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Executive Summary

Landlocked koaroGalaxias brevipinnis) was once the dominant fish species in most ofldnge,
inland lakes of the central North Island and uplwaitout 1900 koaro supported important Maori
fisheries. However, these fish were decimated byittroduction of trout and later smelt. In additio
forest clearance has lead to the disappearanceanb krom many streams in the lakes’ catchments.
Today, the koaro is regarded as a taonga specibshigh heritage values, but it was also a key
component of the lake’s indigenous biodiversity,iciihhas now been greatly reduced. Today, the
historical values of this species are becoming naggarent, as is the extent of its decline, but the
current status of koaro remains largely unknown thiede is virtually no management to secure relict
populations or to restore lost populations in streaeven though this is technically feasible. Altto

the Department of Conservation has a national mol¢he protection of indigenous species, the
responsibility for native fish in many of the Ratarlakes was vested in the Te Arawa Lake’s Trust
when ownership of the specific lakes was returnedTeé Arawa. To properly exercise this
responsibility, the Trust requires good information the distribution, abundance and ecology of
koaro. NIWA has endeavoured to provide this throigrRST funded programme on taonga species
in the Rotorua lakes.

In this report, we provide the results of koaroveys in the tributary streams of nearly all of the
seventeen lakes centred around Rotorua. The rebelfs define the current distribution and
conservation status of koaro in each lake as veetegionally. The surveys increased the number of
streams where koaro is known to be present frofo 115 (33% increase). However, the results also
indicated that koaro is probably now extinct in tetkes (i.e., Rotoehu, Rotoma, Rotokakahi,
Rerewhakaaitu, Rotokawa, Okaro, Rotomahana, NgaheMgapouri, Tutaeinanga). Relict
populations are present in a few streams in andtherlakes (i.e., Rotorua, Rotoiti, Okareka, and
Tarawera) and this species is only secure in Lakatdna where it is still common in all six inlet
streams. It is not present in Lake Tikitapu butéy never have existed here and its status in Lake
Rotoatua is unknown.

It is apparent that management will be requiregrievent the known relict stream populations from
declining further and to restore koaro in streanmens they are now absent, but where removal of
trout and/or the creation of riparian buffers cobklp restore them. A number of stream sites (and
small lakes) are therefore identified where prabecbr restoration could now be focussed and it is
recommended that site specific restoration planditasvn up for these sites, as done for koaro
restoration in Lake Rotoaira.

Status of koaro in Te Arawa lakes iv



—N-IWA_—

Taihoro Nukurangi

1. Introduction

In pre-European times, the main fish harvested lapiin the Rotorua lakes included
the juvenile and adult stages of the kodBaléxias brevipinnis) termed ‘inanga’ and
‘kokopu’ respectively (Stafford 1986). These Mafisheries were widespread in many
of the Rotorua lakes up to the mid-1890s, andriglgrounds were clearly delineated,
managed and even fought over (Hiroa 1921; Mair 1S&fford 1994; 1996). Between
1895 and 1950, the koaro populations were largelylaced by the introduction of both
trout (mainly Oncorhynchus mykis) and smelt Retropinna retropinna) to the lakes
(Rowe 1990; 1993b). But degradation of lake aneastr habitats will also have
contributed to their decline (Rowe & Kusabs 2007).

Management of the Te Arawa lakes, and especialtyaditional fisheries, was returned
to Te Arawa in 2006 through settlement of the lakeéd ownership and associated
legislation (Te Arawa Lakes Regulations 2006). Treisponsibility requires knowledge
of the indigenous fish species present along with tools available for their
management. Te Arawa are steadily renewing thewatdship over historical fisheries
and are now looking at ways of restoring speciesh sas koura, kakahi and koaro.
Young & Smale (2003) proposed the restoration adr&oin Lake Okataina by the
elimination of trout. They envisaged that blockingut access to all spawning streams
would eventually result in the disappearance aifittfoom this lake. However, this is
unlikely to be feasible in a lake of this size hesmtrout will spawn on sandy shorelines
when spawning streams are inaccessible (Penliri@88). Furthermore, smelt can also
displace koaro (Rowe 1993b) and would also nedaetoemoved from the lake. This
would be impractical in a lake of this size. A moealistic goal to conserve koaro in
these lakes would be to remove both trout and sihnetth small lakes such as
Rotokawau, Okaro, Ngahewa, or Tikitapu, and/or éstare koaro in some of the
tributary streams of the larger lakes, especidleydtreams that are of limited value for
trout fishing and spawning. However, consideratidnsuch management options to
prevent the further extinctions of this ‘taongaesies assumes that koaro historically
occurred in all of these lakes and that relict pajpans still occur in some of the inlet
streams thereby providing stocks for restoration.

Juvenile (migrant) koaro are adept climbers and cagable of moving up wetted,
vertical rock faces and ascending large falls eodhtent that they occur at altitudes of
1200 m and surpass even longfin eels in theirtghidi colonise inland waters. Koaro
can therefore colonise most lakes that drain tosth@ The origin of koaro in the
Rotorua lakes is therefore most likely to be dua tmmbination of natural recruitment
from the sea into those lakes with river outlets.(iRotoiti, Tarawera, Ngapouri and
Ngahewa), followed by upstream colonisation of lojagically connected lakes and

Status of koaro in Te Arawa lakes 1
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then finally stocking of the remaining lakes bylgdfaori settlers. Historic changes in
lake levels and in lake drainage patterns will haffected hydrological connectivity.
For example, although Okareka drains into Taraweday (via the Waitangi stream),
Okataina does not, even though it is likely to hdv&ned into Tarawera for a period
after these two lakes were formed around 5000-¥@@0s ago (Nairn 1981). Similarly,
the water level in Lake Rotorua was 12 m abovegmrielevels as recently as 4000-8000
years ago when high rainfall occurred (Lowe & Grd@&87; McGlone 1983). Lakes
Rotoiti and Rotoehu were formed earlier, betwe&d®,and 9000 years ago (Lowe &
Green 1987), so if the water levels in Rotoiti &atoehu were also high at this time,
these three lakes are likely to have been interected by surface flows. For example, a
rise of about 5-6 m in the water level of Rotoebdaly would result in a surface flow
into Rotoiti. Given the historic changes in raihfahd lake levels and the highest point
between these two lakes today, an historic surfeater connection between them
seems very likely. However, the current water léndRotoma would have to have been
c. 27 m higher to drain into Rotoehu, so an histbgdrological connection between
Rotoma and Rotoehu is unlikely. However, Lakes Rbekaaitu and Rotomahana were
formed more recently, around 700 ago, and wereahigimot connected to other lakes
with drainage to the sea, so will not have beenrally colonised by koaro.

The eruption of Mount Tarawera in 1886 will haveideated many koaro populations
in lakes centred around Lake Tarawera but remnaptilptions in some streams will
have survived and allowed re-colonisation. It sogbossible that migrants from the sea
accessed Lake Tarawera after the eruption, evendfi migrations are not possible
today. Colonisation of lakes Ngapouri, Tutaecinaaga Ngahewa would have been
possible via the Waikato River. Eels are thoughtdge once penetrated the Waikato
River as far upstream as the Huka Falls (Downe8)] @l/en though few will have been
able to pass the Maungatautari Falls (Hobbs 19#18&Is reached the Huka Falls, koaro
will have too and some can be expected to havedftlueir way into Lakes Ngapouri
and Ngahewa. Alternatively, downstream migrant &faom the abundant stocks in
Lake Taupo can be expected to have spread dowmstvdth some moving back
upstream to establish landlocked populations iagtevo lakes.

The likely hypothetical pattern of natural colorisa of the lakes by koaro and by
artificial stocking is shown in Figure 1.

Status of koaro in Te Arawa lakes 2
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Figure 1

Hypothetical origin of koaro in the Rotorua lakeséd on historical access to a lake via
a river system, upstream migration of climbing joNes to hydrologically connected
lakes, or stocking of koaro by Maori into lakes twito hydrological connection to
natural populations (boxes include lakes where kstamay be genetically similar
because of natural movements between lakes).

Historic data in the New Zealand Freshwater FisttaBase (NZFFD) showed that
small, relict populations of koaro were preseradme of the smaller (and hence mainly
trout-free), bush-clad streams of the deeper lakeh as Rotoiti, Okataina, Okareka
and Tarawera (Fig. 2). These stream populationsresponsible for the continued

recruitment of koaro to these lakes and some dahato still occur in low numbers

close to the lake bottom in both Rotoiti (Rowe 189and Okareka (pers. comm. K.
Young, Dept. of Conservation, Rotorua). Koaro daerdfore also be expected to occur
close to the lake bottom in Okataina and Tarawewh taere is evidence for this on
echograms covering the deeper regions of theses.lake exception to this

generalisation is provided by Lake Rotoma. It oimceivable that Rotoma alone would
not have been stocked with koaro by early Maotiesstand that these fish would not
have developed a self-reproducing population. Betkoaro is now extinct here. This is
also a deep lake, but unlike the other deep lakdacks any stream large enough to
support a resident population of koaro and as kaexdikely to require inlet streams for
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spawning, this lack has probably lead to this saxtinction here when faced with
the predatory onslaught of trout and then smeltarkiohave also been historically
recorded in lakes Rotokawau, Rotokakahi, and Reakaditu and relict populations
may still be present in some of the tributary stre@f these lakes.

Kaituna River
Lake Rotoehu

Lake Rotoiti !

Lake Okataina,

Lake Rotoma

: |

Tarawera
River

Lake Rotorua

Lak%ﬁ

ake Tikitapu

Lake Tarawera
ake Rotokakahi

N
Lake Rotomahana
Lake Rerewhakaaitu
LakeOkal P
Lake Ngahewa
0 5 km Lake Ngapouri @ Koaro present
Waikato River.
Figure 2: Distribution map for records of koaro in tributastyeams of the Rotorua lakes prior to

the 2007/2008 surveys (data from the New Zealaedifwater Fish database).

Knowledge of the historic status of koaro in eatkhe Rotorua lakes was summarised
by Rowe & Kusabs (2007) and is shown in Table JesEhdata suggest that it is extinct
in four lakes, rare in another five and that it is unknown in five lakes. However,

many streams which may still contain relict popolas have not been surveyed yet.
Hence the real distribution of koaro in the Rotdalkes is poorly understood and needs
to determined to identify the true status of tiis@es in these lakes.

Status of koaro in Te Arawa lakes 4
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Table 1: Past and present status of koaro in the Rotorusslak
Lake name Access to sea Koaro status in the Rotorua lakes
(river name) Pre-1900 2005
Rotorua Yes (Kaituna R.) Abundant *> "  Rare, confined to streams *>*°
Rotoiti Yes (Kaituna R.)  Abundant >°****  Rare, in 2 streams and in lake during
WinterlO,lS,lG
Rotoehu No Abundant *” %121 Extinct °*°
Rotoma No Abundant **? Extinct >*°
Rotokawau No Abundant ®*° Status unknown
Okataina No Abundant ™ Common in 5 bush-clad streams, some in lake
15
Okareka Yes (Tarawera  Abundant *****® Common in 1 bush-clad stream, some in lake
R) 13,15
Tarawera Yes (Tarawera Abundant %8 Rare in some bush-clad streams, some in lake
R) 13,15
Rotokakahi Yes (Tarawera Abundant ® Status unknown
R.)
Tikitapu No No records Never present, or extinct >
Rotomahana No Abundant > % Status unknown
Rerewhakaaitu ~ No Abundant ** Extinct >*°
Okaro No Abundant ** Extinct™®
Ngahewa Yes (Waikato No records Status unknown
R.)
Ngapouri Yes (Waikato No records Status unknown

R.)

Sources 'Dieffenbach (1843)’Bates (1870)>Talbot (1882),*Hiroa (1921),°Mair (1923),°Cowan (1926)/Pomare &

Cowan (1930)%Papakura (1986fStafford (1967)°Rowe(1993a)}'Stafford (1994)*Stafford (1996);*Young (2002),

“Habib (2006)*New Zealand Freshwater Fish Databa%ejthor’s unpublished data.

Comprehensive surveys were therefore undertake20@y and 2008 to identify the

streams where populations of koaro are still presewrder to determine the current
status of koaro in the Te Arawa lakes. These susrvegre also designed to identify
stream populations that can be secured (e.g., dhreemoval of trout, protection of

riparian vegetation, and/or maintenance of streabitat) to provide more sanctuaries
for this species. This report presents the resilthe surveys and identifies the relict
populations that now require protection to conseneelacustrine stocks of this species.
In addition, it notes a number of streams wheréoragon of koaro could be readily

carried out. The report therefore provides a curr@account of the management
principles required to secure the status of thimi, taonga species in the Te Arawa

lakes.

Status of koaro in Te Arawa lakes
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2. Methods

Records of the fish species caught by electridritslat stream sites in the Rotorua lakes
catchments were retrieved from the New Zealand Hwater Fish Database and

inspected to identify the known locations for koaBtreams for which no fish data

existed were then identified on the NZMS 260, 1080, topographic maps to indicate

where further sampling was required. In all, 24a&tns had been spot sampled by
electric fishing before 2006 but there was no rédor the other 115 streams in the
NZFFD as at July 2006.

Koaro tend to inhabit small, first order streamatthre heavily shaded by a bush
canopy. They rarely occur in open streams in paktmtchments and deforestation is
thought to account for their general decline in N&saland rivers (McDowall 1990).
They are therefore unlikely to be found in opereatns and surveys to detect the
presence of adults need to focus on stream redemesith a bush canopy. Such reaches
are often absent in the lower region of streamhraénts and present only in the upper
reaches. Therefore potential sampling sites ne@uctode reaches in the upper regions
of streams where a forest or riparian strip providdoush canopy over the stream.

The NZMS 260 topographical map series coveringliiéArawa lakes were inspected
to identify streams that had not been sampled uslegtric fishing and within these,
sites beneath a bush catchment. Many of the sitesdfproved to be difficult to access
because they lie within private property and thexeno vehicle access to them.
However, many of the sites were accessible and wenefore sampled during 2007
and 2008. Although many inlet streams are showtherNZMS maps, many of these
are small and so may dry out during summer mofispections were therefore carried
out in summer to distinguish the perennial from épbemeral streams and to sample
the perennial streams.

Each site was electric fished (single pass) in @straam direction with approximately
50 m (minimum) of stream reach being sampled. Etedishing by experienced
operators allows the sampling of fish with minirhalrm. Fish are temporarily stunned
by the current and are readily netted from theastreising metal-meshed dip-nets,
which isolate them from the current. They recovamediately and are placed in a
collecting bucket for later processing. Any fisregent within a sampled reach were
identified to species level and their total lengibasured before being returned to the
water. The fish species present in the streantkeofTe Arawa lakes include rainbow
trout, common bullies, smelt, koaro, gambusia ¢mes lakes), and goldfish.

Status of koaro in Te Arawa lakes 6
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The stream locations where koaro were presentsaraliincluding streams which were
dry) were then mapped to indicate the number dfutaries where this species sitill
occurs in each lake. A number of the less accessités could not be sampled and
therefore constitute ‘gaps’ in the record. Thesessare identified as ‘not yet sampled’
and indicate where future sampling needs to betdide

Streams where good habitat for koaro was presahtwdrere large reaches could be
amenable to restoration and protection were algmtilied. The criteria for these
included; (a) sites where both koaro and trout waesent but where trout removal
would be feasible and not affect recruitment sigaiitly, (b) sites lacking koaro but
where restocking could establish viable populatiof sites where koaro were
common but where future changes to land or waterrogy threaten the viability of
these populations. Although juvenile trout and adéolro co-occur in many streams,
koaro tend to be scarce in streams where troutitgenshigh and are only abundant
above falls that are inaccessible to trout (Rowd&a@ui 2007). Removal of trout is
therefore a viable method for increasing the stamkkoaro and can be achieved by
firstly installing a barrier to their upstream nmagjon below the reach to be restored, and
secondly by removing all trout above this barriBowe et al. (2007) described a
number of barrier types that can be used to prevent movement upstream and also
described successful uses of such technology toreesative fish affected by trout. The
optimal methods for protecting or restoring koarsireams within the Te Arawa lakes
catchments were therefore identified for each looathat met the above criteria and
are listed to provide the basis for a site-specégtoration management plan.

Status of koaro in Te Arawa lakes 7
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3. Distribution and status of koaro

The number of inlet streams entering each lakdherNZMS 260 topographical maps is
shown in Table 2. Of the 139 inlet streams idesdifon these maps, 30 were not
checked because of access difficulties, 69 weradda be dry during summer months
and 40 had a water flow when visited, so were sachplhe total number of streams
checked for fish was therefore increased from 240tdn the streams where a flow was
present, we found four new or unrecorded populatminkoaro; two in Lake Okataina,

one in Lake Rotorua and one in Lake Tarawera. rtaseases the number of stream
sites where adult koaro are present in the Te Ardakes from 12 to 16 (i.e., a 33%

increase).
Table 2: Number of streams entering each lake and the nusgepled as at July 2006 and July
2008.

No. Lake name Marked on Not Known to Sampled Sampled Sites

NZMS 260 sampled bedryin before 2006 to date where

maps to date summer (NZFFD record) (July adult

2008) koaro

occur
1 Rotorua 21 10 3 7 8 4
2 Rotoiti 19 8 5 2 6 2
3 Rotoehu 14 0 11 3 3 0
4 Rotoma 10 1 8 1 1 0
5 Okataina 18 0 12 4 6 6
6 Rotokawau 1 1 0 0 0 -
7 Rotoatua 2 1 0 0 1 -
8 Tikitapu 4 0 4 0 0 0
9 Okareka 3 1 1 1 1 1
10  Tarawera 26 4 16 3 6 3
11 Rotokakahi 3 0 1 0 2 0
12 Rotomahana 9 1 6 0 2 0
13 Rerewhakaaitu 3 1 0 0 2 0
14  Okaro 2 0 1 1 1 0
15 Ngahewa 1 0 0 1 1 0
16  Ngapouri 2 1 1 1 0 0
17  Tutaeinanga 1 1 0 0 0 0

Total 139 30 69 24 40 16

Not surprisingly, three of these new populationsensssociated with streams where the
water flow is mainly from springs as against catehirainfall. Large koaro
populations in pre-European times were often aasettiwith large springs (Rowe et al.
2002) and in Lake Rotoaira today, streams whergokaae still common are also
associated with springs (Rowe & Konui 2007). Reastor the strong association
between koaro and spring-fed tributary streamsked are unknown, but are likely to
include the colder water. Koaro is one of the meraperature sensitive of the native
fish species, preferring waters around 13°C (Ra$a@n et al. 1994) and the temperature
of streams fed mostly by cold springs is often eltwsthis.

Status of koaro in Te Arawa lakes 8
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31 Lake Rotorua

Stream sites sampled to date in the Lake Rotortnrweent are shown in Figure 3. In
total, over 35 sites have now been sampled (27his $urvey). Koaro had been
previously reported in the database only from tk&alAou and Waingaehe Streams. We
recorded the presence of adults in the Hamuranea@trand in the Komutumutu
Stream, a major tributary of the Waititi where gdwbitat for koaro occurs. A number
of stream sites were not able to be sampled in IR®rua, especially on the eastern
side of the lake and, if these are not dry duringnmer months, koaro may also be
present in some of them, especially if they arénggied. Most of these are accessible
only via private property.

Stream dry

Not yet sampled

Koaro absent

Koaro present

Figure 3: Presence or absence of koaro in the inlet stredmsil®@ Rotorua and the location of
streams still to be checked.

Status of koaro in Te Arawa lakes 9
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A number of sites in the Puarenga Stream were sgimphese all contained trout and
no koaro were found. The upper reaches of the Nggah@ and Utuhina are both bush-
clad and relatively steep so provide good habtatkbaro. Trout dominate the lower
reaches of these streams and so exclude koartrobtitmay be absent or scarce in the
upper reaches especially above large falls that heaxe prevented their upstream
migration. If so, it is possible that koaro willag in these upper reaches and this needs
to be checked.

Koaro were once abundant in Lake Rotorua and wesnsively harvested in the lake
as well as during their spawning migration into audl of the Hamurana Springs (Rowe
& Kusabs 2007). It is clear that they will have babe dominant fish in all tributary
streams prior to the arrival of trout. The reswltdained to date indicate that they are
now confined to just four streams in Lake Rotoruma &ven here they are scarce.
Clearly, their continued presence in Lake Rotottsas is precarious.

3.2 Lake Rotoiti

Koaro are now present in only two streams in Lak®oR (Ruato and Waiit).
Juveniles were found at the entrances of two attreams (Fig. 4) but habitat for adult
koaro in these streams is minimal so adult popardatiare unlikely to be present. Koaro
were absent from the Te Toroa Stream, which isafrtke main tributaries and one of
the main trout spawning streams in Lake Rotoitthéligh the upper reaches are yet to
be checked, it seems unlikely that koaro will ocicuthis water course because of the
prevalence of trout. The Hauparu Stream has not bampled to date and is also used
by trout for spawning. Given its similarity to Terba Stream koaro are unlikely to be
present here.

A number of streams draining into the southwesgde of Rotoiti still need to be
sampled to confirm the absence of koaro. Many e§é¢hcan be expected to be either
dry in summer or affected by geothermal waterstss unlikely that koaro will be
present. Similarly, two small ponds in the Lake d®otcatchment have not been
sampled to date, but it is also unlikely that koatth be present in these as the water
quality is low. In 1985, adult koaro were stillagl’ely common in the deeper waters of
Lake Rotoiti (Rowe 1993). Given that this fish spawin streams, it is likely that these
lacustrine kokopu were the product of the spawpiogulations of koaro still present in
the Ruato and Waiiti Streams. In summer, theset &dako in the lake are forced into
the warmer, shallower waters by de-oxygenationhef iypolimnion in Lake Rotoiti.
They then become more vulnerable to predation bgsland trout, and more prone to

! Adults are found in a short section of this strgast below the spring head (pers. comm., lan
Kusabs).

Status of koaro in Te Arawa lakes 10
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disease and mortality because of the warmer asdbegyenated water. The removal of

a deep water refuge for this species during thenearsummer months adds another
stress to the relict populations in this lake.

R

Lake Rotoiti | _

O Stream dry
@ Not yet sampled |- #%!
@ Koaro absent

@ Koaro present i3

i
® koarojuv.only |17

5
SR B ]

Figure4: Presence or absence of koaro in the inlet stredrhal@ Rotoiti and the location of
streams still to be checked.
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L ake Rotoehu

Most of the streams in Lake Rotoehu shown on th&8Zopographical map are non-
existent or dry for much of the year (Fig. 5). A&@sequence, there are only three
main inlet streams (excluding the warm geothermglui from the Waitangi Soda
Spring). All were dominated by juvenile trout armlkoaro were found.
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Presence or absence of koaro in the inlet stredrhak® Rotoehu and the location of
streams still to be checked.

Koaro were historically abundant in this lake sis thpecies will have either been
stocked into it by early Maori settlers and subsedly established a breeding
population, or accessed it via a link to Lake Rwotorhe lakes may have been
historically interconnected when water levels irtdRoa/Rotoiti were much higher than
at present, but Rotoehu is not hydrologically lidkte Rotoiti today. Clearly, trout have
now replaced the spawning populations of koardenfew perennial inlet streams and
both trout and smelt have combined to displacekaathe lake. Without any refugia
provided by deep water or cold springs, the koaummow extinct in this lake.
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34 L ake Rotoma

There are no major inlet streams flowing into L&@oma and no outlet so it too will
have been historically stocked with koaro by MaArsmall breeding population would
have established in the inlet streams and supghiedake. The largest stream, known
locally as Fish Creek, is short and is now usechgrily by rainbow trout for spawning
(Fig. 6). Most other streams are dry during summenths. One stream has yet to be
checked for koaro, and if it is not present henes $pecies can be considered extinct in
this lake as well.

e Rotoehu {

Not yet sampled

Koaro absent

Figure6: Presence or absence of koaro in the inlet stredrhal® Rotoma and the location of
streams still to be checked.
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Figure7:
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L akes Rotokawau and Rotoatua

Koaro were historically reported (NZFFD recordg)nfr Lake Rotokawau and a relict

population could still occur in the Waimata Streavhjch is yet to be checked (Fig. 7).

As there is no lake outlet, koaro will have beetkeéd into it by Maori and established
a self-recruiting population. Trout were once stmtkhere but have now died out
because there is no spawning habitat in the lalleasamall fall prevents their access to
the Waimata Stream. Trout predation will have reduthe koaro stocks in the lake.
However, it is a deep water lake (allowing adulatmto avoid trout predation by

occupying deep water) and it has a small inletastréhat is inaccessible to trout. This
stream would have allowed a relict population cdrkoto persist. But smelt are present
in this lake, and even though trout are now gohe,dmelt will have competed with

juvenile koaro for planktonic food and preyed oe thrvae. Koaro may therefore be
extinct here but the inlet stream needs to be @wtkdetermine this.

Lake Rotoatua has no surface inlet stream (FidioWever, two streams straddle the
Outdoor Education Centre on Okataina Road and pésapunderground south-west of
this lake. They may provide a subterranean watercsato this lake. There were no fish
in the northern stream but the lake and southeeaust are yet to be checked. It is not
known whether this lake was ever stocked with koaro

Lake
Rotokawau

® ot yet sampled

@ Koaro absent

@ Koaro present 7N

Presence or absence of koaro in the inlet strediiakes Rotokawau and Rotoatua and
the location of streams still to be checked.
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Lake Okataina

Koaro were present in all the tributary streamwiitg into Lake Okataina (Fig. 8). Two
of these (the Log Pool Stream and the unnamednsttkat enters the lake north of
Motuwhetero Island) had not been surveyed befaré&daro. Juvenile trout also occur
in these tributaries but the streams are all sttedb than 1 m wide) so do not provide
much habitat for trout spawning or juvenile reari@pnsequently juvenile trout are
relatively scarce in these streams and this maywakoaro to persist in them. All
marked tributaries on the eastern side of the lakee dry and the largest tributary
entering the lake is the spring-fed ‘Log pool’ sime This stream is likely to be the
major spawning site for trout in this lake. It cains many koaro, possibly because its
bouldery substrate, wide range of flow types andatians in water depth diversify
habitat and allow these two species to partitientihbitat. In addition, only koaro will
occur in the stream beyond the highest point tcaatreach.

N P R S UES ‘\\“;t
.| Lake Okatain
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3
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\I'
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o Y
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O stream dry
| ® Not yet sampled

=S

| @ Koaro absent

@ Koaro present

T N

S e

Presence or absence of koaro in the inlet stredrhake Okataina and the location of
streams still to be checked.

Koaro are common in all of the perennial tributaria Lake Okataina and so this
species has a much higher presence here thanathall Te Arawa lakes. The presence
of good stream populations is likely to depend tyaon the fact that they are all in

relatively unmodified catchments and the streamessamall and steep such that trout
density is not high. In addition, some adult koaam be expected in the lake in deep
water (>50-80 m) where trout seldom forage (Row@3h9.
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There are four tributary streams that enter Lakétdpu (Fig. 9) but all are dry or non-
existent. It is not known whether koaro ever ocediin this lake.

0 24 £ /Lake Tikitapu | §
(ol
Lake Tikr
2 (Blue a\

415m i) r {
\ ,’\’H’ ~ 4 O steamay |

L — \ P 0 ® Not yet sampled

7~ Loz | « Xomopesen

Figure9: Sites inspected to determine the status of thé stleams of Lake Tikitapu.
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38 Lake Okareka

Lake Okareka drains into Lake Tarawera and sodesaible to upstream migrant koaro
from Lake Tarawera. Koaro still occur in this laket are currently confined to the
northern (Boyes Beach) stream that runs under Milaad (Fig. 10). The inlet stream
beside Okareka Loop Road was dry. The stream otakeés southern shore was not
checked but is also likely to be dry and it hasiparian cover needed to sustain koaro.

R \/ M‘\g)} \ﬁ N ; \ SA o Motuwhetero
e AT/ ] & Lake Okareka

([P
(7

ZI ) i TeKa-ra

O Stream dry

® Not yet sampled

| ® Koaro absent

@ Koaro present

Figure 10: Presence or absence of koaro in the inlet stredrhake Okareka and the location of
streams still to be checked.
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Figure 11:
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Lake Tarawera

Koaro (and eels) are likely to have initially gaingccess to Lake Tarawera via the lake
outlet and the Tarawera River and koaro will haselaished a landlocked population
after access was prevented (e.g., by tectonic @sanghereas the eels will have died
out. Failing this koaro will have been stocked ifftarawera from other local lakes.
Koaro were abundant in this lake in pre-Europeamesi but stocks will have been
devastated by the Tarawera eruption in 1886. Tiesmged the lake level and outlet and
may have reduced or stopped any migrations of jieefrom the sea via the Tarawera
River. Koaro are still persist in Lake TaraweraapdPopulations are now confined to
three of the eight streams that have been cheakedvhich flow into the lake during
summer months (Fig. 11). Most of the marked tabytstreams entering this lake,
especially those on the eastern side of the lakes weéher dry or non-existent as
occurred for Lake Okataina. However, four streatiisreed to be physically checked.
Koaro will have once been abundant in the Wairali\Mairoa Streams as they provide
good habitat for this species. Both streams are nmajor spawning and rearing
tributaries for trout and koaro were absent in both

A i TR

Lake Tarawera |+

Lake Tarawera
=

Not yet sampled [ L3

Koaro absent

Koaro present

Presence or absence of koaro in the inlet stredrmake Tarawera and the location of
streams still to be checked.
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A new relict population was found in the Te HiraayBStream (Fig. 12). The Te Hirau
Bay Stream population represents a major find amdbe considered the last ‘reservoir’
for koaro in this lake. However, the Waitangi Sineavhich allows water from Lake
Okareka to enter Lake Tarawera needs to be chexké&doo may harbour a population
of koaro.

Figure 12: A koaro from Te Hirau Stream in Lake Tarawera (top) and the wibere it was
captured from (bottom).

Status of koaro in Te Arawa lakes 19
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Figure 13:
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L ake Rotokakahi

This lake is connected to Tarawera by the Wair@aa®t and the falls on this stream
would be readily surmounted by juvenile koaro. Herniake Rotokakahi will, like Lake
Okareka, have been colonised by upstream migramts fake Tarawera. Historically,
koaro provided a major fishery for Maori in thiskda but the koaro is now probably
extinct. Of the three streams entering this lakayjttoccurred in two and one was dry
(Fig. 13).

=2

Lake |Rotokakahi

. v’— : f,-. = ilitag S0 b
L3 S\ 7 — ‘; = :« ;
) A "‘:’ Exotukutuku Point N =
tint 4N = //W — SR
/ ‘J" / = : T"_'-“.\‘\\

q Puaruku Isknd (Green Lake) ——
410 / Te Kohu Point Hopetste / / g
s i Poin
Motutawa ‘ 7 "'

Stream dry M
Not yet sampled

Koaro absent  [J)’

; R Koaro pnt
' 2P

Presence or absence of koaro in the inlet streafnske Rotokakahi and the location of
streams still to be checked.
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311 L ake Rotomahana

Eight of the nine streams entering this lake wédrecked and only two were flowing.
No koaro were found in these (Fig. 14). The renmgnnlet stream is largely affected
by geothermal inputs and so does not provide deitadbitat for this fish. However, a
major branch of this (the Haumi Stream) drains L@karo and suitable koaro habitat
may occur here if it is not dominated by trouthkrefore needs to be checked.

Lake Rotomahana was extensively modified as a cuesee of the Tarawera eruption
and this alone may well account for the curreneabs of koaro here.

~ Lake Rotom
a7

Patiti Island g’
(Banded Island) L) “

L 4 O streamdry
[ ] Not yet sampled
@ Koaro absent F‘
@ Koaro present "_’—*‘

A

Figure 14: Presence or absence of koaro in the inlet stredihake Rotomahana and the location
of streams still to be checked.
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3.12 L ake Rerewhakaaitu

Maori fisheries for koaro were historically repatt@ this lake but no koaro were found
in the two main tributary streams during the 200@ 3008 surveys (Fig. 15). These are
now dominated by trout. One tributary stream is tgebe checked but is unlikely to
contain koaro because of a lack of suitable habitat

STNiaED A A R A v e i)
; M=~ | Lake Rerewhakaaitu
‘aef::;:.i'__ﬂ,.:‘[ & 5 : T il
"'Wé‘j;*‘;wfr s

- ) Lake I
qg1:{1?J‘i‘e'r_ew.":@.ka::iim 3

q

{{ it Moon
o Bay

d \_ >

Ny ¥ I = ® Not yet sampled |3

W7 7ol pRN T [ P! {
O LAy 4 @ Koaro absent .

Y d Lk e "1 @ Koaropresent |7

) NI
Presence or absence of koaro in the inlet strednlsake Rerewhakaaitu and the
location of streams still to be checked.

Figure 15:
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Figure 16:
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L akes Okaro and Ngahewa

Lake Okaro has an outlet stream that drains intellRotomahana and as koaro were
present in Rotomahana, they will have also colahfSkaro by the upstream migration

of juveniles. Alternatively, koaro may have beeocked into Okaro. One site in the

main inlet stream flowing into Lake Okaro has bebecked (Fig. 16), but land use in

this catchment has affected koaro stream habithttfais stream therefore needs to be
checked further upstream, where habitat is beattr (iparian cover occurs), to provide

a definitive test for the presence or absence @frdkoThe single tributary stream

flowing into Lake Ngahewa is relatively large (Fig) and rainbow trout were the only

fish present. Koaro are now absent in this streadtlae lake.

& . Southerp

® ot yet sampled |

@ Koaro absent

@ Koaro present

. i

Presence or absence of koaro in the inlet stredifakes Okaro and Ngahewa and the
location of streams still to be checked.

The outlet for Lake Ngahewa drains into the Waiotapeam which enters the Waikato
River at Waimahana. There are no major falls ortehun the Waiotapu Stream
between Waimahana and Lake Ngahewa, so it is pleliadt koaro once accessed this
lake via the upstream migration of juveniles sodrdeom either the sea (i.e.,
diadromous fish) or from Lake Taupo (landlockedh¥isHowever, the establishment of
trout and later smelt will have lead to the denof@ny koaro present. Koaro are no
longer present in this lake.
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Figurel7:  Tributary stream flowing into Lake Ngahewa.
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3.14 L akes Ngapouri and Tutaeinanga

Lake Ngapouri also drains into the Waiotapu Streah so it too will have once been
colonised by koaro. The koaro would have persistedhis lake as a landlocked
population, and migrated upstream to colonise Takaeinanga. The very name of this
lake suggests that juvenile galaxiids (i.e., inamgaoccurred in the more northern
Rotorua lakes) once occurred in it. The stockingrofit and smelt in these lakes will
have resulted in the demise of koaro as it is ngéo present in either (Fig. 18).
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Figure 18: Presence or absence of koaro in the inlet stredrfekes Ngapouri and Tutaeinanga
and the location of streams still to be checked.
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4. Koaro conservation status

The Te Arawa lakes have now been extensively sed/ép provide an up-to-date

database on the distribution of koaro in the tabyistreams of these lakes. Although a
number of stream sites still remain to be checkedro are now present in only 16 of
the 40 streams checked (Fig. 19).

Kaituna River

Lake Rotoehu

Lake Rotoit

A
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Lake Rotoma

A
Tarawera
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o
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Lake Rotokakahi

ake Rotomahana
@ Koaro absent

Koaro present |ake Rerewhakaaitu

/\ No data e Okaro
Lake Ngahewa
0 5 km Lake Ngapouri
L |
Waikato River:
Figure 19: Summary of survey results for koaro in the inleeams of the Rotorua lakes at July
2008.

The survey results add to the preliminary assessaoid¢he conservation status of koaro
provided by Rowe & Kusabs (2007). They confirm thaaro is now extinct in four
lakes (Rotoehu, Rotoma, Rerewhakaaitu, Rotokakaid) probably extinct in another
five (Okaro, Rotomahana, Ngahewa, Ngapouri and €lngaga). These later
extinctions are qualified as although koaro arey Vi&ely to have historically occurred
in all these lakes, there is no proof of this agsent. The koaro was present in
Rotokawau, and is probably extinct there as walk, forther checking of the inlet
stream for this lake is required to determine thAishough the koaro is not present in
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Tikitapu today, it may not have occurred histoficah this lake. Similarly, it is not
known whether koaro ever occurred in Lake Rotoatuavhether it is present there
today.

It is therefore probable that koaro has becomaneixin ten of the seventeen lakes, with
relict populations (present in three or less stam another four lakes (Rotorua,
Rotoiti, Okareka, and Tarawera). This species Ig saecure in Lake Okataina where it
is still common in all six streams. Given its daeeliin other central North Island lakes
(e.g., Taupo, Rotoaira, Waikaremoana, WaikareititoRounmau), and in many large
South Island lakes (e.g., Tekapo, Wanaka, Whakgtiphere the highly piscivorous

brown trout has decimated stocks to a much greatent than the rainbow trout (Rowe
et al. 2003), the status of lacustrine populatiointhis species in New Zealand is now
precarious and management is required to halitedr decline.
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5. Optionsfor koaro protection and restoration

Sixteen stream sites were identified where adurd&are still present in the Te Arawa
lakes. These streams are listed in Table 3 angddtential for protection, enhancement
and restoration is scored depending on the relatnendance of the koaro present (i.e.,
rare, common, abundant) as well as the amount lmfdigresent (i.e., large, medium,

small). The presence of culverts that can be ueedrdate barriers to trout and of

riparian vegetation that helps create habitat éaré is noted.

Table3: Stream sites where koaro protection, enhancemesstoration is possible.

Lake Streams where koaro are Size of Status of Score Culvert Riparian
present habitat koaro (1-5) present cover
Rotorua -Komutumutu Stream Large Rare 4 Yes Maintain
-Hamurana Stream Medium Rare 3 Yes Improve
-Waingaehe Stream Large Common 4 Yes Improve
-Taniwha Springs Stream Small Rare 2 Yes Maintain
Rotoiti -Ruato Stream Medium Abundant 5 Yes Maintain
-Waiiti Stream Small Common 3 Yes Maintain
Okareka -Boyes Beach Stream Medium Common 4 Yes Improve
Okataina -Log Pool Stream Small Abundant 4 No Maintain
-Parimata Bay Stream Large Common 5 No Maintain
-Kaikakahi Bay Stream Medium Common 4 No Maintain
-Motuwhetero Inlet Stream Large Common 5 No Maintain
-Pukahu Stream Medium Common 4 No Maintain
-Haumingi Bay Stream Small Common 3 No Maintain
Tarawera  -Te Hirau Bay Stream Large Common 5 No Maintain
-Kotukutuku Bay Stream Small Rare 2 Yes Maintain
-Otumutu Inlet stream Small Rare 2 Yes Maintain

On-going protection of these streams is requirechamntain their koaro populations. In
the first instance, this list of sites providesasib for future listing by Environment Bay
of Plenty in Regional Plans so that the streamdlagged in any application for land
and water resource consents. This listing procesesigned to prevent or mitigate the
effects of development at these sites on koaro.example, changes in the culverts
under roads by either the District Council or TiaNew Zealand may allow trout
better access to such sites and create advers@icosndor koaro. Conversely, such
culverts can be altered to reduce trout accesssanmnprove conditions for koaro.
Removal of riparian vegetation would also adversafect koaro, whereas riparian
planting or afforestation could help this specldigh priority sites requiring protection
of existing koaro stocks include the Komutumutu aNdingaehe Streams in Lake
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Rotorua, the Ruato Bay Stream in Lake Rotoiti, BoBeach Stream in Lake Okareka,
the Te Hirau Stream in Lake Tarawera and all irdeeams in Lake Okataina.

Protection of the Ruato Bay Steam population ind_Rlotoiti, the Boyes Beach Stream
population in Lake Okareka and the Te Hirau Str@apulation in Lake Tarawera are
considered high priorities as the loss of koarthese streams would most likely lead to
the extinction of koaro in their respective lakes.

Protection of these existing koaro populations regumanagement to maintain the low
density of trout by the creation of a barrier teithupstream migration. It also involves
the maintenance of riparian cover to protect kdabitat. The enhancement of koaro
requires a more active form of management. Exatusidrout is feasible where a road
crosses over the stream and the culvert providestential site to prevent trout access.
It is also possible where the flow is mainly frors@ing as a barrier can be constructed
in the channel to prevent trout access without tddtood damage or of trout access
when floods occur. Trout exclusion barriers are emifficult to create in streams that
are prone to flooding and/or where there are netieg sites for the creation of a trout
barrier.

The scope for koaro enhancement is high in thrdes IRotorua Steams (Waingaehe,
Komutumutu and Waiteti) where the amount of halgaarge and trout exclusion is
possible because of road culverts. In particulathaacement of koaro in the
Komutumutu Stream is warranted because of the idahitat present for this species
here (Fig. 20) and the presence of a rock-hewnreculinder Dalbeth Rd (Fig. 20) that
provides opportunities to exclude trout.

The restoration of koaro in locations where theyraow extinct may also be feasible by
removal of trout and smelt followed by koaro stogki For example, koaro were not
found in the Waiteti Stream in Lake Rotorua abowabBth Road. A large amount of
good habitat for koaro occurs in this stream (Ritj). Although it is used by trout for

spawning, it may not be a major spawning tributang it is possible that exclusion of
trout from above Dalbeth Road would have littleeetfon trout recruitment to Lake

Rotorua. If so, then the exclusion of trout woutéate a large amount of habitat for
koaro, and koaro could be stocked into this stresanh to create a new population.
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Figure 20: Koaro habitat in Komutumutu Stream above DalbathdR(top) and the culvert beneath
the road (bottom).

Status of koaro in Te Arawa lakes 30



—NJIWA_—

Taihoro Nukurangi

Figure 21: Optimal koaro habitat in the Waiteti Stream, Lalk#dRua above Dalbeth Road.

On a larger scale, trout are no longer presentikelRotokawau where koaro were once
present. Although the inlet stream may still holdesct population, koaro are now
likely to be extinct in this lake because of thegance of smelt. Restoration would
therefore involve the removal of smelt via treatimeith a piscicide. This is a deep lake
and it would therefore only be possible to eradicahelt by repeated treatments around
the beaches. Lake Ngahewa is also a potential feitea lake-wide restoration
programme. Both trout and smelt are present, utrthut fishery here is of little value
compared with fisheries in the other Rotorua lalksstoration of koaro here would
involve the removal of both these species and sigakith lacustrine koaro.
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6. Summary

The koaro is an iconic, heritage species that dieceinated many large, inland lakes in
New Zealand and in the central North Island it im@nga species for Maori. It once
added significant vertebrate biodiversity to the Amwa lakes, and this has been
drastically reduced in all lakes to the point whittie species is probably now extinct in
ten lakes, confined to a few inlet streams in agotbur and only secure in one lake. Its
decline will undoubtedly continue unless its cutretatus is safeguarded for future
generations. Where possible, the existing streapulptions need to be protected and
strengthened. In addition, it would be feasiblgdstore populations in some tributary
streams where it is now absent. This is technidalsible without harming the now
valued trout fisheries of these lakes because nw@fhyhe streams that are now
dominated by trout are not important for trout speng and recruitment. Trout access
to these streams can be blocked allowing re-cadtinis by koaro and the creation of
koaro sanctuaries. In addition, it may be posdibleestore koaro to some of the smaller
lakes (e.g., Rotokawau, Ngahewa) as this wouldeblenically and logistically possible
and not affect important trout fisheries. Suchaegtion requires the identification of
suitable sites and the development of site-spetoration plans, as the impediments
to re-colonisation by koaro vary between themldbaequires the prioritisation of such
sites based on the chances of success versusdiketgll cost as already completed for
Lake Rotoaira (Rowe & Konui 2007). Such detailedngl costings and rankings are
beyond the scope of this report, however, a nurobsites have now been found that
indicate a high potential for restoration succeédsese are listed and discussed to
provide the initial basis for the development ofoarerall restoration plan.

Although small-scale protection and restoratiork@fro can be readily achieved in a
number of streams by the exclusion of trout anghigorovement to riparian vegetation,
larger scale restoration can be expected to pregesater logistical problems and
increases in cost. At present, the koaro is nardEgl as a rare or threatened species in
New Zealand by the Department of Conservation smis priority for management by
DOC. However, this stance, while valid for diadrammcstocks, fails to recognise the
significance of lacustrine koaro as a taonga andtdge species and it does not
recognise the loss of indigenous biodiversity ilamad lakes that has already occurred
and will continue to occur if koaro stocks contirtoedecline. The extinction of such
stocks in at least eight of the Te Arawa lakess(tieport) and in Lake Rotopounamu
(Rowe 1993b), coupled with its decline in othertc@nNorth Island lakes and South
Island alpine lakes (Rowe et al. 2003; Rowe & Ka207) adds weight to the need to
conserve this species. The Crown commitment taeptahdigenous fisheries enshrined
in the Treaty of Waitangi reinforces the case foe-@xamination of its prioritisation for
management by DOC. In the meantime, restorationtheSe larger sites is not
considered viable, although there may be intergdbbal environmental groups who
can access funds from donations and charitablestroschieve this.
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