaiB

-0.146 (2)

-0.127 (2)

-0.145 (2)

-0.128 (2)

-0.109 (2)

TPB

-0.103 (2)

-0.093 (2)

-0.074 (1)

-0.086 (2)

-0.086 (2)

KKF

-0.063 (2)

-0.070 (2)

-0.075 (2)

-0.108 (2)

-0.055 (2)

HCK

-0.098 (2)

-0.083 (2)

-0.092 (2)

-0.076 (2)

-0.094 (2)

KaiF

-0.109 (2)

-0.105 (2)

-0.093 (2)

-0.096 (2)

-0.068 (2)

NPC

-0.119 (2)

-0.121 (1)

-0.084 (2)

-0.091 (2)

-0.072 (2)

KaiB

-0.101 (2)

-0.067 (2)

-0.084 (2)

-0.072 (2)

-0.052 (2)

3.6.3 Combined indices
As recommended by Hewitt et al. (2012), the three indices were combined to provide a
complementary assessment of health. Using this combined method, the average health
scores are determined for each site in the following way:
1. If the CAPmud score is ≤ -0.12, the site is allocated to Mud group 1, and the
combined Health score is calculated as the average CAPmetals and CAPmud
group values. The TBI is not used in the combined score in this case, as it does
not work well when mud content is extremely low (Hewitt et al. 2012).
2. If the CAPmetals score is ≥0.0234, the site is allocated to group 4 or 5, and the
combined Health score is equal to the TBI group value. At this level of
contaminants, the TBI score itself fully reflects health.
3. Otherwise, Health is the average of the CAPmetals, CAPmud and TBI group
values.
Health scores are then translated as ≤ 0.2 “extremely good”; 0.2 < value < 0.4 “good”; 0.4
< value < 0.6 “moderate”; 0.6 < value < 0.8 “poor” and ≥ 0.8 “unhealthy with low
resilience”.
Overall, the combined health scores demonstrate that the macrobenthic communities at
the monitored sites in Kaipara Harbour are all either of good health (TPB, KKF, NPC and
KaiB) or moderately good health (HCK and KaiF) (Figure 21).
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Figure 21: Monitored sites in southern Kaipara Harbour and their combined Health Score.
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4.0 Conclusions
This report set out to determine whether changes over time (trends) in site characteristics
and benthic macrofaunal species were occurring. Any changes detected then have to be
assessed to determine whether they are either of concern already or may lead to concerns
about either the health of the whole harbour, or a section of it.

4.1

Have any trends over time been detected?

Most of the temporal variability observed in species abundances is related to seasonality
and multiyear cycles. Observations of such patterns are important for the ability of the
monitoring programme to detect trends, as these types of repeatable patterns can be
incorporated into analyses. Few species exhibit high and unpredictable variation which
would lead to difficulties in detecting trends (average ~10% of monitored species per site).
Sites with a low percentage of taxa demonstrating high and unpredictable variability are
favourable for long-term monitoring. Low, or predictable, variability in abundance allows for
the detection of large scale environmental events or anthropogenic activities. For example,
macrofaunal monitoring and the previous detection of seasonal patterns and multi-year
cycles of taxa at Cape Horn (Manukau Harbour), allowed for the detection of a large
change in the community between October 2000 and October 2001. Abundances of the
dominant species Boccardia and also Glycinde declined abruptly and Magelona became
the dominant taxa. Funnell and Hewitt (2005) related these changes to the breaching of
the waste water ponds in Mangere (around May 2001). The detection of the shift of the
community and the changes in the abundance of monitored taxa was only possible due to
the data collected in the Manukau Ecological Programme and highlights how invaluable
long term monitoring data is to the detection of the change in health of our intertidal
communities in the face of environmental stressors and anthropogenic activities.
Trends in macrofaunal abundance over the monitored period have been detected at each
site, with sites KKF and KaiB having between 21-25% of the monitored species exhibiting
trends. Negative trends in abundance of Taeniogyrus (at TPB and KKF), Macomona (at
KKF), Nicon (at KKF), Magelona (at NPC and KaiB), Cossura (at KaiB) and Soletellina (at
KaiB) have been observed. Positive trends in abundance of Aricidea (at TPB, KaiF and
NPC), Waitangi (at TPB and HCK), Aglaophamus and Austrovenus (at KKF), and
Heteromastus (at NPC and KaiB) have also been observed. No positive or negative trends
in sediment particle size and organic content were observed over the monitoring period,
while significant increasing trends in Chla content were observed at sites HCK, KaiB and
KKF.
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4.2

Are these trends of concern?

A single species exhibiting a trend, such as is occurring at sites HCK and KaiF is not of
concern. Furthermore, with only five years of data collected, trends detected may be part
of a longer-term (say 8-10 years) cycle. For example, a positive trend in abundance of
Austrovenus was observed at KKF, however, data from monitored site Auckland Airport in
Manukau Harbour has revealed a seven-nine year multi-year cycle in abundance of
Austrovenus (Hewitt and Hailes 2009, Hewitt and Thrush 2007). Similarly, Funnell et al.
(1999) described the abundance of Magelona to display seven year cyclic pattern.
With sites that have trends in more than one species, it is important to look at the
directions of change and compare those with the direction that research would predict the
species to change relative to particular stressors.
•

For KKF, the site with the most species exhibiting trends in abundance (5 species;
Table 5 and Table 8), the direction of trends are not consistent with any particular
stressor. While Macomona, a species that is sensitive to both increased sediment
muddiness and heavy metal contamination, is decreasing in abundance,
Aglaophamus, another species sensitive to the same stressors is increasing, and
Nicon which should be resilient to heavy metals and prefer increased sediment
muddiness is decreasing in abundance. Thus, this site is likely to be exhibiting
natural variation.

•

There are more concerns for KaiB, the site with the next most species exhibiting
trends in abundance (4 species; Table 5 and Table 8). This site has the highest
percent mud content compared to the other sites monitored (fluctuating between
6.0% and 29.5% since monitoring initiated). Moreover, three of the four species
(Cossura, Magelona and Soletellina) exhibiting trends are doing so in a direction
consistent with a response to increased sediment deposition (muddiness) at the
site.

•

Both NPC and TPB have trends in abundance of 3 species. For site NPC (the
second-most likely site (after KaiB) for detecting changes due to muddy sediment
originating from Kaipara River), all 3 species (Aricidea, Heteromastus and
Magelona) changed in a direction consistent with increased sediment deposition
(Table 5 and Table 8). For site TPB the trends detected are not consistent with
predicted responses to any stressors.
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Table 8: Total number of taxa displaying S = seasonal patterns, M = multi-year cycles, T = both positive and
negative trends, L = low variation and H = high unpredictable (irregular) variation in 2014. Also, a the percent
contribution of taxa displaying S, M, S/M, T, L, H (across sites) of the total number observed is displayed for
Feb-12 (Hailes and Hewitt, 2012) and Feb-14. – = trends were not observable.

TPB

KKF

HCK

KaiF

NPC

KaiB

3

Percent
contribution
(Feb 2012)
22

Percent
contribution
(Feb 2014)
12

S

6

3

1

0

1

M

2

4

2

1

4

3

9

15

S/M

3

4

3

5

3

4

22

24

T

3

5

1

1

3

4

-

16

L

6

2

1

4

8

3

31

23

H

1

4

2

0

2

1

16

10

4.3 Are trends confined to one site, one area of the harbour or do they
reflect a harbour wide change?
There are no indications of harbour-wide change and only limited indications of a change
in the inner main channel area.
Generally, trends are confined to one site. However, the decreasing trend in the
abundance of Taeniogyrus near the Tauhoa Channel (at sites TPB and KKF), and the
increasing and decreasing trends of Heteromastus and Magelona, respectively, are
consistent for the inner main channel sites. The trends in the abundance of Heteromastus
and Magelona observed at both sites in the inner main channel are consistent with an
increase in sediment deposition.
In regard to harbour-wide sediment properties, Chla content at sites HCK, KaiB and KKF
significantly increased, and peaks in Chla were observed at multiple sites simultaneously
(see 3.2 Sediment Characteristics).

4.4

What is the overall health of the harbour?

State of the Environment (SOE) indicators developed for intertidal sites in the Auckland
Region (i.e., Benthic Health Model for mud and for metals and a complementary TraitsBased functional index, TBI) suggest that the sites are relatively healthy and little change
has occurred since the monitoring programme was initiated. The combined health scores,
calculated from the Benthic Health Model and Traits-Based Index scores, show that sites
TPB, KKF, NPC and KaiB have “good” and HCK and KaiF have “moderately good” health.
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5.0 Recommendations
The sites in southern Kaipara Harbour have now been monitored since October 2009 (bimonthly; for five years). This is an appropriate time to reassess the effectiveness of the
monitoring programme. At this time we are recommending the establishment of a nested
rotational sampling scheme, similar to those used in the Manukau, Mahurangi, and Central
and Upper Waitematā Harbours. This sampling scheme nests monitoring of a restricted
number of sites for five years within monitoring of all sites for a further two years. The sites
recommended for continued monitoring include site KaiB, the most southern of the
monitored sites, located on the sandflat where Kaipara River meets the main body of
Kaipara Harbour; NPC, located on the sandflat adjacent to where Ngapuke Creek meets
Kaipara Harbour and KKF, located on the north-eastern side of southern Kaipara Harbour,
on Kakarai Flats. TPB is the most northern of the six monitored sites and located on
Tapora Bank. The continued monitoring of TPB as a sentinel site needs further
consideration due to the lower tidal height of this site posing difficulty accessing the site
without water on the surface, with the possibility of moving the site further north and
inshore.
Our criteria for site inclusion is that sites:
1) Are spatially distributed across the southern Kaipara, i.e., occur in the both the
channels, and
2) Have a high proportion of species sensitive to changes in sediment deposition,
suspended sediment, sediment muddiness and/or contaminants.
Site KaiB has a number of sensitive species/taxa that will likely detect changes in
sedimentology and contaminant levels. These taxa include high abundances of bivalves
(including adult and juvenile Macomona) and polychaetes (including Magelona) that are
sensitive to change. This is the most upstream site of those monitored and inputs of
sediment from the Kaipara River, as well as Puharakeke and Parekawa Creeks, and
Kaukapakapa River could all contribute to the layer of surficial sediment observed on most
occasions. Therefore, site KaiB is likely to be the first site to detect significant change to
the main channel. The benthic community at KaiB has been relatively stable over the
monitoring period and within-site similarity between communities sampled since October
2009 is 63.71%. Furthermore, both unattached and attached Gracilaria spp. have been
observed on site in very low densities since first reported in 2010 (Hailes et al. 2010).
Gracilaria responds positively to anthropogenic nitrogen inputs (Horrocks et al. 1995;
Thornber et al. 2008), and although the amount of Gracilaria at KaiB is small, continued
monitoring of the macroalgae in conjunction with sediment properties and macrofauna will
provide anecdotal evidence of change in response to catchment alteration.
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Site NPC is located on the sand bank in the middle of the main channel of the southern
arm of Kaipara Harbour. NPC is the next site north of KaiB and is likely to be the second
site to detect change in muddy sediment and contaminants originating from the Kaipara
River. The community composition of NPC is relatively stable and results suggest that
sites NPC and KaiB are most similar in terms of community composition and changes in
the most numerically abundant taxa were mirrored at both sites (i.e., Heteromastus
becoming dominant at both sites from October 2011 over Magelona). Adult Macomona are
also consistently present at this site and recruitment patterns and abundance of juvenile
Macomona are similar to those observed at KaiB.
Site KKF is located in the northern section of southern Kaipara Harbour and is likely to
detect changes in sediment and contaminant loading from Hoteo River. Similar to site
KaiB, a muddy surficial sediment layer is often observed and this generally corresponds to
winter months and rainfall events. The macro-invertebrate community at KKF is the
second most stable over time (73%) and has a high abundance of species sensitive to
change, including adult Macomona and Owenia (preferring a sandier sediment). The site is
surrounded by extensive seagrass beds but over the past 5 years they have not
encroached on the site. Community composition at KKF is similar to site TPB (48.82 %).
Monitoring at sites HCK and KaiF does not necessarily need to be continuous, unless it is
known that there will be changes in the adjacent catchment. The community composition
at site KaiF is most similar to HCK (55.95%), and at both sites have been consistent
(Heteromastus and Aricidea consistently dominant, respectively). The sites have low
numbers of species abundances exhibiting high unpredictable variability (two and none for
HCK and KaiF, respectively) and only one trend has been detected at both. Thus it would
be easy to detect if changes have occurred at the sites when monitoring is resumed.
Over the last five years it has been increasingly difficult to find tides in which TBP is out of
the water, suggesting that its tidal elevation is changing. At present this is not causing
changes in the patterns of temporal variability observed, the abundances of the monitored
species, or the community composition. However, this may change at any time, especially
with changing climate patterns and sea level rise and it would certainly not be wise to
count on no change occurring over the next five years. Much of Tapora Bank has been
extensively sampled for benthic macrofauna (Greenfield 2013) and species useful for our
monitoring are found over a large area further north and up shore from the TPB site. If it is
desirable to keep monitoring Tapora Bank, this new area would be an optimal position for
a site location as the community composition is relatively stable and a number of taxa
sensitive to change are observed there (including Euchone, sensitive to copper; Magelona,
preferring fine sandy sediment; and Heteromastus, tolerant of intermediate levels of
muddy sediment). We therefore recommend establishing a new site further north and
upshore. While this would result in a new time series needing to be started, the NIWA
sampling over the last two years should be able to be merged with the TPB time series, if
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on the next three Kaipara sampling occasions, samples were taken at both sites. The
alternatives are to:
•

Drop any site along Tapora Bank and thus not be able to detect any changes
occurring as a result of land use change in the surrounding catchment, or changes
occurring as a result of land use change in the Hoteo River catchment that extend
past KaiF, or

•

Continue to monitor the TPB site and hope that the elevation changes do not
continue.

We recommend that, similar to other ecological monitoring programmes run by Auckland
Council, bi-monthly monitoring should continue for at least the next five years at sites
KaiB, NPC and KKF. After this time, as with the Manukau Ecological Monitoring
Programme, the excluded sites should be re-established for monitoring for two years.
Monitoring should be reinstated sooner if:
•

Significant change is occurring or is planned to occur in adjacent catchments.

•

Changes of concern are observed at a nearby site that has continued to be
monitored. Reinstating the monitoring would allow AC to determine whether the
changes are occurring across that whole area or only at a single location. For
example, if changes are detected at NPC, reinstating monitoring at KaiF would
establish whether the change had extended that far down the harbour.

This nested rotational monitoring scheme allows cost effective detection of changes.
Reinstatement of full monitoring for a short period after five years is required to ensure that
no changes have occurred at the unmonitored sites and that the temporal patterns
previously noted are still occurring. The latter is a requirement for robust detection of
important changes.
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8.0 Plates
Plate 1.
(A) Site TPB, looking west across the site, (B) characteristic rippled sediment topography

(0.25 m2 quadrat), and (C) low density Maldanid tubes on sediment surface.
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Plate 2.
(A) Site KKF, looking west across the site, (B) characteristic rippled sediment topography

and low density Macomona feeding tracks (0.25 m2 quadrat), and (C) unattached Ulva
spp. observed on the sediment surface.
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Plate 3.
(A) Site HCK, looking North-West across the site, (B) characteristic rippled sediment
topography with terrestrial sediment deposited in troughs (0.25 m2 quadrat), (C) green
diatom mat observed in August 2013, and (D) raised Arcuatula beds first observed in
February 2014 (with Patiriella feeding on the mussels).
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Plate 4.
(A) Site KaiF looking South-East across the site, (B) characteristic rippled sediment
topography (0.25 m2 quadrat), and (C) low density Zostera observed in the North-Eastern

corner of the monitored area.
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Plate 5.
(A) Site NPC looking South across the site, (B) characteristic rippled sediment topography
(0.25 m2 quadrat), and (C) surficial mud layer observed in April 2013.
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Plate 6.
(A) Site KaiB looking South-East across the site, (B) characteristic homogeneous sediment
topography (0.25 m2 quadrat), and (C) typical surficial mud layer observed on the site.
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Appendix A

Sampling coordinates

Site map (100 m by 90 m) displaying the 12 macrofaunal coring positions in February
2014. The site is divided into 12 sectors where one core is randomly collected from each
and is not positioned within 5 m from another core collected in the preceding six months.
Paces along the x and y axis of the site originate from a stake marking the lower left corner
of the site (0,0 m).
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Appendix B

Monitored species list

Bimonthly monitoring focuses on a set of taxa selected which respond to increased
sediment or contaminant inputs and that are likely to play key roles in influencing the
composition of other taxa. The taxa monitored include many of those monitored in
Manukau Harbour, along with some specific to Kaipara Harbour (Arcuatula senhousia,
Aricidea sp., Asychis sp., Cossura consimilis, Euchone sp., Nicon aestuariensis and
Scoloplos cylindrifer; Table 2). Here, all information known for each monitored taxa
regarding their functioning and tolerances to muddy sediment and contaminants are
presented.
Amphipoda
Torridoharpinia hurleyi (previously Proharpinia) is a large phoxocephalid amphipod
common in intertidal estuarine sediments (Figure 1). It is most likely to feed on detritus and
microscopic organisms, although some phoxocephalid species have been shown to be
predators. In addition, this amphipod contributes significantly to sediment turnover through
its burrowing activities and is an important prey item for birds and small fish (Thrush et al.
1988). Amphipods have been shown to be sensitive to toxic contamination of sediments
(Swartz et al. 1982) and there is evidence that Torridoharpinia may also be sensitive to
pollution (Roper et al. 1988; Fox et al. 1988).

Figure 1: Photograph of Torridoharpinia hurleyi taken under a dissection microscope.
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Waitangi brevirostris is another large phoxocephalid amphipod and is likely to play an
important role in sediment reworking (Figure 2). Similar to other amphipods, it is probably
an important prey item for birds and fish. It is sensitive to lead (Hewitt et al. 2009) and to
sediment mud content, preferring <5% mud (Gibbs and Hewitt 2004).

Figure 2: Photograph of Waitangi brevirostris taken under a dissection microscope.

Anthozoa
Anthopleura aureoradiata is a predatory sea anemone, living attached to live Austrovenus,
or broken shells (Figure 3). It is intolerant of high turbidity and requires salinities higher
than 20 ppt (Jones 1983). Anthopleura is sensitive to sediment mud content, preferring
<5% (Norkko et al. 2001, Anderson et al. 2007), and very sensitive to copper (Hewitt et al.
2009).

Figure 3: Photograph of Anthopleura aureoradiata taken under a dissection microscope.
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Bivalvia
Austrovenus stutchburyi (previously Chione) is a large surface living, suspension-feeding
bivalve, common throughout many of New Zealand’s estuarine intertidal areas (Figure 4).
Austrovenus is one of the more studied species in New Zealand, potentially growing up to
60 mm and living for more than three years. Individuals live 0-5 cm below the sediment
surface when the tide is out, moving up to feed at the surface when the tide comes in.
They are highly mobile, both as adults on the surface of the sediment, and as juveniles,
moving with bedload in the water column. They provide an important recreational and
cultural food source for humans, and are also an important prey item for birds (e.g., oyster
catchers), rays and other fish. While their filtration rates are not as high as those of oysters
and mussels, Pawson (2004) suggested that feeding by cockles controlled the availability
of food in the water column (as algal biomass) in Papanui Inlet on the Otago peninsula.
Effects of Austrovenus on the accumulation of contaminants (Gadd et al. 2009), the
release of nutrients from the seafloor (Sandwell 2006, Thrush et al. 2006) and sediment
bioturbation (Sandwell 2006) have been documented. Importantly, this species is sensitive
to terrestrial sedimentation (Norkko et al. 2002, Thrush et al. 2005), increases in
suspended sediment (Hewitt and Norkko 2007) and storm water contaminants (Hewitt et
al. 2009).

Figure 4: Photograph of Austrovenus stutchburyi.

Macomona liliana (previously Tellina) is a reasonably large deposit feeding bivalve (Figure
5). As an adult it lives well below the sediment surface (approximately 10 cm) and feeds
on the sediment surface using a long siphon. As a juvenile it is highly mobile, moving with
bedload and in the water column. While it is mainly a deposit feeder it can also suspension
feed by lifting its siphon into the water column. Macomona lives both intertidally and
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subtidally, can grow up to 70 mm, and can live for more than 5 years. Similar to
Austrovenus, this species is an important prey item for birds (e.g., oyster catchers), rays
and other fish and has been demonstrated to affect seafloor productivity and nutrient
recycling (Thrush et al. 2006). It is also sensitive to terrestrial sedimentation (Norkko et al.
2002, Thrush et al. 2005), increases in suspended sediment (Nicholls et al. 2009) and
storm water contaminants (Hewitt et al. 2009).

Figure 5: Photograph of Macomona liliana.

Arcuatula (previously Musculista) senhousia is an invasive bivalve that forms dense
mounds on the sediment surface, trapping sediment and excluding many other taxa
(Figure 6). Other bivalves have been shown to be most negatively affected by Arcuatula as
the sediment under the mats becomes muddier and eventually anoxic (Creese et al.
1997). So far in New Zealand, beds appear short lived and are dominated by a one-aged
cohort (Sim 1999).
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Figure 6: Photograph of Arcuatula senhousia.

Linucula (previously Nucula) hartvigiana is a small (generally <10 mm) deposit-feeding
bivalve that lives near the sediment surface (Figure 7). It is a highly mobile species and is
probably capable of rapid small scale recolonisation (Thrush et al. 1988). These bivalves
are frequently found in the ‘undisturbed’ zones of an organic pollution gradient (Pearson
and Rosenberg 1978). Linucula is somewhat sensitive to sediment mud content (optimum
0-12%, Thrush et al. 2003, Anderson et al. 2007) and copper (Hewitt et al. 2009).

Figure 7: Photograph of Linucula hartvigiana.
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Soletellina (previously Hiatula) siliquens is a deposit-feeding bivalve, common in the
Manukau and Kaipara, of which little is known (Figure 8).

Figure 8: Photograph of Soletellina siliquens taken under a dissection microscope.

Cumacea
Colurostylis lemurum feeds on detritus and small organisms, making small feeding pits in
the sediment surface and spending much of its time in the water column (Figure 9). It has
been reported to be sensitive to lead (Hewitt et al. 2009) and prefers a low sediment mud
content (<5%, Anderson et al. 2007).

Figure 9: Photograph of Colurostylis lemurum taken under a dissection microscope.
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Gastropoda
Notocmea scapha (previously N. helmsi) is a grazing limpet found associated with gravel
and cockle shells (Figure 10). Some limpets have been shown to be sensitive to sewage
pollution (Smyth 1968). Notoacmea prefers low amounts of sediment mud content (<5%,
Gibbs and Hewitt, 2004).

Figure 10: Photograph of Notoacmea scapha taken under a dissection microscope.

Holothuria
Taeniogyrus (previously Trochodota) dendyi is a small sea cucumber and a detrital-feeder
that has not been well studied (Figure 11). Echinoderms are generally very sensitive to
any form of pollution (Agg et al. 1978) and New Zealand holothurian species that have
been studied, certainly fit into this pattern (Roper et al. 1989). Furthermore, it is likely to be
responsible for considerable sediment turnover (Thrush et al. 1988).
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Figure 11: Photograph of Taeniogyrus dendyi under a dissection microscope.

Isopoda
Little is known about the Exosphaeroma genera, although it is one of the more common
isopods of our estuaries, with a number of different species. Exosphaeroma planulum
(previously Exosphaeroma chilensis; Figure 12) is the most common, followed by
Exosphaeroma waitemata (previously Exosphaeroma falcatum; Figure 13). Isopods are
known to be prey for birds and fish.

Figure 12: Photograph of Exosphaeroma planulum (previously E. chilensis) taken under a dissection
microscope.
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Figure 13: Photograph of Exosphaeroma waitemata (previously E. falcatum) taken under a dissection
microscope.

Polychaeta

Aglaophamus macroura is the common large predatory nephtyid polychaete found in
sandy sediments intertidally in New Zealand (Paavo et al. 2008; Figure 14). Little is known
about it, however, Nephtyids have generally been shown to be an important intermediate
predator, living off smaller invertebrates and providing an important food source for birds
and small fish.

Figure 14: Photograph of Aglaophamus macroura.
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Aonides trifida (previously A oxycephala) is a small infaunal deposit feeder, living in a wide
range of sediments but preferring those of low mud content (5-10%, Thrush et al. 2003,
Anderson et al. 2007) (Figure 15). Furthermore, it is sensitive to copper contamination
(Hewitt et al. 2009).

Figure 15: Photograph of Aonides trifida taken under a dissection microscope.

Aricidea sp. is a small sub-surface deposit feeder which has demonstrated sensitivity to
lead and zinc, at concentrations near the Threshold Effects Level (TEL) guidelines (a set
of contamination concentrations below which adverse effects on benthic ecological health
are unlikely to occur as described by Mills et al. 2012 (Hewitt et al. 2009; Figure 16).

Figure 16: Photograph of Aricidea sp. taken under a dissection microscope.
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Asychis sp. is a large maldanid tube-worm which deposit feeds below the sediment
surface (Figure 17). It therefore is both a bioturbator and a species which can stabilise
sediment. Asychis is also likely to be an important prey species for birds and fish. Tube
worms have been shown to generally support high macrofaunal biodiversity (Hewitt et al.
2009b).

Figure 17: Photograph of Asychis sp. taken under a dissection microscope.

Boccardia syrtis is a small polydorid tube worm which forms dense mats capable of
stabilising the sediment in energetic environments and trapping small animals moving in
the water column (Cummings et al. 1996, Thrush et al. 1996; Figure 18). It is generally a
surface deposit feeder but can also suspension feed. Boccadia is common in muddier
sediments (15-30 % mud, Thrush et al. 2003) and polydorids have been shown to be
sensitive to lead (Hewitt et al. 2009).

Figure 18: Photograph of Boccardia syrtis taken under a dissection microscope.
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Cossura consimilis is a small deposit-feeding polychaete which has demonstrated
sensitivity to copper at concentrations just above the TEL guideline, and has a preference
for muddy, low oxygen sediment (Gibbs and Hewitt 2004; Hewitt et al. 2009; Figure 19).

Figure 19: Photograph of Cossura consimilis taken under a dissection microscope.

Euchone sp. is a small suspension-feeding tube worm which has demonstrated sensitivity
to copper, at concentrations near the TEL guideline and to zinc, at concentrations below
the TEL guideline (Hewitt et al. 2009; Figure 20).

Figure 20: Photograph of Euchone sp. taken under a dissection microscope.

Macroclymenella stewartensis is a maldanid tube worm, which is generally smaller than
Asychis sp. (Figure 21). It is similarly an important bioturbator and sediment stabiliser.
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Macroclymenella is sensitive to copper (Hewitt et al. 2009) and prefers sediment mud
content between 10 and 15 % mud (Gibbs and Hewitt 2004).

Figure 21: Photograph of Macroclymenella stewartensis taken under a dissection microscope.

Magelona dakini is a small subsurface deposit feeder, living mainly greater than 2 cm
below the sediment surface (Figure 22). It is highly sensitive to lead concentrations (Hewitt
et al. 2009), but little more is known about this species.

Figure 22: Photograph of Magelona dakini taken under a dissection microscope.

Nicon aestuariensis is a large Nereid predator that has shown preference for contaminated
and/or muddy sediments (Thrush et al. 2005, Hewitt et al. 2009; Figure 23).
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Figure 23: Photograph of Nicon aestuariensis taken under a dissection microscope.

Orbinia papillosa is a large subsurface deposit feeder, preferring slightly silty sediment (510% mud, Gibbs and Hewitt 2004; Figure 24). It is a bioturbator and a prey item for birds
and fish. Orbinids have been found to be somewhat sensitive to zinc at concentrations
slightly below the TEL guideline (Hewitt et al. 2009).

Figure 24: Photograph of Orbinia papillosa under a dissection microscope.

Owenia petersenae (previously O. fusiformis) is a species frequently abundant in sandflats
(Figure 25). The worm builds large tubes from heavy sand grains. The tube structures may
influence larval settlement (including providing an attachment surface for Arcuatula
senhousia) and provide refuges from epibenthic predators. Owenia are principally
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suspension-feeding animals but may also deposit-feed and they are classified as an
intermediate stage species along organic enrichment gradients by Pearson and
Rosenberg (1978).

Figure 25: Photograph of Owenia petersenae taken under a dissection microscope.

Prionospio (previously Aquilaspio) aucklandica is another small deposit feeder, similar to
Aonides (Figure 26). However, it generally lives deeper in the sediment and prefers slightly
more mud (25-30% mud content, Thrush et al. 2003). Similarly, while still sensitive to
copper, it is less sensitive than Aonides (Hewitt et al. 2009).

Figure 26: Photograph of Prionospio aucklandica taken under a dissection microscope.

Scoloplos cylindrifer is a subsurface deposit feeder of the same genus as Orbinia. It
generally fulfils a similar ecosystem role as Orbinia, but prefers less mud (0-5% mud
content, Gibbs and Hewitt 2004; Figure 27).
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Figure 27: Photograph of Scoloplos cylindrifer taken under a dissection microscope.

Travisia olens novaezealandiae is a large deposit-feeding Ophellid polychaete, often seen
lying on the sediment surface (Figure 28). It is slightly mobile, crawling over and through
sandy sediment (Gibbs and Hewitt 2004).

Figure 28: Photograph of Travisia olens novaezealandiae taken under a dissection microscope.

Kaipara Harbour ecological monitoring programme. Data report, 2009-2014

87

