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1. Introduction

1.1 Background

Christchurch City Counc{ICCC) has recently conducted a riparian management trial involving cessation of

riverbank vegetation clearance in Christchurch City waterwaykhisreport presents results from a survey

o fnanga(Galaxias maculatu$ spawninghabitat completed in April 2017.Theprimary purpose waso

assess the effectiveness of theCCC vegetation managemerttial fori mp r onarga spawiing habitat.

While the trialhas wider objectives aroundipr oved e nvi r on mengaspawninghalitatie mes, ¥
directly affected by bank cutting and other forms of vegetation clearandgis an excellentperformance

indicator for waterway management as well as being specific management objective

The Conservation Act 1987 includes protections relating to spawning fish. Disturbing or damagjivey
spawning ground of any freshwatdish is an offence under section 26ZJThe conservation ofiparian
ecosystemsand habitatis also addressedunder a range ofpolicies, strategies, and plans, ahational (e. g.
DOC & MfE, 2000), regional (e. g. ECan, 2005, 2013) and local levels (eC@C, 2015; Jolly et al., 2013).
National policypreparedunder the Resource Management Act 1991directly requiresthe protection of

T n a n g aatiopsoapduhabitat. In particularall of the following are requiredinder policy 11 of the New
Zealand Coastal Policy Statement 2010 (NZCP&Jdressingindigenous biological diversity in the coastal
environment (DOC, 2010)

(a) avoid adverse effects of activities on:
(i) indigenous taxa that are listed as threatened or at risk in the New Zealand Threat
Classification System lists;
(i) taxa that are listed by the International Union for Conservation of Natured Natural
Resources as threatened;
(iii) indigenous ecosystems and vegetation types that are threatened in the coastal environment,
or are naturally rare;
(iv) habitats of indigenous species where the species are at the limit of their natural range, or
are naturally rare;
(v) areas containing nationally significant examples of indigenous community types; and
(vi) areas set aside for full or partial protection of indigenous biological diversity under other
legislation; and

(b) avoid significant adverse eéfcts and avoid, remedy or mitigate other adverse effects of activities on:
(i) areas of predominantly indigenous vegetation in the coastal environment;
(i) habitats in the coastal environment that are important during the vulnerable life stages of
indigenous species;
(iii) indigenous ecosystems and habitats that are only found in the coastal environment and are
particularly vulnerable to modification, including estuaries, lagoons, coastal wetlands,
dunelands, intertidal zones, rocky reef systems, eelgrassid saltmarsh;
(iv) habitats of indigenous species in the coastal environment that are important for
recreational, commercial, traditional or cultural purposes;
(v) habitats, including areas and routes, important to migratory species; and
(vi) ecological orridors, and areas important for linking or maintaining biological values
identified under this policy.

tnanga i s one of clrentlylistedmihe eatadi rto 1sskpodeecncdesgorigsefithe Medy

ZealandThreat Classification SystenfGoodman et al., 2014) This directly triggers the relatively stringent
reqguirement to 6davoid adverse effectsd under policy 1
and (vi) and all highly relevanto ¥ nanga s p a wim adhieyingithask iequiaetmens, the

i mportance of F*Tnanga for purposes undevemiollé cyndnidad)
make up the bulk of the whitebairun (McDowall, 1965 McDowall & Eldon1980). This isa highly

important cultural ard recreational fishery for coastal communities throughout New Zealargde(ly, 1988).
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Consequent !l y, 7T rqureg afective pratextion strategiesrihat also enable degree of
sustainable use.Ensuring the protectionoff n a n g a s p a svapractigal ceniservatisn nieasure that
assists with all of these aspects.

The degradation ofiparian zones inlowland waterway is a particular issue forf n a argl ather species
that rely on riparian habitat for all or part of their life historyfhishas been acommonoccurrence in New
Zealandhistory (DOC & MfE, 2000. The prevalence of high intensity land uses in the vicinity of lowland
waterways also makes moderday spawning habitatprotection more difficult. Some of thesdland uses
may becomponerts of waterway managementindertaken to address different issuesOthers may be
desired by various community interests1 the same areas as spawning habitaParticular treats include
the channelisation of streams and rivers, modification of erosion an@dimentation rates, vegetation
removal, andassociatedchanges to the light, temperature and humidity environmenrAlthough other

factors may also be important,iese changeshavecontributedtof nanga p o p ulMitthellon decl

1994; Hickford et al., 2010). Addressing these threat&et T nanga sipapracticahfagcusdor t e s
management aswell asbeinga policy requirement.

Determining te location of spawning sitess essential for effective management. However, this is not a
straightforward tak becausethe habitat requirementsare strongly structured bysalinity patterns and
water levels both of which arehighly dynamic. At the catchment scale, thieabitat is foundin rivermouth
environmentscloseto the upper limit of saltvaterintrusion (Bumet, 1965; Taylor, 2002).At the river reach
scale the locdion is finely structured in the vertical dimension withggsbeinglaid very close to the spring
tide highwater level (Richardson & Taylor, 2002; Hickford & Schiel 2011b). This strategy resuitthie
spawningsites being situatedhigh on riparian marginsFor most of theirdevelopment period the eggs are
out of water and reliant on the condition of riparian vegetation for protection against desiccation and UV
irradiation (Hickford & Schiel 2011a2014). They hatch inresponse to inundationafter two to four weeks,
usually coinciding with a subsequent spring tid@Benzie, 1968 Taylor, 2002).Due to these specific spatial
requirements, ¥ n a spgvaninghabitat is especiallyvulnerable toincompatible activities in riparian zones.

Following the Canterbury earthquakesxéensiveresearch wascompleted to investigate the potential for
catchment scale habitat shift in ChristchurcHdtNutahi waterways in response to salinity and relative water
level change (Orchard & Hickford, 2016). Compared tioe pre-quake patternthe results showedthat
spawningsites now occur in different locations. Majorlanges include the finding of many new spawning
sites in both catchments and an overall expansion of area utilised in comparison to all previous records
(Orchard, 2016). here area range ofmanagement implications associated with this spatial shift, primarily
relating to riparian management. In particula there is a need to control threat@t spawningsites to
achievethe relevant policy objectives, and this demands attention to activities that take place in areas of
spawning habitat some which have changed

1.2 Study scope

The CCQGrial is an imporiant first step towards developing appropriate management respses to address
earthquake change As is often the case with dynamic systems undergoing change, an adaptive approach
is advantageous and can be facilitated by sequential rounds of managementantentions and the
monitoring of results.The present study contributes to this process and will help to identify the best course
of action going forward.

The key components of the study re:

f survey of Fnanga spawni ng hisichurch @ity waterways he | ower

i1 detection and mapping of spawning sites
1 occupancy and productivity measurements

r

n e

(Se
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The remainder of this report is set out as follows: Section 2 describes the field survey methodology. Section
3 presents the major findings and a amparison ofthe results with other postquake data from studies in

2015 and 2016. Section 4 concludes the report with a brief discussion on management implications and
recommendations.

2. Methods

2.1 Study area

Thestudy area comprisesupper estuarine ar@s inthe Avorib t Nk a rHeathaatetb p Nwa h o
catchments, both of whichmeet the seaat the AvorHeathcote Estuary/lhutai(Figure 1).The btal reach
length of the area surveyed waapproximately 4 kmin each catchmentand included a section of
Steamwharf $ream (Figure 1).The extent of the survey area is the same ased in 2016 for similar
surveys in 2016.

A

Pacific Ocean

Figure 1 Location map showing reaches surveyed m pbstquake studies

Historically, thestudy area was part of a extensive network ofiparian floodplain wetlands supporting a

rich mosaic of indigenous ecosystemglau et al., 1990. Currently, the riparian zone is truncated by a

variety of adjacent land uses. Rannelization occurs in manylacesassociated with bank stabilisation

treatments and other engineered structures including floedates. Significant ground level deformation and
morphological changes to waterways occurred in the area duritige 2010-2011 Canterbury earthquake
sequence(Allen et al., 2014;Beaven et al., 2012 Quigky, 2016). The earthquake effects include a variety

of implications for infrastructure maintenance, flood management, coastal inundation, and climate risk.

Long term decisions are yet to be made regarding the future of a large proportion of the riparianezm

the study area. Of particular note, all of the study area withinthe Avént Nk ar o cat chment 1|ies
planning area currently being addressed inthet Nk ar o / Avon Ri ver uderthei dor Reg
Greater Christchurch Regeneration A2016 (Regenerate Christchurch, 2017).
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2.2 CCCvegetation managementrial

Riparian land uses in the study area include residential, commercial, and industrial activities, together with
green space associated with a network of parks and reserves. Begimp mid-October 2016 CCC
commenced a trial approach for the management of riparian vegetation with a particular focus on the
riverbanks. The primary activity that ceased was grass cutfialong the banks, which had previous

occurred via the use ofmowers,line trimmers or scrubcutters. Contractors continued with intermittent

litter collection along the banks.

In relation to this study, bank cutting in the Avon Riverceasl t hr oughout tahga entire knoc
spawning reach. In the Heathcote River, cuttirgeased from Radley Park upstream to Beckford Road

(upstream of Hansens Park). No cutting has occurred in recent years downstream of Radley Park, and that

remained unchanged for this trial. In addition, no cutting occurred in Steamwharf Stream from the

Heathcote River confluence upstream to Alport Place.

Yellow flag iris (Iris pseudacorus) and reed canary grass (Phalaris arundinacea) are nuisance aquatic
plants that occur in these rivers. Although CCC is looking into options for controlling these weedlsan
near future, no targeted control work has been undertaken for several years in any of the waterways
sampled.

2.3 Survey approach

The census survey approachs descibed in Orchard & Hickford (in prepwas used similar to that used in
previouspost-quake studies.Techniques used to establish the search area atsmsed on salinity and
vegetation attributes. The upstream extent of the search area was set at 500 m upstream of the 0.2 ppt
saline intrusion peakrecorded in the previous studiesThis wasinterpreted as the upstream limit of sea
water in both riversbecause a 0.1 ppt measurement was consistently recorded for a long distance
upstream of the apparent reach of the tide. The downstream extent was set at tinansition to dominant
saltmarsh vegeation which is considered to be unsuitable for spawning (Mitchell & EIdd®91).

For the purposes of surveying a singlspawningevent, the peak spawningmonth was identified usingdata

from previous studies (Orchard & Hickford, 2016; Orchard et al.026a) to guide selection ofthe 2017

survey period. The new moospring tide sequencen late Marchwastargeted for which thedates of peak

tidal sequence areclose to the peak spawning dates recorded ithe previous two yearsand between the

two highesteggproduction months in both cases (Table 1purveys commenced five days after the peak

tide in the spring tide sequencestarting in the Heathcoteb p N w dotiowed by the Avorbt Nk ar o ( Tabl e
1). Reaches surveyed later in the schedule were more sensitive to egg mortality effects due to the time

elapsed since spawning. Results are more likely to underestimate the extent of spawning occurrences in

these areas. To minimise these effects and improve comparability theirvey schedule was similar to that

used inthe previouspost-quake studies
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Table 1.Tidal cycle data aneiggsurvey periodsselectedfor the 2017survey compared tthe spawning tides wit highest
monthly eggproduction in the previouswo years

Year Peak tidal Peak tidal Peak tidal

cycle start cycleend  height* (m) Survey periods
Heathcote Avon
This study
2017 Mar 30 Mar 31 2.5 Apr 5-8 Apr 9-12
Peak spawning tides in prieus years
2016 Mar 10 Mar 13 2.6 Mar 18- 22 Mar 23- 27
2015 Mar 20 Mar 23 2.6 Mar 29- Apr 3 Apr4 11

* predicted tide levelabove Chart Daturat Port of Lyttelton (Lat. 43° 36" S Long. 172° 4@&jrce: LINZ).

2.4 Vegetation and egg srvey methods

Vegetation survey

Habitat condition was assessedn a subjective survey similar to the expert judgement approach of Hicks et
al. (2010) but using set criteria to define areas of high, moderate and poor quality habitat (Table 2). All
areas of noderate andhigh quality habitat were subsequentlgurveyed using a systematic method to
detect egg occurrence (see below). The subjective survey was most critical at the beginning of the study
since it set a precedent for identifying the areas to be sedred for eggs. Subjectivity was improved by
initially searching a large proportion of the study area systematically across a wide range of riparian
vegetation types.

Table 2 Habitat quality classes.

Class Quality of habitat for Expeted egg Criteria
supporting spawning mortality rate
1 Poor High Vegetation cover <100%

or
Stem density <0.2cth
2 Moderate Moderate Vegetation cover 100%
Stem density >0.2cfh
Aerial root mat depth <0.5cm
3 Good Low Vegetation cover 100%
Stem density >0.2cth
Aerial rootmat depth >0.5cm

Classification schema
A. Vegetation cover <100% Class 1
Vegetation cover >100% Class 2 or 3
B. Stem density <0.2c#Class 1
Stem density >0.2cClass 2 or 3
C. Aerial root mat depth <0.5cm Class 2
Aerial root mat depth >0.5cm Class 3

Egg seaches

A uniform search effort was applied to areaselected for systematic surveys-or each 5 m length of
riverbank three egg searches were conducted at random locations. Each search involved inspecting the
stems and root mats of the plats along a transet line spanningand perpendicular to the high water

mark. Typically a 0.5 m wide swathe of vegetationZlm long was inspected depending on the bank slope.
Where eggs were found the survey was extended at least 50 m either side of the last occurrence tdicn
the full extent of spawning irrespective of whether adjacent areas had been earlier deemed unsuitable in
the vegetationsurvey.
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Area of occupancy (AOO)

All egg occurrences were associated with a given location that was identified as a spawning bitdividual
sites were defined as continuous or semtiontinuous patches of eggs with dimensions defined by the
pattern of occupancy. For all egg occurrences the upstream and downstream extents of the patch were
established, the length along the riverbankneasured,and GPS coordinates recorded for the centre point.
The width of the egg bandvas measured at the centreline of each search transeutithin the extent of the
site. A minimum of three width measurements were taken at all sites and mean width cakted. Zero

counts were recorded when they occurred such as where the egg distribution was not a continuous band.

AOO was calculated as length x mean width.

Spawning site productivity
Productivity was assessed by direct eggs counts using a ssampling mehod (Orchard &Hickford, 2016,

2017). At each transect, as above, a 10 x 10 cm quadrat was placed in the centre of the egg band and all

eggs within the quadrat countedAtypical siteswhere the AOO was not a narrow band (e.g., in low bank
gradient areas vinere a broad distribution can occunyvere stratified where >1m wide to improve
representativeness. AL m2 grid was overlaid ad a 10 x 10 cm quadrat sampledat the centre of the egg
band at a random locationwithin each grid.Egg numbers in quadrats witligh egg densities (200 /
quadrat), were estimated by further sulsampling using five randomly located & 2 cm quadrats and the
average egglensity of these subunits used to calculate an egg density for the larger 1010 cm quadrat.
The mean egg densit was calculated from all 10 x 10 cm quadrats sampled within the site. Productivity
was calculated as mean egg density x AOO.

Egg survival rates

Two sites not affected by vegetation clearance were selected for comparisordta available from asite
on Jarendon Terrace sitén 2015 that had been cleared using line trimmersubsequent to spawning The
re-measurement was scheduled 14 dgs after the first measurement as used in 2015Unfortunatelythe
2017 survey foundno eggsat the same site A differentsite was chosen in theHeathcote/b p Nwa h o
further alongClarendon Terrace, and anotherinthavonbt Nk ar o j ust upstream
true right. See Appendix 3 for site photos.

Comparison with previoupost-quake surveys

GPS coordinates of site locations were compared byaslay analysisin QGIS v2.8.18 (QGIS Development
Team, 2016). Original data wereobtained from the University of Canterbury (UC) Resilient Shorelines
programme for similar survgs completed in 2015 and 2016 including aset of estuarine offets as used in
previous studies. These are measurements of the estuarine channel length in relation to the Avon

of

Heathcote Estuary/lhutai outlet near Rapanui (Shag Rock) calculated from the centre of the main channel

lines based on the LINZ 0.075n urban aerial photos (201516) dataset!. Coordinates for 2017 spawning
sites were transformed to NZTM 2000 and the estuarine offsets calculate#OOdata was binnedinto
contiguous100 m reach lengths spanning the studbased on theoffset of the centre-point coordinate of
each site Summary statistics were calculated for the 10@n bins for compaison to similar analyses
available for2015 and 2016.

! Available ahttp://data.linz.govt.nzlayer/3454
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3. Results

3.1 Vegetation survey

Habitat quality and vegetatiorpatterns are described in Table 3 and examples shown Appendix 1.A
comparison of tabitat quality scoresreflecting the dominant habitat conditioracross thestudy areais
shown in Figure 2In general this represents an improvement in the availability of high quality habitat
versustypical conditions in2016 (although this varied considerably between months as a consequence of
when and where vegetation clearance was occurring).

Table3p { dzY Yl NE 27F oyl y3al "mrip2givy 3 Kl oAdGEdG O2yRAGAZY
OFL0 1 @2ykniinil NP
Reach Description

True left below Avondale Roac Mostly high quality habitat downstream of the large willows in Amelia Rogers

bridge Reserve. Extensive spawning sites loe ¢dge of the reserve inside the line of
riparian plantings, some overlapping with mown areas.

Lake Kate Sheppard, true left High quality habitat throughout. No overlaps with reserve mowing.

bank

Corsers Stream, true left Mostly high quality habitat, iplaces narrow between the stream bank and vehicle
access track

True right below Avondale Regular patches of high quality habitat at the foot of the dbh@mk interspersed with

Road bridge steep sections of moderate or poor quality habitat. Considerabggetation recovery
since 2016.

True left above Avondale Roar a2 aif & KAIK ljdzt £t Ade KFoAGI G dz2LJadNBIY

bridge places close the reserve mowing line. Habitat condition generally deteriorates fur

upstream alond.ocksley Terrace with steeper bank profiles and sparse vegetatior
becoming more common there.

True right above Avondale Mostly high quality habitat from Avondale Bridget to Breezes Road deteriorating

Road bridge further upstream due to steeper bank diles and sparse vegetation. Some section:
of steep stony ground or poor or moderate quality associated with the temporary
stop-bank.

600 |1 SHGKO2GSknLIngl ¢

True left below Woolston Cut  Large area of high quality habitat in the Connal Street recreation resemthe inside

tidal barrage of the prominent bend, tapering to smaller patches further downstream due to ste
bank profiles becoming common.

True right below Woolston Cut Mostly high quality habitat in Radley Park downstream of the concrete retaivadig

tidal barrage tapering to poor quality on the outside of the prominent bend due to a section of
retaining wall and otherwise steep banks. Several patches of moderate and high
quality habitat further downstream along Cumnor Terrace above Garland Road

bridge.
Radlg Street bridge; Mostly poor quality habitat on both banks. A few small patches of moderate or hig
Woolston Cut tidal barrage quality habitat eg. on true right just below Radley Street with potential to further
restore.
True left above Radley Street Mostly moderate quality habitat along Richardson Terrace to Jacksons Creek, m
bridge poor quality above this due to near vertical bank profiles. Only small patches of h

quality habitat in this reach with vegetation yet to thicken up in respongbemo
cut trial. Evidence of continued surface erosion throughout, especially in steeper
sections.

True right above Radley Stree Mostly high quality habitat along Clarendon Terrace except where extensive shac

bridge Some sections of poor qualityhoetained or neawvertical banks below Opawa Road
Above Opawa Road upstream to near Grange Road vegetation has recovered
considerably since 2016. Upstream of Grange Road quality deteriorates with gen
steep bank profiles to the top end of Aynsleyraee. Note that King George V
Reserve is outside of the area surveyed in this study.

Steamwharf stream Mixture of high, moderate and poor quality habitat on both banks betwAgrort
Place and Dyers Road. Patches of high quality habitat are situateat@mwriedges
between the stream and adjacent property boundaries (true right) or the walking
track (true left). Bank profiles generally steepen upstream.

Llpoor, moderate & higlyuality habitat as defined in Table 2.

@ ! @g2yknidnil NI
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tributaries is not shown for siplicity. River km is the distance upstream from the A¥eathcote Estuary / [hutai
entrance following the major channel lines. Habitat quality score 1 = poor, 2 = moderate, 3 = high, as defined in Table 2.

3.2 Spawning sites

Overview of 2017 results

A total 0f95 spawning sites were identified in the 2017 survey, 59 inthe Avbht Nk ar o and 26
Heathcote/b p N w gFigore3). These totals include seven sites in Lake Kate Sheppard, four ior€ers
Stream, and two in Steamwharf StreanThe spatial extent ofspawning reach was very similar to that

found in previous two years indicatinthat the postquake habitat distribution is relatively stable (Figure 3).
A selection of site photos is included in Appendix 1.

Inthe Avoribt Nk ar o the upstream | i thédownst@an limenaar Ankbc Rogach St r e et
similar to the previoustwo years. In the Heathcote the limits have expanded in both directions. This was

due to the discovery of new sites along Aynsl&grrace upstream of Opawa Roaahd along Cumnor

Terrace downstream of Radley Park. In both cases the vegetation condition lraproved since 2016 in

these areasin response to the CCC triallhere were also other previously unrecorded sites found across

the study area,a total of 18 inthe Avoribt Nk ar o and 14 biprNwaBeseratbétaeseban ot e /
be attributed toimproved vegetation conditionsFor example, five of the new Heathcot® p N w aites

were found on surfaces that were previously maintained as short grass or stubble. The twa sées

recordedon Richardson Terrace were ondmches that had recovered well in response to the trial

Downstream of Radley Park on the true right the vegetation condition has improved without direct

assistance and spawning now airs close to the Garlads Roadbridge.
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2015 + 2016 spawning habitat extent ','f‘

* 2017 spawning site centrepoints
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Figure 3aAvonh (i n {spaMding sites identified Api2017 (yellow stars) overlaid on combined 2015 & 2016 data showing the maximum extent of spawning
measured on any month (n=7) (green lines).
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sites measured on any month (n=7) (green lines). The inset shows Steamwharf Stream.
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Inthe Avoribt Nk aro four sites were found in Corsers Stream,
spawning has been recorded here. Tke siteswere found outside of the original survey area for this study

and there may be other sites upstream in this tribatry. The area searched in this studgnly covered the

lower part of the stream on the true leftMany of the other new sites occurred in previous gaps in the

known postquake distribution, in some caseshowing an obvious response to improved riparian

vegdation. An example from upstream of Avondale Road bridge on the true right is shown in Figure 4. This

site occurred in an area that was prnowingdinesvhsy mown t o
relaxed only a short distancdét was sufficient to acommodate the position of the high water mark on the

spawning tide.

f S,

Figure4p Ry Il y3al alLl gyAy3a 4 I arAdsS GKIG gl a NBIdA I NI & Y2gy LINR

Another area where new or expanded sites were foursldownstream of Avondale Road bridge ohé true
right where the vegetation has recovered well in response to the trial. Eight new sites wads® recorded
upstream of the Horseshoe LakéVa i k N kddftuénkei These are in locations that were not typically
mown in maintenance work previously thah are close to the edge of the mown aredhere was also a
considerable area of high quality habitat in both rérs that was not utilisedfor spawning This included
previously used sitedocated at a similar elevationon the bank facein comparisonto the sites that were
used.

A comparison of summary stistics is shown in Figure 5The number of sites found was similar to the total

number of sites identifiedin the two previous yeargFigure ). The area occupied by these sites was

surprisingly largeinthe Avoribt Nk ar o and close to the total maxi mum A
identified in the 2016 surveys (Figure 5b). Despite thisgg productionwas down on previous yearsvhen

compared to themaximum recordedat each site per year (Figure 5¢) ohe peak monthly productivity

recorded per yealsee below for further details).

11
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Figure 5 Comparison of results from spawning site surveys conducted over three yearsn2@l-eb May spawning),
2016 n=3(Feb - Apr spawning), 201h=1 (March spawning).

Area of occupancy (AOO)

Inthe Avorbt Nkar o t he t ot & Thisig@&nchesi198m0in tBe mainstem, 36.3 n?

in Lake Kate Sheppard, 0.8 min Anzac Creek, and 4.4 fin Corsers Stream. Ithe Heathcotd 5 p Nwa h o
the total AOO was 47.5 fhwith 45.3 m2 in the mainstem and 2.2 n? in Steamwharf StreamSeveral large
sites were foundat locations not previously recorded. Examples include new sitesAimelia Rogers

Reserve inthe Avorib t Nk a r olarge sita id Raalley Park ithe Heathcote b p N w aFigare6 shows a
comparison ofthe maximum AOO recorded ovéliree yearsusing all availabledata binned into contiguous
100 m reachesin each catchment.Each bin reflectsthe combined data for sites occurring on either bank.

IntheAvonbt Nk aro the notable darfdd@rame eastdilirosiectng teew i 00.S9 vy
large sites discovered in Amelia Rogers Reserve. Upstream of river km 11.4¢beparison shows

differencesreflecting shifting patterns of usage between sites on both sides of the river. On the true right

upstream of Avondale Road many of these sites are often a seoaintinuous band of eggs along the

12
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riverbank as was the case in 2017. On the true lethe 2017 results show relativelyhigh levels of
occupancyfor sites upstream of the Horseshoe LakaVa i k Nikddftuénke.In the Heathcotd b p N woa h
the notabl e dif f er eisataverkmll.0.Mhispvaseassciaied with the anly larde
site recorded inthis survey. In previous years there have been other large sites in this vicinity, and they
may occur on either side of the river.

02015 02016 m2017

80 - I
70 -
60 -
50 - I
40 -
30 -

Area of occupancy (Ial)

20 -

i L

50 -
40
30
20
10 -

Area of occupancy ()

D L0 LY LY LD LY 0 0 N D O
5 R A

River km

Figure6. Area of occupancy (AOO) of spawning siteontiguous 100 m reaches in April 2017 compared to the maximum

AOO recorded in the same reaches in 2015 (n= 4 surveys) a6di298 surveys). @vonh Gn 1 F N2 d 6060

HSI 6KO2GiSknLlngl K2d b23S MInNAESNENE HOFISa 2NBIKGOEIHRRPED2F
HSI G KO2 (i S kSreaiwhalf Kt&am values are not shown for simplicity. Theseasiéeower in the catchment at

8.3¢ 8.4river kmon the x axis scale

Egg production

Inthe Avori b t N ktlaertotal egg productiorwas just under 3 million eggsThe breakdown by sub
catchment was: mainstem 2.6 x 10, Lake Kate Sheppard 0.37 x 16, Corsers StreanD.01 x 108, and
Anzac Creek 0.08 x108 eggs Total productia in the Heathcotd b p Nw a h 6.74x&08eggs. The
breakdown by sukcatchment was0.72 x106 eggs in the mainstem and 18249in Steamwharf Stream.
Figures 7 and 8 showlte spatial distibution of prodiction for all sites recordedn this studytogetherwith
maps showing the pattern of production in 2015 and 2016

13
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Figure8. Egg production in theleathcdek pnwaho. (a) Egg production recorded at each site in this study. (b) Ta
egg productiorat spawning sitesecorded in 2015 and 2016.
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Egg survival rates

The vegetation remained in good condition over the study period at both of two sites selected fer re
measurement. At the Avondale Road site (26080 eggs) the survivate was 84.2%47.2(SE). This was a
patchy site with high densities in clumps of favourable vegetation. At the Clarendon Terrace site (88178
eggs) the survivatate was67.3%0.02(SE). This was dess patchy site with relatively high densities
throughout. For comparison, asurvival rate of 1.6%was recordedat a site remeasured in 2016 following
the clearanceof vegetationon the bark face using line trimmers(Orchard & Hickford, 2016)See

Apperdix 3 for site photos.These results arealso comparable withsurvival rates reported irprevious
studies (eg. Hickford &Schiel, 2011b).

Comparisonof summary statisticswith previous years

Although the different months and number of surveys completéd each year makes production
comparisons more difficult off nanga s p a wfromsugveymavér thieeygars is shown in Table 4.
Over the whole study area the 2017 total production recorded in 2017 was 3.7 million eggs. This
compares with totals ofL1.9 million in 2015 from four surveys and 18.8 million in 2016 from three
surveys (Table 4)A comparison of production between months is shown in Table 5.

Table4b / 2YLI NA&A2Y 2F oyly3dlr ALF gyAy3d YSENAOA FNRBY OSydaddzi &dzNJ

Catchment Year
2015 2016 2017
surveys completed (n 4 3 1
Avon Number of spawning sites
Avon mainstem a7 59 58
Lake Kate Sheppard & Anzac Creek 5 9 7
Corsers Stream 0 0 4
Total 52 68 69
AOO
maximum (nf) 116.5 472.9 460.8
Production
total of all surveygeggs x 1% 6.94 13.79 2.98
Number of spawning sites
Heathcote
Heathcote mainstem 32 32 24
Steamwharf Stream 0 3 2
Total 32 35 26
AOO
maximum (nf) 75.4 99.1 475
Production
total of all suveys(eggs x 1% 4.93 5.03 0.74

16
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Table5. Comparison afmonthly egg production The month refers to the spring tide sequence on which spawning
occurred.The pak production month (in boldwas Marchin 2015 and 2016 for both rivers.

Catchment Year
2015 2016 2017
Avon Feb 661992 4109256 -
Mar 3539785 5345385 2982177
Apr 2104518 4333249
May 637269 - -
Total 6943564 1378780 298217
Heathcote
Feb 603014 1610165 -
Mar 3256717 2991339 741670
Apr 1062650 427482
May 3120 - -
Total 4925501 5028986 741670

4. Discussion

Vegetation recovery

A range of effects have resulted from the CCC vegetat
include the identification of new spawning sites in both catchments comparison to all previas records.
At these sites thetrial has demonstrated the potential to restore degraded habitat through vegetation
managementtechniques. The findings are also consistent with recommendatioimsOrchard (2016)
regarding the identfication of spawning habitat for protection in statutory phs. Theseresults further
suggest that the entire reach between upstream and downstream limits of the known spawning showd b
regarded as spawning habitain the mainstem, and in tributaries suctas Steamwharf Stream that support
spawning.Within these areas there are onlyelativelyshort sections of riverbank thathave notsupported
post-quake spawningat least onceor could be notbe restored. The largest of thesewithin the study areais
downgream of Radley Street bridge where steep bank profiles and extensive shading has contributed to
the establishment of riverbank vegetation that is currentlynsuitable for spawning.

Another notable result was the identification afiew postquake limits of spawningin the

Heathcote/b p N w anhimstem. The upstream limithas extendednearly 300 m versus all 2015 and 2016
surveysthat included the installation of straw bales as a detection tool in thesame area in both years
(Orchard et al., 2016; McMurtrie et al., 2016).This appears b be a direct response to the CC vegetation
trial and may reflect the influence of a more continuous margin of suitable habitat for attracting shoaling
adult fish versus isolated artificial habitats (e.g. straw bales) in otherwise inhospitable locatiores devoid
of bank-side cover. It was also notable thato eggs were foundat the Opawa Road spawning site despiie
being searched on two separate dates a week apaat a confirmation measure Spawningwas recorded
there in all of the 2015 and 2016 surveys. Overall, theseresults highlightimportant aspects ofspatio-
temporal variability. There is a®@ed for survey approaches thatan adequately account for these in
identifyingF nanga s pawn protectiom (@rdschard & Hickford, in prep.).

Alongsde the above positive impactsthe trial was only partially successful in some respectS§hemain
aspectsin which further improvements could be madeelate to:

1 areas where the mowing footprintontinues to ovetap or is very close tahe footprint of known
spawrning sites.

9 areas in which the vegetation remains sparse despite the recent protection from clearance. An
example is along Richardson Terrace wheserface erosion remains evident despite the canopy of
long grass, and stem densities at ground levate typically low.This isconsistent with other

17
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studies showing thatdevelopment of a plant community structure favourable for spawning may
take severalseasonspost-disturbance (Hickford & Schiel, 2014).
1 some smallareaswhere vegetation clearanceising line trimmerson the bank face appears to
have continued on the true right ofthevson/ Bt Nk ar o a b oancetrueNédftlofdheay Str ee't
Heat hcot e/ b p Nwalsoo Teadce In thesdlocatibnbetter delineation of the ara
requiring protection may bauseful.

Inthe Avorib t Nk ar o h aidns hawerecowerechndticeably on thérue right below Avondale Road in
response to cessation of flood management clearance. The spawning sites in this reach are often found at
the foot of the stopbank on stonysubstrates that are prone to drying out when the vegetation is sparse.
The opposie bankin Amelia Rogers Reservis one of the few areas withouengineered embankments

within the study area. lisupports an extensive area ofiigh qualityspawning habitatresulting from suitable
vegetation combined with a gentle bank slope. However thgsone location where the mowing line

continues to encroach on spawning habitat. In the 2017 survey the mowing line coincided with the upper
limit of several spawning sites indicating thathe spawning event may have occurred after owing In

2016 the spawning sites were situated in the area that continues to be mowRigure 9.

(a) o - (b)

Figure9. Spawning sites in Amelia RogBeserve (a) 2016 photshowingthe footprint of a Marchspawning site that

was mown afteispawninghad occurred, resulting in destruction of the habitat and close to 100% egg mortality. (b) 2017
photo showing a nearby spawning site that was used in both 2016 and 2017. Therfbofghie 2017site 5 shown bythe
location of the flag®n the edge of the mown areand approximate position of the 2016 sig@hich was considerably
larger) is shown by thdotted line.

In severalother locations inundation on spring high tides typadly overtops the obvious (visual) line of the
riverbank.In general, the CCC trial has been implemented by relaxing the mowing line a little versus its
typical location in 2016.However, in areas with gentle bank gradients small changes in inundation lsve
can translate to substantial horizontal shifts of the high tide water mark. These same areas may support
extensive spawning sitesln most cases it would be difficult for mowing contractors to detect the upper
limit of the inundation area (and thereforehe location of spawning sites) without guidance and/or local
knowledge.These results suggest that further guidance is required to develop a practical approdch
reserves maintenance that is effective imvoiding disturbance toknown sites. The aboveituations also
illustrate an important agoect of resilience, since some variance in the location eites can be expectedn
the future (e.g. on slightly bigger tides or in response to longer term changfak likely that a conbination
of detailed maps ard field orientation and/or the use ofdelineation measures on the riverbankvould be
effective in providing supporta contractors foridentifying spawning habitatOnce an appropriate mowing
line is established, regulamaintenance is likely to be straigtiorward complemented bymonitoringto
detect ongoingchange.Often the areas concerned are relatively wet and a wetland plant community is
likely to reestablish.

I n t he He at hhaltat eohditipnBl vaeeesovered noticeably on the true right from Grange
Street to Radley Street. On the true left along Richardson Terrace only patches of high quality habitat have

18



wSaLRyasS 2F oyly3al aLl gyAy3d KFEoAGEdG G2 NALINRFIY @S3sSal

developed, as noted above, with most of the vetation remaining sparse at ground level. Most of ih
stretch is dominated by reed canary grag®halaris arundinacea). On the true leftthe bank profiles are
often steep and his in combination with the southerly aspect may be hampering the establishmeuit
other plant species due to increased shading in comparison to the true rigfithere is also evidence of
continued surface erosion in some placeBelow Radley Street the habitat condition is similar to that
observed in 2016. There were no specific ch@es made to riparian vegetation management in those
areas under the CCtrial (G. Burrell, pers. comm.)n Steamwharf Stream further restoration work is
needed in some areas thacould support spawningout are currently erosion prone with sparsely
vegetaton. The spawning sites being used are narrow ledges on relatively unstable banks in confined
locations between high intensityand uses and the stream channel. These sites may be vuhable to
disturbanceand proactive protection measures would be benefa.

Challenges for pest plant control

During the trial periodno pest plant control programmeswvere conducted within the study areaif areas of

Tnanga s pawmower, tisasta partiautar) challenge due to the spatial overlap between

spawnig habi tat and the distribution of weed species. I
the primary concern along witlGlyceria maximan the lower reaches. Spawning has been recorded on

both species in postquake studies (Orchard & Hickford, 2016However the discovery dfigh levels ofegg

productionin habitats dominatedby reed canarygrass is the most problematic aspect. These sites account

for the majority of all egg production in the catchment. Furthermore this pattern has been consistenalin

of the postquake surveys and has included the identification of several highly productive sites in pure

stands of reed canarygrass. n t he Avon/ bt Nkaro the situatli®on is quit
pseudacorug being the main invasive species of concerhe distribution of this species partially overlaps

the spatial distribution of spawning sitesnd in terms of the iner-tidal range is similar toG. maxima For

these species control activities also have the potential to destroy spawning habitat depending on the

control methods chosen. @ntrol strategies thatare effective in protect spawning habitat are required.

Potential avenues include staged approaches, careful timing of control activities, and interactions between

these options and the choice of eradication methodologieslhere is also the need for a long term view that

considers the future trajectory of the ecosystns involved and ideally encouragegfansition to a self

maintaining state that meets biodiversity and other objectives.

Area of occupancy and habitat utilisation

Although the single month of data from 2017 gecludestrend analysis the maximum AOQecorded for

individual spawningsites provides a useful comparisonpoint n t he Heat hc ototad AODp Nwaho, t
recorded in this studywas around half of the maximum areaccupied at least once in 2016(Table 4) This

suggests thatthe area being utilisedwas comparable toprevious years although the sites were spread out

overa slightly longer length of riverbank. As was the case in the Avbri/ N k acorsiderahle area of high

guality habitat was not utilisedsuggesting that spawning was not limited by habitat availability oimis

particular spawning tide.

Inthe A v o n/ DothBl AGOrwas surprisingly higd60 m3), almost matching the sum of maximumA OO 6 s

at all sites recordedin 2016 (Table 4).Relatively speaking this finding is important since it showryhigh

occupancyin the catchment for the second year running. Foomparison the next largest spawning area
recorded in the Nati onal215tmd in thegQGtaik® gatehmanit im Morthlaadand b as e i s
the Avon/ bt Nkaro has hi s t2basedonaah éxtgensigelhiptorgf sutveysi ar ound 50
(Taylor, 2002. This is consistent with a substantial earthquake induced shifhat has effectively created

habitat. However animportant factor is the size of the adult fish population. Due to a lack of baseline data

it is not possible to ascertain whether this has ab increased since the earthquakes. If sat would suggest

that the extent and/or condition of adult habitat might also havémproved In any event, both adult/rearing

habitat and spawning habitat are important areas famanagement and requirgprotection under policy

Since adult fish can be bserved in the lower river yearound there may be substantial adult habitat ithe
same general areahat supports spawning habitat All of the side tributaries are likely to be important in
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this part of the catchnment along with @nnections to riparian wetlandsAn integrated catchment
management approach addressing the condition of @pian margins throughout the corridowould likely

be beneficial to providefor the different life cycle stageo f T rarad madpaeduce high mortality
bottlenecks. Important management aspects include wat@vay connectivity andthe characterisation of

fish passage barriers. Assuming thatarthquake ground movements matave improved these aspects of
catchmentecology, it would be important to ensure that the gainsi@ secured in the design of future
infrastructure and earthquake recovery activitied-or example earthquakedamaged tide gates have
potentially enhanced fish passageAnytide gate repairor re-designwork should aim to maintain or

enhance fish passageand other aspects of ecologicatonnectivity. These include different aspects of the
6fish passaged concept t hat Aspecterequinng specificaatientiortirothet nanga |
form of ecological designricluding access of adult fish to suitable spawning locatiorend tidal

connectivity to provide the inundation cycle needed for hatching and egress of larvae from the catchment.

The finding of spawning sites in Corsers Stream upstream of the tidal gate is itself significant and indicates
that hydrological onnectivity toTravis Wetland may bémportant. Although the productivity of these sites
was modestthere may be potential for further enhancement of habitat in the side tributarieEstablishing
the spatial structure of the adult ¥nrsabegngporfart.pul at i on
Questions that aredirectly relevantto spawning site (and adult habitat) management include whether sub
populations are relatively stablesince if this was the case there may bspecific spawning requiremens in
different subcatchments (for examplen Travis Wetland and Lake Kate SheppardThese aspects could be
influenced by effects on fish passage. It is also important to knamhether there is significant exchange of
breeding stockbetween the two main riversAnswering these questions requires focus on habitat

utilisation that can be supported by spatial ecologstudies to quantify theareas currenty used and

responses tomanagementinterventions.

Due to the magnitude of the change that has been detesd in comparison to historicatlata, the fadors
responsible for creatingN e w Z e a | ashkashdve spawainggsitealso deservemore attention.
Establishing kaseline dataon habitat gructure and monitoring future trends areimportant needsto inform
the design ofplanning methods andtools such as mappingThe apparent excess of habitat is a positv
aspect of the CCC trial and suggests that there may be some room to move when accodating other
land uses and infrastructure developmerst However it is important to identify the variability in location
and extent of spawning habitat on differentides and betweenseasors. Without repeatmonth data it is
impossible to know which spawningide may be the peak event of the season with the highest habitat
requirement. It is also important toconsider scenarios for the impact ofuture change such as theeffects
of sea level rise on the presentlay distribution of habitat.

Production

When canpared to the AOO results the egg production figures are more modest. Production in both
catchments was less than thepeak month recorded in the each of the past twgears [Table 5).In
comparison tothe AOQ(pattern this reflects differences in average egglensities. In this case, the between
year production comparisorpaints a much different picture and could indicatehat the adult population is

in decline relative to 2016. However, the true situation cannot be ascertained without repeabnth data

to confirm whether the late Marchspawning event reported here wathe peak spawning event of the
seasonand other aspectsimportant to the overall trend This illustrates the utility of the available data as

a postquake baseling but also the importance of comparable measurements in the future to inform
management and identify trendsEgg productionintheHe at h c ot e vds pukprisinglydow in
consideration of the earlier studies and despite an abundance of high quality spawning habitat supported
by the CCQrial. Further work is required to establish whether there any substantial changes are underway
that could have implicationsfodF nanga conservation.

Limitations

Several important limitations must be recognised when interpreting the results of this styayany of which
are discussed above. The single month of data from the 2017 spawning season make direct comparisons
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with earlier data moredifficult. However, these data have been relied upon as the baseline conditions for
consideration of effects attribuable to the CCC trial. Throughout this report the most meaningful
comparisons have been selectechi an effort to shed some | ight on the
vegetation management trial. Ideally similar datasets would be available from before and aftee

management intervention to inform an assessment of effectén addition, confounding variables such as

egg mortality effectsbetweenthe date of spawning and the date of survey must be kept in mind. The

potential for stochastic effects to have influeced any of survey results reported here is impossible to

ascertain and is an important limitation for interpretation.

5. Conclusions

The CCC vegetation trial has produced demonstrable benefits in terms of increasing the avditglof high
quality spawninghabitat. This was reflected by relatively high AOOs being recorded for a single spawning
event, the discovery of new sitesand exparsion ofthe reach known to supporpost-quake spawningin the
Heat hcot e/ bpNwaho

The egg production resultsugges a possibleadult population decline andrequire follow-up to determine

the actual trend using theother postquake studiesas a baseline Ami ni mum of t hree mont hsad

required to interpret seasoml trends and tofacilitate betweenyear comparisons.

On a positive note, this study hasanfirmed that the Christchurch @y waterways are home to New

Zeal and o6ksn owanr gaerseta o f T n a.Alhysan itsel ia am mriportgnt finchabhd cauaet for
celebration. It is important thatthe factors leading to its creation are better understoodThis will help

secure the gains f or ¥ nanegamplefor watevaywartagemant irdynachics et a
natural environmens.

6. Recommendations

The key recommendations for management arising frothis study are:

i Habitat protection requirements should be applied to a contiguous reach of riparian margin between
the known upstream and downstream limit®f spawningon a subcatchment basis. Within these
areas there areonly small sections that do noturrently support spawning or could be not restored.

1 The development of more specific guidance materials isecommended to support contractors
involved in waterway and riparian reserves managemetithefocus of policy requiremens is on
avoiding activites that involvedamage anddisturbance (eg. mowing) ofspawning habitat

1 More permanent self maintaining plant communities could be established as a long term approdoh
riparian management. However, plantings and other restoration activities need to ggecifically
designed to avoid impacts on ¥nanga spawning habi

1 With correct placement, ripariarplantings could be used to help delineate spawning habitat, thereby
assisting its protection andsimultaneously improving other biodiversity values and adwttics
associated withmpthemant gigmad of Odunke

t

us

C

1T Pest plant contr ol programmes need to be specifical

spawning habitatand are particularly challenging in the Christchurch City waterways. The
developmentof appropriate strategies is urgently required to support work on invasive species
control.
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1 Ongoing monitoring is required to establish theffectiveness of management going forward. This will
demonstrate whether relevant policy objectives have been ackied and provide practical support for
impact assessments and other tools to inform decisiemaking.

T A minimum of three months® data and preferably mor e
data and other indicators of success and facilitate goparisons between years.

1 An integrated catchmenwide approach to riparian management is recommendedhis is important
for the different s taadwllsassistinmandgiegth€ effacts gfdiffetentfared cy c | e
use options andbuilding resilience to future events.
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Appendixl. Exampl es of spawning si t e(a)siiesualong hoeksldyvwaracer thefraefek lvanko c at c hmen't
Note: ydlow flags are used to mark theipstream and downstream limitf the spawning site in all photos.
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Appendix1. Examples of spawning sites in the AvonBtNkaro catchment.(c) sitesupstream of the Avondale Road bridgen the trueright bank.
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