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1 Lb¢wh5!/ ¢Lhb

Bioresearches were engaged $ynfield Developments Limited undertake an assessment of the baseline
ecology within multiple properties of land at Ardmore, approximately 2 km nedst of PapakuraF{gure

1). Theareash& o6SSy aSLI NI SR Ayid2 GKNBS o6f201ax NBFSNM
FYR a{dzyFTAStR b2NIKE GAGKAY GKAA NBLR2NIO®

Sunfield Northand Sunfield South are zoned Rurélixed Rural andomprised of the followingroperties;

1 NA258/245 T NA631/77  NA57A/1150 T NA477/75

1 NA778/296 T NA636/71 T NA57A/1151 1T NA57A/1149

1 NA1B/856 1 Lot 7 Deposited Plan
T NA128A/553 T NAS7A/1152 103787

T NA477/291 T NA1666/17 T NA61A/530 T NA578/1154

Cosgrave Road z®ned Future Urban, antbmprised of the following properties;
1 828127 T NA6c/1131 T NA24c/216 T NA6C/1128
1 828128 T NA258/245 1 NA18B/646 M 828126

Auckland Council Geomaps overlays indicate multiple overland flow paths to be present within the Sunfield
Block, but no terrestrial Significant Ecological Area (SEA) overlays or recognised ecosystem types are present

within the site.

This report describes the existing ecological values of the terrestrial and freshwater areas within the site.

Sunfield Baseline Ecological Assessment 1
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Sunfield South (purple) and Cosgrave Road (red), and the overland fisvpnealicted to flow
through the area. Data sourced from Auckland Council Geomaps GIS viewer.
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This section summarises the legislation, policy, plans and strategies relevant to the protection, conservation
and enhancement of nature conservation interests associated with the site. The ecological vakrisede

in this report allow significant ecological issues and adverse effects to be identified as theytodlate
Resource Management Act 1991 (RMA). The identification of significant values and subsequent management
recommendations to mitigate adversdfects are consistent with standards and objectives of the following
legislative, policy statement and regional plan documents.

2.1 Legislation
2.1.1 Resource Management Act 1991 (RMA)

The purpose of the RMA is to achieve sustainable management. Important elemkniss are the
maintenance of indigenous biodiversity and protection of significant indigenous vegetation and habitats. The
RMA requires that any adverse effects of development be avoided in the first instance, and where avoidance
is not reasonably praittable, impacts should be minimised, remedied, or mitigated. These elements are
given effect in Sections 5, 6 and 7, and Schedule 4 sets out the requirements for effects assessments.

2.1.2 Wildlife Act 1953

The Wildlife Act (WA, 1953) provides legal protectioristed species classed as wildlife. It controls how
people interact with Wildlife, including all native birds, bats, frogs and lizards and some invertebrates. Note
is does not cover plants or freshwater fish.

2.1.3 National Environmental Standards for Freshvemt(NES-, 2020)

The National Environmental Standards for Freshwater 2020-A)E& requirements for carrying out certain
activities that pose risks to freshwater and freshwater ecosystems.

2.2 National Policy Statements

2.2.1 Freshwater Management

The NationalPolicy Statement for Freshwater Management 2020 (RM$ provides direction under the
RMA, to local authorities on managing activities that affect the health of freshwater, and provides protections
to freshwater bodies, including natural inland wetlanaliides provisions for monitoring and reporting on
freshwater quality and quantity, and for addressing the impacts of land use activities on freshwater
resources.

2.2.2 National Policy Statement for Indigenous Biodiversity (NB$

The NP$B provides directiorto councils to protect, maintain and restore indigenous biodiversity in the
terrestrial environment, requiring at least no further reduction nationally. It is considered relevant to the
proposal because the site is in the terrestrial environment, andritaios indigenous biodiversity as defined

in Section 1.6 (Interpretation) of the N

The NP3B requires that indigenous biodiversity that is not protected by an SNA (or SEA for the purpose of
this assessment):

a. Is managed by applying the effects mgeeent hierarchy (avoid, minimise, remedy, offset, com-
pensate), where those effects are significant.

Sunfield Baseline Ecological Assessment 3
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b. is managed to give effect to its Objective and Policies, where those effects are not significant (Section
3.16 (2)).

The terrestrial vegetation within thsite is not subject to a SEA and therefore the proposed works would
need to be consistent with Policy 8 (NPSIB), which addresses maintaining indigenous biodiversity outside of
SNAs, and Section 3.16, which requires that significant adverse effects be edabpgapplying the
management hierarchy (avoid, minimise, remedy, offset, compensate).

Tangata Whenua as Partners

The NP3B recognises tangata whenua as kaitiaki of, and partners, in the management of indigenous
biodiversity (NPSIB, Policy &j.the timeof preparation of this report, no acknowledged taonga species have
been identified in the public domain.

2.3 Regional plans and policies

The Auckland Unitary Plan (AUP) is the principal statutory planning document for Auckland. It was prepared
by Auckland Qancil for the purpose of giving effect to the RMA as a regional council and as a territorial
authority.

Sunfield Baseline Ecological Assessment 4
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The overarching approach of this analysis and reporting is to ascertain the existing ecological values on the
site: species, communitiend systems; as per the EIANZ Ecological Impact Assessment guidelines (ECIAGS)
for use in New Zealand (Ropeindsayet al. 2018).

Using the EIANZ EclAG framework, a simple ranking system is used to assign value to species as well as other
matters of ecdogical importance such as species assemblages and levels of organisation.

CtKS 20SNIft SO2t23A0It @FtdzS Aa GKSY RSGSNN¥AYSR z
assessment, all identified ecological values were assessed fdicsigoé against the Auckland Unitary Plan

criteria to test ecological significant (where not already an SEA).

Tablel. Factors to be considered in assigning value to species (Rbjmelsay et al. 2018).

Nationally threatened species, found in the Z&ther permanently or seasonally Very High
{ LISOA Sa {fwA &de®@Ring)faundiithé ZOlI, either permanently or season High
{LISOASa fAaGSR | a-wiyg Q2 FZONSRErheyiBamickign Moderate
seasonally

Locally (ED) uncommon or distinctive species Moderate
Nationally and locally common indigenous species Low
Exotic species, including pests, species having recreational value Negligible

Table2: Attributes to be considered when assigning ecological value or importance to a site or area of
vegetation / habitat / community (RopeilLindsay et al. 2018).

Criteria for repreentative vegetation and aquatic habitats:

w ¢CBLIAOFE adNHzOGdzNBE FyR O2YLRaAAGAZY
w LYRAISy2dza alLISOASE R2YAyYyIl (S

w 9ELISOGSR aLISOASE FYR GASNAE | NB LN
w ¢KNBakKz2fRa YIFe ySSR G2 06S t28SNB
modified.

Criteria for repesentative species and species habitats:
w {LSOASa laaSyvyofl3asSa dGKIG FNB (&L
w LYRAISy2dza aLISOASa GKIFG 200dz2NJ Ay

170l (Zone of Influence) in Rodéndsayetal.d H n My 0 RSTAY Sa (0 Kile aress/yeSour@edF thak nfay f dzS y ¢
be affected by the biophysical changeé$ dza SR 6& GKS LINRPLIR2 &SR LINR2SO0 yR | a&:

Sunfield Baseline Ecological Assessment 5
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Criteria for rare/distinctive vegetation arfthbitats:

w bl GdzNItfe& dzyO2YY2y 2NJ AyRdzOSR aol
w !'Y2dzyd 2F KFEoAGEFEG 2N ¢S3Silraazy N
w S5AaGAYyOGAGS SO2t23A0FKt TSI ddz2NBa

w blFrGA2ylf tNA2NRGE F2NI t NBGiSOlAz2Yy

Criteria for rare/distinctive species or species assemblages:

w | FoAGEF G & dzydthedshed grAdRigklspedied, \ortIdcally uncomm
species

w wSAA2yILf 2N yFGA2Yy L § RAAGNROdzIA2Y
w ! ydzadzZ t aLISOASa 2NJ lFaaSvyofl 3Sa

w 9YRSYAAY

w [ S@St 2F ylGdz2N*f RAGSNEAAGERZ | 6dzyF
wBiodiversity reflecting underlying diversity

w . A23S23INI LIK A Qektefrn, cOrBp)edith RSN G A2y a

w ¢SYLRNIt O2yaARSNIGA2yas O2y&aAiARS!
habitat availability and utilisation

w { A0S anH Aodali 8nMiddnment conditions which have influenced -
development of habitats and communities

w ¢KS SaaSydalf OKI NI OGSNRAGAOA
functioning and resilience (from ‘intrinsic value' as defined in RMA)

w { $hapé and buffering

w / 2YRAGAZ2Y |IyR aSyardragaraide G2 OKlLy
w [/ 2yGNAROodziA2y 2F (GKS &aArasS G2 S02
protection and exchange of genetic material

w {LISOASaA NRBft S Ay-higORvalgkeyspecies fidenfifidan, A
habitat as proxy

Table3. Assigning value to areas (Ropkeindsay et al. 2018)

I NS I NI 6Sa WIAIKQ F2NJ G t€Srad GKNBS
Rarity/distinctiveness, Diversity and Pattern, and Ecological Context.

Likely to be nationally important and recognised as such.

I NBI NI} dSa Wl ARXDS &F2WS yiiig 2Y 2R SN&S  + YR
NEYFAYRSNI hw FNBF NIXdSa WIA3IKQ F2N 2y S
remainder.

Likely to be regionally significant and recognised as such.

I NBI NI iSa W ARAEQaaY8yayS$r adSHNKS Wwaz2RS
hw FNBI NIdGSa a Waz2RSNIXrdSQ F2NJ G €St
[26Q FT2NJ 6KS NBYI AYyRSNW®

Likely to be important at the level of the Ecological District.

I NBI NI GSa Ww[26Q 2N W+SNE [26Q F2NJ YI 2
Limited ecological value other than as local habitat for tolerant native species.

I NBI NI GSa W+SNE [26Q TFT2NJ GKNBS aasSaa
the remainder.

Sunfield Baseline Ecological Assessment 6
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3.1 Terrestrial Ecology

A desktop review of terrestrial characteristics was undertaken of the site, which included reviews of aerial
imagery and conderation of the extent of vegetation present. Potential fauna habitats were assessed
jdzt t AGFGABStEes Ay O2yedzyOlAizy 6A0GK RIGFEOFAS NBGA S
1 dzO1fFYyR [/ 2dzy OAf Q& | SNLISG 2 T I dayfdlist dizedl sciericédatabadesy & 2 y f
historical lizard, bird, and bat records. Databases were used to determine likely presence lizards, birds, and
bats.

3.2 Freshwater Ecology

Watercourses were classified under the Auckland Unitary Plan Operative inARH?) (o determine, in
accordance with the definitions in these plans, the ephemeral, intermittent or permanent status of these
watercourses. During the site assessments, the presence and extent of water was noted, reference photos
were taken and freshwatehabitats were marked using a handheld GPS unit. The quality of the aquatic
habitat was assessed, noting ecological aspects such as channel modification, hydrological heterogeneity,
riparian vegetation extent, substrate type and any fish or macroinvertelnabitat observed. Riparian and
catchment information was also reviewed.

t20SyGAlrt gSGftlyRa ¢SNBE [aaSaaSR F2tt2¢Ay3 GKS al
protocols (Ministry for the Environment, 2020), including vegetation assestnand wetland hydrology to
RSGSNN¥AYS GKSGKSNI INBlFa YSi GKS RSTAPMOGAZY 2F | W
Vegetation was assessed based on the dominance and prevalence of:

9 Obligate wetland vegetation (OB¢.almost always in wetlandsarely in uplands;

1 Facultative wetland (FACWusually occurs in wetlands but occasionally found in uplands;
1 Facultative (FAQ)commonly occurs in either wetlands or uplands;

1 Facultative upland (FACt/pccasionally occurs in wetlands but usually in ngé and

1 Upland (UPLQ rarely occurs in wetlands, almost always in uplands.

Where the dominance and/or prevalence tests showed unclear results, hydric soils and hydrology tests were
undertaken in accordance with the associated protocols (Fresak, 2018; Ministry for the Environment.,
2021).

Sunfield Baseline Ecological Assessment 7
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4.1 Background and Ecosystem Classification

Historically (poreK dzY I Yy 0 X (GKS &AGS ¢2dA R KI @S O2YLINRASR 2F (F
mosaic ecosystems are characteristic of the Manw ecological district, which is characterised by low
altitude topography near the Manukau Harbour with a warm humid climate, with poorly drained and gleyed
alluvial soils and peats on river flats and swamps.

Historic aerial images show the site has heevoid of vegetation for approximately 60 years, with the only
vegetation observed in aerials from 1960 consisting of pasture and shelterigitse?). The siteand much

of surrounding landscape, has consisted of agricultural farmland until present day, with the Ardmore Airfield
directly adjacent to the east of the site. Currently, the site consists of rural land utilised for grazing, with
exotic and indigenoushelter belts and livestock shade treésgdqure3). A small kahikatea stand is established
within a northeastern paddock and has been present within the propertyafdeast 60 years.

Due to the historical and current intensive agricultural and pastoral land use activities, the site contains
predominantly pasture, with very limited shrub/tree vegetation. The key terrestrial ecological values of the
site are associad with the shelter belts, riparian yards and isolated kahikatea staRiggsine3). The site

does not support a Significant Ecological Area (SEA), recognised ecayystear notable tree overlay.

Figure2. Historic aerial image of Sunfield North from 1960. Image sourced from Retrolens.

Sunfield Baseline Ecological Assessment 8
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SOURCES
Aerial Photography: Nearmaps

DISCLAIMER:

$¢ This map/plan is not an engineering draft.

This map/plan is illustrative only and all information
should be independently verified on site before
taking any action.
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Figure3. Identified ecological features within th&unfield North Block.
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4.2 Terrestrial Ecology
4.2.1 Vegetation

The overall ecological value of the vegetation was assessedliovie

The majority of the vegetation present within the site is exotic and consists of pagtazhg landPhoto1
and Photo 2). Woody vegetation and indigneous trees throughout drea consisted of trees within the
shelter belts and riparian margins, stock shade trees, amenity planting and a stand of katikatgeafpus
dacrydioide¥y within a northern paddock.

The riparian yards and shelter belts consisted of mixed exotic and native vegetation with exotic vegetation
including barberry Berberis glaucocarpapoplars Populus deltoidgs Japanese cedarC(yptomeia
japonicg, pine Pinussp.), immature tree privetLigustrum lucidu and woolly nightshadeSplanum
mauritianum) (Photo3 and Photo4). Lianes such as iviiédera helix moth plant Araujia hortorun) and
Japanese honeysucklé gnicera japonicawere overgrowing the woody vegetation. The undergto
vegetation throughout included sedgeSdrexsp.), rank long grasses, and blackbeRyl{us fruticosys

Photo 1. View of pasture grasses with deciduous shel Photo 2. Pasture grasses witbxotic shelter belts
ter belt.

Photo 3. Exotic woody trees were present in the
riparian yard and shelter belts

Sunfield Baseline Ecological Assessment 10
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Native vegetatiorwithin the site was largely limited to the riparian yards and shelter belts, which contained
G I G Pdddcarpus totarpand lemonwoodRittosporum eugenioid@gPhoto5 and Photo6). The kahikatea
stands were fragmented, between 3¢ to 330 ntin size, and isolated from the remaining native vegetation
within the site. The area within the stands had been impacted by stock; with pugging throughout the area,
there was dackof functional understory and groundcover tieand there was minor damago the bark

and trunk of the kahikateaPhoto7 andPhoto8).

Photo 7. Kahikateastands on the northen side of the ~ Photo 8. The understory was bare and pugged with
site. some bark damage on the lower trunk.

4.2.2 Connectivity and Ecological Function

The terrestrial vegetation, as it pertains to ecological cotimigg and function, was considered to beladw
ecological value

Connectivity between areas of vegetation is important to facilitate ecological function. Edge communities

are heavily influenced by increased exposure to light, drying winds and cogp$titi 6 SSRaA ® ¢ KA & W!
restricts some native flora and fauna to forest interiors. Patch fragmentation increases the edge effect and
decreases the availability of habitat for interior species. Loss of ecological connectivity can also impair
reproductive function in both flora and fauna.

All exotic and native vegetation within the site is isolated within the surrounding environment and there is
no direct connectivity to significant terrestrial habitat. The nearest extensive area of vegetation edlocat

Sunfield Baseline Ecological Assessment 11
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more than 2 km to the soutleast of the site. The vegetation within Sunfield North is limited to isolated,
narrow strips such as shelter belts, riparian yards and the kahikatea stands. The contiguous areas of
indigenous vegetation within the SunfieldNé K &A 0SS ' NB f AYA(GSR OraéAbdKS Gl i
the western side of the site; and kahikatea stands on the neestern side of the site. The vegetation is

highly fragmented and is subject to edge effects.

4.2.3 Indigenous Fauna
4.2.3.1 Herpetofauna

| SNLISG2Fl dzyl ONBLIGAEfSA YR | YLIKAOAFY&A0 O2YLINRAS |
There are currently 125 terrestrial, endemic herpetofauna taxa recognised in New Zealand (Hitchehough

al., 2021), approximately 85% of which a2 ¥ 8 A RSNBER We¢KNBIF §SYSRQ 2NJ Wl i w
amphibians are legally protected under the Wildlife Act 1953 and vegetation and landscape features that
provide significant habitat for native herpetofauna are protected by the Resource Marexg Act 1991.

Statutory obligations require management of resident reptile and amphibian populations if they are
threatened by land disturbance i.e. land development.

No formal herpetofauna surveys were undertaken as part of this assessment. A reviestooic lizard

records from within 10 km of the project area indicated that copper skink, forest gecko, elegant gecko, and
pacific gecko have been recorded within the wider landscape (DOC BIOWEB Herpetofauna and Auckland
Council Herpetofauna databases).

Table4. Herpetofauna that may be present within Sunfield North and/or have been recorded within 10
km of the project footprint (mainland taxa only), including conservation threat status (Hitchmough et al.,
2021), and potential ocurrence within the site.

S Copper skink Oligosoma aeneum At Riskg Declining <1lkm \%
% o Forest gecko Mokopirirakau granulatus At Risk Declining <7km U
-g Elegant gecko Naultinus elegans At Rislkg Declining <4 km U
= Pacific gecko Dactylocnemis pacificus Not Threatened <7km U
o Plague skink Lampropholis delicata Introduced & naturalised <1lkm \
§ Southern bell frog Ranoidea raniformis Introduced & naturalised <6 km \
H Green and golden bell frog Ranoidea aurea Introduced & naturalised <5km \

For gecko (pacific, forest and elegant gecko) populations to persist, vegetated areas with good connectivity
needs to be relatively stable over time. Due to the lack of established indigenous vegetation and complete
lack of connectivity to other suitableabitat, these geckos are not expected to be found within the site.
Copper and ornate skinks are generally found in areas supporting dense ground cover (including exotic rank
grasses) or under logs or other debris around forest floors or vegetated edgatsakiopper skinks occur
widely throughout the Auckland region. Throughout the site, low quality skink habitat is present in the form
of rank long grasses within the shelter belts. Due to the presence ofjl@mlity skink habitat, and recorded
observatiors within 2 km of the site, copper skink may be present within Sunfield North.

4.2.3.2 Avifauna

Due to the isolated nature and high edge effects, the avifauna habitat value within the site was considered
to be Low.

Sunfield Baseline Ecological Assessment 12
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A formal avifauna survey was not undertakdmwever, an opportunistic survey was carried out and all
5SNBE NBO2NRSR® 5 dzNRAyYy3
indigenous birds and exotic birds were seen or recorded including welcome swalloyndo neoxang
LJIPdridhyri@ metanotys with exotic species consisting of sparrow

I OA T dzy t

swamp harrier Circus approximais >
(Passer domesticiisand rosellaRlatycercus eximijis

Desktop investigations show a range of commonly seen indigenous avifauna are prabéenthvei general
area of the site, including sacred kingfishiEodiramphus sanctyiswaxeyeZosterops lateral)s blackbacked
gulls Larus dominicanysind redbilled gulls Chroicocephalus novaehollandjado suitable habitat for gulls

aSSy 2NJ KSI NR

idKS

was consideredo be present within the site, however the species may rarely visit the site for resting and

a0l @Sy3aray3as

basis.

Table5. Avifauna observed within Sunfield North, and avifauna recorded within close proximity to the site,

odzi AdG Aa

KA3IKTE e

including conservation status (Robertson et al, 2021).

Larus dominicanus
Fringilla coelebs
Gerygone igata
Phasianus colchicus
Himantopus himantopus
Vanellus miles
Porphyrio melanotus

Chroicocephalus novaehollandig

Platycercus eximius
Todiramphus sanctus
Alauda arvensis

Passer domesticus
Circus approximans
Zogerops lateralis
Hirundo neoxena
Egretta novaehollandiae

4.2.3.3 Bats

Blackbacked gull
Chaffinch

Grey warbler
Pheasant

Pied stilt

Plover
tniS]2
Redbilled gull
Rosella

Sacred kingfisher
Skylark

Sparrow

Swamp harrier
Waxeye
Welcome swallow
White-faced heron

Longtailed bats Chalinolobus tuberculatos |
6 h Q5 2efaf,2018). No bat surveys have been undertaken within the site, and the closest bat record is

4.7 km north of the site. Two other recartbr longtailed bats have been recordedtiwin 10 km of the site.

NB

dzy t A1 8¢ &

Not Threatened eBird
Introduced & naturalised Onsite
Not Threatened eBird
Introduced & naturalised Onsite
Not Threatened Onsite
Not Threatened Onsite
Not Threatened Onsite
At Riskg Declining eBird
Introduced & naturalised Onsite
Not Threatened eBird
Introduced & naturalised Onsite
Introduced & naturalised Onsite
Not Threatened Onsite
Not Threatened eBird
Not Threatened Onsite
Not Threatened eBird
Of  aaAFASR I a

GKFG wi

[j

WA

Whl GAZ2Y I f 1

Longtailed bats typically use linear landscape features such as bush edges, gullies and water courses to
transit between roosting and feeding sites (Boriimd Parsons 2009; Griffiths 1996). They also tend to forage
in open areas, including clearings (Borkin and Parsons 2009; Griffiths 1996), along forest edges (Alexander

2001), over wetlands, open water and along rivers and roadways (Borkin and R2@@n<Griffiths 1996).

Long tailed bats may travel up to 19 km between roost sites and foraging areas.

Bats are dependent on roosting cavities with specific matimates, which are typically rare in landscapes.
They require large trees (including exotrmdastanding dead trees) with cavities (elgot holes, hollows),

Sunfield Baseline Ecological Assessment

cppnt wS@moH

{ dzy TN BE Ra

5 NERilibayd 9 02f 23401 €

13



Sunfield Bioresearches

Sunfield Baseline Ecological Assessment A Babbage Company

and from summer, communal roosts are dominated by females and young. However, individual bats may still
refuge beneath other suitable features such as within epiphytes, loose haltkw tree ferns or under tree

fern skirts.In other areas of New Zealand, lotajled bats are known to roost in stands of kahikatea, albeit
denser and larger than the stands present within the diteqto9).

Sy 5

Photo 9. Kahlkate stand iArhl Rukahia (south- Hamﬂtn) which is used for rosting by the Iocal—a'mgj
bat population. Photo from Google Maps.

Due to the presence of the mature kahikatea stands on the site, and the presence of local bat records, it is
possible that longailed bats may visit the site, and could roost within the mature kahikatea trees if suitable
roost features are present. In threbsence of bat surveys to confirm or rule out the potential for bats to use
the site, and whether or not the site is utilised by roosting bats, the ecological value of the site for bats is
conservatively considered to bdigh,although this may be reducddllowingthe commencement of theat

survey.

The closest recals of shorttailed bats Mystacina tuberculatag Wh I G A2yl £ f & +dzf Y SNI 0f §
Auckland region, with the nearest records within the Coromandel region. This species has far ecdie sp

habitat requirements than lontgiled bats (mature forest with minimal introduced predators) and is far less
mobile. Consequently, this species is considered highly unlikely to be present within the site and has not been
considered further.

Sunfield Baseline Ecological Assessment 14
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4.2.4 Terrestrial EcologicaValues Overview of Sunfield North

Representativeness Low

Vegetation within the site is not representative of the ecological district, or hist
ecosystem extentRare lahikatea standsregrazed and lack functional understory ai
groundcover tiers, with the ecological integrity compromised by browse pressure.

Fauna diversity is not high and predominantly consistsexadtic orO2 YY 2 y
¢CKNBFGSYSRQ AYyRAISy2dza Fl dzyl o
Rarity/distinctiveness High

No naturally uncommon or rare flora species are present within the site. The divers
AYRAISYy2dza FE2Nr Aa f2¢ | yiRraspgc®s dzRSa

Fauna values generally considered to be low, with the dityers avifauna typical of
O2YY2y 2NJ SE2GA0 aLISOASad ¢KSNB Aa
species (copper skink), often associated with edge and regenerating ecosyatehaso
We KNB I G Sal&QiRaps 2 y 3

Diversity and patten Low

Floral diversity and pattern are low due to the lack of the expected range and abund
of species within all vegetation tiers. Vegetation within the site is predominantly m
exotic and native vegetation, with no diversity in structure. Indigygs vegetation is
generally of small, isolated fragments providing no connectivity to the wider ecolo
area.

The lack of diversity of fruiting and flowering species twauld provide a yearound
food source that would attract a wide diversity of native avifauna is low.
Ecological context Low

The vegetation is surrounded by residential subdivisions and rural land, and is ger
of low botanic quality. The small area$ indigenous vegetation provide importar
linkages or steping stone habitat within the local or wider landscape context. Non
providing significant or important buffering to indigenous areas of vegetation.
Overall Ecological Value Moderate
*bat survey to be undertaken to confirm Rarity/distinctiveness value as high. Value may be modified
following results.

Sunfield Baseline Ecological Assessment 15
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4.3 Freshwater Ecology

Auckland Council Geomaps indicate several watercourses to be present throughout tfégsitel). These

were ground truthed and classified during the site assessment as to their artificial, intermittent or permanent
classification. The watercourses within Sunfield North predominactlysisted of modified permanent
streams or artificial drainage channels. No natural inland wetlands were observed within th&igitee8).

4.3.1 Watercourse 1

The ecological values of Watercourse 1 were assesskeovas

Watercourse 1 is @ermanent streamwhich has been historically modified through straightening and
deepening, and potentiallgliversion Photo10). Watercoursel is visible on historiaerials from 1960, and

it is likely the natural stream channel has been modified for over 80 years. Watercourse 1 was considered to
be a modified permanent stream, rather than artificial due to the connectivity to the wider freshwater
catchment on the upseam and downstream reaches. Watercourse 1 enters the site through a roadside
drain on the southern portion of the site, and flows in a northern direction through an unnaturally straight
and deep channdPhoto11) for approximately 400 m before discharging from the site.

Photo 10. Watercourse 1 consisted of a modifie Photo 11. Watercourse 1 was unnaturally straight an
permanent channel. deep.

Watercourse 1 was wide and deep, with the channel approximately one metre in width and surface water
approximately 0.5 m deep. An embedded culvert is present in the stream channel resulting in-ia drop
stream bed levels by approximately 0.3 mhdto 12). The channel banks were incised and steep,
approximately 0.6 m, restricting connectivity to the floodplain. Swdistthroughout Watercourse 1 was
predominantly soft with the channel bed consisting of compacted earth and a layer of fine sedimesits (

13). A high degree of orgé matter is present within the stream channel with leaf litter and woody debris
established throughout. Hydrological variation within the stream reach is low, with the channel
predominantly consisting of a straight run and shallow pools, however somalywdebris dams have
resulted in minor riffle habitat.

Sunfield Baseline Ecological Assessment 16
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Photo 12. An embedded culvert is present within the Photo 13. Watercourse 1 contained incised banks ar
stream channel soft substrates.

Riparianvegetation throughout Watercourse 1 was variable, with shade higher on the downstream reach,
with more riparian vegetation present on the stream bank. Vegetation observed included Japanese cedar,
GNBS LINAGSGS GIGFNI T | yR rRastheddzgodisn ofiindideBoaisivegbtationii K S
AYONBLI SR ¢ A i Rhorinilm tedknidre hbyinfantRiotb 1#). Giound cover throughout the
riparian yard wadow, and largely consisted of bare ground, leaf litter, and grasses, lacking complexity.
Although the band of trees and shrubs in the riparian yard was very narrow ranging from 0.4 m to 1 m in
width and provided an overall moderate degree of shading. Beatkility and filtration low due to the sparse
ground cover with evidence of bank incision and collapse present.

4 o

Photo 14. Native vegetation established on the Photo 15. Aquatic habitat was low and limited to runs
downstream reach. and occasional pools.

There was a low degree of aquatic habitat and diversity throughout the reach, with available habitat
consisting of runs, occasional pools and debris (including rubbish and vikbad)15). An enbedded culvert

Ad LINBaSyld AGKAY 2 GSNOD2dz2NES M3 gAGK GKS Odz @SNI
acts as a partial barrier tish passage, K2 NI FAy SSt FyR o6FYyRSR 1112Ldz KEFI
the site, within similar freshwater environments (i.e. highly modified farm drains and artificial channels), and
are likely to access and reside within Watercourse 1.

Sunfield Baseline Ecological Assessment 17
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4.3.2 Atrtificial channels

The artificial drainage channels were considered to bieowfecological value.

Within the Sunfield North site, multiple farm drains were present, intersecting the edges of the paddocks.
The drains were classified a#ificial watercourses as they are not present on historic aerials from 1960,
and no natural overland flow paths are present in the area which may have been modified to form the farm
drains Figure2). The farm drains on the western side of the site (Drain a, Bigoye3, Photo16 - Photo18)
transport water in a northern direction and discharge to Drain d on the northern side of thePaiie (9).

Drain e bisects the length of the western portiof the site and enters the neighbouring property on the
northern boundary Bhoto20), discharging into a roadside drain on Airfield Road. Drains f and g flow in a
western direction and discharge into WatercoursePhdto21). The drainage channels pass under the farm
tracks via culverts, with undersized culverts observed witfinlower reaches of Drain ¢ and Drain e.

s

¥
Pl

Photo 16. Drain a

Artificial Drain a, b, d and e were relatively uniform in stream morphology and shape, with the channels
straight,approximately one metre in width and water depth between 0.2 m to 0.6 m. Drain c, f and g were
narrower, approximately 0.5 m wide and were either dry or contained shallow (<0.1 m depth) standing water.
Each drain consisted of a single run and occasioalr gmools, with soft substrates and macrophytes such

as willow weed Rersicaria maculogand starwort Callitriche stagnal)jsgrowing within the drain channel.
Long filamentous brown algae dominated Drain d with a sulphuric smell present. Water clagityaviable
throughout the drains with Drain a, d, and e, containing clear, but tannin coloured water while Drains b, c, f
and g were opaque indicating a high degree of turbidity present.

Sunfield Baseline Ecological Assessment 18
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Photo 18. Drain c

Photo 20. Drain e Photo21. Drain f

Riparian vegetation lining the artificial drains consisted of shelter belts, with the vegetation observed mixed
exotic and native. The dominant vegetation included poplars, Japanese cedar, barberry, and poplar, with rank
grasses and occasional sedges fognihe ground cover. The riparian yards of each drain was fenced and
consisted of a narrow (0.5 m to 1 m) band of shrubs and trees before reverting to pasture grasses. The lower
LRNIA2Y 2F S5NIAY X GKS &aKSt (S NivénfeleihanNdodslanPexoe & I N.
groundcover vegetation throughout.

Aquatic habitat within the drainage channels was low and restricted to single runs and occasional areas of
woody debris. Due to the degraded state, indigenous aquatic fauna which wowddsaand reside within

the drainage channels would be restricted to robust species such as shortfin eel, and potentially banded
111 2 Ldzo

Sunfield Baseline Ecological Assessment 19
cppnt wSOmon { dzy TIADHA N3 &5 WEBiloa2wDd 902t 234 O ¢



Sunfield Bioresearches *
Sunfield Baseline Ecological Assessment A Babbage Company
4.3.3 FreshwaterEcologicaValues Overview of Sunfield North

Representativeness

Rarity/distinctiveness

Diversity and patten

Ecological context

Low

The permanent stream is highly modified through straightening and deepening to
a drainage channel for the surrounding landscappbe $ream reach and artificia
drainage channelsre soft bottomed with fine sediments present throughout wi
reduced waer quality and increased turbidity.

Riparianvegetationnarrow (<2 m) and consisting of mixed exotic and native vegeta
which lacks functional understory and ground cqwewnsists of weedy shrubs, rar
grasses and/or bare ground. Macrophyte spedessist of exotic specimens, with r
native species. Indigenous aquatic fauna that would be present within freshw
ecosystems consist of locally common, robust species and exotic species.

Low

Watercourses are modified or aitifally constructed with low aquatic habitat an
NALI NRFY &FNR FdzyOliAz2yad 2 §SNO2dzNRS:
such as longfin eel due to highly degraded habitats. Contains low diversity in a(
habitat which is limited touns andoccasional shalloywools.

Low

Low natural diversity in stream morphologies with the watercourses consistin
uniform channels due to modification and construction. Low natural diversity of aq!
fauna due to the degraded state of the watercourses, and lack of aquatic habitatear|
Macroinvertebrate communities expected to consist of pollutant tolerant species.
complexity in irstream habitats, stream morphology and riparian yards.

Low

Highly modified or constructed watercourses to facilitate farm drgaaroviding poor
instream habitat, consisting of turbid, nutrient enriched waters with soft sediments
uniform channel shape and morphology. Riparian margins are narrow (>2 m), and ¢
of exotic and native shelter belt trees, lacking complex undeysor groundcover with
an overall low degree of overhanging vegetation. Watercourses within the site prov
low connectivity to the wider catchment

Overall Ecological Value Low
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5.1 Background and Ecosystem Classification

Historically (preK dzY'I y 0= GKS aAdS ¢2dAZ R KIFS O2YLINAASR 27F |
1), and kahikatea, pukatea forest (WF8) ecosystem types. These forest and fen mosaic ecosystems are
characteristic of the Manukau Harbour with a wahmamid climate (favouring WF8) and mild winters with

either drained volcanic solids (favouring WBH7or poorly drained and gleyed alluvial soils and peats on river
flats and swamps.

Historic aerial images show Sunfiegkbuth has been cleared of vegetation since 1960, with the only
vegetation present situated within shelter belts throughout the sitgg(re4). The site has been useas
agricultural land since the 1960s, with the surrounding landscaping consisting of farmland till present day.
Agricultural activities undertaken in Sunfield South overtime consist of pasture grazing and horticulture
crops. Currently, the site consisisa few small dwellings, and paddocks with a land use mixture of livestock
grazing for horse and cattle, and cropping, including berries.

Due to historic and current intensive agriculture and pastoral land use, the site contains predominantly
pasture, vith very limited shrub and tree vegetation. The site does not support a SEA. The key terrestrial
ecological values of the site are associated with occasional indigenous vegetation largely limited to the
riparian yards, managed pasture, and shelterbefigyre5). The ecological values of these features are
linked to indigenous terrestrial fauna that may be utilising these as habitat.

Figure4. Historic aerial image of Sunfield South from 1960. Image sourced from Retrolens.

Sunfield Baseline Ecological Assessment 21
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SOURCES
Aerial Photography: Nearmaps

DISCLAIMER:

This map/plan is not an engineering draft.

¢ This map/plan is illustrative only and all information
% should be independently verified on site before

8| taking any action.
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Figure5. Identified ecological features within the Sunfield South block.
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5.2 Terrestrial Ecolgy
5.2.1 Vegetation

The overall ecological value of vegetation areas within Sunfield South was asselssédwo

The majority of the vegetation present within Sunfield South is exotic and largely consists of vegetation
for agriculturalpurposes Photo22 & Photo23). Woody vegetation suctsarees and shrubs were largely
limited to shelter belts and riparian yards whicbmprised of common, introduced species such as tree
privet, poplars, willow$alixsp.), cypress angine Photo24). Within these shelter belts and riparian yards,

pest infestation is present with gorse and woolly nightshade, with Japanese honeysuckle, morning glory,
and ivy observed overgrowing the woody vegetation.

NE GA@PS @S3aSGridAz2zy gAGKAY GKS aAGS Aa tAYAGSRT |y
shelter belts and ripariagard Photo25). ¢ KS W9 Q2daNeNsRiySly 9 EGSY (i Q 2 OSNI I+ &
classify any of the terrestrial features within the site as native ecosystems.

Ny !‘ | -~

Photo 22. Horticultural paddocks within Sunfielc Photo 23. Pasture grazing vegetation within Sunfiel
South. South.

o =

Photo 24. Woody vegetation was restricted to shelte Photo 25. Spare native vegetation was present in th
belts and riparian yards. shelter belts.
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5.2.2 Connectivity and Ecological Function

The terrestrial vegetation, as it pertains to ecological connectivity and function,aasesssedo be

negligible

Connectivity between areas of vegetation is important to facilitate ecological function. Edgeuwrities

I NB KSI gAf e
STFSOGQ NBAaGNROUGaA
effects and decreases the availabilitfy habitat for interior species. Loss of ecological connectivity can

also impair reproductive function for both flora and fauna.

All exotic and native vegetation within the site is isolated within the surrounding environment and there
is no direct connetivity to significant terrestrial habitats. The nearest extensive area of vegetation is

FYR Tl dzyl

AYyFTtdSyOSR o6& AyONBlFI&aSR SELRa&dNB
a2YS ylIGA@S Tt 2N

g2
g2

located approximately 1.5 km east of Sunfield South. As the vegetation within the site is limited to

isolated, narrow strips of shelter belt and riparian yard, theatation is highly fragmented and subject

to significant edge effects.

5.2.3 Indigenous Fauna

5.2.3.1 Herpetofauna

No formal herpetofauna surveys were undertaken as part of this assessment. A review of historic lizard
records from within 10 km of the project area indicated that copper skink, forest gecko, elegant gecko,

and pacific gecko have been recorded within thilev landscape (DOC BIOWEB Herpetofauna and

Auckland Council Herpetofauna databases).

Table6. Herpetofauna that may be present within Sunfiefsouth and/or have been recorded within 10
km of the project footprint (mainland taxa only), including conservation threat status (Hitchmough et

al., 2021) and potential occurrence in the site.

S Copper skink Oligosoma aeneum At Rislkg Declining <2km \
% j Forest gecko Mokopirirakau granulatus | At Risk Declining <7km U
-fé” Elegant gecko Naultinus elegans At Riskg Declining <4 km U
= Pacifiogecko Dactylocnemis pacificus Not Threatened <7km U
o Plague skink Lampropholis delicata Introduced & naturalised <2 km V
§ Southern bell frog Ranoidea raniformis Introduced & naturalised <6 km \%
w Green and golden bell frog | Ranoidea aurea Introduced & naturalised <5km \

For gecko (pacific, forest and elegant gecko) populations to persist, vegetated areas with good
connectivity needs to be relatively stable over time. Due to the lack of established indigenous vegetation

and complete lack of connectivity to other suitablebitat, these geckos are not expected to be found

within the site. Copper and ornate skinks are generally found in areas supporting dense ground cover
(including exotic rank grasses) or under logs or other debris around forest floors or vegetated edge
habitats. Copper skinks occur widely throughout the Auckland region. Throughout the site, low quality

skink habitat is present in the form of wooden logs/materials and rank long grasses. Due to the presence

of low-quality skink habitat, and recorded observatsowithin 2 km of the site, it is expected that copper

skink may be present.

Sunfield Baseline Ecological Assessment
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5.2.3.2 Avifauna

Due to the isolated nature and high edge effects, the avifauna habitat value within the site was considered

to be Low.

A formal avifauna survey was not undertakeowever, an opportunistic survey was carried out and all

avifauna seen or heard were recorded. Desktop investigations of indigenous avifauna recorded within
close proximity to the site was undertaken. During the site assessment, a range of not threatened
indigenous avifauna species were observed, including far®diip{dura fuliginosg swamp hatrrier,

St 02YS

aglttz2e

Iy R

(Fringilla coelebsand skylarkAlauda arvensjs

LnlS12

| RRAGAZ2Y L §

SE2GA0

Desktopinvestigations show a range of commonly seen indigenous avifauna are present within the

general area of the site and included sacred kingfisher, waxeye and blacked backed and red bill gulls. No
suitable habitat for gulls was considered to be present withasite, however the species may rarely use
aAiS F2NI NBalAaAy3

iKS

utilise the site on a permanent basis.

Table7. Avifauna observed withirSunfieldSouth, and avifauna recorded within close proximity to the

Iy R

a0l gSy3ary3as

site, including conservation status (Robertson et al, 2021).

Larus dominicanus
Fringila coelebs
Rhipidura fuliginosa
Chloris chloris
Gerygone igata
Acridotheres tristis
Vanellus miles
Porphyrio melanotus

Chroicocephalus novaehollandiae

Todiramphus sanctus
Alauda arvensis

Passer domesticus
Circus approximans
Zosperops lateralis
Hirundoneoxena
Egretta novaehollandiae

5.2.3.3 Bats

Blackbacked gull
Chaffinch

Fantail
Greenfinch

Grey warbler
Myna

Plover

tn1sS] 2
Redbilled gull
Sacred kingfisher
Sky lark

Sparrow

Swamp harrier
Waxeye
Welcome swallow
White-faced heron

Not Threatened

Introduced and Naturalised
Not Threatened

Introduced and Naturalised
Not Threatened

Introduced and Naturalised
Not Threatened

Not Threatened

At Risk; Declining

Not Threatened

Introduced and Naturalised
Introduced and Naturalised
Not Threatened

Not Threatened

Not Threatened

Not Threatened

FYR A

eBird
Onsite
Onsite
Onsite
eBird
Onsite
Onsite
Onsite
eBird
eBird
Onsite
Onsite
Onsite
eBird
Onsite
eBird

Aa

No bat surveys were undertaken within the Sunfield South block, and similarly to Sunfield North, the

closest bat record is 5.5 km nortlithe site. Three other recorded for lo#igiled bats have been recorded
within 10 km of the site. The closest record of shaited bats are outside the Auckland region, with the

nearestrecords within the Coromandel region.

Available habitat for batsvithin the Sunfield South site is largely restricted to the intermittent use of

mature trees and exotic shelter belts. Pines within the site may provide roost habitdiateron an

intermittent basis.

Sunfield Baseline Ecological Assessment
{ dzy TN BE Ra

cppnt wS@Omon

5 WHRiiba2pd 902t 23401

25

{

K



Sunfield Bioresearches

Sunfield Baseline Ecological Assessment A Babbage Company

The trees present within the SunfieRbuth block are considered less likely to support roosting bats than
those in the Sunfield North block, due to lower availability of roosting features within the trees.
Nonetheless, its possible that longailed bats may visit the site; and could ro@sthin the mature trees

if suitable roost features are present, although the likelihood is considered low.

In the absence of bat surveys to confirm or rule out the potential for bats to use the site, and whether or
not the site is utilised by roosting tsa the ecological value of the site for bats is conservatively considered
to be Moderate, although this may be reduced followingtee commencement of théat survey.

5.2.4 TerrestrialEcologicaValues Overvievwof Sunfield South

Representativeness Low

The site is dominated by exotic woody vegetation and pasture grasses,

indigneous vegetation consisting of sparse common trees. Vegetation within thi

is not representative of the ecological district, or hist@aosystem extents
Rarity/distinctiveness Moderate

No naturally uncommon or rare flora species are present within the site. The div¢
2F AYRAISy2dza Ff 2NI Aa t26 YR AyO
generally considered to be low, withe diversity of avifauna typical of common |
SE20A0 &4LSOASad ¢KSNB A& GKS LGSyl
(copper skink), often associated with edge and regenerating ecosystsnsell as
L2 GSYGALf T2 Naildb&NBI 6§SySRQ 2y 3

Diversity and patter Low

Floral diversity and pattern are low due to the lack of the expected range
abundance of species within all vegetation tiers. Vegetation within the sit
predominantly mixed exotic and native vegetation, with no diugrén structure.
Indigenous vegetation isestricted to isolated specimens present within the shel
belts and riparian yardsThe site lacks diversity and abundanceof fruiting and
flowering speciesvhichwould provide a yearound food source

Ecologial context Low

The vegetation is surrounded by residential subdivisions and rural land, a
generally of low botanic quality. Theegetation within Sunfield South de not
provide linkages or steping stone habitat within the local or wider landscaptexo
None are providing significant or important buffering to indigenous areas
vegetation.

Overall Ecological Value Low

5.3 Freshwater Ecology

The Auckland Council GeoMaps indicated several watercourses to be present thought Sunfield South
(Figurel). These were grounttuthed and classified during the site assessment as to their permanent,
intermittent, ephemeral or artificial status. These watercourses are tributaries of the Papakura Stream,
which flows in a western direction before dischargingoithe Manukau Harbour. One wetland was
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identified within the site and delineated per the Ministry for the Environments wetland delineated
protocol guidelines, and contributes to the aquatic habitat present within the Bigeb).

5.3.1 Watercourse 2

The ecological values of Watercourse 2 were assesskedvas

Watercourse 2 was present within the lower half of Sunfield South, forming the headwater of the tributary
and fowed through a natural flowpath (Photo26) for approximately 750 m before being diverted and
deepened into a farm drairPhoto27). Watercourse 2 was classified apemanent streamwhich has

been modified through historic straightening and deepenifithe upper reach and headwater of
Watercourse Zlowed through a natural inland wetland, further described in Seclidh4 Watercourse

2 had an average width, including the modified reach, of approximately 1 m, with an average depth of 0.5
m. The bank morphology throughout the reach was variable, with somessatontaining highly incised,

near vertical banks up to 0.5 m high or relatively low sloping banks with connectivity to the floodplain.

< 7 =2, 0\1»
Photo 26. Upstream reach of Waterco

urse 2\ Photo 27. Downstream reah of Watercourse 2
Flow was generally slow through Watercourse 2, with hydrological variation relatively low and consisting
of runs and pools, with the uneven channel bed around tree roots creating occasional shallow cascades
(Photo28). The dominant substrate throughout the reach was soft with a layer of fine silt present on the
stream bed (Photo 29). Macrophytes growing within the stream reach consisted of water celery
(Helosciadium nodiflorupand willow weed, with the density of these macrophytes dependant on shade
provided by the parian yard Photo30). The riparian yard was fenced, extending approximaie/metre

from the edge of the stream. Vegetation observed within therign yard consisted of occasional willow,
poplarsand Chinese prive with understory vegetation consisting of rank pasture gragsésto 31).
Shadewas variable and ranged between high to very low, due to the lack of evergreen trees throughout
the entire reach.
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Mol . ) Wil = 1
Photo 28. Root mats present in the upper reach Photo 29. Watercourse 2 was soft bottomed with ¢
fine layer of silt.

o

Photo 30. Macrophytes dominated the channel were Photo31. The riparian yard was fenced and consiste
shade was lowest. of exotic trees.

Aquatic habitat within Watercourse 2 was considered to be low and largely restricted to the upper reach
of the stream. Aquatic habitat included runs with of root mats, undercut banks, and occasional pools
which would be suitable for common indigenous ishlzOK | & &AK2NIF¥AYy SSt |yR ot

5.3.2 Watercourse 3

The ecological values of Watercourse 3 were assessedvas

Watercourse 3 was located on the eastern side of Sunfseldth and was classified aspgrmanent
stream, which has largely been modifi¢gsrough straightening and deepeningHoto32). Watercourse 3
flowed in an east to west direction for 208 m before forming a confluence with Watercourse 4
Watercourse 3 had an average width of 0.4 m and an average depth of 0.35 mrelditively consistent
channel morphology. The channel banks throughout the reach were steep and incised restricting the
connectivity to the floodplain. Hydrological variation throughout Watercourse 3 was low, with the stream
reach predominantly consistingf a single slow run and small pools presertioto33). The dominant
substrate throughout Watercourse 3 was soft with fine sediments overlayingoimpacted clay bed, and

with suspended sediments present within the water column increasing the turbidity.
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Photo 32. Watercourse 3 had been modified throug Photo 33. The reach consisted of a straight run wit
straightening and deepening. little variation.

The riparian yard of Watercourse 3 was fenced approximately 2 m to 4 m from the edge of the stream
oFbylad® wWALINARFY @S3ShlFidAaz2y | R2l OSy i ( 2treelpkvBt, & G NB |
Chinese privetl{gustrum sinenge and bamboo Bambusa glaucescenand overgrown with morning

glory (pomoea purpurepand bindweed Calystegia silvatiga(Photo 34 and Photo 35). Ground cover

consisted of rank pasture grasses and weedy vegetatiom.riparian yard provided a moderate degree

of shade to the watercourse, particularly on the upstream reach. Filtration and bank stability were
considered to be low, as evident by the turbid water and lack of sufficient rooting groundcover.

Photo 34. Occasional woody trees and shrubs prese Photo 35. Riparian yard was fenced approximately
within the riparian yard. m from the edge of the stream banks.

Aquatic habitat within Watercourse 3 was low, with a low degree of abundance and diversity. Habitat
observed throughout Watercourse 3 consisted of straight runs and occasional pools and overhanging
vegetation. Species which could access and reside wittateMburse 3 would be similar to those
described in Watercourse 2, consisting of common, robust species.

5.3.3 Watercourse 4

Watercourse 4 flowed in a general south to north direction for approximately 400 m and discharges from
the site to a roadside draiWatercourse 4 had been modified through straightening and deepening with
some variation in terms of depth, width, meanders and channel shape than the remaining modified
watercourses within the site. Watercourse 4 was more reflective of a natural strearmeh@hoto36)

and had an average width of 0.3 m and an average water depth of 0.25 m, with the downstream reach
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