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Executive Summary

NIWA was contracted by Environment Bay of Plentyassess the condition of 12 lakes within the
Rotorua Region using LakeSPI; a method that usdsn€iged Plant Indicators (SPI) to assess,
monitor and report on lake condition. LakeSPI issare presented as a percentage of each lakes
maximum scoring potential and results used to desthree different conditions: Pristine, Histofica
and Present day.

LakeSPI results show many of the Rotorua lakes badergone significant change over the last two
decades and continue to be vulnerable to furthangds from invasive plants and water quality
deterioration. Lakes Tikitapu and Rotokakahi shibes/biggest change in lake condition over the last
20 years on account of deteriorating water qualitg clarity; while the second biggest change to
affect the Rotorua lakes has been from the introoluof invasive plant species.

The four best lakes ranked as ‘good’, and in dediognorder of condition, are Rotomahana, Rotoma,
Okataina, and Rerewhakaaitu. Lake Rotomahananstilhtains its high overall status but due to the
recent introduction of invasive species this is exqiected to last. Lakes Rotoma and Okataina appear
to maintain high water quality however both lakes ander serious threat from potential hornwort
invasion, which would have a major impact on thbiodiversity and native character. Lake
Rerewhakaaitu underwent an improvement in wateitglsince the 1970’s, which led to an extension
in the depth range of native vegetation. This llaks remained in a stable state over the last 2@ yea
although the invasive impacts fraegeria are likely to cause a reduction in LakeSPI sconres the

next few years.

The next group of lakes that are ranked ‘averagediion are Okareka, Tikitapu and Rotokakahi.
The overall condition of Lake Okareka has remairedatively stable over the last 3 years although it
is expected that this won't continue as the fulp&ot fromEgeria invasion is expressed. This lake is
also under serious threat from hornwort invasionere the expected outcome would be displacement
of all native charophyte meadows. Lake Tikitapu toares in a state of notable decline and on
account of deteriorating water quality and clagiyen there have been no new invasive species since
the first full lake survey in 1988. Lake Rotokakalso continues to appear in a state of declinet@ue
water quality issues. Over the last 20 years kaitkd have seen a reduction in the quality and exten
of native plant communities present, without anyecli change in invasive species presence or
performance.

The remaining lakes: Tarawera, Rotorua, Okaro, iR@od Rotoehu, are ranked as being in ‘poor’

condition. Lake Tarawera now remains in a staldéesand it is not expected to change in the near
future since the full impact of hornwort has noweta place. Lake Rotoehu joins this bottom group of
lakes after undergoing a significant decline inelalondition on account of the recent invasion by
hornwort. Lakes Rotorua, Okaro and Rotoiti all a&min a ‘poor’ condition.

The ecological condition of the Rotorua lakes udiageSPI iv
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Evaluation has begun in lakes Rotoma and Rotoka&hltivo new potential indicators of future
changes in lake condition. Koura (freshwater cehjfiand Kakahi (freshwater mussels) could
complement submerged plant information by providimgher evidence for any change in ecological
condition, while also providing a direct measureladinge in mahinga kai important to local Maori.

Recommendations made in this report are as follows:

e Lakes Tikitapu and Rotokakahi should be reasseasrdally for further decline in LakeSPI
scores since both lakes appear to be degradirgy thsin any of the remaining Rotorua lakes.

* Investigations should be carried out as soon asilgesinto the causes of water quality and
clarity degradation in Lake Tikitapu and Rotokakabhi

e All possible measures should be explored for préngrihe transfer (e.g., public education)
and establishment (e.g., containment nets) of hornimto vulnerable high condition lakes,
such as Lakes Rotoma, Okataina and Okareka. Bféestirveillance procedures will be also
needed for early detection and emergency respansedures should be reviewed.

» Lake Okaro and Okareka should be reassessed anrioallecord any improvement in
LakeSPI condition attributable to restoration wolssociated with these lakes such as
phosphorus capping.

e Work should continue into the monitoring and evabraof two additional indicators, koura
(crayfish) and kakahi (mussels) and if successutended into other in lakes known to
support populations.

The ecological condition of the Rotorua lakes udiageSPI v
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1. Introduction

11
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Study brief

NIWA was contracted by Environment Bay of Plentyassess the condition of lakes
within the Rotorua Region using LakeSPI (Submei@edt Indicators); a method that
focuses on submerged aquatic plants as indicattake condition.

The contract specified an assessment of 12 lakieg,b@kareka, Okaro, Okataina,

Rerewhakaaitu, Rotoehu, Rotoiti, Rotokakahi, Rotonfotomahana, Rotorua,

Tarawera and Tikitapu, between 2006 and 2008. $Bkelata was used to estimate
the following three conditions for each lake:

1. Pristine condition (lake plant communities ie{impacted times).

2. Historical condition (described by historicataja

3. Present day condition (using most recent data).

LakeSPI monitoring of the Rotorua lakes using distabd baseline sites was first
completed between September 2003 (Edwards & Clay@603) and March 2005

(Clayton et al. 2005). In the future, it is intexdthat at least six lakes will be
monitored each year ensuring that any given lakasgessed every two years. This
report presents the results of LakeSPI assessmenipleted on 12 Rotorua lakes,
with Okaro, Okareka, Rotoiti and Rotorua assessédctober 2006 and the remaining
lakes during March/April 2008.

Testing of two additional indicators, Kakahi (frestier mussels) and Koura
(freshwater crayfish), also began during the 2008eys.

Study lakes

The lakes assessed in this report are collectiegtyped the ‘Rotorua lakes’. This term
refers to the 12 largest lakes in the Rotorua regimnaged through the Rotorua
Lakes Protection and Restoration Action Programmi@dolakes: Okareka, Okaro,
Okataina, Rerewhakaaitu, Rotoehu, Rotoiti, RotokgkdRotoma, Rotomahana,
Rotorua, Tarawera, and Tikitapu. The locatiorheke lakes is indicated in Figure 1.

The ecological condition of the Rotorua lakes udiageSPI 1
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Figure1: Map showing location of the 12 Rotorua lakes.
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Table 1: Summary of lake characteristics.
Lake Maximum Mean Depth Size (km?) Catchment
Depth (m) (m) Area (km?)
Okareka 335 20 3.33 19.6
Okaro 18 125 0.33 3.9
Okataina 78.5 39.4 10.8 59.8
Rerewhakaaitu 15.8 7 5.8 37.0
Rotoehu 13.5 8.2 8.1 49.2
Rotoiti 125 315 34.6 123.7
Rotokakahi 32 17.5 4.5 19.7
Rotoma 83 36.9 11.2 27.8
Rotomahana 125 60 9.0 83.3
Rotorua 44.8 11 80.8 508.0
Tarawera 87.5 50 41.7 143.1
Tikitapu 275 18 15 6.2

13 History of the Rotorua Lakes

131 Geophysical changes

The Rotorua Lakes District contains a diverse ramje geologically young
waterbodies formed from volcanic activity, with tlyeungest, Lake Rotomahana
having been substantially modified and enlargethleyl886 Tarawera eruption.

Chapman (1970) noted that until the 1900s mosthef datchments were densely
forested with native trees or covered in manukalscClearing and planting éfinus
radiata forests began in the early 1900s with sawmillingrtstg around 1940.
Farming was slower to prosper on account of “buskngss” but once the problem of
cobalt deficiency was identified and resolved ia thid 1930s, large-scale sheep and
dairy farming conversion took place in the late @94nd 1950s.

Urban development combined with sewage waste digpiasensification of land uses
and tourism have all contributed to nutrient enmehnt problems and associated
eutrophication of the Rotorua lakes.

The ecological condition of the Rotorua lakes udiageSPI 3
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132 L ake vegetation changes

The Rotorua lakes have been significantly affedtgathanges both in water quality
and through the introduction of invasive aquatanps. Deterioration in the condition
of the Rotorua Lakes has been occurring for margrsyéWhite 1977, Rutherford

1984, Vincent et al. 1984). Parallel deterioratiorthe amount of aquatic vegetation
and key submerged species have also been recamiadtlie 1960s to the 1980s
(Coffey & Clayton 1988). Land use practices hawkttea progressive deterioration in
water clarity, reducing the depth to which vegetatcan grow. There are some
exceptions to this general trend of deterioratiregew quality and clarity as evidenced
by Lake Rotoma, which appears to have retainedhatant maximum vegetated depth
limit since the early 1970s. Lake Rerewhakaaitu $&en an improvement in water
clarity and a corresponding increase in the deptBubmerged vegetation since the
early 1970s.

The second important factor affecting the aquagigetation in the Rotorua Lakes is
the introduction of a range of invasive plant spscilhe first ‘oxygen weed’ species
(family Hydrocharitaceae) to establish in the Roéofakes waglodea canadensis,
followed byLagarosiphon major. Elodea is likely to have established in Lake Rotorua
during the 1930s, given that the Ngongotaha tratthery had ‘oxygen weed’ in their
hatchery around that time and ponds were flushetwally into the Ngongotaha
Stream, which flows into the lake (Chapman 197@) .t mid 19504 agarosiphon
had appeared in Lake Rotorua and by 1957 it wasded in Lake Rotoiti. By the late
1950s major weed problems were apparent in theselakes, particularly from
Lagarosiphon. From 1958, large onshore accumulations of wedt atrcurred after
storms, resulting in an aquatic weed nuisance weplented in New Zealand.
Lagarosiphon appears to have spread rapidly through many ofRbirua Lakes,
with Lakes Rotoma, Okataina and Tarawera likelhawe been colonised in the mid
to late 1960s (Coffey 1970, Brown & Dromgoole 19TTayton 1982). Invasion of
lakes further away from the epicentre of introdmetioccurred later, with Lake
Rerewhakaaitu estimated to have been invaded imithd 980s.

Hornwort Ceratophyllum demersum) was first recorded in Lake Rotorua in 1975 and
Egeria densa in 1983 (Wells & Clayton 1991). Both of these gpsdcave continued
to spread to other lakes with the most recent iowvasy Egeria and hornwort found in
Lake Rotomahana in April & May 2007 (Clayton & denfén 2007). The impact of
Egeria on the Rotorua lakes has been less tharctexhenowever in contrast, the
impact from hornwort has exceeded all expectatioitis this species now ranked as
New Zealand’s worst widespread submerged aquatit plest.

The ecological condition of the Rotorua lakes udiageSPI 4
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The spread of significant invasive weed specieas time remaining Rotorua Lakes is a
gradual and on-going process, and there is a sttormglation with boat traffic and
lake accessibility, with weed introduction mainly l@oat ramps (Johnstone et al.
1985). Lake Rotomahana was the last of the large lakesnain relatively weed free
which had been attributed to its remote locatiod difficult public access, but the
discovery of Egeria and Hornwort around boat laumglareas in 2007 highlights the
ease and speed that invasive weeds can estahllisbugh Lake Rotokakahi is widely
impacted by elodea it is now the only well vegedaRotorua lake to remain free of
the worst invasive weed species (lagarosiphon,iaggand hornwort), primarily
attributable to its restricted public access duksteacred status to Te Arawa.

The ecological condition of the Rotorua lakes udiageSPI 5
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Study methods

21

2.2

Plants asindicator s of lake condition

Submerged plants have a number of advantagesabatif their use as indicators of

lake condition. For example, they are predominardbted or anchored to the bed of

lakes. They are also macroscopic and perenniahiure, and together these features
make them easy to observe, sample and identifys ddmtrasts with many other biota

that can be highly mobile (e.g., fish) or diffictdt sample, measure or identify (e.g.,

plankton).

Submerged plants also effectively integrate thegeaaf environmental conditions
supporting plant growth over an extended periodtiofe prior to survey. This

contrasts with other physio-chemical methods (evgter chemistry and Secchi disc),
which may change markedly over short time periodsl aequire frequent

measurements throughout the year.

In lakes where the littoral zone (lake margin toxmmaum plant depth) represents a
large proportion of the lake area (e.g., small Ishaldune or peat lakes), the open
water (or centre lake) condition can have quitéediint water quality and ecological
condition compared to the littoral zone. Givenithportance of the littoral zone to the
overall ecological state and recreational valumahy lakes it is important to monitor
the ecological well-being and biological functiogirof the littoral zone where

submerged plants tend to dominate.

Increased sediment and nutrient loading from cagstimactivities, and displacement
of native vegetation by invasive alien plant speciee major influences on lake
ecology and condition. The submerged plant indrsatsed in LakeSPI provide an
effective means of assessing these impacts.

LakeSPI

LakeSPI is a management tool that uses Submergadt Midicators (SPI) for
assessing the ecological condition of New Zealakdd and for monitoring trends in
lake ecological condition. Key features of aquatic vegetation structure and
composition are used to generate three LakeSRiendi

The ecological condition of the Rotorua lakes udiageSPI 6
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* ‘Native Condition Index’ — This captures the natolearacter of vegetation in
a lake based on diversity and quality of indigenplent communities. A
higher score means healthier, deeper, diverse beds.

* ‘Invasive Condition Index’ — This captures the iswe character of
vegetation in a lake based on the degree of impaatvasive weed species.
A higher score means more impact from exotic sgeciehich is often
undesirable.

e ‘LakeSPI Index’ — This is a synthesis of componeinten both the native
condition and invasive condition of a lake and jies an overall indication
of lake condition. The higher the score the bettercondition.

Key assumptions of the LakeSPI method are thavengtiant species and high plant
diversity are taken to represent healthier lakelsetter lake condition, while invasive

plants are ranked for undesirability based on tbeplacement potential and degree
of measured ecological impact (Clayton & Edward@6)0

Because lakes have differing physical charactesighat can influence the extent and
type of submerged vegetation, each of the Lake@fteés are expressed in this report
as a percentage of a lake’s maximum scoring pater8toring potential reflects the
maximum depth of the lake to normalise the redutts very different types of lakes.
A lake scoring full points for all LakeSPI indicatoriteria would result in a LakeSPI
Index of 100%, a Native Condition Index of 100% amdinvasive Condition Index of
0%.

For full LakeSPI method details, the LakeSPI TecaihReport and User Manual can
be viewed athttp://www.niwascience.co.nz/ncwr/tools/lakesgin online LakeSPI
web reporting systemavw.lakespi.niwa.co.nzenables ready access to results in a
form suitable for lake monitoring purposes anddregporting.

2.3 Basglines

To help put the LakeSPI indices into context, akl has been assessed using three
different conditions: Pristine, Historical and R¥esday.

1. Pristine condition

This baseline describes the best possible condftiora lake, which in most New
Zealand lakes would indicate lake condition akebretically would have been in pre-

The ecological condition of the Rotorua lakes udiageSPI 7
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impacted times. However, because of the volcaicalung history of the Rotorua
lakes and impacts from geological events includdaghquakes and eruptions along
with fluctuating water levels in the last 150 yedirse baseline used in this capacity
would not be so relevant. Instead for the purmdsestablishing a pristine baseline for
the Rotorua lakes we have adopted the limitatisegddyy lake depth as the maximum
scoring potential for all lakes. This condition @s®s that any lake in a pristine,
undisturbed state would have supported a diversgeraof submerged plant
communities and have had no invasive plant spegiepristine condition’ baseline
allows lake managers to better compare presentagtaycondition with what the lake
once would (or could) have been.

2. Historical condition

The LakeSPI method can be applied to availablemisvegetation survey data using
key vegetation information from macrophyte data FRBIS (Freshwater Biodata
Information System -fbis.niwa.co.ny. Additional information on the nature of
vegetation cover, proportion of native to invasiegetation and the depth boundary
for 10% cover was estimated from examination of threginal survey sheets.
Reference to historical LakeSPI scores allows chamyer the last few decades to be
followed.

3. Present day condition

Present day condition was calculated for each @ged on the most recent survey
data. These assessments provide managers wittmation on present condition, a
benchmark for monitoring future changes and cap bkelassess the effectiveness of
catchment and lake management initiatives.

The ecological condition of the Rotorua lakes udiageSPI 8
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3. Reaults

Table 1;

LakeSPI results for each lake have been presentédtkiform of a table identifying
the LakeSPI Index, Native Condition Index, and kiva Condition Index. Indices
are presented as a percentage of each lakes maxawommng potential and can be
interpreted as follows:

HIGHER LakeSPI Index = Better lake condition.
HIGHER Native Condition Index = Better lake conaiiti
LOWER Invasive Condition Index = Better lake coruatit

The lakes are discussed in order of their Lake$88les, beginning with the highest
ranked lake.

For the purpose of categorising the lakes conditiio “Good”, “Average” and
“Poor”, the following scale was used for the Laké8Rlex: <25 = Poor; 25-40 =
Average; >40 = Good.

Summary of current LakeSPI indices for 12 Rotoakes in order of their overall lake
condition (2006 or 2008).

Lake Most Recent LakeSPI Native Invasive Overall
LakeSPI Index (%) | Condition | Condition Condition
Survey Index (%) Index (%)
Rotomahana 28/04/2008 66 63 24
Rotoma 48 53 54
01/04/2008 Good
Okataina 01/04/2008 48 54 63 >40
Rerewhakaaitu 31/03/2008 41 52 64
Okareka 31/10/2006 34 39 76
1 Average
Tikitapu 31/03/2008 32 28 63 g
(25 - 40)
Rotokakahi 20/04/2008 31 32 71
Tarawera 31/03/2008 22 27 92
Rotorua 31/10/2006 22 21 78
Poor
Okaro 30/10/2006 19 6 54
(<25)
Rotoehu 31/03/2008 18 26 85
Rotoiti 30/10/2006 18 18 90

The ecological condition of the Rotorua lakes udiageSPI 9
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31 L ake Rotomahana

Lake condition;: Good

Stability: Stable with signs of
decline.

Lake ranking: i

Table 3: LakeSPI results for Lake Rotomahana. LakeSPI Irsdegressed as a percentage of
lake maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1988 72 64 13
Historical data 2002 73 61 7
2005 70 66 19
Present day 2008 66 63 24

Lake Rotomahana, while still the highest rankedelak the Rotorua region, is
showing signs of declining condition as indicateg the most recent LakeSPI
assessment. This is due to the recent invasioheofake by two of New Zealand’s
worst aquatic plant specieSgeria densa and Ceratophyllum demersum (hornwort).
Discovered for the first time in April 2007, Egerigas found to be established in two
areas of the lake, at the north-eastern end arttieinsouthern embayment, while
Ceratophyllum fragments were found growing amomggive plants in the southern
embayment (Clayton & de Winton, 2007; Scholes atakigam, 2008). Since then
both species have continued to spread with Egenapresent at 2 of the 5 LakeSPI
baseline sites forming bands of weed growth dowa tepth of 9m. The maximum
depth of aquatic plant growth at these 2 site2im.1 As both Egeria and hornwort
increasingly continue to impact negatively on tivedsity and quality of indigenous
plant communities we can expect to see the Natiwed@ion Index for this lake
decline while the ‘Invasive Condition Index’ conigs to increase.

The ecological condition of the Rotorua lakes udiageSPI 10
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32 L ake Rotoma

Lake condition;: Good
Stability: Stable

Lake ranking: 2

Table 4 LakeSPI results for Lake Rotoma. LakeSPI Indicggessed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1973 69 63 19
1988 54 57 41
Historical data 2001 52 54 44
2005 52 58 51
Present day 2008 48 53 54

In 1973 Lake Rotoma had a high LakeSPI score, wraflected the early stage of
Lagarosiphon invasion and the extensive high cover charophyaduows in this lake.
By 1988 the Invasive Condition Index had more tHaobled, which in turn reduced
both the Native Condition Index and LakeSPI scaretliiis lake. The following 20
years from 1988 to 2008 have shown a more graduakease in the Invasive
Condition Index, but with minimal change to the iMatCondition Index or LakeSPI
score. This lake presently has the second highasveNCondition Index after Lake
Rotomahana and one of the lowest Invasive Conditalex scores for any of the
lakes, which contributes to its high LakeSPI ragkin

In 1972 an underwater marker buoy was placed abdkttem boundary of submerged
plant growth at one of the five LakeSPI baselinessi Despite some water level
fluctuations since that time this buoy still acdaha marks the deepest plant boundary
after more than 35 years, which provides good emdefor the stability in water

The ecological condition of the Rotorua lakes usiageSPI 11
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clarity during this period. This information confis that the impact of invasive
species on submerged vegetation has been the ikey df change in LakeSPI scores
since that time.

The ecological condition of the Rotorua lakes udiageSPI 12
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3.3 Lake Okataina

Lake condition;: Good
Stability: Stable

Lake ranking 3

Tableb: LakeSPI results for Lake OkataineakeSPI Indices expressed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)

Pristine 94 90 0
1981 51 57 53
Historical data 1988 47 53 57
2005 44 51 65
Present day 2008 48 54 58

LakeSPI scores for Lake Okataina have been realyoistédible with only minor
fluctuations in LakeSPI condition over the lastyZars from 1981 to 2008. Care must
be taken in interpreting these results since Lakat&@na has no outlet, and water
levels can vary by several metres. Although lakellehanges tend to be quite slow,
they can still affect the available habitat for s@vged vegetation in shallow water
and the corresponding adjustments in the maximupthdef charophyte colonisation
may respond more slowly.

In April 2007 a singleCeratophyllum demersum plant was found growing adjacent to
a dilapidated wharf at the northern end of the Igeholes and Bloxham, 2008). An
overturned steel drum with fitted lid was effectiveised to enclose and destroy this
plant and an extensive search failed to locatefarifger plants. Ceratophyllum still
remains a major threat to Lake Okataina.

The ecological condition of the Rotorua lakes usiageSPI 13
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34 L ake Rerewhakaaitu

Lake condition;: Good
Stability: Stable

Lake ranking il

Table6: LakeSPI results for Lake RerewhakaailuakeSPI Indices expressed as a percentage
of lake maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition

Index (%) Index (%)

Pristine 94 92 0
1973 55 58 37
Historical data 1988 41 48 57
2005 38 47 65
Present day 2008 41 52 64

Lake Rerewhakaaitu submerged vegetation was firseged in 1973 (Chapman and
Clayton 1975) at a time when there was governmentern over the degree of
eutrophication occurring within several of the RatbLakes. This lake was selected
as a candidate for catchment restoration. As alivasé¢o which future changes could
be related, a survey was carried out of the margind submerged vegetation using
scuba and a submarine. A benthic blue-green algalb (Tolypothrix, Lyngbya &
Oscillatoria) was prevalent around the lake margin and on plantshallow water.
The submerged vegetation was dominated by natigeeieq with the benign weed
Potamogeton crispus the only exotic species recorded. None of the Iproatic
‘oxygen weed’ species E{odea, Lagarosiphon & Egeria) or hornwort
(Ceratophyllum) were present at that time. In 1973 water clangs low (in water
visibility ¢.1.3m) and charophytes only grew to aximum depth of 4.5 - 5m, with
occasional specimens to 5.5 metres.

The ecological condition of the Rotorua lakes udiageSPI 14
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The 1988 & 2008 surveys show two significant changjace the 1973 survey. Firstly,
water clarity improved, enabling charophyte meadtmvextend approximately twice
as deep (c. 8-9 m); secondlggarosiphon invaded and has had a major impact on the
vegetation with a substantial increase in the livea€ondition Index (27% over 35
years). The invasive impact has primarily influehdbe LakeSPI score, while the
improved water clarity has allowed an extensiorcharophyte depth limits that has
helped negate the impact on the Native Conditiaiexn Over the last 20 years the
LakeSPI and Native Condition Index scores have meedavery stable with only
minimal change, although the Invasive Conditiorebatias continued to increase.

The ecological condition of the Rotorua lakes udiageSPI 15
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35 Lake Okareka
Lake condition: Average
Stability: Declining

Lake ranking ]

Table7: LakeSPI results for Lake OkarekhakeSPI Indices expressed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1980 40 49 67
Historical data 1988 44 53 66
2001 41 50 70
2003 34 42 77
Present day 2006 34 39 76

Lake Okareka has recorded a 10% decrease in theSPdkindex over the last 18
years, from 1988 to 2006, resulting from a declimeghe quality of native plant
communities present, indicated by the Native Camdlitndex, and an increase in the
Invasive Condition Index over the same time frame.

Egeria densa was first reported in Lake Okareka in 2000 (Claysd al. 2005). While
not located at any of the 5 LakeSPI baseline sitesg the 2001 survey, by 2003 it
had spread to 3 of the 5 sites. As Egeria consimeespread around the lake,
displacingLagarosiphon with taller and denser weed growth and occupyingder
depth range, we can expect to see the LakeSPI lodéeRis lake continue to decline.
Despite the predicted spread of egeria aroundatkes hornwort Ceratophyllum) still
poses a major threat to Lake Okareka with the pialeto reduce the LakeSPI even
further, by occupying deeper water than egeriatandisplacing all remaining deep
water charophyte meadows.

The ecological condition of the Rotorua lakes udiageSPI 16
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Lake condition: Average

Stability:

Declining

Lake ranking: 6

Table8: LakeSPI results for Lake Tikitapl.akeSPI Indices expressed as a percentage of lake

maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1970 70 77 33
Historical data 1988 63 75 47
2005 46 45 50
Present day 2008 32 28 63

The LakeSPI Index shows a reduction of 31% ovelabie20 years indicating that the
condition of Lake Tikitapu has deteriorated fagtean any of the 12 Rotorua Lakes
over this same period from 1988 to 2008. Unlike tither lakes this decline is not
due to the impact from new invasive species bumnfi significant decline in the
guality and extent of native plant communities prés The mean maximum depth of
native plant growth at LakeSPI survey sites hadirtest from 12.4m in 2005 to only
8.8m resulting in a 47% decline in the ‘Native Citiod Index’ over the last 3 years.
This notable reduction in native condition is mbistly related to water quality, in
particular water clarity near the maximum depthitlimf vegetation growth. The
presence of a sustained turbid water layer with liblorophylla levels has been
reported above the thermocline (David Hamilton, k&g University, pers comm.).
The increase in Invasive Condition scores overghise time frame has occurred not
on account of any new invasive plant introductitns$ due to the existing invasive
vegetation now having a greater relative impaocbeerall vegetation status.
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Historic records for Lake Tikitapu show a lake thas been deteriorating over time.
Brown (1975) stated that charophytes in Lake Tikitéormed a dense “meadow with
100 per cent ground cover at depths from 4 to 20as& with a “dissected meadow”
between 20-25 metres Coffey (1970). By the 198&esyrClayton et al. (1990)
reported “charophyte vegetation was not continuttusughout its reported depth
range, with typically few plants found between Biviwater depth”, even though
covers of up to 100% were still recorded eithee sflthis low cover zone down to a
maximum depth of 20.5m. Further deterioration wksarty evident by the 2008
survey in both charophyte cover and depth rangi, aimaximum depth of 19 metres
recorded at only two of five sites and at one @sthsites cover was less than 5%.
This trend indicates on-going deterioration in Weger quality and clarity of this lake
at an alarming rate.

When the water chemistry of Lake Tikitapu was asseésn the early 1970s it had the
lowest alkalinity recorded for any of the Rotora&kds and it also had low sediment
and water nutrient levels (McColl 1972). The repdriow alkalinity, calcium and
silicon levels may explain the on-going absencekaifahi, the low abundance of
shails, koura and diatoms and even the unusualstature and lax growth habit of
Lagarosiphon in this lake. The decline in condition of charofghyegetation indicates
that water chemistry is likely to be changing. Tisisupported by Burns et al. (2005)
who reported that anoxia is occurring in bottom esxst possibly triggering
phosphorous release in this phosphorous limiteel lak
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3.7 L ake Rotokakahi

Lake condition: Average
Stability: Declining

Lake ranking 7

Table9: LakeSPI results for Lake RotokakahiakeSPI Indices expressed as a percentage of
lake maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
Historical data 1988 52 61 o3
2005 35 36 71
Present day 2008 31 32 71

Lake Rotokakahi has undergone the second largedineebehind Lake Tikitapu
shown for any of the 12 lakes over the same 20 tyea period. The LakeSPI Index
has decreased by 21% from 1988 to 2008, while tagv&l Condition Index has
almost halved with a 29% reduction largely due ttealine in charophyte meadows.
This has occurred even though there has been noeha the dominant invasive
species in this lakéElodea canadenss, although the relative impact of invasive
presence on overall submerged vegetation has sealed he declining condition of
Lake Rotokakahi, like Tikitapu, is not due to inva&sweeds but rather a decline in
native condition presumably due to a reduction iatewv quality. Additional
observations support this in Rotokakahi, with fiEmous algae prevalent on
submerged vegetation and blue-green algal mata ofteering sediments beyond the
maximum depth of plant growth. These are good Btdis of poor lake health.
Nutrient inputs are likely to be entering this lalkem the predominantly farmland
catchment as well as from sediment nutrient relehgeng summer stratification.
Recent logging in the catchment appears to havedumcreased lake turbidity since
the last LakeSPI 2008 survey. A decline in oxygentent in deeper water has been
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noted by David Hamilton (Waikato University persweo.), which is consistent with
hypolimnetic nutrient enrichment taking place. LaRetokakahi is now the only
Rotorua lake to remain relatively free of signifitanvasive weed species.
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38 Lake Tarawera

Lake condition: Poor
Stability: Stable

Lake ranking 8

Table 10: LakeSPI results for Lake Tarawerd.akeSPI Indices expressed as a percentage of
lake maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1988 41 50 70
Historical data 1994 22 30 89
2005 28 33 88
Present day 2008 22 27 92

At the time of the 1988 survey,agarosiphon and Elodea were the two dominant
invasive weed species in Lake Tarawera. AlthoGgratophyllum was first recorded
in July 1988, it was limited to Kotukutuku Bay ne¢he boat ramp and was not present
in any of the survey sites used for LakeSPl. By time of the 1994 survey
Ceratophyllum had spread around much of the lake and had dodibedepth range
of invasive vegetation, without displacinggarosiphon significantly (Wells et al.
1997). The high Invasive Condition Index recorded1994 (88%) has remained
almost the same and now at 92% is the highest ivev&ondition Index score for all
12 Rotorua lakes. The LakeSPI Index declined by 19%nly 6 years from 1988 to
1994 and has remained low since that time. Thisthedargest LakeSPI decline for
any of the Rotorua lakes over such a short timmdraThe Native Condition Index
also declined substantially from 1988 to 1994 armb hremained low, with
Ceratophyllum responsible for widespread displacement of alralbshe former deep-
water charophyte meadows.
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Lake condition: Poor

Stability:

Stable

Lake ranking ]

Table 11: LakeSPI results for Lake RotorudakeSPI Indices expressed as a percentage of lake

maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 90 0
1982 27 23 68
Historical data 1988 18 21 90
2001 22 17 74
2003 22 21 77
Present day 2006 22 21 78

Lake Rotorua has a low LakeSPI Index placing itha bottom group of 5 lakes
categorised as being in ‘poor’ condition. The LaReScores and Native Condition
Index have not changed much over the 24 years 882 to 2006. The variable
Invasive Condition Index over this same period atisbutable to the ‘boom & bust’

of Egeria, which was first recorded in this lake in July 398nd by 1988 had

established weed beds around most of the laketiregguh a peak Invasive Condition
Index of 90%. In 1988 it was estimated tEgeria comprised more than 80% of the
vegetation in the lake with an area of 440 hahln early 1990&geria underwent a

major decline and has never recovered, which igeaifd in the Invasive Condition
Index from 2001 declining from the 1988 peak.
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3.10 LakeOkaro

Lake condition: Poor
Stability: Stable

Lake ranking 16

Table 12: LakeSPI results for Lake Okard.akeSPI Indices expressed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive
Index (%)  Condition  Condition
Index (%) Index (%)
Pristine 94 89 0
Historical data 1982 31 29 o7
2003 19 6 76
Present day 2006 19 6 52

Elodea is the only invasive species reported in this ldkés possible other invasive
species have been introduced but were not able stablesh or thrive. The
hypereutrophic nature of this lake presents anwvafia@ble habitat for submerged
vegetation. This is reflected in the highly var@alglover and depth range Blfodea,
both seasonally and annually. It is also likelyetglain root lyses (root death and
detachment) irElodea beds from periods of oxygen stress and anoxiasé&ueral
occasions we have observed rooted shallow wEmdea beds, while at around 2m
depth and deeper all of thelodea appears as non-rooted ‘drift’. This may well
coincide with periods of shallow stratification tvitsevere anoxia below the
thermocline resulting in root death and shoot detamnt.

The degraded nature of Lake Okaro and the widdudtions in water quality and
clarity also account for variation in the Invasi@endition Index, while the Native
Condition Index and LakeSPI scores are likely tmaim low. The 2006 Native
Condition Index was the lowest (6%) of the 12 lakeisile the overall LakeSPI score
of 19% was one of the lowest recorded.
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Recent efforts by Environment Bay of Plenty to i@®lautrient influx to the lake and
nutrient release from hypolimnetic sediment mayl waprove water clarity and result
in a positive vegetation response.
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311 Lake Rotoehu

Lake condition: Poor

Stability: Declining

Lake ranking 11

Table 13: LakeSPI results for Lake RotoehuakeSPI Indices expressed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive
Index (%) Condition  Condition

Index (%) Index (%)

Pristine 89 88 0
1988 33 33 73
Historical data 2003 34 34 64
2006 22 32 82
Present day 2008 18 26 85

Since the 2003 survey of Lake Rotoehu a major iafes of Ceratophyllum
demersum (hornwort) has spread through this lake resultm@ i16% decline in the
LakeSPI Index over the last 5 years. Hornwort wiest fecorded in the lake off
Otautu Bay in December 2004 (R. Mallinson, EBORPsm@®mm.) and by late summer
2005 there were extensive weed beds along mudtedittoreline. The recent LakeSPI
results show the negative impact hornwort is hadinghative submerged vegetation
within the lake and Lake Rotoehu is now sitting tire bottom group of lakes
categorised as being in ‘poor’ condition. On a pesinote, given the recent history of
poor water quality and frequent blue-green bloorits,is quite possible the
development of extensive hornwort beds around taegims of this shallow lake may
reduce algal blooms by storing nutrients, despigedetrimental impact hornwort will
have on littoral condition. Nutrient removal by meaof weed harvesting could not
only reduce weed impact but also help remove stoutdents. Out of all the Rotorua
lakes, Lake Rotoehu was the only one estimatedite ISufficient harvestable weed
biomass to potentially reduce the lake nutrient gaidby a beneficial amount
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(Matheson & Clayton 2002). A total of 600 tonneshoirnwort was harvested and
removed from Lake Rotoehu over a 4 week period fAgpril to May 2008, which
equated to removal of 720 Kg of nitrogen and 96 digphosphorus (R. Mallinson
EBOP, pers comm.).

The proximity of hornwort to Lake Rotoma now raigesticular concerns over the
risk of spread to this lake. Rotoma overflows tadebu occasionally, however boat
traffic represents the greatest threat to Lake iRato
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3.12 Lake Rotoiti

Lake condition: Poor
Stability: Stable

Lake ranking 1%

Table 14: LakeSPI results for Lake RotoitiLakeSPI Indices expressed as a percentage of lake
maximum potential.

State Year LakeSPI Native Invasive

Index (%) Condition  Condition

Index (%)  Index (%)
Pristine 94 90 0
1981 26 33 82
Historical data 1988 26 33 85
2001 20 24 90
2003 18 22 9
Present day 2006 18 18 %

Lake Rotoiti has consistently had one of the higlmgasive Condition Index scores
and during the most recent 2006 survey it contirtodthve the lowest LakeSPI Index
so far recorded for any of the 12 lakes in thisioeglt is interesting to note the
similarity of LakeSPI scores, Native Condition Imdand Invasive Condition Index
between Lakes Rotoiti (18, 18, 90) and Rotorua @P, 78), 2006 surveys. Lake
Rotoiti has a complex morphometry with areas altireynorthern shoreline that are
too steep to support submerged vegetation makieg tinsuitable for LakeSPI. The
western end of Rotoiti has been predominantly erfeed from Lake Rotorua inflows
and there has been a progressive decline in subchexggetation in several arms of
Lake Rotoiti such as Okawa Bay, Wairau Bay and Teza/Bay. Sheltered areas with
low water quality are now often dominated by loddamentous algae, attached
benthic blue-green algal mats and planktonic bhesg algal blooms. The LakeSPI
scores indicate poor water quality in this lake.
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4. Discussion

Figure2:

Many of the Rotorua lakes have undergone significdrange over the last two
decades (Figure 2) and continue to be vulnerablirther changes from invasive
plants and water quality deterioration. The suly®mérplant indicators used in
LakeSPI provide an effective and alternative metndeing able to assess these

changes and monitor trends over time.
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Percentage of change as indicated by the Lake$Eklaver the last 20 years, 1988 to
2006/08.

Lakes Tikitapu and Rotokakahi show the biggest ghan lake condition over the last
20 years resulting from a notable reduction in twality and extent of native
submerged vegetation present in the lakes. Traesdden no new invasive species in
either lake since full lake surveys were first céetgd in 1988, so these changes are
likely the result of deteriorating water qualitycadlarity. Submerged plants are able
to integrate long term changes in water clarity aattient status over time and often
one of the first signs of deterioration is a reficat of the lower depth limit of plant
growth (Schwarz et al. 1999). In many lakes thst firaluable plant community to
disappear is the charophyte meadow that growsdie¢per water and this has been the
case in Lake Tikitapu. In 1988 Lake Tikitapu suped extensive charophyte
meadows at all 5 LakeSPI sites down to a mean depi®.5m. By 2008, the mean
maximum depth of plant growth had declined to dBm with Charophyte meadows
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(>75% cover) found at only one LakeSPI site witmmants (<5% cover) found at one
other.

Next to water quality, the second biggest chantgecting the condition of the Rotorua
Lakes is the introduction of invasive plant speciesasive species tend to impact
negatively on lake condition by displacing nativaerp communities to around a depth
of 6-10 metres with the worst of these invasivecg® hornwort, able to out-grow
and smother native vegetation to around 15 mekttemawort is now present in 5 of
the 12 Rotorua lakes and is the dominant invaspecies in 2 of these lakes.
Interestingly these 2 lakes, Tarawera and Rotoshow the next biggest change in
lake condition over the last 20 years (Figure 2kd Tarawera now remains in a
stable state and it is not expected to change ruthe near future since the full
impact of hornwort has now taken place. Hornwsrhearing full impact status in
Lake Rotoehu also, although we can expect to sew dorther decline in LakeSPI
scores as hornwort continues to impact negativelyttee native vegetation still
present. The recent invasion in Lake Rotomahanaobywort andegeria is expected
to have a detrimental effect on lake condition.isTlake was already vulnerable to
change on account of low water clarity and thethrttiis posed on the extent of native
submerged vegetation. Ageria and hornwort continue to spread and displace aativ
vegetation we can expect to see a notable deaiiribel status of this lake. As the
water quality for Lakes Rotoehu and Rotomahana wereh lower to begin with than
for a large lake like Tarawera, we might expecsé@ a much larger impact more
quickly than we did for Tarawera.

Three lakes (Rotoma, Okataina and Okareka) areidsmesl to be under particular
threat of a major decline in LakeSPI scores basetheir potential for invasion by
hornwort and the impact that this species wouldeham their present vegetation
status. Lake Rerewhakaaitu could also be severspadted, but the risk is less
imminent on account of its greater distance frorarbg hornwort infestations and
much lower boat traffic. Lake Rotoma has recenélygl  containment net established
by Environment Bay of Plenty out from the boat raatthe western end of the lake.
This net should effectively contain any hornwoegments that might be transferred
by boat or trailer from any nearby hornwort infesteaterbodies, such as Lakes
Rotoehu or Rotoiti. A similar containment net shiblé considered for the eastern end
of Lake Rotoma and at the boat ramp at Lake Okatand Okareka.

It is interesting to compare the overall conditiohthese lakes with the trophic
classification given to six of these same lakeg@pmately 30 years ago by McColl
(1972). Based on a wide range of trophic indicgemameters (e.g., chlorophwl N,

P, secchi), Lakes Rotoma, Tikitapu and Okatainaeweassed as oligotrophic;
Okareka and Rotokakahi were classed as mesotrophit,Okaro was classed as
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eutrophic. These same groupings are supportedeb$988 LakeSPI results and with
the exception of Tikitapu which has undergone saigaificant changes, are also
supported by the most recent LakeSPI surveys, 26662008.

The Trophic Level Index (TLI) is currently beingagsby Environment Bay of Plenty
as one of the main methods to assess and moniter guaality in the Rotorua lakes. It
IS an alternative method to that of using submengedts as indicators and instead
focuses on physiochemical indicators. For this wethfive physicochemical
measurements are recorded from the central laken lEseach lake, including
chlorophyll a, total phosphorus and nitrogen, seapth and dissolved oxygen
depletion rate (Burns et al. 1999 & 2005). Ovetladire is good agreement between
LakeSPI and TLI rankings (Table 15). Lakes Rotomd ®kataina are classed as
‘good’ lakes (LakeSPI) and are oligotrophic (TLDakes Okareka, Tikitapu and
Rotokakahi group closely together and rank as &yer and are mesotrophic.
Similarly, lakes Rotorua, Okaro, Rotoehu and Rotgibup together and have the
lowest ranking under both classification systems.

Summary of most recent LakeSPIl and Trophic Levelexn (TLI) results for 12
Rotorua lakes.

LakeSPl Overall 2vyeer?igz e
Lake Igggég’/g) Condition TLI to Classification
2007
Rotomahana 66 Good 3.9 Mesotrophic
Rotoma 48 Good 25 Oligotrophic
Okataina 48 Good 2.8 Oligotrophic
Rerewhakaaitu 41 Good 3.5 Mesotrophic
Okareka 34 Average 3.3 Mesotrophic
Tikitapu 32 Average 3.0 Mesotrophic
Rotokakahi* 31 Average 3.2 Mesotrophic
Tarawera 22 Poor 2.8 Oligotrophic
Rotorua 22 Poor 4.9 Eutrophic
Okaro 19 Poor 55 Supertrophic
Rotoehu 18 Poor 4.6 Eutrophic
Rotoiti 18 Poor 41 Eutrophic

* Rotokakahi has not been monitored in the last 3 years - TLI unit shown is 3 yearly average
TLI to 2000.

There were two notable exceptions to the similaoityesults between LakeSPI and
TLI. Firstly, Lake Tarawera had a high TLI (oligophic) but it had a low ranking
using LakeSPI. Secondly, Lake Rotomahana was ragl#e low using TLI whereas
it has the highest LakeSPI Index. These two lakghlight the differences in the
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information used to rank lakes. Lake Rotomahanai@usly had the highest LakeSPI
Index for the Rotorua lakes because of its predaniip native vegetated condition
and the absence of more problematic invasive plamte LakeSPlI method
emphasised the importance of protecting Rotomafranainvasive plants; while the
TLI draws attention to the somewhat degraded waetity, which may have had the
potential to compromise biodiversity managemengaijes. Unfortunately due to the
recent weed invasion in Lake Rotomahana it is yikbat we will see this lake have a
similar ranking to the TLI in the near future. leaKarawera has a relatively low
ranking using the LakeSPI method because of themmapact that hornwort has had
on the submerged vegetation in this lake, whicthig case is not reflected in the TLI
ranking.

During the 2008 LakeSPI surveys we began evaluatvogiew potential indicators of
future changes in lake condition. Koura (freshwateayfish) and Kakahi (freshwater
mussels) could complement submerged plant infoomatdy providing further
evidence for any change in ecological conditionilevalso providing a direct measure
of change in mahinga kai important to local Ma&valuation has begun at three
LakeSPI baseline sites within both lakes Rotoma Ratbkakahi. After one year of
monitoring a decision will be made whether to egtehe evaluation to include
additional lakes that support these biota.
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5. Conclusions

Aquatic plants are valuable indicators of lake tiealhey are easy to measure and
integrate long-term climatic and environmentaluefices.

The LakeSPI method is helpful for identifying thelative condition of each lake

compared to other lakes in the same region. Aparh fproviding a cost effective

monitoring tool, this information can also be usegbrioritise management objectives
such as surveillance strategies, appropriate groteaeasures for high value lakes
and potential restoration objectives for degradées.

The lakes ranked in ‘good’ condition presently R&®omahana, Rotoma, Okataina,
and Rerewhakaaitu. Lake Rotomahana still maintésnkigh overall status based on
the 2008 survey but this is not expected to las thuthe recent introduction of
invasive species. Lakes Rotoma and Okataina appeasintain good water quality
however both lakes are under serious threat frotanp@al hornwort invasion. This
would have a major detrimental impact on the nativaracter and biodiversity values
of these lakes. Lake Rerewhakaaitu, following inmeraent in water clarity since the
1970’s, has remained in a stable state and nowosithe cusp between ‘good’ and
‘average’ condition. Unfortunately invasive impaftom Egeria are likely to cause a
reduction in LakeSPl scores over the next few yemmd will result in Lake
Rerewhakaaitu sliding back to an ‘average’ position

Lakes Okareka, Tikitapu and Rotokakahi are curyesitting in ‘average’ condition.
The last 3 years has seen the overall conditiohatle Okareka remain relatively
stable although it is expected that this is a stesrh trend and won’t continue as the
full impact fromEgeria invasion is expressed. This lake is also undeowgerthreat
from hornwort invasion, with the expected loss Bfcharophyte meadows if this
eventuates. Lake Tikitapu continues in a stateigiificant decline on account of
deteriorating water quality and clarity given thé@e been no new invasive species
since the first full lake survey in 1988. Lake Ratkahi also continues to appear in a
state of decline due to water quality issues. Gweilast 20 years both lakes have seen
a reduction in the quality and extent of nativenpleommunities present, without any
direct change in invasive species presence or qpeafuce.

The remaining lakes: Tarawera, Rotorua, Okaro, iR@od Rotoehu, are categorised
as being in ‘poor’ condition. Lake Tarawera now a@ms in a stable state and it is not
expected to change in the near future since thénfiplact of hornwort has now taken
place. Lake Rotoehu joins this bottom group of $akfier undergoing a significant
decline in lake condition on account of the recemasion by hornwort. Lakes
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Rotorua, Okaro and Rotoiti all remain in a ‘poodndition and are not expected to
move from this position in the near future. Anytoeation measures on these lakes
that result in a sustainable improvement in watelity and clarity would be expected

to result in improved LakeSPI scores.

A summary follows of key points for each lake basad.akeSPI:

Lake Rotomahana
e Overall lake condition still good but declining.
* Recent invasion bigeria and hornwort having big impact.
* Highest Native Condition Index and lowest Invast¥endition Index of any
lake.

Lake Rotoma
¢ Overall lake condition good and appears stable.
» LakeSPI scores stable with one of the highest Raliendition Index and one
of the lowest Invasive Condition Index.
¢ OQutstanding lake with best example of extensiveagta/te meadows.
e Major threat from hornwort invasion.

Lake Okataina
¢ Overall lake condition good and appears stable.
* High Native Condition Index exceeded only by Rotbarza.
e Major threat from hornwort invasion.

Lake Rerewhakaaitu
« Overall lake condition average and appears stable.
« Water clarity and depth of native charophyte plgnbwth considerably
improved since 1973.
* Invasive Condition Index moderately high and witnaen afgeria spreads.
* Moderate threat from hornwort invasion

Lake Okareka
« Overall lake condition average and likely to deelin
« Moderate decline in LakeSPI and Native Conditiatkebover last 18 years.
« Invasion byEgeria yet to fully influence Invasive Condition Indexoses.
e Major threat from hornwort invasion.

Lake Rotokakahi
¢ Overall lake condition average and declining.
* Major decline in LakeSPI and Native Condition Indeer last 20 years.
* No change inElodea but invasive impact accentuated by decline inveati
plant communities.
* Now the only Rotorua lake (with the exception ofa@¥ to remain relatively
free of significant invasive weed species.

Lake Tikitapu
¢ Overall lake condition now average and declining.
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* Major decline in Native Condition Index and LakeSRbres over the last 20
years independent of any impact from new invagpec®es.

¢ Unusual water chemistry may inhibit impact fromgmet and future invasive
species.

Lake Tarawera
e Overall lake condition poor and likely to be stainiéhe immediate future.
« LakeSPI and Native Condition Index scores haveimet!significantly over
the last 20 years.
< Invasion of hornwort primarily responsible for deelin LakeSPI and Native
Condition Index and has the highest Invasive Camdindex of all 12 lakes.

Lake Rotorua
e Overall lake condition poor but stable.
« The LakeSPI Index and Native Condition Index hastaihanged much over
the last 24 years.

Lake Okaro
e Overall lake condition poor and variable.
e Unstable LakeSPI scores due to variable water tyuatid seasonal response
of Elodea.
* Has the lowest Native Condition Index for any o thkes.

Lake Rotoehu
e Overall lake condition poor and declining.
« Recent invasion by hornwort is having a major intpac
« Invasive Condition Index isBhighest of all the lakes and expected to worsen
as hornwort spreads.

Lake Rotoiti
e Overall lake condition poor.
e Has the lowest LakeSPI Index for any of the Rotdakas.
e Second highest Invasive Condition Index of anyheflakes.
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6. Recommendations

Lakes Tikitapu and Rotokakahi should be reasseasadally for further decline in
LakeSPI scores since both lakes appear to be degrddster than any of the
remaining Rotorua lakes.

Investigations should be carried out into the causk water quality and clarity
degradation in Lake Tikitapu and Rotokakahi.

All possible measures should be explored for prengnthe transfer (e.g., public
education) and establishment (e.g., containmes) oéhornwort into vulnerable high
condition lakes, such as Lakes Rotoma, OkatainaCkadeka. Effective surveillance
procedures will be also needed for early detedimh emergency response procedures
should be reviewed.

Lake Okaro and Okareka should be reassessed antmadicord any improvement in
LakeSPI condition attributable to restoration woaksociated with these lakes such as
phosphorus capping.

Work should continue into the monitoring and evéhraof two additional indicators,
koura (crayfish) and kakahi (mussels) and if susitisextended into other lakes
known to support populations.
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