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ABSTRACT

This project fulfils par summdrstuddsiip phjgdthal a e
looks at theelements okcological andMauri restorationat Okahu Bay.This current study
focused on the population abundance and distribution of marine benthic shellfish pipi
(Paphies australis and common cockle(proper name New Zealand Littleneck Clam;
Austrovenus stutchbulyiand seagrasZ@sterg population. This proj also measured the
bathymetry within Okahu Bay, site that receives input from stormwater from the sungund

urban area.

The currentstudyillustrated that at the mididal rangethere wa rarely any pipi, with a few
cockle species present across tlag.here wasa clear difference in the percentage of
seagrass cover in the bay at the -tidél range with the amount at nil on the outer transect
lines and increasing towards the centre of the Bhg result of the current population could
still be recoering from the past and current input of stormwater and rufb&bathymetry
results illustrated gradient in deptlwith anincrease seaward, with shallower areas at the

high tidal zone (beach) and outer areas of the bay

The survey of the marine bianc fauna and flora has illustrated that there are ecological
relationships thapotentiallycombine to support the function of this environméfawever,

this current study can only be conservative in the discussionadhe benthic population
results ad comparison to past trend3kahu Bap s | o c at iaacimkfomtiee kligpesal i t
of urban stormwater and assateid contaminants. Further research and focugmediation

are required in thiscologicall and culturally important area
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CHAPTER ONE

Introduction

GENERAL INTRODUCTION
This project fulfitles Mia rasoabedn stugdalp pijgdithaP a e o
looks atthe elements ofecological and Mauri restorationat Okahu Bay This Bay is

connected to theapg Ng Ut i  Wh Ut u Mana Wremu&Tki projee mvolved the
collaboration betweenstudents Elliot Hurst (Emgi neer i ng studenit) , T
(Engineering stdent), and myself (Ani KainamuMU o r i studi es, Mari ne

supervision byDr. Dan Hikuroa and DrKepa Morgan,and guidance bywi consultants
Malcolm Patersorand Richelle KahuMcConnel to ensure research relatiedtheobjectives
of the overallcultural use oN g Ut i Wi tD U.kThis pmjectwas composed of four
projects that includedthe analysis ofthe Mauri Model, the benthic populatiorand
biodiversity, the levels of sediment contaminants, and the hydrological modefli@kahu

Bay.

The Mauri Model created by DKepa Morgarwasu s e d by T uunt® asadssotheF a 6 a
possible situations/courses of actitinrestoreOkahu bay.The measurement of sediment
contaminantswvas undertaken by Elliot Hurstl conducted themarine benthic population

survey, as well as the bathymetry survey with Malcolm Patefd@nbathymetry data will be

used by theEngineer researchers Adn Cr ouc her and Minkodd th@d Sul | i
hydrological dynamics This current document reports the study of the benthata

population survey, and the bathymetry data collected for the hydrological model study.

METHODOLOGY

To establish a framework &fiUt a u rMddni gnathodology this piect was informed by

the document of Collaboration and Consultation by KakaConnell 007), andhe initial

Mauri Modeldraft by Tumanakd= a 6, anwcansultationalso with both the cultural advisors

Malcolm and RichelleAs reported by KahuMcConnell Q007),the MUt a u rretaimeda

and transmitted bi)d g Ut i  WderOW Wesdribes a thriving ecosystem amahinga kai

stewithb speci es diversity was common in the net
2004).This gives anecdotal evidence of thetdiigal status of population abundance, and the
importance of this site and its wellbeing to the p |



The importance of this lies with the connection to the indigenous people, in thisdiay is

the mauri of the hagl . The wellbeing ofthe hag sits within the practicingof tikanga one
being the role to practickaitiakitanga Kaitiakitangais a fundamental conceptracticed
over an area anils associatedesourcs, for example the wellness of an ecosystenthe
wellbeing offuture generationw corme. Kaitiakitangaof traditional food gathering sites give
rise to themanaof a hap and their ability to providenanaakitangato their extensive
wh(hau andespeciallytheir manuhiri The degradation of this bay has lead to the decrease of
these practices in this area which degrades the cultural rights and values that has been
transferred traditionallyfrom generation to generation. Theg continues to perform
guidancean order to #empt restoration of important food gathering and cultural practice sites
such as Okahu Bay.

CURRENT STUDY

In the most recenR006 Census the Auckland region continued to have the largesapopul

in New Zealand, with 1,060,65@sidentsa populatio growth of more than 100,000 since

the 2001 populatio(Willis, 2008). The urbanisation of land is a direct consequence of these
population trends and urbanisation is one of the great drivers of change in the state of the
Haur aki Gul f 0 s s,&008).The Yaiteneata tHarfoWis luded extensively for
recreation, industry, fishing, trade and tourism. At the same time, the Harbours are sinks for

the disposal of urban stormwater and associated contam{hdaW#,, 20123).

| aim to addressome ofthe environmental factors of Okahu Bagsindicated by the Mauri
Model draft such as estimating the marine faurihe abundance of indicator species, health
of aquatic species, changes over time of slassef speciesmarine flora- plant health,
plant abundance over timeand discuss the history ofolution - litter, sewageand
stormwater overflow into the baiota that are most directly impacted by reduced water
guality are sessile plants and animals, such as seagrass and benthic infaunag\siace th
most persistently exposed to jupants and degraded conditiofi3SE, 2012) Due to trophic
and other ealogical links between thesmore mobile secies, impacts have extended to

many parts of the marine ecosystem (Jen&ire., 1992).



ECOLOGICAL IMPORTANCE OF SHELLFISH

Bivalves are a useful tool for mboring changes within a system, theytypically comprise

one of the largest and longest lived groups in many infaunal communities and are typically
the most abundant suspension feeders in estuédbame, 1996). Filtefieeding bivalves are

linked to the material they process and affect the system witbdposits of wastes to the
benthic layer. Filter feeding is one of the most ecologically significant features of aquatic
environments and fadiates benthipelagic coupling as well as influencing water quality
(Dame, 1996). Bivalves have a tremendous capacity to filter water, and in some enclosed
estuaries and bays can filter the entire volume of water in the system in a manner of hours
(e.g. Cbern, 1982; Beukema ai@hdée 1996). Estimates of the filtering capacity of mussels
and cockles in the Dutch Wadden Sea indicate that the bivalve populations filter the entire
water mass of the sea in less than a week (Dankers and Zuidema, 1995). valvesfiier

feeders are both a product of their habitat as well as influence their envirorfroent.
example, the loss of extensive bivalve beds in New York harbour and other regions on the
eastern seaboard of the United States from overfishing and pollbas had profound
influences on the water quality and food webs of these estuaries (Lenihan and Peterson,
1998). Consequently, likely declines and further loss of the bivalve population may have a
major impact on the coastal system in terms of the ptodty of the system and the stability

of the resource base.

Many of the speciedwellingsin coastal and estuarine ssttdiments around the Auckland
region play important roles in the cycling of sediments and consequently organic and
inorganic contaminants. The commoackle Austrovenus stutchburyivhen in sufficient
density will acceleratsediment deposition and contamination accumulation in the sediment
through its ability to filter material from the water column (Gaddal, 2010). Species such
asMacomona lilianacan affect sediment movement by significant decreasing the sediment
stablity (Lelieveld et al, 2004).

ECOLOGICAL IMPORTANCE OF SEAGRASS

The ecological importance of seagrasses is now reasonably well documented worldwide
(Hemminga and Duarte, 2000), there are more than 50 species identified globally, which
occupy a wide edogical range, from the intertidal zone down to depths of greater than 50 m

where water clarity is sufficiently high (Reetal, 2004). Seagrass beds are considered to be
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one of the most productive marine ecosystem, with high biodiversity and hadditat as

they play a vital role in supporting fisheries, protecting other components of the ecosystem
(including coral reefs) by binding sediment and reducing turbidity, and providing defence
from coastal erosion (Hemminga and Duarte, 2000).

Although inNew Zealand seagrasses are largely intertidal, similar roles have been recognised
here (Inglis, 2003)Zosterabeds normally support a rich and varied biota (Droomgebéd,

1983) Research has found that seagrass beds in New Zealand (especiallshéttasenain
permanently submerged) are a particularly important habitat for juvenile fish (Morrison and
Francis, 2004), in their role as a transition habitat for juvenile fish, andraseatjve nursery
habitat and influence the diversity and abundantemall fish as well as the abundance of
large fish on the open coasReged et al, 2004. Seagrass beds also support shellfish
populations, and provide a transitional habitat for migrating birds (Mason and Ritchie, 1979;
Inglis, 2003). Therefore the degfation and/or disappearance of seagrass habitats is likely to
have significant effects on other associated organisms.

STUDY AREA

This study involved Okahu Bg¥igure 1.4 and 1.8jat sitswithin the Waitemata Harbour,

a large tidal estuary adjacentt New Zeal andés | ar g&scklanand f ast
(Figure 1.3.Changes in benthic assemblagé&s)eiconic Waitematddarbour andvlanukau

Harbour are botfundamental pastof urban living in AucklandThe Waitemata Harbour in

particulari s t h e baosest commeycialport, it has tens of thousands of private yachts

and launches, it is a place of recreational and commercial fisimdgtcontains a bird

sanctuary and diverse shellfish beds.
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Figure 1.3 Map of Okahu Bay area with the Marina Development on the left, Takaparawha on théill,
right of th e bay.
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STUDY OBJECTIVES

The objective of this study was to assess rti@inebenthicpopulation and the hydrological
movementswithin Okahu Bay. Thespecific studieswere to assess thé&end of benthic
shellfish and segrass, and testimate the current bathymetry to be used in the hydrological

modelling.

CHAPTER LAYOUT

CHAPTER 1: Introduction

This section introduces theojecttopic andstudydirection.

CHAPTER 2:The shellfish and seagrass survey at Okahu Bay
This chapter measures the current shellfish and seagrass abundance and distribution across

the baywith conparison to the past estimatesGiahu Bay.

CHAPTER3: Hydrology Modeli bathymetry
The current bathymetry is measured to use in the hydrological model.

CHAPTER 4 Discussion and Conclusion

This section discusses the overall results and the implications this has for the Okahu Bay

environment.

14



CHAPTER TWO

The benthic population abundare and distribution

INTRODUCTION

The focus of this population survey weon the two dominant shellfishipi (Paphies
australig and common cockle(proper name New Zealand Littleneck ClaAystrovenus
stutchbury), as well as the flora seagrag®sgterg that were present in the past study by
KahurMcComell (2007) of Okahu Bay. A survey of the intédal area is useful to get an
indication of the health of the bay by looking at the benthic biota biodiversity and
distribution. This study may provide infoation of the habitahlongthe bay and across the
intertidal zone, and to identify whethtris habitatsupport thesapecies Furthermore, he

current survey can be used to compare with past surveys to see if there are any changes in the

benthic population over time.

THE BENTHIC POPULATION

In New Zealand, the seagraggstera capricornican be found throughout the North and
South Islands, from Parengarenga Harbour to Stewart Island (Inglis, Z$i8je 1921,
Zostera was once very abundant in Waitemata Harbour and dominated large areas of areas of
Hobson Bay and Stanley Baput by 1931had depletedHounsell, 1935; Powell 1937)
Seagrasses are sensitive to changes in certain environmental conditions (eg. light, nutrients,
toxins see Reeet al, 2004 for further informatioi with the loss or severe degradation in
New Zeal andamsl estuariesb @pparently those most impacted by human
development), including beds in Tauranga Harbour, Waitemata Harbour, Manukau Harbour,
Whangarei Harbour and Avedeathcote Estuary (Inglis2003). The disappearance of
Zosteraextendsthe WaitemataHarbour, with seagrass bed loss frahe Tamaki estuary,
Howick Beach, Okahu Bay, Torpedo Bay and Cheltenframmiger, 1964) Whilst this can

be largely attributed to a disease by thabyrinthula slime mould (Armiger 1964) it is
conceivable that pathogersasceptibility is enhanced by unfavourable conditions for growth
such as increased sediment load, reduced salinity or pollutants (Droonetjadle1983).

Similar epidemic losses were recorded in the Aigathcote estuary during 192953 and

in many Nathern Hemisphere locations in the 1930s (Droomgeblal, 1983) that shows

this is not unique to Auckland, and New Zealand.
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A faunal survey of biota in Waitemata Harbour was conducted by Hayataald (1997) to
revisit many of P statien$ whiglswere haSe8 [argely ®ramojukcs, was
the first analyses of benthic ssdiment communities in the harbour, which showed a

decline in the abundance, and a restricted range in molluscs since the 1930s. For example

there was a decline in gaspods Amalda australisand A. novaezelandiaeand of the
bivalves Tucetona laticostata, Neilo australis, Dosinia lambatnd Tellinota edgari
(Haywardet al, 1997%. In comparison to this, there was an abundance of shell debris found
throughout the harbour oFeacolpus pagoda, Anomia trigonopsiand Austrovenus
stutchburyibut were found alive hardly at all in the 1930s or 1990s surit¢ggwardet al.,

1997. The cockle A. Stutchburyiwas the most abundant intertidal bivalve with shells
being washed and floated out into deeper wtesard andStillwell, 1995)

The Ministry of Fisheries is aware of the depletion of intertidal shellfish populations
throughout the Auckl and Metropol iadl8&helfisAr e a
Monitoring Programmeo within this greater
suveys (Akoyd et al, 2000) The potential sessorgdentified to affect the status stocks of

cockle pipi, tuatua, and wedge shells in the Hauraki MafPark Area include antropogenic

contaminants such as organotin compounds and organic booster biocides, heavy metals,

organochlorides and polyaromatic hydrocarbons; human harvesting; changes in the marine

environment associated with human activity suchnaseased sediment loading, nutrient

enrichment and climate change; natural phenomena of an extraordinary nature such as

harmful algal blooms, and diseases/parasite ey@ursl and Hay, 2003).

PAST COMMUNITY SURVEY

The first benthic community survey @kahu Baywas conducted in 2007 and repeated to

2000using the Haur aki Gul f Shell fish Monitor|

WhUt ua and t he (&CU20E2). n Qesenpast surveyy, the spedeskle
Austrovenus stutchburyipipi, Paphies australis were surveyed as key indicators of
ecological health of Okahu Bayhe successive surveys indicated an increase in density of
cockles andpipi over time (Figure2.1) with an increase in juvenile size class, and decline in
larger size dss in both shellfish (Figurz3). It is also shown that in the years 2008 and 2009

the density of both shellfish were higher in the eastern end of the bay (Transect-Ihes A

16



than the western end-{lr (Figure 2.2) However, the report results f¢oraland Hay, 2008
should be loked at closely as the graph axs in different scales (Figuge3). Furthermore,
this is a small time frame so thaseinsufficient information to confirm trend$he seagrass,

Zostera capricorniwas included into the stuayf the bay in 2007 (KahtMcConnell, 2007).

250

Cockles
Pipis
200
L
: 1
15
a
& 150
=y 7|
a .
a 100

2008 2006 2010

Year

Figure 2.1 The reported population densityper m2 of cockle (light grey line) and pipi (dark grey line) at
Okahu Bay from 2007 to 2011(ARC, 2011)
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Figure 2.2 The reported population densityper 0.1 n? of cockleand pipi per transect lineat Okahu Bay
in 2007 and 200§Kahui-McConnell, 2007.
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Figure 2.3 The reported size frequencyof cockle and pipi at Okahu Bay for the years 2007 to 201@Coral
and Hay, 2003).

STUDY SCOPE

This chapter measures the current shellfish and seagrass abundance and distribution across
the baywith comparison to the past estimates at Okahu Bhi would be usefulo assess

the trend of marine biota overatfdrthesespeciesd a s s ¢
The potential decline or loss of the shellfish populationld affect the ecological functida

capture large amounts or pelagic organic mdttesugh filterfeedingand deliver it to the

infaunal community. The examination of teeagrass would also provide information on the

current productivityand nursery site for other specaghe bay.

18



METHODS

POPULATION ABUNDANCE AND DISTRIBUTION SURVEY

STUDY DESIGN
This studyusedthe stratified systematic sample design similar to thahé most previous
survey (KahuiMcConnell, 2007). This design was used as this is where existing flora and

fauna abundance were known to exist from previous surveys.

The previous GPS (Global Positioning System) coordinates from the most recent survey
(KahurMcConnell,2007), were converted from NZTHMrojectionto NZGD2000 to give the

sampling design outline (see Appendix fiofl detailed methad . Googl eE Earth
to plot the survey design and view the overall position of the bay in relatmheo physical
characteristic such as the main road (Tamaki Drive), pylons, boats, and nearby buildings.
Transects were parallel to one another with transect lines perpendicular to the shore, with a
distance of 50 m between transects, total of nine (darkéé A6 t o o611 06) , acros

with a distance of 20 m between sampling points (hnumbered) from high to low tidal mark.

In this current surveythe sample effort was focussed on the overall sampling across the bay
and more so the lowest tidal pojmbssible. The coordinates dbngitude and latitudevere

loaded onto handheld GPS unit for locatiorsampling pointsThe GPS required adjustment

to the navigational map sap to match the New Zealand map units (see Appendix 1.2).
From the existing suey outline, thesampling objective was to sample from sampling point

3 of each transect line and systematically sample out to the lowest tidal mark, with the
transect lines A, C, E, G, | were sampled. Due to thesttaints of the low tidever both
samping days sampling points beyond 6 of each transect line could not be reach, the sampled
area were mappgd\ppendix 13). Other data collected were the elevation of the upper tidal
zone to investigate the area available for sampling during the low tidalsmday give an

understanding of the slope that water may travel along into the bay.

SAMPLING DESIGN

Okahu Baywas sampledn the 17" and 18" of January2012 at low tideA 25cm x 25cm
guadratwas placed dio the substrate at each sampling point, the seadesmssty (recorded
in percentage of quadrat coveraga&smeasuredvith 10leafblades collectethto a labelled
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bag,and measured.he shovel was then used to remove all contents of the quadrat ttha dep
of just less than 10 cm to ensurethk shellfish were removed he extracted material was
washed on a sieve with an@m aperture mesh so that theellfishwere free of substrate. The
live shellfish werecounted andneasuredalong their longest dinmsion) at a size class
interval of at leasb mm length thenreturned to the sample place and covered to minimise
disturbance.A final note, themeasuring techniqu&was gui ded by t he
shellfish monitoring ( A R C, witB telshdiiplacal against theuler with the hinge at

the side so that you are measuring its longest dimension.
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RESULTS

THE CURRENT POPULATION ABUNDANCE AND DISTRIBUTION

BENTHIC SURVEY

The currentstudyillustrated that at the mididal range (transg samplingpoints 36) there
wasrarely anypipi, with a fewcockle species gsent across the bay (Figure)2Bhere was

no clear difference between the transect lines to the density of shellfish found, a slight
noticeable data is that the outer transect havefisiielompared to little or nil in the more

centre area of the bay (Figure 2.4
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Figures 2.4 The density per 0.1 &for cockle (dark diamonds) and pipi (light grey squares) at Okahu Bay
for January 2012.
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Figure 25 The size classrequency per 0.1 m of cockle (dark diamonds) and pipi (lighter squares) at
Okahu Bay for January 2012.

The size class observation show that cockle were more abundant in their juvenile population

with no representation in sizes larger than 35mm (Figure 2.5). The mediumatune mipi
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sizes were more abundant, with lower frequency of largest siz&s0(MM) and no juvenile
present at this tidal heiglFigure 2.5). Overall, there waa difference in the size class range

present between cockle and pipi at this tidal rangeimitie bay.

SEAGRASS
There is a clear difference in the percentage of seagrass cover in the bay at-tidal mid
range with the amount at nil on the outer transect lines and increasing towards the centre of

the bay (transect E) (Figure 2.6).
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Figure 2.6 The percentage of seagrass per sampling point of the transect lines at Okahu Bay.

THE COMPARISON TO PAST DATA

BENTHIC SURVEY

The comparison to the reported 2007 and 2008 results (H&t@onnell, 2007) show that

the current density was less than in tlestp however of the shellfish counted, thpi in
transect A, anaockles in transect C and I, these figures were much higher (Figure 2.2 and
Figure 2.4).

The comparison of the general size class pattern of shellfish (Figure 2.5) to the past reported
data (Figure 2.3) illustrateshat there is a continuation obckle juvenile settlementn this
bay. Since this study was limited in the area of survey, these partogldes were found in
transect areas of C and | in the riidhl range. Theipi size class showetthat therewas no
recruitment in this year (2012) compared to the past figures, however there is possible growth

of thesepipi into the medium size class as well as few in the larger size class.
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The comparison of the seagrass to thathef past Appendix 1.4 is different in that the
current status shadthat therewas further seagrass growth in the ntide zones for transect

C, whereas the transects E and G weimilar, if perhaps a little ane growth Figure 2.6).

OTHER OBSERVATIONS

The extra measurements taken of elevation using the GPS from the beachtitte m@he
(transect point 3, where the lowest tide was) of the bay, it was noticeable the there was an
existing slope down to the e#d(Appendix 1.3 for coordinates and map). There is also an
unevenness in the surface of the bay, with the middle of the bay (transect E) being
approximately 5 metres in elevation, at least a metre less than the adjacent areas (Appendix
1.3). The mietide measurements of transect G was 5m to 8m, and transect D was 5m to 7m
(Appendix 1.3).

Another observation wathe type of substrate presenteaich sampling point. There was a

high proportion of mud present at 56% of the sites, more tharoh#die mud ges hadno

seagrass cover, there was rock at 33% of the sites, and both sand and dead shells were 11%
each. There was no mud in the middle transect E; the dead shell, rock and sand were at

transect A, with rock also at transect |.
There was very little ibdiversity, with three other species found comprising a total of 13

animals including mud whelkCpominella glandiformis, p 1 pi / wh Ubilorkao/ c at s

subsostrate and wedge shelMacomona liliana.
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DISCUSSION

This chapter measutéhe current shellfish and seagrass abundance and distribution across
the baywith comparison to the past estimates at Okahu Bhig. study was restricted in the
area available to sample, with a conservative approach the results are discussed to the past

trends for this area.

BENTHIC SURVEY

This studysuggestedhat thelive shellfishpreferred thénigher endzoneof the beachlit was
expected that a greater number of shellfish would be at the low tidal end of the intertidal zone
as there would be a greatamount of nutrients available, with a longer period of
submergence for filteieeding to occur. Perhaps there is not enough nutrient costeht,as
algae, coming into the bayerhapsthere isconsumption by another population within the
outer EasterrHarbour. Perhaps the marine population within Okahu Bagsabin the
nutrients from input into outer areas dfe bay environment, as the higher shellfish
populations sampled were in the outer transdRéesearch has reported thaagrass beds
support shkllfish populations, and provide a transitional habitat for migrating birds (Mason
and Ritchie, 1979; Inglis, 2003lowever, in this case the shellfish were found on the outer
end of the bay, with seagrass beds on the inner area. A further look atstrateulype and
permeability of oxygen, and contaminant load within the bay may give further information to

the distribution of both these benthic populations.

Overtime there has been juvenile recruitment in both pipi and cockle as reported by Coral and
Hay (2003). This trend of juvenile settlement, but small adult populations may suggest this
population spat is sourced from elsewhere and settle in Okahu Bay. It would also suggest that

the conditions may not be favourable to the growth of these shellfish.

SEAGRASSSURVEY

Thehigh growthin seagrass cover since the past survey is probably due to the summer season
(compared to the spring season reported in kdta€onnell, 2007with higher temperature
allowing for higrer levels of productivity. It does seethat the seagrass cover is more
concentrated in the middle of the baympared to the pasthis could be due to the effects of

the hydrological pattern within the bay from the observed lack of tidal flushing and outflow
of stormwater into the Eastern end of the bay.
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There seems to be a relationship between the substrate type and seagrass cover, where there
was large cover of seagrass at sites of little to no mud substrate. The mud may be too dense
for there to be enough oxygen to allow for plant growth and water naéinatto the initial

seedling and shoot of the plant. There was also no seagrass cover at sites of dead shells, sand
and rocks. This would suggest that the substrate is not suitable to holding the roots in place

and supporting the growth of seagrassemthe 61 ooser 6 substrates.

Finally the bay does not seem to support an abundance of biodiversity, phapbstrate
of a high percemtge of mud and little sand, has created an anoxic environment that is
unsuitable for shellfisho survive and thus gromto more mature stages of development.

This is discussed further in the Overall Discussion chapter.

OTHER OBSERVATIONS

The measured slopéelevatior) on the shore as well as the intertidal zone (that could be
reached) may influence the way that &xeess groundwater, nutrients, and contaminants run
into the bay from the park above, the surrounding landscape, and the roads in this area. This
could potentially affect the habitat placement of benthic organisms and seagrass when this is
not flushed out, omixed-well into a stratified water column. The hydrological modelling of

this bay is recommended to assess the movement within the bay, the potential sediment build

up, and sediment addition. This is discussed further in Chapter Three.

CONSTRAINTS AND FURTHER RECOMMENDATION

This current study was restricted in the access to the lowest tidal margitietpast surveys
hadsampledThis islikely due tothe difference in theseasorthat the study was undertaken
Spring tidesare usually the tides wittihe largest tidal range. These tidesur about every 7
months when New or Full Moon occurs at the sdime as the Moon is in its pgee(when
theMoon is closest to EarthJhe tide chart predictions show that the tidal range average was
0.1-0.9m for Sepember to October 2010,3-1.0 for November to December 2014nd 0.4

1.0 for January 2012 (LINZ 2011, 2012). Tlbev tides were 0.7nand0.8mon the sampling
dates of this studyaruary 17" and18" 2012.Therefore the intertidal range is greaiter

the period of September to October than it is for the period of November to Jahoery.

sampes taken would create a mepresentationf the actual population.nErefore repetition
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of this particular study during perisdof lower tide heightswould be beneficial to the

comparison and confidence of the data.

Although this study was restricted by tidal height according to the seasetidautampling
is not recommended as New Zealand seagrass are intertidal orgéimglss 2003) they
require theipht and shallow dep#h The intertidal zone is also suitable habitat for shellfish

such as the cockle.

It is recommended that this study be continued as a community conquofedt asthis

gives accountability and connection to the place of Okahu Bay and have been shown to
successful in the past (e.g. Cummings, 2006). The sampling quantity would benefit from a
larger sampling effort.

CONCLUSION

The past trends in the population iratie that there is little success in the shellfish population
reaching the larger adult sizes. The proliferation of seagrass is also evidence through past
surveys, and from this study. This current study can only be conservative in the discussion of
results and comparison to past trends. Both the shellfish and seagrass population have
ecologically important roles in the ecosysterhe potential decline or loss of the shellfish
populationcould affect the ecological functidilw capture large amounts or pelagirganic
matterthrough filterfeedingand deliver it to the infaunal communit@ontinued surveys of

the bay would give further evidence to the trend analysis, and to the relationship between the

substrate, seagrass and shellfish relationships.
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CHAPTER THREE
The bathymetry of Okahu Bay

INTRODUCTION

The focus of this section was to gather the current bathymetry of Okahu Bay to model the
hydrological dynamicsThe hydrology of the bay is important to understand the imgacts
tidal flows within an area, the effects otitflow sourceswhich can have an effect on the
level of sedimentation and builgp of contaminants from anthropogenic activitieesearch

has demonstrated that modifications and construction can directly influence tidalafidws

tidal flushing

Nutrients within bays and estuaries can benefit sea life when in moderation, but this is
problematic when there is too much enrichment in too small an(@GESAMP, 2001) For
example,nutrient enhancemertian lead to an increased gtbwof cyanobateria, which can
dominate and change the aquatic ecosystem dynadwiZHCC, 2000; BPA, 200). Too

much nutrients also enriches the water and sediment with organic matter, stimulating the
increase in oxygemonsuming microbes, which may killarine organisms by anoxia (an

absence of oxygen), or by related hydrogen sulphide produgthdBECC, 2000).

Various structures including bridges, causeways, culverts, floodgates, fords and weirs, have
been identified to potentially reduce tidal flows (Mdms and Watford,1997) The
prevention of tidal flushing can cause environmental problems from a build mgrants,

and significant reductions in saliniffhis may lead to a depletion séagrass, excessive algal
growth, blooms of toxic algal sped, oxygen depletion and declines in the diversity of fish
and other aquatic lifeAn example of these impacts is Tfasmaniawhere reduced tidal
flushing allowed nutrients to accumulate, causing eutrophication and algal blooms (Brett
1992 Joneset al, 1994).

Studies have reported thagdsment transport processes are altered at coastal qudts
marinasthrough reflection of waves of port structures and hydrographical modifications
caused by dredgingPermanent loss of habitat and biological proditstioccurs where
structures occupy the foreshore and seabed, or where major dredging works are performed to

establish harbours and shipping channels (Coleetaal, 1999). The constructions of
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marinasand associated structures, such as jetties anddmoptralong the Soutieast Marine
Region coast(Australia) suggest that the cumulative impacts are significant (Zann, 1995).
The proliferation of marinas and related facilitiassome areas, suets the Gipps Lakes in
Victoria, has grossly altered the na¢ of the shoreline and inshore habitats (Winstanley,
1995). Due to their shallower bathymetry, marinas can be more susceptible to reduced
flushing and anoxia (Edgat al, 1999.

HYDROLOGY MODEL

The Auckland City Integrated Catchment Study (ICS) wasupeo aid decisiomakers in

the identification of a works programme to improve drainage services, and mitigate adverse
environmental and community effects created by draining discharges. The Coastal Receiving
Environment Assessment (CREA) formsripaf the ICS of Auckland City (Boglet al,

2006). The objective of the CREA project is to develop an understanding of the effects
outfl ow from Auckland City Council/ Metrowat
respective coastal receiving environments (€Cher et al, 2005b). From a policy
perspective, the model is useful for comparing the benefits of different load reduction options
(Bogleet al, 2006).

In this case the model may give a specific understanding of the effects of outflow into Okahu
Bay. Ckahu Bay has been included in a past CREA, where the project modelled bacterial
counts provided for bathing beaches around Auckland City to simulate the bacteria in the
coastal receiving environment (Croucle¢rl, 2005b). Okahu Bay was one of the 11hbag
beaches in the CREA study area, eight on the Waitemata Harbour coasts and three on the
Manukau Harbour coasEor these simulations the full Hauraki Gulf / Waitemata Harbour
model grid was employed, therefore it was a coarse view of the effects latt Gkg, and
further accuracy would be required to repeat this study for Okahu Bay alone. A study to
update on the current bathymetry would be useful to refine the grid information for Okahu
Bay. The technical aspects of the framework for the hydrologicaehcarried out within

the CREA iddiscussedh detail byCroucheret al.(2005a)

BATHYMETRY
The bathymetry is thehape of the ocean floor in terms of map of its déNthiVA, 2012c).

A bathymetric charns the submerged equivalent of an abwxagertopographic map
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Bathymetric charts are designed to present accurate, measurable description and visual
presentation of the submerged terradiine existing bathymetry ifflom the New Zealand
Charts, in particular the East Aucklamtarbour chart (Figure 3.1) from which has been
formatted for a closer view of Okahu Bay (Figure 3.2) (NZ Charts, 2012).

SRS

T D, L

DEPTHS Wy MEiREg.
Figure 3.1New Zealand Marine Chart, NZ 5322 (NZ Chart, 2012).
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Figure 3.2View of Okahu Bay,New Zealand Marine Chart, NZ 5322 (NZ Chart, 2012).

STUDY SCOPE

This chapter measures the currdapth within Okahu Bay so that there can be current data
for the hydrological model.
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METHODS

SAMPLING DESIGN

Okahu Bay was samplesh the 20th ofFebruary2012 athigh tide. The objective was to
develop astratified systematic sample desigoross the bayTheEa gl e Cuda-E 128
finding & Depth Sounding Sonavas used to measure the depth at each sangihtign the
coordinates were recorded using a hand fabal Positioning SystefGPS) unif as well

as the time taken at the start and end of each trafideetposition nearest theadst end of

the bay was the starting point of the sampling. Once the datarecosled, the boat was
angled to remain straight according to physical markers, parallel to the beach, to sample
every 100m. Once a transect line was completed, the boat was moved 100m further seaward,
to begin the next transect line across the bay. Veataal map was close to a 100m2 grid,

the exception occurred as there were other fatdl craftmoored within the bay that
distorted the line of directio.he final transect line was taken within tvave breakgylon
boundary. The GPS positions wereconverted fromNZTM to NZGD2000 (as done in
chapter two methodsee Appendix 1.1 for detailed methpdnd these were mapped using
Goo gl e E(Figi B8.8).h

ASSUMPTIONS

The assumptions are made: a) that the -tiggh time reported for Auckland (Westhen)

Tide Tableis consistent with that dhe actualOkahu Baytidal behaviour b) that the tidal

height remains at the same height for the duration of each transect line; ¢) however the time is
taken for the start and end of the transect line, so gssraed that this time difference could
account for the difference in tidal height during the sampling;toih¢hat the bathymetry of

the bay is fairly consistent to within 108 reas.

DATA ANALYSIS

The data were used to create a taBppendix 1.5 using MicrosofE Excel with both
NZTM and NZGD2000 coordinates, the depth in metres recorded using the fish finder, the
time at the beginning and end of each transect liflee data is sent to the engineer
researchers who had created the CREA model, in pitito Adrian Croucher, to run the
hydrological model for Okahu Bay specificalBoth sets of tidal data, that is the tide times
and height from the tidal chart, as well the times of sampling with measured tidal height, have
been graphed to observe afhiference in the tidal change over the period of sampling.

30



RESULTS

BATHYMETRY

The mapped sampling points have shown that the first three transects were fairly done in a
systematic 100&ngrid design, however the final transect follows the inside of thenpyl
boundary, whereas another transect could probably be completed in between this line and the

third (i.e. sampling points 12 and 13)(Figure 3.3).
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Figure 3.3 The depth in metres (in brackets) across Okahu Bay.

The gradient in depth shows in increasalepth seaward, with shallower areas at the high

tidal zone (beach) and outer areas of the bay near the road and whaft on the Eastern side, and
near the road and marina on the Western side (Figurar@l3.4. There is a relationship

with time and tidaheight, as with time we moved seaward where the bathymetry would be
deeper (Figure 3.4The data also illustrates that the depth increases towards the centre of the

bay for each transect line, with the deepest range 5.6m to 6.3m, and shallow rangetof 1.7
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2.1m (Figure 3.4)Furthermore, the complete set sampling stations, tidal height (m)

measured, and time takegiven in Appendix 1.5.
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Figure 3.4The tidal height (m) data measured across the bay from high tidal mark seaward on 20/02/12.

TIME OF SAMPLING PERIOD

The period of sampiig was relatively short (1 hour; Figure 3cdmpared to the time for the

tide to make significant changeom high to low tide (6 hourskigure 3.5). During this
samplinghour the tidal time is estimated to have @ased by 0.5 m which may create a
slight underestimation of the sampling points taken towards that end of the tidal period
(Figure 3.5).

35 - y=-1.15x+4.25

3.0
25 A
20 A

15 A

Tide height (m)

1.0 ~

05 A

0.0 T T T T T T T
550 650 750 B850 850 1050 1150 1250

Time (24hours)

Figure 3.5 The tidal height (m) data from LINZ (2012) from high to low tide for 20/02/12.
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DISCUSSION

BATHYMETRY

It is clear to see that the general bathymetry of the existing NZ Chart (Figure 3.1) is similar to
the current layout in depth measured in this study (Figure 3.3). There was a large area of
shallow area that is highlighted in this study, with the deepetpfurther out where there is
many small craft moored. The shallow areas are potentially maintained from little tidal
flushing from the bay due to the wave break (pylon wall) and wharf, although there is a
current that runs across the deeper part ofBilwe Further investigation of this would be

necessary using the CREA model, as well as further data collected from within Okahu Bay.

SAMPLING PERIOD

The time was takemwith a comparison to the tide chart prediction wasaccount for the
difference intidal height during the sampling period. It is assumed that period of high to low
tide is a longer period than the low to high tide as this is a shallow area. Tides in bays,
estuaries, and rivers are affected by the extremely shallow water depths, feestomgtand
friction with the seafloor. Therefore, the high tends to catch up to the low tide, that is there is
a long period between high and low tide, but a very short period between low and high
(Segar, 2007).

FURTHER RECOMMENDATIONS

No further analgis was taken in this study, as the objective was to estimate the bathymetry
and provide this data for further modelliny.geographical information system (GIS) would

be useful to analyse, and present the bathymetry data would be highly useful esjpesesly

the similarities and differences across the BdeE a gl e Cu d afihding & Bepthi s h
Sounding Sonagive single point depth, whereas a multiple point device would give greater

accuracy in the variation of bathymetay each sampling statio@onstant data recordings

from flow meters would give an indication of the volume flux and velocity out of Okahu Bay.

CONCLUSION
This study illustrated the general bathymetry of Okahu tBay could be used to model the
hydrology. This can then be used to further analyse the associated activities in the

environment, such as the sedimentation, the friction, the tidal flushing and contaminant load.
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CHAPTER FOUR

Discussion

STUDY AIMS

Thispoj ect fulfils part of the NgU Pae o te
looks at the elements of ecological adduri restoration at Okahu Bayhis project was
composed of four projects that included the analysis of the Mauri Model, the benthic
population and biodiversity, the levels of sediment contaminants, and the hydrological
modelling of Okahu BayAs this forms part of a larger project it is necessary to combine the

findings from each project to give an overview of the Okahu Bay Restofataect.

The objective of this study was to asseb® environmental factors of Okahu Bags
indicated by the Mauri Model drafsuch as to estimate the current marine fauna and the
trend of size classesjto estimate the marine flora, and measure ththymetry as it is a
requirement for the hydrological model.

BENTHIC POPULATION AND HYDROLOGY

The population abundance is a kegicatorto assess the health of an aremt&that are
most directly impacted by reduced water quality are sessile pladtsa@imals, such as
seagrass and benthic infauna, since they are most persistently exposellitemtpoand
degraded conditions (DSE, 2012s urbandevelopment increases runoff of water and
sediment during the earthworks phase, and contamination loadsase as urban areas
mature ARC, 2003. The result of the current population could still be recovering from the
past and current input of stormwater andhoff. In addition, upper contaminants (e.g.,
copper, lead, zinc) are known to affect functionathportant species such &sistrovenus
stutchburyiandMacomona lilianaThrushet al, 2008. Too much nutrients also enriches the
water and sediment with organic matter, stimulating the increase in Grggsoming
microbes, which may kill marinerganisms by anoxia (an absence of oxygen), or by related
hydrogen sulphide production (ANZECC, 2000). An observation made in this study was dark

substrate with an odour that is usually associated with the absence of oxygen.
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The survey of the marine bemthfauna and flora has illustrated that there are many
ecological relationships that combine to support the function of this environhimenibenthic
surveywould benefit from the comparison to tsediment contaminargtudy (by Elliot

Hurst) to analyse #se relationships further. It has been shown in the pastubabdrophic

and other edlogical links between thesmore mobile secies, impacts have extended to
many parts of the marine ecosystem (Jen&tra., 1992). Therefore supporting the notidn o
benthiecpelagic coupling and that an ecological scope is necessary to answer any questions of
the Okaln Bay ecosystem dynamics.

The hydrodynamic aspect of Okahu Bay would highlight the importance in ecological links
between the tidal movement and thédaour of sediment and benthic populatioGtidies

have reported thatediment transport processes are altered at coastal gwitsnarinas
through reflection of waves of port structures and hydrographical modifications caused by
dredging Permanent los®f habitat and biological productivity occurs where structures
occupy the foreshore and seabed, or where major dredging works are performed to establish
harbours and shipping channels (Coleretal, 1999).

FUTURE RECOMMENDATIONS

In addition to thdevel of contaminants that income with the stormwater outflow into the sea,
another important factor is the amount of freshwater input. The measurement of salinity
levels could assess whether the bay maintains a natural level of salinity that is tdigrated
marine species. Especially if there is little tidal flushing, there could be a lower level of
salinity, higher concentration of bacteria, or other factors that may contribute to the
ecosystem health. This is especially of concern with the continud am@e i n Auckl a
urban population. Past studies have noted this change, over timehwiittagt increase in
urbanisationthe harbour catchment would have greatly increased freshwater, sediment, and
pollution runoff into theWaitemataharbour at timesfdieavy rain (van Roqri983). This is
reflected in heavy metal concentrations in the harbour sediments and possibly in salinities

periodically lower than wald have been the natural range (Droomegdlal, 1983)

CONCLUSION
This current study can only be conservative in the discussiomaghe benthic population

results and comparison to past trends. Both the shellfish and seagrass population have
35



ecologically important roles in the ecosystem. Continued surveys of the hdy gwe

further evidence to the trend analysis, and to the relationship between the substrate, seagrass
and shellfish relationshipaVith an increase in the Auckland population, the pressure on
receiving waters would continue to increase and ultimatééctthese ecosystems and their
marine populations. Likehelarger AucklandHarbours Okahu Bay is a sinfor the disposal

of urban stormwater and assateid contaminant$&urther research and focus on remediation

are required in these ecologically andtually important areas.
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APPENDICES

APPENDIX 1.1 GPS Coordinates, Conversion and Mapping
The GPS coordinates frothe survey by KahuiMcConnell (2007) were converted from
NZTM (NZ Transverse Mercatotp NZGD2000(NZ Grid Datum 2000using an online

conversion application (LI NZ, 2011) and

Earth, 2011) toige the sampling design outline (below).

An example of these results of the converted coordinates fosdciA.

NZTM Projection NZGD 2000
Transect Northing Easting Latitude Longitude

A02 5920305.967  1762074.784 3650 57.377S 17449 04.390 E
A03 5920318.185  1762066.082 365056.986 S 17449 04.030 E
A04 5920330.403  1762057.381 365056.595S 17449 03.669 E
A05 5920342.622 1762048.679 365056.205S 17449 03.309 E
A06 5920354.840  1762039.978 365055.814S 1744902948 E
A07 5920367.058  1762031.276 36 5055.423 S 17449 02.587 E
A08 5920379.276  1762022.575 3650 55.032 S 174 4902.227 E
A09 5920391.494  1762013.873 365054.641S 1744901.866 E
A10 5920403.712  1762005.172 365054.250 S 17449 01.506 E
Al2 5920415.931 1761996.470 365053.859S 1744901.145E
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