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Abstract

Jowett, I.G.; Richardson, J. (2008). Habitat use bjNew Zealand fish and habitat suitability models.
NIWA Science and Technology SeriesNo. 55. 148 p.

The concept of habitat suitability is familiar tast people who collect fish, plants, or aquatieats
from rivers and target those habitats in their gedor those biota. Authoritative publications on
aquatic biota often include qualitative descriptiaf the habitats and physical conditions in whlwh
biota are likely to be found. Usually this is a lijaéive description of the physical habitat (water
velocity, depth, substrate, and perhaps cover),chatbe at a larger scale, such as pools, runs, or
riffles. The quality of the different habitats insaeam, for a given animal, is defined by thetreta
abundance of animals in them. Usually, animals b&lmost abundant where the habitat quality is
best, in lesser numbers where the habitat is @oat,absent from unsuitable habitat. In fact, we use
the relative abundance of animals to define habit@ability.

Habitat suitability criteria have more influence iow assessments than any other aspect of the
analysis. Failure to use appropriate criteria @sult in inappropriate flow assessments and thisés
reason why the use of habitat suitability critér@s been criticised.

In this study, we use measurements of habitat arsevier 21 000 fish of different species to develop
habitat suitability curves and generalised addithadels (GAMSs) for the common fish species in New
Zealand rivers. The data were obtained mainly frdeytime single-pass electric fishing surveys
performed by NIWA and Department of Conservatiaffdh wadeable rivers and streams. Data for
banded kokopu were obtained by night observatiomenga by day bank-observation, and giant
kokopu data were obtained by electric fishing argtsnset overnight. In total, there were
measurements of habitat use at 5184 locations4rrit@rs.

We developed habitat suitability curves for eadh fepecies using a consistent set of procedures
available in the HABPRF program. The proceduresmxed habitat use and preference in a number
of different ways in order to make the best posstlbjective assessment of habitat suitability. The
procedures were:

» tabulating the range of depths, velocities, andssates that were sampled and the average
depth, velocity, and substrate in which each sgeaegss found

» calculating forage ratios for depth, velocity, autbstrate index using all data

» calculating forage ratios for depth, velocity, asubstrate index for each river in which the
species was found, and then averaging these methijos

» plotting contours of fish density with depth andoeity using LOESS

» developing a logistic GAM using depth, velocity,dasubstrate index as predictors and
plotting contours of probability of use with degthd velocity

» comparing the GAM and LOESS contours to determihether it was necessary to introduce
a depth/velocity interaction term

* normalising the forage ratio relationships to a imasm value of 1 and using these to develop
preliminary suitability curves

» developing final habitat suitability curves, takingto account the shape of the GAM
functions, habitat use curves, the inability of #moothed curves to adequately describe
suitability at the extremes (e.g., the suitabibfyzero depth), and substrate stability with high
water velocity.

While many fish undoubtedly make use of habitat aarmicro scale, most habitat suitability
observations describe mesohabitats — the chastaterdf the area in which the organism lives, eath



than the microhydraulics of its precise locatiam.aksessing suitability for one species, we amnoft
assessing conditions for a number of speciesitratrl that area. Riffle-dwelling fish are an exdeip
where the habitat suitability curves describe @iffbonditions, rather than microhabitat of the lmeat
of an individual fish.

When we considered fish locations in terms of peooh, and riffle habitat (assessed by Froude
number), we found that adult eels, lamprey, a #aoé juvenile galaxiids, and adult kokopu use pool
habitat; torrentfish, bluegill bullies, koaro, aipi galaxias, and upland longjaw galaxias use riffle
habitat, and juvenile eels, trout, and some gadaxiid bully species are mainly in run habitat.

The classifications of pool, run, and riffle habitgp not necessarily mean that those fish areyliiel|
be found entirely in pools, runs or riffles. Thergias of riffles often contain slow flowing watenc
many of fish species that use run habitat actuiakyalong the margins of riffles.

Although habitat suitability criteria for many NeXealand fish species are described here, theyean b
improved by collecting more data, particularly fbe rarer species. The method of data collection is
important for the derivation of habitat suitabilityodels. The conditions in which fish are sampled
should not be extreme (i.e., normal flow and wéenperature, usually in summer) and the full range
of habitats should be sampled with equal effortethiar they are likely to hold fish or not. This damn
difficult because it requires sampling shallow waieer a full velocity range and deep water over a
full velocity range.

This review of habitat suitability curves has inxed developing curves for 10 new species or life
stages and revising existing curves for 19 spewidife stages. The revised curves are similahtsé¢
derived more than 10 years ago with much fewer.dHt#s is reassuring because it suggests that
habitat use does not vary significantly betweerrgy something that was evident in this study when
analysing habitat suitability for individual river§&enerally, the habitat suitability curves show a
slightly wider range of preferences than the eadigves. However, for some species, high velocity
preferences have been reduced by considering bstrate stability under high velocities. Generaise
additive models (GAMs) were generally better prem® of presence/absence than the conventional
habitat suitability curves. Overall, the hydrautiabitat preferences of the species are consistéimt w
their known use of pool, run, and riffle habitats.



1. Introduction

The concept of good habitat is familiar to mostpgleo For example, angling texts describe likelyutro
streams and more recent books (e.g., Hill & Matsh®85) accurately describe locations where traat a
likely to be found. It is possible to determine tie&ative quality, for a given animal, of the diéat habitats
from the abundance of animals in them. Usually aténare most abundant where the habitat qualibe s,

in lesser numbers where the habitat is poor, amsgrabfrom totally unsuitable habitat. Instream tetbi
usually refers to the physical habitat — water ey depth, substrate, and perhaps cover. Howetber
relevant factors, such as aquatic vegetation aerdepce of other species, can be incorporated &o t
evaluation of habitat suitability.

Habitat suitability or preferential habitat use haen known and applied in biological studies dfrafs for
many years (Manly et al. 1993). In one of the fiMgtw Zealand studies of habitat suitability, Cantpb&e
Scott (1984) found that 0+ brown trout moved froumg to pools and adopted shoaling behaviour when
water velocity in runs fell below 0.3 m/s. They gagted that run habitat was optimum for juvenilewor
trout and that 0.3 m/s could be used as a minimelocity criterion. Since then, studies have beeniah

out to determine habitat preferences of native (ish., Glova & Duncan 1985; Jowett & Richardso®83;9
McCullough 1998; Jowett 2002; Baker et al. 2003).

The aim of using habitat suitability criteria irstream habitat analysis and flow assessmentsnimiotain,

or even improve, the physical habitat for instreatues, or to avoid situations where poor habigtones

a limiting factor. This requires detailed hydrautlata, as well as knowledge of the ecosystem aed th
physical requirements of stream biota. The baséenjge of habitat methods is that if there is ndable
physical habitat for the given species, then thaynot exist. However, if there is physical habétailable

for a given species, then that species may or mapepresent in a survey reach, depending on &dhtrs

not directly related to flow, or to flow relatedctars that have operated in the past (e.g., floddspther
words, habitat methods can be used to set the r'emeelope” of suitable living conditions for tharget
biota.

Habitat suitability criteria have more influence fiow assessments than any other aspect of thgsamal
Failure to use appropriate criteria can resulhappropriate flow assessments and this is one meakyp the
use of habitat suitability criteria has been cised. Therefore, habitat criteria need to be casid for all

life stages and, where appropriate, suitabilityecia for the production of food for those life gg¢s should
also be included. Selection of appropriate criteaiad determination of habitat requirements for an
appropriate flow regime requires a good understandif the species’ life cycles and food requireraent
(Heggenes 1988, 1996).

This report covers the following aspects of halstatability:
» the concept of habitat suitability
» habitat suitability models

 methods and data used to develop habitat suitabifiteria and models for common New Zealand
fish species.



2. Stream ecology

Biologists and anglers who study rivers are wellagvthat aquatic species are likely to be found in
association with specific habitats, and many aqusgiecies are found in similar hydraulic conditiams
wide range of rivers. These have been termed hahithes, and include both physical and biotic
characteristics of the environment (Odum 1971). ileitat niche concept is essentially the sameabgét
suitability. These concepts have been widely afglieboth terrestrial and aquatic biological stedi@ith

the understanding that the presence of suitabliggbditr any species is a hecessary condition diovigal.

Water velocity is probably the most important cleggestic of a stream. Without it, the stream beesra
lake or pond. In gravel bed rivers, an averageoisi®of 0.2-0.3 m/s or higher tends to provide foost
stream life, because velocities lower than this/igi® unsuitable habitat for a number of fish spe¢iwett
& Richardson 1995) and their primary food sourcenthic invertebrates) (Jowett et al. 1991), andvall
deposition of sand and finer materials, as welhasdevelopment of nuisance growths of long filatoas
algae (Biggs & Stokseth 1996). In large rivers,exatepth of more than 0.4 m provides habitat fawor
trout (Hayes & Jowett 1994), but in small strearapttls in excess of 0.05 m are adequate for moistenat
fish (at least for benthic native fish) (Jowett &Rardson 1995).

2.1 Habitat suitability and mesohabitat

Most habitat suitability criteria describe the masale habitats in which the organisms are fourithis
contradicts the widely held belief that habitatahility criteria usually define microhabitat. Waimany fish
undoubtedly make use of habitat on a micro scalestmhabitat suitability observations describe
mesohabitats — the characteristics of the areahinhathe organism lives, rather than the microhylica of

its precise location. Riffle-dwelling fish are araenple, where the habitat suitability curves ddésriffle
conditions, rather than microhabitat of the logaiwd an individual organism.

Measurements of habitat use are taken at a fiskatibn and usually the depth and mean column ifgloc
will be similar to those in the general vicinityodk velocities (velocity taken at a fish’s nosd) ff@ore
strictly into the category of microhabitat measueats, but these are not used in traditional habitat
modelling because the hydraulic models (other tBBhmodels) predict mean column velocity. Habitat
suitability criteria for New Zealand native fishggically have been based on measurements in lanes
areas of 2-3 fof ‘homogeneous’ depths and velocities from whikh species have been collected by
electro-fishing (Jowett & Richardson 1990, 1999g&tly these area averaged measurements relatesim- m
habitat rather than microhabitat, especially gitieat the nose or microhabitat velocity for bentpecies is
zero or very near zero.

Flow assessments based on habitat have beensetiéor considering only a target species or atdithi
number of species and ignoring biotic interactifidsidson et al. 2003). However, mesohabitats ame als
generally occupied by other organisms and habitislsility criteria developed from observationsthese
mesohabitats may therefore include biotic intecaasti For example, the habitat use and behaviouaraoly
invertebrate species are considered to be influbhgethe presence of predatory fish, therefore thabi
suitability criteria developed in the presence refdatory fish should implicitly account for thiscawould be
applicable to other situations where predatory @istur. Riffles provide habitat for benthic invdmates and

a number of native fish species and juvenile tiphat feed on benthic invertebrates). Habitat bilitg
criteria that describe the locations in which thesganisms are found also describe what could ireets
‘riffle habitat’. Thus, habitat requirements of aen species can be used as indicators or sur®date
broader meso-habitat values. For example, hahittlslity criteria for common and redfin bulliepexify
optimum depths of 0.11-0.19 m and velocities 080238 m/s. As a rule of thumb, good run habitaucs
where the numerical value of the velocity exceed®! times the numerical value of the depth, so the
common and redfin bully criteria describe habiteittis intermediate between run and riffle.



3. Habitat suitability models

The terms in habitat suitability modelling can benftising because suitability, use, and preferersme h
specific meanings, but are commonly used interobaloly. Even the term habitat can be used to mean a
general area of a river, such as a riffle wherpezigs might reside (‘riffle habitat’), or mightfee to species
locations on a smaller scale (e.g., depths of @IB-m and velocities of 0.28-0.38 m/s are suitabléy
habitat). When we refer to habitat use, we refehéophysical characteristics of locations at wHish were
found, whereas habitat availability describes raofgehysical habitat that occurs in the river. histreport,

we use the term preference for the calculated @oratjo or forage ratio normalised to 1, as desckiin
Section 3.3. We use the term suitability for theeadaility curves that are derived subjectively d@scribed in
Section 3.5.1.

Bovee (1986) described three categories of habitdability criteria. Category | curves were based
expert opinion. Category Il curves were based erfitbquency of habitat use, and Category Ill cuwese
based on preference by adjusting habitat use tutdtavailability as described in Section 3.3tHis report,
the habitat use curves are equivalent to Boveetsd@ay Il curves and the forage ratio/preferenawesiare
equivalent to his Category Il curves.

Habitat suitability criteria are used with hydraulmodels in the assessment of flow requirements.
Conventionally, habitat suitability is based on evadepth, velocity, and substrate, but other véggmbould

be used if required. The values of suitability veefween 0 (unsuitable) and 1 (ideal). The overdthbility

of a point in the stream is the product of the eesipe suitability scores for depth, velocity, asubstrate
(Fig. 3.1). This means that if any of the indivilgaitability scores is zero then the point is utahle for
that habitat use.
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Figure 3.1: Conventional calculation of habitat sitability at a point in a river with a depth of 0.1m,
a velocity of 0.25 m/s and 50% cobble and 50% fingravel substrate.

The total amount of habitat in the reach is sumffoedll points at each flow after multiplying thalbitat
suitability of each point by the area it represettgjive the weighted usable area (WUA).

Habitat suitability criteria and interpretationwéighted usable area (WUA) have been criticisedtiiMaet
al. 1985; Scott & Shirvell 1987; Castleberry et18196; Kondolf et al. 2000; Hudson et al. 2003).rMwdt
& Mesick (1988) summarised the criticisms as foow
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1) when calculating the combined suitability indexrigbles are treated independently and potentially
significant interactions between variables are igdo

2) weighted usable area, which results from the ussudébility criteria, is an index and cannot be
measured directly

3) different estimates of weighted usable area casbbaned by using different methods of combining
the suitability indices

4) weighted usable area combines elements of hahiattidy and habitat quality. A large area of low-
guality habitat can produce the same weighted asagla as a small amount of high-quality habitat.

Multivariate statistical models, such as exponépidynomials (Gore & Judy 1981; Orth & Maughan 398
Jowett & Richardson 1990; Hayes & Jowett 1994),dgatic logistic regression (Thielke 1985; Hayes &
Jowett 1994), and generalised additive models (el&siTibshirani 1990) are alternatives for fittimgbitat
suitability data; they overcome the problem of mgledence and can incorporate interaction terms.

If habitat suitability curves or multivariate modere fitted to abundance or occurrence datanttexithat
is generated from these curves is an index of adnoeor probability of use. Jowett et al. (19919vetd

that the combined suitability index formed by muilfing the suitability indices together was cortethwith

species abundance for benthic invertebrates. Thlexge area of low-quality habitat can supportdhme
number of fish as as a small area of high-qualtlyitat with the same weighted usable area, assutiatg
the fish populations are at stocking capacity amtd-@stricted by territorial considerations.

Jowett & Davey (2007) compared habitat suitabiilyves and GAMs and found that, despite the thieatet
advantages of GAMs, both methods gave similar tegulmost situations.

In this report, we develop habitat suitability cesvand GAMs for most common native fish speciddew
Zealand rivers.

3.1 Collection of habitat suitability data

The locations of aquatic species can be found bgtret fishing for small benthic fish, bank and g
observation, and high resolution sonar (DIDSON)l&rge fish day or night, or spotlighting for noctal
habitat use. For example, habitat preference aatadtive fish (Jowett & Richardson 1995) were base
electro-fishing measurements of fish densities iwifmall habitat units, unlike adult trout habifeiayes &
Jowett 1994) and inanga (Jowett 2002) measuremehtxe the characteristics of individual fish feggi
locations identified by bank observation were meaduMcCullough (1998) used spotlighting to locate
night feeding positions of banded kokopu.

The sampling methods and strategy used to obtaia @& habitat suitability studies need careful
consideration. The method of sampling should nstudb the fish to the extend that they move outhef
sampling area, the selection of sampling sites lshbe unbiased, and a large range of habitats dhmail
sampled. For example, if the habitat preferencea tidh species are known or suspected, there may b
tendency to sample only those habitats likely totaim those fish. If sampling is biased towardd fis
locations, there will be relatively little variation number of fish found over the range of habitgmpled.

Ideally, a sampling programme is designed to saraplde range of habitats with near equal effolte T
preference calculation is an attempt to counteitiiabvailability bias caused by the full rangehaibitats
not being equally prevalent, or not being sampleith vequal effort — but it can itself introduce
bias/distortion, especially in regions of low freqgies in either the habitat use or availabilitstritbutions
(e.g., commonly at the tails of the distributions).

No adjustment for availability is necessary for meaments of density (abundance per unit areapusedt

is assumed that fish/insects etc. will be most comwhere the habitat is best. If a range of habiist
sampled, the average density per sample in eaevaitrange is a measure of habitat suitability.
Standardisation of density data may be necessé#ngyfare collected at different times or in diffet rivers.
Standardisation converts actual abundance to velaténsity in each river, or group. One alternataed
possibly better, approach is to develop preferencees for each river and then average those cewéisat
equal weight is given to each river, irrespecti/density.
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As with habitat use data, availability data shdagdcollected in all habitats available in the rigad must be
collected without bias. Available habitat data ¢enanalysed as counts to determine the frequenity wi
which a habitat variable occurred within the riviestream habitat survey data can be used to dstithea
habitat available in the river. Measurements ofitaatare weighted by the area represented by eath d
measurement to determine the frequency distribuif@vailable habitat.

It is very difficult to determine habitat suitabyliwithout bias, because study rivers invariablpvide a
limited range of depth/velocity/substrate combioiasi and there may be a tendency for the sampler to
introduce bias by concentrating on locations whbkeelikelihood of catching fish is greatest. Datavehere

the fish are not present is just as important s da fish presence. In addition, factors othen tphysical
habitat alone may influence fish behaviour and dbuane, for example:

» food

* predation risk

e competition

» physiological and hunger state
» temperature

* light/time of day

e turbidity.

Of these factors, predation risk, time of day, &amthidity are probably related for many New Zealdisti
species, with fish in cover when subject to premtatisk during the day in clear water and feedirgmwthat
risk lessens.

Biotic interactions that affect habitat use, sushcampetition for space or reaction to predatian be
modelled and applied by the use of appropriateability criteria, but first the existence of andrdction
needs to be established. Most habitat suitabikittg cire collected from rivers that contain a nundédish
species with varying relative abundances, so ti®irtfluence of any common intra-specific interaics on
habitat use is included implicitly. Bonnett & Mctrgh (2004) found that juvenile trout had no effent
habitat selection by inanga, whereas Baker et2803) found that flathead galaxias were found nyaiiml
riffles when trout were present, but used a wideige of habitats where trout were absent. Althaaghe
studies have shown small changes in galaxiid habgea in the presence of trout (see review in Mcalbw
2006), the preferred habitats of most native fisbctes in areas, such as Northland, where theraarer
very few trout, are similar to those in streamgifer south where there are trout present (Richardso
Jowett 1998).

3.2 Day and night habitat use

A common criticism of habitat suitability criteria that diel variation in habitat selection is fueqtly
ignored, despite repeated recommendations thatimadthabitat use also be considered (Orth 19&ahia

et al. 2000; Johnson & Covich 2000). Most studies anly daytime observations because they arereasie
and more convenient to collect, or because ofteourees are insufficient to collect both daytimd aight-
time data. This approach assumes that habitatteeids constant over the diel cycle, but many Hveater
fishes have distinct diurnal, crepuscular, or nowlpatterns of activity (Glova et al. 1987; Hedim1993;
Reebs 2002) and may switch between distinct siajter resting and foraging behaviours on a dadlgi®
(Fraser et al. 1993; Thurow 1997; Bradford & HiggRD01). If fish select different daytime and nighte
microhabitats, then the total amount of useableithialand the relationship between habitat area and
discharge may also differ between day and nigherdfore, using habitat suitability criteria basetkly on
daytime observations of microhabitat selection rfeiy to identify which type of habitat is potential
limiting and either over- or under-estimate optimand minimum flow requirements.

Day and night habitat use data were collectedérfaipara River in January and March 2005. In (G@d

x 3 nt sites were electric fished during the day, and 6ibdilar-sized sites were electric fished at night.
Within each site, all the fish caught were idegtifi counted, measured and returned. Mean depth and
velocity were calculated from three measures widtgioh site.

11



Native fish habitat-use at night was compared Wiébhitat use during the day. Sufficient data weralakle

for eight species (Table 3.2.1). With the exceptibtarge shortfin eels (> 300 mm in length), i tspecies
used lower or similar velocity and similar depthtevaat night compared to daytime use. There wete no
enough longfin eels caught to separate large amdl §ish, but we expect large longfin eels wouldigx a
similar change in use as large shortfin eels. Bezaoost fish tended to use higher velocity wateinduthe
day, habitat suitability curves produced from dagtimeasurements will lead to a higher assessméiatof
requirements for these species. However for laggg, night time habitat suitability criteria woulé more
conservative.

David (2003) studied habitat use by 16 giant kokmptwo streams in the Taieri catchment, and fotlrad

the fish were concealed in cover during the dayyingpout to open water at night. During winter, rgia
kokopu used low velocities (maximum velocity 0.08)nsilt substrates and moderate depths (0.2-9.6 m
both day and night. On summer nights, fish movethfcover to velocities of up to 0.17 m/s. McDowvell

al. (1996) collected daytime habitat information $bortjaw kokopu, but noted that they utilised Bipaols

for foraging at night. Banded kokopu exhibit simitgurnal habits (McCullough 1998), and the datedufor
developing the banded kokopu habitat suitabilityvea presented in this report were derived fromhnig
observations.

Table 3.2.1:  Comparison of average day (394 sites)d night (612 sites) velocity and depth values
for fish species collected in the Waipara River, Jauary and March 2005; standard
deviation shown in brackets. Average values were vighted by the number of fish (N)
caught at each site

Species Time Velocity (m/s) Depth (m) N
Bluegill bully Day 0.53 (0.21) 0.17 (0.03) 1295
Night 0.52 (0.29) 0.18 (0.04) 3119
Torrentfish Day 0.76 (0.25) 0.17 (0.03) 219
Night 0.61 (0.24) 0.17 (0.06 635
Upland bully Day 0.36 (0.14) 0.13 (0.04) 859
Night 0.29 (0.28) 0.14 (0.04) 2864
Common bully Day 0.41 (0.24) 0.16 (0.06) 62
Night 0.16 (0.20) 0.16 (0.05) 152
Canterbury galaxias Day 0.22 (0.16) 0.11 (0.03) 87
Night 0.17 (0.23) 0.14 (0.02) 166
Longfin eel Day 0.25 (0.17) 0.41 (0.22) 14
Night 0.15 (0.15) 0.25 (0.25) 76
Shortfin eel (<300 mm length) Day 0.26 (0.20) 0.25 (0.27) 45
Night 0.18 (0.16) 0.16 (0.05) 224
Shortfin eel (>300 mm length) Day 0.17 (0.19) 0.60 (0.20) 69
Night 0.33 (0.27) 0.22 (0.20) 223

3.3 Calculation of habitat suitability

In conventional habitat analyses, suitability ciéeare derived independently for water depth, ¢i&p and
substrate composition. The data can take two fd¢iymtee number or density of fish in small areasgked
over a wide range of habitats or (ii) observatiafisfish locations accompanied by measurements of
available habitat. Both of these methods requia¢ flabitat use and availability be sampled througleach

of the study areas (sampling protocol C; Bovee |etl@98). A common mistake is to sample habitat
availability independently of use. Any measurenwrtiabitat availability must include all availaliiabitats
that were sampled for use (since these were aldoopdhe total set of available habitat locatiofrem
which the fish selected its location). If randommgéing were used, the sampling effort required dor
adequate sample would be prohibitive. For examipliarge fish are only found in the deepest partaof
reach, random sampling of depths may not incluéediepest part of the river, and this would make an
calculation of preference impossible.

The most familiar index of selection (or preferened least with respect to habitat suitabilitytenia, is the
forage ratio. The forage ratio is the proportionuséd habitat units of a category (for examplegaitks
between 0.20 and 0.25 m/s) divided by the propomibhabitat units of that category available ia tihole
sample:

12
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wherew; is the forage ratio for thé" of n habitat categoriesy is thenumber of fish in each habitat
categoryi, Xy is the total number of fish over all habitat catégs, & is the number of samples from
categonyi andXa is the total number of samples (Manly et al. 1993)

This formulation simply says the forage ratio isgwrtional to the number of fish in a habitat catggbin)
divided by the number of samples in that habité¢gary, or the average density of fish found in lilaeitat
category. The forage ratio measures the strengtklettion for a particular habitat category. Aueabfw =

1 indicates neutral selection; habitats with< 1 are used less commonly than expected by chande
habitats withw >1 are used more commonly than expected by chaséhis discrete formulation of the
forage ratio depends on the ‘width’ of the habdategories and rarely forms a smooth function,inaous
forage ratio functions are often derived for veipcidepth and the substrate indessing kernel smoothed
frequency distributions of abundance and habitailawility in each river (Hayes and Jowett 1994wét
2002).

Suitability indices i) are derived from the forage ratios by dividing forage ratio by its maximum value,
so that the suitability index has values of betw@emd 1. An average suitability function for allers can
be derived by arithmetically averaging the suiiabflinctions of all rivers.

Once habitat suitability curves have been derigedHe independent variables, independent suitaliildex
scores for depths{y), velocity 6i,) and substratesg) can be calculated for a given point in the halsitavey
reach and then multiplied together to form the camiyn used composite habitat suitability indeéxS()
(Jowett et al. 1991; Bovee et al. 1998):

HSI = si, xsi, xsi,

Other formulations, such as a geometric mean, @ssilple but multiplying the indices together is thest
commonly used method, and has a certain logic Isecduabitat suitability is zero if any one of its
components is zero.

In terms of Bovee's (1986) categories of habitaitaility criteria, frequency of habitat use curves
T
Wi = —/E.:ziu:

Ty t iy
e “en
/E:::l i are category Il curves and preference curves /E:::l &z are category Il curves.

The adjustment of habitat use for habitat availghfl.e., calculation of forage ratio) is usuathe preferred
method of calculating habitat preference, wherdéta consist of observations of habitat use imglairiver
and where the range of available habitats may beicted or at least biased. However, the calcutatf
preference is subject to uncertainty when samplessare small. The division of a small number bygeen
smaller number can give a spuriously high prefezetic Figure 3.3.1, the secondary peak in preferred
velocity (0.5 m/s) is spurious and is a resultoet bvailability at velocities greater than 0.5 m/s.

! The substrate index is based on the percentagesabstrate categories (R bedrock; B boulder; ®leolG gravel; F
fine gravel; S sand; M mud/silt; V vegetation/woadibris). The substrate index = 0.08R + 0.07B 60.¢ 0.05G +
0.04F + 0.03S + 0.02M + 0.01V. This gives an intleat is similar to the logarithmic phi scale of strate size. See
Section 4.1 for more detail on substrate size abdtsate index.
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Figure 3.3.1: Derivation of velocity preference cwes for juvenile rainbow trout from comparison of
the locations used by fish (left) and available hatat (left) to derive preference (right).
Note how the occurrence of a few fish at higher wvetities is exaggerated by the
preference calculation.

The calculation of preference can sometimes inditiaat the ‘preferred’ habitat of a fish specievasy
different from the habitat that most were usingt Ewample, if the sampling effort is focused onchatg
fish, there will be very little difference betweéme habitat that was sampled (available) and thetdta
where fish were found (use). This will show that frsh have no particular habitat preference. HaweW
most fish were found at a depth of 0.2 m and acigi@f 0.3 m/s, the conclusion that they don’t @any
“preference” seems inconsistent with the locatiomgere most fish were found. If the use criteria aver
applied to an instream habitat analysis, the amsalysuld indicate that a flow that maximised theaaof
river with depths and velocities of 0.2 m and 0/3 mas optimal. In other words, the flow assessmentd
aim to maintain habitat similar to that in whictetfish were found. If the preference criteria wesed, the
analysis would indicate that the area of suitalaleitat increased as the water surface area incteasd it
would be difficult to define a flow that was apprigpe for that fish species.

Thus, in the development of habitat suitabilityvas, it is important to consider the habitat thatfish were
actually using as well as the apparent preferdheglarge number of fish have been collected vagety of
habitats, the habitats in which they have beendawifi be a strong indicator of the conditions im\ger that
will support that fish species.

3.4 Generalised additive models

Generalised additive models or GAMs offer a flegibbproach to the development of multivariate nedel
that can be used with hydraulic models to preditative abundance or probability of use. GAMs (lita&t
Tibshirani 1990) have been used in studies of s&iet ecology to predict the distribution of veagin
types (Leathwick & Rogers 1996; Leathwick & Aus#iB01). GAMs combine nonparametric regression and
smoothing techniques. Nonparametric regressiorxesléghe usual assumption of linearity and revdads t
shape of the relationship between the independmridbles and the dependent variable. Thus, GAMs are
well suited to situations where there are multipigependent variables whose effects need to be lledde
non-linearly, and where the dependent variableoisnormally distributed. These models can be agplie
within an instream habitat hydraulic model to poediow probability of occurrence changes with flamw,

the same way that habitat suitability criteria ased with a hydraulic model to predict how WUA ches
with flow. The models permit the response probsgbifiistribution to be any member of the exponential
family of distributions, but those that are mo&ely to be applied to instream flow assessmentsnare
parametric logistic models, using presence/abselate, and non-parametric log-linear Poisson models,
using abundance data.

A GAM based on depthd], velocity (), and substrates) can take the form:
prediction= constant+ f(d) + f(v) + f(s) + f(sv) + f(sd) + f(dv)
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where each function (e.df(d)) has a linear and non-linear component fittedchpic splines, and the
prediction is transformed into abundance using \&erse logarithmic transform, or to probability of
occurrence using a reverse logistic transform. dégrees of freedom are constrained to give a smbath
flexible, curve. Bovee et al. (1998) noted thatitslselection by fish often appears to have thokesh such
as cases where a fish species uses a wide rangptbf once the depth has exceeded a threshaldasiing
the degrees of freedom allows the function to adoghape that reflects these thresholds. Paranueterse
excluded where coefficients are not statisticaliygicant.

Conventional habitat suitability models assign #asility of 1 to a point where the habitat valuase
considered optimum. Thus, when habitat suitabilajues are multiplied by the area they represert,aae
summed, the resulting number is termed the weighsadble area or area of suitable habitat. Howewr w
logistic GAMSs, the probability of occurrence is@ahted at each point and is then multiplied bydhea it
represents, before it is summed over the reacndst cases, the probability of occurrence predibied
logistic model will be considerably less than 1 &hds the equivalent of “weighted usable area” is a
weighted probability of occurrence.

In this study, the probability of occurreng® ¢f each native fish species was modelled usi@G\&1 with a
binomial error distribution and a logistic link fetion. Water velocity\), depth () and the substrate index
(s) were included as continuous predictors, plusrestzmt ¢):

In [p/(1 —p)] = ¢ +(v) +f(d) +1(s)

As discussed above, habitat selection by fish oétppears to have thresholds; for example, many fish
species will use a wide range of depths once tpéhdeas exceeded some critical minimum value (B@tee
al. 1998). Consequently, we used between 2 andj#eds of freedom to allow the function to adophape
that reflected these potential thresholds, whilgting the tendency for curves to become too cormplad
unrealistic.

Percent classification success was used as a reeafstire ability of the habitat variables to acdofion fish
presence/absence. We also plotted contours of GAddigtions on velocity-depth axes, holding substrat
constant. These contour plots allowed us to evaltrs biological realism of the model predictiorydnd

the boundaries of the observed data and to exavheéher the model predictions conformed to expextat
based on hydraulic principles. For example, we etqae unimodal rather than bimodal surfaces, and
expected probability of use to be low at high vities and depths. We also compared the GAM contour
plots with contours fitted by LOESS (defined beloand if necessary introduced an interaction term to
improve the fit.

LOESS is a nonparametric method for estimatinge®gjon surfaces pioneered by Cleveland et al. {1988
Cleveland & Grosse (1991), and Cleveland et al92)9The LOESS procedure allows great flexibility
because no assumptions about the parametric foriiheofregression surface are needed. The LOESS
procedure can be used in situations where the mdrianfiorm of the regression surface is unknowrd &n
suitable when there are outliers in the data amdbast fitting method is necessary.

3.5 Method used to derive habitat suitability curves

Habitat suitability curves, as used in flow asses#s) are often made subjectively after considebioiip
habitat use and average fish abundance, givinghegght to parts of the curve where the preferesdmsed
on a small number of samples (e.g., the low samghequency at velocities above 0.5 m/s in Fig.13.2
For example, a range of optimum velocities mighspecified rather than the single optimum velotitgt
results from the numerical calculation. The sultgbicurves developed in this report define a ramje
optimum habitat values (i.e. suitability = 1), alwas unsuitable habitat (suitability = 0). A tyal
modification might assign a habitat suitability walof 1 to preference values of greater than h8rf'is no
analytical reason for this simplification, but ibes seem reasonable that a range of values (elgcities)
can provide optimum conditions.

In this study, we developed habitat suitabilityvas for each species using a consistent set okguoes
available in the HABPRF program developed by lawetd The procedures examined habitat use and
preference in a number of different ways in ordemike the best possible subjective assessmeratabh
suitability. The procedures were:
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» tabulating the range of depths, velocities, andsigates that were sampled and the average depth,
velocity and substrate in which each species waisdo

» calculating forage ratios for depth, velocity, autbstrate index using all data

» calculating forage ratios for depth, velocity, aubstrate index for each river in which the species
was found, and then averaging these relationships

» plotting contours of fish density with depth andoegty using LOESS

» developing a logistic GAM using depth, velocity,dasubstrate index as predictors and plotting
contours of probability of use with depth and vélpc

» comparing the GAM and LOESS contours to determihether it was necessary to introduce a
depth/velocity interaction term

» normalising the forage ratio relationships to a imaxn value of 1 and using these to develop
preliminary suitability curves, assuming that valggeater than 0.8 represented ideal habitat

» developing final habitat suitability curves, takiimgo account the shape of the GAM functions,
habitat use curves, the inability for the smootlcedves to adequately describe suitability at the
extremes (e.g., the suitability of zero depth), anldstrate stability with high water velocity.

The following example of calculating depth suitépilfor shortfin eels < 300 mm is used to expldie t
analysis in more detail.

A total of 2192 locations were sampled in 58 riviiat contained shortfin eels. The data used iratfadysis
were the depth, number of eels, and the name afitbewhere the sample was collected, at eachimta
The average depth at which eels were found wasrf, 2ihd they were found at depths ranging from é04
to 1.2 m. The depths of the sampling locations wesed as the measures of habitat availability, taed
depths in which each eels were found were the messd habitat use. Figure 3.5.1 shows the histognad
kernel smoothed frequency distributions fittedhe tise measurements. In this figure, the numbeelsfin
each 0.1 m depth range is shown as the histograng alith the kernel smoothed frequency distribution
The sum of the count over all depth ranges is 4%08h is the total number of eels when each sanvpke
adjusted to a 10 fisampling area.

Shortfin eel (<300 mm) depth use
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Figure 3.5.1: Analysis of depth use by shortfin é&< 300 mm
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The graph for depth availability (Fig. 3.5.2) isndar to the graph for depth use (Fig. 3.5.1), that sum of
the counts over all depth ranges is 2192, the mtalber of locations sampled.

Shortfin eel <300 mm depth availability
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Figure 3.5.2: Analysis of depth availability by sbrtfin eels < 300 mm

The forage ratio or preference was then calculasedhe proportion of use divided by the proportidn
availability for each ordinate or bin. Figure 3.5[®ws the results of dividing use by availabildy both the
histogram data and the kernel smoothed data. Fonggbe, in the depth range 0-0.1 m, there were @l6 e
(from Fig. 3.5.1) in 280 locations (Fig. 3.5.2).€Ttotal number of locations sampled was 2192 aeddtal
number of eels was 4703, and the forage ratio 16/4703)/(280/2192) or 1.19, as shown in Fig.3.5.
Because the frequency distributions of use andabiliiy are similar, there is relatively little xation in
preference (solid black line in figure) except e tdata range 1.1-1.2 m, where there were 2 losatio
sampled and 17 eels found, to give a forage r&t&%
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Shortfin eel (<300 mm) depth preference
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Figure 3.5.3: Analysis of depth preference by shdin eels < 300 mm

It is possible to derive relationships between gnexfce and depth for every individual river coritagn
shortfin eels, and then to average those relatippshiowever, to ensure that the average relatipnshs

not biased by rivers with insufficient data, prefere/depth relationships were not developed fawiithaal
rivers where the number of eels in that river wessIthan 5, and the relationship was developed fonly
depths that occur in more than 10% of the riverg.35.4 shows the comparison between the
preference/depth relationship derived using alhdatd the group average relationship derived byagusg

the preference/depth relationships for each ridgraveraging and including only data in depth ranigeind

in more than 10% of rivers (i.e., excluding demhges where there are few data), the apparentseia
preference at depths greater than 0.8 m was remawedthe averaged relationship shows a higher
preference for shallow water than the relationst@pved from all data.

Shortfin eel (<300 mm) depth preference
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Figure 3.5.4: Forage ratio/depth relationship denred using all data (thin line) and the group averag
relationship derived by averaging the forage ratiadepth relationships in each river
(thick line).
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The analysis of habitat suitability can then beiedrout in a similar way for velocity and substrawith the
kernel smoothed frequency of availability, use, @ne preference curves derived from all data and by
averaging preference relationships for each indafidiver shown on one graph.

Interaction between depth and velocity was examimeglotting the depth and velocity measurements on
graph and fitting contours of eel densities usi@ESS (Fig. 3.5.5). Fig. 3.5.5 shows the contoutsdito
eel numbers and confirms the habitat suitabilitglgsis in that eel numbers decline with depth agldaity.

1.2 o

Depth (m)

2.0

Velocity (m/s)

Figure 3.5.5: Depth and velocity at all samplingdcations, with LOESS contours fitted to shortfin ek
densities. Locations containing eels are shown shexd

It is also possible to develop a generalised addithodel (GAM) with a binomial error distributiomé a
logistic link function. GAMs produce curves for dagariable, rather like the preference curves irrano
conventional forage ratio habitat analyses (Figd3.&nd so can be compared visually.

The data used in this study is a mixture of fishratance in sampling lanes of uniform depth andailo
(Jowett & Richardson 1995) and fish numbers in &8 nf sampling patches. The latter samples usually
contain low numbers of fish and are more like pmeséabsence data than abundance data. All data were
standardised to a standard sampling area ¢ @mnavoid overweighting cases where data had bekected
over areas larger than 2—3.r&ither a binomial or Poisson model could be ditte these data and both were
investigated. In the binomial analysis each fisls waated as being present or absent. If the gtdisdd fish
data lay between 0 and 1, the presence of 1 fishagsaumed, otherwise ceiling of the number (i.e. th
number rounded up). The binomial model gave vahfebetween 1 and O whereas the Poisson model
predicted fish densities that were often very smaith magnitudes varying from species to specldse
logistic model was used for the analysis becaugeeitlicts probability of use and this value is easd
interpret than abundance and is consistent withremtional use on instream habitat analysis.

Figure 3.5.6A (p 22) shows the logistic GAM functsofor depth, velocity and substrate. The left ayes
the function values that are used in the logistAMSequation shown in Section 3.4. The logistic GAM
predicts probability of use, and these functiormasthat the probability of use declines with deftht then
begins to increase when the depth exceeds about th& similar way to the forage ratio for all @at Fig.
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3.5.4. This is caused by there being only a fewagueements in deep water and a high probabilitysefas
shown in Fig 3.5.3, and can be avoided by excludatg with depths greater than 0.9 m (Fig. 3.5.6B).

It is possible to include an interaction term. T&&M can be used to predict values on a depth/visiarid

to produce contours of predicted probability of (5. 3.5.7). This contour diagram can be compavita
the more flexible LOESS model (even though the LOESdel shows contours of fish density, while the
GAM shows contours of probability of use) to seecthier it is necessary to introduce an interacomtto
improve the fit of the model.

In this case, when the depth-velocity interactiemmt was included, it was not significant, as intiédaby the
statistical tests (results not shown) and the anityl in the LOESS and GAM contour plots (Figs 8.8
3.5.7, respectively).

The GAM can also be used to predict the probabdityuse at each location and a comparison of these
predictions with actual observations gives a maasfithe goodness of fit. In this model, the slw@AM
correctly predicted that eels would be presentli#h df cases, using a probability of use cut few#l0.7

(i.e., if the predicted probability of use was 4 @els were assumed to be absent and if >= Os7wesk
present). This analysis used all data to develop&#hat were the best fit to the data. This wassictered
adequate for comparison with conventional habit#ability curves, which were also based on allilade
data. Techniques, such as split-samples or jadkafgnicould be used to evaluate the predictive povfehe
models, but this was not considered a necessaryrsthe development of habitat suitability.

2 This cut level is the probability of use that givile greatest measure of agreement as calculpt€dlten’s kappa
(Landis & Koch 1977).
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Figure 3.5.6: Generalised additive logistic modebf shortfin eel probability of use using depth,
velocity and substrate index with all depths (A) ad excluding depths > 0.9 m (B). 95%
confidence intervals are shown in grey.
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Figure 3.5.7: Contour plot of GAM of probability of use (excluding depths > 0.9 m) using depth and
velocity for a substrate index of 5 on left and ploshowing locations sampled on right
with points filled if shortfin eels were present.

Finally, the forage ratio curves, such as thosd-im 3.5.4, were subjectively converted into habita
suitability curves with ordinates varying betweear@l 1. The forage ratio curves were normalisethab
the curve based on all data and the curve basedermaging individual curves from all rivers botlotplvith

a maximum ordinate of 1, as in Fig.3.5.8. This waed to define a range of optimum habitat (e.gy, an
habitat with a suitability index > 0.8 and a rarajeunsuitable habitat (e.g., habitat with a sultgbindex

< 0.2), as shown on the left of Fig. 3.5.8, witk fmal suitability curve shown on the right. Theedge ratio
(preferred) curve (left of Fig. 3.5.8) was also pamed with the curve of habitat use (centre Fi§.8}. In
this case, the forage ratio depth curve is venjlainto the depths used by small shortfin eels waad
consistent with the GAM curve for depth (Fig. 3)5which shows a near linear reduction in probgbif
use as depth increases.
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Figure 3.5.8: Left: normalised forage ratio/depthrelationship derived using all data (thin line), tre
group average relationship derived by averaging théorage ratio/depth relationships in
each river (intermediate line) and selection of stability curve (thick line); centre:
frequency of use curve; right: habitat suitability curve after comparison of forage ratio
and use curves.

22



3.5.1 Development of final habitat suitability curves

In defining the final suitability curve, we consid@ suitability values at the extremes, (ii) coang forage
ratio curves with the LOESS contours and GAM curaes (iii) check whether the habitat preferences
(forage ratio curves) are consistent with the lzbitat is used by the species.

Most importantly, the habitat suitability curves shibe hydraulically and physically plausible. Veligs
that are classed as suitable should not be sodsigh cause movement of the stream substrate c@hibe
checked by comparing the average substrate sizehysthe species with the velocity required fotiation

of movement, calculated using Shields’ relationsfgptical dimensionless shear stress is 0.056) and
Manning's equation (Henderson 1966), with the aggion that Manning’s N varies according to substrat
size as shown in Fig. 3.5.9.

Critical shear stress = 0.056pg(1 —sg)D = pgﬁ.ﬁ

R3S

i

12 | bk

=

1

Re - -
Critical velocity = 5 /0.056(1 — sg)D

Wherev = velocity (m/s), D substrate size (m)z density of water, g = acceleration due to gyemits, S =
slope, R = hydraulic radius (m), N = Manning’'s9¢,= specific gravity of substrate (assumed to b&)2.6

Critical velocities were predicted for the averaigpth and average substrate size in which a gign f
species was found usually represented the uppétr dimthe velocities in which they had been found,
although preference calculation could indicate thay “preferred” velocities that were high enodgmove
the substrate. The critical velocity for the latgasbstrate size (boulder) in a depth of 0.25 mbisut 1.65
m/s. It would therefore be unreasonable for a hakititability curve to indicate that velocitiesarcess of
1.6 m/s are suitable habitat in shallow water. Evedeep water, the preferred velocity for largmbbaw
trout was < 1 m/s (Jowett & Davey 2007). Fish canpbesent at locations where the critical velobity
average substrate size is exceeded, simply bethesibstrate size at that location is larger tnasrage
and this often happens because the substrate auegdh However, river flows, depths, and velocites
often higher than the average measured duringsfisteys. The assumptions of average hydraulic tondi
and average substrate size tend to counter eaeh titharger substrate were assumed, the critielcity
would be higher and if higher flows were assumeddiitical velocity would be lower. The upper ltrnfor
velocity was selected after considering the ctiticdocity for average conditions and the highesbgities
in which fish were found.
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Figure 3.5.9: Relationship between average substetsize and Manning’s N calculated from “100
rivers” data (Jowett 1990).
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Values at the lower extreme of the suitability @urare also considered because the data smoothing
techniques do not allow very sharp changes suamigst occur when water depth reduces to zero. For
example, the smoothed curves might indicate tlulipdh of zero provided ideal habitat, whereas thezeno
measurements in zero depth and the species camoteswithout water. Field observations have iaticl

that there are usually few fish in depths less @ m and few measurements of habitat suitabilitye
been taken at this depth. Similarly, there may HBas reductions in suitability at low velocitieshiah are

not apparent in the smoothed curves but are evidleen the low velocity data are examined in morite
Occasional fish will always be found outside of thermal’ conditions of habitat use and this does n
invalidate habitat suitability curves, which ardeimded to describe preferred conditions. This b&som
especially problematical when there are few locetisurveyed at the data extremes, and these losatio
were occupied by fish. The question is then “dotale notice of these few measurements or do we take
more notice of where most fish live?”. Unless th&esupporting evidence for the preferences at data
extremes (e.g., smelt observed in deep water ardkerate velocities not sampled by electric fishingg,
place most emphasis on where most of the fishiang!

If the forage ratio curves based on river averagbon all data do not agree as closely as inhbefm eel
example given above, the shape of the LOESS caontand GAM curves are used for guidance. In
particular, the shapes of the GAM curves are used guide to the development of the final habitat
suitability curve because these curves take albbbas into account. For example, low numbers sih fi
might be observed in pools where velocities are &wd depths high. Conventional univariate habitat
suitability analysis would assign low suitability both deep water and low velocity, when in fae fish
might be avoiding that habitat because of the l@oaity, rather than depth. Because the GAMs camsid
depth, velocity, and substrate together, they diowafor associations between habitat variables. (i.
colinearity).

When habitat suitability curves are used in a flassessment, they should not predict that optimum
conditions for the species occurs at flows thatranetypical of those in the streams and rivers rettbat
species lives. For example, a species may onlybedfin small streams but the habitat preferenedysis
indicates that it has no apparent depth prefereacdsa preference for moderate velocity. In thigagion,
instream habitat analyses would indicate that |atggams and rivers provide the best habitat contoathe
stream types and habitats actually used by theiespethis problem occurs because the apparentababit
preference differs from the habitat that the speaetually uses (i.e., the habitat use curve).egfices
between ‘preferred’ habitat and actual habitat aise probably caused by sampling bias, where |latstio
containing fish have been targeted and/or therénatdficient data points over the range of habitated for
the derivation of habitat preference. Averagingignence curves over a number of rivers often remake
influence of small samples, although it does blas ¢urves towards the type of river most commonly
sampled. If a large variety of habitats have beenpded, the habitats in which a fish species has fieund
will be a strong indicator of the conditions iniaer that will support that fish species.
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4. Habitat requirements for common New Zealand fish

4.1 Data used for analysis of habitat suitability

Data from four sources were combined to develophtitstat suitability curves. These were mainly dagt
single-pass electric fishing surveys performed BN and Department of Conservation staff in wadeabl
rivers and streams. Data included are listed below.

1. Data from 3166 sites in 56 rivers collected spealfy for developing habitat suitability curves.
Areas 2-3 rhin size were fished in a variety of habitats witkiach river. The sampling sites were
selected to cover the range of habitats availabthe river (within limits of electric fishing) tallow
comparison of the available habitat in each rivethwhe habitat actually used by the various
species. Although some of these surveys were desigm target specific species, all fish caught
were identified and counted, and average watetdapd mean water column velocity (at 0.4 of the
depth above the stream bed) were calculated fromedsurements at each sampling location.
Generally average substrate size was calculated ffd measured particles within each sample
location, but for some locations, the average sias calculated from visual assessments of the
substrate composition, arbitrarily assuming théfwing sizes for each substrate category; bedrock
= 1000 mm, boulder = 256 mm, large cobble = 208 wwbple = 160 mm, small cobble = 112 mm,
coarse gravel = 36 mm, fine gravel = 5 mm, sandrmmi, mud/silt = 0.01 mm and vegetation = 25
mm. Substrate index was calculated from estimat¢leopercent substrate composition using the
relationship (Jowett & Richardson 199@): = %Bedrock*0.08 + %Boulder*0.07 + %Cobble*0.06
+ %Gravel*0.05 + %FineGravel*0.04 + %Sand*0.03 + %%0.02 +%Vegetation*0.01Where %
substrate composition was not recorded, the avesabstrate size was converted to the substrate
index using the relationship in Figure 4.1.1.

2. Data from 411 sites in 33 rivers collected as péathe “100 rivers” project (Jowett & Richardson
1995). Depth-stratified lanes (<0.125 m, 0.125250n, 0.25 — 0.5 m and 0.5 — 0.75 m) in two runs
and two riffles were sampled in each river. Therage area sampled was 46, mand all fish caught
were identified and counted. Average water dep#lpaity and substrate index and size were
calculated from in-stream measurements within tphitstratified lanes.

3. Data from 130 sites in 9 rivers in the Waitaki Riwatchment. Discrete habitat types (e.g., run,
riffle, backwater) were electric fished. The averagea sampled was 58,rand all fish caught were
identified and counted. Average water depth andoil were calculated from 10 measures in each
habitat type and the average substrate index amdfim visual assessments using the methods
described above.

4. Data from 549 sites in 4 rivers where only eelsenidentified and counted (Jellyman et al. 2003).
The sites ranged in size from 0.25-15% with depth, velocity, and substrate size beingsueed in
each site. The substrate size was used to calaukibstrate index for each site.

5. Data from 848 sites where banded kokopu (McCullot§B8; 385 in 5 streams), giant kokopu
(Bonnett et al. 2002; 69 in 14 streams) or Otago-adiadromous galaxiids (Baker et al. 2003; 394 in
10 streams) were the dominant species and werédnthyglectric fishing, nets or observed by night
spotting for banded kokopu. McCullough (1998) meeduwlepths and velocity at the fish location,
Baker et al. (2003) measured depth and velocitshén centre of a 1 fnsampling location, and
Bonnett et al. (2002) measured depth and veloditthe point where the fish were first seen or
captured.

6. Data from 80 locations in the Mataura catchment there sampled for lamprey by Jellyman &
Glova (2002).

This gave a total of 5184 locations in 124 rivevgh 4555 locations in 119 rivers where all fishkesjes
were counted. Information on the distribution optie velocity, substrate index and substrate sidgimthe
locations is shown in Table 4.1.1 and Figure 4.B&ause the sampling area varied between datadlets,
fish data were converted to density per 0 m

In addition to these data, we also review inanda ftam Jowett (2002).
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Figure 4.1.1: Relationship between average substeasize and substrate index.

Table 4.1.1:  Statistics for the physical variablemeasured at the locations used for developing
habitat suitability curves. The 80 locations sample for lamprey are not included in the
table because they targeted lamprey habitat.

Variable N Mean (SD) Median Min Max
Depth (m) 5104 | 0.21(0.15) 0.17 <0.01 | 150
Velocity (m/s) 5104 | 0.27 (0.28) 0.18 0.00 2.0
Substrate index 5104 5.3(1.1) 5.4 1 8
Substrate (mm) 5104 83 (80) 58 0.01 360

Data were collected for 30 native and 3 introdufigltl species, with more than 21,000 fish being baig
total (Table 4.1.2). Eels were the most widesprgekcies, found in about 50% of the rivers surveyed.
Upland and bluegill bully were the most abundamicsgs, followed by eels, brown trout and commonybul
all with more than 1200 individuals being caughabifat suitability curves were not developed faangi
bully, black flounder, and shortjaw kokopu becaless than 5 individuals of these species were daugh
Four other species were recorded infrequently (<dr8ividuals) and habitat suitability curves foresie
species should be used cautiously.
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Figure 4.1.2:

Histograms showing the distributionof depth, velocity, and substrate size at locations
used for developing the habitat suitability curves.
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Table 4.1.2:

Data summary for the numbers and avege physical habitat characteristics for fish specgeand life stages. Mean value for the habitat

variables is over all individuals of the species.d&ded kokopu daytime and inanga locations sampledykelectro-fishing are not included in

the table.

No. of rivers Number of Number of

where present locations sampled | locations where Total number Mean | Mean Mean
Species (N=119 where in rivers where present (N=5104 caught depth | velocity | substrate

all fish species species was eels, N = 4635 (m) (m/s) size (mm)
Common name Scientific name counted) present lamprey, N=4555

where all fish
species counted)

Shortfin eel (<300 mm) Anguilla australis 58 2192 675 2137 0.22 0.28 69
Shortfin eel (>300 mm) 4 549 102 181 0.38 0.11 90
Longfin eel (<300 mm) Anguilla dieffenbachii 70 2641 558 1625 0.21 0.40 82
Longfin eel (>300 mm) 4 549 155 389 0.42 0.14 127
Torrentfish Cheimarrichthys fosteri 37 1217 200 784 0.24 0.72 56
Koaro Galaxias brevipinnis 9 832 153 286 0.20 0.64 81
Roundhead galaxias (<50 mm) Galaxias anomalus 5 528 217 2405 0.26 0.03 20
Roundhead galaxias (>50 mm) 5 528 132 358 0.11 0.17 158
Lowland longjaw galaxias (<50 mm) | Galaxias cobitinis 2 469 19 80 0.21 0.06 14
Lowland longjaw galaxias (>50 mm) 1 399 83 109 0.11 0.31 84
Flathead galaxias (<50 mm) Galaxias depressiceps 4 233 11 41 0.18 0.06 175
Flathead galaxias (>50 mm) 4 233 91 160 0.13 0.39 225
Dwarf galaxias Galaxias divergens 8 467 64 159 0.12 0.43 52
Banded kokopu (juvenile) Galaxias fasciatus 5 575 87 87 0.15 0.04 58
Banded kokopu (adult) 5 575 204 204 0.18 0.03 49
Alpine galaxias Galaxias paucispondylus 2 192 14 29 0.12 0.51 64
Shortjaw kokopu Galaxias postvectis 2 34 4 4 0.27 0.18 152
Upland longjaw galaxias Galaxias prognathus 3 154 8 8 0.14 0.51 38
Canterbury galaxias Galaxias vulgaris 13 534 116 575 0.17 0.37 65
Giant kokopu Galaxias argenteus 18 69 39 39 0.53 0.05 24
Inanga Galaxias maculatus 3 129 129 595 0.30 0.05 Not sampled
Lamprey Geotria australis 1 80 63 422 0.26 0.06 1
Crans bully Gobiomorphus basalis 17 799 133 560 0.19 0.18 49
Upland bully Gobiomorphus breviceps 36 1078 523 3688 0.19 0.40 51
Common bully Gobiomorphus cotidianus 31 1400 226 1224 0.21 0.35 45
Giant bully Gobiomorphus gobiodes 1 20 1 1 0.41 0.03 26
Bluegill bully Gobiomorphus hubbsi 15 764 174 3253 0.24 0.68 51
Redfin bully Gobiomorphus huttoni 28 920 197 564 0.21 0.25 87
Smelt Retropinna retropinna 7 255 35 107 0.39 0.25 40
Black flounder Rhombosolea retiaria 2 260 2 2 0.48 0.34 35
Rainbow trout Oncorhynchus mykiss 9 679 82 252 0.21 0.53 53
Chinook salmon Oncorhynchus tshawycha 7 404 45 97 0.21 0.48 48
Brown trout Salmo trutta 45 1248 446 1769 0.20 0.48 68
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4.2 Shortfin eel

Shortfin eels are native to New Zealand, Austraiad other South Pacific islands. They undertake
extensive migrations between their spawning groundke subtropical Pacific to the adult habitat in
rivers, streams, and coastal lakes. Migration &aacspawning habitat occurs only once at the end of
an eel's life, and they spend the vast majorityhefir lives in freshwater habitats. In comparison t
most of New Zealand’s native fish, eels are lorgdi and large in size. They also support valuable
commercial and traditional fisheries.

Although shortfin eels are good climbers, able tygatiate substantial natural and man-made
structures, including facilities installed at hydiectric dams to facilitate their passage, shofits

are found in greatest abundance in low gradienemetys and lakes close to the coast, and are more
common in the North Island than the South IslankisTmight be related to their preference for
relatively warm water (Richardson et al. 1994). i eels are comparatively tolerant of common
pollutants such as ammonia, low dissolved oxygam] t&urbidity (Richardson 1997; Dean &
Richardson 1999; Boubée et al. 1997), and are dftend in open, unshaded waterways in farmed
catchments.

Data for shortfin eels larger than 300 mm in lengtdre available within the 549 sites where only eel
data were collected, and were analysed separatety the remainder of the shortfin data. Small
shortfin eels (<300 mm) were found in a wide ramfedepth, velocity, and substrate conditions,
although they did appear to avoid moderately swéter (>0.8 m/s). The preferences changed with
size, with larger eels preferring deep, slow watgflecting their daytime pool habitat. Large ealiso
exhibited a preference for large substrate, whngy fprobably utilise as protective cover. Subsshnti
cover is an important requirement for larger e¢fss can be provided by large substrate, overlmangi
and instream vegetation, undercut banks, and arstdebris.

The habitat suitability data presented here aredamn day observations. During the night large
shortfin eels are probably found foraging for foodshallower and swifter water, whereas small
shortfin eels seem to be found in shallower andestavater, as indicated in Table 3.2.1.

Table 4.2.1:  Habitat statistics for 2137 shortfireels (<300 mm) present at 675 of 2192
locations in 58 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.04 2.0 0.01
Maximum 1.34 1.20 8.0 256
Average (SD) | 0.28 (0.26) 0.22(0.15) | 5.1(1.2) 69 (66)

Small (< 300 mm) shortfin eels were found predotdlyain relatively shallow, low velocity water
(Table 4.2.1). The preference curves (Fig. 4.2&pth/velocity contours (Fig. 4.2.2), and the GAM
analysis (Figs 4.2.3 & 4.2.4) all showed a genpadiern of preference for low velocity shallow wate
and either very fine or coarse substrate. The itglat which 69 mm substrate just begins to move
(critical velocity) at a depth of 0.22 m is 1.59sm/
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Figure 4.2.3: Generalised additive logistic modedf shortfin eel < 300 mm probability of use
using depth, velocity and substrate index excludingepths > 0.9 m to give 71%
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Figure 4.2.4: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 5 with locations sampled with pats filled if shortfin eels were
present.

When all these 3 sets of analyses (habitat suitghilOESS, and GAM) are compared, they show a
similar trend with suitability declining relativelinearly as depth and velocity increased. The sl
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of substrate preference indicated a preferencgrforel/cobble sized substrate using the river ay&era

but a preference for very fine or very coarse sabstusing all data or the GAM. The group average
curve is more similar to the habitat used by shroekls than the curve derived for all data. In the
analysis with all data, the high preferences fayvae and very coarse substrates are the re$ult o
high numbers in the rivers where those substragtestyarea present and an absence of those substrate
categories in other rivers where gravel/cobble sates predominate. Boulder (index of 7) was the
preferred substrate in 3 rivers, whereas gravebleofindex 5—6) was the preferred substrate inf38 o
the 74 individual rivers used for averaging. Finbsrate (index 2—4) had the highest preferenaggusi

all data and was the preferred substrate in 2%iohail rivers. The suitability curve (Fig. 4.2.5)itp
more reliance on the analysis with all data and3A® than on the river averaged curve.

Shortfin eel < 300mm (Jowett & Richardson 2008)
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Figure 4.2.5: Habitat suitability curves derived fom above analyses (top) compared with the
curves based on data from Jowett & Richardson (199%bottom).
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Table 4.2.2:

Habitat statistics for 181 shortfin els (>300 mm) present at 102 of 549 locations
in 4 rivers during the day.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.06 2 0.1
Maximum 0.75 1.02 8 256
Average (SD) | 0.11 (0.12) 0.38(0.17) | 5.2(1.7) 90 (83)

Large (> 300 mm) shortfin eels were found predoteilyain relatively deep, low velocity water
during the day (Table 4.2.2). The preference cu(i#&s 4.2.6), depth/velocity contours (Fig. 4.2.7)
and the GAM analysis (Figs 4.2.8 & 4.2.9) all shdveegeneral pattern of preference for low velocity
(0-0.3 m/s) water with depths of 0.4 to 0.8 m andlight preference for boulder substrate. The
velocity at which 90 mm substrate (critical velggijust begins to move at a depth of 0.38 m is 1.81
m/s.
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Shortfin eel >300mm (Jowett & Richardson 2008)
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4.3 Longfin eel

Longfin eels are found only in New Zealand, butythave a similar life history to shortfin eels. The
are one of our most widespread fish species, faud@® of the 123 rivers surveyed for this studyd an
penetrate further inland than shortfin eels. Lamgfels are found in a wide variety of habitatspiro
lowland pastoral rivers to headwater tributariebugh streams.

Like the shortfin eels, data for longfin eels larggan 300 mm in length were available within tHd& 5
sites where only eel data were collected. The tensiarge longfin eels was highly skewed by some
dense aggregations (e.g., up to 68 in% timat were found beneath undercut banks. To atiwde
aggregations putting undue weight on habitat pesiegs, the very high eel densities were reducéd to
per 10 m, which was typical of the density associated witlod habitat.

The habitat suitability data presented here aredas day observations and during the night small
longfin eels are probably to be found in shallowed slower water, as indicated in Table 3.2.1.
Although there are no data for large longfin etfisjr night habitat is probably similar to thatlafge
shortfin eels (i.e., shallower and swifter waterthheir day-time habitat).

Table 4.3.1:  Habitat statistics for 1625 longfin de (<300 mm) caught at 558 of 2641 locations

in 70 rivers.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.04 2 0.01
Maximum 1.39 0.80 8 288
Average (SD) | 0.40 (0.20) 0.21 (0.13) | 5.5(0.1) 82 (55)

Small (< 300 mm) longfin eels were found predonehatn relatively shallow water with moderate
velocities (Table 4.3.1). The preference curveg.(Bi3.1), depth/velocity contours (Fig. 4.3.2)dan
the GAM analysis (Figs 4.3.3 & 4.3.4) all showedyeneral pattern of preference for moderate
velocities (0.2-0.6 m/s) and depths of less th8m®Dand a preference for gravel or coarser substrat
The velocity at which 82 mm substrate (criticalogty) just begins to move at a depth of 0.21 m is
1.62 m/s.
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Longfin eel < 300mm (Jowett & Richardson 2008)
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Figure 4.3.5: Habitat suitability curves for longiin eel < 300 mm derived from above analyses
(top) compared with curves based on data from Jowet& Richardson (1995)
(bottom).

Table 4.3.2:  Habitat statistics for 389 longfin esl (>300 mm) present at 155 of 549 locations in
4 rivers during the daytime.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.05 2 0.06
Maximum 0.67 1.02 8 256
Average (SD) | 0.14 (0.12) 0.42 (0.20) | 5.6 (1.7) 127 (99)

Large longfin eels preferred deep (>0.6 m), slowewd< 0.4 m/s) (Fig. 4.3.6), just like the large
shortfin eels. Instream or bank-side cover probafflyences the presence of large longfin eelsy(ver
high densities were found under some undercut Bankisey did not show any strong preference for
substrate, although vegetation, large instreamislebnd boulders would provide suitable cover for
large longfin eels. The velocity at which 127 mnbswate (critical velocity) just begins to moveaat
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depth of 0.42 m is 1.88 m/s. At night, large longéels emerge from their daytime refuges and search

for food. Casual observations suggest that thay ifea very wide variety of habitats.

Figure 4.3.6:

Figure 4.3.7:
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Longfin eel > 300mm (Jowett & Richardson 2008)
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Figure 4.3.10: Habitat suitability curves for londin eel > 300 mm derived from above
analyses (top) compared with curves based on dateofn Jellyman et al. (2003)
(bottom)
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4.4 Torrentfish

Torrentfish are a native diadromous species thefepiswiftly flowing water, and they are generally
found in the centre of riffles and rapids in opdang rivers. Although torrentfish are not good
climbers, they do penetrate long distances inland, are believed to undertake spawning migrations
between upper and lower river sections over theseoof their lifetimes.

Torrentfish are rarely found in small bush streapreferring mainstems and large tributaries with
good access to the sea.

Table 4.4.1:  Habitat statistics for 784 torrentfishpresent at 200 of 1217 locations in 37 rivers.

Velocity (m/s) | Depth (m) | Substrate Index | Substrate size (mm)

Minimum 0.07 0.07 4.0 8.0
Maximum 1.24 0.72 6.7 239.0
Average (SD) | 0.72 (0.27) 0.24 (0.11) [ 5.2 (0.6) 56 (35)

Torrentfish are usually found in water less thah 1. deep and velocities in excess of 0.5 m/s. The
average velocity (0.66 m/s) in which they were fwmas similar to that used by koaro and higher
than any of the other species analysed (Table 4. Tt# preferred velocity of over 1 m/s was almost
double the velocity in which they were normally fau(Fig. 4.4.1). The velocity at which 56 mm
substrate (critical velocity) just begins to movealepth of 0.24 m is 1.55 m/s. A velocity of in&
was taken as the upper limit of habitat suitabgibd all torrentfish were found in velocities loviean

this (Fig. 4.4.2). Torrentfish utilise the substrais cover, and occupied a relatively narrow rafge
substrates; fine substrates, boulders and bedreok awoided by torrentfish.
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Figure 4.4.1: Kernel smoothed frequency of habitaavailability (dashed line), use (dotted line),
and the preference curves derived from all data (d¢id thin line) and by averaging
preference relationships in each river (solid thickine) for torrentfish.
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Figure 4.4.2: LOESS contours fitted to torrentfish densities and depth and velocity at all
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Torrentfish (Jowett & Richardson 2008)
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Figure 4.4.5: Habitat suitability curves derived fom above analyses (top) compared with
curves based on data from Jowett & Richardson (199%bottom)
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4.5 Koaro

Koaro are one of the diadromous galaxiid speciasriake up the whitebait catch. They are probably
the second most abundant species in the catchiaftega, although this varies from river to river
(McDowall 1984). Koaro occur throughout New Zealamdl also in eastern Australia and Tasmania.

Although koaro are diadromous, they are excelléintbers, and are able to negotiate cascades and
waterfalls that species other than eels cannotrdKean also form land-locked populations, using
lakes for the normally sea-going stages of thedifele. In our dataset, koaro were found in 9 ef th
rivers surveyed, but were only comparatively abuhdga two of these, the Onekaka and Ryton. The
Onekaka population is diadromous, whereas the Ritovs into Lake Coleridge, which acts as the
“sea” for this land-locked koaro population.

Rocky, tumbling streams are the preferred habitatoaro, and they are almost always found in
streams with native bush catchments, except foutaries of upland lakes that may be above the
bush-line. Studies here and in Australia found koatro spawned in damp areas along the edges of the
streams they lived in, relying on subsequent flom$nundate the eggs for hatching (Allibone &
Caskey 2000; O’Connor & Koehn 1998). This requiretreould explain their preference for forested
streams, which may provide more humid conditiomgHe incubating eggs than more exposed sites.

Koaro are generally assumed to prefer relativelpdewift habitats, but this might be related to the
presence of other fish (Hayes 1995). Additionalitaabmeasurements were carried out for koaro in
Lake Chalice tributaries, where koaro are the @pgcies present. These measurements showed a
preference for lower velocity water and a much widiepth range than koaro in the Onekaka or Ryton.
However, there was little difference in the predersubstrate. Because most flow assessments are
likely to occur where there is a mixed populatidrfish, we present the habitat suitability curves f
koaro developed from data from the Onekaka andrRyters, where there were sufficient data.

Table 4.5.1:  Habitat statistics for 286 koaro pres# in the Ryton and Onekaka and at 153 of

832 locations in 9 rivers.

Velocity (m/s) Depth (m) Substrate index Substrate (mm)

9 rivers Ryton, 9 rivers Ryton, 9 rivers Ryton, 9rivers | Ryton,

Onekaka Onekaka Onekaka Onekaka

Minimum 0.00 0.00 0.04 0.04 4.3 4.9 16 24
Maximum 1.42 1.42 0.49 0.42 7 6.6 272 247
Average 0.64 (0.30) | 0.70 (0.29) | 0.20(0.08) | 0.21(0.08) | 5.6 (0.4) | 5.7 (0.37) | 81 (31) | 85(31)
(SD)

Koaro were found in velocities and depths that waneilar to those used by torrentfish. Preferred
depths were 0.1-0.4 m in velocities exceeding 0% (fig. 4.5.1). Most (77%) koaro were found in
velocities of 0.4-1 m/s. Under these high veloottynditions, boulders and cobbles are the
predominant substrate type. The velocity at whighn@n substrate (critical velocity) just begins to
move at a depth of 0.20 m is 1.61 m/s. A velocit @ m/s was used as the upper limit of habitat
suitability. The multivariate analyses also showleat there was a tendency for preferred velocity to
increase with depth, at least up to a depth of eb@&um.
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Figure 4.5.1: Kernel smoothed frequency of habitaavailability (dashed line), use (dotted line),
and the preference curves derived from all data (dial thin line) and by averaging
preference relationships in each river (solid thicKine) for koaro.

0.8

Depth (m)

Velocity (m/s)

Figure 4.5.2: LOESS contours fitted to koaro densies and depth and velocity at all sampling
locations. Locations containing koaro are shown slied.

48



9 3
o 4 o 2
5] ]
g 2 \
-1 -7
-6 -12
0.0 0.5 1.0 15 00 02 04 06 038
Velocity (m/s) Depth (m)
15 9
/ —
o 10 o 4
3 o]
g / L /
5 -1
0 -6
2 3 4 5 6 7 8 00 02 04 06 038
Substrate Index DepthxVelocity
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Koaro (Jowett & Richardson 2008)
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Figure 4.5.5: Habitat suitability curves for koaro derived from above analyses (top) compared
with curves based on data from Richardson & Jowet{1995) (bottom).
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4.6 Roundhead galaxias

The roundhead galaxias is a non-diadromous menfbiirecGalaxiidae family that is found only in
Otago, mainly in the Taieri and Clutha catchmeiitsey occupy a diverse range of low gradient
streams, from small weedy drains to braided cobtssams. The roundhead is tolerant of high water
temperatures and low flows, surviving droughts iging in remnant pools that remain in ephemeral
streams. The collection of data is described indB&k al. (2003). Data for aduit50 mm length) and
juvenile roundhead galaxias were analysed sepgrafeivenile roundhead galaxias were often
observed in large schools. The maximum densithe$é schools was limited to 10 fish per 10tn
avoid undue bias on the analysis.

Table 4.6.1:  Habitat statistics for 2405 juvenile<50mm length) roundhead galaxias present
at 217 of 528 locations in 5 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.02 25 2.0
Maximum 1.02 0.86 7.0 300
Average (SD) | 0.03 (0.07) 0.26 (0.14) [ 3.7 (1.3) 20 (36)

Juvenile roundhead galaxias have a strong preferéarclow velocity and moderately deep water,
which is usually found in small backwaters (Fig6.4), although this was not so obvious when data
were averaged over all rivers. The substrate anjie locations was smaller in size than that of

adults. The velocity at which 20 mm substrate i@@itvelocity) just begins to move at a depth &0.
mis 1.15 m/s.
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Figure 4.6.1: Kernel smoothed frequency of habitaavailability (dashed line), use (dotted line),
and the preference curves derived from all data (d¢id thin line) and by averaging
preference relationships in each river (solid thickline) for juvenile roundhead
galaxias.
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Table 4.6.2:  Habitat statistics for 358 adult250 mm length) roundhead galaxias present at

132 of 528 locations in 5 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.00 5.0 20.5
Maximum 1.17 0.86 7.0 300
Average (SD) | 0.17 (0.16) 0.11 (0.10) | 6.0 (0.8) 158 (114)

Adult roundhead galaxias preferred shallow watet Bow to moderate velocities (Fig. 4.6.1), but
tolerated a wide range, with 97.5% of fish foundwvelocities of O to 0.8 m/s. Their substrate
preference was for cobble-sized particles that thtdize for cover. The velocity at which 158 mm
substrate (critical velocity) just begins to movealepth of 0.11 mis 1.51 m/s. Night observatioins
adult roundhead galaxias indicated that they ocebhpysame run habitat day and night (Baker et al.

2003).
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Figure 4.6.7:
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Roundhead galaxias adult (Jowett & Richardson 2008)
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4.7 Lowland longjaw galaxias

The lowland longjaw galaxias was first describedfrspecimens caught in the Kauru River, a
tributary of the Kakanui River in North Otago. Pimusly, these longjaw populations were thought to
be disjunct, lowland populations dbalaxias prognathysthe upland longjaw. However, DNA
sequencing studies at Otago University showedtheaiauru River fish were highly divergent from
the other longjaw galaxias, and this prompted @asl@xamination of the Kauru fish, revealing a
distinct species. Recent surveys have shown tlisffith also occurs in parts of the upper Waitaki
catchment.

Data for adult ¥50 mm in length) and juvenile fish were analysepbsately. Adult fish occur in the
margins of riffles and runs, but in daylight areualdy hidden under rocks and stones up to large
cobble size. They avoided both deep and swift hthit

Juvenile longjaw galaxias, who lack the distingbisotruding jaw that adults develop, are readily
visible from October to January in backwaters adée braids often associated with groundwater up-
wellings. The habitat utilized in these areas by pelagic juveniles is relatively deep, with low

velocity and fine substrate.

Table 4.7.1:  Habitat statistics for 80 juvenile (<6 mm) lowland longjaw galaxias caught at 19
out of 469 locations in 2 rivers.

Velocity (m/s) | Depth (m) Substrate index Substrate size
(mm)
Minimum 0.01 0.06 3.0 2.0
Maximum 0.48 0.32 5.5 90
Average (SD) | 0.06 (0.07) 0.21 (0.05) 4.0 (1.0 14 (18)

Juvenile lowland longjaw galaxias showed a cleafguence for water depths of 0.2-0.3 m (Fig.
4.7.1), which is relatively deep for the size akatns in which they are found. As with most juvenil
galaxiids, preferred water velocities were low (<fM/s) and fine substrate was the dominant substrat
in this pool habitat. The velocity at which 14 muabstrate (critical velocity) just begins to moveaat
depth of 0.21 mis 0.96 m/s and juvenile velocitgferences were less than this.
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Lowland longjaw galaxias juvenile (Jowett & Richardso n 2008)
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Figure 4.7.5: Habitat suitability curves for juverile lowland longjaw galaxias derived from
above analyses.

Table 4.7.2:  Habitat statistics for 109 adult¥50 mm) lowland longjaw galaxias caught at 83
out of 399 locations in the Kauru River.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.01 5.0 20.5
Maximum 0.90 0.33 7.0 300
Average (SD) | 0.31 (0.21) 0.11 (0.06) | 5.5(0.4) 84 (57)

Adult longjaw galaxias preferred shallow water amaderate (0.2-0.5 m/s) velocities (Fig. 4.7.1). The
velocity at which 84 mm substrate (critical velg¥ijust begins to move at a depth of 0.11 mis 1.46
m/s. This is less than the highest velocity (0.8)nm which adult longjaw have been found and 0.9
m/s was taken as the upper limit of velocity prefee.
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Figure 4.7.8:

Figure 4.7.9:
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4.8 Flathead galaxias

The flathead galaxias is another of the recentbgaiered non-diadromous Galaxiidae that are only
found in Otago. At present, this species of flathgalaxias (there could be up to three others) is
known mainly from streams in the Taieri catchménit, also the Shag, Waikouaiti and some coastal
streams south of the Taieri. The distribution af flathead galaxias is quite fragmented, possibly a
consequence of impacts from the introduced brownttrThe preferred habitat for this species is
cobble/boulder streams in tussock grasslands, arstl populations occur above large waterfalls. Data
for adult and juvenile flathead galaxias were asadlyseparately.

Table 4.8.1:  Habitat statistics for 41 juvenile (<6 mm length) flathead galaxias caught at 11
out of 233 locations in 4 rivers.

Velocity (m/s) Depth (m) Substrate index  Substrate
size (mm)
Minimum 0.00 0.05 5.0 20.5
Maximum 0.27 0.36 8.0 300
Average (SD) 0.06 (0.08) 0.18 (0.12) 6.3 (1.1) 175 (117)

As with most juvenile galaxiids, juvenile (<50 mftgtheads preferred very low velocity water, depths
>0.2 m, and fine gravel substrate (Fig. 4.8.1)halgh they were found most commonly with
cobble/gravel substrate (Table 4.8.1). The veloattyvhich 175 mm substrate (critical velocity) just
begins to move at a depth of 0.18 m is 1.63 m/d,javenile velocity preferences were well below
this.
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Table 4.8.2:  Habitat statistics for 160 adult¥50 mm length) flathead galaxias caught at 91
out of 233 locations in 4 rivers.

Velocity (m/s) Depth (m) Substrate index | Substrate size
(mm)
Minimum 0.00 0.00 5.0 20.5
Maximum 1.45 0.57 8.0 300
Average (SD) 0.39 (0.38) 0.13 (0.10) 6.5 (0.9) 225 (113)

Adult (=50 mm) flathead galaxias preferred large substiite 4.8.5); the average substrate size of
225 mm was the largest of all the species analgBable 4.1.2). A wide range of velocities appeared
to be suitable for adult flatheads, although theyanmost commonly found in a depth of about 0.12 m
and velocity of 0.3 m. Although the preference eufkFig. 4.8.6) shows an increasing preference for
velocities over 0.6 m/s, only 15% of adult flathegadaxias were found at higher velocities and only
4% were in velocities higher than 0.8 m/s. The e#joat which 225 mm substrate (critical velocity)
just begins to move at a depth of 0.13 m is 1.54. ifthe maximum suitable velocity was taken to be
1.5 m/s.

Figure 4.8.6 shows that there were few measurena¢mslocities exceeding 0.7 m/s and that flathead
galaxias were often present at these velocitieg ddrivation of habitat preference excluded data
collected at velocities greater than 0.7 m/s bexafighe distortion it introduced, but the prefern
for high velocities was recognised in the suitépitiurve (Fig. 4.8.10).

The analyses presented here are based on meastgeraemed out in areas of streams with and
without trout. Baker et al. (2003) compared hahitse¢ by adult flathead galaxias in areas with and
without brown trout and suggested that the absehteut might allow flathead galaxias to utilise a

greater range of habitats.

Kernel smoothed frequency of habitat availability(dashed line), use (dotted line),

and the preference curves derived from all data (did thin line) and by averaging
preference relationships in each river (solid thickine) for adult flathead galaxias.

0.7 o /

0.6 C

0.5 . v

/f“
- ®0 A / /5:
Q i { g
&
e 4/
: .
v o

[¢]

o
~
o

Depth (m)
o
w
e 1
0. o % o
(o)
A %?\\. 0o 3
H e \)d °
o
s
{0 o
N\
&10_
\o
o Y’o
\0
6’0\3

a o
02 % e ,sc'\%zo . S 2
' ® 9 o S
K OO_O. f%m.: \€‘3,0 0. @ 0o ‘50/ L] 5
[ ] ®e°, .o \3.0—/ h . /él /
o1 °P20° \ ¢ .0 00 e o
t e’ 08 %% ° o ° hd /6 ©
B g e .—-:/;_/1 _— 10/
~—2*8 o o o T
.40 P [ ] /3
0.0 T T T ; : . . | :
0.0 0.3 0.6 0.9 1.2 15

Velocity (m/s)

Figure 4.8.7: LOESS contours fitted to adult flatlead galaxias densities and depth and velocity
at all sampling locations. Locations containing adi flathead galaxias are shown
shaded.

68



1.0
0.5
E il 3
8 007 B
8 054 8
3 1 k|
[ <
o -1.0 7 o
=] e}
@ i ©
1] [}
= 1.5 =
k: ] B
2.0
2.5 A e 1.5
00 01 02 03 04 05 06 07 0.0 0.5 1.0 1.5 2.0
Depth (m) Velocity (m/s)
E
8
3 |
3 | |
[=3 ] L
] | |
3 | |
£ 05— —t-—HA-—~"F-~-t-—-A~ -~
S i I I I I I
| | | | |
£ e e e B
b | | | | |
1.5 e e

2 3 4 5 6 7 8
Substrate Index

Figure 4.8.8: Generalised additive logistic modedf adult flathead galaxias probability of use
using depth, velocity and substrate index to givel86 correct prediction at a cut
level of 0.7.

69



T T
| |
| |
| |
S |
e |
[ R L
[ I
| |
ol |
S |
| |
| |
,,,,,,,,,,,,,,,,,,,,,, L - - -
A I
/0' | |
| |
: I o | 03/
= | |
£ | \a/
S 039/~ - —gO-@ - — - - ———————— R e
g w T
o | 08 |
| |
/_/Do.iﬂ/ |
X I | °
| |
L e i
| o 0\9/—/’0'
| |
I 0.9/ I
o — 1 ©
s q |
10 o ____ L ___
° d i
| | .
| [} |
| [ |
| |
| |
| |
I I
0.8 1.2 1.6

Velocity (m/s)

Figure 4.8.9: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 7 with points filled if adult flathead galaxias were present.

70



Flathead galaxias adult (Jowett & Richardson 2008)
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4.9 Dwarf galaxias

Of the non-diadromous members of the Galaxiidaeiljanthe dwarf galaxias has the widest
distribution, although populations are extremebgimented. In the North Island, dwarf galaxias occur
in the headwaters of the Waihou River near Putaratua few sites in the Rangitaiki River near
Galatea, in Hawkes Bay and the Wellington regiarthe South Island, it occurs in Marlborough and
Nelson, and on the west coast as far south as dkéilkh River. Recent studies show there are some
genetic differences between the populations, bobadsly not enough to warrant a separate species.
Habitat suitability data for this species were ectéd mainly from targeted waterways in Marlborough
and Hawkes Bay.

Table 4.9.1:  Habitat statistics for 159 dwarf galadas present at 64 of 467 locations in 8 rivers.
Velocity (m/s) Depth (m) Substrate Substrate size
index (mm)
Minimum 0.01 0.03 4.2 8.0
Maximum 1.10 0.38 6.3 179
Average (SD) 0.43 (0.29) 0.12 (0.05) 5.3 (0.6) 52 (26)

The habitat preference curves for dwarf galaxiasveld they prefer shallow, moderately swift water
(c. 0.5 m/s Fig. 4.9.1), with a few found in velies between 0.9 m/s and 1.1 m/s (Fig. 4.9.2).
Although the average substrate particle size useslakbout 50 mm, there was a preference for larger
substrate in most rivers, and this is consisterth wleir preference for moderate to high water
velocities. The velocity at which 52 mm substratetiCal velocity) just begins to move at a depth o
0.12 mis 1.36 m/s, and a velocity of 1.2 m/s wassidered to be a maximum velocity for habitat
suitability. Generally, dwarf galaxias were moreuadbant in single channel tributary streams than in
large braided mainstems.
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Figure 4.9.2:

dwarf galaxias

dwarf galaxias

Figure 4.9.3:
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Dwarf galaxias (Jowett & Richardson 2008)
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Figure 4.9.5: Habitat suitability curves for dwarf galaxias derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995) (bottom).
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4.10 Banded kokopu

Banded kokopu are one of the diadromous galaxiidsform part of the whitebait fishery. Generally,
they are less abundant in the whitebait catch thanga or koaro, but depending on the river, can
sometimes be the dominant species, particularlyngu©ctober. Small shady tributaries are the
preferred habitat of banded kokopu, but they adeghtto urban environments and pine forestation so
long as there is riparian vegetation that shadestiteams.

Only 26 banded kokopu were caught during the etedishing surveys that were part of habitat
suitability studies. During the day, banded kokeyre captured under cover such as instream debris
or undercut banks. The average depth and velaogityhe 26 daytime banded kokopu locations were
0.19 m and 0.07 m/s, respectively. McCullough (3989&erved banded kokopu by spotlight at night
(when banded kokopu are most active) in strean@oimomandel, West Auckland and the Hakarimata
Range, and these data were used to develop theatsudtability curves presented here.

Working in an upstream direction, McCullough (1998arked the positions of what he determined
were undisturbed banded kokopu after identifying fish as juvenile (<80 mm in length) or adult
(=80 mm length). The next day, velocity, depth, amoissrate (percent composition) were measured at
each site where a banded kokopu had been. In amiditie available habitat within each stream was
sampled proportionally to the number of used sampli¢hin the sample reach, the reach length and
the reach width. This gave data for 204 adult ahfu8enile banded kokopu from 575 sites in total.

Table 4.10.1: Habitat statistics for 87 juvenile (80 mm) banded kokopu present at 87 out of
575 locations in 5 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.02 2.0 0.2
Maximum 0.22 0.64 8.0 305
Average (SD) | 0.04 (0.04) 0.15(0.11) | 45(1.5) 58 (89)

Table 4.10.2: Habitat statistics for 204 adultX¥80 mm) banded kokopu present at 204 out of
575 locations in 5 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.10 2.0 0.02
Maximum 0.20 0.80 8.0 305
Average (SD) | 0.03 (0.04) 0.18 (0.13) | 4.3(1.6) 49 (84)

Adult banded kokopu preferred very low velocity arabver a range of depths more than 0.2 m deep,
both during the day and night. There was a slightgpence for fine substrate consistent with low
velocities (Fig. 4.10.1). Juvenile fish occupieéaw of similar water velocity and depth. Although
there did not appear to be a preference for shallater, 96% of juvenile banded kokopu were found
in depths of less than 0.4 m because the majofityater sampled was in this range. Substrate also
had little influence on the habitat chosen by juleianded kokopu. A preference for very low
velocity water may be related to the feeding habiteanded kokopu (McCullough 1998). Terrestrial
insects comprise the dominant proportion of barktdcpu diets (West et al. 2005), and fish may
only be able to detect these when they fall intatneely still water.
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Figure 4.10.1: Kernel smoothed frequency of habitaavailability (dashed line), use (dotted line),
and the preference curves derived from all data (dial thin line) and by averaging
preference relationships in each river (solid thickline) for juvenile banded
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Banded kokopu juvenile (Jowett & Richardson 2008)

1.0 1.0
208 208
g 0.6 g 0.6
?) 0.4 ?) 0.4
0.2 0.2
0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10
Depth (m) Velocity(m/s)
208
g 0.6
'(,5) 0.4 [T X
0.2
0.0
1 2 3 4 5 6 7 8
Substrate index
Banded kokopu juvenile (McCullough 1998)
1.0 1.0
2 08 2 08
'g 0.6 'g 0.6
5 04 5 04
? 0.2 ? 0.2
0.0 0.0
0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0
Depth (m) Velocity(m/s)
1.0
2 08
'g 0.6
S 04
n {
0.2 [
0.0

1 2 3 4 5 6 7 8
Substrate index

Figure 4.10.5: Habitat suitability curves for juvenile banded kokopu derived from above
analyses (top) compared with curves developed prexisly (bottom).
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Banded kokopu (adult)
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Figure 4.10.8: Generalised additive logistic modebf adult banded kokopu probability of use
using depth, velocity and substrate index to give94% correct prediction at a cut

level of 0.5.
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Figure 4.10.9: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 3 with points filled if adult banded kokopu were present.
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Banded kokopu adult (Jowett & Richardson 2008)

1.0 1.0
2 08 2 08
g 0.6 g 0.6
?, 0.4 ?, 0.4
0.2 0.2
0.0 0.0
0.0 0.2 04 06 08 1.0 0.0 02 04 06 08 1.C
Depth (m) Velocity(m/s)
1.0
> 08
'g 0.6
S 04
n
0.2
0.0
1 2 3 4 5 6 7 8
Substrate index
Banded kokopu adult (McCullough 1998)
1.0 1.0
> 08 > 08
'g 0.6 g 0.6
S 0.4 S5 04
? 0.2 ? 0.2
0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 1cC
Depth (m) Velocity(m/s)
1.0 T
> 08
'g 0.6
S 04
]
0.2
0.0
1 2 3 4 5 6 7 8
Substrate index
Figure 4.10.10: Habitat suitability curves for adut banded kokopu derived from above

analyses (top) compared with curves developed prexisly (bottom).
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4.11 Alpine galaxias

As the name implies, alpine galaxias are found lpaimmountain streams along the eastern side of
the Southern Alps from Southland to Marlboroughe Tish are usually found in moderately deep
riffles and rapids with gravel to boulder substsacDowall 1978).

Alpine galaxias are usually about 80-85 mm long aade a similar non-diadromous life cycle to
upland longjaw galaxias, and they inhabit manyhef $ame streams at mid to high altitudes along the
east coast of the South Island. However, alpineximé generally live in deeper, swifter water than
longjaw galaxias, and their distribution extendglffer south into Southland and further north into

Marlborough.

Table 4.11.1: Habitat statistics for 29 alpine gabdas present at 14 out of 192 locations in 2
rivers.
Velocity (m/s) Depth (m) Substrate index | Substrate size
(mm)
Minimum 0.23 0.05 2.0 37
Maximum 0.73 0.22 8.0 119
Average (SD) | 0.51 (0.18) 0.12 (0.05) 5.6 (0.3) 64 (22)

Alpine galaxias preferred swift water with veloegtiof 0.4—0.6 m/s in depths of 0.15 m or less and
coarse substrates (Fig. 4.11.1). Although the samsjzie of 29 fish is small, the habitat preferences
were reasonably clear and matched the descripgiors by McDowall (1978). The velocity at which
64 mm substrate (critical velocity) just beginsrove at a depth of 0.12 mis 1.42 m/s.
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Figure 4.11.1: Kernel smoothed frequency of habitaavailability (dashed line), use (dotted line),
and the preference curves derived from all data (did thin line) and by averaging
preference relationships in each river (solid thicline) for alpine galaxias.

83



0.6
o
0.5 ° o ©
=1 [e]
o
0.9
0.4 g b S g
o o
° o -0.00 o
4 o 9 —
B S @ o ° _\\ o
= o o> © 3 "0,
= O 9 0 2
- 0.3 & o S o o
o o_ © ° ®
2 o o o % 9 o °
D -430 o ° Oo o ° 8 Y
o o 0p o
b ') ) o 'Y [}
P~ ° ° e ° 0.° 2 b
02 [~} OO =] o}
o ) o g 8 o ©
£ 8V o6 %0600 ST .2 B B
o e % wooo% ° _e@? o
= ° 8o 8.0 ° LO/O/O o
0.1 oS & > 490
. S o P o QQ /
o o ° v °
_ . ©
o
0.0 | — T 1 | — | — | — | —

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Velocity (m/s)

Figure 4.11.2: LOESS contours fitted to alpine galxias densities and depth and velocity at
all sampling locations. Locations containing alpingalaxias are shown shaded.

5 1 7] \
5 . g O
- 3 7 . -1
5 N g \
S N g 2 7]
) 1 o -3 \
£ k= ]
5 0 S 4
-1 -5 -
-2 -6
0.0 0.2 04 0.6 0.8 1.0 1.2 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Velocity (m/s) Depth (m)
12
" 11 /
[
R 10 /
«
g 9 7
o 8
c
: 7
5]
6
5

2 3 4 5 6
Substrate Index

Figure 4.11.3: Generalised additive logistic modedf alpine galaxias probability of use using

depth, velocity and substrate index to give 90% coect prediction at a cut
level of 0.4.

84



05 O (e o}
&
E o
o
0.4 v VA B0 Fos g
_ <] S ° ° ° o °
g é\!o o o0 ° ° °
S 03 /[, . 6d-6 ¥ e o
o o o SIS © 0 \o
o3 %o d ° Q
a] +° o ° ®© o5i° o
© o ° oo ° .° 8 o\ °
0.2 P ufyg 0 o g 2 ) 0.89 0.0, 0.2 oo ° b
' D S RN NEANy
$ 5 2 ,S-r‘.”/ 0L 3 S N
{6 % © %oy o %1 o 6o
g B0 %o o 0.° ™
0.1 V s P
o (=]
i e °
/
0.0 | — L — | — | — | — | —
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Velocity (m/s)

Figure 4.11.4: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 6 with points filled if alpine @laxias were present.
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Figure 4.11.5: Habitat suitability curves for alphe galaxias derived from above analyses
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4.12 Shortjaw kokopu

The surveys carried out for habitat suitability Iggas used in this report recorded a total of 4tghe
kokopu in 2 rivers. Habitat suitability curves havet been developed here, due to the sparse data.
These kokopu were found amongst large substraa@ atverage depth and water velocity of 0.27 m
and 0.18 m/s, respectively. McDowall et al. (1986lected daytime habitat information for shortjaw
kokopu mainly in Jones Creek, a tributary of theéafa River on the west coast of the South Island,
but noted that they utilised small pools for foragat night. They developed habitat suitabilityvesr
from these data (Figure 4.12.1). The data cannébuo®d for re-analysis, but it appears that thevesir
are based on less than 10 fish. The shortjaw kolkmeterred relatively deep water (0.3-0.4 m),
although they were most commonly found at depthalbumfut 0.2 m. They preferred boulder cobble
substrate and water velocities less than 0.3 ndseCwas a very specific requirement for shortjaw
kokopu and McDowall et al. (1996) considered tlmargaw locations could be readily identified from
the characteristics of the cover. This was largeldsrs or several smaller boulders piled together,
usually at the side of the stream and often naanall pool or eddy.

Table 4.12.1: Habitat statistics for 4 shortjaw kolopu present at 4 out of 34 locations in 2
rivers.
Velocity (m/s) Depth (m) Substrate Substrate size
index (mm)
Minimum 0.00 0.12 4.0 9
Maximum 0.56 0.39 7.0 288
Average (SD) 0.18 (0.26) 0.27 (0.14) 5.9 (1.3) 152 (114)

The velocity at which 152 mm substrate (criticalloe#ty) just begins to move at a depth of 0.27 m is
1.75 m/s.
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Figure 4.12.1: Habitat suitability curves for shotjaw kokopu from McDowall et al. (1996).
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4.13 Upland longjaw galaxias

The upland longjaw galaxias is found in upland aigine streams of the South Island, east of the
main divide. McDowall (1978) describes its habitat shallow turbulent water in alpine, gravel-
boulder streams. It is often found in the sameasteas the alpine galaxias and has the same non-
diadromous life cycle. Only eight upland longjaalaxias were found in the surveys carried out for
habitat suitability analyses used in this repoabitat suitability curves were developed based on
these data. These curves should be applied wittioca given the sparse data on which they are
based.

Table 4.13.1: Habitat statistics for 8 upland longaw galaxias present at 8 out of 154 locations

in 3 rivers.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.10 0.09 5.0 22
Maximum 1.07 0.22 5.25 45
Average (SD) | 0.51 (0.31) 0.14 (0.05) | 5.2 (0.1) 38 (8)

The water depths and velocities occupied by uplandjaw galaxias were practically the same as
those occupied by alpine galaxias, although thanglongjaw galaxias was associated with slightly
finer substrate, possibly because of its smallsz &.f. Table 4.11.1). The velocity at which 38 mm
substrate (critical velocity) just begins to movealepth of 0.14 mis 1.29 m/s and 1.3 m/s wasrtak
as the upper velocity limit.
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Figure 4.13.5: Habitat suitability curves for upland longjaw galaxias derived from above
analyses.
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4.14 Canterbury galaxias

The Canterbury galaxias (previously the commonrrgadaxias) is the Canterbury equivalent of the
Otago/Southland galaxiids — a non-diadromous galdkat inhabits rivers and streams over a broad
altitudinal range. Previously, the Canterbury gelsyand the Otago/Southland galaxiids were thought
to be the same species, but DNA analysis revedledthe Canterbury galaxias is different to the
others. The Otago/Southland group has now split @ght species, although three of these await
formal recognition. Detailed study of the Cantegbgalaxias shows that more than one species occurs
in this region as well. The new and as yet undesdrspecies is thought to occur in the northerh par
of the range — from the Clarence River north. Asname implies, the Canterbury galaxias occurs
mainly in Canterbury, along the South Island's eaast from just north of Kaikoura to the Shag Rive
south of Oamaru. Data for development of the habuaability curves came mainly from the Waipara
River and rivers in the Waitaki catchment.

Canterbury galaxias occupied water over a wideciglaange, but preferred water less than 0.4 m
deep. Coarse gravel to small cobble was the chadastrate.

Table 4.14.1  Habitat statistics for 575 Canterburygalaxias present at 116 of 534 locations in
13 rivers.
Velocity (m/s) Depth (m) Substrate index | Substrate size
(mm)
Minimum 0.00 0.04 4.2 14
Maximum 1.20 0.67 6.0 197
Average (SD) 0.37 (0.24) 0.17 (0.10) 5.5 (0.4) 65 (25)

The velocity at which 65 mm substrate (criticalogsly) just begins to move at a depth of 0.17 m is
1.51 m/s.
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are shown shaded.
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Canterbury galaxias (Jowett & Richardson 2008)
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Figure 4.14.5: Habitat suitability curves for Cantrbury galaxias (previously called common
river galaxias) derived from above analyses (top)arnpared with curves based
on data from Jowett & Richardson (1995) (bottom).
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4.15 Giant kokopu

Giant kokopu are the largest of the galaxiid spea@emetimes reaching 400 mm in length. Although
normally diadromous and forming part of the whitelvan, giant kokopu comprise only a minor
percentage of the whitebait catch (McDowall 19&4ndlocked populations also exist in catchments
containing large lakes, such as Lake Brunner. Matdiokopu were caught during the electric fishing
surveys for this study, but habitat suitability alabllected by Bonnett et al. (2002) are analysé.h
Bonnett et al. (2002) collected data on giant kakfspm waterways in Westland and Southland using
electric fishing, fyke nets, and spotlighting agii Depth, velocity and substrate were measured at
places where giant kokopu were found, and at adfsaeas where they were not found. This gave a
total of 69 site measurements for 39 observatidmggamt kokopu.

Table 4.15.1: Habitat statistics for 39 giant kokop present at 39 out of 69 locations in 18
rivers’”.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.10 1.0 <0.01
Maximum 0.15 1.50 6.0 109
Average (SD) | 0.05 (0.05) 0.53 (0.49) | 3.3(1.8) 24 (31)

’ Although 18 rivers were sampled, giant kokopu were not always found.

Giant kokopu preferred very low velocity water, lexhibited little preference for depth or substrate
David (2003) observed habitat use by 16 giant kakioptwo small streams and found that they used
low velocities (maximum 0.17 m/s) and moderate kiep{0.2-0.6 m), which is consistent with
Bonnett's data. The unusual group average curvegdith and substrate reflect a paucity of data for
individual rivers. Bonnett & Sykes (2002) used diminant function analysis to determine important
features of giant kokopu habitat, and noted thaddition to velocity, instream cover (logs, debris
man-made structures), shade from riparian vegetatind the distance inland were more important
predictors for giant kokopu than depth or substrate
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Figure 4.15.2:

Figure 4.15.3:

Depth (m)

giant kokopu

giant kokopu

1.0
0.8 \\
\ S
S
s |
3
0.6 \
~ o o O
&
@ L J
04 e
(<]
- o .QPQ [ ) °© N °
» L] > °
iy . .
0.2 00,90 [ hd °
i o ° O‘OO\K ° 3 o
s / \\‘g> . o
0.0 T T T T \’jl T T T T T T T
0.0 0.1 0.2 0.3

Velocity (m/s)

LOESS contours fitted to giant kokpu densities and depth and velocity at all
sampling locations. Locations containing giant kokpu are shown shaded.

1 3

0 e 2

-1 - R g 1

N g

-2 \ x 0

3 A 8 g

- g -

-4 Y -2

-5 -3

0.0 0.1 0.2 0.3 0.4 0.0 0.5 1.0 15
Velocity (m/s) Depth (m)
3 1
2 0
AN
1 § -1
o > - g
] \ / E

'1 e ) '3

-2 -4 <
-3 -5

1 2 3 4 5 6 7 0.000.050.100.150.200.250 30

Substrate Index DepthxVelocity

Generalised additive logistic modedf giant kokopu probability of use using
depth, velocity, substrate index and depth/velocityinteraction to give 75%
correct prediction at a cut level of 0.5. Depth/velcity interaction significant at
P =0.004.

95



1.2

&
N4

o
o9 O]
0

o |
0/

/j‘

o
©
|

Depth (m)
9 90— 0W——090
LECE _
o .
* S
e ©
Ve
/ '
.)/

0.4 T% e o
o
ol® e° e .5\,\0 0\
[ ] o
3 .0 'z \ge
- o o o o .O
o % Mroe\a 0\ \ .
8 o X 7 %
0 \ AN
0.0 T T T T T T T T T T T T T T T T
0.0 0.1 0.3 0.4

0.2
Velocity (m/s)

Figure 4.15.4: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 3 with points filled if giant kdkopu were present.

Giant kokopu (Jowett & Richardson 2008)
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Figure 4.15.5: Habitat suitability curves for giart kokopu derived from above analyses.

96



4.16 Inanga

Inanga are the most common species in the whitdishiery (McDowall 1984), with the juveniles
being netted in spring as they enter river moutbsfthe sea, enroute to adult habitats in frestemvat
Like smelt, inanga are a pelagic species that arerglly herded into capture locations by electric
fishing, possibly giving a false impression of wééney prefer to live. Few inanga were captured in
the electric fishing surveys used to construct llabitat suitability curves for the other species.
Consequently, the suitability curves presented li@rénanga feeding habitat were developed from
observations of inanga from the banks of threeasiszin the North Island (Jowett 2002). The
locations of fish that appeared to be feeding weseped, and then a bank observer directed a second
person to the fish’s position to measure the depith velocity. Substrate was not assessed but the
predominant substrates in the three streams cowengitle range of substrate types (macrophytes,
boulders and fine gravel). This gave measures 96ribanga at 129 feeding locations. Jowett (2002)
compared habitat use with available habitat dataioéd from cross-section surveys of two of the
three streams and this analysis is not repeated hethis study, we analysed the data on fishidgns
which is not entirely satisfactory because theda dantain no information on the habitat that was n
used. However, the results of this analysis werapared to the habitat suitability curves derived by
Jowett (2002), to show the problems associated taitieted surveys where no information on habitat
availability is collected.

Table 4.16.1: Habitat statistics for 595 inanga preent at 129 locations in 3 rivers.

Velocity (m/s) | Depth (m)
Minimum 0.00 0.08
Maximum 0.18 2.0
Average (SD) 0.05 (0.03) 0.30 (0.24)

Using just the data on fish density, the habitat aisd availability curves were very similar andidts
difficult to determine clear preferences. Figur&é&4l shows that inanga had no depth preferences
above about 0.2 m and were found in shallow watéhe 2 shallow streams and in deep water in the
one deep stream and this is consistent with Jaiz@@2). However, velocity preferences appeared to
be constant over the range of velocities 0—0.14amésJowett (2002) found that when velocities used
by the inanga were compared to velocities availabtbe streams, they preferred the most frequently
used velocity of 0.06 m/s. It was not possible todpce a reasonable contour plot of inanga density
from the feeding location densities.

Drift-feeding locations were related to currenttpais and water velocity, with inanga feeding at
locations where the current concentrated food ahdrevwater velocities were sufficiently low to
allow the fish to hold position. The mean feedimdoeity did not vary significantly between streams,
although the range of velocities used did. Optinfaeding velocities were 0.03—-0.07 m/ s. Depth use
was very different between streams and this waibatied to the variation in available habitat. Drept
greater than 0.3 m were optimum, with some useepflgs between 0.1 and 0.3 m.
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4.17 Lamprey

Four anadromous lamprey species are found in theh8m Hemisphere, but only one species is

found in New Zealand. The duration of the parasitarine phase is thought to last two years (Potter
et al. 1979), after which the adults return tolikeater to eventually spawn and die more than a year
later. After hatching, the juveniles (ammocoet@&s in burrows along stream margins for three or

more years, before metamorphosing into the machaphia stage and migrating to sea (Todd &

Kelso 1993). Their size also tends to increase witfiance downstream, indicative of growth and

movement from headwater spawning areas.

We used data from a 2001 survey of the MataurarRhvat targeted lamprey habitat (Jellyman &
Glova 2002). Jellyman & Glova (2202) electric fidhemall sites (0.25 ffor at least 3 minutes or
until no more juvenile lamprey emerged from thesstdie. The fish were then counted, measured and
returned. Average depth and velocity were calcdldtem 3 measures within each site, while the
average substrate size was determined from 10 wgndore samples taken at each site that were dried,
sieved and weighed in the laboratory (in comparigothe other surveys discussed in this paper, all
the lamprey substrates were effectively mud, sanine gravel). We did not use the data for 24
juvenile lamprey recorded in the other electridifig data used for this study (Table 4.1.2), beeaus
these data were collected from larger areas anddlueities were not necessarily representative of
lamprey locations.

Table 4.17.1: Habitat statistics for 422 juvenilédamprey present at 63 of 80 sites in the
Mataura River catchment.

Velocity (m/s) | Depth (m) | Substrate size (mm)
Minimum 0.00 0.07 0.1
Maximum 0.24 0.57 8
Average (SD) 0.06 (0.07) 0.26 (0.14) | 1 (2)

Juvenile lamprey showed preferences for very lolwoity water over a range of depths (Fig. 4.17.1);
essentially muddy margins and backwaters of streamss often described in the literature (Maskell
1929; McDowall 1990; Kelso & Todd 1993). Because jhveniles burrow into the substrate, fine

substrate is essential. Lamprey were only foundater up to 0.6 m deep, although depths of up to
0.8 m were sampled (Fig. 4.17.2).

The average depth in the Mataura dataset (0.26afieT4.17.1) was similar to the average depth of
0.27 m for the 24 lamprey in the main dataset. Hanethe average velocity in the main dataset was
0.10 m/s compared to 0.06 m/s in the Mataura ddia.difference is because the larger sampling grid
(about 3 M) included more flowing water than the small (0r#% grid of the Mataura dataset. Most
lamprey of the main data set were associated Withubstrate.

The velocity at which 1 mm substrate (critical \@ty) just begins to move at a depth of 0.26 m is
0.29 m/s.
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Lamprey juvenile (Jowett & Richardson 2008)
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Figure 4.17.5: Habitat suitability curves for juvenile lamprey derived from above analyses
(top) compared with previous curves based on datadm Jellyman & Glova

(2002) (bottom).
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4.18 Crans bully

The non-diadromous Crans bully occurs only in tloethIsland, but not in the Bay of Plenty or East
Cape, where its local extinction is thought to be tb the Taupo eruptions (McDowall 1996). Crans
bully occurs well inland in low gradient waterways.

Table 4.18.1:

Habitat statistics for 560 Crans bujl present at 133 of 799 locations in 17 rivers.

Velocity (m/s) Depth (m) Substrate Substrate size
index (mm)
Minimum 0.00 0.03 35 2.0
Maximum 0.97 0.85 6.8 210
Average (SD) 0.18 (0.18) 0.19 (0.12) 5.1 (0.7) 49 (39)

Crans bully preferred shallow water with low vetes, and gravel/cobble sized substrate (Fig.
4.18.1). The velocity at which 49 mm substrateti@ai velocity) just begins to move at a depth of
0.18 mis 1.43 m/s.

Figure 4.18.1.:
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Figure 4.18.2:

Figure 4.18.3:
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Crans bully (Jowett & Richardson 2008)
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Figure 4.18.5: Habitat suitability curves for Crans bully derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995)

(bottom).
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4.19 Upland bully

Although the non-diadromous upland bully is confite waterways south of Lake Taupo and was not
a targeted species of any of the surveys, it wasrithst abundant species encountered, with over 3500
individuals being caught. Upland bully occurredust under 40% of the rivers surveyed.

Table 4.19.1: Habitat statistics for 3688 upland bily caught at 523 out of 1078 locations in 36

rivers.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.03 2 0.01
Maximum 1.09 0.69 8 300
Average (SD) | 0.40 (0.25) 0.19 (0.11) | 5.0 (0.6) 51 (29)

Jowett & Richardson (1995) described upland bubiesdge-dwellers, preferring shallow depths and
low velocities that are found along the margindanfie to medium-sized rivers. Fine gravel to small
cobble was their preferred substrate size, whiclangp bully use for cover and as a spawning
substrate. The velocity at which 51 mm substratiéidal velocity) just begins to move at a depth of
0.20 mis 1.47 m/s. Upland bully are very toleraintirought conditions (Jowett et al. 2005) and Bree
several times a year (McDowall & Eldon 1997), gvitheir populations the ability to recover quickly
from adverse circumstances.
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Figure 4.19.1: Kernel smoothed frequency of habitatvailability (dashed line), use (dotted
line), and the preference curves derived from all a@ta (solid thin line) and by
averaging preference relationships in each river @id thick line) for upland
bully.
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Figure 4.19.3: Generalised additive logistic modebf upland bully probability of use using

depth, velocity and substrate index to give 85% coect prediction at a cut
level of 0.7.
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Upland bully (Jowett & Richardson 2008)
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Figure 4.19.5: Habitat suitability curves for upland bully derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995)

(bottom).
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4.20 Common bully

Common bully are found throughout New Zealand,altfh they are rare on offshore islands such as
Great Barrier. Truly diadromous populations ocaurivers and streams near the coast, and land-
locked populations have become established in roaoyr lakes.

Table 4.20.1: Habitat statistics for 1224 common Bly present at 226 of 1400 locations in 31

rivers.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.05 2.0 <0.1
Maximum 1.07 0.67 7.0 360
Average (SD) | 0.35 (0.22) 0.21 (0.12) | 4.9 (0.7) 45 (50)

In this dataset, common bully occupied a wider eamm depths than described by Jowett &
Richardson (1995) and were mostly found in velesitianging from 0-0.4 m/s, rather than 0.25-0.5
m/s in the Jowett & Richardson curve (Fig 4.20:Bhe average depth of locations occupied by
common bully was about 0.2 m, and the average wgl6c35 m/s (Table 4.20.1). Common bully
preferred low velocities and depths less than 0% and relatively small substrate, with more than
60% found in fine and coarse gravel sized substi@tigy. 4.20.1). The mean substrate size of 45 mm
was skewed upward by bedrock outcrops occurrirgpme of the rivers they inhabited. The velocity
at which 45 mm substrate (critical velocity) jusgins to move at a depth of 0.21 mis 1.44 m/s.
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Figure 4.20.1: Kernel smoothed frequency of habitatvailability (dashed line), use (dotted
line), and the preference curves derived from all a@ta (solid thin line) and by
averaging preference relationships in each river ¢did thick line) for common
bully.
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Figure 4.20.3: Generalised additive logistic modadf common bully probability of use using

depth, velocity and substrate index to give 65% coect prediction at a cut
level of 0.5.
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Common bully (Jowett & Richardson 2008)
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Figure 4.20.5: Habitat suitability curves for comnon bully derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995)

(bottom).
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4.21 Bluegill bully

Surprisingly, bluegill bully were the second mobuadant species encountered in the survey with
over 3200 individual fish being caught. Althougludill bully occur in waterways at moderate to low
elevations throughout New Zealand, they were cexfito just 15 of the 94 rivers included in the
survey. Habitat suitability curves were first defihfor bluegill bullies in the Rakaia River by Go&
Duncan (1985) and these curves are very similtrdse described below.

Night observations for bluegill bully were availaldtfom the Waipara River and analysis of these data
showed that bluegill bully use similar habitat mjht as they do during the day.

Table 4.21.1: Habitat statistics for 3253 bluegilbully present at 174 of 764 locations in 15
rivers.
Velocity (m/s) | Depth (m) Substrate Substrate size
index (mm)
Minimum 0.02 0.05 4.1 11
Maximum 1.29 0.63 6.9 257
Average (SD) | 0.68 (0.25) 0.24 (0.09) 5.1 (0.5) 51 (28)

Bluegill bullies occupy swift shallow water, likertentfish, although they tend to be found in dligh
smaller substrate. About 70% of the fish occurrediater between 0.1 and 0.3 m deep, and the mean
velocity of 0.68 m/s (Table 4.21.1) was the secbigtiest after torrentfish for the species included

the analysis (Table 4.1.2). Good habitat for bllidgillies was identified as occurring at velocity
greater than 0.45 m/s over a range of depths WpStan deep (Fig. 4.21.1). Preferred substrate size
was between coarse gravel and small cobble, witiidecs being generally avoided. The velocity at
which 51 mm substrate (critical velocity) just begito move at a depth of 0.24 m is 1.52 m/s. The
maximum velocity was taken as 1.3 m/s, the maximeeorded (Fig. 4.21.2).
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Figure 4.21.1.: Kernel smoothed frequency of habitativailability (dashed line), use (dotted
line), and the preference curves derived from all d@ta (solid thin line) and by
averaging preference relationships in each river (did thick line) for bluegill

bully.
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Bluegill bully (Jowett & Richardson 2008)
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Figure 4.21.5: Habitat suitability curves for bluagill bully derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995)

(bottom).
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4.22 Redfin bully

Redfin bullies are diadromous and undertake oldiyatigrations to and from the sea. They occupy
transitional zones of rivers, regions where theesteénountainous character is changing to a
meandering low gradient stream (McDowall 1964).sTtegion of a stream typically has relatively
large substrate, alternating pools and riffles, hitieé or no floodplain. This means they are rgrel
recorded in braided river systems, such as ondbeadast of the South Island. Despite this, redfin
were comparatively widespread, occurring in 2&ef®4 rivers surveyed for all fish species.

Table 4.22.1: Habitat statistics for 564 redfin buly present at 197 of 920 locations in 28 rivers.

Velocity (m/s) Depth (m) Substrate Substrate size
index (mm)
Minimum 0.00 0.03 3.0 2
Maximum 1.07 0.72 7.1 257
Average (SD) 0.25 (.20) 0.21 (0.11) 5.6 (0.7) 87 (57)

Most redfin bullies were recorded in water betw8ehm and 0.3 m deep, and 40% of those caught
occurred in water 0.2-0.4 m/s velocity (Table 4.22The average substrate size was large (87 mm),
reflecting their occupation of the transitional eerof rivers, and use of large substrate for caner
spawning. They preferred moderate depths (0.2 m) \adocities (0.3 m/s), with cobble/boulder
substrate (Fig. 4.22.1). The velocity at which &n substrate (critical velocity) just begins to mate

a depth of 0.21 mis 1.63 m/s.
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Figure 4.22.1: Kernel smoothed frequency of habitatvailability (dashed line), use (dotted
line), and the preference curves derived from all a@ta (solid thin line) and by
averaging preference relationships in each river @did thick line) for redfin

bully.
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Figure 4.22.2:
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Redfin bully (Jowett & Richardson 2008)
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Figure 4.22.5: Habitat suitability curves for redfin bully derived from above analyses (top)
compared with curves based on data from Jowett & Rihardson (1995)

(bottom).
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4.23 Smelt

Smelt were the only pelagic species included inamalysis, and the fish may have been herded into
the locations where they were caught. They wereddn deeper water (average 0.4 m) than any of
the other species, in keeping with their mid-wadtebit, although this finding was influenced by the
capture of a small school of smelt at a single deeption in the Waipara River. Observations of
smelt in the Waikato River and underwater obseowatin other rivers indicate that smelt do not dvoi
deep water, and are found in relatively swift wakectric fishing disturbs smelt and observatiohs
smelt in deep water and relatively high velociiese been taken into account in the habitat slitabi
curves. Being a pelagic species, substrate isqimhportant to smelt as the other species thait fice
cover.

Table 4.23.1: Habitat statistics for 107 smelt presnt at 35 of 255 locations in 7 rivers.

Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.03 0.09 3.0 2
Maximum 0.87 0.80 6.0 118
Average (SD) | 0.25 (0.18) 0.39 (0.19) | 4.9(0.8) 40 (32)

Only 8% of smelt were found in water velocities 004 m/s, and their preference was for deeper
water (> 0.4 m) and a velocity of 0.2 m/s, althoughy used higher velocities (Fig. 4.23.1), The
velocity at which 40 mm substrate (critical velg¥ijust begins to move at a depth of 0.39 mis 1.55
m/s.
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Figure 4.23.1.: Kernel smoothed frequency of habitativailability (dashed line), use (dotted
line), and the preference curves derived from all a@ta (solid thin line) and by
averaging preference relationships in each river @id thick line) for smelt.
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Figure 4.23.2:
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4.24 Juvenile rainbow trout (< 100 mm)

Rainbow trout are native to the westward drainingrs of North America and also to the Kamchatka
Peninsula on the western side of the Pacific Oc&ae. stock introduced into New Zealand was
brought from North America as early as 1883. Althtowhey were not as easy to establish as brown
trout, self-sustaining populations of rainbow traewé now widespread in New Zealand and form the
popular and highly valued fisheries that occuria takes and rivers of the central North IslandeyTh
also support fisheries in many of the lakes aldrggdastern flanks of the Southern Alps in the South
Island

Most rainbow trout migrate to their spawning grosingith both lake and river dwelling fish moving
upstream to suitable locations, often in smallutdlties. Here they may congregate in large schools
just prior to spawning, although generally aduiblbaw trout are found in deep locations (Jowetlet
1996; Jowett & Davey 2007).

The suitability curves presented here are for @mntrout < 100 mm that were present in the wadeable
rivers of our study. Small trout observed by ddifting (Teirney and Jowett 1990) were usually seen
in shallow boulder/cobble runs or riffles. Trouit®0 mm were usually on the edges of riffles in wate
less than 0.3 m deep. The trout locations usedherderivation of habitat suitability here were
sampled by electric-fishing, so the fish were ptidpan cover near their feeding locations.

Table 4.24.1: Habitat statistics for 252 rainbow tout (< 100 mm) present at 82 of 679

locations in 9 rivers.

Velocity (m/s) Depth (m) Substrate Substrate size
index (mm)
Minimum 0.00 0.04 3.0 2
Maximum 1.09 0.45 6.1 143
Average (SD) 0.53 (0.28) 0.21 (0.09) 4.9 (0.6) 53 (35)

Juvenile rainbow trout preferred shallow water,reeasubstrate and a wide range of velocities (Fig.
4.24.1). The velocity at which 53 mm substrateti@ai velocity) just begins to move at a depth of
0.21 m is 1.50 m/s. Disturbance during sampling imaye affected habitat preferences for juvenile
trout with electric fishing causing them to fleddncoarse substrates in shallow water. However,
observations in the Tongariro (Table 4.24.2) ingicthat preferred water depths and velocities of
juvenile rainbow trout increase with size and théadanalysed here are consistent with juvenile trou
of about 50-60 mm from the Tongariro River.

Table 4.24.2: Rainbow trout habitat measurements fsm the Tongariro River (Jowett et al.
1996 and unpublished underwater observations in 2@)
Fry (1996) Juvenile (1996) Feeding 30-80 Feeding 100- Adult lies
(N=469, mean (N=265, mean mm (2002) 200 mm (2002) N=147,
size 34mm) size 60 mm) (N=74, mean 50 (N=67, mean 1996
mm) 150 mm)

Depth 0.17 0.26 0.23 0.72 1.32

(m)

Velocity  0.11 0.16 0.17 0.59 0.68

(m/s)
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Figure 4.24.1. Kernel smoothed frequency of habitativailability (dashed line), use (dotted
line), and the preference curves derived from all d@ta (solid thin line) and by
averaging preference relationships in each river (did thick line) for rainbow
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Rainbow trout (< 100 mm) (Jowett & Richardson 2008)
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Figure 4.24.5: Habitat suitability curves for juvenile rainbow trout derived from above
analyses (top) compared with curves based on datawett et al. (1996) (middle

and bottom).
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4.25 Juvenile Chinook salmon

Chinook salmon are native to the northwest coadtarth American and northeast Asia, and are also
known as Quinnat or king salmon. Chinook salmoNé&w Zealand have a life cycle that is typical of

salmon in the North Pacific. The adults grow to umi& in the sea and migrate upstream to spawn,
usually when they are three years old. All of tdelts die after spawning, which occurs in autumn.
Juveniles hatch in spring, and typically spend eghraonths in fresh water before migrating

downstream to enter the ocean in summer. In sonpel@tiions, a second downstream migration,
consisting of individuals that have spent a yedraah water, occurs the following spring.

Chinook salmon occur mainly on the east coast®f3buth Island from the Waiau River in the north

to the Clutha River in the south. The main runsuodo the large braided rivers — the Waimakariri,

Rakaia, Rangitata and Waitaki. There are also smab in the Paringa, Taramakau, and Hokitika
River on the west coast, but other records of Gikrealmon on the west coast are probably stray fish
A few land-locked stocks are also known from laké&sng both the east and west coasts. Although
juvenile fish have been caught in some North Islaivdrs, indicating successful spawning had

occurred, there are no consistent runs of Chinaikan in the North Island. The data used in this
analysis are for juvenile Chinook salmon (< 100 nwajpght from wadeable sites in the Rakaia,
Rangitata and Waitaki catchments.

Table 4.25.1: Habitat statistics for 97 juvenile Cook salmon present at 45 of 404 locations
in 7 rivers.
Velocity (m/s) | Depth (m) | Substrate index | Substrate size (mm)
Minimum 0.00 0.04 4.0 8
Maximum 1.10 0.48 6.6 197
Average 0.48 (34) 0.21 (10) | 5.1(0.5) 48 (28)
(SD)

The velocity at which 48 mm substrate (criticalogty) just begins to move at a depth of 0.21 m is
1.46 m/s.

Moderate velocity water (0.10-35 m/s) in the depthge of 0.15-0.25 m was the most commonly
used habitat for juvenile Chinook salmon. Howetleey did not exhibit strong depth preferences and
preferred velocities less than about 0.4 m/s @25.1). Coarse substrates were the preferredratdst
and most of the rivers sampled were gravel/cobbtled.
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Figure 4.25.1.: Kernel smoothed frequency of habitativailability (dashed line), use (dotted
line), and the preference curves derived from all ata (solid thin line) and by
averaging preference relationships in each river (did thick line) for juvenile
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Chinook salmon juvenile (Jowett & Richardson 2008)
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1.0 1.0
> 08 > 08
g 06 g 06
5 04 5 04
? 0.2 ? o2
0.0 0.0
00 02 04 06 08 1.0 00 02 04 06 08 1.0
Depth (m)
1.0
> 08
S 06
S 04
0.2
0.0

1 2 3 4 5 6 7 8
Substrate index

Figure 4.25.5: Habitat suitability curves for juvenile Chinook salmon derived from above
analyses (top) compared with curves based on dataom Glova & Duncan

(1985) (bottom).
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4.26 Juvenile brown trout (< 100 mm)

Brown trout are native to Europe and were firstadticed into New Zealand in the late 1860s from
British stock that was first established in TasraaMany subsequent introductions have occurred, and
brown trout now occur virtually everywhere in Newealand south of the Auckland region.
Populations in the northern North Island are lichiteecause winter water temperatures are probably
too warm for successful egg development. Althougbwin trout were not a target species of the
surveys, as one of the most widespread and commi@duced fish in New Zealand waters, they were
present in 45 of the sampled rivers and were thahanost abundant species.

Our surveys occurred in wadeable waters, and thierely juvenile (0+ <100 mm) brown trout were
caught. Large brown trout occupy deeper water,similar velocities (Hayes & Jowett 1994), and
suitability curves for adult trout have been depeld from data collected by bank observation (Hayes
& Jowett 1994). To date, flow assessments in Neal&d® for juvenile brown trout have relied on
suitability curves developed overseas.

Table 4.26.1: Habitat statistics for 1769 brown trat (< 100 mm) present at 446 of 1248
locations in 45 rivers.
Velocity (m/s) Depth (m) Substrate index | Substrate size
(mm)
Minimum 0.00 0.03 1.0 2
Maximum 1.34 0.69 8.0 300
Average (SD) 0.48 (0.27) 0.20 (0.09) 5.0 (0.8) 68 (64)

The most commonly used habitat for juvenile bromnt (< 100 mm) was at depths of 0.1-0.3 m and
velocities of 0.15-0.48 m/s. These are similah®results of Campbell & Scott (1984) who measured
juvenile (0+) brown trout densities in a tributarfythe Taieri River and found that their preferred
habitat was runs with an average velocity of 0.8 amd average depth of 0.2 m, and considered that
their behaviour changed to shoaling in pools aelovelocities. In our study, brown trout preferred
velocities between 0.3 and 0.9 m/s, with a smalpprtion of brown trout found in velocities greater
than 1.2 m/s (Fig. 4.26.2) .Velocities greater théhm/s were excluded from the GAM analysis. The
velocity at which 68 mm substrate (critical velggiust begins to move at a depth of 0.20 m is 1.56
m/s. A maximum velocity of 1.4 m/s was assumedHervelocity suitability curve (Fig. 4.26.5).

The substrate component of the generalised additodel (Fig. 4.26.3) did not appear to be realistic
in that it showed a strong preference for silt aadd and avoidance of coarser substrate, which is
contrary to field observations. The water depthesiusy juvenile brown trout in New Zealand appear
to be slightly less than those in North America, \mlocities were similar and there does not seem t
be a particular preference for substrate, alth@rghel/cobble substrates were the most commonly
used.
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Figure 4.26.1. Kernel smoothed frequency of habitativailability (dashed line), use (dotted
line), and the preference curves derived from all d@ta (solid thin line) and by
averaging preference relationships in each river ¢gid thick line) for juvenile
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Figure 4.26.3: Generalised additive logistic modedf juvenile brown trout probability of use
using depth, velocity and substrate index to give3P6 correct prediction at a
cut level of 0.7.
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Figure 4.26.4: Contour plot of GAM of probability of use using depth and velocity for a
substrate index of 5 with points filled if juvenilebrown trout were present.
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Brown trout (< 100 mm) (Jowett & Richardson 2008)
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Figure 4.26.5: Habitat suitability curves for juvenile brown trout (< 100 mm) derived from

above analyses (top) compared with curves based data from Bovee (pers.

comm.) (bottom).
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5. Interpretation of habitat analyses

The methods used for the derivation of habitatagility indices were described in Section 3.3. The
suitability index is based on the forage ratw),(which measures the strength of selection for a
particular habitat category (a valuewf= 1 indicates neutral selection; habitats witk: 1 are used
less commonly than expected by chance and habititisw >1 are used more commonly than
expected by chance).

In conventional habitat analysis, the forage ragi@sthen divided by the highest ratio so that tiakg

a value between 0 and 1. This conversion from fnagio to an index is not a necessary step in
habitat analysis. If an instream habitat analyserewcarried out using forage ratios instead of
suitability indices, the shape of the relationshith flow would be the same, although the resulting
values would be different. The reason for the cosivae to a value of between 0 and 1 is not clear,
but the terminology, weighted usable area, sugdbatsit was to create an index similar to the plde
binary concept of usable area, where area withHwewaf 1 is classed as usable and area with a value
of 0 is unusable.

In assessing the overall suitability of a fish kima for depth, velocity, and substrate, the indiil
suitability values are multiplied together, as wbbk appropriate for probabilities, assuming they a
independent, to form a combined suitability indesi)( The performance of habitat suitability curves
in predicting fish probability of use or abundarm@m be examined by calculating tbs from each
curve and comparing this to the observed presemefiae or abundance of the relevant species. This
was carried out using the study measurements othdeplocity, substrate (to calculatsi) and
comparing this with species density using the &gjom coefficient, as a measure of correlation
between thesi and fish abundance at each sampling location (Talile A similar comparison was
made using the area under the receiver operatiagcteristics (ROC) curve (AUC) as a measure of
the ability of csi to predict fish presence (Fawcett 2006). Tsecan be regarded as an index of
probability of use taking a value of between 0 dndA fish is considered to be present if s
exceeds a cut-off value. As the cut-off value dases the number of correct positive predictions
increases, but so does the number of false pogmigdictions. If the cut-off is zero, all positive
occurrences will be predicted correctly, but allga@ve occurrences would be false positives.
Similarly, if the cut-off is 1, all negative occences will be correct but there will be no correct
positive predictions. The ROC graph displays tlaeld@roff between the number of correct positive
predictions and the number of false positive ptimlis as the cut-off value changes. The area under
this graph is a measure of classification perforreaihe larger the area, the better the performdihce
the area is 1.0, you have an ideal model. If tea & 0.5, then you have a model which has efelgtiv
50% true positives and 50% false positives. Thimidetter than flipping a coin. The closer theaase

to 1.0, the better the performance, and the clibeearea is to 0.5, the worse the performance.

This review of habitat suitability curves has deypeld curves for 10 new species or life stages asd h
revised existing curves for 19 species or life sgagVhere curves have been revised, the new curves
are usually similar to the old curves, sometimeaprisingly so. For example, the old curves for dwar
galaxias were based on observations of nine fishthpse curves are similar to the new curves based
on 159 fish. When the performance of the curves exasnined (Table 5.1), most of the new curves
performed better that the old curves, but many wenglar. Neither the values of AUC nor the
correlation coefficients were high, and this wasduse there were many cases where fish were not
found in habitat that was apparently suitable. Tihidecause fish species cannot be expected to
occupy all available habitat in a river at a givestant (e.g., when the survey was undertaken),
otherwise any reduction in the amount of availdiabitat, such as occur when flows vary over time,
would result in habitat limitation and mortalityh& correlation betweecsi and fish abundance was
significant P < 0.01) for all species.

Although only the forage ratio/habitat relationshigveraged over the rivers are shown in this report
we found that the relationships were usually simitam river to river. The only exception was the
landlocked koaro population in tributaries of Lakbalice, where the koaro tended to be in small
pools rather than tumbling torrents that are ugwddiscribed as their habitat.
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The area under the ROC curves was greater for Galtsfor the combined habitat suitability indices
calculated from conventional habitat curves incalées except one, juvenile banded kokopu (Table
5.1). However, only about half of the correlatiopefficients were higher than the corresponding
coefficients for the conventional habitat curveBhis analysis used all data to develop GAMs that
were the best fit to the data. If part of the dadal been used to fit the GAM (‘training set’), gt i
uncertain whether the GAMs would perform any bettencsi at predicting presence/absence for data
not included in the ‘training dataset’.

Table 5.1: Evaluation of relationships between GAM, combined suitability index calculated
from old and new habitat suitability curves and theabundance of fish species
(correlation coefficient, r) and species presence absence (area under ROC @jrv

AUC) .
Number
of
locations
Suitability curve sampled GAM New curves Old curves
r AUC r AUC r AUC

Shortfin eel < 300mm 2192 0.022  0.635 0.013 0.601 0.006 0.438
Shortfin eel > 300mm 549 0.057 0.749 0.062 0.739

Longfin eel < 300mm 2641 0.036  0.679 0.027 0.652 0.007 0.574
Longfin eel > 300mm 549 0.081  0.747 0.078 0.703

Torrentfish 1217 0.108 0.858 0.078 0.796 0.065 0.810
Koaro 832 0.124  0.827 0.127 0.808 0.122 0.806
Roundhead galaxias juvenile 528 0.180 0.878 0.117 0.815

Roundhead galaxias adult 528 0.029 0.815 0.031 0.773 0.035 0.779
Lowland longjaw  galaxias

juvenile 469 0.139  0.966 0.221 0.961

Lowland longjaw galaxias adult 399 0.043 0.683 0.030 0.615 0.024 0.588
Flathead galaxias juvenile 233 0.042 0.885 0.039 0.844

Flathead galaxias adult 233 0.085 0.731 0.030 0.635 0.001 0.467
Dwarf galaxias 467 0.078 0.882 0.041 0.791 0.039 0.808
Banded kokopu juvenile 575 0.035 0.664 0.042 0.697 0.010 0.626
Banded kokopu adult 575 0.106 0.746 0.072 0.708 0.021 0.687
Alpine galaxias 192 0.232 0.951 0.284 0.936

Upland longjaw galaxias 154 0.122 0.858 0.040 0.728

Canterbury galaxias 534 0.081 0.758 0.037 0.683 0.033 0.678
Giant kokopu 69 0.280 0.809 0.109 0.630

Lamprey 238 0.043 0.752 0.056 0.653 0.045 0.597
Crans bully 799 0.029 0.731 0.034 0.720 0.035 0.712
Upland bully 1078 0.022 0.716 0.083 0.704 0.069 0.696
Common bully 1400 0.037  0.706 0.032 0.668 0 0.497
Bluegill bully 764 0.097 0.857 0.131 0.820 0.056 0.748
Redfin bully 920 0.046  0.736 0.042 0.704 0.042 0.509
Smelt 255 0.113  0.882 0.293 0.841

Rainbow trout (< 100 mm) 679 0.044 0.718 0.046 0.703 0.017 0.650
Chinook salmon juvenile 404 0.048 0.716 0.023 0.655 0.008 0.603
Brown trout (< 100 mm) 1248 0.041  0.710 0.026 0.640

Although this study has focussed on defining depdigcity and substrate preferences for individual

species, habitats can be described more broadbpals, runs and riffles. Jowett (1993) showed that
Fr=V)__

pool, run, riffle habitats can be classified by ke number /x Y whereV is velocity (m/s)g

acceleration due to gravity (9.81 R)/sandY depth (m), with Fr < 0.18 in pools, Fr > 0.41 iffles,
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and runs with intermediate values. The averagehdegmd velocities used by the fish species in this
study were converted to Froude numbers and display®rder of Froude number (Fig. 5.1). Adult
eels, lamprey, a variety of juvenile galaxiids, autllt kokopu use pool habitat; torrentfish, blllegi
bullies, koaro, alpine galaxias, and upland longgmblaxias use riffle habitat; juvenile eels, traand
some galaxiid and bully species use run habitathodigh redfin bully, adult roundhead galaxias,
Crans bully, and smelt were classified as using pabitat, these species tend to be found in rads a
the division between pool and run habitat shouttbpbly be a little lower, say at a Froude number of
0.1, between longfin eel (> 300 mm) and smelt. Hewethe classifications of pool, run, and riffle
habitat do not necessarily mean that those fishileely to be found entirely in pools, runs or I&s$.

For example, the margins of riffles often contdiowsflowing water that is classified by its Froude
number as pool or run habitat. Jowett & Richardd®95) described many of the fish species that are
classed here as using run habitat, as edge-dwédlesrsuse they found them along the margins of
riffles.
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Figure 5.1 Habitat use by 30 fish species in ordeof decreasing Froude number, with
horizontal lines separating them into pool, run andiffle habitats.

Some of the habitat suitability curves listed instiheport are more useful for flow and habitat
assessment than others. For example, as flowseadur river, the amount of run and riffle habitat
tends to decrease and the amount of pool habitdst® increase. Thus, an instream flow assessment
would indicate a low flow requirement for specidmtt prefer pool habitat. While this may be
appropriate for some species, such as banded kokbpte habitat suitability curves describe night
feeding habitat, some other species, such as eelglt may have been utilising cover when the hiabita
use data were collected, and the suitability ddtehould be recognised as applying only to those
situations (e.g., flow requirements to maintainhtityme feeding habitat for adult eels is usually
higher than day cover requirements). Some guidandde applicability of the curves is given in
Section 3.2, Section 4.1 and other sub-sectionsite®y individual species.

The most difficult and uncertain part of an instrelabitat analysis is the biological interpretatadn
the results. The use of appropriate habitat suitylaiurves is a crucial step. The bottom line hatt
there must always be some suitable habitat if aatmspecies is to survive.

The often questioned assumption at the heart afdidkased flow assessments is that there is some
relationship between the amount of habitat andathendance of the aquatic species. Jowett et al.
(1991) showed for benthic invertebrates that thelined suitability index formed by multiplying the
suitability indices together was the best indexspécies density that they tested. The conventional
habitat suitability curves, as developed in thigoré when used with depth, velocity, and substrate
predicted by instream habitat analyses, will predac index of species density. Generalised additive
models (GAMs) were fitted to species occurrenca,dsd that when these are used with a hydraulic
model, the resultant index is the area weightetdadvidity of use. The average probability of ust¢his
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weighted probability of use divided by the riverditi. These are the GAM equivalents of weighted
usable area (WUA) and average habitat suitabilitiex (HSI).

Species abundance is influenced by factors otfzar fabitat that are not necessarily flow-related, s
that it is often difficult to demonstrate relatitiifss between species abundance and habitat. However
it is intuitively reasonable to expect that the amioof habitat available would set a limit to pagdidn

size, in the absence of other limiting factors. (it@bitat availability would set the outer envelayf
abundance for a given population). This suggestt dbnsity dependent mortality or migration will
only occur if a high proportion of the availablebftat is occupied and a reduction in the amount of
available habitat occurs (Orth 1987). The aim ofassessment of flow requirements is to provide
sufficient habitat for the maintenance of all I§&ages of target species and for the other floch an
fauna that make up the food chain in the streansystem, and in this way to maintain the life-
supporting capacity of the stream.
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6. Conclusion

The derivation and use of habitat suitability maedgdabitat suitability curves) are the most impatrta
aspects of flow evaluation. Although habitat sultgbcriteria for many New Zealand fish specieg ar
described here, they can be improved by colleatioge data, particularly for the rarer species. The
method of data collection is important for the dation of habitat suitability models. The conditson

in which fish are sampled should not be extrene, (hormal flow and water temperature, usually in
summer) and the full range of habitats should lmepéed with equal effort, whether they are likely to
hold fish or not. This can be difficult, if not imapsible, because it requires sampling shallow water
over a full velocity range and deep water overllavielocity range.

While many fish undoubtedly make use of habitat @mmicro scale, most habitat suitability
observations describe mesohabitats — the charstaterof the area in which the organism lives, eath
than the microhydraulics of its precise locatiam.aksessing suitability for one species, we amnoft
assessing conditions for a number of speciesitieatr that area. Riffle-dwelling fish are an exde)p
where the habitat suitability curves describe @iffbnditions, rather than microhabitat of the lmrat
of an individual fish.

The habitat suitability curves derived in this stade very similar to those derived more than 1&rye
ago with much fewer data. This is reassuring bexatusuggests that habitat use does not vary
significantly between rivers, something that wasdent in this study when analysing habitat
suitability for individual rivers. Generally, thahitat suitability curves show a slightly wider ganof
preferences than the earlier curves. However, datesspecies, high velocity preferences have been
reduced by considering the substrate stability urdgh velocities. Generalised additive models
(GAMs) were generally better predictors of preséatzgence than the conventional habitat suitability
curves. Overall, the hydraulic habitat preferermiethe species are consistent with their knownaise
pool, run, and riffle habitats.
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