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Abstract

Te Hapua is a complex of smalbrivately ownedwetlands approximatel$y0 km
northwest of Wellington The weth nd s represent a | arge portic
remaining palustrine swampwhich have been reduced to just 1% of the-1360
expanseWhilst many land ownerbaveopted to protect wetlands on their land with
covenants, questiornisave beerraised regardm potential threatstemmingfrom the
wider region.Firstly, smeregionalgroundwatelevel recordshave shownsignificant
decline in the 1Q@o 25 years they have been monitar&tle reason for this is unclear
Wetlands are commonly associated with graumigr dischargeso a decline in
groundwater level could adversely affect wetland water infeaicondly, estimated
groundwater resources are currently just 8% allocated, so there is potenéid 2
increase in groundwater abstraction from aquifers tinalerlie the wetlanddg=inally,
predictions of future lanate changendicate changes in rainfall quantity and intensity.
This would likely alter the hydrological cycle, impacting on rainfall dependant

ecosystems such as wetlands as well as groundwaterge.

Whilst previous ecological surveyat Te Hapuaprovide valuable information on
biodiversity andecologicalthreat,there has been no detailed study of the hydrology of
the wetlands. A understanding othe relationship between the surface watethe
wetlands and the aquifers that undetthe area is importanthen considering the future
viability of the wetlandsThis study aims to define the local hydrologryd assesthe
potential threat ofé6 | o n g groumdwatér leveldecline increased gmundwater

abstractiorandpredicted climate change.

Eleven months of ater leveldata was supplied by Wellington Regional Council for
three newly constructed Te Hapua wetland surface water and adjacent shallow
groundwate monitoring sites. The data weapalysedin terms of theirelative water

levels andesponse to rainfal/A basic water balance was calculated using the data from
the monitoring sites and@IS analysis of elevation data mapped the wetlands and their
watershedsA survey of 21 individualvetlands was carried out to gatheater quality

and water regime data to enable an assessment of wetlandHis&sscal groundwater

level trends and geological records were analysed in the context of potential threat to the

wetlandsposed by a declinen groundwater levelClimate change predictions foine



Kapiti Coast were reviewed and discussed in the contexips$iblechangs to the
hydrological cycle antb wetlands.

Results from the wetland survey indicated thetré are two distinct bands wktlands

at Te Hapua. Fens are found mostly in the eastern band and are more likely to be
discharge wetlands, some of which are ephemeral. Swamps are found mostly in the
western band and are more likely to be recharge wetlands. Dominant water ifgmst to

is via local rainfall and local througffow of shallow groundwater, especially from
surrounding dunes. The eastern band of wetlands is typified by higher dunes and hence
has greater input from shallow groundwater than wetlands in the western band.
Dominant water input to swamps is via local rainfall, runoff, and threflmk from the
immediate watershed and adjacent wetlands.

Overall, the future viability of the Te Hapua wetland complex appears promising.
Historical groundwater declinesppear to beminimal and show signs of reversing.
Abstraction from deep aquifers is not likely to impact on wetland water levels. Climate
change is likely tdhave an impact on the hydrological cycle and may increase pressure
on some areas, especially ephemeral wetland® @&ffect of climate change on
groundwater level is more difficult to forecast, but may lower water level in the long

term.
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I Introduction

1.1 Context of study

The rate of wetland loss in New Zealand over the last century is amongst the highest in
the world(Mitsch & Gosselink, 2007; Stevenson, et al., 19835 estimated that since
1900, farmers and developers have drained approximately 90% of wetland areas to
create high yikling agricultural pasture. Other developed countries have more modest
statistics for wetland loss over this period, though this is almost certainly the
consequence of their comparatively long histories of settlement and farming. Threat of
wetland loss caimues today and it is probable that wetlands are still being lost at a
fairly rapid rate, especially in developing countr{ditsch & Gosselink, 2007)New

Zealandwetland environmetsare no exceptioto the trend

The Te Hapua wetland compleQ kilometresnorth of Wellington on the Kapiti Coast,

i's one such threatened wetl and. Te 'Hapuz
remainingpalustrine swampsvhich are estimatedthave been reduced to just 1% of

the prel900 expansgAusseil, et al 2008) Palustrine wetlands are fed by rain,
groundwater, or surface water and do not occur within the normal boundaries of
estuaries, lakes or rive(€ampbell & Jackson, 2004 he wetlands are significant in

that they & considered one of the best preserved examples of the 300 hectares of
wetl and t hEhe GreaeSwanijna hugé swamp network that once spanned
over 2000ha along thKapiti Coast(Fuller, 1993) The total wetland area of the Te
Hapua complexs 59.6ha(Preece, 2005)Te Hapuawetlands are home to a number of
rare species including the Australasian Bittern (nationally endangered) and several
regionally treatened birds and plarf®eadel, 2003b)

Between1986 and 2006, the population on the Kapiti Coast grew ratte of 3.2% per

annum from 29,398to 46,197- an increase of nearly one thiid twenty years
(Statistics NZ, 2006)Given limited regional surface water and groundwater resources,
the past decade has seen a significant rise in issues related to shortage in public water
supply. Te Hapua is situated in tld€oastalGroundwaterZone&j one of six zones
established by Reynolds (1992) on the Kapiti Coast to describe areas with similar

hydrogeological characteristi¢figure 1.1) The CoastalZone has a elatively sparse

! This is for the Manawatu / Wairarapa region, which includes Te Hapua (Ausseil et al. 2008).

-11-



population. Greater Wellington Regional Council (GWRC) recshasv that in January

2010, 8% of the Coast al Z o n e 0 shavd bedana | avail a
allocated for domestic andrigation purposes(according to current estimates of

sustainable groundwatebstractioncapacity(safe yield)by GWRC). In Wellington

Regi onal Council 6s cur r eafétyiel®ise derivechusihg aFr es hwat e
dated and flawed conceptthat 100% of rainfall recharge can be safely allocated

taking into account the requirements of groundwater discharge to surface wate
ecosystemgInformation obtained vigoersonal communication witMark Gyopari,

Wellington Regional Council, May®2010)(Sophoscleous, 2000 the neighbouring

Waikanae GroundwaterZone groundwater resources are almost fully allocated, so

councilsand landowners are currently considering alternative sources to meet future

water needsAs the population swellscoastal subdivisions spreawbrthward and are

steadily encroachingn theTe Hgua complexlncreasing groundwater abstractimn

one possild solution for water supply to new subdivisions. Given the current assumed

safe yield and allocation in the Coastal Zone, there is potential for a 92% increase in

groundwater abstraction from bores close to Te Hapua wetlands.

Study Area: Te Hapua Wetland, Kapiti Coast

2

\ .*"“,,Q LEGEND
/ » % ~ :] Te Hapua Wetlands
4‘ /L ~ "\ / Major Roads
) m N Major Rivers
mk\ / \ A Spot Hieghts (m)
//., < A \ Kapiti Groundwater Zones
COASTAL
HAUTERE

OTAKI
216.1

g I RAUMATI PAEKAKARIKI

WAIKANAE

WAITOHU

Te Hapua Wetland Complex'i

Lower North Island

Study Area

Wellington

Kilometers
10 5 0 10

Figure 1.1: The study areBlorthern Kapiti Coast, New Zealan8ix groundwater zones feature on the
Kapiti Coast. The Te Hapua wetland complex lies within the Coastal Zone (yellow). Adapted from
Hughes (1997)
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Another potentialwetland threat stems from fluctuations in groundwalevel. This

depends on the degree to which groundwater of various depths is connected to the
surface waters of Te HapuAn analysis(chapter 4)oft he wi delong terengi 0 n ¢
groundwater level data looked at the Coaatal HauterésroundwaterZones, which

share a similar groundwater flow path westward from the Tararua R@NEGRES, 1994)

Four of theseventeemecads showsignificantdeclines in groundwateidevel whilst 4

more showsignificant increase in levaldver the past 10 to 25 yearBhe bores that

show decline in water level are a concern becaduse tofthemare withn 1500m of Te

Hapua wetlandsThe perception that a threat existame originally fromhte record at

ther egi onds deepest b or ed.5KmSarth bfTQ Bapuand isi ¢ h |
192m deep where groundwater has shown the greatest decline. Here, over the 17 year
sampling period groundwater has been dropping at an average rate of eédiysandt

is unclear ifthe groundwater level trends atee to clinatic or anthropogenic influence
andgiven that none of the e g i recards span longer than 25 years, medium and long

term flow patterns may not be visible.

A third potentialthreatto the future viability of Te Hapua wetlands is modification of
the hydrological cycle caused kgfimate change. Predictions for the Kapiti Coast
include increases in temperature, evaporation, rainfall and floqdihdlan, et al.,
2007) Changes to the hydrological cyaeuld negativelyimpact onwetlards reliant on
groundwatepr specificrainfall regimes for rechargas well aghe distribution of plant
and animalspecies Preditions, however, are subject to considerable uncertainty and

may impact significantly more or less threuggested n Mul | andés report

In recent years there have been efforts to protect and restore native species at Te Hapua
In 1992 DOC surveyedwetlands vithin the Foxton Ecological Districto list as

0 @tected Natural fea€ Part of this involveda survey to establish what native and
exotic plants and animals are presahfTe Hapuaas well as thgeneralnature and

extent ofanthropogenianodificatiors to the wetland§Ravine, 1992) A 2002 survey

by Wildlands Consultantwas carried oufor Kapiti Coast District Councilo assess the
wetlandsdé suitability for ipiting thesTe dlapuaon a
complex into 4 separatirveyareasthe survey identifiegite boundaries ancbllected

detailed information omative flora / fauna dominanthydrologic classdominantsoil
characteristics dominant vegetation class landforns and pests (Beadel, 2003b)

Preece undertook a similacologicalassessment in 200Hroducing a report on some

-13-



of the wetlands for private landowne(®reece, 2005) These reports also gave
recanmendations for future management.

Whilst thesesurveys provide valuable information on biodiversity and ecological threat,

the hydrology of Te Hapua wetland hamt yet been studiedn any detailand is

consequently poorly understoofPreece, 2005) Given that somewetlands are

considered to behe surface expression of local shallow groundwaaerunderstanding

of the local hydrology is crucidbr directing efectiveefforts toward the protectioand

restoration of the wetlasdMi t sch and Gossel ihydiologpsi nt out
probably the sigle most important determinant the establishment and maintenance

of specific types of wetlands and wetland proceggblitsch & Gosselink, 2000)

Te Hapua wetlandshay bethreatened by increasing pressures on local groundwater
resources, a possible long term decline in groundwater level, angeh in hydrology
brought about by predicted future climate charmgeupledwith a gap in knowledge
regarding the local hydrologyhe level of vulnerability to wetland loss unknown

given future changesn hydraulic inpuf groundwater abstraction, aninduse
Ecological efforts alone may not be enough to save this remnant wetland area. This
study aims tadefine thegeomorphology anttydrologyof the Te Hapua complex, and
assesghe potentiallevel of threat that comes from changesreégionalgroundwagr

level; local abstraction; and climate change. Preece (2005) rieéssties of drainage,
groundwater take, landuse, and water quality have important implications for future

management of theetlands and surrounding landuse

1.2 Justification for this study

Defining the hydrology of Te Hapua wetlands will compliment the conservation efforts

of local residents and regional authorities. Gathering and interpreting hydrological
information will help gain an understanding of the systemwkale andaddto broader

literature on wetland hydrology.here has been concern among local residents over the

impact of groundwater abstraction on wetland water levels, so an assessment of
potenti al t hreat wi | | af@¥eldvetl ¢ a ludwdtertee . g Th e
resources is in review by GWRQ@efining the relationship between groundwater and

wetland water will heldeed in to thisreview and may be of value when determining

future regional allocations.

-14-
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1.3 Key Questions and Researcbjectives

Key questions facing the Te Hapua arae:

What defines the hydrology of the wetland?
1 Where des the wetland water come from?
1 Isthis uniform across all the individual wetlands within the complex?

1 Where does the water leave the system?

What is the relationship between groundwater and wetland surface water?
1 Isthere leakage betweeanderlyingaquifers?
1 Is wetland surface water likely to be affected by flbetuations in the

deep confined aquifers?

Is the apparent historical decline in deep groundwater ével a result of

abstraction from bores, climate change (i.e. natural variation), or both?

What are the local predictions for climate change and whagffect couldit have

on existing wetland areas?

Given the current safe yield and allocation, what effdccould future abstraction
have on existing wetland areas?
1 If a large scale groundwater abstraction was permitted near the wetland,

would it impact on wetland surface water levels?

Once the above questions have been answered, what is the future progndasis
the wetlands?
1 Are the water allocation limitsused todayappropriatefor the future
given projected population increase, historical trend in groundwater level,

and estimates of future climate change?
To answer these questions, this study hasali@ifing objectives:
I. To investigate historical groundwater trends and determine spatial and

temporal patterns.
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II. To define the hydrology and nature of the wetland complex by classifying
individual wetlands according to a standard New Zealand classificatgtem
and by mapping surface flow patterns.

lll. To define the hydraulic relationship between the wetland and shallow
groundwater as well as determining the source of wetland surface water.

IV. To investigate the effect of local groundwater abstraction on vdeHarface
water.

V. To use information gathered from objectives | to IV to discimesfuture
prognosis of the wetland complex.

14 Summary of work carried out to achieve these objectives

Regional goundwater level records obtained from Wellington Regi@@alincil were
analysed tcsatisfy Objective 1To explore long term trend in groundwater level, bores
with records that spanned 6 years or more were seléatefdrther analysis. The 17
records were plotted with trendlines and 95% confidence intervaleesBshowing
significant decline /increase in water level were further analysed to determine the
average annual drop / increase in water levkis analysis is presented in chapter 4,
section4.2. Bores showing significant water level decline wérenconsidered in the
context of threat to Te Hapua wetland surface walershelp determine the nature of
the aquifers that underlay Te Hapua wetlahd,same 17 recordgere analysed to look
for changes in groundwater level according to season; proximitgolentains, coast
and major rivers; level / fluctuation with respect to bores in the same aguitetevel /
fluctuation with respect to bores in adjacent aquifers. This was done by comibering
hydrographs ofvarious bores and using ArcGIS to map sphpatterns.Geological
cross sections were drawn usibgre stratgorofiles that were recorded at the time of
drilling and kept on record by Wellington Regional Coundihe cross sections
displayed in section 4.Zhow the depths of the various confinilyersand gve a
reasonably accurate picture of tdepth and thickness afmderlying aquifers. Water
level data from wellclose to the complex wengotted on a second geological cross
section anccompared to look for the difference in pressure heaaddjacent aquifers.
This gave an indication of the ggsure gradient and potential feakagein adjacent

aquifers.
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To achieveObjectivell the wetlands were surveyed &ssess thautrient status and
dominant water regime. Tdefine the nutrient statu®f the 21 largestindividual
wetlands, pH and conductivityas measured at each locatidinese were compared to

the approximate values for New Zealand fens, swamps, marshes and bogs, as defined by
Johnson and Gerbeaux (200Epchwetland was circumnavagedto look for surface

water inflows, surface water outflogy water movement within the wetlarehd where
possible, the range of water level fluctuation. GIS was used to overlay the results of this
classification(see Chapter 5, section 5\8ijth variabdles such as elevation and solil type

to see if therewere any patternsGIS wasalso used to model the watershed the
wetlandsand the flow accumulation pathways that delinetite probable surface

drainage.The watershed analysis is presented in se&iRr2.

To furtherdefine the hydrology of the wetland compliéxvas necessary to determine
the hydraulic relationship between the wetland and shallow groundwater. Meeting
objective Il requirechigh definitionmonitoring of wetland water levekrsesadpcent
shallow groundwater level. Wetland surface water staff gauges and shallow
groundwater piezometers were install®d Wellington Regional Councdt three sites
around the wetland in April 200® rain gauge was also installed at one of the sites.
Wate level wasrecorded at each sivery 15 minutes for 11 monthBhesedata were
analysed in terms of relative water level; response to signifieamtall; and seasonal
variation; and is presented in Chapter 5, sectionByZonsidering the relativeputs

from surface water, groundwater and rainfall, the dominant source of wetland pond
water was assessed. Surface water input was analysed by looking at the GIS flow
accumulatiorand watershethyers from section 5.2.2Calculating the volumetricqnd

level response to individual rainfall eventelped assesthe relative inflow from

rainfall and runoff.

A literature review in Chapter 4 section 4.3 looks at the IPCC Fourth Assessment
Report and a downscaled prediction for climate change on the Kapit @passess the

impact of climate change on the wetlands.

Objective IV was largely addressed through interpretation of the geological cross
sectionin section 4.2 A small pump test was also carried out on two bores that lie
close to the wetland. Theotes used are in separate aquifers; one in the first confined

aquifer (65m deep), and the other in the second confined aquifer (92m deep). During
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pumping, water levels were monitored in all wetland monitoring sites (pond and
shallow bore), as well as negrbores in confined aquifer$he results to this test are

shown in Chapter 5, section 5.2.5.
Objective V looks at the prognodsr Te Hapua in the context of potentiareéat from

groundwater level decline, increased abstraction, and climate chériges discussed

in Chapter 6 as part of the conclusion.
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Il Conceptual Background

2.1 Wetland definition and classification

A wetland can be defined as a place wheréasa water, ground water n dryd and
meet(Campbdl & Jackson, 2004)The Ramsar Convention on Wetlandisfines them

as fiareas of mar s h, fen, peatl and or wat
temporary, with water that is static or flowing, fresh, brackish or salty, including areas

of marinewater the depth of which at low tide does not exceetees ¢Peck, 1996;

Ramsar, 2010b)Johnson and Gerbeaux describe wetlands simpgly fié . pr eci s el
wet land (Johnson & Gerbeaux, 2004dnh a New Zealand context, the Resource
Management Act (1991) defines wetlandsias er manent |l 'y or interr
shallow water or land/water margins that support a natural ecosystem of plants and

animals that are adapted to living in wet conditi@@rkson, et al., 2003)

Given the diversity of thphysical environmentesncompassed by the above definitions,

a classification system is necessary in order to describe individual wetlahes.
Ramsar Convention is an intergovernmental treaty that providéanaework for

national action and international cooperation for the conservation and wise use of
wetlands and their resourcéRamsar, 2010a)Ramsar provides the best established
international classification system, categorisimgtlands initially into three broad

groups: marine, inland or human ma@amsar, 2010b) Rams ar 6 s wet | an
covers a broad range of environments and recognises 42 different types. Examples
include intertidal marshes, coraleefs, peatlands, oases, irrigation channels and rice
fields.

Johnson and Gerbeaux (2004) developed a New Zealand wetland classification system
that defines individual wetlands in accordance with a number of hierarchical variables
that together describany wetland found in the country. Table 2.1 summarises this
classification systemin the Johnson and Gerbeaux system, wetlands are initially
classified into nine groups according to their hydystem(Campbell & Jackson, 2@,
Johnson & Gerbeaux, 2004&)ne of these, palustrine, is the class that the-tueal
wetlands along the Kapiti Coadall within. Palustrine wetlands are fed by rain,

groundwater, or surface water and do not occur within the normal boundaries of
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eduaries, lakes or river@Campbell & Jackson, 2004Most New Zealand wetlands
have this type of hydrosystef@ohnson & Gerbeaux, 2004b)

The subsystem, section | A of Johnson and Ger
componerd of the water regime such as water source, movement, drainage, fluctuation
and hydroperiogcategorising wetlands as either ephemergbermaneni{Johnson &
Gerbeaux, 2004b)Ephemeralwetlands typically occupy closed depressions with no
surface outlet and mpadry up during times of low rainfall. They receive their water
mostly from shallow groundwater and seasonal rainfall so have highly variable water
levels (Mitsch & Gosselink, 2007)Nutrient levels are low to moderate depending on
the degree of input from surface water and rurdérmanentvetlands are just thata

high water table and / or consistent climatic influence means surface water levels
fluctuate very little seasonally seetland species are present year ro(fQrkson, et

al., 2003) Wetland subsystems found in the Te Hapua complex may be ephemeral or
permanen{Preece, 2005)
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Table 2.1:Semthierarchal classification system for New Zealand Wetld@dsnpbell & Jackson, 2004;
Johnson & Gerbeaux, 2004b)

Semthierarchal classification system for New Zealand Wetlands

I. Hydrosystem (Based on broad hydrological and landform setting, salinity, temperature)

Marinei coastal saline

Estuaring tidal estuaries, brackish water

Riverinei rivers and streams

Lacustringl areas of open water / lakes

Palustrinei waters fed by groundwater or surface water that do not occur within
normal boundaries of estuaries, riverdakes.

Inland saline

Plutonici underground, such as caves

Geothermal

Nival. i alpine snow

E R = =4 -4 -8 -

IA. Subsystem(A descriptive level relating to water regime)
1 Permanent is present year round where surface water levels fluctuate very little
1 Ephemeral maydry up during times of low rainfall

Il. Wetland Class (Based on substrate, water regime, nutrients, andlsd)see Appendix 1.

Bogi see table 2.2

Feni see table 2.2

Swampi see table 2.2

Marshi see table 2.2

Seepagé an area on a slope where growater diffuses to the surface

Shallow wateri aquatic habitats (less than a fevetres deep) that have standing wat

most of the time

1 Pakihi / gumlandi mature soil well leached with very low pHain-fed, frequently
saturated buteasonally dry

1 Saltmashi estuarine habitats including intertidal, subtidal and supratidal zones as W
inland saline areas

= =4 =48 -4 -89

IIA. Wetland Form
1 Landforms which wetlands occupy (e.g. slope, basin)
1 Forms which wetlands create (e.g. domed bog, string fen)
1 Forms or featurewhich wetlands contain

[ll. Structural Class
9 Structure of the vegetation (e.g. forest, rushland, herbfield), or:
1 Predominant ground surface (e.qg. rockfield, mudflat)

IV. Composition of Vegetation
1 One or more dominant plants (e.g. bog pine, wire rush)

Thesecond majohierarchical aspect Mew Zealand wetland classification (section Il, table 2.1)

is oO6wetland class.® Wetlands are most C 0 mmo
wetland class. Wetland class is determined by the combination of water regime, soil properties /
substrag, and the consequent nutrient status an@JoHnson & Gerbeaux, 20048)here is often

overlap between wetland classes and most classes can be found in more than one hydrosystem
(Johnson & Gerbeaux, 2004b)A total of eight classeare found in New Zealand. Theotir

classes most relevant to the Kapiti Coast are described in detail in tablas2d2fined by

Johnson and Gerbeaux (200Appendix 1 provides a detailed description of each wetland class.
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Table 2.2: Properties of Palustrine Wetland Classes relevahe tiapiti Coas{Clarkson, et al., 2003; Johnson & Gerbeaux, 2004b; WRC, 2(8&¢ Appendix 1 for a full

description of wetland class properties.)

Wetland Water Regime Substrate Nutrient Status pH
Class
Water Water flow | Drainage | Water table Water Period
Origin position fluctuation

Bog Rain only Almost nil Poor Near surface | Slight Wetness Peat Low or very low | Acid

permanent (Oligotrophic) 3t04.8

Fen Rain, runoff | Slow to Poor Near surface | Slight to Wethess Mainly peat Low to moderate | Low to
via nutrient | moderate moderate near (Oligotrophic to | moderate
rich mineral permanent mesotrophic) 4t06
soils,
groundwater
seepage

Swamp Surface Moderate Poor Usually above | Moderate to| Wetness Peat and / or Moderate to high| Varies
water and/ surface in high permanent | mineral If high, usually | 4.8t06.3
or places from surface
groundwater water runoff
seepage Gentle surface

inflow (Mesotrophic to
/outflow eutrophic)
(maybe

seasonal)

Marsh Groundwate| Slow to Moderate | Moderate to | Moderate to| May have | Mainly mineral, | Moderate to high| Slightly acid to
r + surice | moderate to good | high high temporary | sometimes with | (Mesotrophic to | pneutral
water Usually below wetness or | peat eutrophic) 6to7

surface dryness

Ephemera | Groundwate| Nil to slow | Moderate | Well above to | Marked wet | Seasonal Mineral Moderate Slightly acid to

I r +rain to good | well below / dry (Mesotrophic) neutral

ground alternation 55to 7
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2.2 Wetland loss

All of the wetlands of interest in the Te Hagpcomplex are palustrine wetlands, so from

this sectionforth discussion of wetlands is relevant to palustrine wetlands only and to
classes defined in table 2.2 (unless stated otherwise).

Palustrine wtlands accumulate nutrients and form rich, fertildssas plantmaterial

breaks down anaerobicallyiven the high water table. Highly valued in agriculture,
manywetland soils have long been converted frohrat has been seen@sva st el anc
into highly productive and fertile pasture for grazing stock aplend. Given the
differing definitions and associated uncertainty of wetland extent, it is difficult to
guantify just how much wetland area remains. The estimate for global wetland loss
since before human modification is 50% of the original wetland #neagh some of

these were drained centuries glybtsch & Gosselink, 2007)

Developed countries such as the US and European nations have converted much more
than developing countriegs agriculture hakistorically played a major role in their
economic progress. A study conducted in 1985 estimatednthatal, 56% to 65% of

North American and European wetlanthve been drained for agriculture; 27% in Asia;

6% in South Americaand 2% in Africa (Mitsch & Gosselink, 2007; Peck, 1998)
Wetlands are still thought to be disappearing at a fairly rapid rate, especially in
developing countriegMitsch & Gosselink, 2007)Currenty in Asia approximately
5000knf of wetland is cleared every year to make way for agriculture or dam
constructionZedler & Kercher, 2005)

In New Zealand the early settlers of last century were faced with vast swampy plains
and bog bearing lowland areas. Apati f ounded on primary pr
long before many of these areas were drained, logged, and seeded with grass. The high
yielding present day farmlands of Waikato, Bay of Plenty, Manaw@tago and
Southland, as well as many other areas efvNLealand were developed from wetland
(Stevenson, et al., 1983Jistorical statutes that have influenced the drainage of wetland
areas in New Zealand include The Swamp Drainage Act (1915), The Land Act (1948),
The Mining Act (1971), The Coal Mining Act (1979), and The IRuW/orks Act (1981)

(Keller, 1988)Itwa s n 6t unt il the 1980s that gover
for agriculture were remove(Cromarty & Scott, 1995and various statues have since
been passed that protect remaining wetland arBas rate of wtland loss inNew

Zealand is the highest in the woilldapproximately 90%has been drained since 1900
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(Dugan, 1993; Mitsch & Gosselink, 2007; Stevenson, et al., 19&3pnal estimates
for 1l oss of &6swamp 6(Auaseiectal., 2008 he vicinity of

The regiondl estimate of wetland lossince 1900)s 97.4%, with just 1% of swamp

areas still intacfAusseil, et al., 2008) Previous studies have classified the Te Hapua
complex as swamp and it is considered one of the best preserved remnants of a formerly
extensive regional wetlan@Fuller, 193). Fuller (1993) mapped estimated wetland
extent in 1840 compared to the wetland extent in 1993 (figure) 2Estimates of 2000
hectares and 300 hectares were produced respectively. Based on GIS data supplied by
GWRC (May 2009), e current estimatiewetland extent is 263 hectares.

Change in Kapiti Coast wetland area
1840 to 1993

)

i
Legend ‘o
&
Roads 3

PN

Wetland extent 1993 3
Il \Vetiand extent 1840

IS

Te Hapua wetlands

Waikanae township

Kilometers
0 7
[ ]

Figure 2.2.1: Kapiti Wetlands 1840 and 1993, reproduced from Fuller (1993).

2 This is for the Manawatu / Wairarapa region, which includes Te Hapua in the Ausseil et al study.
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2.3 Importance of wetlands

Perceived wetland values vary between countriegble 2.3 summarises the main

values that wetlands have in New Zaal.

Table 2.3: Values associated with wetlands in New Zealand. (Adapted from Stevenson et al (1983))
Ecology Wildlife habitat

Water purification / contaminant transformation

(discussed further if Sanctuary for rare fauna and flora

section 2.3.1) Biodiversity

Global warming Carbon sink

(discussed further i
section 2.3.2)
Hydrological and Flood mitigation

physical environment Surface water base flow during drought

Groundwater recharge / discharge

(discussed further in | Erosion mitigation

section 2.3.3) Coastal protection

Social Sport and recreation

Aesthetic beauty

(discussed further in | Education

section 2.3.4) Cultural links

Economic Indirect water supply

Income from shooting and fishing

(discussed further ij High quality soils for psture

section 2.3.5) Winter grazing for livestock

Harvestable species (E §phagnumFlax)

Spawning and nursery for commercial and recreational
(E.g. whitebait, eel)

2.3.1 Wetland ecology

Wetlands are invaluable as refuges for New Zealand bird species abmdiversity
hotspots. Thegoverless thar2% ofthe county 6tatal land areget harbour 12.1% of

our rare and threatened plants, birds and(fi3hmarty& Scott 1995) Of all permanent

and migratory bird species that live in New Zealand 22% have wetlands as their primary
habitat (Stevenson, et al., 1983Another 5% dependn wetlands as their secondary

home.
Adaptability varies from species to species. Some birds, such as the fernbird are totally

dependant on unaltered wetland habitat for survival. Others like the introduced mallard

duck, commonly associated with wetlaedvironments as a game bird, can adapt and
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nest in modified environments like farm drains and effluent pgB8tisvenson, et al.,
1983)

Runoff from grazed pasture, agriculture and urban areas will generally contain elevated
amounts of nitrate, phosphorous, pesticides, )@aetals and industrial residue. These
often bind to sediment that, following significant rainfall, is carried in suspension via
surface water pathways. The pollutants remain in suspension until water velocities slow
sufficiently for settling to occu(Buxton, 1991) If the surface water enters a wetland,

the sediment (and nutrientgollutantg will settle and be taken up by vegetation. The
excess nutrigts are subsequently denied access to downstream ecosystems where they
would otherwig contribute to eutrophicatiofSorrell & Gerbeaux, 2004)These
downstream benefits are tempered by locabfems. Do much nutrient loading in a
wetland will reduce biodiversity as some species cannot cope with the elevated levels
(Zedler & Kercher, 2005) This can bring about conditions favourable for exotic weed
invasion.

Wetland vegetation addsxygen to the wadr, helps to regulate water temperathye
providing shadendacts as a sink ithe wetlandwater balance via water loss through

evapotranspiratio(Mitsch & Gosselink, 2000)

2.32 Wetland carbon sources and sinks

One of the natural functions of wetlands is as a carbon ($lails, 2000b) Global

warming is driven by the natural and anthropogenic release of greenhgasdrga the

atmosphere. Carbon dioxide is one of the main greenhouse gases and is estimated to

account for at least 60% @flobal warming (Burkett & Kusler, 2000; Hails, 2000a;

Wetlands International, 2010)

Wetlands, whicharecurrentlyestimated taover between 4% and 8.8%f the worlds

surface(Hails, 2000a)arethoughtt o st ore 40% of t hgHalsor |l dbés ter
2000b; Mitsch & Gosselink, 2007)This is because carbonnche held for much longer

under anaerobic conditiorthan in aerobic conditionsuch as is found in saturated

wetland soils(Burkett & Kusler, 2000) Bogs and peatlands are especially carbon rich

because of their high acidityPeatland develops in some but not all wetland
environmentsCovering approximately 3% of the world
estimated to hold 25% of the total global soil carlidails, 2000b) Their degradation

is estimated t@ontribute 7% of all fossil C&emissiongWetlands International, 2010)

® The uncertaity is due to variations between countries as to the definition of a wetland.
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Lowering the water table in wetlands with highly organic soils (i.e.la@dtwill have
the effect of increasing edomposition rates and elevating the flux @0 to the
atmospheréBurkett & Kusler, 2000; Hails, 2000a; IPCC, 1996)

Methane is another important greenhouse gas that is produced in wetlands. A drop in
the wetlandwater table can have the effect of decreasing the formation of methane,
which is reliant on anaerobic conditiofBurkett & Kusler, 200Q)A current estimate of
methane release from global wetlands accounts for more than fL@8taloemissions
(Zedler & Kercher, 2005) However this would not counter balance the increased

release of carbon, the net result being increased greenhous=migamn

The amount o£C? and methane released is also related to temperature. An increase in
temperature of the soil will result in higher emissidBsirkett & Kusler, 2000Q) It is
possible that climate change withuse some wetlands, especially those at high latitudes,
to change from being a net carbon sink into acagbon sourcéBurkett & Kusler, 2000;
Clair, et al., 1995)

2.3.3 Wetland hydrological values

The hydrology of a wetland helps ttetermineavailability of water, pH level and
distribution d nutrients. This will determine which plant species can grow where
(Campbell & Jackson, 2004The water regime, set out in table 2.2, is determined by
variations in climate, topography, soil and underlying geology (seeefjb.1). Given

an existing wetland, climate aguablythe principle variable that determines wetland
water leves. Cyclic fluctuations in climate (and therefore wetland water level) may
occur on a daily, seasonal, annual or much longer time¢Calmpbell & Jackson,
2004)

As Mitsch and Gosselink (2000) staté&ydrology is probably the sgie most
important determinant inthe establishment and maintenance of specific types of

wetlands and wetland processes.

Results fom research into the role of wetlands in regional hydrologganéradictory
Earlier studies by Buxton (1991) and Stevenson et al (1983) describe wetlands as
having di&aeporegd ect . They describe wet

storage basi during floods which acts to slow, capture and store water spilled over
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from nearby stream&Stevenson, et al., 1983)r'his may reduce the need for expensive
engineering constructions that mitigate hydrological hazard in prone @eaton,

1991) Hence reduction of wetland area may result in the removal of the buffer that
protects homes, property and valuable crops from flooding in the wet season.

More recent resedncargues that the often saturated or near saturated soils of wetlands
are not capable of taking up large volumes of additional runoff during storm events
(Campbell & Jackson, 2004¥%tudies have shown flashy hydrographs fatckments

with headwaters dominated by wetlands when compared to catchments with deep
mineral soils or multiple aquifef€ampbell & Jackson, 2004) his may indicate water

(at least some)s not stored buguickly pools andmoves downstream as saturation

overland flow.

Stevensoret al(1983) also found that during dry periods wetlands drain much slower
than other surface water sources, concluding that they help maintain base flow in rivers,
stabilise soil moisture, and recga underlying aquifergStevenson, et al., 1983)
Removal or reduction of wetland areas may equate to land and vegetation being more
susceptible to damage and loss from drought, invasion by weeds, and poor stream water
quality. Again there is literature to the contrarghBy et al (1998) found that the Otago
wetland they studied did not contribute enough water to sustain the large volume of
baseflow downstream(Fahey, et al., 1998)rhey concluded that the wetlandsthis

site are invariably the passage through which runoff moves from higher in the
catchment.

Wetlands, given their diversity in classification and controls, should perhaps be

considered in a case by case manner.

2.3.4 Economic value

Studies have been done that attempt to give a dollar value for individual wetlands given
their specific resources. Thsan becompared to the value the area would have if
drai ned and esbueesitakéninto @atdimta study by Fuller (1993yere

utility (water supply, flood protection, pollution reduction), commercial fishery habitat,
and recreational values. One result showed that a wetland was worth 150 times more as
a natural unalteck ecosystem than it would be if developgdiller, 1993) Another
example is in Thailand, where intact mangroves are worth US$60,000 per hemtare
year,compared to about US$17,000 per hectaee yearif converted to shrimp farms

(De Groot, et al., 2006)n Canadaintact freshwater marshes have a value of about
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US$ 8,800 per hectanger yearcompared to US$ 3,700er yearfor drained marshes
used for agriculturéBalmford, et al., 2002)Additional costs of converted wetlands
may include futurework on ecologicakestorationand protection(De Groot, et al.,
2006) In the Netherlands the government has begun a multimillion euro project to
restore rivers and low lying areas to mitigate future hydrological risks because of sea
level rise and extreme flood peak forecdBis Groot, et al., 2006)

Whilst these studies on economic valuation are interesting and valuable in policy
making situations, they can only be viewed on a case by case basis given high
variability in resource values from wetlatal wetland. No such studies have been done

on the Kapiti Coast.

24 Human impacts on wetlands

Impacts that humans have on wetlands (fige.1) can be broadly splittm three
categoriegMitsch & Gosselink, 2000)

1 Change in water level or hydroperiod

1 Changes in the amaii of physical disturbance

1 Changes in nutrient / sediment load

A 2007 study linked rate and extent of global wetland degradation / loss to problems

with wate allocation and distributio(Finlayson & Davidson, 2007)ncreased demand

for irrigation and hydropower has brought large scale change to regional hydrology and
ecoystems in many areas. Lowering groundwater levels, saline intrusion, declines in

biodiversity and reduced fish stocks are some of the resulting consequences of this

development.
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Figure 2.4.1: Human impacts avetland systemg:rom: (Fuller, 1993) Photograplof Te Hapua wetland
provided by Mari Housiaux.

Peat soils, often found in wetland areas, shrink and swell significantly with water loss
and gain due to their high organic content and low density. Draining and sufiseque
compacting of peat soils for agriculture is often irreversible, so restoration may be
impossible(McLay, et &, 1992)

fiOnce a wetland system has been severely modified it is often difficult if not impossible

to return the system to its natural state. Some of the values lost may be irreplaceable.
(Ramsar, 1986)
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2.5 Wetland hydrology

In a natural system the wetland presence is determined by the climate, topography, soil
and underlying geology. Properties that define wetland class (as determined by Johnson
& Gerbeaux in table 2.2) are determined by interactions between the hydrtlegy
physiochemical environment (soil and water chemistry), and the biota (fauna, flora etc).

Figure2.5.1 (below) illustrates these relationships.

ol i LA
-Hydrological Compgonents of a Wetlahe

)

Water leve
Flow
Frequency el

Physiochemica |

environment B | Vegetatior
Soil and wate : : Animals
chemistry Microbes
. — ... |/}
Figure2.51 The ' ve | hydrolc dgeorphlogy (topograhy, soil and

geolay) determine the water regime, physiochemical environment, and biota. The components are
interdependent and there is significant feedback (dashed lines). Adapted from: Mitsch & Gosselink
(2007).Photographof Te Hapua wetlangrovided by Mari Housiaux.

Knowledge of these five main wetland components is fundamental for understanding
individual wetland environments. If one was to change significantlyithierikely that

it would bring about change imther partor all of the system.

Wetland hydrologyis central to wetland processes. Climate, topography, soil and
underlying geology have brought water to the area via surface water, groundwater and /
or local rainfall. Wetland lydrology is also influenced by adjacent landuse and the size
of the catchmenarea(Sutherland, 1982)Hydrology controls the flow of nutrients,
sediment and toxins into and outtbe wetland, as well as the chemistry and nature of

wetland soils. Through this it defines the species of vegetation capable of surviving in
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the environment and hence the variety of fauna that dwell {fMitsch & Gosselink,
2000) Figure2.5.2 shows how water enters the wetland as groundwater inflow, surface

water inflow and / or rainfall, and leaves as evapotranspiration, groundwater outflow, or

surface water outflow. This iki¢ basis o&ny terrestrialvetland water balance.

Channelised
stream flow

Runoff
(overland
flow)

Runoff
(interflow)

Groundwater inflow
(Base-flow)

ey

et
i
L2

>

Y 4
Channelised
stream flow

Figure2.5.2: The main components of the hydrological cycle that feed into a wetland water balance.
Surface water in/out flow encompasses channelised stream flow and overland flow. Groundwater in/out

flow encompasses baflew at the water table as well #tsoughflow. Adaptedirom: (WRC, 2005)

2.51 Water balance

Wetland hydrology can be broken down to the simple equation shown below (Equation

2.1). A water balance can be calculated for a wetland to establish the relative sources

andsinks of water and whether the wetland is gaining or losing stored water over a set

time period. Equations 2.1 and 2.2 below show a generalised water balance for a

wetland.

Equation 2.1:
Inputi Output = Change in storage

Or for wetlands:

Equation 2.2; Wetland Water Balance
(P + Qn + C':ﬁn) T (E + QJul"' Gout) = CpS
Where: @S = change

n

GeneralSystems Equation

qmhny; IP e precipi@tiorénm); @ i= sunfacexwaterh e

infows (mm); G, = groundwater inflowgimm); E = evapotranspiratiofmm); Q. = surface water

outflows (mm) G, -groundwater outflowgmm). (Campbell & Jackson, 2004)
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Different classes of wetland have different components contributing to their water
balance. Forexample, somewet | ands on t hWest Ewast thave | s | ¢
impermeable underlying substrates, so there is no exchanggraithdwaterJohnson

& Gerbeaux, 2004b)Te Hapua wetland has no significant surface water input, so the
hydrology relies mostly on gumdwater inflow and local rainfall. Thimfluencesthe

degree of nutrient input and the response to high rainfall events.

A water balance can be calculated for a given wetland by quantifying each of the
inflows and outfl ows. \\e evater talje afdt/ocor soiy) e 6
moi sture content wi || rise. Conversely,
drops and / or soil moisture declingsampbell & Jackson, 2004)if the wetland pond

level is connected tgroundwater level, then this will also change.

Thus, to determine change in wetland pond level, we need to measure input from
precipitation and groundwater, as well as outputs for evapotranspjratidace water
and groundwatefThe Te Hapua complexdtudes 21 major wetland areas, so some of

these in/outputs are present in one wetland and not in another.

2.5.2 Precipitation

All classes of wetland, regardless of whether they are fed by groundwater, surface water
or neither, are dependant on preapdn. All water enters the hydrological cycle as
precipitation and feeds into the system as shown in figug2. Water may arrive at a
wetland via a number of possible pathways, but thgystem from precipitation.
Precipitation may fall directly orhe wetland, arrive via runoff or channelised stream
flow, or be discharged from groundwater after infiltrating and percolating down through
the soil higher in the catchment. Precipitation may be in the form of rainfall, snow and
ice of various types, or wer deposited directly onto the ground surface as ({&ke,

1987) However for the purposes of this study only precipitation from rainfall will be
considered since snow and ice are not typically present in the catchment and the relative

portionof dew is negligible.
2.53 Evapotranspiration

Evapotranspiration is important as it sometimes represents the largest output of water

for wetland areas, depending on the cla@Sampbell & Jackson, 2004)
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Evapotranspiratio is all water lost via evaporation and transpiration and varies

diurnally and seasonally due to changes in solar energy.

Evaporation is the water vaporisém freely exposed surfacgBaird, 1997) This
includes open water, exposed soil matrix, and plant surfaces. Transpiratidari$oss

from the stomata on leaf surfaceShe rate of evapotranspiration is essentially
determined by the presence and amount of; heat energy (to supply the latent heat of
vaporisation); air turbulence and humidity (to transport and mix the air above the
surface); and water (to supply evaporative demgwhrd & Elliot, 1995) Different
species transpirat various rates, so species composition in a wetland may be important

when quantifying evapotranspirati¢Baird, 1997)

Evapotranspiratiomates from an open water arean be estimad given the climatic
parameter®f the evaporative surfac®arameters requirediclude temperature, wind
speedrelative humidityand solar radiatio(Oke, 1987) Evapotranspiratiofrom soil is

more difficult to quantify. Evaporation from amsaturated soil will occur at the surface

and at a depth depending on the climatic conditions and the physical properties of the
soil. The continued evaporation depends less on climatic conditions and more on the
hydraulic conductivity of the sofWard & Elliot, 1995).

Evaporation and evapotranspiration are complex processes beabaysdependon
variables such as the amount of solar radiation reaching the surface, the amount of wind
directly above the surface, the aperture of the stomates, theateil content, the soil

type and type of planWard & Elliot, 1995) In a wetland, where areas of open water
and nearby soil surfaces are usually at or near 100% saturation, evaporation will
commonly proceed at or close to the potemasd Potentialevaporation (E) is defined

by Ward and Elliot (1995) as¥ evaporation from a surface when all surface
atmosphere interfaces are wet so there is no restriction on the rate of evaporation from a
sur f a g@epeéds priharily on atmospheric conditions andace albedo but will

vary with surface geometry characteristics, such as aerodynamic rough{iiéss] &

Elliot, 1995) Surface albedo estimates is the amount of solar radiation that is reflected

from a given surfacéOke, 1987)

It is aguably safe to assume that potential evaporation can be used to estimate

evaporation in a wetland water balance to simplify a given stiigird, 1997,
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Campbell & Jackson, 2004However different wetlands have different soils, plant
species and vegetation densities, es@potranspiratiorin ead wetland should be
considered separately. The presence of peat together with certain vegetation, for
example, may cause actual evapotranspiration to deviate considerably from the potential
evapotranspiration(Campbell & Jacksn, 2004) Campbell and Williamson (1997)
found that although saturated, peat can exhibit actual evaporation rates at one third of
the potential evaporation in northern New Zealand peat (@@spbell & Williamson,

1997) This was primarily because of the dominance of two typesbvVe vegetation

that have xerophyic (water conserving) properties. The species of coBogpndisma

minus and Spaadanthus ferrugineusvere not listed as present at Te Hapua in a
Wildlands ecological surve{Beadel, 2003b)

Other factors affecting evaporation in wetlands include the impact of grazing animals
which remove vegetation cover, increasing evaporation from the now open vester a

as well as from wet so{WRC, 2M®5). When stock graze around wetland areas they
trample and compact shallow soil layers whigim slowpercolatio of precipitation and
increasehe likelihood of surface ponding. This may increase evaporation as less water
is able to recharge to groundiea

Exotic species like willow that are either introduced or colonise degraded wetland areas
will increase evapotranspiration because they transpire significantly more than native
species. In general, vegetated wetlands have lower evaporation ratepehanetland
areaqCampbell & Williamson, 1997)

2.54 Surface Water
As depicted in figure2.5.2, the main terrestrial pathways by which &ratan travel to
and from wetlands are via channelised stream flow, runoff, and groundwater flow. The

amount of water that stems from each of these pathways helps to define wetland class.

Runoff is the process that occurs following rainfall where watenaved into streams
and open water areas such as lakes and wet({&ndeze & Cherry, 1979)here are
two main types of runoff overland flow and interflow. Both are important to wetlands

because of #nhigh water table associated with wetland areas.
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(@) Interflow (see figure2.5.2) is water that travels laterally or horizontally through
the unsaturated zone during or immediately after precipit@tdard & Elliot, 1995) It
is not well defined butan be described as either:
1 Throughflow - lateral flow of the soil water in unsaturated conditions.
1 Subsurface storm flowlateral flow of the soil water in saturated conditions.
1 Translatory flow-1 at er all fl ow of Aol do shiyi | wat er
precipitated waterDavie, 2004) See figure2.5.5

(b) Overland flow (figure2.5.4 and2.5.5) can occur in one of three ways; Hortonian
overland flow, saturation excess overland flow, or return flow.

1 Hortonian o r infilfration excess overland flow happens teawdfen t he
rainfall exceeds the infiltration rate of the soil at the surface. This is important in
areas surrounding a wetland where surface soil is compacted from vehicle tracks
or livestock.(Davie, 2004)

1 Saturation excess overland flavecurs when the solil is saturated thgbhuhe
profile so excess water cannot infiltrate dofldavie, 2004) This is important in
wetland areas as the water table is often close to the surface.

1 Return flowis water that is forced back to the soil surface after infiltrating. This
may be causely soil hydraulic cheacteristics and / or hillslope topography and

may be important in wetlands surrounded by steep(kidden, 2008)

Baseflow (figures 2.5.2) is the portion of surface water maintained bgumpdwater
discharge and represents the minimum flow during times of dro{@ganpbell &
Jackson, 2004; White, et al., 2001l low lying areastte pond level of a wetland may

be considered the surface expression of groundwater(léirete, et al., 2001)

Wetlands fed by stream flo can receive water either permanently or when in flood

(WRC, 2005) Whilst it is not thought that Te Hapua receives significant sufater

inflows, it is suspected that occasional floodingthe Mangone strearmaffects some

wetland areasAnecdotal evidence of the water regime at Te Hapoted that in 2005

where a Mangone flood induced ponding in areas north of the wetlands restricted
outflow from wetland areas. | tbaick emdotupdl dar

the flooding, orfithe flood waters moved from the Mangone streatm the wetland.
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2.55 Groundwater

Understanding the movement of groundwater requires knowledge of the hydraulic
properties of the substrates through which it flows. Groundwater flows through
interconnected pore spaces, along cracks between grainsthemdjh large scale
fractures(Smith & Wheatcraft, 1989). Most nearsurface water bearing materials are
unconsolidated layers with varying degrees of, organic / inorganic content; sorting;
density; and porosity. Flows through consolidated material are generally slower,
depending on how fractured the roclkaisd the sizef the fractures anthe finer pores

(see table 2.1).

Generally, layers nearer the surface that have morphological, physical, chemical, and
mineralogical characteristics that differ from parent mateaigdscalled soil¢Birkeland,

1999) Deeper layers (where there is less organic content) are called aquifers. Aquifers
can be unconfined near the surface, or confined at depth (seeZig®)e Aquitards are

layers of méerial that restrict flow from one aquifer to another because of a lower
conductivity compared to the material that defines the aquifer. Confined aquifers will
have an aquitard above and below. If an aquitarthase or less mper meabl e,
termed an aqaolude (Holden, 2008) The water table is the upper limit of groundwater,

above which the soil is unsaturated.

Transpiration
by wegetation

E E % Unsaturated zone

Water table
‘Water table o
15 Siream
LY

\‘ '\-.._\__i__ _J'\_ﬁ“-\--\- — _‘_,,-"' /

<

Unconfined aguifer

Confined aguifer

High hydraulic-conductivity aguifer

- Low hydraulic-conductivity confining unit

Very low hydraulic-conductivity bedrock

- Direction of ground-water flow

Figure2.5.3: Confined and unconfined aquifétdillewaert, 2007)
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2.5.6 Groundwater-surface water interaction in wetlands

Interaction between groundwater and surface water is confitbite, et al., 2001)
Groundwagr can be recharged by wetlands, streams, lakes and seawater. Likewise,
groundwater can discharge to surface water in the form of springs, seeps and
subterranean flow. The relationship between groundwater and surface water is complex:
recharge and dischargcan interchange depending on surface flows and can occur
simultaneously in different areas of the same system. Interactions are controlled by the
porosity and conductivity of the underlying geologwoil, as well as the pressure
gradient between the twwaters(White, et al., 2001)Interactions between an inter
dunal wetland and groundwater are often transient and can reverse segi@vally
2008; WRC, 2005)

In general it is thought that wetlands do not lose a significant amount of water to
groundwater outflon{Campbell & Jackson, 2004Jhere are two reasons for this. One

is that swamps and femase typically found at the base of kslopes and lowying areas
where groundwater is emergenhelother is that the low permeability of the peat that
lines many wetlands acts as a confining layer that limits water movement to deeper

layers.

Groundwaer inflow is an important input in some palustrine wetlands, yet in others it
has little or no influence at all (see table 2.2). When trying to determine the source of
wetland water, looking at the relative levels of wetland pond water and groundwater is
useful. Figure2.5.4 depicts the possible dischargeecharge relationships in wetlands

with regard to groundwater.
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Figure2.5.4: Possible groundwater / surface water relationsidpshed lines indicate the groundwater

level. @) amarshinadepressi r ecei ving groundwater inflow (06Di
spring / seep wetland at the base of a slope; (c) a floodplain wetland fed by groundwater; (d) a marsh as a
6recharge wetlandé which contr i bulane er suifacé water t o0 ¢
depression wetland; (f) a groundwater flow through a tidal wetl@itsch & Gosselink, 2007)

A 0di s c ha (@ mfigsre2t5.4) s a wedland thatds a surface water level that
is generally lower than the surrounding water tddldeause the wetland is located in a
topographic depressigiMitsch & Gosselink, 2007)Hydrology isthereforedominated

by groundwater inflowwhich buffers the wetland from variations in water level, hence
fluctuations are less dramatic than in surface flow wetldhde/, 2008; White, et al.,
2001) These types of wetland can occur in coarse textured ¢gilasial deposits where
the degree of interaction between ground and surface water is edhgiven a

difference in the porosity of underlying sedimefitstsch & Gosselink, 2007)Water

| evel i n a Or ec har2pbd)isvhigher tlran tthedsurfoynding waten  f i
table, so typically loses water to groundwdtditsch & Gosselink, 2007; White, et al.,
2001) Waterl e v e | i n a oOper che2bd)wsesedarataddirom the( e )

water table by an unsaturated zofMitsch & Gosselink, 2007) This wetland is

influenced more by surface roffi and local precipitation.
Complex groundwater flow fields can develop if the underlying sediment varies in

permeability(USGS, 1998)Figure2.5.5 show how wetlands are more likely to develop

where these zoseof low permeability push groundwater toward the surface.
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COMPLEX FLOW FIELDS

Line of equal Direction of
i groundwater flow
hyr?erzléllc Area favourable for wetland formation

Land surface

Water table

Zone of High Permeability

Figure2.55: Complex flow fields caused by varying permeability of the underlying geology can bring
about conditions favourable to wetland formation (Reproduced fu®GS, 1998)

The hydrological characteristics of lakes and wetlands in dune tenaitetermined to

a large extent by their position in respectldoal and regional flow systen{t) SGS,

1998) The presence of dunes can alter the flow of local groundwater and contribute to
the complex flow fields depicted in figur25.5. Hummocky dune landscapes, like
those found on the Kapiti Coast, typically have low lying areas between dune systems
(Law, 2008) The build up of dune materiaind associated water table mourds
impede drainage of near surface groundwater flBreece, 2005; Winter, 1986Jhis

brings the water tablclose to the surface in the inthinal depressions and allows the
formation of wetlandgPreece, 2005)as shown in Figur@.5.6. The Kapiti Coast has
many such wtland areas where sand dunes have altered the flow of groun@uRtr
2004) The mounding of water beath dunes is more prevalent in dunes with small
depressions as opposed to those that are single c(¥¥beittr, 1986)(figure 2.5.6).

One explanation of why the wetlasmilave formedin Te Hapuas that the development

of dunes along the coast has hindered the passag®widvater en route to the sea
(Preece, 2005)
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Hummocky Dune Wetland Landscapes

Wetland

Wetland Wetland

Figure 2.56: A cross section (perpendicular to the sea) through a hummocky dune landscape. Arrows
show the direction of local and regional groundwater flow (Beypced from(Winter, 1986)

2.5.7 Hydrogeology

The rate ofwater flow through soils and aquifers depends on (a) the energy gradient
driving the flow; (b) the porosity / permeability of the material; and (c) the degree of
saturation of the materiéBaird, 1997)

Fluid pressure and elevation are the drivers of groundwater movement. Hydrawlic he
(or piezometric head) is the mechanical energy per unit weight of the(8umith &
Wheatcraft, 1993)Groundwater moves from areas of high hydraulic head toward areas
where it is lower. Equation 2.8nd figure2.5.7 show the equation and constituents of

hydraulic head.

Equation 2.3: Hydraulic Head
h=z+h,
Whereh = hydraulic headin metres above datum)z = elevation i metres above datum)h, is the

pressure heagin) (Smith & Wheatcraft, 1993)

Ground
T suriace

Casing —_
ﬁg 1 Standing waler leve!

Screen

Datum

Figure2.57: A piezometer showing the relationship between hydraulic H§agréssure headnd), and
elevation g (Smith & Wheatcraft, 1993)

Figure2.5.7 shows a piezometer, commonly used to medsyateaulic head. Pressure

head,h,, is expressed in units above (or below) atmospheric pressure (gauge pressure).
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At the water table water pressure equals atmospheric pressutg &.€). Above the

water table soil water pressure is less than atmosp(ier. h, < 0). Below the water

table, soil water pressure is greater than atmospherid{ize0) (Smith & Wheatcratft,

1993) This is important in groundwater flow because water does not necessarily flow
with gravity i a fluid under pressure (for example a confined aquifer) can flow up or
down relativeto gravity. Figure2.5.8 gives an example of how this might happen. An
artesian aquifer is a confined aquifer that has enough natural pressure for water to flow
above the upper limit of the aquifer. The water may reach the ground surface, then
termed an desian well or springFreeze & Cherry, 1979)

Well Well Well
A B c
W

—I Water level

Water level
"f

o
|

—f Water level
h

-

‘ 1 Sea level ‘
l Well and h,, = pressure head -
g ‘scmen h, = elevation head andstone
—p»- flow direction total head =hg+ h, [T shate

Figure2.5.8: Components of total hydraulic head, elevation head and pressure head controlling flow in a
sandstone aquif¢Scott, 1995)

Measurements of hydraulic head from the same aquiferbeaconnected to make
contour maps. These maps can be used to infer groundwater flow direction; given that
water will move from areas of high hydraulic head to low. The difference in hydraulic
head between two or more measurements over a given distatadedsthe hydraulic
gradient(Smith & Wheatcraft, 193).

I n mo st groundwat er model |l ing studies
movement through a porous mediuma r ¢ y 6(squaticam ®.4 below) measures the
rate of water flow through a saturated sediment or soil with a given hydraulic gradient
and aea. Hydraulic conductivity is a measure of the ability of a fluid to move through a
sediment or rock, see table Z3mith & Wheatcraft, 1993)
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Equation 2.4: Darcyds Law
Q= KIiA
Where Q is the rate of flow (in lengttime); K is the hydraulic conductivity (in length/time)js the

hydraulic gradien(in length); andA is the cross sectional area (in lerfyth
(Freeze & Cherry, 1979)

Darcyd6s Law states that the flow of groul
and (b) the hydraulic caluctivity (Law, 2008)

Thi's i S i mportant because we can apply
groundwater inflow and outflow for an area of interest. However, uBiagr c y 6 s L a
for peat soils may be problematic because pores are often blocked by gas bubbles that
form as a result of microbial activity in the anaerobic environment. This can block water
flow in an unpredictable way and hence some scientists have qeestmether
Darcyds Law can HRardal®9y; Carepbell & dacksoer, ROOReatd s
soils are also different in that pores decrease in size and permeability with depth due to
being more decayed and compacted in deeper lg@ampbell & Jackson, 2004)
though this can be incl ude divanthis,evhilstt mdyat i o
be possible to calculate groundwater f Il c
peat soils preside over sandy soils is questionable. Some values for conductiedy in p

are given intable 2.4 The dominant species of vegetation also influences conductivity

in peat(Mitsch & Gosselink, 2007)

Porosity is the fraction of void space per unitwoé of materia(Smith & Wheatcratft,

1993) It can beexpressed as a percentage or as a value between 0 and 1. It
approximates the volume of water that a given material can hold. The intrinsic
permeability of particular sediment describes the size of the pore openings. The smaller
the sediment grain size,eghmore surface contact there is. Intrinsic permeability will
therefore be lower in sediments with small grain size because frictional resistance to

flow will be higher(Fetter, 2001)Table 2.4comparedglifferent sediment types.
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Table 2.4 Hydraulic characteristics of various sediment and rock t{ffe=eze & Cherry, 1979; Mitsch
& Gosselink, 2007; Smith & Wheatcraft, 1993)

Clay for example generally has a high

Sediment or rock Porosity (%) | Permeability | Hydraulic
type (m?) conductivity
(m/day)
Peat- UK bog Not available | Not available | 10%to 10°
Peati Russian fen| Not available | Not available | 10°to 10"
Clay 40% to 60% | 10™to 10 [ 107to 10°
Silt 35% to 50% [ 10™%o 10 | 10%to 10°
Sand(coarse, 15% to 45% | 10™%o 10° 10°to 10°
aeolian)
Sandstone 5%to 35% | 107 'to 10" | 10°to 10°
Unfractured 0.01% 10°'to 10" | 10%to 10°
igneous rocks
Fractured igneou| 1% to 10% | 10""to 10 | 10°to 10"
rocks

porosity yet a very low padriitg and

conductivity due to a very small grain size. Clays are known to act as aquitards given

their low hydraulic conductivity. Coarse sands have relatively high porosity and

permeability, so have high conductivity. Aquifers containing coarse saadsawn to

be capable of providing high yields of water from abstraction. The shallow unconfined

aquifers of the Kapiti Coast are dominated by coarse grained aeolian dune sands with
moderate permeability (fto 10° n?) (Law, 2008)

Darcyos

sediment is unsaturated howeev |,

| aw

i s eff

water

ective

wi |

for

I fl ow

det er mi

ni

Equation is more suitadl The hydraulic properties of soils are important because they

affecttherela i ons hi p

bet ween

PP Storage

and

the degree of througltow and movement to deeper aquiféfSampbell & Jackson,

2004)

Variations in groundwater levels and moisture content of aaturated wetland soil

ng

water

are closely linked because the water table is so near the surface. Water evaporated from

shallow subsoil is quickly replaced by groundwa{@®ampbell & Jackson, 2004)

Peatland soils retain soil moiseur a s

hi gh as

90 %

gi ven

and shallow water tablgampbell & Jackson, 2004; Thompson, et al., 1999)

t

he

Or'ransmissivity (T) is a measure of how much water can flow from an aquifer, given

the thickness of theqaifer and conductivity of the sedimefireeze & Cherry, 1979;
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Singh, 1992) Transmissivity is important when assessing the safe yield for aquifers, as

well as the yield and spacing of wells.

Equation 2.5 Transmissivity
T=Kb
Where K is the hydraulic conductivity is the thickness of the aquif¢Freeze & Cherry, 1979;

Singh, 1992)

The 0S peddo(f)fisithe percentage of water an aquifer releases from storag
gravity, per unit surface area of aquifer, per unit drop in water table following saturation
of the unconfined aquife(Freeze & Cherry, 1979; Singh, 199Zhed &e Yield of an
aquifer is he amount of wir that can be taken from a groundwater basin annually
without causing detrimentagffects (Freeze & Cherry, 1979) Safe yield is used in

water resource management to create limits of groundwater clmstracross a

groundwater zone.
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Il Regional setting and site description

3.1 The Te Hapua Wetland Complex

Te Hapua wetland is situated approximately 75 km north of Wellington on a coastal
plain called the Kapiti Coast (see Figure 3.1). This plais lietween the townships of
Paraparaumu / Raumati to the south and Otaki to the north, and is approximately 720
km’ in size(Hughes, 1997)lt is flanked to the east by the axial Tararua Ranges and to
the west by the Tasman Sea. Averaging approximdikiy in width between the
foothills of the Tararua Rangeand the sea, the Kapiti coastal plain sits at about 20

metres above sea level with a topography dominated by low rolling dunes.

Study Area: Te Hapua Wetland, Kapiti Coast

Otaki Beach ,/”"

Legend

Kilometers
- Te Hapua Wetlands 0051 2 3 4

I .
~——— Major Roads ]

Rivers or drainage
Scale 1:50,000

Contours (100m)

Wellington

1 centimeter = 0.5 kilometers

Figure 3.1: The study area, Te Hapua Wetland. The wetland is sitEkednorth of Wellington on the
Kapiti Coast, close to Waikanae.
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The Te Hapua wetland complex is a group of small wetlands with a total area of
approximately 59.6héAusselil, et al., 2008; Preece, 2005¢ Hapua wetland is on the
Kapiti Coast, 7 km north of Waikanaelose to the northern limit of the Wellington
region (as defined by Greater Wellington Regional Council). The wetlands occupy
inter-dunal depressions east of the coastal foreshore, with the Tararua foothills rising
3km further east. The complex itself cats mostly of small remnant wetlands that

vary in size and clag®reece, 2005)

Part of a DOC conservancy called thexton Ecological District Te Hapua wetland

lies in a coastal zone characterised by an elongated belt of sand dune country with
several estuaries, wetlands and dune lagoons covering about 121@Gkrme, 1992)

The climate is generally warm with moderateasenal rainfall and often windy

conditions(Preece, 2005)

Before 1900.a large coastal swanmgpanned from Paekakariki in the southbyond
Otaki in the north Kn o wn The &reab Swanip, is thdught to have coveregbarly
2,00(ha By 1990, heavy modification and drainagee&imated to have reducéde
swamp are#o around 300hg&uller, 1993) See Figure 2.2.1, chapter II.

Previous studies in the aréy Ravine(1992) from the Department of Conservation;
Beadel(2003)of Wildlands Consultants; Pree(2005) from Wetlands NZand Ausseil

et al(2008)of the Department of @servation / Landcare Reseagrtdoked mostly at

the wetlandd ecological signifiance and biodiversity. Of the four studies found, three
grouped the complex as a single wetlacldss classifying the Te Hapua area
accordimgamp é&seben to Chapter |1 usseit def
et al describe it as mostégwam@ with somednarsto areaswhilst Beadel and Ravine
describe it ags w a noplyd(Ausseil, et al., 2008; Beadel, 2003a; Preece, 2005; Ravine,
1992) When Preece (2005) did an ecological survey of privately owned nastla
within the compl ex complexfandumnged bftstedy h yHer onlod ¢
A énat all wetlands in the complex (are)wa mp éat | east one is b
fero . However Preece then provisionally de
s wa mpin line€ with previous studiégPreece, 2005 his confusion is probabigue

to alack of deailed studypy each of the authors, when lookingla hydrology of the
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wetlands. The Te Hapua complex hasore than twentyeparate wetland areas and
study of the hydrology throughoigtincomplete.

Ravineds 1992 survey recommended that Te Hapt
and protecti @b witahu$PriTbei pyurpose of the sul
protect wetlands within the Foxton Ecological District that are currently at risk using the

Department of Conservatié Protected Natural Areas Programme. This programme

aims to preserve a full raagof indigenous biological and landscape features in New
Zealand(Ravine, 1992)

Beadel 6s 2003 survey for Kapitd.i Coast Distric
as one of the best examples of what were ontensiwe wetland communities in the

Foxton Ecological Distric(Beadel, 2003a)citing previous work by Ravine. Also noted

was the presee ofa significant number of native wetland species, some of which are
uncommonHypolepis distansa native fern, was found in a fenced aras fern tas a

fivery patchy distributiot around the countrgAnderton, 2006) Beadle suggestiethe

wetland be included in Kapiti Coast District
and undergo weed control measures. This recommendation was followed up by the

council with Te Hapua now a designat&apiti Coast Ecological Sitd wi t h Ir egi ona

significanceo (as opposed to 6locald or Odénat. i

The most recent assessment was by Landcare Research in 2008. This work was
undertaken for the Department obiiServation as part of a natiide study to identify

wetland ecosystems of ti@nal importance for biodiversity. Using indexes across a

range of environmental indicators, the survey aimedé&alevelop a ranked list of

wetlands of national importance that would protect a full range of wetland biodiversity

and provide guidance on thaeost immediate conservation management ne@ilssseil,

et al., 2008) Te Hapua was ranked"9n the region and designated ascaNat i onal | vy
| mpor t an (Adssew ettall, 2008}

Parts of the wetland compl ex ar BEeyNaivw!l uded 1 n
Ecosystems Programmd&his programme targets areas that are considered to have
exceptionally high ecological value / biwersity, and are situated on private land,

giving support by way of pest control, restoration and adeC, 2009)
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Areas surrounding Te Hapuwvetland have been drained to provide pasture for livestock

In 2003the complexwas described as having hadost of the wetland heavily browsed

and trampled (Beadel, 2003a)Ravine (1992) speculatetat daining and conversion

of most of this area to provide pasture for grazing animals has had the effect of lowering
the water table over the entire coastal pl&avine, 1992)Also noted was that there

had beenfi é élarge changes to natural hydrolo§where) human influences drive
entire wetland ecosystem processeseéeé but
removed (Beadel, 2003a)

Ravine notes that in 1992 all wetland areas (visited) at some poinbeen open to
grazing by cattleThis resultedn invasion of exotigasture plants around the edgds
wetland areas and trampling of wetland vegetatioBeadel (2003) estimates the
percentage of nenative plant cover at less than 25% and mostly confined to the edges.
Other possible impacts on the wetlands given thagdan landuse to pasture include
water quality degradation due to agricultural chemieald increased sediment load
given vegetation loss and increased surface area for e(@iogatos, 2002 here has

been extensive excavation in some parts of Te Hapua to create habitat for water fowl
such as ducks for game shootifRgavine, 1992) Also, the building of access roads,
farm tracksdrains and culverts in the area is thought to inhibit natural flows within the

wetland.

The area has been farmed for the last @0 years and has recently been developed
into lifestyle blocks. All of the wetlands found at Te Hapua are on private land. Much of
the private land containing wetland area now has QEIl covenant profectiom Te

Horo area is one of the most covenanted regions for wetland reserves in New Zealand
(peronal communication withPeter Ettema, QEIlINational Trust Wellington,
December % 2009). Two of the larger wetlands have been converted into waterfow!
habitats for recreation and huntif@avine, 1992)one of whichis still used for duck

shooting.

Local communi ty The Rrisnels of BetHapoanDures and \Wetl@nds
has been involved in conservation and planting efforts for some years. Landowners have

used private funding as well as grants from the Diepant of Conservation, Wellington

“The 6QEI I National Trustoé6 provides, among ot her
to protect and enhance valued New Zealand landscape for landowners.
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Regional Council, Kapiti Coast District Council and QEIIl Trust for fegcweed and
pest controlnd the planting of native vegetation.

Te Hapua soils are sandy with peat in{lyimg areas. Historical vegetation isotight
to have been coastal swamp forest, given the remains of charred toto(Rdvgse,
1992) Today there are few remaining native forest areas left in the district (none at Te

Hapua) and the majority of the duaeeas have been modified at some t{fAecece,

2005) Many of the districtdés dunes have been

forest. Less than 5% of the areansw covered in native vegetati¢Rreece, 2005)

There are no streams flowing into the awmal rainfall into this catchment is not
considered sufficient to mamin the wetlandgPreece, 2005)This study therefore
focuses more on the interaction of shallow groundwater and wetland surface water in
response to local rainfalCurrent topographical maps and GIS analysis (see chapter V)
indicate that there are two surface water outflows. One, a northbound drain, moves
water from northern wetland areas into the Mangone Stream where it goes out to sea at
Te Horo Beach. The othes & natural break in the dunes just south of the Te Hapua

wetland complex (see Figure 3.1).

Population increase on the Kapiti Coast is well ahead of the national average (see Figure

3.2). Whilst urban growth is currently restricted to the main centngg ocks of land

in the Te Hapua area have been subdivided a number of times since the early 1990s into
small er o661 i fest yl ehis didtubbankeswadiscussaidarder in tmp act o f
section In January 2010 the Coastal groundwater zone waslB#ated.Conversely,

the neighbouring Waikanae groundwater zone 86& allocated data retrieved via

personal communications with Wellington Regional Council, Februafy 2@10.

Given this, a question remains abdutw to meetfuture water requiremés for the

growing population.
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Figure 3.2: Population growth on the Kapiti Coast and in New Zealand from 1986 t¢2@ti§tics NZ,
2006)

3.2 Geology

The northi south oriented Tararua Ranges are the result of uplift created from the
convergence of the IndAustralian and Pacific plateBegg & Johnston, 2000)
Extensive folding and faulting of the 19@®40 million year old greywacke and argillite
basement rock has taken place producing a series of ridges and valleys that climb to a

maximum elevation of over 15001fHeron & Van Dissen, 1992; Hughes, 1997)

The geomorphology and underlying depositional sequence of the Kayaitt G the
product of geological processes during the quaternary period (the last 2 million years),
in particular the past 300,000 years during which three distinct glacial periods have been
identified (Hughes, 1997) These periods were interspersedhwivarm interglacial /
postglacial periods and associated changes in sea level, together defining the dominant

depositional processes and resultant hydrogeology.

During cold periods, water accumulated in vast ice sheets in mountainous areas,
dropping sedevels by up to 20@ below their present poir(Hughes, 1997) As sea
level dropped, fine marine sand and silts were transported by the prevailing westerly
wind and deposited as loeglderon & Van Dissen, 1992) High rates of erosion

dominated th& ararua Rangeas glaciers carved their way down valleys and vegetation
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rececd given the cold alpine climafeleron & Van Dissen, 1992)The large valme

of glacial derived sediment, freshattered scree and silt was transported toward the
coast accumulating in poorly sorted alluvial fans and river flood plaisse Unit X
Figure 3.3(Heron & Van Dissenl1992; URS, 2003)

During the warm interglacial periods glaciers melted and vegetation returned to cover
bare rock surfaces. This greatly reduced erosion and hence sediment and silt transport to
rivers (Kampman & Caldwell, 1985)Major rivers were then able to entrench the
uncerlying alluvial layer and worked to sort sediments on river floodpiegan &
Hughes, 2001)The reworking of glacial period outwash sorted sediments with finer
material being deposited downstrearpossibly beyod the area where they had been
deposited by glacial outwash. The end result was higher permeability in outwash zones
near major rivers\WRC, 1994) This sequence of events created epasitional
environment with good potential to form permeable water bearing léfampman &
Caldwell, 1985) As sea levels rose, layers of fine marine sand, clay and peat were
deposited on the fluvial sediments and sand, silt and clay accumulated along the coastal
zone (Kampman & Caldwell, 1985) High interglacial sea level eroded into alluvial

fans left by previous glaciations forming interglacial cliffs (Figure 3.3). The layering
process continued as subsequent glacial periods deposited further layers of alluvial

material on top of the marine samyérs(Heron & Van Dissen, 1992)
WEST EAST

Old marine deposits (Unit Xilt)

Irterglacial cliff

Fan deposits (Unit X)

Olg beach and dune sands (Unit XI)

Postglacial cliff
Dune sand (Unit V)

Interglacial cliff

Fan deposits (Unit X) Bedrock {(Unit XIV)
Postglacial cliff

Old beach and dune sands (Unit XI)

Beach deposits and marine sand

Figure 3.3: Distribution of main depits of the Kapiti coagHughes, 1997)

Dune sand (Unit V)

In more recent times, the end of the last glacial period approximately 14,000 years ago
allowed sea levels to rise and rivers to rework and entrench fluvial fans and terraces

(Kampman & Caldwell, 1985)By about 6500 years ago the $eal encroached as far
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as 3.6 km inland from its current position and eroded the base of alluvial fans and
glacial deposits (Unit X, Figure 3.3) to form postglacial sea cliffs and a marine terrace
that can be traced along the entire coastal plain from &aampu to Otak(Heron &

Van Dissen, 1992; Morgan & Hughes, 2001) Not e al s o int&-dund Vi,
deposité whi ch are defined as | ow |lying ar eet
close to the surface andgetation growth facilitates the development of peat soils.

A steady supply of sedimerftom major rivers on the coast artéctonic uplift
combined to naturally prograde the coastline to form what is now known as the coastal
plain (Kampman & Caldwell, 1985) By about 5000 yeaego the coastal boundary had
expanded to its present state, leaving deposits of marine and aeolian sands across the
coastal plain up to 30 thick (Morgan & Hughes, 2001) This sits on top of the layers

of unsorted gicially derived alluvial deposits, interglacial marine sediments, and well
sorted interglacial fluvial sediments, together forming a maximum thickness af 165
(Heron & Van Dissen, 1992)lt is this alternating sequence of fluvioglacial and alluvial
gravels that make up the aquifers of the Kapiti Coast. Figures 3.4 and 3.5hshow t
approximate layers of sediment in a cross section near Te Horo, 2 km north of Te Hapua
Wetland(Kampman & Caldwell, 1985)

Kay: SeewZeitiRation boundary )
~\

¢ well “
~ gross sectien ﬁ

Te Hapua
Welland

Scale
0 1 2 3 4km

Figure 3.4: The position of cross sections. Te Hapua wetland is approximately 3km south of Te Horo.
(Kampman & Caldwell, 1985)
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Figure 3.5: West to east cross sectiorthef depositional sequence in Te Hgkampman & Caldwell,
1985) See figure 3.4 for the location of the cross sections.

Dunes developed on the coastal plain, the tallest of which ameaPOve surrounding
flat lands(Heron & Van Dissen, 1992])t was in low lying areas between these dunes
that conditions allowed the development of wetland areas kaswn as intedune

depositsi Unit VI Figure 3.3). The thickness of the deposits varies along the coast, but
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Is generally a layer of peat between 1 anutdick with high water content (Moar 1954).
Whilst Moar (whose study looked at peat bogs in Plimnmerapproximately 35km
south) did not specify whaihighd was, wetlands can have unsaturated soil moisture
content of up to 90% when the water table is {igampbell & Jackson, 2004yVhen

the water table is low peat can havenoisture content as low as-3@% (Campbell, et

al., 2002) Peat significantly shrinks and swells depending on the water content, which
equates to peat soils being vulnerable to irreversible shrinkage and compaction after
being drained and grazed with agricult(kcLay, et al., 1992)

The peat layers are not always at the surfaaeborehole in Te Horo had a th3hick
silty-peat layer at a depth ofmboverlain by aeolian dune materigkampman &
Caldwell, 1985) When dunes are stabilised with vegetation, peat soil adeaglop in

low lying interdunal areas where water accumulates (see Chapter Il). When dunes
become unstable, for example if vegetation is removed or dunes are eroded, sand blows
over the peat soils to form new dune systems and perched peat / soi(NgkEasigen,

1997)

3.3 Hydrogeology

Groundwater levels followseasonal fluctuations irainfall (see table 5.1 and figures
4.2.2t0 4.2.9 Chapter V for seasonal fluctuationsrainfall and groundwater level)
Groundwater recharge comes from direct rainfall on the coastal plain as well as
infiltration through alluvial fans that have formed between the Tararua foothills and flat
lands. Major surface water sources such as thei @tak Waikanae rivers (sdggure

3.6) are thought to be hydraulically connected to shallow groundvistergan &
Hughes, 2001)Te Hapua wetland is considered to be outside of this zone of surface
water influence(Preece, 2005Close to the Tararua foothilgroundwater levels vary

by as much as 8 ton® Coastal areas show fluctuations of less thanFPermeability
increases tward the coast, as does the degree of channelised groundwatéiRa;

1994)

Reynolds(1992) defined the groundwater zoneshaf Kapiti Coast into areas of similar
hydraulic character by comparing patterns of postglacialakked gravels (Figure 3.6).
There are six zones in tofaMWaitohu, Otaki, Hautere, Coastal, Waikanae and Raumati

| Paekakariki(Reynolds, 1992) The Te Hapua wetland complex sits towards the
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on the edge of the Otaki river zone.

Zonebod.
of the post glacial sea cliff and State Highway 1 northward, where it ends at the terrace

RAUMATI PAEKAKARIKI

P wAIKANAE

~ WAITOHU

[ ] wetiands

Major rivers
—— Coastline

Major roads

37 y

= Te Hapua wetland
complex

Kapiti Island

Paraparaumu

-

U

o
> SRGN
e

Waikanae River\

\

\ N
r""f‘{ 1
g
1| Tt
( .\'l.
( %
| %
|54
4
Meters
0 5,000 10,000 20,000
# J |
% »

/ Otaki River

{':4'. J o
o i S,
Kapiti Groundwater Zones L.
e o
Ve ;
AN
Legend ALy T
GROUNDWATER ZONE <JfL S T RZ
\‘\"'___j_ . ﬁ—.bﬁ
COASTAL A
HAUTERE . )/ 1;/
OTAKI S 4

Figure 3.6Kapiti Groundwater Zones (adapted from Hughes 1997)

The

The Coastal Groundwater Zone extends from the terrace beside the Otaki River in the

north, toPeka Pekand Hadfield Roads in the South. The eastermbary follows the
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line of the 6500 year sea cliff (where it meets the Hautere Zone) before crossing State
Highway 1 and heading south at the base of the fooffMRC, 1994)

As a reslt of the geological and paledimatic history, a stratified aquifer system has
developed in the Coastal Groundwater Zone. Figure 3.7 is a bore log from Te Horo
which shows and describes the aquifers present. The sequence of poorly sorted
fluvioglacial sdiments, revorked alluvial gravels (deposited during intgacials),

marine sands, silts, clays and accumulated interdunal peat, together combine to present
four main aquifers in the Coastal Groundwater Z@lmnes, 2002; WRC, 1994)These

four aquifers, described below, are underlain by a greywacke basement (Unit XIV,
figure 3.3).

Table 3.1: Kapiti Coast aquifer depth and sediment ¢yeC, 1994)

Aquifer Name Depth (m below Dominant sediment
ground level)
Surface Aquifer (unconfined) | 5 to 30 Sand and gravel
First Confined Aquifer 35to 56 Gravel (overlaid with silt,
clay and sand)

Second Confined Aquifer 100 to 107 Sand and gravel
Third Confined Aquifer 164t0 172 Gravel

AQUIFER LOGGED

DEPTH (m) DEPTH (m)

= _ 2 Sand and gravel

Medium gravel with silty sand

SURFACE AQUIFER Medium fine sand

30
35

Fine sand aﬁd silt

FIRST Clay bound gravel

CONFINED AQUIFER

e . : Sand to medium gravel water bearing

Ciay bound sands. silts.gravels

Clay bound gravel . Sandy towards base

100
CONFINED AQUIFER

107 Water bearing gravel

Brown sands and gravels

Becoming blue and siltier with depth

164
. CONFINED AQUIFER
172 172

Brown gravels water bearing

Figure 3.7:Generalised bore log derived from Sims Road station. Sims road is in Te Horo, approximately
3km north of Te Hapu@VRC, 1994)
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3.4 Hydraulic Properties

Recharge to the shallow unconfined aquifer comes largely from local rgi@tedsins,

1994; Kampman & Caldwell, 1985Cussins (1994) calculated rainfall recharge to the
shallow unconfined aquifer of the Otaki Te Horo area by takingnio account
evaporation, runoff, hydraulic conductivity, transmissivity and hydraulic gradient. His
estimate was #t approximately 27% of incident rainfall rechargesgroundwater. A
guarter of this recharges to the shallow unconfined aquiferrest prcolating down to
deeper layeréCussins, 1994)This equates to an average daily volume of 17,800y

of rainfall recharge to the shallow aquifer in the coastal zone. This compares to a similar
study in Waikanae wdre up to 25% of local rainfall was estimated to recharge the
shallow aquife(Reynolds, 1992)

Nine springs and througifow from the neighbouring Hautere aquifer also contribute to
recharge in the shallow uncaméd aquifer, but this may slow or stop during dry periods
(WRC, 1994) The details of tls have not yet been studiethere may also be recharge
from upward leakage via the 172m aquif@/RC, 1994) Adjacent bores at Te Horo
beach (one at 60m and one at 172m) showed that hydraulic head is higher in the deeper
confined aquifeii where groundwater level was up to 1.Bigher above sea level in

the 172m bore compared to the 60m bENRC, 1994) This may indicate upward
leakage from deeper aquifers into overlying layers as water is pushed down and out
from the mountaingKampman & Caldwell, 1985)

There is anecdotal evidence of occasional surface water input from the Mangone Stream,
but there is generally thought to be no regular flow of surface water into the wetland or

nearby shallow groundwatéPreece, 2005)

Given a low hydraulic gradient throughout the nentbstward sloping Coastal
Groundwater Zone, groundwater moves slowly away from the Tararua foothills toward
the sea (see Figel 3.8) (WRC, 1994) Salt water tracer tests found velocities in the
shallow unconfined layer of less than 0.1m / &wssins,1994) Velocities in the
confined layers are thought to be an order of magnitude hiGhesins, 1994 )yo0ssibly

due higher transmissivity (see table 3.2) and increased hydraulic head found in the

deeper aquifers wbin are recharged from waters higher in the hills.

Wells north of Te Horo Beach road are relatively low yielding (regardless of depth)

with transmissivities of less than 100#day. Toward the southern end of the coastal
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zone wells situated in the 46Dm deep gravels have a slightly higher yield of up to
200nf/day (WRC, 1994) but are generally low especially toward the coast. Measured
and interpolated transmissivities are displayedfigure 3.9. Wellington Regional
Council has calculated the transmissivity and storage coefficient for each aquifer in the
coastal zone. These are summarised in Table 3.2.

Table 3.2: Aquifer parameters calculated by Wellington Regional Council for the dguifers in the
coastal groundwater zof@/RC, 1994)

Aquifer Depth (netres) Transmissivity (Myday) Storage Coefficient
5-30 10 0.3

3556 120 5x 10"

65110 170 3x10*

164172 150 1x10°

Coastal and Hautere Groundwater Zones:
Piezometric contours and bores

I/
River
A A\ y
/Y \
o

LEGEND
|:] Te Hapua Wetlands

——— Kapiti Coast Piezometric Contours (masl)

D Groundwater Zones

¢ Al wells - used and disused

100m contours
Roads

Meters
0 3,500
| I I

Figure 3.8: Groundwater piezometric contours for Hautere and Coastal Groundwatdi/?Rae< 994)
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Given thelow hydraulic gradientn the coastal groundwater zone, throdighv is also

relatively low. Table 3.3summarise estimatedhroughflow for each of the aquifers.

Table 3.3: Througfilow and Safe Yield Estimates for Aquifers in the Coastal Groundwater ZURE,

1994)

Aquifer Depth Throughflow Estimated Safe Yield
(metres) (m*day) Range (m/day)

5-30 200 20012000

3556 2200 22008000

65110 3000 3000

164172 2700 2700

Also displayed in Table 3.3 is thatenated safe yield for each of the aquiféfbese
are maximum ratesnly as abstraction igsuallylimited by thelocal drawdownat the
well (i.e. defined by the surrounding geology) Well drawdown is important as

transmissivities are often very lpwspecially in the shallow unconfined aquiféVRC,
1994)

The assumednaximumdafe yield of groundwater from the coastal groundwater zone
is 25,700 m per day (6,917,000 r per yea)) (WRC, 1994) 8% of the safe yields
currently allocated to 8 individual resource consent holdeesétlilata wersupplied
via personal communications with WellingtdRegional Council in June 2009)he
consent holderbave stakes of between 3%per day and 1900hper daythat can be

used for irrigation or household purposes, up to the amount stipulated on the consent.

‘Wells and interpolated transmissivity‘
31.634,
£ 22

Transmissivity is a measure of how much water can flow
from an aquifer - given aquifer thickness and conductivity

Meters
.500 750 0 1,500
B N

Legend

Depth

.Transmlssvvliy Te Horo Beach

Piezometric contours (masl)|
V] Wetlands

[fransmissivity

[ 7.018622875 - 28.45393838
[ 28.45393839 - 49.88025388
I 4088925389 - 71.32456938
I 7132456939 - 92.75088489
I 027598849 - 1141952004
I 1141952005 - 135.6305159
I 135630516 - 157.0658314
I 157.0658315 - 178.5011469
I 178.501147 - 199.9364624

S 20.08 422

Figure 3.9: Inverse Distance Weighted intégtion for transmissivity measurements for the regidre
expected transmissivity in the aquifers below Te Hapua is between 28.45 and 71.32. Produced using data
supplied by Wellington Regional Council, May 2009).
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The hydraulic properties of dominant &oils are also relevant to wetlands, especially
with regard to recharge from local rainfall. Table 3.4 outlines the properties of soils
found close to Te Hapua wetland. Fig&&.3in chapter V shows the distribution of
soil types around the wetland.

Table 3.4: Characteristics of soils surrounding Te Hapua wet{aagls 2008; McFadgen, 1997; Palmer

& Wilde, 1990)

Soil Type Waitarere Motuiti Series Foxton Series Omanuka
Series Series
Accumulation 150 to400 yearg 900 years BP 6500 years BP | N/A
began BP
Parent Material Quartefeldspar | Quartaefeldspar | Quartefeldspar | Organic
wind blown sand| wind blown sand | wind blown sand
of greywacke of greywacke of greywacke
origin. Pumice. | origin origin
Texture Coarse Coare Coarse N/A
Permeability Very Rapid Rapid Rapid Moderately
rapid
Soil Drainage | Excessively Somewhat Somewhat Very poorly
Class drained excessively excessively drained
drained drained
Flooding Nil Nil Nil Ponding
Total Topsoail Moderate Moderae High (60%) Very High (75
Porosity 92%)
Subsoil | Moderate Moderate Moderate (50%) | Very High (75
92%)
Macro- | Topsoil | High High Moderate Very High (17
Porosity 30%)
Subsoil | High High Very high Very High (17
30%)
Water holding Low Low Low to moderate| N/A
capacity

Six main soil types are found in the Coastal Groundwater Zone. Three of these
(Waitarere, Motuiti and Foxton) are derived from sand of various age and together
cover around 60% of the Coastal Zofteowie, 1963; Wilson, 2003)The fourth

dominant soil type is Omanuka, which covers 35% of the Coastal Zone. This soil is
derived from interdunal swamp and is therefore highly organic. The properties of these

main soil types (tabl&.4) play an impornt role in rainfall recharge within the Coastal

Zone. Comparing the drainage c¢class, Oman
drainedd, whi |l st the sand based soil s
drained. 6 Resi s uded intTg Hosooby &Vdsonn(8083) foumch ttie

Omanuka soils had relatively high earth resistivity readings. Further results from
resistivity depth soundings suggested that the peat soils are widespread beneath the
dunes, which may reduce or possibly inhihiiltration to the shallow aquifefWilson,

2003)
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35 Wellington Regional C o monttaringd s Te Hap

sites

Wellington Regional Council (in conjunction with Kapiti Coast District Council)

installed four new wetland monitoring sites at Te Hapua in April 2009. Figure 3.10

shows the location of the four new sites. Three of thesifdsand Jy 6 s, Shovel er anc
Pateke; have a shallow bore (down to around 6m), as well as a wetland pond level stage

recorder. The locations for these sites were selected to give a spatial context for study.

The site at Pateke has historically been used for datatotievia 6 shallow bores and

a pond stage, so a reasonable record already
sites were chosen because they are on the western side of the complex which was

known to have drainage patterns with water moving south ramth respectively.

Monitoring in the preexisting deep bores (R25/5171 and R25/5262) was commenced at

the same time as the wetland sites to attempt to gather data on relative water levels in

the context of a layered aquifer system where leakage is possibbs yet undefined.

The Trotters site measures pond stage only and was installed by GWRC to assess the

influence of the culvert that joins Jill and Joys pond with Trotters beneath Te Hapua

Road. Also pictured is a third deep bore nearby that has natampg equipment

installed.

Appendix 8provides a more detailed view of each sitethe form of a TIN elevation

map,as well asa profile oftheland between the bore and pond stage sites.

Te Hapua wetland monitoring sites

Legend
Wetland monitoring sites
@ Pondlevel
QO Piezo level

O Rreinfal
! Wetlands

Figure3.1Q Locations of the three primary Te Hapua wetlarahitoring sites (Shoveler, Pateke, Jill and
J o y Oretters is a fourth pond stage site but was not used for this study. The three deep bores (R25/5171,
R25/5262 and R26/5117) were used in conjunction with the main monitoring site data.
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3.6 Historical Aerial Photo Series

Aerial photographs from 1948, 1967, 1977, 1993, 2002 and 2007 are shown in the following pages. The approximate presamddaxtent is
outlined in all of the images, so areas of wetland loss are visible in earlier photos wharelsveittend outside of these boundaries. Modifications
relevant to the monitored wetlands are described in detail in chapserction.2.1 Photos care of Jon and Gendy Stevenson.

Note: Colour backdrop is 2002 aerial photo Te H a p u a Wetl a n d C O m p I ex 1 948
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Note: Colour backdrop is 2002 aerial photo Te H a p u a Wetl a n d C 0 m p I ex 1 9 7 7 ol 2010 property bound.
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Te Hapua wetland complex 1977
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Te Hapua wetland complex 1993

- 66-



Te Hapua wetland complex 2002
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