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Executive Summary

NIWA was contracted by the Department of Conseovato survey the aquatic vegetation of eight
lakes in the Ashburton River Basin using the Lake8€hod. LakeSPI (Submerged Plant Indicators)
provides a score of overall lake condition, as vwal a measure of the native character of the
vegetation and the impact of any weeds presenteScare given as a percentage of the potential
maximum for a lake (100%). Scuba surveys of lakgeteation were undertaken in November 2007
and results compared to available data from praviauestigations in 1982 and 2005. Results are
presented for separate lake basins (i.e., Spideed.and Maori Lakes), with two lakes additionally
investigated to give a total of eleven surveyedewhbdies and including the majority of lakes pnése
within the Ashburton River Basin.

For the four larger lakes, Lake Camp scored hig&3%o), then Lake Clearwater (47%), Lake Heron
(42%) and Lake Emma scored the lowest (37%). Scsiresgly reflected the presence and level of
impact by adventive weeds, mosHiodea canadensis (Invasive Condition 36% - 69%). Nevertheless,
diverse native plant communities were still presardll lakes to a varying extent (Native Condition
45% - 59%).

Maximum plant depth limits were not recorded in giwllow smaller lakes or lake groups, which
were vegetated across the entire lake bed. Th&g3fl scores ranged widely from 93% where native
vegetation only was present (Lake Donne) to a diefaore of 0% where vegetation formed <10%
cover (Maori Lake East). Intermediate scores rédlthe varying impact @&. canadensis beds.

Comparisons of the 2007 scores with LakeSPI sageasrated from historical data for Lakes Camp
(61%), Clearwater (42%) and Heron (42%) showede lithange over the last 25 years. Plant
community composition and depth extent remainegelstras described in 1982 (Tanner et al. 1985).
This confirms a good baseline condition has beestrilged against which future changes can be
detected.

Compared nationally, the four larger lakes scothiwithe upper third to two-thirds of values for810
lakes, indicating they are amongst the more pastiess impacted New Zealand water bodies.
LakeSPI assessments for these larger lakes woukkmsitive to any future deterioration in water
clarity, or further introductions of freshwater f®esThe smaller lakes represent varying botanical
values with the Spider Lakes and Lake Donne hawvutgtanding native vegetation representation and
the presence of threatened species. While Lake#iRiotbe such a sensitive measure for the smaller
shallower lakes, changes in community compositiod aover of plants would signal changed
condition.

We recommend LakeSPI reassessments at intervatd @fyears, or earlier if land-use changes or new
weed invasions are of concern. We also recommesesasents of lake values (waterfowl, fish and
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botanical) as well as identification of threatsthese values and an assessment of the risk to each
waterbody. The highest priority lakes for managenséould be those of high value that are in good
condition (high LakeSPl scores, good water qualibgt which are at risk from threats.

LakeSPI assessments for the lakes of the Ashb®iter Basin v
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1. Introduction

The Ashburton Basin and associated lakes are ressmhfior their high diversity of
wetland types, wildlife and plant communities tygdiof the complex glaciated terrain
of the area. In recognition of the regions nattwitage value, the Ashburton Lakes
were recently announced as one of three areasetvectargeted funding for wetland
conservation. Concern over possible effects oflimiag water quality from
increasing nutrient and sediment inputs into feea¢échments, and by invasive weeds
and animal pests, led to this funding to proteet ligh conservation values of the
sites. One particular stated aim is to work witk tommunities in the region to
manage water quality at source and on surroundingtp land to reduce the threats
to the lakes. Monitoring of the condition of thékda is likely to be one important
action to track the outcome of protective measures.

Environment Canterbury currently monitor the wageality of four Ashburton Lakes
(Heron, Clearwater, Camp and Emma) for Total Phosph Total Nitrogen and
Chlorophyll a, but do not include a measure forevalarity (Meredith 2005), which
can be an important measure for catchment impgos lakes.

LakeSPI is an alternative and complimentary metioodiater quality analysis which
uses Submerged Plant Indicators (SPI) to asses<taidition (Clayton and Edwards
2006). Submerged plants are particularly usefulinagcators of long-term water
clarity as they integrate the effects of the liglmate for growth over time.

NIWA was contracted by DOC to assess eight AshipuBasin lakes using LakeSPI
so that assessments can be potentially used to:

. Monitor trends over time.
. Help assess the effectiveness of catchment &edi@nagement initiatives.
. Assess and compare the ecological conditionftdrdnt lakes within or

between regions.
. Provide relevant information for regional andioaal reporting requirements.

This report presents current LakeSPI scores (secdo2 and 4.4), scores generated
from historical data where possible (section 4a8)d an estimated pre-European or
pristine score (Appendix 2). A brief descriptionw&getation features is given for the
lakes (section 4.1 and 4.3), with summary survégrination provided for reference
(Appendix 1). LakeSPI results are compared witteothkes (section 5.1) and their
use as indicators of lake condition is discussedti@n 5.2). Vegetation values and
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threats to these values are considered for the d&seation 5.3). Finally
recommendations are presented on future monitoréegls and suggested frequency
of these (Section 6).

LakeSPI assessments for the lakes of the Ashb®iter Basin 2
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2. LakeSPlI Method

LakeSPI provides an insight into the native charaahd impact by invasive species
for a lake, each of which is presented as a dffiteidex. A Native Condition Index
provides a measure (score) of the diversity, quaditd abundance of indigenous
submerged vegetation. The Invasive Condition Inslebres the impact by any of ten
invasive alien plant species, if present (higheresc greater impact). These indices
are also integrated into an overall lake index #ilatws for changes in lake condition
to be monitored over time. Further information omak&SPI can be found at
www.lakespi.niwa.co.nz or the technical report and user manual at
http://www.niwascience.co.nz/ncwr/tools/lakespAn online LakeSPI webpage
reporting systemwww.lakespi.niwa.co.rjzenables ready access to results in a form
suitable for lake monitoring purposes and trencoripgy and it is anticipated that
‘report cards’ for the lakes of the Ashburton Basilt be added in time.

LakeSPI data is entered into the NIWA LakeSPI dagabwhich calculates the three
indices. LakeSPI indices are then expressed ascarmage of their maximum (i.e.,

100%) potential score (adjusted for lake depthgrtable direct comparisons of small,
shallow water bodies with different lake types (elarger, deeper ones). A ‘pristine’

condition can be estimated as what the lake woale Iscored in pre-European times,
given the likely vegetation composition, water itiaand lake depth. LakeSPI surveys
are not be suitable for lakes where vegetation rrdees not exceed 10%, in which
case a default score of 0% applies.

‘Quick survey’ data was also recorded accordingh® method of Clayton (1983),
which included each species depth range, estinteers (Braun-Blanquet scale, see
Appendix 1) and heights (where greater than 0.10mja will be entered to NIWA's
Freshwater Biodata Information System (FBIS) amelfr accessible over the internet
(fbis.niwa.co.nz). Also recorded were amphibioud plants observed on the lake
shores immediately above the waterline, which ghéi lake levels would have
contributed to the diversity of the submerged vaiah.

Surveyed lakes included Heron, Clearwater, Campm&nmDenny, Emily, and the
Maori and Spider lakes. Surveys were undertake@®rto 30" November 2007. At

each lake or lake group, three to five baselinevesursites were selected as
representative of the lake environment. Additiolzdes (Roundabout and Donne)
were investigated as time and circumstances allovedach site divers/snorkelers
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recorded relevant vegetation characteristics oa dheets. A full description of the
vegetation features that are assessed for the Pake&thod is found in the technical
report and user manual on the web-reporting pagesy(lakespi.niwa.co.rz and
includes measures of diversity from the presendeegfplant communities, the depth
extent of vegetation and extent that invasive weedsepresented.

Historical data from submerged vegetation survdykaies Heron, Clearwater and
Camp in 1982 (Tanner et al. 1985) was also reviewewards generating past
LakeSPI scores to detect changes over recent tifitesse three lakes and Lake
Emma were briefly investigated at one site eachindupest plant surveys for
Environment Canterbury (Champion et al. 2006).

LakeSPI assessments for the lakes of the Ashb®iter Basin 4
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3. Siteinformation

Characteristics of the surveyed lakes are giveitahle 1, whilst relative size and
location of the surveyed lakes is indicated onrttzg in Figure 1. Selection of survey
sites per lake was made in reference to the Battrynseries for Lakes Clearwater
and Camp, Lake Heron, and Lakes Emma, Roundabodutha@nMaori Lakes. In other
lakes local topography was considered to guide sgtection or an exploration was
made across the entire lake bed at several sites.

LakeSPI assessments for the lakes of the Ashb®iter Basin 5
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Table 1: Summary of lake characteristics (from databaseribestin Snelder 2006).
Lake Area *Depth Altitude  Catchment Native Pasture
(km 2) (m) (m area catchment  catchment
a.s.l) (%) (%)
Heron 6.95 36.2 692.39 110.94 69 29
Clearwater 1.97 19 675 41.72 71 27
Emma 1.67 3 639.76 35.60 92 24
Camp 0.44 18.9 675.94 6.06 25 73
Emily 0.19 *2.3 674.31 241 17 82
Roundabout 0.12 1.7 658.81 8.62 16 75
Maori West 0.10 2.6 629.77 14.93 52 39
Maori East 0.09 1.2 626.83 83.55 15 73
Denny 0.05 *2.1 677.85 18.67 78 33
Spider 0.04 *0.8 671.07 2.03 34 44
Donne 0.01 *1.1 668.5 0.08 15 87

*Lake depths recorded in this survey

LakeSPI assessments for the lakes of the Ashb®iter Basin 6
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L_éike Heron

Lake Emily

Maori Lakes

West o y
Bt _ 43° 34

Lake Clearwater

Spider Lakes
Main—s . «East
Lake Donne

Lake Camp Lake Roundabout

Lake Emma

Lake Denny 171°10°

Figure 1 Location of surveyed lakes within the Ashburton&iBasin.
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4. Reaults

4.1

Lake results are presented as two groups; larges l@greater than 0.2 Kpfor which
vegetation bottom limits could be established (lsakmamp, Clearwater, Heron and
Emma), and smaller, shallow lakes where vegetatias recorded across the entire
lake bottom (Lakes Denny, Emily, Roundabout, Spidead Maori Lakes). This
distinction is made because of the subsequenttisétysof the LakeSPI method for
indicating lake condition.

Vegetation description for the larger lakes

The submerged vegetation of Lakes Camp, ClearveatérHeron remains largely as
described in 1982 (Tanner et al. 1985). Three degdttted plant communities were
recognised that comprised a shallow-water assemldadow growing plants, taller
vascular plants in mid-depths, including the adwentwveedsElodea canadensis
(elodea) andrRanunculus trichophyllus, and a charophyte understory that extended into
deeper water (Appendix 1, Tables A-C). A shallowtevaassemblage and tall vascular
community were recorded in Lake Emma (Appendixdhl& D), however the deeper
charophyte community was absent, with charophytegributing to the shallow-water
assemblage only.

The maximum depth extent of vegetation in Lake Catpl.5 m depth was similar to
the 10 m recorded in 1982. Likewise, depth limitd.ake Heron of 9.7 m were close
to the 9 m recorded in 1982. In 1982 the plant léiptit for Lake Clearwater could
not be established but were known to extend detyagr 4 m, and the 2007 survey
established the maximum depth of vegetation to medéep. Much of the bed of Lake
Emma was vegetated, however a plant limit of 2.8&a&s established in the deepest
basin of the lake. This restricted depth extent imalseeping with low water clarity
observed at the time of the survey.

The adventive weed elodea formed localised clumplsands of high cover (up to
>95%) in all the lakes, but co-existence of natipecies was frequently possible over
much of this weeds depth range due to gaps in desleds or ‘open canopy’ growth
of low-growing beds<1.0 m tall). Impacts of elodea were least in Lalken@ due to

a smaller depth range (1 to <5 m) and limited preseat only two of the five sites
surveyed. Elodea had variable covers across a wligjgth range in Lake Clearwater,
but formed taller beds of up to 2 m in height. Eladypically formed low-growing,

LakeSPI assessments for the lakes of the Ashb®iter Basin 8
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but extensive beds within Lake Heron. Lake Emmailkitdd the greatest elodea
domination, with deeper partsd m depth) dominated by this weed.

The adventive water buttercupanunculus trichophyllus, formed a minor component
of vegetation in Lake Heron. This seed-spread pilaas present and scored as
occasional in Lakes Heron and Camp based on reframis1979 (Tanner et al. 1985)
and was recorded in all four lakes by Champior.€2a06).

All plant species that were recorded as abundantammon in Lakes Camp,
Clearwater or Heron by Tanner et al. (1985) wemso alecorded in this survey.
Omitted or newly recorded species since 1982 irevtihose of low frequencyb0%

of sites). Other differences result from the recogm of new endemic charophyte
species within what was thlitella hookeri taxa (Casanova et al. 2007), which
prevent direct comparison of 1982 taxa to 2007 t@@pendix 1, Tables A-C).
Therefore, new charophyte species listed for 2@pfasent nomenclature changes,
with the exception of first records fdd. leonhardii in Lake Camp andChara
globularisin Lake Heron.

Results of a pest plant survey of the larger lakeZ005 (Champion et al. 2006) also
concluded little change in the composition of tiegetation since 1982, although plant
depth limits were not attained in Lakes Camp aneh@later. In 2005, Lake Emma
was reported as turbid from an algal bloom and teggs was described as sparse.

LakeSPI assessments for the lakes of the Ashb®iter Basin 9
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Plate 1. Tall vascular community in Lake Camp Bbtamogeton cheesemanii (foreground)
and elodea are observed to the left and deepevpinge meadows to the right.

. L

Plate 2: Low-growing plants within the shallow water zone linke Camp showing bright
green cylindrical shoots dfilacopsis ruthiana (arrowed), and low stature charophytes
andPotamogeton cheesemanii (reddish colour).

LakeSPI assessments for the lakes of the Ashb®iter Basin 10
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Plate 3: A diver examines a specimen charophyibafa fibrosa) from deep-water meadows at
c. 7 mdepth in Lake Camp.

4.2 LakeSPI for the larger lakes

LakeSPI results are listed in Table 2 and show &helition decreased in order from
Lake Camp, then Clearwater, and Heron to Lake Emma&e Camp scored the
highest because of the extent of vegetation dewatop (to 11.5 m), the diverse native
vegetation present, and the limited impact of edodieterestingly|soetes alpinus was
not recorded from Lake Camp currently, or histdlycdt is present in the other three
lakes and, as a recognised ‘key’ native commuiiisypresence contributes to their
LakeSPI scores. The corresponding LakeSPI valub88&t was influenced by the
highest Native Condition Index (59%) and lowests(bdnvasive Condition Index
(36%) of these four lakes. In contrast, Lake Emmeared the lowest of the larger
lakes (LakeSPI value of 37%) because of the pravelef elodea and absence of
deeper charophyte communities that it has likelplaged. Lakes Clearwater and
Heron scored intermediate values.

Historic LakeSPI assessments based on the indécatiweys of 1982 suggest little
change in the condition of Lakes Camp, Clearwatertderon (Table 2). Lakes Heron
and Camp score similar to identical values to thosel982, whilst the apparent

LakeSPI assessments for the lakes of the Ashb®iter Basin 11
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improvement in the condition of Lake Clearwatelikely to result from obtaining
accurate plant depth limits in the 2007 survey.

Pre-European LakeSPI scores are estimated to hese Oose to the maximum
possible, at 98% (Appendix 2).

LakeSPI results for the four larger lakes where etatipn depth limits were
established. Historic indices were generated froewipus survey information (Tanner
et al. 1985).

Lake Date LakeSPI Native Condition Invasive Condition
Camp 29/11/2007 58 59 36
18/02/1982 61 57 30
Clearwater  29/11/2007 47 51 51
18/02/1982* 42 40 45
Heron 28/11/2007 42 45 60
18/02/1982 42 45 59
Emma 30/11/2007 37 45 69

* Plant depth limit not established

Vegetation description for the smaller lakes

The Spider Lake group of basins, including Lake mmnvere shallow (<1.5 m) and
dominated by a mosaic of native, low-growing plagAppendix 1, Tables E-G) as
occurred in the shallow-water assemblage of thgetatakes The most frequent
species wereMyriophyllum triphyllum, Potamogeton cheesemanii and Lilaeopsis
ruthiana. Adventive weeds elodea aménunculus trichophyllus were either absent
(Lake Donne) or only occasional to common companehthe vegetation. The rarer
turf speciesMontia angustifolia andCardimine ‘tarn’ were also recorded from the dry
lake margins.

Lakes Emily, Denny, Roundabout and Maori Lake Wadishad largely monospecific
beds of elodea that extended over considerabls afdhe shallow lake bottom at 1.5
to 2.3 m depth (Appendix 1, Tables H-K). Swan grgzappeared to limit the height

LakeSPI assessments for the lakes of the Ashb®iter Basin 12
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of these beds to 1 m below the lake surface. InrMaake West, Lakes Roundabout
and Denny these weed beds contained isolated, ttien clumps ofMyriophyllum
triphyllum, whereas in Lake Emily low stature plantsRatamogeton ochreatus were
found in intermittent holes within the elodea b&tixed assemblages of additional
species could be found at the lake edges. Amoogsjtowing species encountered
in shallow water were localised growths dominatgd doetes alpinus on the south-
eastern side of Lake Emily, and the only lake rédor Utricularia dichotoma in the
surveyed lakes was recorded from Maori Lake West.

Plate 4 An assemblage of elodea (dark greeaviyriophyllum triphyllum (with pink apices)
and Ranunculus limosella (pale green, arrowed) growing at the shallow nmergf
Lake Denny.

Maori Lake East was largely devegetated with sulgeiplant covers not exceeding
10% (the threshold for LakeSPI assessments) efoept limited turf at one shallow
margin (Appendix 1, Table L). Isolated fragmentd accasional plants of elodea and
Potamogeton ochreatus were observed across most of the lake bed.

LakeSPI assessments for the lakes of the Ashb®iter Basin 13
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4.4 LakeSPI for the smaller lakes

LakeSPI results are listed in Table 3 and show &helition decreased in order from
the Spider Lakes group, Maori Lake West, Lakes Rabout and Emily to Lake
Denny. A default value of 0% was recorded for Mdake East because vegetation
did not exceed 10%.

The highest score was recorded for Lake Donne usecia had only native vegetation
(Invasive Condition Score of 0%) extending over tmafsthe bottom of this shallow
lake, i.e. it achieved close to the maximum vedmtadevelopment expected for a lake
of this type. The score for other Spider Lakes weduced by the presence of
adventive weeds (elodea aril trichophyllus), although the impact on native
vegetation was minor (Table 3).

LakeSPI scores dropped substantially (Table 3)Hersmaller lakes with extensive
elodea beds (Invasive Condition score >50%), reflgahe impacts of this invasive
species. Although Maori Lake West still recordetkkatively high Native Condition

score, with significant native plant representatiespite the elodea beds.

Pre-European LakeSPI scores are likely to have bemse to the maximum possible
at 97% or more (Appendix 2).

LakeSPI assessments for the lakes of the Ashb®iter Basin 14
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Table 3: LakeSPI results for seven smaller lakes where watiget depth limits were not

established.

Lake Date LakeSPI Native Condition Invasive Condition
Donne 29/11/2007 93 82 0
Spider (Main

and East) 29/11/2007 69 76 32
Maori West 29/11/2007 39 60 69
Roundabout 30/11/2007 35 43 72
Emily 30/11/2007 29 27 76
Denny 29/11/2007 26 18 74
Maori East 28/11/2007 0 0 0

LakeSPI assessments for the lakes of the Ashb®iter Basin 15
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5. Discussion

5.1

Figure2:

Condition of the Ashburton L akes

An evaluation of the condition of high country Cenury lakes based on submerged
vegetation depth extent, species richness, andensgiecies cover, was undertaken in
2004 towards assigning weed pest plant managem@nitips amongst the lakes
(Champion et al. 2006). The four larger AshburtaasiB lakes were ranked in the
same order as this report, with Lake Camp ranke®l"dmest and Lake Emma ranked
as the worst in condition out of 23 high countryn@abury lakes that were assessed
(Champion et al. 2006).

LakeSPI scores confirm these larger Ashburton lakesain relatively pristine and

un-impacted compared to the condition of water ésdiationally. When plotted with

recent LakeSPI results for 108 other lakes (FiQ)rd.ake Camp (58%) scores higher
than two-thirds of surveyed lakes, whilst Lake Em{8@%) scores better than one-
third of lakes. The scores for these lakes lie withe top 50 percentile in terms of
Native Condition, but also for Invasive Conditidtiqure 2).
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Plots of recent LakeSPI scores for 112 lakes (NIWWublished data), with the four
larger Ashburton Lakes highlighted in red. Noteldi&es with a default LakeSPI of
0% (insufficient vegetation) are not distinguisteainl the plots.

Compared with other New Zealand lakes (Table 4),lénger Ashburton lakes score
lower than waterbodies where extensive native \adiget predominates (e.g., Lake
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Moke, Otago) or where elodea is only a minor congmbof the vegetation (e.g., Lake
Mavora North, Fiordland). However, they score higiian waterbodies where elodea
dominates and has largely replaced native vegetétig., Lake Diamond, Otago), or
where water clarity also strongly restricts vegetatpresence (e.g., Lake Okaro,
Rotorua). The presence of a more invasive weedespttan elodea generally results
in higher Invasive Condition scores and reducedelS#d scores for lakes. Highly
turbid water bodies (>15 mg' Isuspended solids) have limited vegetation, with a
default LakeSPI score of 0% where plant covers db axceed 10% (e.g., Lake
Waahi, Waikato).

Table 4: lllustrative LakeSPI scores for water bodies ofyuay condition.
Lake Type Lake Lake LakeSPI Native Invasive
size depth Condition  Condition
(m)
Moke Predominantly 0.81 44.2 78 72 12
native, good water
clarity
Mavora North  Limited elodea, good 10.8 85 70 72 28
water clarity
Diamond Elodea dominated, 1.8 13+ 35 32 67
moderate water
clarity
Okaro Elodea dominated, 0.28 18 19 6 53
poor water clarity
Waahi De-vegetated, turbid 4.5 3 0 0 0
5.2 Indicators of lake condition

Historical and current LakeSPI values show laked@@mn has been relatively stable
for the larger lakes of the Ashburton Basin, whicimfirms a good baseline has been
described, against which any future change caretextéd.

Assessments from Environment Canterbury’s watetitguaonitoring over 2004/05

suggest these larger lakes exhibit the same (Lak@d) or improved (Camp, Heron,
Clearwater) trophic status than was indicated biiezadata (Meredith 2005). Whilst
this is in general agreement with our findings doftable lake condition, it should be

LakeSPI assessments for the lakes of the Ashb®iter Basin 17
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noted that LakeSPI has a littoral focus and israptonentary method to water quality
sampling rather than a directly comparable indicato

LakeSPI is a particularly sensitive measure forftug larger lakes where plant depth
limits were recorded. Retractions in the depth rxté vegetation, in turn leading to
decreased LakeSPI and Native Condition scores, dveabult from sustained
reductions in water clarity due to increased sedinmiaput or algal productivity
responding to greater nutrient availability.

For the shallower lakes that were completely veagdiaLakeSPI scores are less
sensitive to reductions in water clarity. This echuse the light requirements for plant
growth are currently exceeded even at the deepestop the lake, so reductions in
plant depth extent may not be evident until an eer change in water clarity
occurred.

We would, however, expect smaller lakes to be nsemsitive to land use changes
than the larger lakes due to their smaller voluares reduced buffering capacity. For
these shallow lakes, useful additional indicatdrglmnge could include submerged
species richness (number, representation), theofossrtain vegetation elements (e.qg.
low-growing charophytes), or a general reductiorpliant covers. Summary survey
information has been supplied in this report to pare with any future assessments,
whilst raw survey data will be entered to NIWA'seBhwater Biodata Information

System (FBIS) and freely accessible on the wels.(ibia.co.nz).

The additional introduction of further submergecedespecies (see section 5.3) would
also see reductions in the LakeSPI scores forakesl equivalent to the weediness of
the species and its level of impact on native hsgetation.

LakeSPI indices could be calculated for all lakesept Maori Lake East, where wide
scale absence of vegetation was difficult to explaspecially given the vegetated
status of adjacent Maori Lake West. It was notesvdver, that the East Lake receives
more direct inflows from stream systems and maynmre susceptible to turbid

inflows. The lake sediments were observed to bé aod large amounts of coarse
debris were suspended in the water column, so wadéor swan disturbance may
also have contributed to the lack of vegetatiothis very shallow lake. Improvements
in lake condition would be signalled by more extemsubmerged plant development.

LakeSPI assessments for the lakes of the Ashb®iter Basin 18



—NIWA_—

Taihoro Nukurangi

53 Vegetation values and threats

Native submerged vegetation was well representedles Camp, Clearwater, Heron
and the Spider Lakes especially, and remnant natwemunities discernable in most
other lakes of the Ashburton Basin. Species ditserdisubmerged plants for the area
was relatively high, with 20 species recorded fakd Heron alone. In the three
deepest lakes, native communities of mixed charshyere present beyond the
depth range of elodea. These charophyte “meadoresheing increasingly lost from
equivalent depth lakes in the North Island due toccambination of nutrient
enrichment, decreasing water clarity and multipged/invasions.

The recognition of new, endemic charophytes witthiase lakes likely represents
taxonomic advances rather than new records. Oicpkat note is the specidditella
claytonii in Lake Heron, which elsewhere tends to be rasttito deeper habitats (>10
m) within clear-water South Island lakes.

Of the six major native plant community types redegd by the LakeSPI method, all
but emergent plants are represented in Lakes C@teprwater and Heron, with their
absence due to the wind-exposed nature and roackeslof these lakes. Emergents,
mostly Typha orientalis, were represented in Lake Emma and the smallee Lak
Roundabout and the Maori Lakes.

Ranunculus limosella is included in the ‘at risk’ category of the Newa&and Threat
Classification system, due to concern over dediimpopulations (Hitchmough et al.
2005, Townsend 2008). These surveys show thisespaas especially widespread in
the area, being recorded from nine of the elevkeslaurveyedThe uncommon turf
plant specieMontia angustifolia (Lake Donne, main Spider Lake) is listed under the
‘data deficient’ category of the New Zealand Thré€dassification system, while
classification ofCardamine ‘tarn’ (Lake Donne) awaits taxonomic recognition.

Champion et al. (2006) discuss the risk to thedakethe Canterbury high country of
pest plant invasion. The adventive plants curreptlysent in the Ashburton Basin,
elodea andR. trichophyllus, are less weedy than other potential pest plardders
including Ceratophyllum demersum, Egeria densa, Lagarosiphon major and
Vallisneria spiralis (Champion et al. 2006). Of these, the greatektawsnes fromi.
major because of the proximity of infested sites, sush ake Benmore and sites in
Christchurch and Timaru. Most likely mechanismgofential spread to Canterbury
High Country lakes were considered to be boatitradf releases from ornamental
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ponds or aquaria, but the relative isolation of #hehburton Lakes from main
settlements was considered to reduce risk somewftad. risk of lagarosiphon
introduction to Lake Camp was rated as “moderate’aocount of permitted motor
boat activity, “low” in Lakes Clearwater and Herdoe to prohibition of motorised
craft, and “very low” in Lake Emma on account offfidult access for boats
(Champion et al. 2006). In contrast, the impactlajarosiphon, should it be
introduced, was considered as “extreme” for Lakesnm and Clearwater, and
“moderate” for Lakes Heron and Camp.

The smaller lakes with difficult or no boat accem® at lower risk of weed

introduction than the larger lakes. However, any meed establishment in the area
would increase risk substantially. For example, wesed incursions in Lake Camp
would lead to downstream dispersal to Lakes Roumatabnd Emma via stream
connections.

Signage warning of weed threats and located atsagoeints to the major lakes was
noted as an effective precautionary measure alreday in the area (Champion et al.
2006).

Annual surveillance for weed incursions at Lake @amas recommended by
Champion et al. (2006) by undertaking diver seasciteboat ramp sites and major
access points. Surveillance at other, lower risk ftigh value water bodies was
recommended at 5-year intervals

Didymosphenia geminata (didymo) is not recorded in the area although mececords
have been confirmed in the adjacent Rangitata aadchiR Rivers. Didymo has not
developed in other lakes except as localised grewththe shores of small lakes or
more substantial coverings on rocks of the wavelawame (0-2 m) of large lakes
(NIWA observations). Should didymo be introducedhe area, impacts on the lakes
would be expected to be minor.

Coarse fish are another threat to the submergedtatton resources of the region,
with direct herbivory by rudd, indirect disturbarmg benthivorus feeding fish (brown
bullhead catfish, tench, koi) and possible spawringeeding damage caused by
perch (NIWA observations). Records of coarse fish apparently limited to a 2003
record for perch from Lake Roundabout (FBIS), altjio they are also known from
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Lakes Camp and Clearwater (Ross pers comm.) agd fsrch (c. 35 cm) were seen
in Lake Denny during this survey.

54 Recommendations

1. LakeSPI monitoring. In light of the stable vegetation in these lakbs, frequency
of LakeSPI monitoring is suggested at 5 to 10 yetarvals. However, in the
event of intensified land-use or the additional asive weeds, an early re-
assessment would be recommended.

2. Condition of Maori Lake East. Factors leading to the restricted vegetation
development in Maori Lake East should be considdredat least elucidate
possible threats to other lakes of the area. Retefeztors to investigate for the
lake are recent land use or drainage changes dbéit cause turbid inflows such
as from earthworks (e.g. track development) adjattethe major feeder streams
to the lake (Gentleman Smith and Jacobs streamrgje lwater level variations,
and the presence of coarse fish (e.g. rudd, gbldfislarge swan populations.

3. Soecial sites. Whilst LakeSPI provides a measure of the ecodgiondition of
lakes rather than a measure of ecological valigiltseof the vegetation surveys
suggest the Spider Lakes group (including Lake @dmave high botanical value
that may be worthy of special protection measutesintegration of ecological
values, including wildfowl, fish and botanical caeter for water bodies, would be
useful for prioritising lakes for management. Thghlest priority should be those
water bodies of high value that are in good coadifji.e., high LakeSPI scores,
good water quality) which are at risk from iderdithreats (see below).

4. ldentify threats. An assessment of the threats facing each water bloolyld be
undertaken, towards setting management prioritesambination with value-
based and condition ranking of sites. Aspects tasicler could include % of
catchment not in the DOC estate, predominant lamekerc types, degree of
intensification (i.e. irrigation, cropping, discingpasture improvement, top
dressing), extent of riparian retirement (i.e. fagoof streams and lakes), extent
of wetlands in catchment, presence of septic tanfeids (e.g. Lakes Clearwater
and Heron), drainage channels excavated to lakesating quarries, existence of
resource consents, range of water level fluctuation
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5. Weed risk management. Annual aquatic weed surveillance is undertakemrainge
of high country lakes by Environment Canterbury.tif Ashburton Lakes, Lake
Camp was recognised as having the greatest wekdand surveillance was
recommended at an annual frequency, at with chaickther lakes suggested at a
5-year frequency (Champion et al. 2006). Combinifigiure LakeSPI
reassessments with weed surveillance programnig®li to enable cost savings
and enhance information gathering and exchangeitidddl information from
monitoring the intensity of boat use at lakes, ndertaking boater surveys (e.qg.,
usage frequency and other sites visited) couldigeoletter information on risks
or identify likely pathways of weed introduction.
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8. Glossary

Charophytes: Native macroalgae that resemble higher plantsvamdh are widely
regarded as beneficial plants in aguatic systems.

Vascular plants: Possessing complex vascular transport tissues whaahire higher
light environments to maintain than non-vasculanfd (e.g. charophytes).

Adventive: Outside of a species natural range, synonymous &ybtic, introduced,
alien.

Incursion: Weed establishment in a new location or envirortmen
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9. Appendix 1:

TableA:

L ake Vegetation Summary Reports

Summary for Lake Camp based on a 1982 surveyigg2and 2007 survey at 5 sites. Heights not sifowspecies
<0.1 m tall, or where insufficient data. Co$eale - 1=1-5%,2=6-25%,3=26-50%,4=51-75%,1982: 5@ 2007:

5= 76-95, 6=96-100. t Adventive weetidlame changes or new species since 1982.
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Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007

Shallow-water, low-growing

*Lilaeopsis ruthiana 100 100 0.0-3.0 0.2-3.1 5 5 4

Pilularia novae-zelandiae 50 0.5-05 1

Ranunculus limosella 20 11-11 1

Ruppia polycarpa 50 40 0.0-0.5 0.5-20 3 1 0.1 0.1

Tall vascular

TElodea canadensis 100 100 2.0-4.0 1.0-46 1,2 4 6 0.3 0.5 0.6

Myriophyllum triphyllum 20 22-22 1 0.1

Potamogeton cheesemanii 100 100 1.0-3.0 0.5-4.0 1 1 3 0.3 0.8

Charophytes

*Chara australis 100 100 2.5-10.0 20-115 5 5 0.4 0.5 0.7

Chara fibrosa 100 60 0.9-8.0 0.6-41 5

Chara globularis 100 40 4.0-10.0 14-46 , 5 3 0.2 0.5 0.2

LakeSPI assessments for the lakes of the Ashb®iteer Basin
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Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007

*Nitella leonhardii 40 05-22 1,3 6

1982 Nitella hookeri var. hookeri 50 1.0-1.0 1

1982 Nitella hookeri var. tricellularis 100 9.0-10.0 1,5 5

*2007 Nitella tricellularis 80 0.5-115 5 6 0.1 0.1
Nitella hyalina 100 100 0.0-8.0 0.5-5.0 2 5 0.1 0.2
Nitella pseudoflabellata 100 100 0.5-8.0 0.4-5.6 1,2 1 5 4 0.1 0.2

LakeSPI assessments for the lakes of the Ashb®iteer Basin
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TableB: Summary for Lake Clearwater based on a 1982 sumvéysites and 2007 survey at 3 sites. Heightsihowvn for species <0.1 m tall, or
where insufficient data. Cover Scale - 1=1-5%,2866,3=26-50%,4=51-75%,1982: 5=76-100% 2007: 5= ,66396-100. tAdventive
weeds* Name changes or new species since 1982.
Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007
Shallow-water, low-growing
Elatine gratioloides 83 33 0.2-1.0 0.3-0.3 1 1 1 1
Glossostigma submersum 50 33 0.0-1.0 0.1-0.3 1 1 1 1
Isoetes alpinus 100 100 0.0-25 0.1-20 3,5 1 5 6
Juncus sp. 17 0.0-0.0 1
*Lilaeopsis ruthiana 100 67 0.0-1.0 0.1-0.6 1 1 1 2
Ruppia polycarpa 17 0.1-0.5 1
Triglochin striatum 17 0.5-0.5 1
Tall vascular
tElodea canadensis 83 100 1-4.0+ 0.3-6.1 1 1 5 6 0.6 0.5 2.0
Myriophyllum triphyllum 67 67 0.0-3.0 0.1-1.3 1 1,2 5 2 0.1 0.4 0.1
Potamogeton cheesemanii 100 100 0.5-4.0+ 0.4-35 1 1 4 4 0.3 0.8 1.0
Potamogeton ochreatus 33 1.0-35 1 5 0.5
Charophytes
*Chara australis 100 100 0.1 -4.0+ 1.2-7.0 4 5 5 6 0.3 0.5 0.5
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Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007

Chara fibrosa 100 100 0.3 -4.0+ 04-45 2,3 2 5 6 0.1 0.2

1982 Nitella hookeri var. hookeri 50 0.2 -4.0+ 1 3 0.3

*2007 Nitella masonae 33 01-15 1 1 0.1 0.1

1982 Nitella hookeri var. tricell 17 1.0-35 1

*2007 Nitella tricellularis 33 0.1-0.3 1 1

Nitella hyalina 100 100 0.2 -4.0+ 0.0-2.0 1 1 5 4 0.1 0.1

*Nitella leonhardii 100 100 0.3-4.0+ 04-48 1,2 3 5 6 0.4 0.5 0.5

Nitella pseudoflabellata 100 100 0.1 -4.0+ 0.1-4.2 2 1 5 5 0.1 0.2
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TableC:  Summary for Lake Heron based on a 1982 surveysae$ and 2007 survey at 6 sites. Heights not sHonspecies <0.1 m tall, or where
insufficient data. Cover Scale - 1=1-5%,2=6-259%2&850%,4=51-75%,1982: 5=76-100% 2007: 5= 76-9566%0 t Adventive weeds:.
Name changes or new species since 1982.
Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007
Shallow-water, low-growing
*Crassula sinclairii 17 0.8-0.8 1 1
Eleocharis pusilla 17 05-1.0 1 6
Glossostigma submersum 17 50 05-1.0 0.1-1.8 1 1 1
Isoetes alpinus 83 50 0.2-4.0 0.1-3.2 5 6 5 6 0.2 0.2 0.2
*Lilaeopsis ruthiana 50 67 0.2-1.0 0.3-2.0 1 1 3 2
Ranunculus limosella 17 33 0.2-1.0 04-1.0 1 1 2
Ruppia polycarpa 33 50 06-1.0 0.3-1.0 1 1 1 2 0.2
Tall vascular
tElodea canadensis 100 100 0.2-70 04-75 3 5 5 6 0.2 25 0.6
Myriophyllum propinquum 17 0.2-1.0 1
Myriophyllum triphyllum 83 100 0.2-20 0.2-4.0 1 2 4 5 0.7 0.5 2.0
Potamogeton cheesemanii 100 83 0.3-5.0 05-4.1 1 1 4 4 0.2 2.5 1.0
Potamogeton ochreatus 17 0.7-15 1 1 0.1 0.2
*tRanunculus trichophyllus 33 1.0-12 1 3 0.2 0.2
Charophytes
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Species % of Profiles Depth Range (m) Median cover Maximum cover Average height (m) Maximum height (m)
1982 2007 1982 2007 1982 2007 1982 2007 1982 2007 1982 2007

*Chara australis 100 33 0.5-9.0 0.7-4.7 3,4 3,5 6 0.3 0.3

Chara fibrosa 50 33 2.0-45 15-21 1 1,3 5 0.2 0.2

Chara globularis 17 6.5-9.0 6 6

1982 Nitella hookeri var. hookeri 33 3.0-9.0

*2007 Nitella tricellularis 100 0.3-85 1,2 6 0.2 0.3

1982 Nitella hookeri var. tricell 83 0.5-9.0 1 5 0.5

*Nitella claytonii 33 6.0-9.7 2,6 6

Nitella hyalina 83 50 0.2-5.0 1.4-6.0 1 1 2 0.1 0.1

Nitella pseudoflabellata 100 67 0.4-6.0 0.4-6.0 1 1 3 0.1 0.5

Nitella stuartii 17 17 4.0-4.0 5.4-6.0 1 1 2 0.1 0.1
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TableD: Summary for Lake Emma based the 2007 survey ate$.sHeights not shown for
species <0.1 m tall, or where insufficient datavé€r Scale - 1=1-5%,2=6-25%,3=26-
50%,4=51-75%,5=76-95, 6=96-100%. T Adventive weeds

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
Shallow-water, low-growing
Isoetes alpinus 75 0.3-15 3
Lilaeopsis ruthiana 100 0.1-1.3 1,2
Ranunculus limosella 25 04-04 1 1
Tall vascular
tElodea canadensis 100 0.3-2.8 2,3 6 0.2 1.0
Potamogeton cheesemanii 50 16-23 1 1 0.1
tRanunculus trichophyllus 100 0.2-25 1 2 0.2 0.5
Myriophyllum triphyllum 50 1.6-2.3 1 2 1.0 15
Charophytes
Chara australis 25 0.6-0.7 1 1 0.1
Nitella masonae 50 0.2-1.6 1 2 0.1 0.1
Nitella tricellularis 75 05-14 1 2 0.1 0.1
Nitella hyalina 75 0.2-1.6 1 1

TableE: Summary for Lake Donne based the 2007 survey ate®. sHeights not shown for
species <0.1 m tall, or where insufficient dafamver Scale - 1=1-5%,2=6-25%,3=26-
50%,4=51-75%,5=76-95, 6=96-100%.

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
Chara fibrosa 50 0.2-0.7 1 1 0.1 0.1
Lilaeopsis ruthiana 50 0.3-0.5 2 3
Myriophyllum propinquum 50 0.1-0.3 2 3 0.1
Myriophyllum triphyllum 100 0.2-1.0 2 4 0.3 0.5
Nitella pseudoflabellata 50 0.1-1.0 4 6 0.1 0.2
Nitella tricellularis 50 0.2-0.5 1 2 0.1
Potamogeton cheesemanii 100 0.3-1.0 2 2 0.3 0.5
Ranunculus limosella 50 0.2-0.2 1 1

Recorded outside of survey sites: Ruppia polycarpa, Lilaeopsis ruthiana, Glossostigma submersum,
Crassula sinclairi, Selliera radicans, Pratia perpusilla, Hydocotyle hydrophila, Cardamine ‘tarn’, Montia
angustifolia, Leptinella maniototo.
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TableF:  Summary for the main Spider Lake based the 200/&guat 2 sites. Heights not  shown
for species <0.1 m tall, or where insufficient alaiCover Scale - 1=1-5%,2=6-
25%,3=26-50%,4=51-75%,5=76-95, 6=96-100%. t Advenveeds.
% of Depth Range Median Maximum Average Maximum

Species Profiles (m) cover cover height (m) height (m)
Chara braunii 50 0.3-0.3 1 1

Chara fibrosa 50 0.1-0.5 1 2 0.1 0.1
tElodea canadensis 50 0.5-0.8 1 3 0.2 0.2
Eleocharis pusilla 50 0.2-0.2 1 1

Limosella lineata 50 0.2-0.3 2 3

Lilaeopsis ruthiana 100 0.1-04 2 6

Myriophyllum propinquum 100 0.1-0.5 2 4 0.1
Myriophyllum triphyllum 100 0.1-0.8 2 4 0.3 0.4
Nitella pseudoflabellata 50 0.1-04 1 2 0.3 0.3
Nitella tricellularis 100 0.2-0.5 1 1 0.1
Potamogeton cheesemanii 100 0.1-0.8 2 4 0.2 0.4
Potamogeton ochreatus 50 0.1-0.8 1 3 0.2 0.4
tRanunculus trichophyllus 50 0.2-0.3 1 1 0.2
Ranunculus limosella 50 0.2-0.3 2 3

Ruppia polycarpa 50 0.2-0.3 1 2 0.2

Recorded outside of survey sites: Gratiola sexdentata, Crassula sp., Montia angustifolia.

TableG: Summary for Spider Lake East based the 2007 satvéysite. Heights not shown for
species <0.1 m tall, or where insufficient datav€r Scale - 1=1-5%,2=6-25%,3=26-
50%,4=51-75%,5=76-95, 6=96-100%. t Adventive weeds

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
Chara braunii 100 0-0.8 2 3 0.1 0.1
Myriophyllum triphyllum 100 0-0.8 2 4 0.5 0.8
Nitella pseudoflabellata 100 0-0.8 2 2 0.1 0.1
Nitella tricellularis 100 0-0.8 1 1 0.1 0.1
Nitella hyalina 100 0-0.8 1 2 0.1 0.1
Potamogeton cheesemanii 100 0-0.8 3 5 0.5 0.8
tTRanunculus trichophyllus 100 0-0.8 2 2 0.5 0.8
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TableH: Summary for Maori Lake West based the 2007 surte$ aites. Heights not shown
for species <0.1 m tall, or where insufficient adatCover Scale - 1=1-5%,2=6-
25%,3=26-50%,4=51-75%,5=76-95, 6=96-100%. 1 Advenveeds.
% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
Chara australis 67 05-1.7 1 4 0.1 0.1
Chara fibrosa 67 05-1.7 1,5 6 0.2 0.2
tElodea canadensis 100 08-21 3 6 0.7 13
Myriophyllum triphyllum 100 05-21 2 6 0.4 0.8
Nitella leonhardii 67 05-138 1 3 0.2 0.2
Nitella pseudoflabellata 67 0.3-1.8 1,3 6 0.2 0.3
Potamogeton cheesemanii 100 0.5-1.8 1 3 0.3 1.0
Potamogeton ochreatus 33 1.2-13 1 2 0.2 1.0
Typha orientalis 67 0.0-0.8 2,6 6 1.9 2.0
Utricularia dichotoma 33 0.1-0.3 3 4

Recorded outside of survey sites: Lemna minor.

Tablel: Summary for Lake Roundabout based the 2007 surved sites. Heights not shown
for species <0.1 m tall, or where insufficient alatCover Scale - 1=1-5%,2=6-
25%,3=26-50%,4=51-75%,5=76-95, 6=96-100%. t Advenveeds.
% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
TElodea canadensis 100 0.2-15 5,6 6 0.4 0.5
Lilaeopsis ruthiana 100 0.2-1.0 1,2 4
Myriophyllum triphyllum 100 0.2-15 1,2 5 1.5 1.5
Nitella masonae 50 02-10 1 1 0.1 0.1
Nitella tricellularis 100 0.2-1.0 1 1
Potamogeton ochreatus 100 0.6-0.8 1 2 0.4 0.5
tRanunculus trichophyllus 100 0.2-1.1 1,2 6 0.3 1.0
Ranunculus limosella 100 0.2-1.0 1,3 3
Recorded outside of survey sites: Potamogeton cheesemanii
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TableJ:  Summary for Lake Emily based the 2007 survey afitds.sHeights not shown for
species <0.1 m tall, or where insufficient datavé€r Scale - 1=1-5%,2=6-25%,3=26-
50%,4=51-75%,5=76-95, 6=96-100%. t Adventive weeds

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
tElodea canadensis 100 0.2-23 5 6 0.9 1.3
Elatine gratioloides 25 0.2-0.3 1 1
Eleocharis pusilla 50 0.0-04 1 2
Glossostigma elatinoides 25 0.9-09 1 1
Isoetes alpinus 25 0.3-1.6 5 6 0.1
Lilaeopsis ruthiana 50 0.0-0.4 1,2 2
Myriophyllum triphyllum 50 0.0-0.3 1 2
Potamogeton cheesemanii 50 0.1-14 1 2 0.2 0.2
Potamogeton ochreatus 75 05-21 1 1 0.3 0.3
Ranunculus limosella 25 0.1-0.5 2 4

Recorded outside of survey sites: Glossostigma submersum, Hydrocotyle hydrophila.

TableK: Summary for Lake Denny based the 2007 survey aite$.sHeights not shown for
species <0.1 m tall, or where insufficient datavé€r Scale - 1=1-5%,2=6-25%,3=26-
50%,4=51-75%,5=76-95, 6=96-100%. t Adventive weeds

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
Carex sp. 25 0.0-0.0 5 6 0.5 0.5
tElodea canadensis 100 0.2-21 6 6 0.5 0.5
Myriophyllum triphyllum 75 05-2.1 1 6 1.4 2.1
tRanunculus trichophyllus 25 0.2-0.3 1 2 0.3 0.3
Ranunculus limosella 50 0.1-0.3 1,3 4

Recorded outside of survey sites: Isoetes alpinus, Lilaeopsis ruthiana
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TableL: Summary for Maori Lake East based the 2007 surt/8ys#ées. Heights not shown for
species <0.1 m tall, or where insufficient dataov€r Scale - 11=1-5%,2=6-
25%,3=26-50%,4=51-75%,5=76-95, 6=96-100%. t Advenveeds.

% of Depth Range Median Maximum Average Maximum
Species Profiles (m) cover cover height (m) height (m)
unidentified mosses &
liverworts 33 0.5-05 1 1
TElodea canadensis 100 0.3-0.8 1 1 0.1 0.1
Eleocharis pusilla 33 0.0-0.2 3 5
Limosella lineata 33 0.0-0.2 1 2
Myriophyllum triphyllum 33 0.0-0.2 1 2
Potamogeton cheesemanii 100 0.1-0.8 1 1 0.1 0.1
Ranunculus limosella 33 0.0-0.2 1 2
Ruppia polycarpa 33 0.0-0.2 1 2
Typha orientalis 67 0.0-0.5 3,6 6 1.4 1.8
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10.  Appendix 2

TableM: Likely pre-European LakeSPI scores for the Ashiyuttakes.
Lake LakeSPI Native Invasive
Condition Condition
Camp 98 96 0
Clearwater 98 97 0
Heron 98 97 0
Emma 100 100 0
Donne 97 93 0
Spider (Main and East) 97 93 0
Maori West 97 93 0
Roundabout 97 93 0
Emily 100 100 0
Denny 97 93 0
Maori East 97 93 0
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