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Executive summary

Examiring variation in tunashortfin and longfireels)andLJn ((yellowbelly sand and black

flounder) population structure between different areas in Te Waihisr®bjective 2 of the Whakaora

¢S 2 AK2N} da5pé¢ LINR2SOG Qlspetifisafythidibvbie&exaddhiagitteO1 A vy 3
differences in catctper-unit effort, length, condition and growth rates. Data will then be used to

identify specific agas that are likely to be of higher fishery value.

Tuna populations were sampled siksitesaround Te Waihora as well astimo of its major

tributaries between24 March 2014 and 1 April 201Biveunbaited coarse mesh fyke nets were used
to sample eadat each of theeightsitest n werg $ampledising setnets(gill nets)at 10 sites

around Te Waihora betwed® August 2014 and 18 August 20E4de nets were set at eadlite, with
site selecion based on guidance Hy 3 n A . Apés Wele estimateddm 90 shortfins, 21 black
flounder, 84 sand flounder and 142 yellowbelly floundapturedacross all sites.

A total of 518 eels were caugatrossall sites, excluding the catch from Fisherm&amt which was
dominated by migrant eels @246). Catclabundance was dominated by gftfins, with a total of
482 (93 per centshortfins and 36 longfins captureserall sites All of the longfin eels were caught
in the two tributaries and none were captured at the six sites within the lAkeoss the sites
(excluding Fishermans Poin2)1 kg of eelsvere caughtwith shortfins comprigig 88 per cent(177
kg)andlongfins 12 per cen24 kg)of the total catch weightfFor each net/night, amnean weight of
5.8 kg of eels was caught.

There were513LJn (icAufHifrom all 10 sites. Catch abundance was dominated by yellowbelly
flounder, with a total of 393 (77 per cent) yellowbelly flounder, 98 (19 per cent) sand flounder and 22
(4 per cen} black flounder captured across all site1i@ 186kg ofLJn (cauphk,yellowbelly
floundercomprised79 per cent(147.8 kgpf the total weigh, sand flounder 14 per ceri25.8 kg)

and blacklounder7 per cent(12.4 kg). On average, 10n (wkerg daptured from each net/night,

which was composed of eight yellowbelly floemdtwo sand flounder antkss than ondolack

flounder (only captured intermittently). A mean weight of 3.7 kd.dfi (wag cAught for each

net/night, which was composed of 2.9 kg of yellowbétyinder, 0.5 kg of sanflounderand 0.3 kg

of black flounder.

Shortfin eels taken for aging, varied in total length from@s8L. mm.The geof these fish ranged

from 7 to 25 years (7 90).Based on relationships derived from these dataould take 13.4 years

to reach the minimum cuemary harvest size of 500 mm and 19.7 years to reach the optimum
customary harvest size ofd0 mm. Minimum nonal commercial size is 220 g and it wotdHe

12.9 years to reach this weight. Te Waihora has a commercial fishery that targets smalt migjean
shortfins that had a mean weight of 124 g in the present study, which would be approximately 11.2
years old.

Growth rates olLJn Uaketaged (+s.e.) 100.4 (0.8) mm/year for yellowbelly flounder, 119.2 (+2.5)
mm/year for back flounder, and 84.8 (+x2.2) mm/year for sand flounder. The minimum commercial
size ofLJn (is\250Amm and based on the growth rates observed in the present study a black,
yellowbelly and sand flounder will reach this size within 2.1, 2.5 and 3.0 yespsatively.

Variation in mahinga kai growth rates and catches from Te Waihora



Mean length of shortfins observed in the present study was 512 mm (excluding Fishermans Point),
which is larger than historical catches from Te Waihora. In a collation of existing length data from
40,179 shortfins caught in Te Waihora andiitsutaries, Crow & Bonnett (2013) reported that

shortfin catches were dominated by fish that were roughly 100 mralker than the present study.

Shortfin eels showed differences in population structure around Te Waihora. Kaitorete Spit West had
the hichestcatchper-unit effort (CPUEvalues and sizes of shortfins along witte highest

condition. Ths site is likely to be highlyalued because it appears to be have the most productive
catches of large wetionditioned eels. Timberyardoint also had lgh catchper-unit-effort (CPUE),
but these catches contained sn®lkels. Greenpark Sands West and Kaitorete Spit East had the
lowest CPUE values and sh&adl sizeswhich was also observed at Cdesd. The low catch rates
and small eels present arour@@reenpark Sands may be associated Withtype ofhabitat present.
Greenpark Sandsas a large amount of firm sand thatay beavoided by eels anid haspreviously
been suggestethat this is acause of low shortfin numbers around Greenpark Sarfustfi eel
growth appears to baubiquitous throughout the Te Waihora Catchmedéspite observing localised
differences in shortfin sizes (both length and weight)

t n Gpdpllation structure differed between sites within Te Waihora. Taumutu and the Halswell
River Mouth are likely to be the most highly valued yellowbelly sites. Taumutu had the highest
catches of large wettonditioned fish and is liketp be the most prodctive arean the lake for
catchingLJn ( Kaitofiete Spit East also had high catches of large fish, but their condition was lower
than Taumutu and the Halswell River mouth.

There were no consistent differences in the eeLdn (phpulation between thesites inside and
outside ofthel 2 NB Y I | I . Thid iKdongi&dnt with the findings of Jellyman efialpress)

who found that although average CPUE abundance and weight was higher inskiiertimaka

1 I K I, th&differences in CPUE between insidd antside the] | K | wee ot statistically
significant. They alsiound that 17 per cenof the eelsinthd 2 N2 Y I 1 | movikdkobitsidgHe
reserve within four monthsthis level of movement will mean that any impacts of commercial fishing
outside thel 2 NB Y I 1 I wi|l tie&ifficilifd-detect a short time #Her the harvest is completed.

2 KSYy O2yaARSNAYy3 K2¢g (GKS 1S aKz2dZR 0SS YIyl 3SR
level is likely to be criticalLow lake levels may restrictlii@ccess tareas around the edge of the

lake wherethe highest chironomid densitiese located. Whist this reducedaccess tahironomids

will only directly impact bullies and small tus400 mn) that predate on these invertebrates, it may
indirectly inpact larger tuna andlJn (tHafpedate on bulliesAnyredudion in theavailability of

this keyprey specieghat supports several trophic levels in Te Waihora, suggests that managers

need to be mindful of complex problems that may occur during therasamwhen low lake levels

occur. The influence of low lake levels on mahinga kai in Te Waihora is poorly understood, which
should be an area of future research in the lake. The installation of a weir at the outlet of Te Waihora
(to control lake levels) isding investigated in th#Vhakaorale Waihora Programme, making it
particularly important to understand the associations between lake level and ecosystem health
before designing any structures.
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1 LYGNRRdzOGAZY

Mahinga ka{food gatheringareas) & I G (G KS KSI NI #idntity [Fenfinsthé Kdz Odzf (0
O2NYSNEG2YyS 2ull, sbcilnakd e¢ohdihitzwiadlihngandd a symbol of the continuing
relationshipof Ngii Tahuwith the traditions and history of plac&ahinga kai was, and still is, the

OdzNNBy O& avEnadkidnyd (ability &€ kadts to care for their visitors) remains a

fundamental cultural value. IS [j dzZ €t AG& | yR | dzI y (akelaldle t@pfovide2 2 R ¢ Kn Yy
guests is one of the factors underpinning manaakitangaisiadreflection of mana (standihdn fact,

until a couple of centuries ago, mahinga kai providediNlg@hu with almost everything they needed,

including food, medicine, and raw materials for making clothing, tools, and ski€#ar Goodall et

al. 1990.

The ability of Te Waihomrmahinga kaio sustainwinawz A & dzLJKSt R Ay GKS gKI 1+ d
from TaumutuY 2 Yy 3In KIFdz { A T34 KAc¢Nd ma&tar Which way tidwind bldws, { A  h |
@2dz oAttt Fftglea S| G .INamaid Bhatlie sedsdn, youNdillldivays\bE ablte | dzY dzi
to find food in the Te Waihora @itonment(seeWhakaoraTe Waihorawebsite}.

The food and other resources of Te Waihora were not simply exploited ad Ancbasis(Tau et al.
1990) Natural resouce management was practiced, whidatvolved a set of beliefs about the
relationship of humans to the natural world, knowledge of the natural environment and application
of that knowledge and beliefs through tikanga and kawa (the correct laws and customsititol co

the relationship with the environmentEnsuring the continuity of the application, generation and
transmission of knowledge remains a priority bA n A whnhuk(eltended, wider whakapapa
connections)

Although the relative importance of the maiga kai economy has declined since the advent of

agriculture and urban migration, soetultural practices based around the harvest of mahinga kai

have not disappeared. Wild kai gathering continues to take place and continues to be a fundamental
element ofsome Nagi Tahu livelihoods. Although less important for daily subsistence, the gathering

of wild kai is often a highly appreciated recreational activity and part of cultural habits even in
industrialised and urbanised areas (eXgpa & Associates 2013 e Waihora isonsidered nationally
significant for both customary and commercial fisheries, contributing about a quarter of New
“BSEEFYRQa O2YYSNODALFE SSt  OF Qs fishghyd 04 dzLILI2 NI Ay 3 |

Efficientlymanaging theéuna (shortfin and longfinNB & K ¢ | (i S NJ SfBHerdes in TeyMaihotan G A 1 A
requires information on the spatial variation in catch and growth rataslerstanding thevariability

in catch and growthatescan be used tadentify areas of the lake that have higher levels of fish

productivity, helping guide managemewf the resources and restoration effort§argeting

resourcedn high productivityareas would help mamisethe fishery benefits for examplewhen

eithertime andor resourcesare limited Data on variation in catchates caralsobe used to monitor

any fisherydevelopmentof assist with apfuture Y II K I dé@lopment andidentify factors
influencingpopulation structure omahinga kai speciekinfortunately, there s limited information
availablethat compareguna and LJn ((yellowbelly sandand black flounderpopulationstructures

between different areas of Te Waihora.

1 http://tewaihora.org/
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NIWA is managindie Whakaora Te Waihora (WTWD%  LINE 2 SHEA adkl fNISSRI 2 O1 A Y I k N

AyOf dzRAY3 I NBGASH D5 pFojediicd M fSukeyedesfdi@ded Sy G Qd ¢ K
objectives
1. Identify the factors limiting mahinga kai recruitment. Specifically, the recruitment of

yellowbelly flounder, shortfin eels and longfin eels will be monitored around lake
openings using seine and &kets. Data will be used to generate relationships
between mahinga kai recruitment and season, lake opening regime and species
abundance. Identification of recruitment periods for these species will assist in the
development of lake opening regimes.

Monitor the growth, sizes and relative abundance of key mahinga kai species.

Specifically catch rates, condition, growth rates and length and weight distributions of
shortfin eels will be monitored throughout the lake by fyke netting. The results will be
used to compare the productivity of the shortfin eel fishery in different areas of the

lake, evaluate the effectiveness of the establishment oflth2 N2 Y I {1 | argdl KI y 3|
and identify factors that may influence survival, growth and maturation of mahinga kai
species.

Identify and evaluate the effectiveness oflake and wider catchment interventions
aimed at providing protected or enhanced environments for mahinga kai species and
their prey. Specifically, the effectiveness of enhancirigle spawning halst for
non-diadromous populations of prey species (bullies arahga) will be determined
through assessingnanga spawning habitat availability and quantifying the extent of
non-diadromous populations of these species. In addition, the effects of mactephy
re-establishment on mahinga kai habitat and prey availability will be assessed by
monitoring colonisation of restablished macrophyte beds by mahinga kai species and
fish and invertebrate prey. Enclosure experiments will also be used to determine the
effects of macrophyte reestablishment on fish biomass, size and survival.

Determine the effectiveness of the establishment and enhancemekt & I vy 31 | NB I a
in protecting mahinga kai species. Specifically population estimates of shortfin eels in

the Horomakk 1 I Kdsgfv@ Will be developed through mar&capture and used as

a baseline to monitor future changes in abundance resulting from the establishment of

the reserve. Additionally, the movements of individual eels in and out of the reserve

will be monibred through radietelemetry. Telemetry data and population estimates

will be used to calculate the number of eels within tHeromaka k K |- ye3drve

whose daily movements out of the protected area put them at risk of capture by

commercial fishery operaihs.

The present study aims to assé&gective 2of the D5 projecby examining variation in tuna and
LJn (papllation structurebetween different areas iffe Waihora. Specificallihis involves
examining thedifferences in CPUENgth, condition and gpwth rates,and identifyspecific areas
that are likely tobe of higher fisheryalue.We also aim to compare tuna population differences
inside and outside of the 2 N2 Y I | | , butithisHagbé&h examined more thoroughly in
Objective 4 abovélellyman et al. in press

10
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2 aSiK2RA&
2.1 Tuna

2.1.1 Sampling ites

Tuna(shortfin and longfinpopulations were sampled at eight siteéthin Te Waihora and two of its
major tributaries(Harts Creek and Selwyn Rivieegjween the24 March 2014 and the 1 April 2014
using a powered boaf he sites were seleatebased on guidandeom the Te Waihora Management
Board and Ngai Tahu customary fishermahichfocussedhe workon the areas ohighest
customarysignificanceFigure2-1).

Figure2-1: Tuna samplingites in Te Waihora.Site rumbers correspond to(1) Greenpark Sandsast

(insidethel 2 NB Y'I | I ), (B) Gienpaik ISand#&/est(outsidethel 2 N2 Y I 1 | ), B)BkviynyRivér

at Coes Ford, (4)arts Creek at HastCreek Wildlife Reserve, (5) Timberyard Pointrig)ermans Point, (7)
YFEAG2NBGS { LIAWestdottSdethd 2 NE YT dzit ), ¥ KAV ANB 1S { LIAEasto ¢S 2 | Az
(insidethel 2N Yl 1 F)QA&KS$SyIm YR y INB 6AGKAY GKS | &&NBYF {1l 11
outside of the reserve.

2.1.2 Sampling methods

Fiveunbaited coarse mesh fyke nets (12 mm stretched mesh, with a 6 m single leader and no
escapement tubeskere used to sample eelt each of the sitesAt eachlake site five fyke nets
were spacedb0 m aparf(in at least 30 cm of watglandset perpendicular (with the opening of the
net facing the shore) to the shoreith both ends of the net staked inttné lake bed so they did not
movein the wind Forthe tributary sitesthe five unbaitednets were set facing downstream and
spacedat least 50 m aparfin at least 30 cm of wat@rAllfyke nets werdeft to fish overnight at
eachsite.

Variation in mahinga kai growth rates and catches from Te Waihora 11



2.1.3 Catch processing

Catch processingf the eelswas completedn two steps.Firstly, thetotal number, species
composition,andtotal weight of eelsvas recorded from eactyke net.Secondlyup to 100 shortfin
eels(depending on numbers caughtlererandomly selectedrom the five fyke netat a siteand
anaesthetisedwith a natural clove-oil based fish anaesthet{&QUISY. The anesthetised eels were
then measured fottotal length (mm)and weight(g). The catch data for each net was then converted
into two indices of catciper-unit effort (CPUE): kg/net/night (CPUE weight hereafter) and
numbers/net/night (CPUE abundance hereafter).

Otoliths (ear bones) were extracted from 4bortfin eels at each sitand used for growth rate
analysisLongfins were notaken for agindecaiwseb 3 ffaku requested that no longfins be killed
during thepresentstudy.The 15 shortfinswere selectedusing a sizetratified sampling protocol,
whichensured eels were collected from a variety of size clagdes sizestratified sampling protocol
included:five fishbetween300-400 mm,five fishbetween 508600 mm and five fisHarger than 600
mm. Shortfinswere not taken for aging if they displayed any morphological features indicative of
sexual maturit(Todd 19815 All shortfins were humanely euthanizedth an overdose oAQUIS
The shortfindodies werethen provided tob 3 flaku for eatingOtoliths were prepared for aging
using a modified crack and burn technigi@raynoth 1999 Growth rates were then calculated for
each fish as mean annual length (mm) increase fo&al length (mm)/age of fish (years)] and mean
annual weight (g) increagee., total weight (g)/age of fish (years}lo shortfins were taken for aging
from Coes For¢Selwyn Rivefecause there wermsufficient numbergo allow reliable
relationships to be calculated for growthtes Condition (K) for all eels was calceldtusng the
following formula(Ricker 197} K = Weight (g) x $#0Length (mmj

2.1.4 Habitatmeasurements

Water depth was measureat the mouth of eactyke net. Temperature(°C) dissolved oxyge(ppt
and mg/L) pH, water claritfcm?), conductivity(uS cm‘)and salinity(ppt) weremeasuredat each
site. Water velocity andubstrate compositionvere also measured at tributary site®/ind direction
and strengthwere obtained fromthe Environment CanterburygCahweather stationat Taumutu.
Qubstrate and invertebrag data forthe lakesiteswere obtained from Marc Schallenbeftniversity
of Otago).

2.1.5 Data analysis

Oneway analysis of variancéANOVAwas used to compareel weightseel lengthseel condition
CPURbundanceand CPURveight between all sitest dz] $ié@néxstly significantlifference (HSD)

post-hoc tests were used to identifyifterencesbetween pairwise combinations of siteg\ttempts

were made to use regression analyses to explore relationships between CPUE abundance and CPUE
weight and habitat measurements, but unfortuedy therewereinsufficient data to allow robust
relationships to baeyenerated

51 G FTNRY CAa@iteSNdrelngt Mcuded b Any df the intesite comparisons because
it contained an unusually high number of migrant eels. These catch dagneeconsidered to be
representative of thdakeand would have generated misleading results; data on lengths and weights

2 AQUIS © was the anaesthetic used for all catch processing because it is the only fish anaesthetic registerttk ukgiezultural
Compounds and Veterinary Medicine (ACVM) Act 18%so contains biodegradable ingredients. This anaesthetic was chosen to ensure
that any tuna and_.Jn (itakdn %or eating by 3 fiaku were safe for consumption and that fish returned to the water waildt beunsafe

for future consumption should thelye captured during any customary harvests.
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of eels from this site were analysed separatésisat C A & K S NJY [ wgr@dasstfig] As/migrants
based on external morpholgicfdatures mentioned in Tod(198149.

Age and growth rates

Leastsquares linear regression was usecet@mnine relationships between age and size (length and
weight)and to estimate the average age of shortfins when thegch minimum customanoptimum
customaryand minimum commercial harvest siz&he minimum customary harvest size of 500 mm
wasusedbased on conversations with 3 ahurepresentativefMandy Homepers. comm.), while
the optimum customary size ofd00 mm(Don Brown, pers. commYhe national minimum size

set at220 gbut we also used a secondaninimum commercial harvest siodé 124 g for the lake.
Thisminimum size of 124 g was selected besmilie Waihora has a specific commercial fishery that
targets undersized migrant male shortfins, which have a mean weight of 124 §(d@n 3.1.5.
Regression mults foreellength and weight were both presented inislieport, which willprovide

b 3 fahufisheries managerwith the abilityestimateshortfin agefor any specific length or weight
in the future

Annual freshwatetength increasevasestimated for eacleel by subtracting the mean length at
entry to freshwater for shortfins [60 mm taken from Jellymé®77)] from the recorded lengths
and then dividing by their age (years). Annual freshwater wergiteasewvas also determined by
dividing weight by their age (years). Weight at entry into fresiter was not subtracted before
dividing by age as this was negligipt€.2 g) relative to the weight of the fish (c. 2§)0

22 tndAlA

2.2.1 Sampling sites

t n dyellowbelly sandand black floundenvere sampled at ten sites from around Te Waihora
(Figure2-2) between the8 August 2014 and the 18 August 20THe sites were selected based on
guidance byle Waihora Management Board and Ngai Tahu customary fishemnéet focussed
the work on the aas of highest customary significance

2.2.2 Sampling methods

Setnets(also known asgillnet SNB dza SR G2 & YLIX S fF NHSMs LIn G A1 A
were 40 m long witlp  oyé  nihSraekhsdeep Fiveset-nets weredeployedat each siteat

intervals of approximately 450 m apart, or as close to this spacing as was possible depending on

the availability of adequatesater depth. All nets were set perpendicular to the lake shore and each

end of the net was secured using sinkers. All nets were rdaskth floats andeft to fish overnight.

2.2.3 Catch processing

Catch processing afln (wag chmpleted using two steps. Firstlye total number, species
composition, and total weight dfJn (wig rédcorded from each net. The catch data for each net
werethen converted into two indices of catgber-unit effort (CPUE): kg/net/night (CPUE weight)
and numbers/net/night (CPUE abundance). Secondly, up taJBQiofehch species wenandomly
selected from each site and anaesthetised using a natural didbased fish anaesthetic (AQB).
The anaesthetised fish were then measured for total length (mm) and weight (g)

Variation in mahinga kai growth rates and catches from Te Waihora 13



Figure2-2: t n Gsarhphng sites in Te WaihoraSite numbers correspond t¢1) NuttsDrain mouth, (2)

Halswell River mouth(3) Greenpark Sandsakt (inside of thé 2 NB Y I 1 | bdutid&ry),\4XFeenpark

Sands Wist (outside of thd 2 NB Y I 1 | bduiid&ry),yGH Ikwell River mouth, (6) Doyleston Drain mouth,

(7) Timberyard Point, (8)aumutu, Q)Y I A G 2 NS G S { LI lestdottfide dfithd 2W@Rydzli{d 2 Il KI y 3
boundary),(10)Y I A (i 2 NS G S { LJAHast @ngid® ofahd 2 N v gzl tbdutidéry).y 3 |

Otoliths were extracted fromup to 15LJn (ofelch species, at each siten (werg $elected using a
sizestratified sampling protocol, which ensured fish were collected from a variety of size classes. The
sizestratified sampling protocol included: five fish betwee302200mm, five fish betweer200-270

mm, and five fish larger tme270mm.t n (werk Humanelyeuthanizedby prolonged exposure to

AQUIS and the bodies were provided o3 fiaku for eatingCondition (K) for alldn {wag A

calculated using the following formu(Ricker 197} K = Weight (g) x 20Length (mmJ. For

simplicity, the same conditiocalculation was used for eels anttii. Otoliths were prepareénd

aged following the methodologysed in Jellymai2011). Growth rates were calculated for each fish

as mean annual length (mm) increase [i.e., total length (mm)/age of fish (years)] and mean annual
weight (g) increasé.e., total weight (g)/ age of fish (years)].

2.2.4 Habitat measurements

Water depth, emperature (°C), dissolved oxygen (ppt and mg/L), pH, water clanity)(
conductivity (1S cmt) and salinity (ppt) were measured at each site. Wind direction and strength
were obtained from the ECan weather station at Taumutu. Substrate and invertelattdatlake
sites were obtained from Marc Schallenberg (University of Otago).

2.2.5 Data analysis

Statistical comparisons between sit@sre carriedout using yellowbellyand sandlounder, but
there wereinsufficientdatagatheredon black flounder to complete statistical tes@neway
ANOVA was used to compare weight of individulal §j I&nth of individual.Jn § doRdhion of
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individualLJn { GPUE abundance and CPUE weight between allBitgeensite differences were
invSa d A3l §SR dza Ay shocltest.Onizivey ANOVA tofnfaristdd éodid not be

completed using all species combined, because each species displayed differences in weight, length
and condition P<0.001), which wald have confounded any betweedite mmparisons.

Attempts were made to usesgressioranalysego explore relationships between CPUE abundance
and CPUE weight and habitat measurements, but unfortunately tivere insufficient data to allow
robust relationships to be calculated. Data eithét dot display enough variation between sit@s
were compromised byquipmentissues (i.e., net theft or damage)
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3 wSadzZ G a
3.1 Tuna

3.1.1 Species composition

A total of 518 eels were caughtring this surveyexcluding the catch fromighermars Roint® (Table
3-1). Catchabundancevasdominated by shortfinsyith a total of 48293 per centshortfins and36

longfins capturedicrossall sites All of the longfin eelsvere caught in the two tributay sites Across
the sites (excluding Fishermans Poinf)tree 201 kg of eels caught in the present study, shortfins
comprisedd8per cent(177 kgwhile longfins comprisedl2 per cenbf the total catch weigh{24

kg).

Shortfin eel CPUE abundance differed significantly among the samplingOsiteway ANOVAEs 4=
5.17,P =0.002. No shortfin eels were recorded from Harts Creek, so this site was excluded from
posthoccomparisons. Coes Fof8elwyn Rivenyvas the ony other tributary site sampled, which had
significantly lower shortfin abundance (0.4 eels/net/night) than the five lake dfigsie3-1a). The

lake site with the lowest CPUE abundance was Greenpark Sands West (4 eels/net/night). Kaitorete
Spit East (6.4 eels/net/night) also had similarly low CPUE abundance as Greenpat/&stntst

the other three lake sites all had a CPUE abundan@®eels/net/night Figure3-1a). The highest
CPUE abundance was recorded at Timberyard Point (38ieggght), but catches at this site were
also the most variable and did not significantly differ from the other three high abundance sites
(Figure3-1a).

Shortfin el CPUE weight also differed significantly among the sampling®@itesvay ANOV AR 24=

10.18 P =<0.001) and in general, patterns in CPUE weight were similar to those in CPUE abundance
(Figure3-1b). The biggest difference betwedPUE abundance and CPUE weigihtparisons was
observed at Kaitorete Spit West. Kaitorete Spit West had the highest CPUE weight even though
Timberyard Point had the highest CPUE abundalicgi(e3-1a, b). Similar to the CPUE abundance
patterns, the three sites with the highest CPUE weight (i.e., Greenpark Sandsditasete Spit

West and Timberyard Point) were not significantly different from each other because of high
variability Figure3-1b). In contrast to CPUE abundan€®UE weight &oes Fordvas not

significantly different from all other sites, it was only different from theee sites with the higst

CPUE weighf{gure3-1b).

3 The data from Fishermans Point are excluded because of a high proportion of migrant eels in the catch. These data & present
separately in SectioB.1.6
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Table3-1:

Catchper-unit-effort (CPUE) for numbers and wéigof eels captured from all sitesSCPUE units for abundanaee numbers/net/night and CPUE units for

weight are in kg/net/night. Overall values are summed for abundance and weights, but averaged for CPURdralisdke sites

Abundance Weight (kg)
(numbers)
Longfin Shortfin All eels Longfin Shortfin All eels

Site Total No. CPUE Total No CPUE Total No. CPUE Total weight CPUE Total weight CPUE Total weight CPUE
Coes Ford 14 2.8 2 0.4 16 3.2 9.33 1.87 0.99 0.20 10.32 2.06
Greenpark Sands East 0 138 27.6 138 27.6 0 0 38.84 7.77 38.84 7.77
GreenparkSands West 0 20 4 20 4 0 0 4.49 0.90 4.49 0.90
Harts Creek 22 4.4 0 0 22 4.4 14.71 2.94 0 0 14.71 2.94
KaitoreteSpit East 0 0 32 6.4 32 6.4 0 0 12.07 2.414 12.07 241
Kaitoree Spit West 0 0 100 20 100 20 0 0 68.26 13.65 68.26 13.65
Timberyard Point 0 190 38 190 38 0 0 52.55 10.51 52.55 10.51
Overall 36 1.03 482 13.77 518 14.80 24.04 0.69 177.D 5.06 201.24 5.75
Variation in mahinga kai growth rates and catches from Te Waihora 17



Mean shortfin eel CPUE abundance (no./net/night)
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Figure3-1: Mean (zSE)XCPUERbundance (a) an€CPUE weight (f shortfin eelsat the different sites
sampled around the lake and tributaries Significant differenced?(< 0.05) between sitewere calculated by
Tukey® HSD tests. Sites that do not share a letter are significantly different from each other.

Longfin eels were only caught at two sites, and both were tribusites (Harts Creek and Coes Ford)
(Figure3-2). Compared to shortfin eels, longfin eels had higher CPUE abundancPaiEveight
measures at these two sitéBigure3-1, Figure3-2). Mean CPUE abundance at Coes Ford (2.8
eels/net/night) was lower than at Harts Creek (4.4 eels/net/nightyure3-2a). Mean CPUE weight
followed the same pattern as CPUE abundance with mean CPUE weight higlaetsi Creek than at
Coes FordRigure3-2b). Because of high variability in heatches at each site, betweesite
differenceg(i.e., Coes Ford vs. Harts Creglre not statistically significarfibr either CPUE
abundancqgOne-way ANOVAE s=0.91, P=0.37) or CPUE weighlOne-way ANOVAER s=0.66 P=

0.44) (Figure3-2).
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Mean longfin eel CPUE abundance (no./net/night)
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Figure3-2.  Mean (+SE) CPUE abundance (a) and CPUE weight (b) of longfat dedsdifferent sites
sampled around the lake anttibutaries. Significant differenced(< 0.05) between sites were calculated by
Tukey® HSD tests. Sites that shaélne sameletter arenot significantly different from each other.

3.1.2 Length and weight characteristics
Shortfin eels

Of the 482 shoffin eelscaught during samplingO1 were measured fototal length; eels were
countedat two sitesafter 100 individuals had been measuréthe length ofthese 4 shortfins
ranged betweer219;1,038 mm with a mearsize of 52 mm (Figure3-3). There was a strong peak
around350¢450 mmwith almost40 per cenbf the total catch in this size rangEigure3-3). The
percentageof shortfin eelsin each size clasteclinal steadilyfrom this peak to their maximum
recorded sizeRigure3-3).

There were significant differences in the mean length of shortfin eels between samplin{(sites

way ANOVAEs395=14.07, P<0.00]). Mean length was lowest at thereenpark Sands West site (442
mm) andwashighest at Kaitorete Spit West (619 m(R)gure3-4a, Figure3-5). Shortfin eels at
Kaitorete Spit West were significanthngerthan eels at all other sites excebes Forgmean

length = 586 mm)Rigure3-4a, Figure3-5). However, only two shortfin eels were caught at Coes Ford
and it was the only site that did not have shortfin eels greater than 850 riguiie3-5).
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Mean shortfin eel length (mm)

Figure3-3:

Percentage of total catch

20

10

x| 5
I~
a b
N =

=1

0 200 400 600
Length (mm)

800

1000 1200

Lengthfrequency distribution for all measuredhortfin eels caught during samplindgoth the
number of eels measured (n) andean eel sized are shown on the plot. Size class bins were 50 mm.

700 0.8 b b
(@) ab b (b)
600 _I_ . %
a a g 16 ab
500 | = a a 2
T <)
g a
400 - =
8 0 4 <
300 £ . 8
5 a a
<
7]
2 - |
g £ 02/
=
100 -
0 T T T T T T T 0.0 T T T T T T T
T v B © @ B E T 3 B 3% 8w B E
e & 2 s i 2 & e i = 2 i 2 &
o X o = Z - € i~ © = e ko)
8 g = g & 3 s 8 5 = 2 & B s
(&) o 7] =3 3 0
= = £ & 9 = °© g g £ 2 9 7§
- e & £ 3 e g £
0] & = S = o 0] = 2 =
% < x <
Figure3-4: Mean (£SE) length (a) and weight (b) of shortfin eels at the different sites sampled around the

lake and tributaries. Significant differencePf n dnp v
Sites that do not share a letter are significantly different from each other.

0SU6SSyYy

arasSa

g SNBE OF t Odz |

20

Variation in mahinga kai growth rates and catches from Te Waihora



| | | | | | | | | | |

|
Coes Ford Greenpark Sands East

n=2 n=100
] T X = 586 X=501.1[
40 =
30 —
20 -
10 — =
0 L

Greenpark Sands West Kaitorete Spit East

n=20 n=32

50 X=4422 X=484.9 [

30 B

20 -

Percentage of total catch from the site

1:— W ] sliiislsssals _

Kaitorete Spit West Timberyard Point
n=100 n=147
& X=619.3 X=460.8 |
40 -
30 - =
20 -
10 =
0 - M/ — [ |

I I ! | T I I ! I ! T T ! !
0 200 400 600 800 1000 1200 O 200 400 600 800 1000 1200

shortfin eel length (mm)

Figure3-5: Lengthfrequency distribuions for sites where shortfin eels were caugh&or each site, both the
number of eels measured (n) and mean eel sijeate shown Size class bins were 50 mm.
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Theweightof the 401shortfin eels variedbetween28¢2,260 gwith a meanweight of 388 dFigure

3-6). The weightfrequency plot for shortfin eels peaked Hd0¢150 gandmore than 5@er centof

the eels caught wer€r00 g(Figure3-6). There were significant differences in the mean weight of
shortfin eels between sampling sit@@neway ANOVAR395=16.14 P<0.001). Similato mean

length, mean weight was lowest at tli&reenpark Sands West site (224 g) and was highest at
Kaitorete Spit West (683 djifure3-4b, Figure3-7). Shortfin eels at Kaitorete Spit West where
significantly heavier than eels at all other sites except Coes Faudré3-4b, Figure3-7). However,
Coes Forthad a very low sample sizmdwas the only site that did not have any shortfin eels greater
than 1,300 g Figure3-7).
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Figure3-6: Weight-frequency distribution for all shortfin eels measured during samplirgpth the number
of eels measured (n) and mean eel si@edre shown onhe plot. Weightclass bins were 50 g.
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Figure3-7:  Weightfrequency distributions for sites Wwere shortfin eels were caught.For each site, both
the number of eels measured (n) and mean eel siFafeshown Weightclass bins were 50 g.
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Longfin eels

There were 36 longfin eetaptured among all sites, whietere all measured fototal length. These
eelsvaried in totallengthfrom between274and930mm, with a meansize of 595 mmHigure3-8).
There was a strong peak arous80¢600 mmwith almost 4(er centof the total catchmeasuring
between500 and 600 mnfFigure3-8). Beyond a size of 700 mm, the same number of longfin eels
were present in each sizgass(Figure3-8).
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Figure3-8: Lengthfrequency distribution for all longfin eels caught during sampliri§oth the number of
eels measured (n) and mean eel si@edre shown on the plot. Size class bins were 50 mm.

There wereno significant differences in the lengths dbngfin eels betweerHarts Creek and Coes
Ford(Oneway ANOVAR 32=0.001, P =0.978. The mean lengtbf longfins wasearly identical
between sites: measuring®5 mm at Coes Ford and 594 mm at Harts Creigki(e3-9). At Coes
Ford,apeak in longfin eel length wabserved inthe 600;650 mmsize classs, whereas Hés Creek
showed dower size claspeakof 500¢550 mm(Figure3-10). A number of smalbngfineels (<300
mm) were caught aCoes Fordbut at Harts Creekhe smallest recorded longfin w&gl5 mm Figure
3-10).

24 Variation in mahinga kai growth rates and catches from Te Waihora



Mean longfin eel length (mm)
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Figure3-10: Lengthfrequency distributions forsites where longfin eels were caught.For each site, both the
number of eels measured (n) and mean eel sideate shown Size class bins were 50 mm.
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Theweightof londfin eelsrangedbetween70and 2,400 gwith a meanweight of 668 Figure 311).
This mean weight was 280 g heavier thiha shortfin eelscaptured in the present studyrhe weight
frequency plot for lontin eels peaked at 5@%H50 gcompared to the much smaller peak for shortfin
eels 0f100¢150 g(Figure3-11). Similar to longfin mean length, there was no significant difference in
the mean weight of longfin eels betwesites(Oneway ANOVAFR 34<0.001, P =0.99). The mean
weightof longfins atCoes Ford and Harts Creek was very simit@asuringat 666 g and 669 g
respectively Figure3-12). Similar tcsite differences observed fanean lengththe mean weght
peakwashigher atCoes For@500;700 g)than atHarts Creek300¢550 g) (Figure3-12).
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Figure3-11: Weightfrequency distributions for sites where longfin eels were caughbr each site, both the
number of eels measured (and mean eel siz&y are ©iown. Weightclass bins were 50.g
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number of eels measured (n) and mean eel sideate shownWeightclass bins were 50 g.
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3.1.3 Condition
Shortfin eels

Shortfin eel conditiorfK)showed marked variability across the 401 individuals that were measured
Condition valesfor shortfin eelsanged between 0.81 and 8.&/(Figure3-13). There was a strong
peakin condition betweer2¢2.5 K with over50per centof the total catchoccurring inthis rangeof
condition valuegFigure3-13). Conditionvalues greater than threwere rare but there were some
extremely welconditioned eels caught he shortfinlmigrantfemalé) eel that had a condition value

of 8.07 was95mm in lengthand weighed 1.7 kgisuallya shortfinof this weightfrom Te Waihora
would be nearly 300 mm longe8@0mm). This data point was inspected to check for any errors in
the data recording, but it was correctly written. This observation, however, may have been made in
error because this condition factor is extraordinarily large.

There were significant differences in the mean condition of shortfin eels between sampling sites
(Oneway ANOVAFRs 305=4.22, P<0.00]). The mean condition of shortfin eels at both Greenpark
Sands sites were significantly lower than the condition of aeKaitorete Spit West (2.4 Kjigure
3-14). Mean shortfin condition was lowest at tl@reenpark Sands West site&4 K, but highestin

the lake tributary site, @es Ford2.4 K); eel condition at Coes Ford was not significantly different
from other sites because only two eels were caudgre3-15). Shortfin eelsvith very high
condition values (>3 K) were only recordedaitorete Spit Wesand Timberyard PoinF{gure

3-15).

=
Il
H
i |
-

x|
Il
N

50 — B

30 1 -

Percentage of total catch

10 -

\ 1 T T T
0 2 4 6 8

Condition (K)

Figure3-13: Conditionfrequency distribution for all shortfin eels measured during sampligpth the
number of eels measured (n) and mean eel sideate shown on the ploConditionbins were0.5 K
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Mean shortfin eel condition factor (K)
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Figure3-14: Mean (+SE) condition of shortfin eels at the different sites sampled around the lake and
tributaries. Significant difference$
not share a letter are signifantly different from each other.
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Figure3-15: Conditionfrequency distributions for sites where shortfin eels were caughEor each site,
both the number of eels measured (n) and mean eel si¥areshown. Size class bins were 0.5 K.
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Longfin eels

Compared to shortfin eels, there was much less variability in the range of longfin eel condition (2.2
3.4 K (Figure3-16). The peakin condition values was higher for longfin eels than for shortfin eels and
was between 2.5 to 3.0 (kigure3-16). Similar to shortfin eels, over éer centof the total catch
waswithin the peak range of condition valudsels withvery high conditiorvalues greater than

three wererelativelyrare for shortfin eels and comprised only approximatefye® centof the total

catch, however, for longfin eels almost @ér centof the total catchexceededhis level of condition.

Therewasno significant difference in the mean conditionlohgfineels betwea the two lake
tributary sites(Oneway ANOVAF, 34=0.114 P =0.738. The mean condition values of longfins was
nearly identical between sitesince mean condition was 2.8KCoes Ford and 2.¥at Harts

Creek Figure3-17). Atboth sites the peak in longfin eaonditionwasbetween 2.5 to 3.0 KFigure
3-18). This peak as more prominent at Harts Creek as oveip@® centof eels had condition values
within this range.
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Figure3-16: Conditionfrequency distribution for all longfin eels measured during samplifigpth the
number of eels measured (n) and mean eel sideafe shown on the plot. Condition bins were 0.5 K.
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Figure3-17: Mean (£SE) condition of longfin eels in the two lake tributaries where they weagight.
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Figure3-18: Conditionfrequency dstributions for sites where longfin eels were caugtfor each site, both
the number of eels measured (n) and mean eel sigafe shown. Size class bins were 0.5 K.
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3.1.4 Growth rates

Shortfineels were taken from the slakesitesfor aging(this included Fishermans Point). These eels
variedin total lengthfrom 255¢941 mmand the a@e of these fistrangedfrom 7 to 25 yeargn =90).

There was no difference in either the mean leng@neway ANOVARg4=0.71, P =0.62) or mean

weight Oneway ANOVARg4=0.89 P =0.49) of shatfin eels taken for agingetweenthe different

sites but there was a significant difference in the age of these beta/een siteOneway ANOVA
Fse4=2.99 P =0.02). The mean age of shortfin eels at Fishermans Point and Kaitorete Spit East were
significantly older than eels from Greenpark Sands Wegti(e3-19).
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Fishermans Point -
Greenpark East -
Greenpark West -
Kaitorete Spit East 1
Kaitorete Spit West -
Timberyard Point -

Figure3-19: Mean (+SE) age of stlortfin eels at the different sites sampled around the ISkgnificant
differencesPr nodnpov 060SG6SSy arisSa 6SNB OIFftOdzZ I GSR o6& ¢dzl SeQ
significantly different from each other.

Across all sitegnean growth (£SE) was 35 (£2) mm/yr and 25 (£5) glyere were naignificant
differences inthe meangrowth ratesof shortfinsbetween sites regardless of whether growth rate
wascalculatedusing annuallength (Oneway ANOVARs4=0.92 P =0.47) or annualweight
increments(Oneway ANOVAR4=0.73 P =0.60) (Figure3-20). Mean growth ratedor length

varied between 31.2 and 36.7 mm/gicross sitegFigure3-20a). There was much greatbetween
site variability for weighbased growth rates compared to length growth rates. The slowest mean
weightbased growth rate was at Greenpark Sands West (18r% and the fastest growth rate was
at Fishermans Point (34.9 g/yBigure3-20b).
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Figure3-20: Mean (+SE) growtlnate of shortfin eels at the different sites sampled around the lake based on
changes in length (a) and weight (b) as a functionof dg@. NB & dzf Ga F2NJ ¢dzl SeQa 1 {5
there were no significant differences between sites for anieiadjth Oneway ANOVAFRsg4=0.92 P =0.47) or

annual weight increment@Oneway ANOVARss4=0.73 P =0.60).

Weight and lengths both formed significar® € 0.001) relationships with ag&igure3-21, Figure
3-22). All aging data were combined from all sites given that growth rate and size did not differ
betweensites Based on conversationgith b 3 fakurepresentativesa minimum size of shortfins
that are suitable for customatyarvestisaround500 mm (Mandy Hme, pers. comm.Wwhile the
optimum size is around 1000 mm (Don Brgwars. comm.) This minimum customary size will
weigh roughly 260 grams and it will take 13.4 years to reach this size, based on the equations for the
linear relationshipsn Figure3-24 and Figure3-25. Minimum naional commerciatize is 220 g and it
will take, on averagel2.9 years to reach this weigtt the lake Te Waihora has a commercial fishery
that targets small migrant male shortfins, andmmercial fishers are permitted take fish smaller
than the minimum commercialz. Based on a mean weight of 124 g observed for migrant male
shortfins at Fishermans Point (see sect®bh.5, these migrant males are likely to be 11.2 years old.
The optimum customary sized eels of 1000 mvas calculated tde 19.7 years of age, although the
age of larger eels tended to be more variatgure3-21).
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Figure3-21: Agelengthrelationship for shortfin eels caught at sites around Te Waihofhe dotted grey

line (bottom) indicates the minimurcommercialmigrant maleharvestingsize (c. 48 mm), the dashed grey
line indicates the minimum commercial size harvestimit (excluding male migrant$yr the lake (c. 470 mm),
the solid grey line is the minimum size for customary harvest (500 them@otted blackihe is the optimum
customary harvest siz&elationship for the linear regression is Age (years) = 21.55tammgth(mm)44.93280

(FL73=137.9,P< 0.001R?= 0.65).
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Figure3-22: Ageweight relationshipfor shortfin eels caught at all sites around Te Waihofiéhe dotted grey
line (bottom) indicates the minimurcommercialmigrant male size (124 g), tllashed grey line indicates the

minimum commercial size harvesting lirtéixcluding male migrant$pr the lake (c. 220 g), the solid grey line is
the minimum size for customary harvest (c. 260 g), the dotted black line is the optimum customary harvest size

(c 2300 g)Relationship for the linear regression is Age (years) = 6.818Maight(g}3.04 (F1,73=121.6,P<
0.001,R2=0.62.
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3.1.5 Fishermans Point

A total of 246 eels were caught from Fisherm&aént(Table3-2). Because ofime constraints,
lengths and weights were measurémt 137 of these fish and a further 109 figkere bulk weighed
and countedWeight of each species frothe 109 bulk weighedfunted fish were estimated based
on the species compositiavbservedfor the 137 measuredeels.Of the 137 eelsneasured the catch
abundance and weight was dominated by shortfins. Shortfins compriseédentof the
abundance (= 125) while longfins wly made up $er cent(n= 12) Similarly shortfins comprised
86 per cent(79.5 kg) of the total weight while longfins only made upp&4 cent(13.2 kg) Averaged
across alfish caught (i.e processed and bulk weighed fisBp, eels were captured from each
net/night, which was composed sixlongfins andb6 shortfins. A mean weight @f1.3kg of eels was
caught for eacmet/night, which was composesl.8kg of longfins an®&5.5kg of shortfins.

Of the 137 processed fishQ per centof the catch were migrant ee(s =97). Of the97 migranteels
96 were migrant shortfins and one was a migrant longffthe 96 migrant shortfins, 67 were males
and 29 were femaledale shortfin migrants were small with a mean size of 399 Rigufe3-23),
with c. 95per centof the male fish being between 38850 mm long. The size ranges of males was
verylimited and all fish were betweend3-497 mm. Female migrants wemuch larger than males,
ranging between Z1¢987mm in length with a mean size of 829 mm. Most of the female migrants
were between 756900 mm.Males only weighed between 8090 g while females were heavier,
weighing between 72¢R,000 g(Figure3-24). Males weighed 124 g on average and@0 centof the
catchwere between 10Q150 grams. Females weighed 10x more than malesiveragewith a
meanweight of 1.27 kgThe ondition factor of males averag#2.0K (range: 0.8.5), while females
had slightly higher condition of 2.2(kKange: 1.§3.2) (Figure3-25). There were twanigrant males in
very poor condition that only hadondition factorsof around 1, but the majority of both males and
females was between 1.8 and X3
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Table3-2:  Catchper-unit-effort (CPUE) for numbers and weight of the 137 eels processed at Fishermans PGRWUE units for abundance iel&net/night and
CPUE units foweight are shown in kg/net/nightSpecies composition and species weight of the 109 bulk weighed/counted fish were estimated based on the relative

species composition in the 137 processed eels

Abundance Weight
Longfin Shortfin All eels Longfin Shortfin All eels
Total No CPU T,\‘I’;"f" CPUE  Total NoCPUI WT;;‘;'t CPUI V\Teolg’;:t CPUE WT;;:t CPUE
Processed eels 12 3.0 125 31.3 137 343 13.2 3.3 79.5 19.9 92.8 23.2
All eels 22 55 224 56.0 246 615 23.1 5.8 142.0 35.5 165.1 41.3
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Figure3-23. Lengthfrequency distributions for shortfin migrant femaleand malescaptured at Fishermans
Point. The number of eels measured (n) and mean eel sigare shown. Size class bins were 50 mm.
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Figure3-24: Weightfrequency distributions for shortfin migranfemales and malesaptured at Fishermans
Point. The number of eels measured (n) and mean eel sigare shown. Size class bins were 50 g.
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Figure3-25: Conditionfrequency distributions for shortfin migranfemales andmalescaptured at
Fishermans Point. The number of eels measured (n) and meancesldition (&) are shown. Size class bins
were 0.25 K.
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3.1.6 Summary table of differences between sites

The following table summariséise differences in shortfin populatiobetween sitesso that it can be

quickly accessed he results outlined below are a summary of tenparisondetween sites fjos-

hocTukey tes}, where stes that share letters are not statistically differeBiased on the podhoc

tests, the siteswith the highest values for eacafariableare shown irgreen, while the sites with the

lowest values are shown in reor simplicity, sitethat were not significantly different from all other

sites (i.e,had two letters) are shown in whitelf the lowest @ highest values were observed from

two sites (e.g.CPUE abundance comparison between Greenpark Sands East and Timberyard point)

shared the same lettead bé¢ aeévYo2f gl a dzaSR (2 aKz2g bKwOK aAiil:
symbol showrwas used to lsow which site had the highest value

Kaitorete Spit West had the highest CPUE weiginigth, weightand condition ofeels(Table3-3).

These results suggest thidtitorete Spit Westhas thelargest and best conditionefish, butat a

slightly reducedabundanceelative to some of the other siteKaitorete Spit West may therefore be
an important area ib 3 fakufisherswish to capturea moderatenumber oflarge well-conditioned

eels Greenpark Sands East and TimbenRuitt both displayed the highest CPUE abundance, but
these scored lower falength, weight and condition. These abundance and size results suggest that
Greenpark Sands East and Timberyard Pamsupportinghigher numbersof smaler fish, which

may be an important aretor b 3 fahufishermen wishingto targetsmallershortfins Coed-ord,
Greenpark Sands West and Kaitorete Spit Beserallyhad low toaverage catch rates of smaller

fish.

Table3-3: Summary of poshoctest comparisons between sites.Individualpairwisecomparisons and
values for each site can be found in sections 331126.

o
c +—
—  ~ — —~~

S8 ©E E = < T g0 g

S22 2922 ¢ = c < O

25 22 = = 2 S £2 g9

T w g = 2 S = S = P

ws g 2 g S S BE& B2
Site ng o2 3 O < 0= 0

O N—r
Coes Brd ab ab ab a a
Greenpark Sands East a a
Greenpark Sands West a a-
Kaitorete Spit East bc ab a- a
Kaitorete Spit West cd c b+ b+ b ab a at+
Timberyard Point d+ c+ _ ab ab a+ a
Fishermang$oint a

41t should be noted that sites with two letters mawpt differ significantly from the highest or lowest sites, which means the results section
should be consulted when making detailed conclusions or statements about differences between sites for each of the Vdnisiides.

table was designed to be a sififigation of the posthoc ANOVA comparisons to help identify which sites had the highest and lowest
fishery values, not as a substitute for all the detailed ANOVA results outlined in the results section.
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3.1.7 Shortfin population inside and outside of the Horomdkd K[| y 3 |

There were no consistent differences in shor#el size, CPUE or condition between sites inside and
outside of thel 2 N2 Y I 1 I (Flgure8-R6y. Hhlere were differences between individual sites, but
no results suggeed that there were consistent differences in sizes or catch rates between the
Horomakaand the area outside of the boundary that is open to commercial fisiNo¢g, that

Jellyman et al. (in preskavedone additional comparisons inside and outside H@omaka

1 I K I fgr SHortfin eels on both a larger sample size and sampling area.
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32 tndAlA

3.2.1 Species composition

Atotal of 513 LJn (canipiisingthree speciesvere caughtfrom all 10sites (Table3-1, Table3-4). The
three speciesapturedwere yellowbelly flounderRhombosolea leporinasand flounder
(Rhombosoleplebeia)ll £ &2 O f 4 CROFBAARIYRYREG 2 NI & andodcNB ¢ F€ 2 dzy R
flounder (Rhombosolea retiarjaCatch abundance was dominatedysilowbelly floundey with a

total of 393 (77 per cen), 98 (19per cen) sand flounder and 22 (@er cen) black floundecaptured
across all sites. f{@®he 186kg ofLJn cauphk in the present studyellowbelly floundercomprised79
per cent(147.8kg)of the total catchweight, sand flounderl4 per cent(25.8kg)and blacklounder7

per cent(12.4 kg) On average,dLJn (werk daptured from each net/night, which was composed of
eight yellowbelly flounder, two sand flounder andl®lack floundefonly captured intermittently.

A mean weight 08.7 kg ofLJn (wag caught for each net/night, which was compose@.okg of
yellowbellyflounder, 0.5 kg ofsandflounderand 03 kg d black flounder
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Table3-4:  Catchper-unit-effort (CPUE) for numbers (top) and weight (bottom) bdn {captufied from all
sites. CPUE units for abundance in numbers/net/night and CPUE units for weight are shown in kg/net/night.
Overall values are summed for abundance and weights, but averaged for CPUE indices across the sites.

Abundance(numbers)
Yellowbelly Black founder Sandflounder All flounder
Site Total No. CPUE Total No CPUE Total No. CPUE Total No. CPUE
Drain Road 8 1.6 4 0.8 0 0 12 2.4
Greenpark East 36 7.20 1 0.20 21 4.20 58 11.60
Greenpark West 31 6.20 0 0 13 2.60 44 8.80
HalswellRiver mouth 57 11.40 3 0.60 16 3.20 76 15.20
Irwell River 47 9.40 7 1.40 0 0 54 10.80
Kaitorete East 57 11.40 2 0.40 12 2.40 71 14.20
Kaitorete West 14 2.80 0 0 9 1.80 23 4.60
Nutts Drain 43 8.60 3 0.60 20 4.00 66 13.20
Taumutu 82 16.40 1 0.20 7 1.40 90 18.00
Timberyard Point 18 3.60 1 0.20 0 0 19 3.80
Overall 393 7.90 22 0.44 98 1.96 513 1026
Weight (kg)
Yellowbelly Black founder Sandflounder All flounder
Site vggut;rln CPUE ngit;rit CPUE VJ;’E'“ CPUE ngitg?rllt CPUE
Drain Road 285 057 1.82 0.36 0 0 467 0.93
Greenpark East 12.32 2.46 0.72 0.14 530 1.06 18.34 3.67
Greenpark West 11.11 2.22 0 0 3.25 0.65 1435 2.87
Halswell River mouth  22.77 4.55 2.08 0.42 432 0.86 29.17 5.83
Irwell River 18.52 3.70 354 0.71 0 0 22.06 441
Kaitorete East 21.32 4.26 1.27 0.25 3.13 0.63 2571 5.14
Kaitorete West 461 0.92 0 0 2.08 0.42 6.70 1.34
Nutts Drain 1495 2.99 230 0.46 570 1.14 2295 4.59
Taumutu 32.34 6.47 0.32 0.06 2.02 0.40 34.67 6.93
Timberyard Point 7.02 1.40 0.37 0.07 0 0 739 148
Overall 147.80 2.9% 12.42 0.28 25.79 0.52 186.01 3.72

3.2.2 Relative abundance
Yellowbelly flounder

For yellowbelly floundeiCPUE weigtdiffered between sites (DF9, F=15.48 P<0.001), as did
CPUE abundance (BB, F=13.64 P<0.001).Taumutu, Kaitorete Spit East and the Halswell River
mouth had the highest CPUE abundancd @RPUE wight. The lowest CPUE abundance and CPUE
weightwas observed at Drain Road, Greenpark East, Greenpark West, Kaitorete Spit West and
Timberyard Point.
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Figure3-27. Mean (+SE) CPUE abundance (a) and CPUE weight (b) of yellowbelly flounder at the differen
sites sampled around the lakeSignificant differencePg ndnp0 06SG6SSy ariasSa sSNB OF ¢
tests. Sites that do not share a letter are significantly different from each other.

Sand flounder

For sand floundemeither CPUE weighDF=6, F=1.6, P=0.18) nor CPUE abundance (BB, F=
1.4,P=0.25 differed between sitegFigure3-28). Sand flounder were absent from Drain Road, Irwell
River and Timberyard Point.

Black flounder

No analysis could be completed for bldidunderbecause of insuficient data. CPUE abundance and
CPUE weight was very low around the lake and no black floureterfaund from Greenpark West
or Kaitorete Spit WedFigure3-29).
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Figure3-28. Mean (+SE) CPUE abundance (a) @RUE weight (b) of sand flounder at the different sites

differences between sitefor either CPUE weight (DF
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Figure3-29: Mean (+SE) CPUE abundance (a) and CPUE weight (b) of black flounder at the different sites
sampled around the lakeNo posthoc comparisons are completed on black flounder CPUE data because

there was insufficient data available for statistical comparisons.
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3.2.3 Length and weight characteristics

Length and weight characteristicslain {frbri d@round the lake are presented in the following
sectionsfor all three species. Statistical tests were only carried out on yellowbelly and sand flounder
because there was insufficient data available for black flounder.

Yellowbelly flounder

The length of the 398ellowbellyflounderranged between 29 and353mm with a mean size &02
mm (Figure3-30). There was a strong pefdom 290;310mm, with c. 5Qper centof the catch falling
into this size rangelhe percentage ofellowbelly floundelin each size class declohsteadily from
this peakto their maximum recorded siz&8 here were significant differences in the mean length of
yellowbelly floundetbetween sampling site@©neway ANOV AR 3s= 4.67,P<0.001) The mean
length was lowest at th6&reenparkEastsite 91 mm) and was highest dtaumutu(306 mm) (Figure
3-31, Figure3-32). Yellowbelly floundeat Greenpark Eastere significantlysmallerthan eels at
Taumutu, Timberyard Point, HalswRiver mouth IrwellRiverand Kaitorete Spit Eadtigure3-31).
Nutts Drain also had smaller fish present than Taumutu and the Halswell River nidwremaining
sites all had very similar lengths of yellowbelly flounder presEiguie3-31, Figure3-32).

The weight range of the 393 yellowbelly flounder was between 192 and 596 g with a mean weight of
376 g Figure3-33). The weighfrequency plot forlLJn (p&akekl at 366400 g and more than 50er

centof the LJn {mkifjhad between320¢420g (Figure3-33). There were significant differences in the
mean weight of yellowbelly flounder between sampling siteaeway ANOV AR 33:= 5.92,P<

0.001) Weight displayed more between site variabitityan length Figure3-31, Figure3-34).

Greenpark East, Kaitorete Spit West andtblitain all had weights significantly smaltean the
HalswellRiver mouth IrwellRiverand Taumutuigure3-31). The lightest average weight was 380
found at Kaitorete Spit West, while the heaviest average weigh06fy was found at the Halswell

River mouth Figure3-34).
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Figure3-30: Lengthfrequency distribution for all yellowbelly caught during samplirigoth the number of
LJIn {ndedsdred (n) and mednln (sikd {3 are shown on the plotSize class bins were 10 mm.
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Figure3-31: Mean (£SE) length (a) and weight (b) of yellowbelly flounder at the different sites sampled
that do not share a letter are significantly different from each other.
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Figure3-32: Lengthfrequency distributions of yellowbellyflounder from each siteFor each sitehoth the
number ofLJn {indedsired (n) and meanln (skd {3 are shown on the ploSize class bins were 10 mm.
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Figure3-33: Weightfrequency distribution forall yellowbelly flounder measured during samplingoth the
number ofLJn {inedsired (n) and meanln (skd {3 are shown on the plot. Weight class bins were 20 g.
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Figure3-34: Weightfrequency distritutions of yellowbelly flounderfor eachsite. Both the number of.Jn G A 1 A
measured (n) and meanln (skd {3 are shown on the ploWVeight class bins were 20 g
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Sand flounder

The length of the 98andflounder ranged between 202 and 346 mm with a mean size of 250 mm
(Figure3-35). There was a stimg peak from 24€260 mm, with more tha®0 per centof the catch

falling into this size range. The percentage of sand flounder in each size class declined steadily from
this peak to their maximum recorded size. Interestinghe 346 mm sand flounder was at least 50

mm larger than the rest of the figmote, this record wase-checked to make sure it wa®t an
identification error ands correcf). There wereno significant differences in lengthetween sampling
sites(Oneway ANOVAE 91=1.1,P=0.34) (Figure3-36). Mean length varied from 24258 mm

between siteswith the largest fish captured from Nutts Draffigure3-37).

The weight range of sand flounder was between 98 and 389 g with a mean weight ofF268rg (
3-38). The weightfrequency plot for sanflounder peaked at 266280 g, with most of th&Jn G A 1 A
weighing between 206840 g. There were no significant differences in the mean weight of sand
flounder between sampling sitd®neway ANOV AR o1=1.40,P=0.22)(Figure3-36). Mean weight
ranged from 23%288g between sites with the heaviest fish being found aumutu(Figure3-39).
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Figure3-35: Lengthfrequency distribution for all sand flounder caught during samplirgoth the number of
LJn (nfedsdred (n) and mednin (isked {3 are shown on the plot. Size class bins were 10 mm.
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Figure3-36: Mean (+SE) length (a) and weight (b) of sand flounder at the different sites sampled around the

lake. No posthoc comparisons are shown between sites because there was no differences in sand flounder

length or weight between sites.
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Percentage of total catch from the site

Figure3-37: Lengthfrequency distributions of sand flounder from eaclits. For each site, both the number
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Figure3-38: Weightfrequency distributions of sand flounder measured from agltes Both the number of
LJn {ndedsdired (n) and mednln (sikd {3 are shown on the plot. Weight class bins were 20 g.
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Figure3-39: Weightfrequency distributions of sand flounder for each siteBoth the number of.dn G A 1 A
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Black flounder

Only 22 black flounder were captured among all sites whigeraged 317 mm in total lengtRigure
3-40) and around 564 (Figure3-43). Thee appeared to be two size classes, one group of fish
around 24@270 mm and one group around 32860 mm.The mean lengtland weightwas highly
variable between sites because of the loanmgple sizesHigure3-41), but Nutts Dain appeared to
havethe largest fisi{both length and weightjFigure3-42, Figure3-44). Mean weight of the black
flounder was 522 g and mean length was highly variable between sites because of sariple
sizes Figure3-41, Figure3-44).
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Figure3-40: Lengthfrequency distribution for all black flounder caught during sampliroth the number of
LJn (nfedsdred (n) and mednin (iskd T3 are shown on the plot. Size class bins were 10 mm.
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Figure3-41: Mean (£SE) length (a) and weight (b) of black flounder at the different sites sampled around

the lake and tributaries. No statistical comparisons were completed between sites because of insufficient

data.
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Figure3-42: Lengthfrequency distributions ofblackflounder from each site. For each site, both the
number ofLJn {indedsired (n) and meanln (skd {3 are shown on the plot. Size class bins were 10 mm.
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Figure3-43: Weight-frequency distributions ofblackflounder measured from all sés. Both the number of
LJn {ndedsdired (n) and mednln (sikd §3 are shown on the plot. Weight class bins were 20 g.

66 Variation in mahinga kai growth rates and catches from Te Waihora



Figure3-44: Weightfrequency distributions oblackflounder for each site. Both the number of.Jn G A 1 A
measured (n) and meanln (skd {3 are shown on the pt. Weight class bins were 20 g.
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