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Executive Summary

The Whangamarino wetland is receiving fine sedinmeptits which appear to be adversely affecting
sensitive wetland plant communities in this Raniséed wetland. The Department of Conservation
commissioned NIWA to undertake a pilot study toeassthe efficacy of methods for determining the
sources of sediment deposited in the Whangamariettamd and to gather preliminary data on
sedimentation.

Anecdotal evidence links enhanced sedimentatioangineering structures such as the Pungarehu
Canal, that was built in the 1960s to drain Lakeikafe, and a control weir on the Whangamarino
River below the confluence with the Maramarua Rivbrch was built in 1994 but was washed out in
1995 then reinstated in 2000. However, there iack bf understanding about how these structures
may have influenced wetland sedimentation, andetiemo information available on the sediment
sources and sinks or the sediment accumulatios (8#%R) in the wetland.

This report presents the findings of a pilot studing stable isotope forensic techniques to determi
the likely sources of sediment being deposited iowalying portion of the wetland (the herb block)
adjacent to the Pungarehu Stream and Whangamaiweo, Rear Falls Road. The study used sediment
taken from the stream channels of the Whangam&iner and its tributaries upstream of Falls Road,
as well as suspended sediments collected fromtteans network and Pungarehu Canal during the
June to October 2008 flood event.

The results indicate three main sources of sedind@rihe steep hill country of the Hapuakohe Range
at the headwaters of the Whangamarino River catetin2g the low grasslands on lowland alluvial
plains adjacent to the Waerenga Stream which aiedieally used for crops such as maize; and 3)
Lake Waikare via the Pungarehu Canal.

Sediment runoff from the lowland alluvial plainslilely to be an intermittent source associatedwit
tillage and bare soil exposure between crops goldmeng in grass.

While the steep hill country and low grasslandscamrginuous sources of sediment to the wetland, the
sediment load from Lake Waikare can only entervtbdand when the control gate is open. As there
are no flow data for the Whangamarino River / Lakaikare/ Waikato River flood diversion system,
mean annual flood flow data from a NIWA water raseg model was used to determine the relative
sediment loads in the Whangamarino River at fathdRand from Lake Waikare via the Pungarehu
Canal as it discharges into the Whangamarino wettl@n the day of sampling during the June to
October 2008 flood event, about 90% of the sedireatering the Whangamarino wetland and water
course system came from Lake Waikare.

Whangamarino Wetland pilot study: sediment sources iv
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The estimated mass load of sediment from Lake Waiké& around 730 tonnes per day {f) éind
around 100 t d from the Whangamarino River catchment were derfvech mean flood flow values
from a water resources model as there is no aecutatv data available. Consequently, these
estimates have a high degree of uncertainty andldhie considered as indications of the relative
proportions of sediments contributed from the twairm sources, and not absolute values.
Furthermore, the hydrographs during the June toligct2008 flood event showed substantial water
level fluctuations. This implies changing watero@ies that would most likely affect the suspended
solids concentrations and, coupled with the ungestafrom modelled flow, it is not possible to
extrapolate the sediment loading to an annual astim

Bulk stable isotope and compound specific isotapialuation of sediment sources relative to the
deposited sediment in the herb block of the wetlahdwed the linkage between the three main
sources and provided estimates of the proportiomatribution of each sediment source at the surface
(0-2 cm layer) and the 10-12 cm layer below thdagar of the soil taken from three locations in the
wetland. The three locations were sites S1, S2,Sfhdt increasing distance from the open waters of
the old Pungarehu Stream channel. While there waemce of sediment attributable to the Lake
Waikare source in the surface 0-2 cm layer sdihese three sites, the Lake Waikare source signatur
was missing from the 10-12 cm depth layer soilsiss S2 and S3. The highest proportion of
sediment originating from Lake Waikare was arouighlat site S3, which was furthest from the open
water course. The remainder of the sediment irstinface samples came from the steeper parts of the
catchment - especially the Waerenga Stream sulwoattt - (means of 22% to 74%) and low
grasslands (means of 19% to 70%). Sediment frommaveid other crops contributed less than 5% to
the surface sediment composition at each site.

At site S3 there was visual evidence of an eawigitand at around the 10 cm depth below the present
surface. This coincided with the sediment havingapparent contribution from Lake Waikare. If this
change was related to the commissioning of the &g Canal, it would be consistent with Lake
Waikare sediment only being present in the surtscdis site i.e., previously those sediments were
only subjected to flood waters from the WhanganmRiwver. It also implies a SAR of less than 2 mm
per year.

At site S1, the Lake Waikare source signature wasemt in both the surface 0-2 cm and 10-12 cm
depth layer samples. This can be interpreted tioael a higher SAR closer to the open water courses
i.e., the pre-canal sediment was at a greater death10-12 cm.

An apparent anomaly of a high proportion of suspergediment entering the Whangamarino wetland
system (90%) from Lake Waikare but only a 14% dbatron from that source in the soil sample in
the herb block is consistent with the position bk therb block sampling site closer to the
Whangamarino River inflow than the Pungarehu Canilalw.

Whangamarino Wetland pilot study: sediment sources v
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This pilot study demonstrates that the NIWA stdbtgope forensic technique can be used to identify
the likely sources of sediment being depositedfédrdnt locations in the Whangamarino wetland. It
has identified three major sediment sources andishbat the technique is capable of separating the
land-use sediment source contributions from sedimderived from Lake Waikare, dispersed laterally
across the wetland and vertically over time. Tiohmégue determines the proportion of each source at
a location as a % of the whole. Quantification iezgiflow-weighted concentration data or SAR data.

Examination of historical water level records frdime Falls Road level recorder showed high
minimum water levels in 1965 after the PungarehnaCwas commissioned. Those records also show
the lowering of Lake Waikare after 1965, an extehderiod of low minimum water levels, and the
two attempts to raise the minimum water level i®4.%nd 2000, all with the almost annual flood
event from the Waikato River superimposed. This mlem hydraulic regime is likely to have an
equally complex sedimentation regime. To understhatl sedimentation regime requires the use of
sediment coring at a number of locations acrossvstéand relative to the two main water inflows to
determine the SAR at each location. Applicatiorthef stable isotope forensic techniques to sediment
from those cores would determine the relative sosail contributions at each location and provide a
better understanding of how sediment is moving ubho the wetland. That understanding is
fundamental to the development of management gtest¢o protect the Whangamarino wetland from
further degradation and initiate a recovery.

Whangamarino Wetland pilot study: sediment sources Vi
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1. Introduction

Department of Conservation (DoC) requested NIWAutmlertake a pilot study to
assess the efficacy of methods for determiningstheces of sediment deposited in
the Whangamarino wetland and to gather preliminatg on sedimentation.

The Whangamarino wetland is the second largestdmh swamp complex in the
North Island. It is a significant habitat for wetthbird species and is a Ramsar-listed
wetland. DoC have identified the ongoing depositdrsediment in the swamp and
marsh (riverine influenced) areas of the wetlandras of the long term threats to the
Whangamarino wetland. While there is anecdotal ende of sedimentation in the
Whangamarino there is currently no information klde on the sediment sources and
sinks or the rates of deposition. Engineering cstmes that have modified the
hydrology of the wetland are also likely to affegtdiment transport and deposition
processes. These include the Pungarehu Canalimbule mid-1960s to drain Lake
Waikare and the control weir built on the Whangan@aRiver below the confluence
with the Maramarua River to increase minimum wégeels in the wetland. Initially a
rock weir was constructed in April 1994 but thissmaashed out in 1995. The weir
was reinstated in 2000. There is a lack of undeditg about how these structures
may have influenced sedimentation. These key fimddion gaps need to be filled
before any options for managing sediment in the Mgaaarino can be explored. It is
intended that a more comprehensive study will beigied to answer specific
questions based on the outcome of this pilot study.

11 Background

The Whangamarino Wetland is on the eastern sidheoWaikato River and extends
inland from the confluence of the Whangamarino Riyast south of Mercer, to Te
Kauwhata in the south. The Whangamarino Wetland thas distinct areas. The
northern part around the Maramarua River is segdritbm the southern part by a
low ridge of permanently dry farm land which exterghst from the confluence of
these two rivers. The southern part of the wetlavidch is the focus of this study, is
bisected by the Whangamarino River upstream to dtomfluence of the
Whangamarino River with the Pungarehu Stream amihage canal from Lake
Waikare further south (Fig. 1). The headwaterdhefWhangamarino River drain part
of the Hapuakohe Range which separates the Wakkiatr valley from the Hauraki
Plains further east. The headwater streams come g$teep forested or pastoral land
with underlying greywacke rock and then flow thrbuglmost flat unconsolidated
alluvial plains or low rolling hills of volcanic als before joining the Whangamarino
River as it enters the wetland.

Whangamarino Wetland pilot study: sediment sources 1
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Figure1: Location map showing the position and general sludigee Whangamarino Wetland
(pale green overlay) and the Whangamarino Rivarthoa¢nt upstream of the wetland
(pale red overlay), relative to the major geografibature of the Waikato River.

Under normal (majority) weather conditions the cohgate on the Pungarehu Canal
(Fig. 2) is closed and the Whangamarino River catoft provides almost all of the
water passing through wetland. Occasional reletsesigh the control gate under
non-flood conditions are mostly confined to the alaand river channels. However,
under exceptional flood-flow conditions in the Wik River, the top of the Waikato
River flood peak can be diverted into Lake Waikaeea control structure on the Te
Onetea Stream at Rangiriri and subsequently iredAhangamarino Wetland system
by opening the control gate on the Pungarehu C@digl 3). During these events,
flood water overtops the channel banks and the gwand marsh areas of the
Whangamarino Wetland are inundated by muddy wdey.4) to a much greater

extent spatially than would occur from local floogiin the Whangamarino River
catchment. As the Whangamarino River is also likelye in flood when the flood

Whangamarino Wetland pilot study: sediment sources 2
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water diversion through the Pungarehu Canal occrés uncertain where the
sediment causing problems in wetland is coming from

Figure 2: A) The control gate in the closed position on tiumdarehu canal. B) The Pungarehu
canal flow with the control gate closed (Photos:Gibbs, 14 April 2008).

Figure 3: A) The control gate in the open position on the qguaehu canal. B) The Pungarehu
canal flow with the control gate open (Photos: Nbl§s, 23 June 2008).

Whangamarino Wetland pilot study: sediment sources 3
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Figure4: Panoramic photo time series of the inundation ef\tthangamarino wetland during
winter 2008, viewed from Falls Road. A) 28 Apriemal gate closed; B) 23 June,
canal gate open; C) 24 July, canal gate open, WaR&er about 2 m above normal.
(Photos M. Gibbs).

12 Pilot study

Stable isotope based sediment tracking and sowestification work by NIWA
(Gibbs 2008) has demonstrated that it is possibleetermine where sediment is
coming from in the catchment and to apportion tbatrbution of sediment from
different sources. This technique has previousgnkegpplied to determine the sources
of present-day (i.e., surface) sediments depositeduckland and Coromandel
estuaries and the Waituna River system (Raglarg.sburce identification technique
uses the compound specific isotope (CSI) signatficeganic biomarkers (fatty acids)
that are bound to the terrigenous soils to linlséhtd specific land-use sources in the
catchment. The soil contributions from those lasdsuare then apportioned using an
isotopic mixing model, IsoSource (Phillips & Gre2@03).

The sediment source component of this pilot stuilysato confirm that the CSI
method can identify sources and sinks of surfacdimsnt deposits in the
Whangamarino wetland. The focus will be on difféi&ting between contributions
from Lake Waikare via the Pungarehu canal, Waeregeam, and other
Whangamarino River catchment sources. The pilotlystwill not extend to the
confluence between the Whangamarino and MaramaineasR The Herb Block area
where flows from Lake Waikare first enter the wetlawill be the sediment sink of

Whangamarino Wetland pilot study: sediment sources 4
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most interest during the pilot study, which wilcinde a transect from the river into
the wetland in that area (Fig. 5).

Figureb5: Aerial view across the Whangamarino wetland hedxlbltowards the west from
above the confluence of the Pungarehu canal wighAthangamarino River. Banding
in the wetland indicates different plant commusitiend appear to coincide with
different inundation levels and shows the extenttlud riverine influence (i.e.,
swamp/marsh vs. bog/fen) The broken line approxé@s&b the DoC monitoring line.
The yellow markers indicate the approximate retatpositions of soil samples
collected on 28 April 2008. (Photo: M. Gibbs).

Whangamarino Wetland pilot study: sediment sources 5
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Figure6: Soil, deposited sediment and suspended sedimeplestonations (numbers refer to sites in Tableot xlie pilot study of the Whangamarino
system. Sites 13B and 22 are just off the mapase areas. Coloured lines enclose sub-catchmefietsed to in the text. The main stem of
the Waerenga Stream and key tributaries are dkfinblue.

Whangamarino Wetland pilot study: sediment sources 6
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2. Methods

21

Sample collection

Sediment samples were collected from the tribidade the Whangamarino River
upstream of Falls Road bridge at road bridges (id-able 1), during the low flow

period (19 June 2008) the week before the 2008dflewent. Several scoops of
surficial material deposited in “sand-bars” in thieeam bed or on the bank were
combined in a sealable 5-litre plastic (PVC) budkegbroduce a single bulk sample of
about 2-3 kg wet sediment which was representativeach site. The wet sediment
was sieved (1-mm mesh) to remove stones, inse&se$ and woody debris before
analysis.

Soil samples (Table 1) were collected during aisgpection in preparation for coring
along the transect line (Fig. 5) at 3 points movéiwgay from a channel loop through
the herb block west into the wetland under dry doms (28 April 2008). These
samples were taken by taking spade depth sodslaomgit into a sealable plastic
bucket for sectioning in the laboratory. The subeed coring exercise was thwarted
by rising water levels and sediment cores weretaln. Consequently, these three
soil samples were used to indicate the sourcegadnt sediment deposition at that
location in the wetland.

Each sample was separated in a top 2-cm layer &yéafrom 10 cm to 12 cm below
the surface. Plant roots and stones were removéeiy picking.

As this was a pilot study, a full library of catcbm soil types was not collected. Soll
samples representing the main bare-soil land-uses maize, re-grassing through
maize stubble, and mustard cropping on the flatvell soils, were collected (Table

1). These samples were collected as multiple ssaatiples from an area of about 10
m? and combined to produce a single bulk sample septative of each source.

During the flood event from 23 June to 1 Octobed®(e.qg., Fig. 4), the opportunity
was taken (24 July 2008) to collect water sampbesfispended solids (SS) to enable
relative sediment mass transport evaluations afitgtary sampling points and in the
Pungarehu Canal (Table 1).

Whangamarino Wetland pilot study: sediment sources 7
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Table 1: Sample codes, site descriptions, sample type, awedtibns (also see Fig. 6).
Suspended solid (SS) dry weights are for the wsdemples. Main stem sample sites
start at the headwaters of the Waerenga Streamragdess downstream.

Sg(r)ndpele Site Description Easting Northing Soil Sediment Water SS
Main stem Waerenga Stream (gm?
7 Waerenga Stream at 3-culvert Taniwha Rd 2713105 6421595 X X 26.6
8 Waerenga Stream at Taniwha Rd bridge 2711960 6423245 X X 42.3
9 Waerenga Stream at Stannard Rd bridge 2710780 6424480 x x 50.0
10 Waerenga Stream at Awariki Rd bridge 2709765 6426560 x x 57.9
12 Confluence Waerenga & Junction Streams 2709520 6426620 x
14 Waerenga Stream (Jefferies Rd) 2708395 6427185 X X 55.2
13 Confluence Waerenga & Kopuku Streams 2708190 6427430 x
17 Whangamarino River (Falls Rd bridge) 2703728 6426255 x 29.3
Sub-catchment tributaries
6 Taniwha Stream at Taniwha Rd bridge 2713760 6419000 x x 15.4
13A Pokaewhenua Stream at Jamieson Rd bridge 2713156 6427321 x x 24.0
13C Pokaewhenua Stream at Okaeru Rd bridge 2712956 6425683 x 22.5
(Becomes Junction Stream above site 11)
11 Junction Stream at Awariki Rd bridge 2709950 6426675 x x 35.0
13B Kopuku Stream at Kopuku Rd culvert 2709490 6430234 x 15.9
(Upstream of site 15)
15 Kopuku Stream (Jefferies Rd) 2708455 6427305 X x 235
32 Clear flood water (Jefferies Rd) (mustard crop land?) 2707596 6426512 X 2.1

(enters main stem between site 13 and site 17)
Pungarehu Canal from Lake Waikare

2 At Waerenga Rd bridge 2705282 6421006 X 163.2

16 At Farm bridge as canal enters the wetland 2703692 6424022 x 128.7
Major inflows to Lake Waikare

22 Waikato River inflow in Te Onetea Stream (SH1) 2699885 6416349 x 14.7

X

27 Matahura Stream Southern inflow at Waiterimu Rd bridge 2708320 6410895 61.2

Reference crop soils

Gr/Mz Grass through maize 2708290 6427095 X
Mustard  mustard 2708045 6425725 x
Maize maize 2705402 6421091 x
Soil samples from herb block transect line

S1T surface (0-2 cm) 2702612 6426189 X
S1B 10-12 cm deep layer 2702612 6426189 X
S2T surface (0-2 cm) 2702469 6426126 X
S2B 10-12 cm deep layer 2702469 6426126 X
S3T surface (0-2 cm) 2702406 6426094 X
S3B 10-12 cm deep layer 2702406 6426094 X

While water level recorders are installed at keynggothrough the Whangamarino
hydraulic system, there appear to be no flow ratages at most sites and thus the
flow volumes are not recorded. Mean flow and meamual flood-flow between 1993
and 1997 taken from the NIWA WRENZ web model, wased to estimate the mass
transport of sediment from Whangamarino River aakiel Waikare via the Pungarehu
canal into the wetland. Because these are modidiecdata, there is high uncertainty
in the absolute values and the results can onlyskd to give relative contributions of
sediment from these two sources.

Whangamarino Wetland pilot study: sediment sources 8
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2.2 Analytical

Wet sediment sample aliquots were placed in prefwesl aluminium baking trays,
weighed and then dried at®Din an air oven for 24 hour before being re-wetyte
determine moisture content. The dried samples warend in a stainless steel coffee
grinder and sieved to < 1Q@n before storage in sealed PET wide-mouth jarsipgnd
analysis of stable isotopes and compound-spet#ldesisotopes (CSI) of fatty acids.

The total suspended solid material from each 1-tewsample was extracted by cold
settling, and centrifuging in pre-weighed polyeting screw-top centrifuge tubes. The
centrifuge tubes, and their contents were drie8&€C in an air oven for 24 hour
before being re-weighed to determine the dry weafhtuspended solids. The dried
samples were ground with a mortar and pestle ioeadowder and stored sealed in
the same centrifuge tube pending analysis of stasbk®pes. There was insufficient
material in the 1-litre samples for CSl analyses.

Stable isotope analyses of bulk carbon and nitroged CSI analyses of fatty acids
used the NIWA methods (Gibbs 2008). Dried sampbes®C and™N stable isotopes
were weighed into tin capsules and analysed aiNINgA stable isotope facility in
Wellington by continuous flow, isotope ratio mapsarometry (IRMS). Results were
reported in delta notatio)(with units of per mil (%o) calculated using theuatjon:

X = (Rsample.(Rstandard— 1) X lé

where X is°C or >N and R2°C/**C or N/*N, respectively. Analytical precision was
<0.1 for8™C and <0.2 fo8™N. The IRMS data also give %C and %N content of the
samples.

Dried samples for CSI analyses were prepared atiltdeniy extracting about 10 g of
sediment with hot (10@) dichloromethane (DCM) under high pressure (206 in

an Automatic Solvent Extractor (ASE 2000; Dioneki)le DCM extract was reduced
to dryness in a screw-cap 10-mL glass vial (Kimltg) methylation. A solution of
5% BF; in methanol was added to each vial (1 mL) bef@alisg and reacting at
70°C for 20 minutes. After cooling, the fatty acid imdt esters (FAMEs) were
extracted from the methylation mixture with hexamel finally reduced to dryness in
2-mL screw-cap vials. A set of 6 fatty acid standavere methylated at the same time
using the same reagents. The vials plus a sampghleahethanol, were sent to Otago
University for CSI analyses. Samples were analysddplicate and the mean result
was used for sediment source determination. Artallytirecision was <0.1%o for the
3"°C in each fatty acid.

Whangamarino Wetland pilot study: sediment sources 9
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2.3 Sediment sour ce determination

The stable isotopic composition data of the suspérgblids were used to indicate
likely sources and mass transport of fine sedirdentg the winter 2008 flood event.

Sediment sources were identified and apportiona the CSI data using the isotopic
mixing model, IsoSource (Philips & Gregg 2005) asatibed by Gibbs (2008). As
this was a pilot study, a full library of catchmesuil types was not collected for
apportionment, and the sediment from above andibebxh tributary confluence was
assessed for proportional contribution from the lteatchment upstream from Fall
Road, and from Lake Waikare via the Pungarehu Cémé#te soils in the wetland.

The IsoSource mixing model apportions the source$easible by making a table
using all possible combinations of the isotopicueal from the potential sources, and
then selecting only those combinations that matehisotopic values of the wetland
soil sample within a selected tolerance (%o). Thé&ans that if a match is not found, it
is not possible to obtain an isotopic balance Wikt specific combination of sources.
Conversely, the matches found are feasible combmai{solutions). The number of
times each feasible solution occurs is summed \te gi distribution histogram (see
appendix Figs. Al to A3). Any value within that trilsution may be valid but the
more times that value occurs the higher the prdbakihat that is the correct
proportion. To simplify the data presentation, thean feasible solution value can be
used provided it is treated as the best estimatie avidefined level of uncertainty
rather than an absolute value. In this methodéhel lof uncertainty is defined by the
standard deviation (SD) about the mean expressagasentage of the whole.

Each feasible solution is expressed as the isotpmiportional contribution (%) of
that source soil to the wetland soil required todpice an isotopic balance. Isotopic
proportions that extend from 0% to a finite value kess definitive than those with a
full distribution curve as it is possible that tbasources may not be present while the
full distribution curve are present within the rangf the distribution curve. In
explanation, a potential source with an isotopmpprtion estimate of say 48.2% with
a standard deviation of + 2.4% indicates that #utrce is present and contributes
between 45.8% and 50.6% of the sediment in thapkanConversely, a potential
source with an isotopic proportion estimate of $a¢6 with a standard deviation of +
1.9% indicates that that source may be presem & 8.3% but it is just as likely that
it is not present in that sample. Such high leeélancertainty typically occur at the
less than 5% contribution and such sources aredmyes to be minor.

The total number of feasible solutions (n) found IbgSource provides a level of
confidence in the solutions. The confidence lexreteases as n decreases towards 1,
which is a unique solution.

Whangamarino Wetland pilot study: sediment sources 10
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The output from IsoSource is based on isotopicesland not soil proportions. As
these isotopic biomarkers are part of the totahoig carbon in the soil and the total
organic carbon may be less than 10% of the whalgtke isotopic proportions must
be converted t®oil proportions i.e., if the source soils were mixed togetherhia t
corrected soil proportions, the resultant mixtureuld have the same isotopic
signatures as found in the wetland soil. This isedosing a linear correction equation
based on the carbon content of each source sdib§&008):

_Vouc, x100

1

In
RO,

%%sourcen =

wherel, is the mean feasible proportion of souncim the mixture as estimated from
isotopic value by IsoSource, andCxois the % carbon in the sourcesoil. Because

this calculation only uses the %C of the sourcdssimir scaling, the proportional
contribution of each source soil is independentiny loss of total carbon or fatty
acids in the wetland soil through biodegradatione Tevel of uncertainty defined by
the SD remains the same.

Note that only single samples are used from eachtitin as the identification and

apportionment method is looking for the major didieces that distinguish sources
rather than the small variability that may be foumithin each source. Much of the

source variability is accounted for by taking nplki small samples over a large area
and combining these into a single bulk sample, Wwigcmore representative of that
source than replicate single samples. Note alsondnikers from plants growing on

the soil at the wetland sites will be isotopicalifferent from other sources and will

be separated by the mixing model. No attempt watena quantify that influence.

Whangamarino Wetland pilot study: sediment sources 11
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3. Resaults

31

Figure7:

Carbon and nitrogen

The carbon and nitrogen content of the soil, sedimand suspended solids was
highly variable ranging from <1 % to almost 20 % ¢arbon and 0.1 % to 1.8 % for
nitrogen (Fig. 7). The C:N ratio was more consistamging from 9 to 13.3. The C
and N content of the deposited sediment was gdndmber than the suspended
solids and crop soils. The C and N content of thgpended sediment from Lake
Waikare was significantly higher than all other isgeht samples except for the
Jefferies Road site (site 32) and the soil corsitatS3 in the wetland. Water at the
Jefferies Road site was taken from the flooded ¢aog on volcanic soil previously
planted in mustard. The water was clear (Fig. 8Alh wery low sediment load (Table
1) indicating that the high %C and %N were mostliikfiine plant matter (C:N ratio
11.0). Flooded replanted grasslands on the allyplahs had much higher sediment
content (Fig. 8B) indicating the easy mobility bfst soil type. There was a marked
difference in %C and %N content in the soil commseh along the transect with the
soil taken closest to the old Pungarehu Streamreig®1) being more similar to the
Whangamarino River catchment sites than the skdridurther inland sites S2 and
S3. The S3 sample was similar to the values frorkeLWaikare collected from
bridges over the Pungarehu Canal (sites 2 & 16).

2.0 ~
18 -
16 -
14
12 -
1.0 -
0.8 A
0.6
0.4
0.2 A
0.0 \ \ T T \

32

16

%N

/QK/I L’Stard & sediment
| sources

A sus solids
O soil cores

%C

Carbon and nitrogen content (%) of all samplesodied sediment (blue diamonds),
suspended solids (orange triangles), crop soilsk(gguares), wetland soils (open
circles). Labels are the sample codes for selesa@aples as listed in Table 1. Line
represents a C:N ratio of 11:1.

Whangamarino Wetland pilot study: sediment sources 12



_NIWA_—

Taihoro Nukurangi

Figure8: A) Floodwater from flat crop land previously planted mustard (Jefferies Road),
showing the low sediment content which indicates évosion; andB) surface runoff
water from flat grassland on the alluvial plainsietthindicates the easy mobility of
this soil.

3.2 Suspended Solids

The suspended solid load in the water samples avasst in the headwater streams
and increased downstream to Jefferies Road brisigmple 14) and then decreased
again towards the Whangamarino wetland at FallsdRoadge (Table 1). The
difference between the catchment stream sedimadsland those from Lake Waikare
were visually striking (Fig. 9). The Lake Waika@ples contain sediment from the
lake bed resuspended by wind-induced mixing.

Figure9: Photo of water samples (site numbers below) showheglow levels of suspended
solids in the headwater streams (6, 7) increasirgif¢ 14 then decreasing again to site
17. Samples 2 and 16 are from the Pungarehu Camal ke Waikare), sample 22 is
the Waikato River inflow and sample 27 is the MatahStream which flows into the
south end of Lake Waikare.
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In the absence of real flow data, to obtain thatiet proportional contribution of fine
sediment to the Whangamarino wetland from the Waaragino River catchment and
Lake Waikare via the Pungarehu Canal, mean antaa flow estimates were taken
from Water Resources Explorer (http://wrenz.niwanztwebmodel/) based on flow
estimates from 1993 to 1997. These estimates cowpldh actual suspended solids
loads in the Whangamarino River at Falls Road (sideand the Pungarehu Canal as it
enters the wetland (sample 16) indicate that aBdimes more sediment enters the
wetland from Lake Waikare than from the WhanganmaRiver upper catchment
(Table 2). This proportionality appears consisteitih visual evidence (Fig. 9), but the
actual proportions will vary with flow volumes ondaily basis and the degree of
wind-induced sediment resuspension in Lake Waik&ktew volumes can change
rapidly as indicated by the changes in water legaleng the winter 2008 flood event
(Fig. 10). The proportion of these sediment loathdpeetained in the wetland is
unknown. Note that the estimates in Table 2 aredas modelled flow estimates and
have a high degree of uncertainty. They should desidered as indications of the
relative proportions of sediments contributed frtime two main sources, and not
absolute values.

Table 2: Estimated relative sediment contributions to theavamarino wetland from the
Whangamarino River catchment and Lake Waikare W& Rungarehu Canal under
mean annual flood flow conditions. The canal flevassumed to be the sum of the
water from the Waikato River and the flow from tlatahura River, which allows an
estimate of the relative sediment load inputs tkel¥aikare. The proportion of these
input loads being retained in the wetland is unkmow

Water source Catchment Flow Suspended Sediment Relative
Area Estimate sediment load Contibution
(km?) (m’s™ (mg m?) (kg d™) (%)

Into Whangamarino wetland

Whangamarino River 135 41 29 103 10

L. Waikare via Pungarehu Canal 210 52 163 732 90

Into Lake Waikare

Matahura River 105 31 61 163 86
Waikato River via Te Onetea Stream - 21 15 27 14

The water level data (Fig. 10) show the rapid cleantpat occurred between 1 June
and 1 October 2008. There was a lack of synchryrii@tween the flood water level
peaks in the Waikato River, the Matahura Riverowflto Lake Waikare and the
Whangamarino River, although the highest waterléeweeach river coincided at the
beginning of July and again at the beginning of dsig There is a strong visual
correlation between water level changes in LakeKéfai and the Whangamarino
River at Falls road (i.e., the confluence with tReingarehu Canal with the
Whangamarino River). The sharp hydrographs in tla¢alura River are not present

Whangamarino Wetland pilot study: sediment sources 14
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in the Whangamarino River water level record, etreough both catchments are of
similar size (Table 2) and drain similar landscapdiacent to each other.
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Figure 10: Relational comparison of water level changes inh&®)Waikato River at Rangiriri, B)

Lake Waikare, C) the Matahura River inflow to Lak#aikare, and D) the
Whangamarino River at Falls Road from 1 June tatbker 2008 as the period of the
winter 2008 flood event. Red broken arrows indidate sediment sampling occasion
(19 June) and the suspended solids water sampiing4oJuly 2008. (Environment
Waikato water level records).

3.3 Bulk stable isotopes *C and ™N.

3.3.1 Deposited sediment

The bulk stable isotope data from the depositedmssd in the catchment were
compared with the stable isotopic data from theoiB sites in the Whangamarino
wetland (Fig. 11). It is assumed that the isotgigmatures of the deposited sediment
in each tributary are representative of that tabytlt is also assumed that the isotopic
signatures of the soil samples from the wetlancer mixture of sediment from the
tributaries. Both of these assumptions have beendfdo be reasonable in other CSI
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studies and are also the basis for interpretatiaalifood-web studies. Consequently,
the expectation would be for a greater level ofilsiity between the isotopic
signatures of the wetland soils and the tributanyrees contributing to those soils.
The tributaries with isotopic signatures most samito the wetland soil, S2, are
grouped within the ellipse in the scatter graptg(Hil). These data show that the
deposited sediments most likely to be contributmgoil at wetland site 2 were from
sites 6, 7, 8, 9, 10 and 13A. Sites 8, 9, and &0rain channel sediments downstream
from the confluence between the main stem of therdfega Stream at site 7, and the
first tributary (Taniwha Stream) at site 6 (Fig- &te 13A was also a headwater
tributary , the Pokaewhenua stream sub-catchméas 8L to 15 are tributaries which
appear to be having little direct influence onwetland soils.

8.0 - )
& sediment

7.0 1 ®11 o 15 o soil cores
6.0
5.0

v 4.0 - S1/B

© ? o
3.0 1 sSuT S3IT
2.0
1.0
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-30.0 -29.5 -29.0 -28.5 -28.0 -27.5 -27.0
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Figurell:  Scatter plot of thé*C and™N stable isotope signatures of all deposited seaime

samples from the Whangamarino catchment tributaeéstive to those of the soil
core sections dug from within the Whangamarino avetl Numbers refer to the
deposited sediment sample codes from Table 1. ®ites the circle are most likely
sources.

The isotopic signatures from the 3 wetland soiesawere significantly different from
each other. While S2 top and bottom fell within thage of the Whangamarino River
tributaries signatures, S1 top and bottom and §3vteere more isotopically enriched
in °C. However, the S3 top and bottom signatures wise significantly different
with S3 bottom signatures being similar to the 82(&ig. 11). The soil sod from site
S3 had a layer of different material through theldteé (Fig. 12) which may indicate
two or more distinct sediment deposition events.
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Figure 12: Soil sod dug from the wetland transect at site IB8ving a separation layer (Middle
layer) near the mid spade depth and another dexker below. (Photo: M. Gibbs)

332 Suspended sediment during a flood event

The bulk stable isotope data from the suspendenineatl water samples collected
during the flood event were also compared withstiable isotopic data from the 3 saill
sites in the Whangamarino wetland (Fig. 13). I tomparison it was assumed that
the wetland soil samples will have similar isotogignatures to those of the
suspended sediment from the source tributarieswedy for the time difference
between sediment mobilisation events (i.e., thendddcbe an offset). These results
show that the suspended sediments most likely tafteeting the soils, S2 top and
bottom and S3 bottom, in the wetland came fromstdmae headwater streams as the
deposited sediment. The isotopicC signatures for the wetland soils at S1 and S3 top
appear to be on a gradient between the headwetanssignatures and the signatures
for suspended solids from Lake Waikare (Fig. 13)e additional data point from the
Kopuku Road valley (site 13B), is also a steep eslspmple and has an isotopic
signature similar to that of S3 top. Because of difeerent intervening sediment
signatures between these two sites, it is unlikedy there is a direct link between sites
13B and S3 top. The water inflow from Lake Waikwaigthe Pungarehu canal (sites 2
& 16) has very different isotopid*°C signatures to the tributaries to the
Whangamarino River and the soil cores from the ametl The isotopic signature of
suspended sediments from the Waikato River inflonLake Waikare, site 22, are
more similar to the Whangamarino tributed¥’C signatures than those from Lake
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Waikare. The isotopié**C signatures from the 3 flat land-use samples sthavthe
soil from the tilled maize land is isotopically skr to the suspended sedim&hc
signatures from Lake Waikare, while the grass/mara# mustard crop soils are more
closely related to the flatland suspended solidkénWhangamarino River tributaries.
Maize was a major crop on the flat land within Wkeangamarino River catchment.

10.0 - N < sediment
9.0 ~ H source soils
8.0 | A A waikato River A suspended solids
A Grass/maize 0 soil cores
7010 o A, Tap BUY
W~ 5.0 SAsE Maize
to o A J3A
3.0 - s1 2
S3 Bot S3 Top Lake Waikare
2.0 1 * viathe canal
1.0 -
0.0 T T T T 1
-30.0 -28.0 -26.0 -24.0 -22.0 -20.0
8°C
Figure13:  Scatter plot of th&'*C and$™N stable isotope signatures of all suspended sedime

(orange triangles) from the Whangamarino Catchrirditaries relative to those of
the soil core sections (open circles) dug from inithhe Whangamarino wetland, the
deposited sediments (blue diamonds) and three ftsource crops (pink squares).
Numbers refer to the suspended sediment and soflleacodes from Table 1.

34 Compound-specific isotopes

The compound specific isotopic values of Palmittecdaand Stearic acid were used
with the bulk®C of potential sediment sources to apportion tkelyi contribution of
each source to the sediments at the three sangptegin the wetland (Table 3). For
the purpose of the pilot study the sources selest@ those representing the steep
land at the head of the catchment, the low gradsland currently growing maize and
crops (e.g., mustard), and sediment from Lake Wailemtering the wetland via the
Pungarehu Canal.

The graphed isotopic proportion data (Appendix Figs to A3) show that some
sources are certain to be present as the range dligtribution curve occupies a finite
range greater than 0% but less than 100%. The pgofmroportions for the Lake
Waikare source contribution in the bottom sampl@12 cm layer) at site S2 (Table
3; Appendix Fig. A2), shows a value of zero. Thisd®l output had only 10 solutions
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(Table 3; S2-B, n = 10), which is a high confideieeel, and all 10 solutions were
zero for Lake Waikare. This means that the Lakekafai source was not present in
the soil at that depth at that site. A wider intetation will be presented in the
discussion. Details of how the data were intergret®e given in the methods (section
2.3).

Table 3: Summary of feasible isotopic proportions of 5 kegemtial soil sources contributing
to the wetland sediments at the three sites albagboC transect line. Results are
mean % =* standard deviation (SD). (For graphed da@Appendix).

Potential sources

Wetland soil Lake Lowland Steep Maize Mustard Feasible
sample Waikare grass catchment solutions
(%) (%) (%) (%) (%) (n)
S1-T 4.2 67.9 16.5 6.3 5.1 1236
(4.2) (9.9) (6.7) (5.8) (4.9)
S1-B 6.3 74.3 6.9 8.9 3.6 1483
(5.1) (10.0) (4.9) (7.2) (3.3)
S2-T 1.2 20.1 60.7 8.7 9.2 1495
(1.5) (10.4) (7.9) (6.6) (8.0)
S2-B 0 48.8 48.2 14 1.6 10
0) (3.0) (2.9) (2.2) (2.2)
S3-T 22.8 38.9 32.8 2.8 2.7 103
(2.9) (5.1) (4.0) (2.9) (3.2)
S3-B 0.6 33.4 60 35 25 61
(0.9) (5.1) (3.2) (3.3) (2.6)

The soil proportions (Fig.14) show the relative teations of the different land-use

soils to the Whangamarino wetland in the three saihples along the transect line.
They also show that there is a marked differencavden the site (S1) near the
original Pungarehu Stream channel and the two §88s& S3) further inland, and

there is a difference between the surface 0-2 grarland thel0-12 cm deep layer
soils at sites S2 and S3. The apparent lack ofreadi from Lake Waikare in the

surface layer at the intermediate site (S2) majecefa small ground elevation

difference at that location.
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Figure 14: Source soil content (%) in the surface (0-2 cm Yesep layer (A) and the 10-12cm
deep soil layer (B) at the three wetland sites glthre transect. Data represent the
isotope proportions (Table 3) corrected by %C t@giroportions of soil from each
source in the soil at each site. Values are besh&es as means and have the same
error term as the isotopic data (Table 3).
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4. Discussion

41 Sediment sour ces

There are two main sources of sediment to the soutWhangamarino wetland

1) Lake Waikare via the Pungarehu Canal, and
2) the Whangamarino River inflow from the upstreancleatent.

The results from this pilot study indicate that enéxtreme flood conditions in the

Walikato River and with the Pungarehu canal congale is open, most of the

sediment load entering the Whangamarino wetlanttsysomes from Lake Waikare.

In 2008, this condition occurred between 23 Jurtkearly October, i.e., for around a
guarter of the year. The sediment laiden water floenPungarehu Canal overtopped
the channel banks and dispersed across the wetlaridg the flood water as the flood

control scheme intended. During this storage phasspended solids in the flood
water would settle out and deposit in the wetland.

At other times, with the control gates closed, Istabotope results indicate that the
majority of sediment entering the wetland systemmdsst likely to have come from the
steep head water streams in the Whangamarino catthm particular, the Waerenga
Stream catchment (Fig. 6). Visual inspection oft tiseream found in-channel

earthworks which included bank clearing and becdhfiog on a sand bar in the stream
channel (Fig. 15).

Figure 15: In-stream and bank earthworks in the upper Waer8tgsam catchment, 24 July
2008 (Photos: M. Gibbs).

Whangamarino Wetland pilot study: sediment sources 21



_//‘\LLW__‘A/

Taihoro Nukurangi

Elsewhere in the Whangamarino River catchment, bardsion (Fig. 16) was
exacerbated by direct stock access to the strear(Fg. 17) and clearing of farm
drains and stream banks, which left the soft allusoils bare (Fig. 18).

Figure 16: Bank erosion in the Waerenga Stream catchmentl242008 (Photo: M. Gibbs).

Figure 17: Direct stock access to the stream bed exacerbatésdrosion and causes stream bed
disturbance (Photo: M. Gibbs; 19 June 2008).
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Figure 18: Clearing of farm drains and stream banks can lesofé alluvial soils bare and
vulnerable to erosion during storm events (PhotoGilbbs; 19 June 2008)

Cropping to the edge of stream banks and leaving &#ad sometimes tilled soil after
harvest exposed to rainfall erosion appeared twobanon. Of special interest was the
high turbidity of water draining the soft alluvigllains at the foot of the steep
headwater catchments compared with the low tugbafisurface flood water draining
from area of volcanic soils closer to the wetlaRi( 8). These sources and potential
sources of sediment are all related to soil tylaes] slope, land-use practices.

4.2 Sediment loads and deposition

The Whangamarino River is the major source of wated thus sediment to the
Whangamarino wetland system when the Pungarehul €Cantol gates are closed.

However, unless the water level in the WhangaméaRiver is high enough to overtop

the channel banks, that sediment may not enterwttiand beyond the channel
margins. For example, under low flow conditionghia Pungarehu Canal (control gate
closed) water from the Whangamarino River remaiithimvthe river channel banks

but can flow into the canal via the culvert at tanfluence (Fig. 19), although the
flow is likely to be relatively small. In contrastinder flood flow conditions, the

culvert is a choke point for the Pungarehu Canaewavhich ponds behind the

“causeway” formed by the access track to the ctihard floods across the

swamp/marsh areas of the Whangamarino wetland.c@hal flow moves along the

old Pungarehu Stream channel (Fig. 5), which isstated by fallen trees. As the

water rises it inundates the Herb block study &é@ 4) and eventually overtops the
causeway.

Whangamarino Wetland pilot study: sediment sources 23



_NIWA_—

Taihoro Nukurangi

Figure 19: Water from the Whangamarino River flowing througle tulvert into the Pungarehu
canal under low flow conditions and the controlegatosed 28 April 2008. Black
arrows indicate flow directions. (Photo: M. Gibbs).

The synoptic survey of suspended sediment condimtsandicated that, on 24uly
2008, around 90% of the total sediment load ergetite Whangamarino Wetland
system came from Lake Waikare via the PungarehalCahat was a “snapshot” “on-
the-day” and the relative proportions of suspenstgitis from Lake Waikare and the
Whangamarino River are likely to be substantiaiffedent on another day. This is
because the suspended sediment concentrationg iRuhgarehu Canal water were
substantially higher than in any of the other wateurces, implying that sediment
resuspension in Lake Waikare was a significanta®af the suspended sediment load
in the Pungarehu Canal. On another day, with lessl-mmduced resuspension of
sediment in Lake Waikare, the suspended sedimadtitothe Pungarehu Canal could
be substantially less.

The lack of flow data and time-series suspendeniread data in the Pungarehu Canal
and the Whangamarino River at Falls Road make fioBsrible to estimate the total
annual sediment load to The Whangamarino Wetlaod these two sources.
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4.3 Changesin sediment dynamics since the Pungar ehu Canal

The stable isotope data indicates a variable amotirsediment deposition in the

Whangamarino wetland at the three locations samaledg the DoC transect line.

The similarity between source soil compositionhia 0-2 cm and 10-12 cm layers in
the soil sample closest to the waterway system (F5g site S1) can be explained by
higher sediment accumulation rates (SAR) near tatmsource. This would explain

the higher proportion of lowland grass soil sourcéhese samples as this site would
be exposed to the Whangamarino River water for stitwee quarters of the year.

The much higher proportions of steep catchmentcgospils in the other two soil
samples (Fig. 15; sites S2 & S3) further inlandnfréhe water source and the
differences between source soil proportions in@GHecm and 10-12 cm solil layers
indicates lower SARs at these locations. Thesecsogbil proportions show an
absence of the Lake Waikare source in the 10-12eap layer which implies that
depth layer may have been sedimented before thgalRetmu Canal was constructed.
Given the construction date of around 1960, thjgasents about a 50 year period
which would indicate a possible SAR of around 2 pen year. The actual SAR
should be determined using radionuclide techniti&b,**'Cs) on sediment cores.

The differences in soil source proportions betwserface and 10-12cm deep layer
soils at sites S2 and S3 are consistent with @iffietime periods in the history of the
wetland. The deeper soils having no Lake Waikadensent component may reflect
the pre-canal condition of the wetland at thosessifThe higher content of steep
catchment soils than low grassland soils in thgeéesoils would be consistent with
higher erosion from the headwater catchments beftichment control schemes were
fully implemented. Although soil from land used forize was identified at the three
wetland soil sites, it was not a major componertho$e soils at <5 % of the total.

Additional factors may affect the deposition of isgeht e.g., small differences in

ground elevation can cause floodwater to flow adoane place relative to another.
Soil “pugging” by stock can mix the surface soilghadeeper layers, analogous to
bioturbation in a lake or estuary. We noted extenstampling by cattle around the

middle site (S2) in the wetland but attempted tal fa site which appeared to be free
from trampling.

Note that the wetland soil samples were never dedrto be used for definitive core
analyses and hence were not sampled in a way t lgitter temporal definition.
Without sediment coring to examine SAR, a bettdind®sn is not possible.
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4.4 Hydrological considerations

The relatively low proportions (<14%) of Lake Waikasediment in the 0-2 cm layer
at the three locations in the wetland appears sistant with the synoptic total
suspended sediment load estimates which showedatbahd 90% of the sediment
load entering the wetland on 24 July 2008 came frake Waikare. However, what
the synoptic survey data could not show was whieae sediment deposited once it
had entered the wetland. The Pungarehu Canal céikdoed to a river inflow to a
lake (the wetland being analogous to the lake). Sudgen reduction in flow velocity
as the canal water enters the open expanse ofdti@nd would cause the bulk of the
suspended sediments to settle out in a “river déttanation near the mouth of the
canal. Evidence of this sedimentation pattern carsden in the synoptic suspended
sediment survey data as a reduction of about 20&teatnouth the Pungarehu Canal
(site 16) compared with the suspended sedimentdb#te mid-point in the canal (site
2) (Table 1). Lateral dispersion into the wetlanolid also provide a large area where
much of the Lake Waikare sediment could deposibiieeit reached the DoC transect
line almost a kilometre away.

A similar deposition regime could be invoked foe tsuspended sediment in the
Whangamarino River water. In this case the highkbaof the river channel are

sufficient to contain the Whangamarino River waietil it reached the confluence

with the original Pungarehu Stream. At that poimg YWhangamarino River water can
spread out into the wetland with the associatedemdeduction in flow velocity and

rapid settling of the sediment load. In this cdmmyever, the “river delta” formation is

much closer to the DoC transect line and a muchemnigroportion of sediment from

the Whangamarino River catchment would be expe@edsequently, the maximum

Lake Waikare contribution of 14% is entirely comsig with source proportion

contributions at that location in the wetland.

Evaluation of the flood hydrographs (Fig. 10) pd®g further insight into the
movement of water-borne sediment into the Whangmmawetland. There is a
significant difference between the flood hydrogmftom the Matahura River inflow
to Lake Waikare (Fig. 10C) and the WhangamarineR{¥ig. 10D). The Matahura
River hydrographs follow the classic pattern ofudden rise and almost exponential
fall in the tail. In contrast, the Whangamarino &ihas slow rises and falls with none
of the peaks and tails of the Matahura River hydaphs that would reasonably be
expected given the similarity between the size aoplography of these two
neighbouring catchments. The similarity between tWéhangamarino River
hydrograph (Fig. 10D) and the water level changed.ake Waikare (Fig. 10B)
suggest that Lake Waikare water levels are stroiglyencing the Whangamarino
River level, and causing it to back up. This issistent with observations on the"24
July when the ponded water behind the causewayflasaig across the causeway at
the Falls Road bridge car park and moving upstrieatme Whangamarino River.
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During the rising phase of the flood, flow velocitythe Whangamarino River would
be greatly reduced allowing sediment to fall outtled water column in the river
channel. This is consistent with the suspendedvestidata (Table 1) which show an
almost 50% reduction in SS load at Falls Road leridgmpared with the main river
channel sediment load at Jefferies Road (sitelfigr Ahe water level peaked and
began to fall, the Whangamarino River water woulperse through the adjacent
wetland until it was constrained by the river baokse more.

45 Other water level manipulation effects

The construction of the Pungarehu Canal in the 49685 designed as a flood control
measure for downstream land along the Waikato RiMéstorical time-series water

level data from the Falls Road water level recoi(@ég. 20) show that flood events
occur almost every year with peak water levels e similar levels. These time-

series data also show the effect of the constmiaifahe weir on the outlet from the
Whangamarino wetland.

After the Pungarehu Canal was commissioned in 8&5 1o lower Lake Waikare
(Boswell et al. 1985), the initially high base walevels began to fall (Fig. 20). In
April 1994 a rock weir was constructed on the Wtangrino River below the
confluence with the Maramarua River to increaseimumn water levels in the
wetland. A plant survey in December 1994, 8 mothier the water level increase,
showed an increase in species that preferred wettatitions, a loss of species that
preferred drier conditions, and an increase in tplahat threatened the wetland,
including grey willow (Reeves (2003). Species déitgr was unchanged. The weir
was washed out in a flood event in April 1995 cagghe minimum water level to fall
again (Fig. 20).

The vegetation was resurveyed in March 1998 befersedial work on the weir

commenced in April 1998. Key findings were a deelin species preferring wet
conditions, but there was an increase in grey willimd royal fern, and an overall
decline in species diversity. The refurbished weas completed in 2000 and the
minimum water level, which increased by around Bas been held at that level ever
since (Fig. 20).
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Water level changes in the Whangamarino wetlandesithe construction of the
Pungarehu Canal in the early 1960s and the weth@iWhangamarino River near the
outlet in 1994 to raise minimum water levels. Theinwas washed out in 1995 and
reinstated in 2000.

Knowledge gaps

These changes in water level will have affectedetttent of flood water intrusion into
the Whangamarino wetland and thus the rate of sdigkeposition from the various
sources and in different periods. During the period low minimum water level
(1973-1994 and 1997-2000;Fig. 20), floods in theavifamarino River may have had
been the dominant source of sediment with lesstifipm Lake Waikare in the Herb
Block transect site. This may mean that the midiipth layer observed at site S3
(Fig. 12) could have been from either of those queyirather than pre-1965. This
means that the absence of Lake Waikare sedimentifidd by the stable isotope
results could have been from pre-1965, pre-1994ref2000. Sediment coring for
determining SAR would resolve this issue and sheatify the effects of the different
water lever regimes indicated that have been gcéeffince 1965.
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5. Conclusions

This pilot study has demonstrated that it is pdestb determine the most likely
sources of soils being deposited at different looatin the Whangamarino wetland. It
has identified three major sediment sources andshasvn that the technique is
capable of separating land-use sediment sourceilmaintns from sediment derived
from Lake Waikare dispersed laterally across thdamd and vertically over time.

Expanding the source soil library would enable #medand-uses within the

catchment that produce disproportionately high reedi loads to be identified, and
subsequently be managed to mitigate those setioes.

Interpretation of these results coupled with hisarwater level data at Falls Road
gives a tentative understanding of how the Punga@sdnal operation and the weir on
the outlet of the Whangamarino River affects thdiraent deposition in the wetland.
More work incorporating measurement of SARs in sealit cores is required at
different locations within the wetland to refinetlunderstanding.

Issues: Quantification of sediment transport frdra different sources is limited by
the lack of SAR and accurate flow data. As a mimmnequirement, accurate flow
data is required from Lake Waikare and from the Wgamarino River upstream of
Falls Road. As there was evidence of the backingotipflood water in the
Whangamarino River during the June to October 208&1 event, selection of the
flow recording station is critical and should besuipam this influence. Recording
turbidity data by optical back scatter (OBS) instamnts calibrated for suspended
sediment concentrations, would provide a continusasord of the sediment
discharged into the Whangamarino wetland from titnsesource waters.
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7.  Appendix
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Graphed isotopic feasible proportion data.
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Feasible proportions of 5 key potential sedimenirses contributing to the wetland
sediments at site S1. “Top” refers to the 0-2 cih lager. “Bottom” refers the soil
from 10-12 cm below the surface. The distributidnresults reflects the range of
feasible contribution from each source with thehlkgs feasibility value as the most
likely proportion. Mean % values are the arithmetiean of the distribution curve.
The “n” value is the total number of feasible siwns to the mixing model as an
indication of confidence. Confidence levels inceeas n decreases with n = 1 being a
unigue solution. (See Table 3 for standard dewia)io
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Figure A2: Feasible proportions of 5 key potential sedimenirses contributing to the wetland
sediments at site S2. “Top” refers to the 0-2 cih lager. “Bottom” refers the soil
from 10-12 cm below the surface. The distributidnresults reflects the range of
feasible contribution from each source with thehlkgs feasibility value as the most
likely proportion. Mean % values are the arithmetiean of the distribution curve.
The “n” value is the total number of feasible siwns to the mixing model as an
indication of confidence. Confidence levels inceeas n decreases with n = 1 being a
unique solution. (See Table 3 for standard dewia)io
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Figure A3: Feasible proportions of 5 key potential sedimenirses contributing to the wetland
sediments at site S3. “Top” refers to the 0-2 cmh lager. “Bottom” refers the soil
from 10-12 cm below the surface. The distributidnresults reflects the range of
feasible contribution from each source with thehbigf feasibility value as the most
likely proportion. Mean % values are the arithmetiean of the distribution curve.
The “n” value is the total number of feasible swios to the mixing model as an
indication of confidence. Confidence levels inceeas n decreases with n = 1 being a
unigue solution. (See Table 3 for standard dewia)io
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