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Executive Summary

Porirua City Council, with support from Wellingtddity Council, requested Blaschke
and Rutherford to compile a summary and reviewtefdture about the environment of
Porirua Harbour and its catchment. This reviewbkrs an assessment of existing
information about the area and highlights inforrmatgaps and future research needs for
catchment management. The geographical scopeeofetview is the entire Porirua
Harbour (Pauatahanui Inlet, the Onepoto Arm andXtbeer Harbour), and the catchment
surrounding these Harbour arms, a total area ofjuder 200 krh

The body of research about Porirua Harbour anchoatat has grown considerably in the
last decade. Research on the Onepoto Arm anatithrment has been much less than
that on Pauatahanui Inlet and catchment but hasased significantly in the last five
years. Knowledge and understanding of the Outebdia is still very limited.

From a whole harbour and catchment perspectivee tisereasonable knowledge of the
physical environment and environmental history, afdterrestrial, freshwater and
estuarine habitats and macroscopic biota. There baen a number of studies of water
and sediment quality but our understanding of thases of some significant water
quality problems is still very limited. Harbourdsmentation rates have been studied in
detail, but a full understanding of the catchmeatilour and harbour-ocean sediment
transfer system is hampered by poor knowledge ef variability of sub-catchment
sediment production and transfer processes, ahdrbbur hydrodynamic and exchange
processes. A particular issue for integrated caéstt management is the effects of the
roads and other hard surfaces that encircle PoHaraour, to a degree that is unique in
New Zealand. This issue needs to be better utaaels

Recommended research priorities for Porirua Harbour and catchment
Research priorities have been identified and atedi below. Immediate management
actions should not be delayed pending further rebeautcomes. There is already
enough information available to at least begin tevelopment of a catchment
management strategy or plan to counteract someechdverse trends that are becoming
apparent. Research on similar issues (especaity ise impacts on stream water quality
and harbour condition) in other harbour catchménfdew Zealand can also be applied
to Porirua Harbour and catchment.

1. Gather and maintain a consolidated reference c¢mleof all published and known
unpublished reports on Porirua Harbour and catchnerbe housed at Porirua City
Council and made available to interested parties.

2. Improve understanding of the transfer of pollutaatel sediments within Porirua
Harbour, by undertaking an integrated Porirua Harbbydrodynamics study,
focussing on Onepoto Arm, and the exchange prosdsseveen Pauatahanui Inlet,
the Onepoto Arm and the Outer Harbour.

3. Obtain background information on water quality #@éss across the entire Porirua
Harbour in order to understand natural variatiorthimi the system. Parameters
measured should include: turbidity, salinity, ptdiot and nutrient concentrations,

Report for Porirua and Wellington City Councils February 2010
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dissolved oxygen, temperature and pH. Sample shesld be located to enable
assessment of the relative influence of fluvialutsp tidal flushing and harbour
morphology.

4. Continue to monitor changes in Porirua Harbour yrattry over time, and relate
changes to estuarine hydro-dynamic processes.

5. Characterise the catchment in terms of geomorplycdogl stream morphology, and
document recent changes e.g. channel straighteningparticular, investigate the
effects of Porirua Stream (and tributaries) floethtcol and other engineering works
on stream and harbour processes.

6. ldentify which sub-catchments urgently need erosioontrol, and prioritise
enhancement works, based on representative suroant sediment budgets and
field measurements, and continued assessment a@fmesd inputs into Porirua
Harbour using already installed sediment plates.

7. Complete biological inventory and ranking of sigraht terrestrial sites in
Wellington City, and where necessary update inwgnand rankings of Porirua City
ecosites, in order to obtain complete information mriorities for terrestrial site
protection and management in the Porirua Harbachozent.

8. Continue habitat mapping consistently over thererRiorirua Harbour, and extend to
sub-tidal areas, along with broad-scale descripgfdthe benthic communities.

9. Derive a definitive list of indicator species fooriua Harbour and catchment,
including key estuarine fish species.

10.Extend the monitoring of cockle populations in Rabanui Inlet to include the
monitoring of key indicator species in all partsloé Harbour.

11.Continue long-term monitoring of sediment chemistngl benthic ecology at sample
sites in Onepoto Arm and Pauatahanui Inlet. Sewdlinsamples that are above
ANZECC (2000) guidelines should be analysed foirtioavailable fraction to
determine if high concentrations could affect hiota

12.Investigate the hypothesis that some Porirua Strgdomtaries are at or near their
ecological “tipping point”, based initially on aode analysis of any trend data
available and the presence/absence of indicataiespe

13.Investigate sources of gravels in the Porirua 8traad Harbour, especially those that
are removed by dredging. Investigate the effet@lacurrent dredging activities in
the Porirua Harbour.

14.Document changes in human uses of the Porirua Haxdeer the last 150 years, in
particular focussing on the extent and use of @akld oyster beds.

15.Investigate adaptation and mitigation strategiesttie environmental consequences
of the high degree of road/transport encirclemémi@ Porirua Harbour.

16.Investigate the potential and preferred methodolmgyenhancing inanga habitat in
the lowest reaches of Kenepuru Stream.

17.0Obtain and analyse further information on fish katband fish populations in the
Porirua Harbour, especially the Outer Harbour. Bese the effects of Porirua
Harbour fishing and catchment land use on Harboma adjacent coastal area
fisheries and ecosystems.

Report for Porirua and Wellington City Councils February 2010
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Introduction

Porirua City Council (PCC), with support from Watlton City Council, requested
Blaschke and Rutherford to compile a literature samy and review for the Porirua
Harbour and catchments, to enable an assessmenistifig information on the Harbour
and any future research and information needs.

The purposes of the review were specified as:

* To understand the physical history and changes hhaé occurred in the Porirua
Harbour and catchment since human habitation.

e To ensure that current decision-making about aaeakgor matters that could affect
Porirua Harbour is better informed by existing kiexge.

* To collate existing knowledge to assist agenciesthea community to better plan and
implement appropriate management for the Harboditarcatchment.

* To identify areas where information is lacking abthe Harbour so that research can
be undertaken to address these deficiencies.

 To enable more detailed and realistic goal-setforgthe management (including
restoration) of Porirua Harbour.

The geographical scope of this review is shownigs A and 2. Porirua Harbour (the
Harbour) has two main arms, the Pauatahanui lated,the Onepoto Arm (PICT 2001,
Milne et al. 2004). Other components of the Harboalude the Outer Harbour, and a
third small arm, the Taupo Swamp, which was forsnedawater arm, draining into the
Outer Harbour. These four Harbour componentsaleltatchments draining into them,
as shown in Fig. 1.

This review is NOT intended to draw definitive carsions about the Harbour's various
ecological, hydrological, or physical characteasti Rather it is a summary of the
existing literature and known information on thett@is listed in the various headings in
the following chapters, and discussion of issued @search needs arising from this
summary. The review was undertaken using traditiditerature searching techniques
for both written and electronic resources. The nmébpldings searched for the
bibliography were collections at Porirua City ColinGreater Wellington Regional
Council and Victoria University of Wellington’s liaries. Most material used for the
review is either formally published, or in the forof unpublished reports for local
authorities available through those authoritieshe® unpublished information has been
kept to a minimum.

This review follows an earlier review prepared byff@ Miskell Ltd (BML) (2000) that
summarised and reviewed a considerable amount tfewrmaterial relating to the
Pauatahanui Inlet and catchment up to the year.200the current review primarily
involves updating the Pauatahanui Inlet materiahtmrporate a significant amount of
new material which has become available since 2800,geographically extending the
scope of the earlier review to include the wholeéPofirua Harbour and its catchments,
i.e. the Onepoto Arm, the catchment areas flowmg ithe Onepoto Arm, and other
smaller catchments and streams flowing into thee©OHfarbour. For this latter task we

Report for Porirua and Wellington City Councils February 2010
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have also had the benefit of a recent report ofogmal restoration in the Porirua Stream
catchment (Blaschke et al 2009). One of the aut(feB has been involved in all three
reports.

This review concentrates on the recent materialirej to Pauatahanui Inlet, as well as
all the material relating to other parts of the Ibtar, but we have also included earlier
work relating to Pauatahanui Inlet which we feltswat lasting value. In particular,
Pauatahanui Inlet was the subject of a far-sightednsive three-year study (Pauatahanui
Environmental Programme or PEP) carried out byftnmer Department of Scientific
and Industrial Research between 1975 and 1977. rékalts of that study were
summarised in the booRauatahanui Inlet - an environmental stu(iyealy 1980), as
well as published in individual scientific reportdn many cases the results of PEP
studies are still the most comprehensive or orflyrination on a given topic.

Appendix 2 is an annotated bibliography of all literature we have read (including the
entries for the earlier review of Pauatahanui )nl&he chapters that follow in the main
report (Chapters 2 -9) summarise and discussitbrature under various headings. We
then briefly review relevant catchment studies frotier parts of New Zealand. In the
final chapter we synthesise and summarise all nahterviewed in terms of what we
know and do not know about the Porirua Harbour issidatchments, and our suggested
priorities for further research. Our comments imfters 2-9 are generally restricted to
how adequately the literature found covers theesatbj Our substantive comments and
conclusions are mainly in the final chapter. Afireferenced comments are our own
conclusions, except in the final chapter which meferenced. Only New Zealand
literature is referred to. A glossary of techniteains and scientific names is at the end of
this report.
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Physical dimensions, components, characteristics and
significance of Porirua Harbour and its catchment

Porirua Harbour and catchment is shown in Figurétd total area is just under 200 ¥m
comprising a land area of about 185%and a harbour area of about 14%krThe area of
the Pauatahanui Inlet catchment is 109 KMilne et al. 2004); it has six major sub-
catchments: Browns Bay, Duck Creek, PauatahantipfRRoint, Horokiri and KakaHo
and six small catchments which drain only to thersline (Page et al. 2004). The main
stream draining into the Onepoto Arm is Poriruae&tn which has a catchment of about
53 knf. The sub-catchments of the Porirua Harbour aredis Table 1.

The maximum elevation of the catchment is 530 rsedt®ve sea level at the head of the
Horokiri sub-catchment and 470 metres above sed &\Colonial Knob on the western
side of the Porirua sub-catchment. The catchmemharacterised by much-dissected
plateaux at around 150 m altitude. These occwédmt Porirua East and Pauatahanui;
between Judgeford and the Horokiri Valley; and frigiaina to around 800 m north of the
Pauatahanui Inlet coast (Grant-Taylor et al. 1970).

Taupo Stream drains a catchment of 820 ha, muckhath is occupied by the Taupo
Swamp. Taupo Swamp rises to 20 m above sea l¢vies aorth end. Presently its
southern end is drained and developed for farmimdystrial use and playing fields, but
prior to development the base of the swamp layraaBove sea level behind Plimmerton
beach. The remaining swamp land is protected bse@utlizabeth Il Trust, and it is one
of the few remaining large wetlands in the WellomgRegion (Cochran 2000).

The Harbour can be described as an estuasyit has free exchange with marine water,
which is appreciably diluted by freshwater inpudslfymple et al. 1992). The Harbour is
thus influenced by fluvial and ocean processeivaw water and sediment from both.
The area of Pauatahanui Inlet is 4.7%land that of Onepoto Arm 2.4 KrtGibb and Cox
2009). The area of the Outer Harbour (up to a hieeveen Te Rewarewa and Rocky
Bay Points is about 6.4 Km

The Harbour has no large river inflow, but the tlaogest streams (Pauatahanui and
Porirua Streams) enter at the heads of the arnesKggire 1). The Pauatahanui Inlet
catchment area is about 25 times bigger than Paaata Inlet itself (BML 2000; PICT
2001). The shoreline length of Pauatahanui Irdet3.2 km (Bellingham 1998) whilst
that of Onepoto Arm is 9.0 km (Gibb and Cox 2009).

! Horokiri and Kakaho Streams have sometimes bdemree to as Horokiwi and Kahao Streams
respectively.

2 Notwithstanding the nature of the two main armghefHarbour as estuaries the term ‘Harbour’ hambe
used throughout this report in relation to the veh®brirua Harbour, while ‘estuary’ is retained for
reference to estuaries in general.

Report for Porirua and Wellington City Councils February 2010
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Table 1. Sub-catchments of Porirua Har bour®

Sub catchment Area(ha) Per cent of
catchment
Outer Harbour
Karehana 330 1.8
Taupo Stream 880 4.8
Sub-catchment total 1210 6.6
Pauatahanui Inlet
Kakaho Stream & Mana 1470 8.0
Horokiri Stream 4100 22.2
Pauatahanui Stream 4160 225
Duck Creek 1000 5.4
Browns Bay 120 0.6
Pauatahanui sub-catchment totdl 10850 58.7
Onepoto Arm
Porirua Stream
Kenepuru Stream 1500 8.1
Linden /Tawa 690 3.7
Takapu Stream 850 4.6
Belmont Stream 720 3.9
Stebbings Stream 700 3.8
Mitchell Stream 800 4.3
Porirua sub-catchment total 5260 28.5
Aotea & Papakownhai 380 21
Elsdon 420 2.3
Whitireia 350 1.9
Onepoto sub-catchment total 6410 34.7
Catchment total 18470
Figure 1. Map of Porirua Harbour and catchments, showing location of places

referred toin text (separatefile)

The salt and freshwater marshes of the Harbour haea heavily modified by humans
since the time of European settlement, with fillimgof salt marsh occurring in both
arms. Filling in of marsh has been almost compiet®nepoto Arm, and substantial in
Pauatahanui Inlet. Several areas of marsh in guatBhanui Inlet are now protected as
reserves including Pauatahanui Wildlife Managenieeserve (43ha), a wildlife refuge

% Data primarily drawn from authors’ analysis of dapver Database and cadastral data 2009 and 2010.
Some information for verification drawn from Irnv{a976), Boffa Miskell (2000) and Blaschke et al.
(2009). Analysis does not include very small satelbments in the vicinity of Rocky Bay and Rewarewa
Points.

Report for Porirua and Wellington City Councils February 2010
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covering the east of the inlet (169 ha), Duck Cr8eknic Reserve (1 ha) and Horokiri
Wildlife Management Reserve (5 ha).

The westward-facing entrance of the Porirua Harlmuntains rocky platforms, gravel
banks and sandy beaches, whilst the embaymentstiofadoms are filled with sandflats
(Robertson and Stevens 2006, 2008), many of whieh exposed at low tide.
Pauatahanui Inlet has 1.1 krof tidal flats (just under 25% of the Inlet aregbilst
Onepoto Arm has 0.5 Knof tidal flats (20% of the Arm’s area) (PICT 20Milne et al.
2004). Rock platforms are present throughout mafdihe Harbour, and from Karehana
Bay east; all are deeply weathered (Grant-Taylat.€t970).

The average annual rainfall around the Porirua élarhs 1200mm, with the wettest
periods occurring in the winter months (May to @&. The mean annual temperature
is 12.9°C, and the prevailing winds are northertieaorthwesterlies (Stirling 1983).

The Harbour has long been recognised as scietijffisggnificant, characterised by
unique biological features, and with many otherueal for residents and visitors.
Habitats in the Harbour have recently been mappesivéns and Robertson 2006, 2008).
The Harbour is one of only two significant natumatbours in the North Island south of a
line between Kawhia and Whakatane (the other b@edington Harbour). Therefore,
degradation of the Harbour would mean a significaabitat loss to many estuarine
species (Bell et al. 1969). The Harbour is alsajuaiin that unlike most New Zealand
estuaries (which empty completely at low tide) R@iHarbour is mainly subtidal, with
65% of its area underwater at low tide (StevensRodertson 2008). Pauatahanui Inlet
has been rated as a site of National Significanctne SSWI (Sites of Special Wildlife
Interest) database (DOC 1995). It has various $oofrstatutory recognition in territorial
and regional planning documents such as the Po€itya District Plan, the Regional
Freshwater and Coastal Plans and the Departmertoofservation’s Conservation
Management Strategy.

Statutory bodies with responsibilities for the inlmclude Porirua City Council,
Wellington City Council, Greater Wellington Regidn&ouncil, Department of
Conservation, New Zealand Transport Agency and $ttipiof Fisheries.

There are approximately 85 000 residents of th@droHarbour catchments, comprising
most of the Porirua City’s 51,000 residents, andraxmately 23-25,000 residents of
Wellington City within the Porirua catchment. Tleezognised tangata whenua of the area
is Ngati Toa, while the Te Atiawa iwi have hist@iconnections with the southern parts
of the Porirua catchment, especially the Takapucsutbhment (BML 2005).

Report for Porirua and Wellington City Councils February 2010
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Tectonic and geological/geomorphic history, including current
movement rates

Geology

The bedrock within the catchment is part of the &akTerrane, a grey sandstone-
mudstone sequence with thick poorly bedded sandstatied greywacke and argillite.
Beds of this bedrock strike north-northeast, dgepty and face west. This rock also has
minor components of conglomerate, basalt and chée. rock was formed in the late
Triassic —Early Jurassic (255-170 million years)ag® a submarine fan and has since
undergone multiple fold events (Webby 1958; Sund€98; Begg and Johnston 2000).

The remaining geology is composed of unconsolidaesth, alluvial, fluvial, loess and
fan deposits of Quaternary age (1.8 million yearghe present). These deposits are
generally confined to the Harbour fringes, alonggiders, and with some loess deposits
mantling local hills. Some aggredational and degtiadal terraces are present
throughout the Harbour, and a portion of land heentreclaimed by fill at the southwest
end of the Onepoto Arm (Webby 1958; Begg and Jainn2000).

Interpretation of the history of the Quaternarydees has been contentious. The terraces
were long interpreted as marine deposits of inaeigl periods (Leamy 1958), but the
prevailing more recent thought is that they havargety of origins including fluvial and
marine, and represent both interglacial and glaoia¢ periods (Webby 1958; Williams
1975; Begg and Mazengarb 1996). Immediately soeshwf Porirua Central Business
District (CBD) is an extensive suite of terraceshajhly weathered gravels (Williams
1975), now showing a characteristic rounded togugya Terraces on the western edge
of the lower Porirua Stream valley are interglaaald gravel terraces further south in the
Porirua Stream valley are last glacial. The sautlséore of Pauatahanui Inlet, showing
loess-capped marine sequences above sea levehbpyatate from the last interglacial
(100-125,000 years before present (BP)) (Begg amdeMgarb 1996). Pauatahanui
village lies over approx. 75 m of Quaternary sedinfBegg and Mazengarb 1996).

The rocky escarpment on the north of Whitireia Parks identified as a notable
geological feature in the ‘geological featureshef Wellington Region’, and was assessed
as worthy of protection and conservation (DLS 191B8} this assessment was not carried
through into specific conservation management oibes for the Wellington
Conservancy in the Wellington Conservation Manager¢rategy (DOC 1995).

There are few mineral resources of any value fonimgi A short-lived gold rush
occurred in the 1860’s (Heath and Balham 1994) theitminers unfortunately mistook a
chert outcrop as a quartz vein (Begg and Mazent@96). Aggregate was quarried from
Rewarewa Point on the northern outer Harbour anéihtbe late 1990s.

Faults

Three major fault lines intersect the catchmentnmg in a northeast to southwest
direction, the Ohariu, Pukerua and Moonshine Faulthe Pukerua Fault runs from
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Pukerua Bay to Hongoeka Bay and has caused subktatative uplift of the Wairaka
ridge (Grant-Taylor et al. 1970). The MoonshinaulEantersects the tributaries of
Pauatahanui Stream in the southeast of the cat¢hmed shows repeated movement
during the last 500,000 years (Grant-Taylor etl@lf0). The Ohariu Fault, which runs
along Kakaho Stream, intersects the harbour ant etithe southwest end through
Porirua City (Begg and Johnston 2000). Ration PBault, a smaller fault lying on the
west side of Horokiri Stream, is thought to move®revery 5,000 years on average
(Grant-Taylor et al. 1970).

Ohariu Fault splits into a 500 m wide fault zonattpasses through the centre of Porirua
City, including the CBD, and aligns with each safeOnepoto Arm. At the harbour end
the triangular area around the fault is approx. 8B0@ide, and extends around 4.5 km to
the south. The zone formed in the late Plioceneeanly Quaternary, with later
movements mainly occurring at the zone marginse fHult appears to move every 840
years on average, favouring the fault branch onwtest. The latest movement, a right
lateral displacement of 5 m, occurred around 2@G0y/8P (Williams 1975). The faulted
structure of the catchment is in part responsibtettie creation of Onepoto Arm, which
formed by fluvial erosion of the Ohariu Fault crugine and later flooding by higher sea
levels (Begg and Mazengarb 1996).

Movements on the Ohariu Fault are difficult to poedecause individual recurrence
intervals, movement amounts and last rupture eveartsonly be interpreted north and
south of Porirua Harbour. The Pauatahanui Inletedime was not displaced during the
Holocene by the Ohariu Fault, suggesting no movéroanthe northern end since sea
level reached its current level ~7000 years agoa(&svet al. 2005a). South of the
Harbour, the slip rate is estimated at 1-2 mmiye, dingle event lateral displacement of
4-5 m with a recurrence interval between 2000-5089 and the last event having

occurred 150 to 1130 BP. North of the Harbour, she rate is estimated at 0.6-1.9
mm/yr, and the single event lateral displacemen®.6f m with a recurrence interval

between 1530-4830 yrs last event having occurré®-B130 BP. Accordingly, it has

been estimated that the last fault rupture occubetd/een 1070-1130 years BP, with a
horizontal displacement of 3.7 m at an estimatdd773 magnitude (Heron et al. 1998;
Begg and Johnston 2000).

Relative tectonic uplift of the area is estimatedasound 0.3mm/yr from radiocarbon
dating (Gibb 1986, in: Swales et al. 2005a). Unjsiigld ages suggest that this may be a
maximum value (Swales et al. 2005a).

The nature and cause of uplifted sections of thestchave been extensively debated.
Originally the Pauatahanui Inlet was believed teehbeen raised by around 3 feet by the
1855 earthquake (Adkin 1921). The presence oédaiscky platforms above high tide
level between Plimmerton and Karehana Bay and aWhgireia peninsular seems to
support a recent relative sea level movement. fipgmns of Whitireia Park mention
uplifted beach ridges behind bays between Te NeleKaitawa (Walton 2002). Eiby
(1990) describes a wave-cut feature at the souttednof the railway bridge. However,
there is no evidence of shallowing or platformsPaliatahanui Inlet coinciding with the
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1855 earthquake (Leamy 1958, Eiby 1990). Eiby Q)@&tributed the uplifted platforms
of the outer harbour to movement of the Ohariu fFa@ibb and Cox (2009) reviewed
available information and concluded that areas wésthe Ohariu Fault are undergoing
coseismic tectonic uplift at between 0.2 — 05 mpwyiereas areas east of the Ohariu
Fault are either tectonically stable or subjeatdoy low tectonic uplift.

It can be concluded that a full explanation of taeise of the preserved raised coastal
features such as uplifted beach ridges and wavelatforms throughout the Harbour is
not yet available. The nature and extent of theswements have not been fully
described nor correlated with known fault movemeatsd may possibly be a relict of
eustatic sea level change. This issue is releteantirrent management considerations,
because if there has been no uplift, then therdobas higher sea level in the past, which
if studied would give an indication of the effeds future higher sea level (e.g. old
shorelines etc). On the other hand, if there has lgeeater uplift than previously thought,
this means that calculated past sediment accuronlegies (SAR) may be inaccurate.

Due to the large number of faults the area hagmrifeiant earthquake hazard. Areas
most susceptible to shaking in the Porirua catchraem swamp land, unconsolidated
alluvium that is water saturated and coastal reatans (Hancox et al. 2005), located at
Pauatahanui Stream, west of Ration point, and bgRiimmerton beach (Grant-Taylor et
al. 1970).

Geomorphic evolution

The current geomorphology of the Harbour is a fiemciof changing sea levels, the
eroding and flooding of valleys and subsequenteyailhfill, and the formation of sandy
barriers and shorelines, all of which are compéddaby relative uplift by active faults as
discussed in the previous section. The completepabf fluvial and marine terraces is
evidence of these factors.

At the maximum of the last glaciation (around 2B,0gears BP) both arms of the
Harbour were dry river valleys. Pauatahanui Inlets a gravel outwash plain, most
likely formed from fluvial deposits. The curremichtion of Porirua CBD was a swamp
which progressively dried out until it supportedest around 9500 years ago. Around
8360 years BP Pauatahanui Inlet was a shallow viratgn swamp. As the global sea
level rose, around 7970 years BP, marine watersllyaplled the former Porirua and
Pauatahanui Stream valleys, forming drowned rigtuaies. Since then both arms have
been infilled, with Pauatahanui Inlet accumulatindepth of around 7-10 m of sediment
(Begg and Mazengarb 1996).

Taupo Stream underwent a similar evolution, buthwibmplications from coseismic

uplift (Cochran 2000). The rising sea level swadhfhee valley, creating a predominantly
open lagoon at the head of an inlet (5900-2580 B¥pm 2580-2380 BP the swamp was
characterised as a fresh brackish pond with noexion to the sea. The change from
open lagoon to fresh brackish pond is interpretetha result of co-seismic uplift, due to
its suddenness. It also coincides with a fault must described by Heron et al. (1998).
It is inferred that the Ohariu Fault created atredauplift of 0.7-1.7m between 2800-
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2380 BP, isolating the swamp from marine influenogkich gradually went from a
brackish to freshwater swamp.

Mana Spit evolution

Post-glacial sea level rise has been an importamefin the creation of Mana Spit.

When sea level rose to its present level (~6000syago) the sea cut a cliff in the

bedrock. This now stranded sea cliff is locatedh5fue east of Mana esplanade. A
gravel spit grew about 450 m, from north to sowthjch constricted the entrance to

Pauatahanui Inlet. Once a gravel spit formedshtire sediment was moved shoreward
against the spit by wave and current action. As dbastal sand was progressively
removed from the sea’s influence dunes were ablerto on top of the gravel spit (Gibb

1993).

Over the last 4,000 years the coastline has addamoeaximum of 330 m (Stevens 1974
in: Gibb 1993), pinching out to zero near Goat Ptanform the present wedged shaped
coastal plain (Gibb 1993).

Drainage systems

Drainage systems in the catchment are almost Bnfaalt controlled. Most drainage
systems show marked parallelism 5 degrees eastrtif, due to faults that were active in
the Pleistocene but are now inactive. The bestatidn of this is the east side of the
Plimmerton-Pukerua corridor. The exceptions striketheast, and are influenced by
active faults. These include the west side of thienrRerton-Pukerua Bay corridor
(Pukerua Fault), the lower part of Horokiri Vall¢Ration Point Fault), Moonshine
Valley (Moonshine Fault), Kakaho Valley and the iR@ arm of Porirua Harbour
(Ohariu Fault) (Grant-Taylor et al. 1970). Tribugg of Porirua Stream have been
laterally offset by the Ohariu Faulting, initiallunning southwest but turning 180
degrees to continue northeast and join the Po8tteam (Williams 1975).

Environmental setting

The overall environmental setting of the catchmeats described in BML (2000) in
terms of a series of ecodomains, described as afeasnilar environmental factors.
Factors used in this assessment were primarilygigpdy, climate, underlying geology
and soil parent material. These factors were thmgsy determinants of natural
vegetation cover. Four ecodomains were recogntbed:severe salt belt” on the coast, a
mild, humid “nikau belt” inland from the salt beltool tops” on the highest hill tops,
and “inland hills and basins” on the remainder. thivi each ecodomain, phases
recognised microclimatic and topographic difference Although this classification
applied only to the part of the catchment withirriR@ City, other work on Wellington
City and the Wellington region (BML and WRC 1999MB 2002) shows that these
same ecodomains are broadly reflected in the febed?orirua Harbour catchment.

It can be seen that there are fundamental diffe@ebetween the two main arms of the
Harbour in terms of their orientation, geomorph#ttieg, fault history, soils, and the

source of fluvial inputs into the estuaries. Twe tmain arms, in turn, are very different
from the Outer Harbour.
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Summary of literature on Porirua Harbour catchment

Catchment land use, vegetation and soils

At the time of first European settlement in thelyed840s, early settlers described the
Porirua catchment as “noble forest trees with pleas underwood” (Elsdon Best in TCB
1965), and as ‘densely wooded’ (Blake 2002). Aistetwo thirds of the Pauatahanui
catchment was covered in native vegetation, wheireg2001 only 6% retains native
forest cover (PICT 2001). Healy (1980) recordedhter descriptions of “well timbered”
land, especially in the lowlands, but stony and engpen on upper slopes. Healy also
noted some clearance by Maori for cultivation, laf fand around the Pauatahanui Inlet
and low east-facing slopes.

The second half of the nineteenth century and fiedt of the twentieth century saw an
uninterrupted process of clearance of native bushreplacement by introduced pastures
for grazing (BML 2000). A map from 1910 (in BML @0) shows that in the Porirua
Basin and Whitireia Peninsula this process was sroomplete even by then. Initially,
deforestation was preceded or accompanied by muithhnative timber, but Quennell
(1938) provided photographic evidence that almthsha landscape was stripped bare by
1938. Streambank and creep erosion was also sezmlynphotos.

Current vegetation and land use, derived from tAd_Bind Cover DatabaSes shown in
Figure 2. In various reports quoted in this reyiemnumber of estimates of current or
recent land use and vegetation cover have beem,giih little recognition of the
dynamic changes occurring as former pasture oredleaxotic forest on steep slopes
regenerates to native and introduced scrub commsarand eventually into forest. For
example, an estimate of the gross cover of the tRaaaui catchment as 54% pasture,
23% native forest, and 19% exotic forest (Milneabt2004), includes all regenerating
scrub as native forest. Even the figures origimgafrom the Landcover Database only
provide a snapshot in time (2006), which can bgestilto misclassification or arbitrary
classification of a continuum from reverting grasel to scrub and treeland.

Small remnant areas of “old-growth” native fores¢ acattered within the catchment
(mainly on the edges), as described and mappedaby @999), BML (2000) and
Blaschke et al. (2009). Most are now protectecp@slic reserves or as open space
covenanted areas registered with the Queen Elizdbitational Trust.

Changes in land use for Pauatahanui catchmenttbedast 60 years have been mapped
using aerial photography (Page et al. 2004). Thiestphotographs are from 1941-42

and show that 83% of the catchment was grasslainde Shis period, grassland has

decreased and woody vegetation (of mixed nativeextic species) has increased from
16% to 42%. A rapid increase in exotic forest oced between the 1970s and 1990s.

* The NZ Landcover Database is a digital map ofahe surface of the country, identified from satell
images, taken in 1996-97 and 2001-02
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Figure 2: Map of broad scale vegetation cover in the Porirua Harbour catchment, 2006 (from
Landcover database)

Porirua
Harbour
catchment:
landcover

2008
Legend

Built up area

[ —

e

-——
[ -
;ég.’e’:_ ~ Exofic grassland

Gorse & broom

u Indigenous forest

Indig serub & femland
Open space
Orghards and cropland

Quany

Swamp & cpen water

Table 2: Broad scale vegetation cover/land use in the Porirua Harbour catchment,
2006 (from Landcover database)

L andcover Area M ean size of Per cent of
type (ha) polygon (ha) catchment
Built up area 2590 63 13.8
Exotic forest 2700 11 14.4
Exotic grassland 8580 119 45.8
Gorse and broom 1570 13 8.4
Indigenous forest 1870 7 10.0
Indigenous scrub & fernland 930 15 5.0
Open space 340 4 1.8
Orchards and cropland 20 4 0.1
Quarry 10 9 <0.1
Swamp and open water 120 11 0.6

® Open space areas are principally non-grazed cowseirves but also include privately-owned golf
courses and urban grassland areas.
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Vegetation of the Pauatahanui catchment was majppkde 1970s as part of the PEP
(Healy 1980). Land in the Horokiri Stream catchmemt1990 was described as
supporting grazing stock on its upper and middiiges and market gardens in lower
reaches. At the same time Porirua catchment wesited as industrial and residential
land, and the Takapu and Pauatahanui sub-catchmenésmostly rural (Cameron and
Sando 1990). Dairying was common in earlier des¢dden 1951).

The recent growth of urban (mainly residential) @lepment in Pauatahanui catchment
has been described by Page et al. (2004). Initiatban areas were only at the mouth of
the Inlet at Mana and Golden Gate. Starting in1860s rapid development at Whitby
occurred, with development spreading to Browns Bag Duck Creek catchments, and
reaching the hills near Pauatahanui Village in 2004 the northern side of the inlet,
residential development is limited to Camborne dhe Motukaraka Peninsula, but
throughout the remaining rural parts of the catamnntieere are many ‘life style’ blocks.
Urban areas comprise 50% of the Browns Bay catchmE®2% of Duck Creek
catchment and 41.1% of the smaller shoreline catcltsn Residential development is
continuing in eastern Whitby and elsewhere.

Catchment land use for the Pauatahanui catchmemthostorical time was also recorded
in the pollen record taken from sediment cores0042(Swales et al. 2005a). Prior to
European farming (pre-1850 AD) native podocarp @addwood pollen associations
dominated, with an absence of introduced weedssgsand pine pollen. In the early
farming period (1850-1950 AD) high levels of bragkeollen were present, following
catchment deforestation. Bracken pollen graduakgampeared as pasture improvement
and cultivation continued. By the late farming pdri(1950-1985) bracken pollen fell
significantly and pine pollen increased after thee119705 From 1985 on, massive
guantities of pine pollen are present, as wellramerease in charcoal from wood fires as
urbanisation increases.

Soils

There is no systematic soil mapping available lierwhole catchment, soils information
being generalised in the New Zealand Land Resduax@antory (Page 1995) and in Bruce
(2000). Weathering of basement rocks producesysalags (Grant-Taylor et al. 1970),
whilst loess deposits tend to produce silty sdilgerall, soils are mainly sandy or silty
loams in the lowlands; and in the uplands are nthynsdty loam on rolling topography
and poorer soils on steep topography (Grant-Tagtlat. 1970). Judgeford soils, the main
soil on the easier slopes, are developed in desgsland are among the most versatile
soils in the Wellington region. Korokoro Hill ssiloccur on steep slopes but have a
relatively low erosion potential. Other soils retcatchment include Makara Steepland,
Waiwhetu and Belmont series (Bruce 2000). Plaggeils (soils altered by Maori for
agriculture), from about 440 years ago, are preaenind Pauatahanui Inlet (McFadgen
1980).

® Pine trees take around 10 years from germinatiihthey produce pollen.
" Sometimes known as anthropogenic soils
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Stream geomorphology and hydrology

The geomorphology of streams in the Porirua Harloatithment is largely undescribed,
except where drainage has been altered by majthimfemyement, or in terms of assessing
flood risk. As mentioned above, tributaries of iR@ Stream and Horokiri Stream have
been laterally offset by the Ohariu Fault (Williad&75). The geomorphology of Porirua
Stream, and some sections of Duck Creek and PaumataBtream has been assessed in
relation to hydrological assessment of flood rifk€B 1965; Anon 1987, 1989, no date;
Synergy 1987; WRC 1989, 1998a; CWRH 1991; Beca 499393b, 2003; GWRC
2004b; Eyles 2006; Connell Wagner no date). Thatselies give information on
flooding contours and stream bed cross sectionsAllen (1951) provides some
information about morphology of the Horokiri ValleWe know of no other detailed
studies of sub-catchments giving information onncieh gradients, migration patterns or
major geomorphological controls.

A description of Porirua Stream in 1840 collectadtlbe scholar Elsdon Best describes
the stream as: “no more than six yards wide or kiheep at any point” (TCB 1965).
Porirua Stream and some of its lower tributariesehédeen heavily modified and
channelised through flood protection works (TCB 3;9Beca 1993a, b), largely in order
to channel water from the upper catchment and eedwoding risk in the CBD and
surrounding areas in Porirua City. Of all floodoferction options considered, flood
detention structures in the Belmont and Stebbindpscaitchments were deemed to have
the least environmental impact (Synergy 1987). niizant flood detention structures
were also constructed at Cannons Creek in the Kenequb-catchment, and at Whitby in
the Duck Creek sub-catchment, during developmergastern Porirua to Whitby as a
major suburban area in the 1960s and 1970s. Témlbepproach to flood control in the
Porirua catchment has been described as an enggeere, as a response to the limited
options because of the existing land use and tealareg the valley floor and stream
edges (McConchie 2000).

As described in some of the references above, I®oeirua Stream now experiences a
considerable amount of gravel accumulation. Tiggradation could potentially cause

flooding, as it threatens to block stormwater dsti®/RC 2001), some of which reaches
the Onepoto Arm. It is probable that gravel isumoalating as a response to the flood
protection works. It is also possible that grasehccumulating in response to increased
upstream erosion and runoff. However, further nmfation on the gravel source, the

flow rate and the ability of the stream to adjasthnorphology is needed.

Information for stream hydrology (Table 3) provide®rmation on flow and flood rates

for the main tributaries. This information is calesably dated, and no recent flow data
is available for Kenepuru, Kakaho, and Duck Creekseater Wellington operates

continuous flow monitoring stations on the Porirfaupo and Horokiri Streams, with

data available since 1965, 1976 and 2002 respéciiGVRC 2004a, b, c). Data from

flow stations is summarised in annual hydrologyorep (Watts and Gordon 2008).

Similar information is available from a NIWA gaugs Pauatahanui Stream (NIWA

2009).
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Table 3: Freshwater inflows (m%s), from river gauging (Heath 1976)°

Stream L ow flow M ean flow Annual flood M aximum
flood
Porirua 0.10 0.70 28.0 140
Kenepuru 0.04 0.10 7.1 40
Kahad (Kakaho) 0.02 0.18 3.5 30
Horokiri'® 0.08 0.45 18.0 110
(Horokiwi)
Pauatahanui 0.09 0.50 17.0 95
Duck 0.02 0.09 4.2 35
TOTAL 0.35 2.02 77.8 450

A pilot study of landslip hazard in Porirua Citydinated potential problem areas in the
catchment if future urban development felt withihigh landslip hazard class (Kingsbury
1990). Potential erosion hazards can be identified planned for through a hazard
identification and mapping approach.

Further discussion on erosion in the catchment aslanin the section on “catchment
erosion and input to streams” in a later chapter.

Freshwater quality

Baseline water quality studies consulted for tl@giew include Cameron 1988, 1991,
1993, 1994; Cameron and Sando 1990; Cameron ant M@2; Berry 1995, 1996a,
1997b, 1998b; Stansfield 1999, 2000; Warr 2001 n#iand Perrie 2005; Perrie 2007,
2008. In the Porirua catchment, comprehensive matmlity monitoring data are
available for Porirua, Pauatahanui and Horokire&tns. The number of sites measured
on these streams has dropped from around 8 sitestqigam in 1987 — 88 (Cameron
1988), to 6 sites in 1991-92 (Cameron and Wall 199Xites in 1994-95 (Berry 1995)
and only 2 in Porirua and 1 each in Horokiri andi&ahanui Stream (Berry 1998Db).
However, the number of parameters measured has, mgth nutrients being added in
1992-93 and extended in 1994-95 to include ammanid inorganic nitrogen (Berry
1995).

These water quality studies, although providingeanellent resource for water quality
trends, rarely discuss or investigate probableaso$ water quality issues. Nor do they
propose ways to ameliorate the issues identifiethessis beyond their scope. They
simply present the data and occasionally specudatgossible sources of measured
contaminants from general knowledge of catchmeopénties.

® |tis not clear from the publication how long eripd these data cover.

° Now generally known and mapped in the Topograptap Series as Kakaho Stream but often previously
referred to as Kahao Stream

19 Now generally known and mapped in the Topograptap Series as Horokiri Stream but often
previously referred to as Horokiwi Stream
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From the water quality data in the above reportsdnsw the following trends and
conclusions regarding individual contaminants:

Faecal contaminationFaecal contamination, where monitored, appear®maeecfrom a
number of sources including: agriculture (espegiplggeries and stock crossings), and
septic tanks in Pauatahanui Stream; urban stormwat@orirua Stream and agriculture
in Takapu Stream. Faecal coliforms are still abAXZECC™ water quality guidelines.
While results at some sites have improved over titme reasons for improvements or
drops in faecal counts are not usually known (Bet§96a). Even fixing the
sewer/stormwater cross connections in Porirua @61®erry 1996a) had no effect on
faecal coliforms; in fact they rose in the folloginmonitoring period (Berry 1997b).
Turbidity can occasionally be an issue, but valaes generally low, whilst Porirua
Stream occasionally records pH in the ‘basic’ range

Since nutrients have been measured (1992 onwa&dsjua and Horokiri Streams have
frequently recorded nutrient concentrations thatldwesult in the presence of nuisance
algae, and not surprisingly have significant peytph cover (Cameron 1993). The
Macroinvertebrate Community Index (MCI) is a measaommonly used to reflect the
degree to which a freshwater community is impadtgdpollution, as shown in the
composition of its macroinvertebrate speties MCI scores for the Porirua Stream
indicate some persistent pollution problems. Altjo high species density is present,
species that are sensitive to pollution are pensist absent. Physical water quality
parameters measured do not account for this, iidgdhat other pollutants (metals or
organics) are present in Porirua Stream. Trendgater quality between 1997and 2003
are summarised by Milne and Perrie (2005). Theatduanui Stream MCI improved
over the period 1997 — 2003, and in 2003 reachbdya’ water quality score (Milne and
Perrie 2005).

Various anomalies between MCI values and other ma@ality indicators for Porirua
Stream were investigated by sampling water andnemds for metal and organic
pollutants. The stream and stormwater outfallsewsdso measured after rainfall events
(Cameron 2001). Sediments exceeded the ANZECC {ale for zinc at all sites, and
for lead at one site. Similar sediment concerdratiof zinc and lead, both well-known
freshwater contaminants, were observed in 200532808 (Milne and Watts 2008).

The pesticide DDT was also present at all sitevalioe ANZECC ‘low'value: in 2005-

6 DDT in Porirua Stream was always above the ANZEIB®' and in one case above
the *high’ value (Milne and Watts 2008). Theseultsindicate a moderate probability of
a toxic effect on biota (Cameron 2001). DDT comncdion was highest at Takapu,
which drains a rural catchment (Cameron 2001). Ud$eof DDT was banned in 1970,

" The Australian & New Zealand Environment and Covestion Council (ANZECC) have issued
guidelines for fresh and marine water quality, egmihg Interim Sediment Quality Guidelines (ISQG)
(ANZECC 2000). These guidelines are commonly usdHe interpretation of water quality testing
results.

12 MCI scores of >119 indicates an excellent qualiass, 100-119 is good, 80-99 is fair and <80 rpo
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(previously it was used to control the grass grupastures). It is possible that there has
been subsequent illegal application (Cameron 200ater quality was poor, with wet
weather events resulting in high concentrationsziot, copper, lead and chromium
delivered to the water column (Cameron 2001). Bihyi stormwater quality of Porirua
Stream monitored in 2005-6 showed elevated core@mtis of copper, zinc, and
chromium delivered in higher flow events (Milne awdéhtts 2008). Sites sampled in
2001 in the estuarine reach had a lower conceotraif metals, probably due to the
effect of flushing (Cameron 2001). The MCI at Pasiwas 90, and at Takapu, 106, both
indicating possible pollution. The concentratidnDdDT did not appear to be affecting
biota, as the highest concentration was found k@& where the MCI is highest. This
is likely due to the ability of DDT to strongly hirto the sediment, and thus become less
bioavailable.

In Porirua Stream, poor water quality, and esphiciéle pollution pulse delivered by
rainfall events, appeared to have caused a reduatidife-supporting capacity of the
stream. Such pollution explains the loss of thesk®e macroinvertebrate taxa
EphemeropteraPlecopteraandTrichopterd® (Cameron 2001).

The quality of sediments in urban streams was asdea 2005 and again in 2006. The
results of the investigation indicated that urb&ormwater discharges are negatively
impacting on the health of local stream and rivdrsthe Porirua Harbour catchment, six
streams were monitored, Duck Creek, Pauatahanwwis, Porirua, Mitchell and
Kenepuru Streams. Sediments in all these streamsedrd the ANZECC guidelines
‘low’ value for DDT and in 2006 one site on Porir@&ream and one in Duck Creek
exceeded the ‘high’ value. Polycyclic aromatic togdrbon (PAH) pollutants were
present in all streams, but only exceeded ‘higigjger guidelines at Kenepuru Stream.
Of metal contaminants, zinc and lead showed eldvetacentrations, with zinc above
the ‘low’ trigger value at Browns, Mitchell and Romla Streams, and above the ‘high’ at
another site on Porirua Stream. Lead concentmatwere above the ANZECC ‘low’
value at two sites in Porirua stream.

Lindane at Porirua Stream exceeded the ‘high’ ANEZE@lideline trigger (Milne and
Croucher 2005, Milne and Watts 2008), and therefeqeires specific analysis. Lindane
is an organochloride, previously used as an ingdetion a range of crops. As a toxicant
in the water column, it has high to moderate tayjanegatively impacting on freshwater
and marina biota. However, there is no informatiegarding the toxicity of lindane in
sediments. The effects-based sediment guidelemsmmended for Australia and New
Zealand are primarily based on a single, large opichl-effects dataset of North
American sediment data. In the case of lindane,sediment toxicity values are
available, so the guideline given is only an imtexalue (ANZECC 2000). Hence the
toxicity effect of the high value of lindane in ol Stream is uncertain. Comparison of
porewater from this site with the freshwater guitelvalues would better determine if
there is a toxic effect on biota.

13 These types of pollution sensitive macroinvertesauch as mayflies, caddisflies and stoneflies ar
referred to as “EPT" taxa.

Report for Porirua and Wellington City Councils February 2010
Blaschke and Rutherford Environmental Consultants 18



Literature review of Porirua Harbour and catchment

Ecological assessments were undertaken for Steblsstrgam and Belmont Stream to
identify stream values, evaluate stream health,idewtify water quality issues and sites
and habitats to be protected (BML 2004a, 2004ké¢bl8ngs Stream is a highly modified
stream, impacted by farming. It has few sitesesimant vegetation and relatively little
undisturbed stream habitat. Water quality was gaodl concentration of metals in
sediments is below ANZECC (2000) guidelines whisaHs were below detection

limits. The stream had good MCI values and theastréhabitat was good in some
respects. However, the stream suffered from dedratgarian habitat, was under

pressure from organic pollution in some places,wstb some early issues with

sedimentation, had a lack of in-stream cover anddyadebris, and lacked shade and
hydraulic homogeneity (BML 2004b). The BML studpncluded that the stream

condition was on a cusp, stating that without managnt and restoration the stream
would suffer a downward decline (BML 2004b). BehlhdStream had very good

physical habitat upstream and good quality lowéessialthough there was a lack of
riparian vegetation and channel shading in someegl@8ML 2004a).

Stream biota including macroinvertebrates and freshwater fish

Annual monitoring of macroinvertebrate communities been undertaken in streams in
the Porirua, Pauatahanui and Horokiri catchmemsicading with annual water quality
surveys. Most reports from these surveys do msotitidividual species, but rather the
results of the Macroinvertebrate Community IndexC(Massessment. MCI values for
Horokiri Stream are consistently good, whilst thémePauatahanui and Porirua Streams
reflect pollution levels since monitoring beganl®37 (Cameron 1993; Stansfield 1999,
2000; Warr 2001; Perrie 2007), with key macroinelerate species that are more
sensitive to pollution missing. In 2008 the MCbres had improved to fair for Porirua
and Pauatahanui Streams, and remained good fokiddiferrie 2008).

The main stem of the Porirua Stream at Tawa wassasd as having good aquatic fish
values, due to the natural character and streamhobogy, riparian vegetation and large
macroinvertebrate numbers (KM 2003).

Macroinvertebrates and fish species have been yeoven Stebbings Stream (BML
2004b). The MCI scores for the stream were go8dme components of the habitat
were of high quality, but significant amounts obhat were under pressure from organic
pollution. Freshwater fish found at the site iml#dd common bully, short and long finned
eels, banded kokopu, freshwater shrimp, koura,tdi@kopu and trout (BML 2004b).
The giant kokopu found during the survey werealfjé adults, suggesting that they are a
remnant population without recruitment. In otheriRia Stream reaches and tributaries,
only juveniles are present, suggesting stream tiongiare not suitable to maintain adult
populations (Blaschke et al 2009). Some issuefidbrpassage were also noted both by
BML (2004b) and Blaschke et al (2009). The preseof barriers to fish passage at
several other parts of the main stem and tribidasfethe Porirua Stream was noted by
Blaschke et al (2009).
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Macroinvertebrates were also assessed for Belmteti8. Consistently high MCI
values indicated very good habitat quality. Longl ashort finned eels and banded
kokopu are present in Belmont Stream (BML 2004a).

A baseline survey of the Cannons Creek Lakes Reg&ML 2009) also identified high
freshwater ecological values. The stream had gmpdhtic invertebrate health; a high
percentage of indigenous vegetation cover, wastdtafor threatened indigenous fish
species including giant kokopu and long-finned eeid provided inanga spawning
habitat. Sites from upper Cannons Creek had highromvertebrate biodiversity and
MCI scores, indicating that ecological health aratexr quality was excellent across the
upper Cannons Creek catchment.

Suitable inanga spawning habitat in the lower readf streams around the Harbour has
been assessed by Taylor and Kelly (2001). PotStweam is an unsuitable spawning
habitat, as the sides are lined with concrete watfld there is little or no emergent
vegetation at normal or elevated water levels. aghof inanga were present in the
stream. Kenepuru Stream had good spawning habiitht,inanga schools present, but
there was a significant potential for further enteanent of inanga habitat in lowest
reaches. Duck Creek has some very suitable spawabgat in the lower part of the
stream. Pauatahanui Stream had significant suitsdddéat, which partly lies within the
Wildlife Management Reserve and can be manageceahdnced. Horokiri Stream has
suitable sites downstream of bridge, upstream stypelzing has destroyed potential
habitat. Taupo Stream has some good habitat, drge Itrees mean that the light
demanding species that inanga lay their eggs imatagrow. Kakaho Stream has no
current habitat as it has graded banks with no te¢éiga. This stream was ranked as
possessing the best potential for habitat restoratiot only because of its then degraded
nature, but the physical nature of the site is goash tidally influenced site with graded
banks (Taylor and Kelly 2001). Since 2001 there lh&®n considerable habitat
restoration work in the estuary of the Kakaho Strea

Terrestrial biodiversity

Ecological surveys of all types of terrestrial siia Porirua City and of primary forest
remnants in Wellington City have been completed (BR001; Park 1999). In Porirua
City, the survey of ecological sites provided rat@iesance inventory information for
each site, a ranking of ecological significanced arsummary of threats and management
issues (BML 2001). The Wellington City informatiaa confined to a listing of
prominent species for each delineated primary fags. This information is currently
being updated and extended to all types of sitakgMDates, Wellington City Council,
pers. comm.). A number of detailed vegetation sgseltsts for individual areas within the
Porirua Harbour catchment are listed in Sawyer {00 Key Native Ecosystem surveys

14 Species lists compiled since 2001 are availablénerNew Zealand Plant Conservation Network website
http://www.nzpcn.org.nz/newsletter _publicationsérasp
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have been conducted at a number of the more signifisites in the catchment, including
Elsdon Bush (WRC 1998b), and at Whitireia Park (G®VE03). We are not aware of
any studies of terrestrial invertebrates anywheitheé catchment.

As an example of notable remaining vegetation, &isBush, Porirua Scenic Reserve,
together with surrounding Porirua City Council lasad Pikarere Farm Forest, form a
continuous forest area of 290 ha including ecosysiges not represented elsewhere in
the ecological district (WRC 1998b; BML 2001). Bigphecies observed include grey
warblers, fantails, blackbirds, kingfishers, wax®yeshining cuckoo, harrier hawks,
paradise ducks, tui, morepork, and kereru. Theatereed gecko speciésoplodatylus
gramulatus,as well as other plant and animal species uncommtme Wellington area
have been recorded in this reserve (WRC 1998W). another example, Bagnall (1979)
documented the rapid rate of loss of forest ared mift from kohekohe-tawa co-
dominance to kohekohe dominance at Redwood Bushaima. These undesirable
changes resulted from fragmentation and edge seffasisociated with residential
development, and damage associated with uncordraleational use.

As discussed earlier, the original vegetation wduwdde been tall and dense podocarp-
broadleaved forest over most of the catchment,@xmaly on the edges of the estuaries
and on the most exposed coastal areas on the Batbour. The forest vegetation types
in the catchment included swamp forest on the fdamid of the major sub-catchments,
broadleaf podocarp forest with a tawa-kohekohe pwnon the hills, and kowhai-
dominated coastal forest fringing the inland esasar Kahikatea, rimu and matai, tawa,
rewarewa, kohekohe and hinau are the main canegyg tBML 2001; Blaschke et al.
2009). Most of the remnants of this forest arealtan than 2 ha with the notable
exceptions of Porirua Scenic Reserve, Colonial K8obnic Reserve, Redwood Bush in
the Porirua catchment and a few larger patchelsarmeadwaters of the Pauatahanui and
Horokiri Streams. However, there are a nhumberaofdr areas (more than 20 ha) of
regenerating native bush, mahoe being most commoopy species, in some cases
associated with small remnants of old forest.

Current vegetation in the Porirua Stream catchnesummarised in WCC (2008) and
Blaschke et al 2009). There is also a list ofdland fauna found in Porirua Stream and
tributaries in the late 1980s (Roper-Lindsay 199The catchment marks the southern
limit of some plants, notably the shr&dnabdothamnus solandriThe threatened pygmy
button daisy I(eptinella nana is found in Whitireia Park, and is found in ortlyo other
locations in New Zealand (DOC 2001).

The terrestrial vegetation buffer around the edge®oth main arms of the Porirua
Harbour is poor. Most of the edge is characterlsgedesidential, grassland or artificial
structures (Milne 2008; EMS and Blaschke 2008).e Ai-hectare salt marsh habitat
reserved as Pauatahanui Wildlife Reserve formgrafiant exception to this pattern.

Many plant and animal pests are established ircéhehment. The main species present
in Porirua City sites are listed in BML (2001). sPspecies within Key Native Ecosystem
sites are regularly monitored by Greater Wellingtmasecurity staff. Possums were
introduced to the area in 1926. Feral goats, mise and magpies are found at Elsdon
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Bush (WRC 1998b). Eradication of possums was atedn(@nd largely achieved) from
Whitieria Park in 2003 (GWRC 2003). Hares and rbhre common at Whitieria Park
(GWRC 2003).

Birds

Birds in the catchment and Harbour have been dooteddéy the Ornithological Society
of New Zealand and others for some time, with aigoon the wide variety of wading and
shore birds at Pauatahanui Wildlife Reserve. Mbaa 30 bird species were observed to
be living at Pauatahanui Inlet at various timeshef year during the PEP (Healy 1980),
with a number of species noted since that time.ceRemore detailed survey by the
Ornithological Society (2002-2004) noted an incecgsspecies diversity at Pauatahanui
Inlet. The second edition of thBird Atlas of New Zealand@Robertson et al 2007)
provides a current summary of this information. Thenber of species has increased
from 37 in the 1970s to 53 at present. Many ofltinds are migratory and visit the inlet
on an occasional or seasonal basis.

The most commonly seen native shore birds and wades pied stilt, black swan,
variable oystercatcher, gulls, NZ shoveler, gresl tparadise shelduck, white-faced
heron, pukeko, and shags. Spoonbills are a notedlkively new arrival at the
Pauatahanui Inlet, now apparently resident, althoogt yet breeding there. Common
birds in a wider variety of habitats in the catciminenclude tui, grey warbler, spur-
winged plover, welcome swallow, Australasian hayf@nded dotterel, eastern bar-tailed
godwit, Caspian tern, NZ kingfisher, silvereye &utth Island fantai(White 2005).

With the introduction of predator control to thefemced forest reserves of greater
Wellington over the last ten years there has beennerease both in numbers and
diversity of native birds seen and heard (Miskellyal. 2005), and this regional trend is
reflected in many parts of the catchment.
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Summary of literature on Porirua Harbour

Water quality

Water quality of Porirua Harbour can be assessetelims of physical parameters
(temperature, turbidity), chemical parameters (dlinity, % dissolved oxygen),
chemical concentrations (nitrogen or phosphorus ceotmations, chlorophyll-a
concentration), or through biological assessment (faecal cafifor enterococci count,
percentage cover of nuisance algae). Physicalchedhical parameters can give an
indication as to the nature of the system, and mggmonitoring would highlight major
changes.

Because Porirua Harbour is a tidally flushed esteasystem, which can occasionally
receive large freshwater inputs, the variationsalinity and temperature are expected to
be considerable. pH fluctuates naturally accordingglinity, with sea water having a pH
of 7-8.5 and freshwater from 6.5-8 (ANZECC 2000pn€entrations of nutriersand
chlorophyll-a highlights possible eutrophicatiosuss, whilst biological measurement of
faecal contamination assesses health risks.

Ongoing monitoring of water quality in the Harbasrconducted primarily in terms of
health risks. For Pauatahanui Inlet, other watgality parameters (such as salinity,
temperature, and nutrient concentrations) weresassdeas part of the PEP study in the
late 1970s. Since then, these parameters haveesot measured, and no such water
quality data has been collected for Onepoto Arm.

Water quality of Onepoto Arm is currently monitoréat enterococci weekly in the
swimming season and monthly in the off season deoto assess health risks associated
with water recreation (Sillars 1991; Berry 1998aPata on enterococcal shellfish
contamination is not systematically collected. Hegre the microbial counts from local
water quality sampling are used to assess healkls of shellfish consumption (Milne
2005). The primary purpose of this sampling isagsess water quality in respect to
public health for recreation and swimming.

Porirua Harbour typically has poor compliance witicrobial levels for recreational
contact. During the period 2001 to 2006, 12 ofXtdesampled sites exceeded guidelines
10% of the time. Some of those exceedance evesres ene or two orders of magnitude
above the guidelines (Milne 2005a). Breaches magst frequently occurred at the site
on Plimmerton beach near Taupo Stream mouth (BE3®6b, 1997a; Robertson 2000;
Stephenson 2001; Milne 2005a; Milne and Wyatt 2006)ater quality at a site near the
entrance of Porirua Stream and a sampling site Tiedfiko Street (Takapuwahia) has
also been poor or very poor (Berry 1997, 1999; Istapon 2001; (Milne and Wyatt

15 Chlorophyll-a concentration is an important bidtag indicator of the amount of photosynthesizing
algae present at a site.

® The nutrients of greatest interest are generaige forms of phosphorus and nitrogen referredito o
page [17] [freshwater quality]
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2006). The site at Paremata Bridge has generakiy Isatisfactory for swimming and
seafood collection. The source of high bacter@ints near Porirua Rowing Club is
currently being investigated (Warr 2009). The 2Q@086 monitoring period is the only
occasion where ANZECC guideline values for entecoc@oncentrations were not at
some time or location breached for contact reaeatiBerry 1997a, 1998a, 1999;
Robertson 2000; Stephenson 2001; Stephenson arnidk&denes 2002; Stephenson
2004; Milne 2005a, 2005b, 2006b, 2007; Milne andV2807; Ryan and Warr 2008).

Assessment of water quality compliance to healinddrds over the period 2001- 2006
indicates that of all breach events in the Poraiusa, 77% were associated with some
rainfall prior to sampling (Milne and Wyatt 2006l these cases the most likely source
of bacteria counts is stormwater delivering urbatclement run-off. Not all of the high
contamination events are associated with rain&al,the source of the contamination
remains uncertain (Stephenson and Sevicke-JoneZ Rlilhe 2005b, 2007). Rainfall
has less influence on breach events at sites sdnapl®limmerton Beach and Browns
Bay. For these locations it is thought that Taupweam and Browns Stream,
respectively, are responsible for breach eventkyrconditions (Milne and Wyatt 2006).
Taupo Stream has been identified as a significantce of faecal contamination, with
higher counts at Plimmerton Beach correlating witie proximity of Taupo Stream
(McBride et al. 1995), confirming that the waterafjity at this location is dominated by
local inflows.

It is likely that the high levels of faecal-derivedcteria in Porirua Harbour are sourced
from the catchment, as the Porirua, PauatahanuHandkiri Streams have consistently
high faecal coliform counts (see previous chaptéryeview of the stormwater quality in
the Wellington Region suggested that sewage conttion and diffuse sourced runoff
from rural land are probably major factors influgrgcmicrobial levels in coastal waters
(Williamson et al. 2001), although this suggestislas not conclusively tested.
Additional microbiological sampling in Porirua Har and stormwater drains in 2008
showed no obvious source of faecal contaminatioyaRand Warr 2008). What is
known is that rainfall has a significant influenoa breach events, but this varies
according to each site sampled (Milne and Wyatt6200 The only other possible
contamination source is from outside the catchmemntcarried by the sea from sources
outside the Harbour. It is known that traces da$cbarges from the Porirua City
wastewater treatment plant south of Titahi Bay @ceasionally detected close to the
Harbour entrance (K Calder, PCC, pers. comm., 2008), but these traces are too small
and irregular to be responsible for to be a sigaift source of contamination with the
tow main arms. As yet, a conclusive understanadihthe various possible sources of
microbial contamination in the catchment is notikade.

An eutrophic water body is characterised by hightrient inputs, dense algal
concentration¥, high chlorophyll-a concentrations, dissolved axygoncentrations in
the surface waters which fluctuate according tbtligxposure, low dissolved oxygen in
the lower water column, and anaerobic sediments. 2008 Porirua Harbour was

7 often called algal blooms
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described as moderately eutrophic as reasonablgngixe growth of macroalgae

including some nuisance algal growth (e.g. seaudeff) was present (Milne 2008;

Stevens and Robertson 2008). However as there mngoing monitoring of nutrient

inputs, dissolved oxygen fluctuations, concentratiof algae or chlorophyll-a, nor is

there information on the role of tides in flushitihg system, it can only be said that this
indicator is suggesting an eutrophic environme@ontinued monitoring of the above

parameters should indicate whether the nuisancal algver is simply a natural

occurrence, or evidence of increased nutrient inpausing human-induced

eutrophication with negative biological impacts.

Salinity, temperature and turbidity were measure®auatahanui Inlet over 1975-76 as
part of the PEP study (Forch 1983). Over sumniner,lhlet was cooler and less saline
than the adjacent coastal water. It was also ptoneapid changes in salinity and
occasional stratification in the entrance channdimnes when there was a substantial
amount of freshwater runoff into the Inlet. Thencentrations of suspended sediments
were high, whilst nutrient levels were comparabitwther estuaries (Forch 1983).

The other water quality parameters listed at thggrimeng of the section are not measured
on a regular basis within Porirua Harbour. Watealigy in estuarine systems is difficult
to assess due to the change caused by the tidalafhd the dilution of pollutants below
detection levels. It is for this reason that seshircontamination is more often assessed.
However, without further baseline information om tivater quality of the Harbour, it is
impossible to adequately monitor or assess change.

Little can be definitively said regarding spatiariations of water quality, due to the
small number of sites where water quality paransesee regularly measured. Visually,
Onepoto Arm appears more polluted as it also hasgaificant amount of rubbish
polluting the upper area of the Harbour closedpdoirua CBD (Stevens and Robertson
2008). Generally, it seems that Onepoto Arm bast water quality than Pauatahanui
Inlet, indicated by higher concentrations of matgabcover, and more frequent and
higher breaches of recreational guidelines forrextecci. This is likely a function of
storm water inputs to Onepoto Arm, as these podemmguality indicators generally
occur at the southern end of the inlet. The rb& tidal processes and hydrodynamics
have in flushing or pooling pollutants within themis unknown, although it has been
long known that flushing processes are pronouncethé Pauatahanui Inlet (Healy
1980), and likely to be more pronounced there thadnepoto Arm..

Sediment characteristics (quality and quantity)

Sediments of Pauatahanui Inlet have been desciibedrms of their characteristic

mineralogy and chemistry. Sediments in the catctina@e generally composed of
quartz, feldspar, mica and chlorite, with a quéetdspar ratio of 3.6 and abundant heavy
minerals (Stoffers et al. 1983). Chemically, sihlcoxides dominate at 60%, followed by

18 Sea lettucelflva species) is naturally occurring (many species difele) but under some conditions as
described above form extensive sheets in intet-icgas which can interfere with other uses.
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aluminium oxides (14%). Iron, sodium, potassiwralcium oxides and organic carbon
make up the remaining chemical contribution. Theremmical ratios are typical of North
Island harbours and estuaries (Stoffers et al. 1983here have been no mineralogical
analyses undertaken in Onepoto Arm; however, coitiposis unlikely to vary
significantly from Pauatahanui Inlet.

The grain size distribution of intertidal and sdhti surficial sediments in Pauatahanui
Inlet was mapped as part of the PEP. Surficialnsexts are very coarse gravel and shell
at the main channel outlet, progressing to sardhl banks and muddy intertidal areas at
the centre, whilst the basin margins and beaches@nposed of coarser pebbles and
shells (McDougall 1976; Healy 1980). This distribatis a function of the intensity of
wind, wave or tidal forces; higher energy sitegirebnly coarse grain sizes, while fine
material is concentrated at lower energy sites.nddethe sandy shore to the south of
Pauatahanui is a result of wind-wave exposure, whitnow out fines (Swales et al.
2005a). Cores from Pauatahanui Inlet indicateshdiments are characteristically sandy-
mud, with the percentage of mud decreasing withhdépwales et al. 2005a).

Subtidal sediments of Onepoto Arm have not beerridesl; however grain size of
surficial sediments of the intertidal zone has bewmpped across both Onepoto Arm and
Pauatahanui Inlet (Stevens and Robertson 2008)GT&enformation indicates that most
of the intertidal area is composed of poorly sorech muddy sands (Table 4). In
general sediments in Pauatahanui Inlet are codtser those from Onepoto Arm
(Stephenson and Mills 2006).

Table 4. Surficial intertidal sediment typesand areasfor Pauatahanui I nlet
and Onepoto Arm (Milne 2008; Stevens and Rober tson 2008)

Sediment type Areain Pauatahanui (ha) Areain Onepoto (ha)
Firm muddy sands 122.0 33.0

Firm sands 28.0 4.4

Soft muds 1.9 15

For Onepoto Arm, data on sediment size has bedactedl from a few sites as part of
pollution investigations (Stephenson and Mills 20@renson and Milne 2009), but
there has been no targeted study on the chardicténeshds of particle size or of sediment
mineral and chemical composition. Further inforigrabn the characteristics of subtidal
sediments throughout the Onepoto Arm would sheut kg the flows experienced there
compared with Pauatahanui Inlet, and would alse givindication of flushing capacity.

Recent work analysing the relative proportions t@bke carbon isotopes in Porirua
Harbour sediments and in estuarine biota may b&efulitool to identify the sources of

sediment (as well as pollutants). Recent workefample, concludes that farming areas
and recently urbanised areas are much more liketieliver sediment to the Pauatahanui
Inlet than the older urbanised areas (Kurata argeR02005; Rogers 2009).
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Sediment contamination and Harbour contaminants

Estuarine sediments often act as a ‘sink’ or s®ragea for pollutants that have been
sourced from the catchment. Although in many casa®val from the water column to

the sediment renders the pollutant harmless, @alligediment can negatively affect
bottom-dwelling fauna and possibly be released Iatckthe environment with changes
in physical or chemical parameters such as disdalxggen.

In Porirua Harbour, surficial sediments from botma have been analysed on several
occasions for a range of metal pollutants (Stoffersal. 1983; Milne et al. 2004;
Williamson et al. 2004; Swales et al. 2005a; Stapba and Mills 2006; Milne 2008;
Robertson and Stevens 2008; Sorenson and Milne)20D#%ect comparison of these
results is not possible due to the different methaded to chemically process and
analyse the samples. Results show a number aitaotl levels which are somewhat
elevated but generally below the ANZECC ‘low’ gdide pollution concentrations. The
exception is zinc which has occasionally breachesdANZECC ‘low’ guideline value
(Milne et al. 2004; Williamson et al. 2004; Soremsand Milne 2009), and in one core
sample zinc has exceeded the ‘high’ value (SoreasdrMilne 2009). In addition, some
studies have highlighted minor infringements ofkeic lead, copper and zinc above
Auckland Regional Council’s Environmental Respor@zgteria (ERC) (ARC 2004)
(Glasby et al. 1990; Milne et al. 2004; Williamset al. 2004; Stephenson and Mills
2006; Sorenson and Milne 2009).

The authors of these studies caution that theselsleare not necessarily causing an
adverse environmental impact. Firstly, the ERQ@Gmber and red guidelines are at a
lower concentration than the ANZECC guideline valaed are an alert or early warning
that pollution is occurring. Breaching of the ARERC (2004) indicates an opportunity
for management to respond and intervene (SorensdnMilne 2009) rather than an
adverse impact on the environment. Secondly, eoncentrations that have breached
ANZECC guidelines were analysed for ‘total’ metédhich analyses all metals and not
just the bioavailable metals). Bioavailable corictions (i.e. only those of loosely
bound metals) give a better indication of the philiigz of negative impacts to the
environment. Analysis of bioavailable metals irmdecthat most metal concentrations are
below ANZECC guideline levels (Mine et al. 2004;eftenson and Mills 2006);
however zinc and lead concentrations have beenrdedoabove guideline ‘low’
concentrations (Williamson et al. 2004).

Finally, there has been no analysis and corredtothe natural mineral contribution of
the sediment by comparison with a background. Samf@rmation on background
concentrations of metals and PAHSs is available fiéreater Wellington soil resource
investigations, and these are well below the comagans associated with particulates in
urban stormwater taken from pipes in the catchnfiéntStephenson, Coastal Marine
Ecology Consultants, pers. comm., January 2010)oweder, for corroboration, a
‘background’ sample, taken at depth, would be uskfu definitive comparisons of
natural and anthropogenic contributions of metahcemtrations, and give a better
indication of the extent of pollution. Althoughettconcentrations of metals found in
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Harbour sediments are not at toxic concentratiensience suggest that copper, lead and
especially zinc are present at or near threshaleldewhere impacts on benthic aquatic
life may begin to occur (Williamson et al. 2004).

The concentration of contaminants is generally ndgh as higher in the Onepoto Arm
than in Pauatahanui Inlet (Milne et al. 2004; MiR@08). However, information on the
grain size of sediments is rarely presented toecbmmetals concentrations, and hence
comparisons between samples are difficult. Medalsumulate in muds and clays, and
therefore sandy sediments will yield significantbyver results. Analysing metals is the
mud fraction is the most precise method for detgctspatial trends. There is a
possibility that high or low concentrations are giyna function of grain size, as
sediments are generally coarser in Pauatahanuithde the Onepoto Arm (Stephenson
and Mills 2006). In the three studies that haveemted for grain size, concentrations of
zinc, lead and copper were higher in Onepoto Aramtim Pauatahanui Inlet (Glasby et
al. 1990; Williamson et al. 2004; Stephenson anllsN006). This is especially so in the
vicinity of Porirua City, pointing to both the Panra Stream and the city stormwater as
major sources of these contaminants.

In 2004, four long-term baseline sediment monitpraites were established, two in the
Onepoto Arm and two in Pauatahanui Inlet (Williamset al. 2004; Stephenson and
Mills 2006). The results of these studies havenliscussed in these reports in terms of
pollution exceedence events; however, in the largtthey will also shed light on
temporal changes and be used to detect trendslimeset pollution.

Potentially toxic organic compounds, such as tgilot (a chemical formerly used as an
anti-fouling agent) and DDT, are found in the seshs of both Pauatahanui Inlet and
Onepoto Arm in concentrations above the ANZECC ‘lgwidelines, and may have an
affect on biota (Milne et al. 2004; Williamson dt 2004; Sorenson and Milne 2009).
Other toxic organic compounds such as PAHs have bemitored, with concentrations
in the sediment being well below ANZECC guidelirxdls (Williamson et al. 2004;
Stephenson and Mills 2006; Milne 2008), with theeption of sites located adjacent to
Porirua Stream and Onepoto Stream which exceedaié guideline value (Sorenson
and Milne 2009). There have been no local toxigiclal studies to ascertain if the
concentrations of pollutants found in the sedimaettoxic to local biota, or if the local
fauna is adversely impacted by these concentrations

Recent work analysing the relative proportionstabke carbon and nitrogen isotopes in
Porirua Harbour sediments and in estuarine biotargta and Rogers 2005; Rogers
2009), as mentioned above, may be a useful toaldntify the sources of pollutants.
This work concludes for example, that Onepoto Aredisients contain more
terrestrially-derived nitrogen than those of Pabataii Inlet. Sites with the most positive
stable nitrogen isotope valuesliliva samples are located around the industrial area and
stormwater drains servicing long established urhapitats. These values are consistent
with human or animal waste-derived nitrogen. Tihethod used samples from
macroalgae and cockles, so may be able to makdispmmclusions about the effects of
nutrients and contaminants on organisms.
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Harbour hydrodynamics

Flow constrictions, including bridges and reclamations.

Large areas of the Porirua Harbour have been file@dn several parts of the Harbour.
More extensive filling has occurred in the Onepdton, for example, north of the
Porirua CBD where 770,000°m0f soil was moved in reclamation works in the 1970
(Scrimgeour 1995).  Earlier, large reclamations uoed for road and railway
construction on both sides of the Onepoto Arm. dnd&ahanui Inlet, at least half of the
natural salt marsh area has been drained, primf@arilpastoral conversion, but also for
roading and a now-abandoned go-cart track andetrigkch. About 10ha of this drained
area has been returned to a more natural stateed®aatahanui Wildlife Management
Reserve (BML 2000). Behind the Mana Marina, 2hdaoid was filled in for shore
facilities of the boating club (Stirling 1983).

There is little known about the impact on hydrologly these various reclamations,
although during planning for a Mana Bypass optioritee Western Corridor SH1 route, a
hydraulic model of Pauatahanui Inlet was constaidte assess the effects of various
motorway embankments across the Inlet. Extensastamation at the head of the
Onepoto Arm has been accompanied by restrictingcaadnelising the downstream end
of the Porirua Stream, which is likely to have hmdirological consequences there. In
Pauatahanui Wildlife Management Reserve, filling mfrsh land as well as the
construction of Grays Rd, which bisects the areaised localised drying out, and a
subsequent change in marsh species to a greatedaine of grasses and rushes, thereby
reducing wader feeding areas (Owen 1984). A lggeion of the salt marsh and
rushland in the Wildlife Management Reserve idiaidily watered using sluice gates to
capture tidal waters for the purposes of providirg feeding habitat (BML 2000).

Increased residential development and transpostigam, over time, have seen several
bridges built across the Pauatahanui Inlet entrédoeteeen Paremata and Mana. The
first railway bridge was built in 1885, a road ly&din 1936 and 1938 (PCC 2005), and a
new railway bridge followed in the 1950’s (HeatlddBalham 1994). The 1950s railway

bridge, with flanking causeways, increased constisadn tidal flow. The bridge reduced

the likelihood of ebb flow varying in direction atehded to confine the current to a well

defined channel (Stirling 1983). It has been higpsised that the narrower channel may
have also caused changes to the flushing of that&®aanui Inlet and possibly increased
its rate of infill (Beca 1997).

A second road bridge was added in 2005, which wagaired to be constructed without
permanently changing water flows or volumes (WR®@2). Possible impacts of the
second Paremata SH1 bridge were outlined in theegsssent of Effects on the
Environment (Beca 1997). The small decrease lamre across the inlet caused by the
pylons was estimated to have a minimal effect. Maximum spring tidal velocity was
predicted to increase from 0.5 to 0.55 m/s. Hetloe,former sand circulation pattern
should change. However, the increased tidal viglogiay have slowed the rate of
accretion at the inlet, and cause localised scguainthe base of the pylons. Scouring
was estimated reach to not more than 2 m, duedadnttuence of the reversing flow
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direction of the tides and the resistant clay bdnd# sand. It was expected that there
would be no permanent impact on plankton or fisacgs (Beca 1997; WRC 1989a).
There has not been an assessment of the accur#ioysef predictions and no assessment
of the state of the Harbour after the bridge wasstrocted.

Development of the Mana Marina (see below) effetyivemoved 6 ha of tidal flats and
dunes from the hydrologic system by enclosing theimnd a seawall of rock and fill for
safe anchorage. The curve of the sea wall was reantstl to parallel the existing channel
edge to minimize impact of flow hydrodynamics (Bty 1983). There is little
information on the post-construction marina effenidlow or hydrology.

Harbour flushing

The extent to which waters in an estuarine harlaoerflushed’, either with freshwater

from the catchment, or tidal exchange with the ocdes an important bearing on the
impact of many pollutants (including sediment) de environment. A long residence
time for nutrients in an estuary can trigger amablgoom, whilst strong flushing can

significantly dilute nutrients, thus removing theoncentrated effect. Similar effects can
occur with other pollutants.

The exact role of tides in flushing high concentrag of nutrients is unclear. However,

the densest covering of algal blooms in 2007/8&ts and Robertson 2008) occurred at
the upper end of Onepoto Arm, where tidal influeiscless, suggesting that tidal dilution

may be a significant control over potential alglldmns, as was previously suggested for
the Pauatahanui Inlet (Healy 1980; BML 2000). ‘Eher evidence that sites around

Paremata bridge receive significant flushing, @srothis site has the lowest counts of
enterococci bacteria (Berry 1996b, 1997a; Rober2@®0; Stephenson 2001). Water
and sediment quality improves in the lowest readifd3orirua Stream (when compared

to upstream sites) and is probably due to the effeftushing (Cameron 2001).

In terms of fresh water delivery to the Harboue tolume of water from each tributary
is reasonably well known, but there is little urelending of how much, and for how
long, fluvial discharges (and any associated pafits) are retained in the Harbour. A
heat budget has also been estimated for Pauatalméetui The tidal flow velocities in the

Harbour throat are easily capable of transportigjreent into and out of the Harbour
(Wynne 1981; in Gibb and Cox 2009). Temperaturthatentrance exhibits strong tidal
fluctuations resulting from exchange with coolerteva (Heath 1977). The factors that
influence such flushing (such as storm intensiigaltlevel) are not known, nor the
ultimate destination of any sediments that remdihere is no information on how much
of the sediment delivered to Onepoto Arm fromiiitsutaries is lost to the open coast.

Unlike most New Zealand estuaries, which tend tptgralmost completely at low tide,
Porirua Harbour is mainly subtidal (65% remainsemater at low tide), especially the
Onepoto Arm (Stevens and Robertson 2008), wherarge Ifraction of the original
intertidal zone has been reclaimed. Residence tamaeasure of the rate of exchange
between an estuary and the adjacent coast) is ttage for Pauatahanui Inlet. The
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exchange is mainly caused by tides although enldamgevind waves and to some extent
seiches (oscillation). Three days is a relativéigrs time, indicating a strong flushing
action (Healy 1980). Whether that same flushingpacoccurs in the Onepoto Arm is
unclear. This area may experience less flushing, g®ater volume of water is retained
at low tide. An understanding of the flushing capjaof the Onepoto Arm would be
useful in determining the effects of pollutant Ieat the entrance of Porirua Stream. It is
possible that limited flushing occurs as algal bhgooccurred in 2008 at this location
although continued monitoring is needed to confiwhether this is an ongoing
phenomenon (Stevens and Robertson 2008).

Dredging and impacts

Prior to the construction of Mana Marina, the tiflats in front of the Mana Cruising
Club were regularly dredged for boat access. Aimesed 170,000 fhof sand was
removed from this area (Stirling 1983). In 195 threa was 60% tidal flats, but by
1983 the proportion of tidal flats had decrease@5%. The bed level of the area had
dropped by 2 or 3 m, equating to a net removal G,a00 -150,000 tn Therefore,
during the period of dredging 20-70,000 o sediment accumulated in the mudflat area,
most likely sourced from the sand dunes of Ngatidoanain, which lost approximately
that amount of sediment.

Dredging in front of the marina (prior to its consttion) has also had an adverse impact
on fauna. Species present elsewhere in the Hanweve often either absent or in
reduced numbers at the Mana sites. This was nkady due to past dredging activities
(Stirling 1983).

Mana Marina has kept records of the amount of dnedip recent years, but there is no
further information regarding the impacts of dredpi

Biota

A large amount of information has been collecteditos marine and intertidal biota in
both Arms of the Harbour. Benthic fauna includéankton, free swimming fauna
(copepods), many worms (such as polychaetes, ndegtshellfish (snails and cockles)
and crustaceans (crabs), and many fish specieshidnsection we also summarise
information on macroalgae, attached plants andrieleates of subtidal and intertidal
habitats and the associated seagrass, salt madstvettands. Birds inhabiting the salt
marshes and coastal fringes were summarised ilosexnt terrestrial biodiversity.

The Pauatahanui Inlet is recognised as an impoc@mervation area in the Wellington
region in both the Wellington Regional Policy Stagmt (WRC 1995) and the
Wellington Conservation Management Strategy (DO@G5)9 The former lists the Inlet
as a Site of National or Regional Significance fadigenous Vegetation and a
Significant Habitat for Indigenous Fauna.
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Habitats and vegetation

Stevens and Robertson (2008) have mapped intettadatats throughout the Harbour.
The GIS maps produced from their work show intaitidediment types, macroalgal
beds, seagrass beds, saltmarsh vegetation andna B&0d of the terrestrial margin.
Stevens and Robertson’s methodology can be usedetdify areas important for
protection and, when repeated, also to monitortaabihange. This methodology has also
been combined with the authors’ fine-scale habitanitoring (Robertson and Stevens
2008) to apply a 'rating' to estuary health. Thiease been no studies of sub-tidal
habitats in the Harbour since the broad surveyutitidal species groups reported in
Healy 1980 (Fig, 59).

Saltmarsh is absent from the Onepoto Arm excepa fiomy amount at Te Onepoto Bay),
but occupies extensive areas at the head of Paumtalmlet. Here, wide beds of rushland
are dominated by sea rush and jointed wire rpsbgressing landward to salt marsh
ribbon wood and onto highly modified introduced sgland (Stevens and Robertson
2008). In 1969 the Pauatahanui Inlet margin wasrdesd as being composed of sea
primrose in seepage areas, glasswort in delta #atk valley mouths and above this
Juncusspp. At the eastern end of the Inlet, marginacsseare browntoand jointed
wire rush (Bell et al. 1969).

Stevens and Robertson (2008) also mapped thebdistm of eelgrass and the terrestrial
margin into a GIS database. 41.2ha of eelgrasp@sent in Pauatahanui Inlet and
17.3ha in Onepoto Arm. The eelgrddseds are extensive, healthy, stable and free from
fine sediment. The apparent decline in eelgrassdban discussed by several authors in
varying studies (Bell et al. 1969,. 1988; Bell dtidks 1991; Milne 2008; Blaschke and
Anstey 2002). In terms of the terrestrial margimpsmof the Harbour is bounded by
artificial structures, hence the terrestrial bufferoften separated physically from the
Harbour (by roads, railways etc). The terrestaatl cover around the Harbour margin is
dominated by residential and commercial/industlevelopments or artificial structures
(Table 5). Grassland is a significant part of teestrial margin, while native forest or
scrub is minor apart from on the Whitireia Peniag(8tevens and Robertson 2008).

Mana Bank was identified as a key aquatic habitdtigh ecological value during the
environmental impact assessment of Porirua roadipgons (WRC 1989a). The
sediment type and form, well sorted, open rippladampacted sand, is not found on a
similar scale elsewhere in the harbour. The arm@atamed a variety of unusual
crustacean species, some of which were extremelgdamt. The abundant numbers of
copepods and others lower on the food chain weseisiio support a high number of
other species including flounder, kahawai, spotled fish and sole. Young flatfish
preferentially feed at Mana Bank as they preferdgasubstrates; they do not feed
elsewhere in the harbour even though the samedoorte is readily available. The area
was identified as an important habitat for the paddab, as the soft sands provide
shelter during the moulting season (WRC 1989b).

19 Sometimes known by the common name of sea grésee{® and Robertson 2008) but this name is
often confused with sea rush Juncus kraussii
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Table5: Composition of theterrestrial margin land cover (from Stevens and
Robertson 2008)

Terrestrial margin type Areas in Onepoto Arm Areas in Pauatahanui

(ha) (%) Inlet (ha) (%)
Residential 41 19 118 39
Grassland 56 26 108 36
Artificial structures 50 23 43 14
Scrub and forest 71 33 33 11

Plankton species

Microscopic plants (phytoplankton) and animals (daokton) were described as part of
the PEP. Phytoplankton is dominated by diatom<kviare most abundant in autumn.
There is a relationship between diatom morphologgd avater temperature. The
dominance of discoid species may be due to the suglace/volume ratio and efficiency
of nutrient absorption. Zooplankton is dominatgdcbpepod species and the larvae of
cockles, worms, crabs and barnacles. They are almstdant in summer when higher
temperatures allow them to reproduce frequentlgastal species are also more abundant
in summer, probably because Pauatahanui Inlet vigterore saline then. The eastern
end of the Inlet is generally more productive fooglankton (Healy 1980).

More detail on ecology of copepods in the Inlagiieen by Forch (1983). There has been
no survey of plankton species in Pauatahanui Isiete, and such a survey of the
Onepoto Arm has never been undertaken.

Benthic fauna

There have been numerous studies on the sub-teahio fauna of Pauatahanui Inlet.
Porirua Harbour is the most southerly habitat fane benthic species (Bell et al. 1969).
Copepods have been studied several times for speorersity, habitats, distribution,
methods of movement, response to changes in sedgudace, daylight, tidal fluxes and
impact of predation (Hicks 1985, 1986, 1988, 19802; Bell and Hicks 1991), giving a
comprehensive although somewhat fragmented acaduhe types of species present in
the Harbour. Population dynamics and species ddages of polychaetes in
relationship to environmental conditions have digen studied in Pauatahanui Inlet
(Read 1984a, 1984b). Some species (a polychaetagib and six copepod species,
including the super-abundamarastenhelia megarostrymwere first described and
identified in Porirua Harbour (Ponder 1972; Kudelamd Read 1977; Wells et al. 1982).
The diet of the cral®valipes catharushas been studied at Paremata and Plimmerton
(Haddon and Wear 1987; Wear and Haddon 1987).
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Pauatahanui Inlet has been described as a healttgng in terms of density and
diversity of meiobenthé8 and comparable to muddy estuarine sediments frtvaro
parts of the world (Coull and Wells 1981).

Hicks’ studies of the copepddarastenheli megarostrufocussed on one of the most
common and important species in the Pauatahareti lnith a density of around 263,000
individuals per square meter (PICT 2001). Therithgtion of meiobenthic copepods in
Pauatahanui Inlet varies according to the enviroimeith higher densities of copepods
occurring in subtidal than intertidal sedimentseTgreatest density occurs at the mouth
of Ration Creek. Mana Bank supports a varietypecges assemblages, reflecting the
environmental variations in vegetation and tidgi@sure. Eleven species occur at Mana
Bank, whilst only two occur at Ration Point, andethat Ration Creek (lwasaki 1993).

Systematic surveys of the benthic fauna in bothsalave only more recently been
completed, in 2004, 2005 and 2007-8 (Stephensorvaltgl 2006; Milne 2008). Of all
individuals counted, polychaetes were most abunétdltwed by bivalves. The most
abundant bivalve waArthritica sp. thenNucula hartvigiana By biomass, the bivalve
Cyclomactra ovatavas the most abundant (Stephenson and Mills 2000&g. 2007-8
survey showed a similar benthic community structuvite polychaete worms dominating
(>50%), then bivalve molluscs, crustaceans, ant@asd molluscs (Milne 2008).

Data from 2004, 2005 and 2008 indicates that tleeeedifference in the benthic species
composition between Pauatahanui Inlet and Onepoto. AHowever, Stephenson and
Mills (2006) suggested that this difference wasaaefact of different sampling effort
and the location of sites, as Porirua sites wedegper water. The later survey (Milne et
al. 2009) also found a much higher diversity in &abanui Inlet, but sampled only two
sites in Onepoto Arm. In examining the combine@®42@nd 2005 surveys, Stephenson
and Mills (2006) concluded that that there was mgttabout the nature of the variation
observed between the surveys to suggest the pamdawere unstable. Differences in
communities between the two arms were probably wuéextural difference in the
sediments. Comparison of the 2004 and 2005 datwsshthat all sites experienced
‘gains’ and ‘losses’ in species. The species resipten for the changes in faunal
composition were spread across all the major taxengroups encountered and no one
species was involved at all sites. So, the gaidd@sses were not the result of the loss of
a single species across the whole Harbour (Stephearsd Mills 2006).

The fine sediment community is stable because tisesediverse fauna with numerical

dominance shared by a number of species. Obsehatyes between 2004 and 2005
were restricted to species that are uncommon et fidre structure of the community is
determined by wave disturbance and sediment texdncethe population structure is
consistent with the nature of sediments at eaeh(Siephenson and Mills 2006). The two
Onepoto Arm sites sampled in 2008 showed highealnwntaminant levels in their

sediments than in Pauatahanui Inlet but the mudoagdnic carbon contents were also
higher in the Onepoto Arm sites.

20 small (0.5-0.044mm) bottom dwelling fauna
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Cockle surveys

In Pauatahanui Inlet in 1976, the common cockle prisad around 80% by number of
the living material in the Harbour, excluding fighd birds (Healy 1980; PICT 2001).
Cockle populations were surveyed in 1976 (Richardstaal. 1979), 1992 (Grange 1993),
1995 (Grange et al. 1996), 1998 (Grange and Crot8898), 2001 (Grange and Tovey
2002), 2004 (Horn et al. 2005) and 2007 (Michad&0In 1976 the number of cockles
was estimated at 400—600 million, which equates,®00 tonnes on each krof inter-
tidal area. The 1995 survey revealed that cocklabmss had fallen by two-thirds from
1976. Since then densities of cockle in Pauatahbnei have roughly stabilised at a
lower level of about 220 million (Figure 3). Theasons for the 1970s to early 1990s
reduction have never been proven, although suspeéctbe linked to a reduction in the
extent of eel grass beds in the Inlet, in turndishlboth to higher sedimentation rates and
to natural fluctuations (GOPI, nd).

The largest decreases in number between 1976 a®# d8curred at Duck Creek,
Kakaho and Motukaraka Point. The least successfiriitment site is at the Kakaho
Estuary. Juveniles more frequently occur at low,tidhere there is a greater food supply
and longer feed times (Grange 1993). The propomiojuveniles in the population has
differed widely between surveys (Michael 2008; GQ#).

Figure3 Trend in total cockle population within Pauatahanui Inlet,
1976-2007 (Michael 2008)
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Throughout the sampling period the highest derssdgfecockles were found at the eastern
end of the Inlet, from east of Motukaraka Pointite mouth of the Pauatahanui Stream.
Lowest densities were consistently found at siteagside Grays Road from Camborne
to Kakaho, at Motukaraka Point and at the mouttDotk Creek. Recruitment was

variable in intensity, with 1976 and 1992 beingypoor years. In all years recruitment
was highest at the eastern end of the Inlet, mat al Browns Bay in 1998 and 2007 and
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on Mana beach in 2007. Lowest recruitment occurcedsistently at Camborne,
Motukaraka Point and (except in 2007) at Mana beatle very large decrease in the
total population after 1976 was reflected at atlaliions but possibly was greatest at the
eastern end of the Inlet between the Horokiri Stread Duck Creek. These data were
summarised by Michael (2008, Figs. 15 and 18).

Fish

The Harbour is widely recognised as an importaatlifeg ground and nursery area for
many species of fish, especially coastal flatfislealy (1980) recorded 30 species in
Pauatahanui Inlet, to which Jones and Hadfield §19®8ided three more. Jones and
Hadfield list a total of 43 species of fish thatvbaeen identified in Porirua Harbour,

considered to be a relatively high diversity. Thss$ includes three species of whitebait
that undoubtedly occur in Pauatahanui Inlet but rmoe listed by Healy. Jones and

Hadfield recorded 20 species in Onepoto Arm, bistithlikely to be an underestimate as
they only used gill nets. Only 14 species wereomgded in both arms. The relative

abundance of species has not been assessed. Adtitiothe lower stream reaches
provide spawning and rearing grounds for whitebaihere are also sea-run brown trout
in both main arms. However, there is an acknowdddgck of local data on abundance,
trophic interactions and estimations of biomass sewbndary production (Hicks 1985).

To our knowledge, the effects of fishing and sieHifgathering in the Harbour have not
been assessed.

The very abundant copep®&arastenhelia megarostrum the dominant food source for
young flatfish (Hicks 1984). Study of flat fishgatation on copepods at Mana Bank
indicated that although predation was high, theas little impact on overall abundance
of the copepod (Hicks 1985). Yellow-eyed mullet édeen sampled in Porirua Harbour
as part of a study of the species across New Zedl@artis and Shima 2005). Growth
and population studies for New Zealand rig havenb@sdertaken in Onepoto Arm and
Pauatahanui Inlet (Francis and Francis 1992; Hepddy), based partly on re-analysis of
Jones and Hadfield's 1985 survey data.

The degree of contamination of biota by toxic contaminants

As concentrations of heavy metals have been rap@seelevated in the sediments of
Onepoto Arm (even though they are below guidelewvels), there has been concern that
these toxicants are affecting the benthic biotaer@his also a likelihood of faecal
contamination of edible shellfish species, due he thigh faecal coliform counts
frequently encountered in water quality tests. eBalv studies have looked at the
contamination effects of the biota (Stephenson 2003

The flesh of the common cockle was analysed foictogntaminants in regards to human
consumption from five sites in both arms of Poritdarbour (Berry et al. 1997). The
only four samples from the Wellington region tottpssitive for faecal coliforms came
from Porirua Harbour, but were still below the gelides for edible tissue. Cadmium,
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chromium, copper, nickel, lead, mercury, and zirerevall present in the shellfish, but
not above guideline concentrations for consumpti@ockles sampled from different
localities in the Wellington region had similar centrations of these heavy metals.
Cockles were tested for organochlorides and PAHtb, megative results (Milne 2006a).
This result is an improvement as an earlier refoamd faecal coliforms in cockles up to
2.4 times higher than the food guideline valued, @eommended against consumption.

Concentrations of zinc, lead and manganese have bemsured in the mud snail
Amphibola crenatdrom Onepoto Arm and Pauatahanui Inlet (Kenned6)9 Although
the analysis undertaken would yield higher conediatins than usual toxicity analysis (as
sample was analysed for species of metals thatnhatrebioavailable), the high lead
concentration was recommended to warrant furthezstigation (Kennedy 1986).

Benthic ecology data from 2004 and 2005 show thlihbagh the total concentration of
several contaminants (notably DDT, zinc, and tessér extent copper and lead) are
above sediment quality guidelines there is no aeatence any of the contaminants have
resulted in significant adverse effects on the lhenéecology. There were no benthic
community groups that changed with increased cdraton of contaminants. The
toxicant thresholds for effects are not known (8&son and Mills 2006).

The above study highlights the difference betwesstirig ‘total’ metals (which includes

those locked away in minerals) and the ‘bioavadalphetals (which are those metals
loosely bound to sediment). As noted above, novait@ble concentrations for metals
have been above the recommended guidelines, whgpessmetals (which can include

chunks of pure metal) sometimes breach the guielelin

A earlier study of parasites, diseases and lesaffiesting the common cockle and the
common estuarine bivalvielacomona lilianawithin Porirua Harbour revealed that the
picture of how pollution is affecting estuarine fiauis quite complex. The most severe
pathology found, a massive systemic congestiorhefrhantle, gills and gut, affected
20% of cockles in Pauatahanui Inlet, but none ftbe Onepoto Arm (Hine, no date).
The surfaces where the inflammation occurs wereeaflosed to the environment,
suggesting an environmental cause, the nature afhwluas unknown. This result is
inconsistent with pollution studies which suggdsattOnepoto is more polluted with
higher concentrations of metals, DDT and PAHSs, stHflauatahanui Inlet is believed to
be relatively uncontaminated. The pathology dat@lenges this assumption, and hints
at the possibility of road-sourced PAHs causingkdnflammation. Hine’'s study
provided no conclusive evidence of this, but otleeent work (Rogers, 2009) has shown
high levels of PAHS at some sites influenced fromrwash.

Interestingly, an earlier study of the meiobentbéfsRation Point revealed a very high
density and diversity of fauna collected, indicgtanhealthy environment, compared with
the Hutt River (where sediments contain raised eptrations of zinc and lead) which
had a very low faunal density and diversity (Cauitl Wells 1981).
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Alien biota

In a catalogue of newly introduced marine algalcg®to New Zealand, one new algal
species was described inhabiting Porirua harb@bgndria harveyanawhich is a red
alga originating from Australia (Nelson 1999). Tlsigecies is not considered invasive
(WWF no date).

A few individuals of the invasive kelp specigsdaria pinnatifidawere observed in the
harbour in 2008 (Stevens and Robertson 2008). alt first noted in Porirua in 1992
(MoF 2001) and by 2000 it had colonised Pauatahhmet up to end of Seaview Rd,
along Camborne shore and across to Motukaraka .Plbimtas also present on some
vessels moored in the Inlet's main channel andoat$moored in Mana Marina (BML
2000). Originally from Japan, this species is @iy classed as an ‘unwanted organism’,
as it is an invasive, opportunistic seaweed thatfoem dense stands in the subtidal and
intertidal zones preferring stable substrates saaghmocky shores, boats or even shelly
habitats. Potentially it can displace native pkamd animal species due to competition for
light and space. It spreads mainly by fouling oatthulls (MAF 2008).

Stevens and Robertson (2008) note a few indiviguahts observed in both arms.
However, there have been no systematic surveydnofaria, and information on the
extent of its current habitat, any newly invadedaarand any declines is lacking. The
long term impact obndaria on the Harbour’'s marine ecosystem is also unknown.

Patterns and quantity of human use

Maori use

There are many sites of historical significanceMaori in the Harbour catchmeént
Appendix 1 in BML (2005) identifies many importasites in the region, including early
settlement sites.

Sites near Paremata Point, close to the currentithgaDomain, are among the most
significant and best known early Maori sites in \ivigiton (Brodie, in Healy 1980). They
are believed to trace back to at least 600 yeawsaag have been permanently settled
since then (BML 2005; PCC no date a). The storeh@ Maungaroa was left by Kupe
(the first of the Polynesian ancestors) as proothef discovery of the new land. The
anchor stone lay near Paremata for many centuniglstuvas removed and placed in the
Dominion Museum (BML 2005). Other Maori archaedatad sites are recorded at
Whitireia Park (Walton 2002).

% Te Runanga o Toa Rangatira on behalf of Ngatitddave conducted extensive research in relation to
Treaty of Waitangi claims, but this research isawtently publicly available and has not been draw in
the preparation of this review.
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Before the 1820s Ngati Ira were in possession efdistrict and had a substantial Pa at
Motu-Karaka and another east of the mouth of theokia Stream. The main areas of
occupation for Ngati Toa Rangatira have been: RukefWairaka, Waimapihi);
Plimmerton (Taupo, Turi Kawera, Motuhara, Hongoekdaremata; Papakowhai and
Aotea; Te Ura Kahika and Takapuwahia; Kaitawa antiitvéia area; Komanga
Rautawhiri and Mana Island. The use of resourgdsitgata whenua in the study area is
focused within the coastal waters and foreshorasareffshore islands, harbour edges,
inland rivers and forest edges, with both main aohshe Harbour considered to be
inextricably linked (BML 2005).

The coastal zone is an area of traditional andimoed use for the local iwi. The
Harbour is important for gathering of food. Speciesm the harbour that have been
identified as important are: flounder, herringsnger eel, shark, dogfish, snapper, paua,
mussel, pipi, tuangi, oysters, and pupu. Ngati Doanain is considered to be a specific
area of significant importance. A plaque in Onepbbmain recognises Ngati Toa’s use
of the harbour resources during the 1930s depre¢BidL 2005).

Harvesting

The northeastern coast of Pauatahanui Inlet wasriually known to Maori as a food
gathering area (Owen 1984). The southern end @pGw Arm was also an important
source of seafood, but one which has declined tioimp over the course of the twentieth
century (T. Parai, Ngati Toa iwi, address to Wejlon Restoration Workshop, May
2009). Whitebaiting occurs at stream mouths, wititdlection of sea lettucdJ{va spp)
and eel grass occurs in Pauatahanui Inlet (Owed)198ere have been no quantitative
surveys of fisheries in the Porirua Harbour butehs thought to be increased shellfish
harvesting pressure on the Pauatahanui Inlet (Greeaf Pauatahanui Inlet, in: Grange
and Crocker 1999; Maysmor 2000).

Access

Artificial structures such as roads, culverts oatoramps border most of Pauatahanui
Inlet and the Onepoto Arm, and the terrestrial faader border (defined as 200 m from
the water line) is dominated by residential, anchewrcial/industrial developments and
grassland (Stevens and Robertson 2008). The giopof the terrestrial border which
is unmodified remains low. All these modificatiodgectly impact on the marginal
native vegetation and potential native wildlife hat) and have the potential to
contaminate Harbour waters. Many of these issues aethods for remediation for
Pauatahanui Inlet are highlighted in the Pauatahalet Restoration Plan (Stages | and
II) (Blaschke and Anstey 2002, 2004).

Water sports

Water sports are popular within Porirua Harbouirligy 1983; Berry 1998a). The
Harbour is home to several yachting, rowing or ingatlubs, with the Mana Cruising
Club alone registering 800 members and 400 boat9&3 Water skiing takes place on
two designated ski lanes in Pauatahanui Inlet,swvlgdcht races take place on courses on
both arms. Several commercial fishing boats alseraipd out of Porirua Harbour
(Stirling 1983). Bathing is common in summer, espéy at Plimmerton beach, whilst
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windsurfing is popular both at Plimmerton Beach &aliatahanui Inlet (Berry 1998a).
Various parts of the Harbour (Outer Harbour as wslboth arms) are also popular for
recreational fishing, kayaking, boating, and jetrsk

For several of these activities, Pauatahanui lisled significant site within the lower
North Island (Blaschke and Anstey 2002). Ther@agential conflict between water-
based activities and the Pauatahanui Wildlife Ref(lmpth windsurfing and one ski lane
occur within its boundaries). There has been soesent erosion of sea rush habitat
between Ration Point and Pauatahanui (EMS and las2008) but whether boating
activity is exacerbating this is uncertain. No wfitative assessment of the amount and
effects of water sports has been undertaken fariRoldarbour.

Other activities

Other recreational activities undertaken on or het edges of the Harbour include
picnicking, bird-watching, dog-walking, nature ses] horse-riding, cycling, recreational
driving, and running. The presence of humans {@anrticular dogs) can be detrimental
to the potential of wildlife habitat. The currddauatahanui Inlet pathway project could
lead to a greater disruption of wildlife though reased interaction. However, the
proposed pathway is relatively well screened irasu@ bird nesting and feeding, making
bird disturbance minor (EMS and Blaschke 2008).

There have been no specific studies regardingntipact on the Harbour ecology of any
of these existing activities. Recreational actestiespecially sailing and walking) have
been either encouraged or tolerated even in thegahreserves.

The effects of roading

In this section we comment on all aspects of ragadi it affects the catchment, including
contaminant inputs, effects on the hydrology of ¢thechment, public use of the Harbour
affected by roading and impacts on the naturaladiar of the coastal environment.

Porirua Harbour is probably the most completelydkestged estuary in New Zealand; i.e.
the most completely ringed by road, rail and waldegcleway embankments. There are
many actual and potential effects of roading onaste ecosystems, including pollution
from vehicle emissions, tyres, brake pads, and roaebff; wave refraction; estuarine
erosion and loss of absorptive capacity from stsurges along Harbour edges; direct
coastal habitat loss; and loss of potential halftatestuarine species retreating from
rising sea levels (Kennedy 2003). Other effectdunhe loss of visual and natural
character and reduced public access. Broad-sesligah maps (Robertson and Stevens
2008; Milne 2008) show clearly that in both armstloé Harbour there is little to no
terrestrial vegetation buffer.

As safe pedestrian access to the edge of bottsirddimited, a series of walkways are
proposed that will basically encircle the Harbo®€C no date b). The overall impact on
native fauna of increased human access to the Hadalge has not been assessed. It may
be wise to select key habitats (rocky intertidagreh and mud flat areas) which are
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screened from human use as many bird species sihg @iaturbed. For example, species
at Pauatahanui Wildlife Reserve which forage ieitndal areas, close to Grays Road, are
easily disturbed by human activity (EMS and Blas;#008).

A specific proposal for a pathway from Ration PdimtPauatahanui was assessed for
environmental impacts. In this area, potentialuisince to birds is assessed as minor,
and the main impact is vegetation removal duringstmiction. The proposal is likely to
enhance the area as native plantings will help iana¢¢ coastal erosion (EMS and
Blaschke 2008). Away from the Harbour, a recenppsal for a walkway and cycleway
along the lower Porirua Stream has progressed dopthnt of initial environmental
effects assessment, principally in terms of effectdlood control considerations (Opus
2008).

Under the Western Corridor Transportation Studypiiag balance sheet assessment, the
impacts on air quality, noise, landscape, ecolbgylf heritage, archaeology, severance,
community disruption and active travel under specibute options were assessed
(Maunsell 2005). These roading assessments hageljadrawn on the same
information base that has been drawn on for thieve

Stormwater draining SH1 has been sampled and itedidhat pollutants are not likely to
cause an adverse impact on the receiving ecosystemever, the close correlation of
PAHs and metals with suspended sediments indidghtegotential of road runoff to
provide polluted sediment that could accumulatdapositional environments within the
harbour, resulting in high pollutant concentratiomghe sediments (Sherriff 1998).

Localised impacts of potential bridge and road tmweent on Pauatahanui Inlet’s
physical and biotic processes have been investga#RC 1989a, b). Porirua Harbour
was used as a pilot for a GIS study of sensitieeixeng environments at risk from road
runoff (Gardiner and Armstrong 2007). The inned eh Onepoto Arm was identified as
a significant 'hot spot’, due to cumulative effettpollutants from five sub-catchments
with moderate to high traffic density. Severalamemendations in the Pauatahanui Inlet
Restoration Plan (Blaschke and Anstey 2002, 200dgiBcally address potential adverse
effects of roads on the Inlet, recognising that tpdions for this were very limited
because of the minimal width of the road-to-Harbedge.
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Summary of literature on Inlet exchange and outer
harbour dynamics

Tidal inflow and outflow dynamics

The tidal height above Mean Sea Level at Mana42 in on the spring tide and 0.34 m
on the neap tide. In Pauatahanui Inlet the tidgtenuated, with a spring of 1.4 m and a
neap of 0.3 m (Stirling 1983).

A description of flow characteristics for the asraund the Mana Marina was developed
for the Mana Marina environmental impact statem@tirling 1983). The entrance
(“throat”) to the two main arms is narrow, creatisigong currents. On the flood tide,
rapid flow occurs at the entrance and a strong egglops in midstream caused by the
rocky reef that extends out from the south shofeDefepwater Point on the Whitireia
Peninsula. A 20m trench has been scoured as ki reshis area (Stirling 1983). Prior
to the construction of the Mana Marina, on thedldide a reverse eddy would occur over
the tidal flats in front of the Mana Cruising Clun the ebb tide, similar high velocities
of flow are experienced through the entrance. rRadhe marina’s construction the site
experienced eddies in a reverse flow (Stirling 3988tirling’s description highlighted
flow around the Mana Marina site, but did not gifsrftow or describe flow further in
either arm.

Further basic hydrodynamic data has only beenateliefor Pauatahanui Inlet. The long
term mean discharge of freshwater to Pauatahatetiitn16litres/km, and the maximum
mean discharge is ~600 litres/krfCurry 1981, in: Swales et al. 2005a). The average
tidal current speed is ~1 m/s, and there is anceqpate 3-day residence time in
Pauatahanui Inlet. Spring tides move 3.9 milliabic metres in and out of the Inlet,
whilst neap tides move 1.2 million cubic metershoAt 2.6 million cubic meters of water
remains in the Inlet at low tide.

A mechanical hydraulic model of Pauatahanui Inletsweonstructed in 1975 to test
prediction about changes likely to be caused by@sed reclamation and dredging
(Berwick 1978, in: Healy 1980).

Gibbs & Cox (2009) have given an estimate of tdaltshare between the arms of the
harbour. In 2009 64% of the spring tidal flow wat Pauatahanui Inlet and 36% into
the Onepoto Arm. Beyond this, no information isikkde concerning the dynamics of

flow between the two arms, the tidal capacity shaetween the two arms, or flow

recapture between the two. No quantitative measeinés of tidal prism or residence

time in Onepoto Arm are available.
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Effects of Mana Marina on the inlet and both arms of the Harbour

Construction of the Mana Marina in the mid 1980waeed about 0.4% of the harbour
areas and a similar percentage of tidal flats. r@ie no literature concerning the actual
or potential impact of the Mana Marina on tidalwky sediment transport, or water
quality (BML 2000).

Impacts boats and moorings may have in either arm of the
Harbour

Undaria pinnatifidg an invasive Asian seaweed (see section on gtieties above), is
present on boats and moorings at the Mana Marimi,cauld act as a future source of
invasion (BML 2000). Other than this, no specifitormation is available.

Patterns and quantity of human use
No specific information is available.

Beach development and coastal erosion

Environmental features between Karehana Bay andhnérton Beach, including
substrate characteristics, flora, fauna (macrotebeate abundance and diversity) and
degree of modification, were mapped into a GIS HayEhe mapped area extends from
the far side of the marina, north to the end ofdkana Bay (Stevens and Robertson
2006).

Between Karehana Bay and Plimmerton Beach the sedins dominated by an
extensive boulder field (51% of the area mappedhjjstvsand beaches are 35% of the
area mapped. A band of cobbles is present atitevand at Karehana Beach a narrow
band of cobble is present at the south near thenslgStevens and Robertson 2006).
The sediment-dwelling fauna at both Karehana amdrérton was fairly sparse, with
only one individual sea louse present in the ufggach samples from Plimmerton, and
on the lower shore, a mix of scavenging amphipods iaopods. There was a similar
assemblage at Karehana, with the addition of onglesibivalve species. Residential
development was regarded as the most significaenpal impact on these coastal areas:
Plimmerton beach was rated as very highly modifigtilst Karehana was ranked as
highly modified (Stevens and Robertson 2006). figne most significant pressures were
erosion/flood protection, and loss of nearshoretaab

The beach at Ngatitoa Domain has been forming dineesea level rose ~6,000 years
ago. Analysis of aerial photos shows that the Danagivanced 18m at 0.3 m/yr between
1900 and 1960. However, from 1960 to 1979 theschie®n erosion along the Domain of
6-22 m, at a rate of -0.32 to -1.16 m/yr. The maxn erosion has occurred northwards
adjacent to the railway line where 22 m of shoeehias retreated (Gibb 1993; TT 2005).

Dominant west-northwest seas mean that there é southward longshore drift between
Plimmerton and Mana Marina (Lewis 1988 in: Gibb 3P9 Sand is moved during
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northwest winds along the Ngatitoa Domain shore the Harbour throat. The flood tide

moves sediment further inwards. On the ebb tidedsis carried in a well-defined

channel extending towards Goat Point and is degmbsit the bay. It is then moved

shorewards by long period wave action. Prior ®Nfana Marina construction, sand was
deposited where the marina is now located. Thi& seccumulation was removed by
dredging, and net loss occurred at Ngatitoa Dor(faiimling 1983). More recently, sand

accumulated along the northern break wall of theimaaand at its entrance, and the
marina entrance shallowed from 5-6m depth to 2-8ptid(Gibb 1993).

Erosion at Ngatitoa Domain was also associated thighreclamation of 1.71 ha of sea
bed at the north end of Ngatitoa Beach by New ZehRailways in the 1950s. The
reclamation is heavily armoured with a revetmentcoficrete and rock to protect the
railway. This reflects breaking waves and focusasevenergy onto the northern part of
the Domain. It is this area that is experiencihg greatest amount of coastal retreat
(22m) and also an accumulation of gravels. Thealsandicate how the reflected wave
energy is scouring out the sandy seabed and iseptieg sand from naturally
accumulating (Stirling 1983; Gibb 1993; Stevens Rathertson 2006).

There is no input of new sand from other areasnavia cut off from being replenished
by sand from the Kapiti Coast littoral drift fromet north. Pukerua Bay deflects the flow
of sediment offshore toward the north end of Matand. The sand on the sea bed in the
Mana Basin is finite and non renewable. Essegtth®k movement of sand into the Mana
area is a one way valve, with no sediment returmingeplenishing Ngatitoa Domain
(Gibb 1993; Gibb and Cox 2009).

Currently erosion of Ngatitoa Domain is at a rafte0o5 to -1.0 m/yr. This rate is likely
to accelerate in response to a dwindling supplgansfd, the focus of wave energy and
wave reflection off the New Zealand Railways redéion to the north and an
accelerated rate of sea level rise (Gibb 1993). o Twports have recommended
management of erosion at this location (Gibb 18ECA and CCNZ 2003).

Beaches within Pauatahanui Inlet and the Onepoto e protected from ocean swell,
and thus the only erosive forces at work are wirdes and tidal currents. Short-period
wind-waves, generated when wind blows across thtawai of the water, tend to be
erosive in nature, and are quite effective at umileng banks and roads. However,
these wave types do not have the power of oceall ame are easily dissipated by
features such as a long sloping nearshore envinginfae found in the head of inlets),
vegetation (e.g. rushes) or gravel/cobble beadbawé¢ 2007).

The Dolly Varden Beach shoreline is undergoing ierosaused by wave action, except
in locations where there is a strong root mat (8&e and Anstey 2004). Estimates of
rates of sand removal were not available. A mixtfrhard engineering and revegetation
was recommended in this area to prevent erosiotB&nd CCNZ 2003; Blaschke and
Anstey 2004).
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Sand bar dimensions and dynamics

In the PEP, the sand bars in Pauatahanui Inlet weneped using 31 years of aerial
photos. The bars and channels of Pauatahanuidinéeted little to no change over a 31
year period between 1942 and 1973. The most chacgered at stream outlets where
birdsfoot deltas developed (Irwin 1976). Monthlpmitoring during the study revealed
that the surface underwent both erosion and aoaetvith most changes at around 2
mm. The intertidal surfaces appeared to be stabiidst bayhead deltas and beaches at
high tide underwent a greater rate of change (Irt8@6). Most intertidal surfaces in
Pauatahanui Inlet were stable, with most crossaedtprofiles oscillating around zero
change. There was a mean rate of deposition ahgn8yr (Pickrill 1979).

These earlier studies indicated that storm evemdsnodt change Pauatahanui Inlet
bathymetry significantly, with no significant erosi or accretion occurring, with the
exception of bayhead deltas, which did experiercmisand deposition. The lack of
change indicated that sediment from storms wawveteld elsewhere, or was lost to the
system (Pickrill 1979). In contrast, the more récgedimentation studies (Swales et al
2005a; Gibb and Cox 2009) showed changes betweéf 489d 2009 and showed net
accumulation on most sand flat areas in that tiparticularly on the northern
Pauatahanui Inlet sandbars. Swales et al estintla@¢there was an increase of about 12
ha (15%) in the intertidal area during the last §8&8rs.

Sand bars have not been mapped in the Onepoto akrchhave not been monitored for
stability. For both arms, there is no study of firecesses which influence sand bar
dynamics, and how they are likely to respond.

Effluent dispersal characteristics and potential impacts on the
Harbour from the wastewater treatment pipeline discharges

There is no specific information on how effluergmirses in the Harbour. Information of
the impact of the quality of effluent is discus$edow.
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Stormwater management

The effects of catchment land use on sedimentation and water
qguality

Rural impacts

Rural land use impacts on stormwater in the Poritagbour are characterised by high
faecal coliforms in water bodies, a high delivefysediment from bare or disturbed
land??>, and contamination of soil by DDT. There is alsmme evidence of elevated
nutrients (see section on freshwater quality).

Agricultural clearing and grazing since 1850 isutjot to be responsible for an increase
in sediment accumulation rates (SAR) into Pauatah#&met, from ~0.7mm/yr (pre-
European) to ~2.0-2.4 mm/yr (see further discussielow). The sediment from the
Horokiri samples is dominated by sands, unlikedig@t other cores taken in Pauatahanui
Inlet which are generally composed of finer sedita¢Bwales et al. 2005a).

Total DDT* (i.e., DDT and its equally toxic breakdown produ&DE and DDD) has
been found in the sediment of Porirua Harbour atlibeeANZECC ‘low’ trigger value.
The major constituent of the Total DDT in the hambsediment was DDE, which is
produced when DDT degrades in aerobic conditiorss @xposed to the air). This
suggests that the major source of the contaminadi@agricultural soils. The beds of six
streams examined for Total DDT have yielded come¢ions in the sediment that are
greater than the ANZECC ‘low’ trigger value. Thesere Pauatahanui, Kenepuru,
Porirua, Browns and Mitchell Streams and Duck Cr@édikne and Croucher 2005). This
highlights that the streams are transporting tltesgaminants from soils to the Harbour.
The use of DDT in agriculture effectively ceasedha 1970s (previously it was used to
control the grass grub in pastures), but its usglan areas was not banned until the late
1980s. The research confirms that significant sesiremain in the environment and that
inputs to the Harbour are likely to be on-goingrf@aon 2001; Williamson et al 2004).
Continued surveys of streambeds would be usefdétermine trends.

Water draining rural land in the Porirua catchmisntharacterised by slightly elevated
nutrient levels and high levels of faecal colifor(see freshwater quality section). For
example, in Belmont Stream, water had fairly highrient concentrations, particularly
nitrogen. This reflects the rural nature of therBaht catchment upstream (BML 2004a).
Pauatahanui Stream has had consistently high lexfelaecal coliforms, with stock

22 Typical sources of disturbance include steep gtatmpes, farm or forestry roads, forestry harvesti
operations, quarrying.

% DDT is found in the environment as a parent compo®DT) and two derivatives of that parent (DDE
and DDD), and all of these can occur as two isomassa result ANZECC has separate guidelines for
“Total DDT”, DDD, and DDE. All the GW studies reggdTotal DDT” and compare it with the relevant
guideline, then give the percentages of the thoeepounds.
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crossings, piggeries and chicken farms the mosltylisources. Similar influences on
Takapu Stream have also led to high levels of famddorms (Berry 1996a).

The concentration of bacteria along Plimmerton Bedecreases with distance from
Taupo Stream, indicating that the stream is thetaroimation source (McBride et al

1995, in: Berry 1999). Taupo Stream is likely exegive faecal material from animals
grazing on surrounding pastures, which impacts len water quality of Plimmerton

Beach (Berry 1999). Rural runoff is suggesteddambe of the two main causes of high
microbial concentrations in coastal waters (Willgam et al. 2001).

Urban impacts

Stormwater inputs from urban areas are characteligepoor water quality, specifically
high concentrations of faecal coliforms, the heawstals zinc, copper and lead, PAHS
and nutrients. Sediments also contain elevatederdrations of metals. The initial
construction period of urban development in thebdar catchment delivered a large
amount of sediment (see below), but this decliresha residential area matures and
revegetates. Currently, the catchment with thenggest urban influence is Porirua
Stream, and, overall, the Onepoto Arm has a grealbamn influence than the Pauatahanui
Inlet (Fig 2).

Sewage contamination is suggested as the otherdegnader of the microbial quality of
coastal water (Williamson et al. 2001). The oamaal high counts of faecal coliforms in
Horokiri Stream are most likely from leaking septénks in the catchment, whilst in
Porirua Stream sewer/stormwater cross connect®mslikely source, although diffuse
urban runoff can also be a microbial source (Bd®96a). However, high microbial
levels are not a result of the outfalls of the sgevreatment plant (McBride et al. 1995);
if sewage is a source it is via uncontrolled leaks.

Onepoto Arm visually appears more polluted as $sbahas a significant amount of
rubbish polluting the upper area of the Harboursest to Porirua CBD (Stevens and
Robertson 2008). Concentrations of zinc, lead @per are higher in Onepoto Arm
(Glasby et al. 1990; Stephenson and Mills 2006)is Ts especially so in the vicinity of

Porirua CBD, pointing to both the Porirua Streard #re city stormwater as a source of
these contaminants.

Water quality at the head of the Onepoto Arm nkardischarge point of Porirua Stream
to the Onepoto Arm is generally poor, as it is fibeeiving environment for stormwater
from almost all the urban and industrial areas ofirBa City (Berry 1997a, 1999;
Stephenson 2001). Concentrations of nutrientaksieat levels likely to cause nuisance
algae (Cameron and Wall 1992; Cameron 1993; B&9p;1Stansfield 1999; Warr 2001;
Perrie 2007). The densest covering of macroalgathe Harbour was present near
Porirua Stream mouth (Stevens and Robertson 2808gesting a high nutrient input
from the stream. Porirua Stream occasionally ds@H in the ‘basic’ range, which is
thought to be a function of concrete surfaces ag ttook’, or of unauthorised industrial
discharges (K Calder, PCC, pers. comm., June 2009).
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There is evidence that the urban catchment deligemilse of polluted water to the
catchment in rain events, which is adversely aifigcthe benthic community. These
pollution pulses associated with rain events bhigh concentrations of zinc, lead and
copper (Cameron 2001). This is discussed furteévih Sediments of Porirua Stream
contain elevated concentrations of metals. Stomemwalischarges in the Greater
Wellington Region have been characterised by ebelatoncentrations of zinc and
copper. In 2005-6 stormwater pollutants from R@iStream showed high levels of total
zinc and lead (Milne and Watts 2008).

Organo-chlorine pesticides and polycyclic aromatydrocarbons (PAH) are present in
high concentrations in urban streams. All haveakd concentrations of DDT (which
may also be sourced from rural catchments), whéedfuru and Porirua Streams have
high concentrations of PAHs and lindane respecti{€roucher and Milne 2005; Milne
and Watts 2008). These man-made chemicals arBleati@n of the chemicals present
within the catchment. A common source of PAHsaisemissions (ANZECC 2000).

Urbanisation of the Browns Bay and Duck Creek satoctuments led to an increased
SAR since 1950, but during this period the SAR leager between 1985 and 2004 as the
urban area matured, and erosion stabilised (Svealals 2005a). The high sediment yield
(1200 t/kni/yr) of the water coming from Browns Bay catchmanthe 1970s showed
the impact of urbanisation on sedimentation redest yielded 10% of the sediment load
for Pauatahanui Inlet from 1% of the catchment g@arry 1981, in: Swales et al.
2005a).

Concentrations of zinc, lead and copper in Pauatahimlet sediments decrease with
depth. This is caused in part by historical changestchment land use (from pasture to
urban) and in part by a decrease in grain sizerasvhe surface (Swales et al. 2005a).

Industrial impacts

There are small industrial activities in the catelmiy and occasional industrial spills are
noted in the annual water quality monitoring repg@ameron and Sando 1990; Cameron
1991). However, there is no assessment of indlisnd use impacts on water quality.

Sewerage infrastructure overflows and stormwater outfalls
discharging into the Harbour

No published data has been found identifying sewafestructure overflows and
stormwater outfalls. Indeed on the Ministry oflféses Interactive web mapping of New
Zealand's marine environment and biodiversity, starater outfalls from Porirua have
not been included in the national data set. Thibdcause the sewer system data were
supplied but did not include outfalls, i.e. locatiof pipe junctions, overflow pipes etc. In
some cases this was because the council did netdawvastal sewer outfall or it was not
clear if an object was an outfall or not (NABIS date). Porirua and Wellington City
Councils have maps and GIS information on stormmeate sewerage infrastructure.
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No information has been found regarding the efiectess of steps taken to manage or
minimise stormwater and sediment movement and oun&mnts in the Harbour.

Current knowledge of impacts of stormwater on the Porirua
Harbour and catchment

The possible effects of stormwater discharge onetmaronment depend on both the
quality of the stormwater and on the charactessbicthe receiving environment. Urban
stormwater in the Greater Wellington area contansvide range of contaminants,
including heavy metals, PAHs and organochloridetipdes (OCPs) (Milne and

Croucher 2005; Milne and Watts 2008). Concentratiof pollutants found in

stormwater of the Wellington region are generallyilsr to stormwater in other New

Zealand studies (KM 2005). Recent analysis ofupahts from stormwater outfalls in

the Porirua Harbour catchment has given us sufficiaformation to indicate that

stormwater is adversely impacting on water andmsedi quality in the catchment.

The entrance to Porirua Stream and the southerofetie Onepoto Arm receives inputs
from drains at Semple Street and Te Hiko Stredt.commonly has high counts of
enterococci bacteria (Berry 1997a, 1999; Stepher2@fii), and a dense covering of
macroalgae (Stevens and Robertson 2008) which stgggénigh nutrient input.

Concentrations of zinc, lead and copper are edpediggh in the vicinity of Porirua
CBD, pointing to both the Porirua Stream and thg siormwater as a source of these
contaminants (Glasby et al. 1990; Stephenson arits K006; Sorenson and Milne
2009). Sampling of marine sediments in Poriruabidar in 2004 identified elevated
concentrations of heavy metals in some harboumsauis, particularly those located in
close proximity to stream and stormwater outfaNdilje and Croucher 2005). An
analysis of the spatial distribution of sedimenhtaminants of the Onepoto Arm also
identified the Semple St drain and Porirua Streansignificant sources of metal and
PAH pollution. The Onepoto Stream, which drains waban catchment, was also
highlighted as contributing polluted stormwaterth® Harbour (Sorenson and Milne
2009). Analysis of sediments for copper, lead amt in sediment showed that
concentrations decreased with distance from the pferBt drain (Botherway and
Gardner 2002).

Porirua Stream experiences a pulse of pollutednveestsociated with rainfall events. Wet
weather events result in high concentrations o€,zaopper, lead and chromium being
delivered to the water column (Cameron 2001). Tgodlution explains the loss of
sensitive macroinvertebrate taxa (MCI indicatorcsgs®) from parts of Porirua Stream
(Cameron 2001).

In Belmont Stream, the concentrations of metalsc(zicopper and lead) are below
ANZECC guideline values. However, one site thaterees stormwater input shows
concentrations slightly elevated above the othessnonitored (BML 2004a).
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Information regarding how stormwater is impactingdl flora and fauna is more sparse.
As mentioned above, it was concluded (Cameron 2@@df) the pulse of poor water

quality delivered to Porirua stream has adversdfgcted the macroinvertebrate

community. Milne and Watt (2008) demonstrate egeeee of acute toxicity criteria at

some sites. The composition of inter-tidal comrtiasiin the Onepoto Arm changes
with distance from the Semple St drain, but it rknown if this is caused by the

influence of fresh water, stormwater pollutants tbe scouring effect on bottom

sediments (Botherway and Gardner 2002). Sorensklilrée (2009) suggest the cause is
stormwater contaminants.

Benthic ecology data from 2004 and 2005 show thabagh the total concentrations of

several contaminants (notably DDT, zinc, and tessér extent copper and lead) are
above sediment quality guidelines there is no awétence that any of the contaminants
have resulted in significant adverse effects onbiethic ecology. There were no clear
relationships between the composition of benthimmuoinity groups or presence of

keystone species and increased concentration dhmamants (Stephenson and Mills

2006).

The quality of stormwater for the Greater WellingtRegion has been assessed in terms
of pollutant loads including sediment. Eleven sitgere sampled in total, including
Browns Stream, the Semple St drain and Duck Crbak,results were combined to
highlight stormwater quality throughout the regionlt was concluded that urban
stormwater has the potential to contribute to sedimcontamination through the
deposition of suspended sediment in stormwater gOUB).

One study has been undertaken to specifically asbesimpact of road transport on
water quality. A drain at Tawa, which only colledtrunoff from a section of State
Highway 1, was sampled during rainfall events (8fiet998). The concentration of
metals and PAHs was generally at low levels (whemgared to urban run-off data) and
suspended sediment content was very low. Contantsirfeom transport did not exceed
ANZECC (2000) water quality guidelines, indicating adverse impact on the local
ecosystem. However, metal and PAH concentratioase wlosely associated with
suspended sediment as they have a propensity achato sediment. There is a
possibility that stormwater could deliver pollutedspended sediments to the receiving
environment that may accumulate in depositionas(Sherriff 1998).

This information indicates that stormwater is agedr impacting on water and sediment
quality. However, analysis of the pollutant loddsm stormwater outfalls in Porirua

Harbour has not been extensive, with only a namamwge of temporal or spatial scales
being covered. For example, the KM (2005) studly @overed a few outfalls in the

harbour, and only sampled one event. Stormwatdutipm undergoes significant

temporal variation, often with the nature of a falihevent. A full picture as to the

quality of stormwater would need to sample a greatember and range of rainfall

events. The possible impacts on flora and faueaakso unclear, i.e. it is not known if
there are negative biological effects occurringhwitthe Harbour caused by polluted
stormwater.
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Sediment and nutrient transport

Catchment erosion and inputs to streams

The topography of the Porirua catchment is varledure 1), giving rise to unequally
distributed potential for erosion. Slopes are galhesteepest in the north and east of the
catchment. Nearly 30% of the slopes in the Paaatshcatchment are more than 25°
(BML 2000; Handford no date), especially slopesthe upper Horokiri, Kakaho and
Pauatahanui sub-catchments. Most of the steelpgstssin the Porirua Stream catchment
are below the highest peaks on the western andraasdges of the catchment (Blaschke
et al. 2009). Elsewhere in the catchment, becatisgenerally gentle slopes and the
moderately- to well-drained soils, erosion rislgenerally low. The silt and clay loam
soils, however, are easily mobilised by wind anoh rance their vegetation cover is
removed, making their way into streams and damadmghwater and marine
ecosystems. It is estimated that a typical hillpdivision site in the Wellington region,
once cleared of vegetation, could lose up to opnedand tonnes of soil per hectare per
year (GWRC 2006).

Although there is evidence of catchment erosionrandement of sediments downstream
to the Harbour (outlined below), there is veryiditliterature regarding the amount and
quality of sediments delivered from the catchmeatthe streams. Some information on
areas of erosion in the Wellington region up tod&9available from the New Zealand

Land Resource Inventory Page (1995). This inforomafor the Pauatahanui catchment
was summarised in BML (2000. There has been nesasgent of erosion since the New
Zealand Land Resource Inventory, and no assessfoerdther parts of the Porirua

Harbour. The percentage of erosion per sub-catchmas also assessed by BML (2000,
section 5.1), and shows some variation betweercatdivments. There is no estimation
of the per hectare sediment run off under varyimgliment covers.

There is generalised information on the movememtubfients or contaminants from the
catchment into streams. Nitrogen and phosphonustsnfrom streams into Pauatahanui
Inlet were assessed as part of the PEP study.ds/@ nutrients per unit area did not
differ between rural and developed catchments (H4&80). Nutrient inputs from
varying catchment covers has not been assessduki©Ohepoto Arm or assessed in
Pauatahanui since the PEP study. Because of tbbiealy decomposed nature of DDT
found in catchment streams, it is evident that BH&T is sourced from eroded soils
(Cameron 2001; Milne et al. 2004; Croucher and M&905; Milne and Croucher 2005,
Milne and Watts 2008). However, the location of DID catchment soils and the nature
and quantity of its transportation into local strsais unknown. The movement of other
contaminants (metals or other organic pollutargsjnknown.
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Sediment transport and delivery to the Harbour

Streams act as a transport mechanism for wateimeats, nutrients and contaminants.
However, streams can also store some of the setingslivered to them from the
catchment, and then deliver a proportion of thegmuts to the downstream estuary.
There is no literature concerning the sedimentyaayr capacity of streams in the
catchment, nor of the in-stream sediment generatidrere is no specific information on
the percentage of hill-slopes or stream lengthsdifferent catchments undergoing
erosion, although there is recent information aspsldistribution and land use in the
Pauatahanui Inlet catchment which gives some idgaotential erosion (Handford, no
date).

The movement of sediment within Porirua Streamidssesn touched on in terms of gravel
accumulation. Since flood protection works comneeha the 1960s, Porirua Stream
has experienced a large amount of gravel accurnlatBetween 1996 and 2000, over
2,000nT of gravel accumulated (WRC 2001). It was estimiateat the future rate of
gravel supply will occur at a rate of 528gr. Most excavation has taken place in the
lower reaches of the Kenepuru Stream in naturadlyrelssed areas where gravel was
infilling pools in the stream (WRC 2001). Itpsobable that gravel is accumulating as a
response to the flood protection works, but furtinéormation on the gravel source, the
flow rate and the ability of the stream to adjestmorphology is needed.

Some information on the amount and type of sedimtdt are delivered to the Harbour
from various catchments is available, but thisiimfation is ad hoc and does not provide
a consistent picture of sediment in the whole catmht. Pauatahanui, Horokiri and

Kakaho streams on average deliver around 500 megdftsediment to Pauatahanui Inlet.
During residential development in the Browns Strezatthment in the 1970s, one flood
in July 1976 deposited 1600 tonnes/day of suspeadéiinent, which was 35 times that
delivered by the Ration catchment and 22% of thal teediment delivered to the

catchment. The sediment sourced from Browns Bayahhigher silt content than other
sources (Curry 1981, in: Swales et al. 2005a). $ediment load delivered from

individual streams into Pauatahanui Inlet has menbremeasured since the PEP study
and no information of this type is available foe tRorirua catchment.

Two recent studies provide detailed informationaregng the amount of sediments

accumulating in Pauatahanui Inlet. In the firsttloése studies (Swales et al. 2005a),
average sediment accumulation rates (SAR) for Rhaati Inlet were calculated from

isotope and pollen dating of five sediment cordégesults from these cores showed a
significant increase in SAR since European defat@st and a rise in SAR ever since
that time. Changes in SAR, averaged over the wirdkt, are summarised in the

following phases:

Last 2,000 years. SAR at ~0.7 mm/yr.

%4 The detailed study of Swales et al (2005a) exadhihe accumulation of sediments in the Inlet, het t
contribution of individual parts of the catchments.
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Post 1850. SAR ~2.0-2.4 mml/yr, (including wholedimf European settlement
and deforestation of the catchment).

Post 1950. SAR ~3.1-3.7 mmlyr, (including most tiofeurban development
around the Inlet and ongoing rural activity).

Post 1985. SAR ~ 4.6 mm/yr (including most recetian development around
the Inlet and ongoing rural activity including piaBorestation).

From 1950 onwards, cores taken near sub-catchnugiet©have higher SAR than those
of the central mud basin. This indicates not otiigt the sediment source is the
catchment, but also that the supply rate has ercetied ability of estuarine processes to
redistribute sediment (Swales et al. 2005a). Tifél iof Pauatahanui Inlet can be

described as a progradation and build up of strdalas into the Inlet, and a slower
accumulation of sediments in the central basin.

Monthly monitoring of changes in bed level at Pabanui in the late 1970s showed a
mean accretion of 2.9 mm/yr, but with many fluctoas (Pickrill 1979). This value is
similar, but slightly less than the 3.1-3.7 mm/gtimated from cores for the post-1950
period by Swales et al. (2005a). Monthly changelsed level highlighted that sediment
accumulation is not a steady process, but is cteaised by periods of erosion and
accretion (Pickrill 1979).

Previous depth surveys were analysed in detail ip @nd Cox (2009) in the second
recent study. They studied the pattern and ratedimentation on the Porirua Harbour
seafloor over the last 160 years, based on a casopaof hydrographic surveys made
between 1849 and 2009. Detailed comparison o$tineeys of 1974 and 2009 suggested
that both arms of the Harbour have progressiveyielved from deposition of mud and
sand, despite the offset of recent sea-level ris&nce forest clearance and land
development began, rates of sedimentation havegssigely increased. Between 1974
and 2009, they increased to 5.7 mm/yr in the Oregam and 9.1 mm/yr in the
Pauatahanui Inlet. The tidal prism reduced by laffd 8.7% respectively during that
time. Gibb and Cox suggested that at current deposates Pauatahanui Inlet will have
ceased to exist as an estuary within 145-195 yaadsOnepoto Arm within 290-390
years.

The two recent sedimentation studies both concthdé there has been a progressive
increase in sediment accumulation rate (SAR) siosopean settlement, including a
continuing increase in the last 25 yéarsCurrent sedimentation rates are several times
greater than historical rates and if continued vedlult in the infill of the Porirua Harbour
much sooner than would have occurred naturallyR $All almost certainly continue to
increase at much higher than background rateshetduture under current trends. Both
studies also show there was a significant pulssedfimentation in the Pauatahanui Inlet

% |t should be understood that SAR presented in buftiies are averages which may be influencedéy th
choice of time period over which the average isdated. Also, because of the inherent limitationthe
techniques used, both studies (especially thatlofsGand Cox) have a limited ability to provide
confidence limits for their estimates of SAR.
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after urban development in the Browns Bay catchmerthe 1970s, but the rate of
sedimentation from this source has decreased. siiittes differ in their conclusions
about the rate of deposition, Gibb and Cox’s ressltowing almost twice the rate of
SAR for the last two to three decades. This diffiee is accentuated by allowance for
local sea level rise (LSLR). Gibb and Cox’s ratgegrate LSLR, but the rates in Swales
et al (2005a) are offset by corrected average LSLR.5mm/yr. Net SAR differences
could also be accentuated by different conclusadrtbe rate of uplift in the Pauatahanui
Inlet (see earlier notes on uplift rates). Henardhs a significant difference in the net
calculated effective SAR. These differences flavtoi different calculations of the
available tidal prism and sediment yields.

Both studies also address the way in which Pauatahalet hydrodynamics influence
sediment accumulation. Note that both studies adtress a proportion of the sediments
delivered to the Inlet, as a large proportion & foom the system through tidal flushing,
as discussed below. Both reports show that tisesesignificant amount of flushing and
re-distribution of sediments in Pauatahanui Intet aonsiderable spatial variability in the
processes and rates of sedimentation in the Inlwever, the pattern of variability
mapped in the two studies shows very little resamdz.

There is considerable uncertainty about the pakmifluence of a rising sea level.

Further, it is the natural evolution of an estutarynfill over time, with the extension and

development of bayhead deltas and central basih imhich eventually creates a coastal
plain (Roy 1984). The sedimentation risk is ddsamti only as moderate (Stevens and
Robertson 2008; Milne 2008). Such considerations mit negate the fact that

anthropogenic uses of the catchment have signtficamcreased sediment input to the
Harbour, and should be prevented or reduced as nasclpossible. Stevens and
Robertson (2008) have recommended that habitattororg should include an expanded
network of intertidal and subtidal sediment platesto provide another measure of
sedimentation.

In the 2004 sediment samples, Browns Bay still &ddmgh sedimentation rate compared
with its catchment size, even though the documeptediously high sedimentation rates
(Healy 1980) have declined since the phase of @airban development in the 1970s.
This suggests that the area is a sink for sedismuniced elsewhere (Swales et al. 2005a).
Sediments in Browns Bay are predominantly fine clagntrasting with coarser
sediments from elsewhere in the Inlet. These sewlisnare most likely sourced from
1970s residential development (Healy 1980). Sedisnesourced from Duck Creek
catchment are delivered to the Harbour in a flabd; bulk of sand and some mud are
deposited on the subtidal flat near the Duck Creaichment outlet. Waves can re-
suspend this fine sediment and relocate it elsesyhas in 1974 where 5 cm was
deposited from Duck Creek into Browns Bay (Swales.€2005a).

It has been inferred from the broad, shallow natfr&orirua Stream as it enters the
harbour, and the lack of channels or associatedsitegnal banks or levees, that the
sediment load of the stream is low (Williamson|e2@04). However, the sediment input
of the stream has not been quantified at any tand,now the presence of flood control
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measures on the lower stream will probably havengbd sediment delivery processes
and rates. A study of sediment origin, transpod delivery would shed light on the
nature, place of origin and rate of the gravel audgation, indicating if this process is
occurring at an increased modern rate, and wheathes a new human-influenced
processes. A relatively simple analysis of deptt distribution of the gravels would
help to highlight some of these issues.

In summary, there is only a limited (and dated) amaf information about how much
sediment is delivered to the Harbour. The processal rates of accumulation in
Pauatahanui Inlet are now well understood, butmage of Onepoto Arm.

In terms of delivery of pollutants to the Harbotle transport of DDT residues found in
the sediments of Porirua Harbour was discussedriiee sections. The likely source of
most DDT residues is agricultural soils (Milne &t 2004; Williamson et al. 2005, in:
Swales et al. 2005a). Studies of stream sedim@litg showing concentrations of DDT
above ANZECC ISGQ ‘low’ values (Croucher and Mil2@05, Milne and Watts 2008)
suggest that the DDT-contaminated sediments in Hagbour are predominantly
transported there by streams. However, there igjuantification of relative stream
contributions to the Harbour totals.

There is no information about the movement of otbentaminants (such as heavy
metals) from the streams to the Harbour, nor onntoe¥ement of nutrients from the
streams into the Harbour. The characteristics DT Dcontamination movement are
known, but have not been quantified.

Estuarine inputs and Harbour discharge

Sediment can be moved by a variety of process autbof, and around the Harbour. The
major sediment sources for the Harbour are: thelseaand coast outside the harbour,
moved by flood tide and wave action; and the cbaotmg catchments. Sediment is also
moved along the floor of the estuaries on the fland ebb tides (Stirling 1983). The top
5 cm of sediment undergoes extensive mixing andmeng by physical (wind waves)
and biological (faunal burrows) processes. Wawvésnoresuspend estuarine sediment
(Swales et al. 2005a). As discussed elsewheres thevery limited information on the
movement of contaminants around the Harbour.

Some information for Pauatahanui Inlet is availatdacerning the amount of sediment
delivered in a flood event which is lost to the mm®ast. It was estimated that, overall,
around 70% of sediment coming into Pauatahanut isléater flushed from the inlet

(Pickrill 1979). From two individual monitored sto events in the 1970s, around 20%
of the 3300 tonnes of sediment delivered to Paaatainnlet was flushed from the Inlet

(Healy 1980). However, since the PEP study thex® leen no quantification of the
amount of fluvially-delivered sediment which moviésough the Harbour to the open
coast. Catchment land use changes and Harboulowh®y may have altered the

proportion that is flushed from the Harbour.

Report for Porirua and Wellington City Councils February 2010
Blaschke and Rutherford Environmental Consultants 55



Literature review of Porirua Harbour and catchment

In the Onepoto Arm, the dominant wind blows dowe tangth of the harbour and is
likely to cause a considerable reworking of seditsenlt is likely that a significant
proportion of finer sediment deposited at the sauit is reworked and redeposited in the
central mud basin or lost to the open coast (Wilan et al. 2004). This has been
inferred by the prevalence of sand at the souteachof Onepoto Arm, but has not been
verified or quantified.

There is no known information concerning the pdbsibof erosion of deposited
Harbour sediment being redistributed to the coasttibes. As such, there is no
quantification of the net movement of sedimentafuhe Harbour. Sediment movement
out of the Onepoto Arm has not been quantifiederms of either the net movement or
from flood event delivery.

There is no known information on the movement dfirats or contaminants from the
Harbour to the open coast.

The relationship between sedimentation and Harbour
hydrodynamics

Pickrill (1979) found that most intertidal surfadesPauatahanui Inlet were stable, with
most cross sectional profiles oscillating arountbzghange. There was a mean rate of
deposition of 2.9mm/yr. Irwin (1976) found thaetposition and shape of the banks and
main channel within Pauatahanui Inlet had generaligained very stable. There is no
more recent detailed study.

As discussed in a previous section, storm eventaadaappear to significantly change

Pauatahanui Inlet bathymetry (Pickrill 1979). Taek of change indicates that sediment
from storms is delivered elsewhere, or is lost® $ystem. It was estimated that of the
suspended sediment delivered to the system, prplaabund two thirds is delivered to

the sea, while one third stays within the Inlet.

In Pickrill's study the bed morphology of Pauatalalmlet was monitored at monthly
intervals, revealing that the surface undergoesi@noand accretion, with most surface
changes involving only the top 2 mm of sedimentwal®es et al (2005a) found rapid
mixing of surficial sediments (<5cm) by physicatazhemical processes, and deeper and
more gradual sediment mixing by bioturbation overigus of years to decades. The
intertidal surfaces appeared to be stable, whildhéad deltas and beaches at high tide
underwent a greater rate of change (Irwin 1976)he effect of these changes on
hydrodynamics is unknown. For the Onepoto Armijrformation is available on either
bed morphology stability or the effect on hydrodymes.
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Climate change and sea level rise

Predicted changes and sea-level rise characteristics for the
Harbour catchment

Expected impacts of a higher sea level include dwosion, increased hazard from storm
events, flooding of lowland areas and beach reoces§PCC 2007). The changes in
global sea level that have occurred in the recast pnd projections of future sea-level
rise trends up to the year 2099 are summarised ecent reports from the
Intergovernmental Panel on Climate Change (IPC@)d®&f et al. 2007). The average
global rise for the entire 20th century was 1.7.% thm/year. More recent satellite
records of sea level change from 1993 to 2003 gitigher average rate of rise of 3.1 +
0.7 mm/year. A mid-range emission scenario fobalcsea-level rise (A1B) predicts
rates of 4 mm/year, with global sea level reactOriZz—0.44 m above 1990 levels by
2090-2099. This rate excludes rapid melt of glaciand accounts mainly for thermal
expansion of oceans (IPCC 2007).

Sea level has been monitored at Wellington sin@d IBawe 2007). The monitored rate
of sea-level rise at Wellington is 1.8 mm/yr (Svgalet al. 2005a). Based on the
calculated regional uplift for Pauatahanui (maxim@r& mm/yr) and the monitored sea
level rise at Wellington (1.8 mm/yr), the relatisea-level rise is 1.5 mm/yr (Swales et al.
2005a). Gibb and Cox (2009) adopt a higher retatiga-level rise of 1.95 mm/yr for

their calculation of sedimentation between 1849 20(D.

Within this climate-induced sea-level rise, thesesignificant decadal variability. In the
southern hemisphere sea level is strongly affettgdEl Nino Southern Oscillation

(ENSO) fluctuations. For example, ENSO-driven aaoins in mean sea level occurred
at the Port of Auckland during 1999-2000 when s=ellrose 50-75 mm (Kennedy
2008).

Other factors that can influence local sea leveluite tidal fluctuations and storm surge.
An 18.6 year tide cycle produces what is knownhashighest astronomical tide (HAT).

The next HAT is forecast to occur in Wellington D& April 2012, causing high tides up

to 20cm higher than mean high water springs, asdhie and in the months leading up
to and proceeding this date (Dawe 2007). Storrngeswesults from a combination of

three factors: wind set-up, wave set-up and banacriét.

In the Wellington region storm surge is most comim@ssociated with southerly storms
and ex-tropical cyclones that bring with them sgrominds, large waves and low air
pressure. The Wahine storm (an ex-tropical cyglahd 968 and the southerly storm of
1976 produced storm surges in exposed areas iortlee of 0.8-1.0 m, and a storm tide
of 0.72 m above normal High Water observed in Rehatui Inlet (Gibb 1978). NIWA

has presented unpublished information about a lstayen recorded in Wellington during
1936 that produced a storm surge in the order oRG-In. These storms are all
recognised as being 1:100 year events. If a similagnitude storm occurred on high
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tide in Pauatahanui Inlet it could elevate watgelg to around 1.5 m above MSL (Dawe
2007).

Table6 Summary of future mean water level indicesfor Porirua
Harbour coast using measur ed and projected sea level riserates (Dawe 2007)

Projection Date Sea Level Mean High Highest Astron-
Rise (m) Water Mark (m) omical Tide (m)
Present 0.700 0.890

Measured 2012 0.009 0.709

linear

Measured 2050 0.077 0.777

linear

Measured 2100 0.166 0.866

linear

Satellite 2100 0.30 1.00

Accelerated

IPCC — low 2100 0.18-0.38 0.88-1.08 ---
IPCC — mid 2100 0.21-0.48 0.91-1.18 ---
IPCC - high 2100 0.26-0.59 0.96-1.29 ---

Likely impact of predicted climate change and sea-level rise on
the Harbour and catchment

The potential impacts of sea level rise are diffita assess, as there is no information
regarding current storm surge, or tidal oscillati@ights around the Porirua Harbour. To
be able to predict the impact of a storm surge king tide under a higher sea level, it is
necessary to have information on the effects ofe¢harocesses at present. There is no
known information on the impact of sea-level riserocky coast habitats, the physical
dynamics of the Harbour (such as tidal exchandg®oding events), or coastal erosion.

The documented increase in sediment accumulatiothén Pauatahanui Inlet (see
discussion above) is a function not only of inceshsediment delivery, but also of
changes in accommodation space for the sediment, ses level changes.

Characteristically New Zealand estuaries infillaly, after which sediment bypasses the
system and is delivered to the open coast (seessetion). The current SAR cannot
continue indefinitely, as once accommodation sgea® been filled, sediments will be
flushed elsewhere. Sea-level rise will increase dmount of accommodation space
available. Sea level has been rising 1.8 mm/yr thwelast century in Wellington, giving
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a total rise at present of 19 cm (Swales et al5a8R0This provides a significant increase
in accommodation space for sediments. A greateoramodation space means that a
higher SAR is possible instead of sediments beowj to the system. Hence the

measured increase in SAR may also be a conseqoétioe Harbour being able to store

more sediment from the catchment (rather thaniitglost to the Harbour), as well as a
response to greater sediment supply from the caohm This could continue, or even

accelerate, under future sea level rise. HoweSdihs and Cox’s (2009) calculations of

net SAR take both sedimentation and sea levelntseaccount.

Gibb (1993) predicted that the current rate of ieroat Ngatitoa Domain would increase
under a higher sea level rise. However, estimaftéise rate of erosion increase have not
been made.

Stevens and Robertson (2008) have argued thatthearsh vegetation will suffer from
‘coastal squeeze’ with a rising sea level. As nudghe Harbour is bounded by artificial
structures and there is often a physical separdgiween the terrestrial buffer and the
Harbour, salt marsh vegetation is essentially hethbetween the water and artificial
boundaries. A rising sea level may ‘squeeze’ tlabitat, as salt marsh can not migrate
landward in response to increased inundation.

International literature has shown a landward mamnof salt marsh species that can
tolerate grater levels of inundation, and hence earehse in habitat size of less
inundation-tolerant species. However, some stutégate that salt marsh species are
able to keep pace with sea-level rise, by meansgedical sediment accretion (Reed
1990). The response of a marsh to sea-level risesvaccording to local conditions
reflecting the local supply of organic (sourcednirthe marsh) or inorganic (sediments
from the catchment) sediment supply (Reed 1990)loAg as marsh accretion rates can
keep pace with sea-level rise, and the rate ofisseot too quick for marsh plants to
respond, ‘coastal squeeze’ may not occur. Thegsof vertical sediment accretion has
not been investigated at Porirua Harbour, wheraniyncase, salt marsh habitat appears to
be under threat from wave-driven erosion, as welfram rising sea level (EMS and
Blaschke 2008).

It would be useful to determine rates of salt mastretion or retreat in Porirua Harbour
(which can be done by isotopic analysis) to deteentihe current rate of marsh accretion,
and to investigate whether salt march speciesegpikg pace with the rising local sea-
level trend.

Report for Porirua and Wellington City Councils February 2010
Blaschke and Rutherford Environmental Consultants 59



Literature review of Porirua Harbour and catchment

Summary of relevant New Zealand soil erosion literature
and knowledge

Catchment erosion and sedimentation

Catchment land use practices heavily influence gbeéiment load, water quality and
nutrient export loads to streams and ultimately dloevnstream estuary. The natural
background characteristics, such as soil type,oggwlisiope steepness and climate will
also influence the rate and characteristics ofienoand nutrient and sediment export to
streams. In this chapter we summarise highligliteecent literature on soil erosion,
sedimentation and catchment studies in New Zeathatl are relevant to processes
occurring in the Porirua Harbour and its catchmenBecent relevant New Zealand
reviews include those of Blaschke et al. (2007)clslizen (1996) and Fahey et al. (2004).

As most of the Porirua Harbour catchment is comgrafegreywacke it likely that the
dominant erosion types will be cumulative surfagecpsses (sheet erosion, shallow
landslides etc) and fluvial erosion processes ygatid streambank erosion etc) (BML
2000). However, parts of the catchment are alsoposed of quaternary sediments and
have a loess cover. Loess has a significant ergsatential with loess deposits on the
Banks Peninsula experiencing severe tunnel erqsloghes 1972). There has been no
recent information on loess erosion, and veryeligublished information on the typical
erosion patterns of loess in the North Island.cdb only be surmised that given the
significant amount of erosion and deposition frone tWhitby area (and subsequent
deposition in Browns Bay) (Healy 1980), the loegpasits in Pauatahanui Inlet are
prone to erosion once disturbed.

The influence of catchment land use on water qualiabitat, periphyton, benthic
invertebrates, and sediment and nutrient exporg stadied for the tributaries of the
Waipa River, near Hamilton (Quinn et al. 1997; Quand Stroud 2002). This area is
comparable to the Porirua Harbour catchment as dominated by a similar rock type
(sedimentary sandstones and siltstones, greywaakaragillite), although some volcanic
ash deposits are present in the study area. SHrelaamning native forest had lower
temperature, sediment and nutrient concentratadgal biomass, and higher water clarity
than those draining pine forest and pasture (Qatral. 1997; Quinn and Stroud 2002).
Streams draining pasture had sediment loads betd@@nand 320 tonnes per square
kilometre per year (t/kfflyr) compared to native vegetation which yieldedtB@n?/yr.
Streams draining pasture also showed the greatestion in water quality attributes in
relation to changes in season or flow (Quinn amdusit 2002). Interestingly, invertebrate
taxa richness did not differ between land usesdommunity composition did differ.
Streams draining pasture were dominated by chirds®mand snails at high densities,
while mayflies, stoneflies and caddisflies were thest dominant in native streams
(Quinn et al 1997). In terms of sediment and eutrinput to streams, pastoral land use
contributes higher loads than pine and native fgustations (Quinn et al. 1997; Quinn
and Stroud 2002).
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Comparable land use impacts were found in the Adeathcote estuary in Canterbury.
Sediment vyields were least for partly forested Irlmad use (40 t/kidyr), higher for
mature residential urban use (70 tfkyn) and were highest for unforested rural land use
(320 t/knf/yr) (Hicks 1993). The higher yield from the urdeted catchment reflects
historical erosion problems associated with repter® of the natural vegetation,
overgrazing, burning and animal pest influencegwNirban subdivisions on hill spurs,
and market gardening areas are expected to yielé sexliment per unit area than are
undisturbed rural or mature residential catchme@sarries also yielded large amounts
of sediment. However, all these land effects veererridden by the location of an area —
whether on hill or flat land - with yields from hitountry being several times higher
(BML 2000).

The impact catchment land use has on fish spee@sshly been touched upon in the
literature, with most changes in fish distributiattributed to changes in physical in-
stream habitat (such as channel depth, width, @myett et al 1996). Fish may be
adversely impacted in pasture catchments due todéuoeease in stream shade, and
increases in suspended sediment (Ryan 1991; Mtiraosl McDowall 2004). It is
notable that a recent national review of the effent land use on coastal fisheries
(Morrison et al 2008) drew strong conclusions alibet potential for adverse land use
effects (such as have been reviewed for Poriruddtarin the present report) on various
aspects of the fisheries, but drew no material ftbenPorirua Harbour, even though it is
thought to be an important North Island nurserpaare

Suspended sediments have many impacts on New Zfealaeams. Suspended
sediments can decrease primary productivity, irsgdhe drift fauna, or reduce habitat
for fish and invertebrates, and thus may reducehibeifauna densities as well as alter
community structure.  Fish community structure malgo alter in response to
interferences to run-riffle-pool sequences (Ryaf811Mcintosh and McDowall 2004).
Excessive levels of nutrients in both streams asidiagies can cause symptoms of
eutrophication such as nuisance algal blooms (M#R 1Biggs 2000).

The downstream effects on estuaries of increasesiogr and suspended sediment input
have been determined for a number of estuariesemw Kealand. Increased sediment
delivery has led to increased sediment accumulatites. Typically SAR are <1 mm/yr
under native land cover, and increase to severalymfollowing European settlement
(Hume and Gibb 1987; Goff 1997; Swales et al. 20ahey et al. 2004). Whaingaroa
(Raglan) Harbour is probably the New Zealand egtwanich is most comparable to
Porirua Harbour and was identified as such in tMLE2000) review of Pauatahanui
Inlet. The climates of both are similar, being itany exposed to the west rather than
eastern ex-tropical cyclonic storms, but Whaingasmogomewhat warmer and wetter.
Both estuaries are predominantly steep and draioheeents containing greywacke
although Whaingaroa varies in that it is partly pmsed of volcanic rocks.

Whaingaroa Harbour experienced very rapid sedimientawith all but the top 2 m of
sediment deposited before 6,000 years BP (Swalak 2005b). In the Waitetuna Arm,
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the pre human SAR was 0.5mm/yr. However, corredipgnto catchment deforestation,
from 1890 onwards the SAR increased to 1.1 mm#yerlincreased to 2.5 mm/yr and by
the 1990s had reached 8 mm/yr (Swales et al. 2009lhis recent rate of sediment
deposition is much higher than Swales et al (20@&egrded for the post-1985 period at
Pauatahanui Inlet.

In the Waingaro Arm of Whaingaroa Harbour, sedintesd not been deposited for the
last 150 years, and probably longer. Becauseeo§liallowness of the estuary, the small,
short period waves initiated by prevailing southtedg winds initiate are able to
resuspend and remobilise tidal flat sediments, Withresult that these sediments leave
the harbour; its trapping efficiency is therefoosvér now than in prehistory. These
processes have been observed in other New Zeattimaries, as mud is winnowed from
tidal flats and redeposited in low energy fringmgrshes and tidal creeks (Swales et al.
2005b). They have also been described in Pauatahalet, with sediment being
winnowed from Duck Creek bayhead delta and redé&gban Browns Bay (Swales et al.
2005a), and localised erosion being observed aowaparts of the shoreline (EMS and
Blaschke 2008). Areas that are less exposed t@ \&ation (i.e. they are sheltered) are
more susceptible to the effects of future changethé quantity and type of sediment
runoff associated with human activities (SwalealeP005b).

Catchment use in Whaingaroa is dominantly ruraivadorest or exotic pine plantation,

with minor residential areas. Because of Poriraabidur’'s exposure to a major arterial
road and significant urban development, comparisith more urbanised estuaries such
as the Avon-Heathcote estuary, or Pakuranga esisiatgo appropriate.

Pakuranga Estuary is a small urban estuary in Aunckl For most of its history this
estuary infilled slowly (0.2-0.5 mml/yr). Catchmenteforestation and subsequent
agricultural land use increased sediment accunoumdt 0.8-1.6 mm/yr, lower than for
many New Zealand agricultural sedimentation ratesabse of much gentler slopes.
Urbanisation has accelerated estuary infilling altlebut sedimentation is not constant
across the various subtidal environments, with tipper estuary bayhead deltas
accumulating at a greater rate (32.6 mm/yr) thanldlver estuary rate (1.7-3.8 mm/yr),
which is comparable to that of a central mud b&Simales et al. 2002).

Sediment delivery to the Pakuranga estuary hasrztun pulses that coincide with
peaks in urban construction (rather than with yedrdigher than average rainfall).
Urbanisation was particularly intense during thte H960s and late 1980s, with one third
of the total catchment sediment load between 1385 being delivered to the estuary in
the last decade of that period. Urbanisation kaslted in a three-fold increase in soil
erosion over that estimated for the catchment ua@6f6 pasture (Swales et al. 2002).
This contrasts with Porirua Harbour sedimentatidrere because of the steep greywacke
topography, erosion rates under pasture are mgttehi

In the Avon-Heathcote estuary, where the catchngentainly flat, urbanisation has led
to a widespread deposition of a 30cm thick layematidy sediment (Macpherson 1979).
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In Pakuranga urbanisation also resulted in the slgpo of finer-grained material than
under the previous land use cover (Swales et aR)20

Urbanisation has brought about substantial enviemtal changes in the upper
Pakuranga Estuary through the continued infillifgsballow, intertidal areas (Swales
2002). Tidal creeks (or bayhead delta areas) at hbads of these estuaries are
particularly susceptible to rapid sedimentation doetheir close proximity to the
catchment outlet and small volume (Swales et @220 The ultimate fate of sediments
and contaminants in Auckland’s estuaries is ungettacause the estuaries are largely
infilled, and therefore a larger proportion of datent sediment inputs from contributing
streams is not being trapped in the estuary buisparted straight to the open coast
(Swales et al. 2002).

Therefore, results from these northern estuarigsmoaibe applicable to Porirua Harbour
as the latter is largely subtidal, rather than riidal (Stevens and Robertson 2008).
Porirua Harbour may need to become infilled to ¢berent intertidal level before such
extreme uncoupling of sedimentation environmentsurec However there is already
some separation between sedimentation rates atddyeltas and the central mud basin
(Swales et al. 2005a). The effects of differemtlzaent characteristics such as slope and
rock and soil type must also be brought in any canspns.

In summary, the Whaingaroa, Avon-Heathcote, anduRaiga estuaries are comparable
examples that give some good indications of theautg of sedimentation on New
Zealand estuaries, under different land uses. n8adation is likely to increase under
pastoral land use, and is likely to further inceeas urban areas are being developed. It
Is important to note that Porirua Harbour is domtha subtidal, unlike most New
Zealand estuaries which empty almost completelipwat tide (Stevens and Robertson
2008), and this may influence SAR and affect thesmparisons, since differences in
hydrodynamics may affect sedimentation.

Methods for assessing estuarine health

We suggest there are four key issues in regardanomitoring estuary health:
sedimentation; loss or fragmentation of estuaryetegon; biodiversity; and pollution
and eutrophication.

Knowledge of sedimentation rates is important ideorto understand sedimentation
effects on an estuary and its biota. Increasedmssdation rates can signal to
management that erosion issues in the catchmedttadee addressed. An understanding
of long term sediment rates (such as the studieSvwmles et al. 2005a and Gibb and Cox
2009) is useful to put modern sedimentation in exint Modern rates can be measured
using a variety of methods, such as sedimentatiateqy stakes and marker layers
(Kennedy and Woods 2008). Effects of sedimentatiorecosystem properties requires
more complex investigation, including the documgateof ecological changes such as a
shift in habitat type or species composition froallygion-sensitive to pollution-tolerant
species or assemblages.
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Changes in biodiversity and the spatial distributad estuarine vegetation can identify
loss of key species or the degradation of habikd¢asuring the extent of saltmarsh and
seagrass habitat, as done recently in the Harbp&tdvens and Robertson (2006, 2008)
is a useful measure as loss or fragmentation oéte¢ign equals a decline in habitat area
and quality, which should be addressed to mairgainary health. An assessment of the
health of vegetation (such as percentage covebuoal by sediment) can also give a
warning if that vegetation is under stress.

Biodiversity assessments give an important ovenoéwspecies diversity and abundance
within the various habitats of an estuary. Charigespecies composition or abundance
over time can indicate if the habitat of an estuarghanging, especially if sensitive
species are lost.

Assessment of pollution levels is useful to asgesential toxic effects on biota and

human health, as well as to determine the needgstream catchment management to
control inputs. However, most water quality partere are not particularly useful to

assess the overall environmental health of an msstuarhis is because the large

fluctuations caused by tides or freshwater inpuls deminate any samples collected,

and under many conditions pollutants are likelfpeadiluted below detection levels.

In contrast, assessing toxicity in the sedimente@gia good indication of pollution, and
provides a longer pollution record. Analysis oé ttoncentration of metals, PAHs and
organochlorides gives a good indication of pollatidHowever, total metal content is not
indicative of pollution unless corrected for agaiasbackground (Alloway and Ayres
1993). Once corrected, total metal content gitiesotal amount of pollution, but not the
bioavailable fraction. “Total metals” gives an ication of possible pollution, but cannot
show definite adverse impacts on specific specfdsiata. For the latterbioavaiable
content assesses the amount of pollutants whick ta potential to adversely impact
biota.

Assessment of some parameter of the fauna (abuaddmemass etc), rather than
measuring the pollutants themselves, potentiallgvides a more direct method to
indicate if changes in the environment are cauaimgdverse ecological impact.

Eutrophication issues are difficult to monitor. &8aring the concentration of nutrients in
the water column is not particularly useful in detming eutrophication, as increased
nutrient content may not be indicative of an algabm. The same issues of dilution and
tidal fluxes altering concentrations as outlined\abalso apply. In our opinion, a better
indication of eutrophication is to measure chlorgpl concentrations. This measures
the amount of algae present in the water columd, taereby assesses if nutrients are
having an adverse impact. A simpler but less peegieasure is to assess the presence of
nuisance algae cover.
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Integrated catchment management studies

Developing effective management actions on a catclirbasis requires that any actions
are linked to an understanding of ecology and enwirental system processes, and also
that they have community endorsement. “Integratatthment management” is a
framework for assessing water quality in streanvers and estuaries using a catchment-
wide approach (Bowden et al. 2004; Atkinson et@09). Primarily it is based on the
concept that issues in the estuary or streamtfieereceiving environments) cannot be
properly rectified without management of the catehin It is also based on having
strong iterative consultation processes and invotr@ with stakeholders. Scientific
studies proceed after discussion with stakeholttenslentify what to study, to justify
why such studies are important and to advise h@setlstudies should proceed.

In the South Island, an intensive Integrated Catsttrivlanagement Plan (ICMP) is being
undertaken in the Motueka Catchment. This planearmainly from the need to manage
dwindling water resources, in the face of potehtiabnflicting land uses (Bowden et al.
2004). However, the plan was extended to otheprtapt issues including the effects of
land use on in-stream values and the cumulativectsffof land and river management
practices on coastal processes and values (Bowdgn2904).

Successful ICM plans in Australia have recognised participation and leadership from
the community are key issues in successful outcq@eg 2006). In the major oyster-
growing regions (Wallis Lakes, Clyde River and 8t@malhaven River) improvements in
water quality have come about through the coopmratif dairy farmers and oyster
growers (GLC 2006). This joint sectoral approacdhs halso been sought in the
Whaingaroa and Motueka catchments, specificallijpthing estuary fishers.

We conclude that each catchment management plagafdr estuary will be inherently
different, as it will reflect not only the uniquéaracteristics of the catchment, but also
will address the issues and concepts that areiwmfapy concern to stakeholders in that
area. Thus it will have social and economic asl \asl biophysical contexts. For
example, a particular issue for integrated catchimemagement in Porirua Harbour is
the effects of the encircling of the Harbour bydiog, and management responses to this
factor. The effects of this extent of encirclememhich appears to be unique in New
Zealand, and would be a major consideration inGM bpproach to the Harbour, do not
appear to have received significant research attenvith the partial exception of the
Sherriff's study (1998) of roading effects and Gaed and Armstrong'’s review (2007) of
the lower Onepoto Arm as a particularly sensiteeeiving environment.
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Conclusions and recommendations

What is the sum of our knowledge?

Pauatahanui Inlet and catchment

Our knowledge of Pauatahanui Inlet and catchmesbisiderably greater than that of
the other parts of the Porirua Harbour system, @s@at of the major research project in
the 1970s (the PEP), the consolidation of that kadge through the development of the
Inlet Action Plan (PIAG 2000), the formation of tRauatahanui Inlet Community Trust,
the research review undertaken at that time (BMQO2@nd the filling in of some of the

gaps identified in that review.

Highlights in the increased knowledge and undedstengained since 2000 include:

* Intensive sediment survey using a variety of methdds given us detailed
knowledge of past and current sedimentation raetufling a range of estimates).

= Cockle surveys have been carried on long enougiivi® us reasonable confidence
about current population trends.

» Additional water quality results give us a bett@ti{ough still patchy) understanding
of the ambient condition of the estuarine environtvad current water quality status
and issues.

= Work on restoration principles and priorities hasnmarised catchment issues and
established some of the linkages between headwateds coastal portions of
catchment, land and water, and different partdefdatchment. However, this work
is based on incomplete knowledge and many assunsptio

= Surveys of plants, animals, pests and ecologites$ §irovide a broad outline of their
distribution in the catchment and harbour.

In spite of this progress, there are still majopgyan knowledge or areas where changes
are likely to have occurred but not studied, ashligbted by discussion in previous
sections. It should be remembered that the benthREP studies are now 30 years old
and it is dangerous to rely indefinitely on thisfoirmation when we know that
sedimentation rates have increased significanttysarspect that there are related changes
in Inlet bottom topography, tidal prism and hydymdmic patterns.

Onepoto Arm and catchment

Research on the Onepoto Arm and its catchment kas Inuch less than that on
Pauatahanui Inlet and catchment but has increagedicntly in the last five years, to
the point that there is a reasonable amount ofrimédion available.

Highlights of our knowledge and understanding idelu

= Water quality testing and sediment chemistry studjge us a patchy understanding
of current water quality status and issues.

= We have some information on sedimentation and bagiry.
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*» Flow readings, and limited modelling, give us achgt understanding of current
stormwater movement and management.

= Surveys of plants, animals, pests and ecologite$ girovide a broad outline of their
distribution in the catchment and harbour.

= Stream studies give a limited knowledge of conditend trends in parts of the
freshwater environment. There is a better knowdedfj freshwater habitats than
terrestrial or marine habitats.

Outer Porirua Harbour and catchment

Knowledge and understanding of this part of thebidar and catchment is very limited,

principally comprising:

= Surveys of plants, animals, pests and ecologited girovide a limited outline of their
distribution in the catchment and harbour.

= Knowledge of geomorphic and uplift processes (Tatgtohment)

We also note, in relation to the whole Harbour asadchment, that there is no
consolidated central collection of material peitagnto the Harbour and catchment, a
situation that has required considerable bibliogi@gearching for this review. It would
be desirable, as part of the Porirua Harbour andn@eent Management Programme, for
Porirua City Council to gather and maintain a cdéidated reference collection of all
published and known unpublished reports on Potitadbour and catchment, to be made
available for reference purposes to interestedgsaats appropriate.

Synthesis and conclusions from previous chapters

Physical setting

Due to the high level of faulting, the whole cat@nh has a significant earthquake
hazard. The fault structure may also be one of nttan drivers of environmental
differences between the Onepoto Arm and the Paamtéhnlet, especially as a strong
driver of the tidal flushing regime. A study ofetiyeomorphic and historical differences
between the two arms of the Porirua Harbour, apeaally on the recent uplift history
and the evolution of the flushing regime in the s, may help to reveal the historical
and current drivers of significant environmentantls and issues, e.g. sedimentation
trends, effects of rising sea levels, earthquakatdh etc.

There are other fundamental and significant diffeess between the two main arms.
Firstly there is a difference in orientation, (dmehce exposure to coastal processes) with
Pauatahanui Inlet facing west, and Onepoto Armnfaciortheast. This difference may
also influence flushing regimes and contributehte differing characters of each arm.
There is only one significant fluvial input intoetfOnepoto Arm, compared with several
into Pauatahanui Inlet. This may influence flughamd pollutant movement, although to
what extent is unknown. Onepoto Arm catchmentegs steep and there are also
important land use differences, with the OnepotmAsatchment being more urbanised
and having much less farming than the Pauatahatatidatchment.
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Both arms are in turn very different from the outarbour. There are apparently fewer
contemporary pressures on the outer Harbour; hawehies information is based on
limited knowledge.

These fundamental differences between the threen rparts of the Harbour and

catchment have important implications for managdmeih may not be necessary to
understand all the drivers of these differencesydhher to accept that they are different.
In management planning, they should not be directisnpared in terms of estuarine
health, nor treated as a single management unitis does not negate the need for
integrated planning, but such planning should hended on the different nature of the
resources, identifying different sections for masragnt.

The consequences of high loess content in catchgsoéistmay have been insufficiently
appreciated by managers. In general, catchmelst a@ relatively erodible and mobile,
but also have potential for suspension and re-sisspe in water, both in freshwaters and
the Harbour.

Our discussion of rates of previous uplift is cali¢d current management considerations.
If there has been no recent uplift, then theredess higher sea level in the past, which if
studied would give an indication of the effects psévious higher sea level (e.g. old

shorelines etc). On the other hand, if there hesnbgreater uplift than previously

thought, this means that calculated past sedimecwnaulation rates (SAR) may be

inaccurate.

Catchment

The geomorphology of streams in the Porirua Harlmatichment is largely undescribed

except in relation to major fault movement. Morerkvis needed on the characterisation
of the sub-catchments of Porirua and Pauatahamear®s and other “minor” streams,

and to understand the geomorphic and hydrologmaseguences of stream straightening
and other flood control works on the lower Pori@ieam, including the sources of

gravel coming into the catchment streams.

Assessing the suite of water quality results franeasns in the entire Porirua Harbour
catchment, we conclude that the overall water guaiiuation has remained basically the
same from the period 1987- 2008, with relativelyanifluctuations between years. We
also note that water quality studies in the streaaithough providing an excellent

information resource, rarely discuss or investiggecific causes of water quality issues,
based on assessment of catchment properties. dNtreg propose ways to ameliorate
the issues raised. Investigation of the spectiwraes of pollution is required, with the

information from these investigations used in cateht planning and design.

In Porirua Stream, persistently poor water quatigrameters (especially nutrient and
faecal contamination) indicate that the pollutiamse delivered by rainfall events has
somewhat decreased the life supporting capacithefstream. This pollution explains
the relative loss of the sensitive macroinvertebr&PT” taxa from some sites, even
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though overall stream health is still reasonabteJeast comparable to results from
comparable urban streams elsewhere in the regitre suggestion that Porirua Stream
tributaries (Belmont, Stebbings) are at or nearr tliggpping point” needs urgent

investigation, initially based on close analysis afy trend data available and the
presence/absence of indicator species. On a mosdivye note, the potential for

enhanced inanga habitat in the lowest reaches ofepigu Stream seems to be
significant, and should be explored further. Erdeement of the spawning habitat for
inanga (a key species) would benefit the whole toveéchment system.

We now have good information on past and presedimsnt accumulation rates in
Pauatahanui Inlet, and some for Onepoto Arm. Q@agctt land uses and physical
properties differ significantly between the Onepofom and Pauatahanui Inlet
catchments, so it is not surprising that SAR in taéchments appear to be different,
especially taking into account possible differenbetween hydro-dynamic processes
between the two arms.

Furthermore, we know very little about the erossborage-sediment delivery system in
the catchment, and the variations in this systetwdsn sub-catchments. For example,
how much of the eroded material remains in sto@ydnillsides, how much goes into

storage in and near waterways, and how much ivateli straight into the Harbour?

Answers to these questions are vital to priorigserosion and sediment management.
For a full understanding of the whole catchmentbar system, we would need a full

sediment budget for all parts of the catchmentjugiog in-stream measurement of
sediment loads in the lower reaches of all theastee This would require continuous

monitoring of flow and turbidity, with the latteralibrated by suspended sediment
samples under various flow regimes. A represergativb-catchment budget, based on
more limited sampling supplemented by field measem® of terrestrial sediment

volumes, would be more feasible.

Any sediment budget work needs to take accountedfngent movement within the
Harbour as well as what is delivered to the Harboitr should be remembered that
sediment arriving at the Harbour comprises gras@hd, loess and clay, each in varying
volume according to the part of the catchment itheame from and the type of land use
that precipitated its transport. In this respdug, tonsequences of sometimes high loess
content in catchment soils could be significanttese soils are erodible, but also have
potential for suspension and re-suspension in Wheshwater and estuary).

Although various biological surveys now provide @dd outline of plant and animal
distribution in the catchment, our knowledge of tdaéchment’s biodiversity is far from
complete. The first priority is to complete biolcg inventory and ranking of significant
terrestrial sites in Wellington City, and where eggary update inventory and rankings of
Porirua City ecosites, in order to obtain complafermation on priorities for terrestrial
site protection and management in the whole catohmeélabitat and indicator species
mapping has been very useful to assess the cudistitbution of key species and
habitats around the Harbour. Trend information Wwécome increasingly useful over
time, as shown by the cockle surveys. Habitat nmgppf Harbour edges should be
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continued, in particular trends in the distributmisea grass and sea rush. It may also be
possible to extend habitat mapping back in timénlbprporating reliable historic records
where possible.

The Harbour

Physical settingMany of the physical and biological processes ef Borirua Harbour
are related not only to the underlying geomorphyplbgt also to the hydrodynamics of
water movement within and between the two main armM&ter movement is probably
the most poorly understood element of the physkzdis of environmental issues.
Although we have knowledge of changes in the betbhwogy (and hence erosion and
accumulation) of sediments for Pauatahanui Inlbg effect of these changes on
hydrodynamics is unknown. For the Onepoto Armjnformation is available on either
bed morphology stability or the effect on hydrodymes. Sediment movement in general
is poorly understood, and needs to be better utadetsincluding environmental impact
assessment of any proposed future dredging. Tikeseme limited recent evidence of
localised erosion of Harbour edges (especiallhenRauatahanui Inlet) during storms.

There is little understanding of water exchangenvbeh the two arms, including the
effects of the bridges at Paremata in alterind fidav into and out of Pauatahanui Inlet.
There is also little understanding about how muatd(for how long) fluvial discharge
and any associated pollutants are retained in #réddir. An understanding of the tidal
flushing capacity of the Onepoto Arm would alsouseful in determining the effects of
pollutant loads at the mouth of the Porirua Stream.

Sediment and contaminant movemeiithere is now conclusive evidence of increased
rates of sedimentation over the last 150 years Raoatahanui Inlet and Onepoto Arm,
consistent with trends seen elsewhere in New Zdal&he sediment research has not
established conclusively whether rates have coatirta increase right up to the present.
However, evidence of continuing sedimentation im@ny parts of the Harbour,
including from parts of the catchment where theraa residential development or large-
scale earthworks, suggests a continuing input fragnicultural land uses such as
steepland grazing. Continued monitoring of sedinggmeration, transport and delivery
from steepland agricultural land is required, a8l a® monitoring of the effectiveness of
programmes such as the Pauatahanui Vegetation Ww@en reducing sediment
generation. As discussed above, better knowlefitfgeovariation in erosion potential in
different parts of the catchment (e.g. the effédifferent amounts of loess in catchment
soils) is a background requirement for this work.

There is very little information on the movementaaintaminants around the Harbour.
Little is known about how the hydrodynamics in thelet influence sediment
accumulation, and even less about the likely edfetta rising sea level. There is also the
possibility of sedimentation rates increasing eftgther as the tidal prism and flushing
capacity decreases, or from continuing urban deweémt. With the knowledge gained
from recent sediment studies, regular monitoringemfimentation using sediment plates,
now underway within the habitat mapping programrsbpuld provide sufficient
information on sedimentation in the short to medienm.
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There have been no broad-scale studies of the Hasbgubtidal (benthic) habitats since
the survey of the Pauatahanui Arm reported in H&8B0 (Fig. 59). Subtidal habitats in
the Onepoto Arm have never been surveyed. Upt®idéormation on both the subtidal
sediments and the benthic fauna would be very ygeduticularly that for the channels,
flood-tide and ebb-tide deltas, because these waikky habitats if dredging were to be
undertaken in the future. Updated information oa dstribution and characteristics of
the sub-tidal sediments of the Harbour would alsedslight on the sediment flows
experienced in Onepoto Arm compared with Pauatahbmet, and contribute to an
understanding of tidal flushing capacity in the btaur (see below).

Biota: Recent data suggest that there is a differenckerbénthic species composition
and diversity between Pauatahanui Inlet and Onepoto Comparison of the 2004 and
2005 data shows that all sites experienced gaitdsasses in species. The changes in the
composition of fauna were spread across all th@mntakonomic groups encountered and
no one species was involved at all sites. Thueschanges were not the result of the loss
of a single species across the whole Harbour. eBffces in communities between the
two arms are probably more directly related to gexuiic and related sediment textural
differences, rather than to the presence of paitstalrhere is no data for change in the
composition of benthic fauna in both arms of thebbar prior to 2004.

Cockle numbers in the Pauatahanui Inlet droppedkeddy between 1976 and 1992, but
have stabilised at the 1990s levels. Althoughaeador the declines were not proven
they have been linked to a reduction in the extéreel grass beds in the Inlet, in turn
linked both to higher sedimentation rates and toina fluctuations. Although there are
indications that populations of some estuarine d&asunich as cockles, are being exposed
to anthropogenic-sourced contaminants, there isle&r evidence that contaminants of
any kind have resulted in significant adverse ¢ffen the benthic ecology, even if there
may be small effects on individual species. Thewosition of benthic community
groups in Pauatahanui Inlet does not appear to hehanged with changes in
concentration of contaminants. However, the taxicdoresholds for effects on the
species exposed are not known.

As a number of studies in both Harbour and fresemaabitats have referred to impacts
of certain processes on specified indicator speétewould be timely to develop a
definitive list of indicator species for the catabim and Harbour. For Harbour habitats,
this list would probably be based on the indicatpecies monitored in Robertson and
Stevens (2008), extended where necessary to in&egestuarine fish species. There
appears to be little recent knowledge of coastaimaafish populations and trends. In
view of the likely importance of the Harbour aswasery area for coastal fish species as
well as an important fishery in its own right, $timportant to gain new information on
estuarine fish habitat and fish populations in Bwirua Harbour, especially the outer
Harbour, and to research the effects of Porirudélarfishing and catchment land use on
the Harbour and adjacent coastal fisheries. Reegigw of land-based effects on coastal
fisheries supporting biodiversity in New Zealandhftions stresses on coastal fisheries,
especially from sedimentation, but does not proinie@rmation from Porirua Harbour.
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Water quality:Generally it seems that the Onepoto Arm has lowatewquality than
Pauatahanui Inlet, with higher concentrations ofmmalgal cover, and more frequent and
higher breaches of recreational guidelines forrectecci. This is likely to be related to
storm water inputs (probably including sewer crossnections) to Onepoto Arm, as
these poor water quality indicators generally oauthe city end of the inlet. However,
while it has been long thought that tidal flushpr@cesses are more pronounced in the
Pauatahanui Inlet than in Onepoto Arm, the rolé¢ tidal processes and hydrodynamics
have in flushing or pooling of pollutants is unkmaw This reinforces the need for
detailed knowledge of hydrodynamics in the wholé@rda Harbour, including the Outer
Harbour, and the movement of nutrients, sedimendsc@ntaminants from the Harbour
to the open coast.

It is likely that the high levels of faecal-derivbedcteria found in Porirua Harbour water
testing are sourced from within the catchment,hasRorirua, Pauatahanui and Horokiri
Streams also have consistently high faecal colif@onnts. The two likely within-
catchment sources are farm stock and leakage fesversand septic tank systems (or a
combination of both). As yet a conclusive undergiag of the source of microbial
contamination is not available.

Concentrations of zinc, lead and copper are higheédnepoto Arm, especially in the

vicinity of Porirua CBD, pointing to both the Par&r Stream and the city stormwater
outfalls as sources of these contaminants. In tioenmost likely original sources are
vehicle brake pad wear, lead residues from petrdlumpainted galvanised iron roofs and
claddings. There are also persistent elevatedsl@feDDT and derivatives. Continued

monitoring of DDT and its derivatives in the cate@mhand Harbour will be required, as
well as understanding of the catchment sources.

Any conclusions about pollution in the Harbour needtake into account natural
(background) levels of pollutants, i.e. substarthas occur naturally but are now present
at higher concentrations from anthropogenic sourdesobtain background information
on water quality of Porirua Harbour it would be fuseo monitor turbidity, salinity,
dissolved oxygen, temperature and pH, as well #stpot and nutrient concentrations.
Assessments of eutrophication should be undertdignmonitoring chlorophyll-a
concentrations. Sample sites should be stratdgilcaated at sites around the Harbour,
and sampled on both rising and falling tides, teeas the relative influence of fluvial
inputs, tidal flushing and harbour morphology. &ckground sample of metal levels in
catchment sediments would also be useful to competeral and anthropogenic
contributions of metals.

An analysis of bioavailable metals would give ardigation of whether existing
concentrations are likely to affect biota. As yere is no specific local evidence as to
what concentrations of pollutants in sediment argctto local biota, or if the local fauna
is adversely impacted by these concentrationsgehreral, assessment of parameters of
Harbour biota (abundance, biomass etc), ratherrieasuring the pollutants themselves,
potentially provides more direct methods to indecdtchanges in the environment are
causing an adverse ecological impact. A list ofogmised plant and animal indicator
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species should be developed and routinely usedssesa effects of contaminants or
changes in the Harbour environment.

The long-term monitoring of sediment chemistry d&mahthic ecology at sample sites in
Onepoto Arm and Pauatahanui Inlet should be coatintaking into account the effects
of sediment size and previous rainfall. Sedimemh@es that are above ANZECC
(2000) guidelines should be analysed for their \mdable fraction to determine if high
concentrations could affect biota.

Human useThere is considerable anecdotal evidence of clthpgéerns of use of the
Harbour and some lower streams by locals for réioma fishing. It is known that the
Onepoto Arm was an important kaimoana area in thet@enth and first 70 years of the
twentieth century. But as far we are aware, tihisvdedge has not been systematically
recorded, or made specifically accessible. Chamydsiman use of Porirua Harbour,
especially Onepoto Arm, over the last 100 years l&vdae an important topic for
investigation through the gathering of traditioN&ori and recreationalists’ knowledge.

Porirua Harbour may be the most completely harceddgstuary in New Zealand; i.e. the
most completely ringed by road, rail and walkwagleway embankments. There are
many actual and potential effects of this situagtiorcluding pollution from vehicle
emissions, brake pads, tyres and road wash, wéaetien, estuarine erosion and loss of
the absorptive capacity of the Harbour edges fréons surges, direct coastal habitat
loss, and loss of potential habitat for estuaripecges retreating from rising sea levels.
The only harbour in New Zealand we can suggesteasgbanywhere close to Porirua
Harbour in terms of proportion of its total perimetirectly fringed or very close (<20m)
to hard surfaces (sea walls or road, rail or cya@walkway embankments) is
Wellington Harbour. Wellington Harbour is many tisnhe area and volume of Porirua
Harbour, so pollution effects from encirclement presumably much smaller. Because
of the uniqueness of Porirua Harbour’s circumstanftether study of the implications of
this degree of encirclement, and options for mamege responses, seems to be an
important priority.

Overall: There is strong evidence that the rate of sedinienthas increased in the last
150 years. There is also considerable evidenceerdigtently elevated levels of some
contaminants, and some evidence of moderate eutaifn. However, there are few

clear indications of significant ecological effedsthese changes. Biological indicators
are likely to be at least as reliable as water igualdicators to indicate pollution and

estuarine health, as water quality parameters ufilet so greatly. It is important to

remember, however, that biological indicators alsmtuate naturally over time (as

shown well by the Pauatahanui Inlet cockle studiasyl that we need long term records
to establish an equilibrium or “normal” situatiomdeally, we would want to be able to

look at trends over time of both water quality &mological indicators, related to changes
in land use. Better understanding of the hydrodyosrmf the whole Porirua Harbour

system is also key to interpretation of results stfidies of water quality and

sedimentation.
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Climate change

The potential impacts of sea level rise on Portiaabour are difficult to assess, as there
Is no information regarding current storm surgetidal oscillation heights around the
Harbour. To be able to predict the impact of arsteurge or a king tide under a higher
sea level, it is necessary to have informationreneffects of those processes at present.
In Pauatahanui Inlet, some salt marsh habitat apgeabe currently under threat from
wave-driven erosion, a trend that would be exadetbhy predicted changes in sea level.
It is too early to say what effects that changestamm frequency will cause, but they are
likely to include changes in sediment delivery frim different parts of catchment to the
Harbour.

It would be useful to determine changes in saltsmaccretion, where the salt marsh has
room to expand, to determine whether it is keegage with local sea-level changes.

However, it is reasonable to assume that habitltbei significantly restricted as sea

level rises and outward expansion of habitat ische#d by roads, embankments and
seawalls.

It is possible that rising sea levels will largelggate the current rates of infill, through
providing a greater volume of water in the Harbdout, that possibility is discounted by
the most recent calculations of net SAR that tadih Isedimentation and sea level rise
into account. In addition, rising sea level, tigb creating more space for sediments,
could increasesedimentation rate.  Higher deposition of sedimdatalso likely to
continue to smother benthic biota. In our vieve gossibility of rising sea level negating
sedimentation does not permit inaction on managediment inputs. The best recourse
is to try and correct for the increased inputsheatthan relying on any option that
assumes that ‘rising sea level will make it OK’.

Other consequences of climate change for Poriruebdda will mainly arise from
increased storm intensity. These include coastasi@n, streambank erosion, and
delivery of pulses of sediment from hillslopes iatad down the streams to the Harbour,
altering rates of sedimentation. We have drawenstin to research requirements to
better understand sediment generation and trangp&drirua Harbour. Other than this,
management action and planning is urgently requimrecluding the highest statutory
management standards for all vulnerable sites, &ere earthworks and forestry
harvesting are taking place, grazing on steep slepe

Information from other New Zealand estuaries

Relevant information from elsewhere in New Zealdnghlights catchment land use
which adversely impacts stream water quality andoblar condition. Streams draining
agricultural land (cleared pasture) experience tgresediment loads, are warmer and
have less shade than streams draining native otgoldorest.

Other estuaries on the North Island (such as Wihaeg and Pakuranga) have
experienced similar increases in sedimentationsrai@ece the arrival of European
settlement and the development of agriculture @adtation forestry and more recently,
the intensification of urbanisation. The highesdimentation rates occur where
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catchments drain steep grazed land or on urbanuaddrgoing development. Various
studies highlight the need for a catchment managerapproach to problem areas
upstream, and the implementation of riparian budiieras to slow sediment and nutrient
inputs. For the Porirua Harbour, a focus on manmag all remaining estuarine
vegetation, and restoring it where possible, afgitant priorities.

Recommended research priorities for Porirua Harbour and
catchment

In this final section we suggest research aredsrhaur judgement are the top priorities
for immediate information-gathering and researthese are by no means all the gaps in
our current knowledge and understanding, but thesdhat seem to us to be the most
important and urgent to enable effective manageeidn.

We also repeat that, as implied in the previousgraphs, these research gaps should not
be used as a reason to delay management actidghough these research priorities are
important and should be addressed, we also considgr there is already enough
information from the Porirua and other catchmeatattleast begin the development of a
catchment management strategy or plan which begaodnteract some of the identified
adverse indicators and trends. For example, iadterms, we know sedimentation is
increasing: action should be taken to reduce emoai@ introduce riparian buffers. We
know there is stormwater pollution even though e¢hare still many questions about the
distribution of pollutants: action should be takém reduce pollution, using both
engineering and planning options. The proposedriRorHarbour and Catchment
Strategy, for which this review is an input, regmts such an important opportunity to
address some of the management needs throughatgdgrianning. Recent work on the
Porirua Stream catchment, including a recommenalatiadevelop a statutory catchment
plan for that catchment (Blaschke et al 2009),nstlaer example of the recognition of
this planning need.

The research priorities listed below are not in @ayticular order of importance or
cost/difficulty of implementation. It includes ites for which there is already a
recognised need and which in some cases have liedwn addressed, as well as items
that to our knowledge are new to the research agenth addition to these listed
priorities, we consider that a key priority is tontinue gathering information from the
community about their environmental concerns, dmh tto use planning processes that
address those concerns and involve stakeholders.

Recommended research priorities

1. Gather and maintain a consolidated reference d¢mleof all published and known
unpublished reports on Porirua Harbour and catchnerbe housed at Porirua City
Council and made available to interested parties.
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2. Improve understanding of the transfer of pollutaatsl sediments within Porirua
Harbour, by undertaking an integrated Porirua Harbbydrodynamics study,
focussing on Onepoto Arm, and the exchange prosdssieveen Pauatahanui Inlet,
the Onepoto Arm and the Outer Harbour.

3. Obtain background information on water quality #éss across the entire Porirua
Harbour in order to understand natural variatiorthimi the system. Parameters
measured should include turbidity, salinity, paout and nutrient concentrations,
dissolved oxygen, temperature and pH. Sample shesld be located to enable
assessment of the relative influence of fluvialutsp tidal flushing and harbour
morphology.

4. Continue to monitor changes in Porirua Harbour yrattry over time, and relate
changes to estuarine hydro-dynamic processes.

5. Characterise the catchment in terms of geomorplycdogl stream morphology, and
document recent changes e.g. channel straighteningparticular, investigate the
effects of Porirua Stream (and tributaries) floathtcol and other engineering works
on stream and harbour processes.

6. ldentify the sub-catchments which urgently needsiero control, and prioritise
amelioration works, based on representative sutlioant sediment budgets and
field measurements, and continued assessment a@fmesd inputs into Porirua
Harbour using already installed sediment plates.

7. Complete biological inventory and ranking of sigraht terrestrial sites in
Wellington City, and where necessary update inwgnamd rankings of Porirua City
ecosites, in order to obtain complete information priorities for terrestrial site
protection and management in the Porirua Harbaichozent.

8. Continue habitat mapping consistently over thererRiorirua Harbour, and extend to
sub-tidal areas, along with broad-scale descripgfcthe benthic communities.

9. Derive a definitive list of indicator species fooriua Harbour and catchment,
including key estuarine fish species.

10.Extend the monitoring of cockle populations in Rabanui Inlet, to include the
monitoring of key indicator species in all relevaatts of the Harbour.

11.Continue long-term monitoring of sediment chemistng benthic ecology at sample
sites in Onepoto Arm and Pauatahanui Inlet. Sewdlinsamples that are above
ANZECC (2000) guidelines should be analysed foirtioavailable fraction to
determine if high concentrations could affect hiota

12.Investigate the hypothesis that some Porirua Strgdomtaries are at or near their
ecological “tipping point”, initially based on aode analysis of any trend data
available and the presence/absence of indicataiespe
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13.Investigate sources of gravels in the Porirua 8traad Harbour, especially those that
are removed by dredging. Investigate the effettslacurrent dredging activities in
the Porirua Harbour.

14.Document changes in human uses of the Porirua Haxdeer the last 150 years, in
particular focussing on the extent and use of @akld oyster beds.

15.Investigate adaptation and mitigation strategiesttie environmental consequences
of the high degree of road/transport encirclemémi@ Porirua Harbour.

16.Investigate the potential and preferred methodolmgyenhancing inanga habitat in
the lowest reaches of Kenepuru Stream.

17.0Obtain and analyse further information on fish katband fish populations in the
Porirua Harbour, especially the Outer Harbour. Bese the effects of Porirua
Harbour fishing and catchment land use on Harboma adjacent coastal area
fisheries and ecosystems
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Appendix 1 Sites of cultural importance in the Porirua

Region®®

Section

Sitesand areas

Poriruato Paremata

Horopaki

Aotea
Papakowhai
Tamanga a Kohu

Paremata to Plimmerton

Paremata, Taupo
Whitianga Pa

Paremata Pa

Thoms Whaling Station
Moa Bone hunting sites
Burial ground

Dunes

Paremata Barracks
Gallows

Military Camp

Ngati Toa Domain
Pauatahanui Inlet

Porirua Harbour

Te Whata kai o Tamairangi
Taupo Pa and kainga
Proximity to Turi Kawera
Te Whata kai o Tamairangi
Te Punga o Matahorua
Burial Hill

Plimmerton Domain (former Taupo Swamp)

Plimmerton railway (urupa)

Plimmerton to South of Pukerua Bay

Taupo swamp

%6 Source: BML (2005)
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Glossary of terms and scientific names of organisms

Terms

aggredational(also accretional): A process where sedimendded to a surface over time.

ANZECC Australian and New Zealand Environment and CoradEmm Council. Interim
Sediment Quality Guidelines (ISQG) are containethiwithe ANZECC “Australian &
NZ Guidelines for Fresh and Marine Water Qualit\NZECC 2000).

bayhead deltaa delta is a triangular landform found where @anh meets a body of water
(estuary or lake) composed of sediment which tfeast has transported but drops as the
energy of the water flow falls. A bayhead delta delta at the head of an estuary.

benthic bottom dwelling

bioavailable describes pollutants that are easily absorbelida. Hence, pollutants that pass
through the digestive system of a creature andetrabsorbed are not bioavailable.

bioturbation the displacement and mixing of sediment partibkedenthic animals or plants

birds-foot delta a delta with long projecting distributary charméhat branch outward like the
claws of a bird

BP: years before present

CBD: Central Business District

copepod: minute marine or freshwater crustaceanatagarthropods of the cla€drustacea,
including lobsters, crabs, shrimps, and barnacles)

co-seismic refers to an event that occurs with seismic a@gtiv.e. movement of a fault that
ruptures with an earthquake

DDT: dichlorodiphenytrichloroethane. A synthetic pesticide once usegresively and now
banned, due to its far reaching poisoning effestsits persistence in the environment.

degradational refers to any landform formed by the wearing dafra landsurface by erosion
and weathering

diatoms single celled algae

EC: Electrical conductivity

EIA: environmental impact assessment (also knowEEas. environmental effects assessment)

enterococci bacteria found in the human lower intestine, amsed to detect sewage
contamination of water.

eustatic: global, referring to global change in oceanic wadéel due to a change in the total
volume of water in the oceans

eutrophic water bodycharacterised by: high nutrient inputs; densalatgpncentrations often
called algal blooms (and hence high chlorophyllemcaentrations); dissolved oxygen
concentrations in the surface waters which fluguatcording to light exposure; low
dissolved oxygen in the lower water column whicim caffocate fish; and anaerobic
sediments

faecal coliformsbacteria found in faecal matter

flushing regimethe process of water moving in and out of a catfiembayment/estuary

fluvial: refers to a river or stream. A fluvial channehistream channel.

integrated catchment managemeatprocess through which people can develop anjisigree
on shared values and behaviours, make informedidesi and act together to manage
the natural resources of their catchment

intertidal zone the coastal zone between the lowest to the higitesmark

kaimoana seafood
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KNE: Key Native Ecosystems, referring to a Greater IMgion Regional Council programme
aimed at identifying and protecting ecosystemsl \itathe long-term viability of the
region’s unique biodiversity

longshore drift movement of sand in the surf zone parallel tostiare

macroalgaetypes of algae visible to the naked eye, comm&nbwn as seaweed

macroinvertebratesanimals without backbones that are visible withoagnification

MCI: Macroinvertebrate Community Index which rankesiaccording to fauna diversity and
taxa susceptibility to pollution

meiofaunacatch - all term for animals about one millimdtrag

nearshore the area comprising the swash, surf and breadee in waves are forced to break
owing to the shallowing of water

organo-chlorine Any organic chemical that contains at least ohéorme atom. Organo-
chlorides are used extensively in the productiorplaktics (especially PVC), for dry
cleaning, and in pesticides. One important orgarioritle is DDT.

PAH: polycyclic aromatic hydrocarbon. PAHs are commoomatic solvents used for adhesives,
resins, fibres, pesticides and ink, as industiehmers and degreasers, as thinners for
paints and lacquers and in the rubber industryyTre also constituents of asphalt and
of crude oil and are products of oil refining.

PEP. Pauatahanui Environment Programme, an intendiveetyear integrated study of the
Pauatahanui Inlet and catchment carried out bydhmer Department of Scientific and
Industrial Research between 1975 and 1977

periphyton a complex mixture of algae, cyanobacteria, hétepbic microbes, and detritus that
is attached to submerged surfaces.

pH: measure of acidity (pH 1-7) or alkalinity (pH 41

phenols a class of organic compounds, used in many indlsapplications such as the
manufacture of herbicides and cosmetics

polychaetesmarine worm

porewater water filling the spaces between grains of sedime

progradation seaward build up of a beach, delta or fan by ditipa of sediments

residence timein relation to flushing processes, a measureéhefrate of exchange between an
estuary and the adjacent coast

salt marsh a marsh located in the intertidal zone, betwdenland and the coast. Characterised
by sea rush and jointed rush

sediment accumulation ra{&AR): the rate (usually in millimetres per yeat)which sediment
has accumulated at a location.

seepage arealepression in the ground where water collectsyrdrelow the surface

subtidal (sub-littoral) zoneThe sea-shore zone lying immediately below therfidal zone,
generally extending to about 200 m depth or tcetihge of the continental shelf

surficial: refers to the surface

TSS Total Suspended Solids. Refers to particulateeotmations in water.

Scientific names of organisms

Australasian harrielCircus approximans

banded dottereCharadrius bicinctus bicinctus
banded kokopuGalaxias fasciatus

black swanCygnus atratus

black stilt: Himantopus himantopus leucocephalus
blackbird: Turdus merula
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browntop:Argrostis capillaris

Caspian ternHydropragne caspia

common bully:Gobiomorphus cotidianus
common cockleAustrovenus stutchburyi

eastern bar-tailed godwitimosa lapponica baueri
eelgrass (seagras&ostera muelleri

fantail: Rhipidura fuliginosa

flounder:Rhombosoleapp, most commonly sand floundBr, plebeia

freshwater shrimpParatya curvirostris
giant kokopuGalaxias argenteus
glasswort:Sarcocorniaquinqueflora
goat:Capra hircus

grey teal:Annas gracilis

grey warblerPseudogerygone igata
gulls: Larusspp

hares:Lepus europaeus

harrier hawkCircus approximans gouldi
hinau: Elaeocarpus dentatus
inanga:Galaxias maculatus

jointed rush (jointed wire rush, oioikpodasmia similis
kahawai: Arripis trutta
kahikateaDacrycarpus dacridiodes
kereru: Hemiphaga novaeseelandiae
kingfisher:Halcyon sancta vagans
kohekoheDysoxylum spectabile
koura:Paranephrops planifrons

long finned eelAnguilla dieffenbachii
magpie: Gymnorhina tibicen
mahoeMelicytus ramiflorus
matai:Prumnopitys spicatus

mouse (house mousdjlus musculus
morepork:Ninox novaeseelandiae

New Zealand rigMustelus lenticulatus
North Island fantailRhipidura fuliginosa fuliginosa
New Zealand kingfishddalcyon sancta vagans
NZ shovelerAnas rhynchotis variegate
paradise shelducK:adorna variegata
possum:Trichosurus vulpecula
pukeko:Porphyrio porphyrio melanotus
rabbit: cuniculus

rat: Rattusspp (Norway or brown raR. norvegicusand ship or black raR. rattu3

rewarewaKnightia excelsa

rimu: Dacrydium cuppressinum

salt marsh ribbon woodPlagianthus divaricatus
sea primroseSamolus repens

sea rushduncus kraussii
shagsPhalacrocoraxspp.

shining cuckodChrysococcyx lucidus

short finned eelAnguilla australis
silvereye:Zosterops lateralis lateralis
sole:Peltorhamphus novaezeelandiae
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spoonbill:Platalea regia

spotted dog fish ( New Zealand rigjlustelus lenticulatus
spur-winged ploverVanellus miles novaehollandiae
tawa:Beilschmiedia tawa

trout: likely to be brown troutSalmo trutta

tui: Prosthemadera novaeseelandiae

variable oystercatcheiHaematopus unicolor
waxeye:Zosterops lateralis

welcome swallowHirundo tahitica neoxena
white-faced heronArdea novaehollandiae novaehollandiae
yellow-eyed mulletAldrichetta forsteri
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