Lake Sumner Water Storage and Edge Inundation: Ecological Aspect.
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Lake Sumner looking north from just west of Charlie’s point.
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1.0 Executive Summary

To store water for irrigation use it is proposed to build a low control gate at the outlet of Lake Sumner and use this mechanism to hold the lake level higher than is currently the average.  The storage will not exceed the natural range of the lake and will cause an average increase in lake height of between 0.75m and 1.4m (month depending) during the irrigation season. From the ecological perspective the main question raised is: 

What effect will this change in the lake’s height have on the lake edge vegetation and habitat values?

The following is a summary of the more detailed report attached.  This executive summary highlights the salient aspects and conclusions for the reader regarding effects of the proposed additional inundation of Lake Sumner on lake edge vegetation/habitat.  

1.1 Types of vegetation

A ground survey method was employed to survey Lake Sumner’s vegetated edge in 2010. Eighteen vegetation communities were identified during surveys of the vegetation surrounding the margins of Lake Sumner (Figures 1 to 11).  

Types and Areas of Vegetation Surrounding the Margins of Lake Sumner

Vegetation Community
Area (ha)

Agrostis grassland
105.2

Gravels
66.3

Mixed beech forest
35.2

Red beech forest
31.2

Juncus rushland
21.7

Divaricating shrubland
16.8

Mountain beech forest
16.6

Kanuka/manuka scrub
16.4

Kanuka/manuka forest
7.8

Manuka/kowhai scrub
6.1

Mixed hardwood scrub
4.5

Matagouri shrubland
2.7

Schoenus sedgeland
2.3

Porcupine shrub shrubland
1.8

Kowhai forest
1.1

Leptinella/Gunnera turfland
1.0

Rata forest
0.4

1.2 Description of margin around the lake (Figure 2)

Cross sections A to H: Along the shoreline from the lake inlet to Shoal Bay (sections A,C,E, mountain beech forest is dominant above the shore.This is replaced by mixed hardwood scrub which survives on the more exposed, steep and rocky lake margin in the vicinity of Cape Buttercup (Section H). The hardwood scrub extends almost as far west as Shoal Bay before it is replaced by successional kanuka / manuka scrub (section K).  Shoal Bay is dominated by exotic pasture grassland dominated by Agrostis grassland, and extensive Juncus / Carex wetlands (section L). 

Cross section I and Loch Katrine: The vegetation communities surrounding Loch Katrine are mixed beech forest on the northern side and manuka / kowhai scrub which grows along the gravel shoreline on the southern side. A relatively intact Schoenus/ Carex wetland is present above the western side of the ‘canal’ between LakeSumner and Loch Katrine. From ShoalBay to HomeBay the vegetation is a mosaic of manuka / kowhai scrub (including numerous riparian kowhai trees), kanuka / manuka scrub, matagouri shrubland and grassland.

Cross sections B, DL: Agrostis grassland is the most extensive vegetation community at the head of the lake, but small areas of Gunnera/ Leptinella turfland grow on some of the more frequently inundated areas of lakeshore and areas of matagouri shrubland, porcupine shrub shrubland and Juncus wetlands also grow here. The fans of two northern stream outlets are also dominanted by exotic (Agrostis) grasslands) with varing abundances of kanuka shrub and mixed grey shrub regeneration.

1.3 Dominant Edge (Beach) Species

Kowhai (some large) and Coprosma propinqua are the dominantspecies growing on the lake shore and are the most vulnerable to inundation. Kowhai are common but have a scattered distribution around the margins of the lake.

1.4 Threatened plant species

With regard to threatened plant species a single specimen of Alepis flavida was found growing in a large Coprosma propinqua shrub in gravels on the lake margin. Carex tenuiculmis has been recorded in the Schoenus/ Carex wetland above the western side of the ‘canal’ between Lake Sumner and Loch Katrine; and Traversia baccharoides was once foundon the northern side of the river bank at the outlet to Lake Sumner.

1.5 Birds

In regard to the lake birds a preliminary list of the birds recorded during vegetation survey work has been compiled. The existing knowledge of the birds of the Lake Sumner area is comprehensive (Armstrong 2006). Of the species recorded, one, the New Zealand pipit is considered to be ‘At Risk’ (Miskelly et al. 2008) but not affected.  Australasian crested Grebe have been previously considered to be present on the lake however, recent distribution studies (Jensen & Snoyink 2005) state that the lakes north of the Pearson group (that includes the Hurunui group) now have only a few stragglers rather than viable breeding populations.

1.6 Inundation

Under the current proposal the area that would be inundated is typically (on average) gravel or cobble or boulder “beaches” or vertical rock slopes with limited upper edge vegetation (see results).  The inundation will be for at least 1 but perhaps 2-3 months of each year, irrigation need dependant.  

Pattle Delamore Partners (PDP) have calculated the frequency of occurrence that the lake will rise to its historic maximum level because of the control gate as well as what the raised average level will be.  They suggest that the maximum range would be attained (exceeded) 0.1% of the time as opposed to 0.008% (pre control gate) and raised partway (above half way to the historic mean maxima) 0.3% of the time as opposed to 0.03%.  The proposed lake situation therefore increases the chance of the lake being at its maxima by around 10 fold, but the chance is still less than half a percent –it remains a rare occurrence.

PDP also show that on a monthly basis the actual lake rise (despite the quotation of a typical 1.4m) is actually less than 1m.    

Existing inundation effects of lake edges have been studied (Burrows et al. 2006).  Burrows concluded that: “Comparison of shore vegetation and substrates over time, from analysed transect data and from the photographic record, suggest that the minor observed changes are to be expected as part of the natural dynamic process in the lake-shore environments, and that the controlled management of lake-level fluctuation regimes is not having any adverse or significant measureable impacts on the shore vegetation”.  We expect this conclusion to also be valid for the LakeSumner proposed levels and variations.

Of the 33 ha of vegetation to be inundated 27 ha are primarily exotic grasslands on the head delta.  Only four hectares relate to Beech and broadleaf (mixed hardwood) vegetation around the lake margin.  Two further hectares relate to the Loch Katrine edge and manuka/gorse/kowhai/Carex.  

Figures 2-7 show aerial extent of the inundation and then cross sections showing various lake heights against vegetation present.

The extent of vegetation change in relation to the lake edge and the wider forest is quite small. 

The main potential adverse effect is related to the loss of some or all of the lower-beach kowhai-Coprosma communities. Even with tolerances of over 90 days inundation (Johnston 1972) it is likely that most in the current typical beach vegetation fragments will eventually die.  However, our current estimate is that of the 3ha of kowhai edge that exist, less than a quarter of a hectare (2500m2) will be significantly adversely affected.

The majority of the lower beach community lies on the northern edges of the lake and particularly at the north-western and north-eastern corners.  Other kowhai are scattered along the northern and southern sections and are also often on the forest edge along the upper beach.  These upper bands are more likely to remain given their tolerance to partial inundation.  

1.7 Conclusion

We conclude that the lake margin increase under the proposed storage regime will affect the beach growing herbaceous vegetation (a narrow band up to 2m wide in some locations), kowhai and broadleaf raised margins, brown top dominated grasslands, a small area of Schoenus wetland in the Loch, but very little beech forest.  The margin will still present as a native intact riparian vegetated margin, if with less frequently evident beaches.  

Figure 1: Cross Sections Location Plan of Lake Sumner

Figures 2 to 13: Cross Sections showing Lake Levels

2.0 Full Report

2.1 Introduction

Several lakes lie in the lower headwaters of North and South Branches of the Hurunui River, of which Lakes Sumner and Taylor are the largest (Egarr and Egarr 1981). Lakes Sumner, Taylor, Marion, Katrine, Mason and Sheppard are situated at an altitude of c. 600m in the upper Hurunui catchment which lies at 42°43’s, 172°14’E (Winton et al. 1991). The lakes lie in glacially-eroded rock hollows dammed by moraine and filled with entrapped snowmelt waters. LakeSumner receives and discharges water predominantly via the HurunuiRiver, the other lakes receive direct catchment run-off. Loch Katrine drains into neighbouring LakeSumner by a short navigable channel. LakeMarion discharges water to LakeSumner via the MarionStream. Lakes Taylor and Sheppard lie parallel, separated by a narrow strip of land at their northern ends and both outflow via the Sisters Stream into the Hurunui River (Winton et al. 1991); Lake Mason is the northern most and smallest lake which discharges to the South Branch of the Hurunui River.

The valleys of the upper river are glacially formed U shaped valleys with glacial outwash terraces on either side, although often the valley sides rise steeply from the existing river terrace.  The valley sides are generally thinly soiled and often have steep shingle slopes, although most are either covered in beech forest, successional shrubland or tussock grassland.

Armstrong (2006) found that there have been several studies on the terrestrial plants in the Hurunui River: Burrows et al. (1976), Molloy and Campbell (1979), Lewis (1983), Jane (1985), Grant et al. (1999), Walker and William (2002) and Newell and Leathwick (2003).

Burrows et al. (1976) carried out a vegetation and animal survey of the Upper Hurunui catchment. Scrub plots were measured to define and describe three major forest associations dominated by red, silver or mountain beech, and subalpine scrub associations. All associations in these mature forest and scrublands appeared to have sufficient regeneration to ensure canopy replacement (Armstrong 2006).

The National Vegetation survey (NVS) database, a nationwide network of 20-m x 20-m plots sampling indigenous forest catchments, contains data from 102 vegetation plots in the Hurunui from 1975 through to 2001 (reported by Wiser, Bellingham and Burrows 2001). 

Our literature search identified ten ‘rare’ terrestrial plants (Table 1) that have been recorded in the Hurunui catchment, seven of which are recognised by Armstrong (2006). 

Coprosma intertexta, Muehlenbeckia astonii, Peraxilla tetrapetala and Heliohebe raoulii maccaskillii are all present in the lower catchment in habitats which are vulnerable to damage or loss by potential development (Armstrong 2006). Of these, Peraxilla tetrapetala has also been recorded from the upper catchment. Pittosporum patulum has been recorded in the South Branch of the HurunuiRiver and at Three Mile Stream at LakeSumner (Rodgers and Walker 2005).  

The aquatic plants in the lakes of the Hurunui catchment appear to be reasonably well surveyed; however surveys have not been conducted on the aquatic plants in the HurunuiRiver or its tributaries. Armstrong (2006) reports that there have been 19 aquatic plant species recorded in the Hurunui catchment and at least 25 species are listed by De Winton et al. (1991) in the various lakes. The aquatic vegetation is predominantly native. De Winton et al. (1991) recorded only two exotic species (Elodea canadensis and Ranunculus trichophyllus). No introduced aquatic plants were recorded in Lake Marion but the remaining lakes have all been affected to varying degrees by Elodea canadensis (Canadian pondweed), an invasive exotic species that has become widespread throughout New Zealand. Physiochemical data relating to the lakes of the upper Hurunui catchment is given by de Winton et al. (1988 and 1991) and the impacts of changing water levels on plants around the lake margin have been studied by the Cawthron Group (1978).

Table 1: ‘Threatened’, ‘At Risk’ and ‘Regionally Rare’ terrestrial plant species in the Hurunui catchment.

	Species
	Threat status 
	Source

	Pittosporum patulum
	Nationally critical CD, RF, Sp
	Armstrong (2006)

	Heliohebe raoulii maccaskillii
	Nationally endangered RR
	Armstrong (2006)

	Muehlenbeckia astonii
	Nationally endangered CD, RF 
	Armstrong (2006)

	Peraxilla tetrapetala
	Declining CD
	Armstrong (2006)

	Tupeia antarctica
	Declining CD
	

	Ranunculus limosella
	Declining DP
	

	Coprosma intertexta
	RelictDe, DP, RF, Sp 
	Armstrong (2006)

	Traversia baccharoides
	Declining EF
	

	Carmichaelia uniflora
	Data deficient 

(Regionally rare)
	Molloy and Campbell 1979, Lewis 1983, Armstrong (2006)

	Podocarpus acutifolius
	(Regionally rare)
	Armstrong (2006)


de Lange et al. (2009), Regionally rare classifications are from Armstrong (2006)

*Qualifiers are abbreviated in brackets. See Appendix 4 for the full definitions of the qualifiers.

Lake Sumner is an oligotrophic lake with very low levels of microbial activity and nutrients, which is characteristic of large, deep oligotrophic lakes (Spencer 1978). LakeSumner contains brown trout, rainbow trout and there was (in 1983 at least) a small population of resident (lake-limited) quinnat salmon (Lewis 1983).

The WERI process (1978) identified LakeSumner as being of ‘high national value’.  The LakeSumner complex was identified as a ‘wetland of importance’ because it is a good example of a lake system in a formerly glaciated environment, with extremely well-defined landforms of scientific, educational and scenic value. The lakes support a wide diversity and substantial numbers of waterfowl and are of special value in maintaining the genetic and ecological diversity of the region. In addition, the LakeSumner catchment has been identified as being ‘Type I’; the majority of the catchment is ‘nationally significant’. The rest of the catchment has been identified as being ‘Type II’, containing special features of ‘national significance’ (Chadderton et al. 2004).

2.2 Lake Sumner Terrestrial Vegetation and Habitat Data collection

A ground survey method was employed to survey Lake Sumner’s vegetated edge. Two experienced field surveyors walked the accessible parts of the lakeshore and areas that may potentially be inundated recording the species presence, tier and abundance data as.  Survey effort to date has initially focused around the lake outlet, (surveyed between 26-27 January 2009), at the head of the lake and other low lying areas such as river/stream deltas (surveyed between 12-14 May 2009). RECCE plots were also used to quantitatively characterise the ground, middle and canopy tiers of the mapped vegetation types surrounding LakeSumner. The standard RECCE plot methodology (Hurst and Allen 2007) and accompanying field sheets were used. RECCE plots in forest used the standard forest height tiers and 20 x 20 m plots while RECCE plots in grasslands, wetlands and shrublands used standard grassland height tiers and either 2 x2 m or 4 x4 m plots. The remaining vegetation surrounding the lakeshore was mapped by boat.

The map books and vegetation boundaries drawn in the field were then used to map vegetation types in GIS (ArcMap, Version 9.3). Using this mapped data, the extent (area in ha) of each vegetation type within the proposed inundation areas was calculated. 

RESULTS

2.2.1 Vegetation

Eighteen vegetation communities were identified during surveys of the vegetation surrounding the margins of Lake Sumner (Figure 1).  These communities are listed below in Table 2 along with the extent (in ha) of each (calculated by summing the areas of individual GIS polygons between the lake shore and the 520 m contour line (LINZ topo data) in ArcGIS). 

The significance (under section 6c of the RMA) of the vegetation communities surrounding Lake Sumner has not been assessed, hence we have not classified most of the vegetation types in Table 2 (below) as significant or not. The Schoenus sedgeland, as a wetland, is an under represented nationally, and hence is simply to assess as significant. The kowhai in the area is also likely to be significant, but further analysis is required to complete this assessment. 

Table 2: Vegetation community types, extent (ha) and significance below the 520m contour line, Lake Sumner.

Vegetation community
Area (ha)
Significant (section 6c)

Agrostis grassland
105.2
?

Gravels
66.3
?

Mixed beech forest
35.2
?

Red beech forest
31.2
?

Juncus rushland
21.7
?

Divaricating shrubland
16.8
?

Mountain beech forest
16.6
?

Kanuka/manuka scrub
16.4
?

Kanuka/manuka forest
7.8
?

Manuka/kowhai scrub
6.1
?

Mixed hardwood scrub
4.5
?

Matagouri shrubland
2.7
?

Schoenus sedgeland
2.3
Yes

Porcupine shrub shrubland
1.8
?

Kowhai forest
1.1
Yes?

Leptinella/Gunnera turfland
1.0
?

Rata forest
0.4
?

Willow forest
0.1
?

Unclassified
122.5
?

Total
459.8

Detailed descriptions of the vegetation communities identified during preliminary mapping has not be provided for Lake Sumner with the exception of:

· areas at the head of the lake, from HomeBay to PinaforeBay;

· an area of Juncus and Schoenus / Carex wetlands west of the ‘canal’ between Loch Katrine and ShoalBay; and 

· the lake outlet of LakeSumner to the confluence with GabrielStream

This is because the vegetation communities listed in Table 2 have not all been formally surveyed. In the absence of this information, a description of the general locations of the vegetation communities listed above is provided in the paragraphs below. Incomplete species lists for the three areas that have been formally surveyed (listed above) are presented in APPENDIX 1. 

The northern side of the lake is almost entirely dominated by beech forest. Mountain beech is most common on the immediate forest margin above the lake, particularly on steeper south facing old lakeshore terraces where it supports a relatively diverse range of understory shrubs and ferns. Above this, particularly on the large terraces, or in areas where the lake margin is less steep, mixed beech forest, comprised primarily of red beech with a sub-dominant component of silver beech is dominant. The only exceptions are two small, isolated populations of southern rata forest which grow just above the lake level on steep rocky faces to the east of PinaforeBay and on the northern side of BreakseaBay and a stand of large kowhai trees which grows on Charley’s Point amongst red beech. 

A diverse divaricating shrubland dominated by matagouri and Corokia cotoneaster grows on the true left of the lake outlet, with a young successional kanuka/manuka scrub to the east, extending along the banks of the river. Relatively intact mixed beech forest grows on the north bank of the river at the confluence of GabrielStream. An old kanuka forest comprised of large trees is present on the southern side of the lake outlet. 

Along the shoreline from the lake outlet to ShoalBay mountain beech forest is dominant above the south-eastern shore until it is replaced by mixed hardwood scrub which survives on the more exposed, steep and rocky lake margin in the vicinity of CapeButtercup. The hardwood scrub extends almost as far west as ShoalBay before it is replaced by successional kanuka / manuka scrub.  ShoalBay is dominated by exotic pasture grassland dominated by browntop, and extensive Juncus / Carex wetlands. 

The vegetation communities surrounding Loch Katrine are mixed beech forest on the northern side and manuka / kowhai scrub which grows along the gravel shoreline on the southern side. A relatively intact Schoenus/ Carex wetland is present above the western side of the ‘canal’ between LakeSumner and Loch Katrine. From ShoalBay to HomeBay the vegetation is a mosaic of manuka / kowhai scrub (including numerous riparian kowhai trees), kanuka / manuka scrub, matagouri shrubland and grassland.

Agrostis grassland is the most extensive vegetation community at the head of the lake, but small areas of Gunnera/ Leptinella turfland grow on some of the more frequently inundated areas of lakeshore and areas of matagouri shrubland, porcupine shrub shrubland and Juncus wetlands also grow here. 

Kowhai (some large) and Coprosma propinqua are the dominantspecies growing on the lake shore and are probably most vulnerable to inundation. Kowhai are common but have a scattered distribution around the margins of the lake.

2.2.2 ‘Threatened’ and ‘At Risk’ Plants

Three ‘At Risk’ species were recorded during surveys (Table 14), all three have a conservation status of ‘Declining’ (de Lange et al. 2009). A single specimen of Alepis flavida was found growing in a large Coprosma propinqua shrub growing in gravels on the lake margin. This hemi-parasitic species has been recorded from the area previously and prefers to beech trees as its host. Carex tenuiculmis was recorded in the Schoenus/Carex wetland above the western side of the ‘canal’ between Lake Sumner and Loch Katrine while Traversia baccharoides was foundon the northern side of the river bank at the outlet to Lake Sumner.

Table 14: ‘Threatened’ and ‘At Risk’ plant species recorded at Lake Sumner

	Species
	Threat status
	Habitat

	Alepis flavida
	Declining CD, HI
	Beech forest

	Carex tenuiculmis
	Declining DP
	Schoenus / Carex wetland 

	Traversia baccharoides
	Declining EF
	Damp south facing stream and river banks


de Lange et al. (2009)

* Qualifiers are abbreviated in brackets. See Appendix 4 for the full definitions of the qualifiers.

2.2.3 Birds

The birds of LakeSumner have not formally been surveyed. A preliminary list of the birds recorded during vegetation survey work is presented in Table 15. This list is incomplete.However, the existing knowledge of the birds of the Lake Sumner area is comprehensive (see Armstrong 2006).

Of the species recorded below, one, the New Zealand pipit is considered to be ‘At Risk’ (Miskelly et al. 2008) (excluding grey duck because the birds recorded are most likely to have been mallard or mallard/grey duck hybrids). Good numbers of black shag were observed feeding in the lake and roosting at the head of the lake. The remainder of the species observed are either not threatened or are introduced and naturalised. 

Table 15: Preliminary list of bird species (recorded at LakeSumner during vegetation surveys, 11 – 13 December 2009).

	Bird species/habitat
	Threat status 

	
	

	Riverbed
	

	Black shag
	Naturally uncommon SO, Sp*

	Canada goose
	Introduced and naturalised SO

	New Zealand pipit
	Declining 

	Skylark
	Introduced and naturalised SO

	Southern black-backed gull
	Not threatened SO

	Spur-winged plover
	Not threatened SO

	Yellowhammer
	Introduced and naturalised SO

	
	

	Lake
	

	Mallard/grey duck*
	Introduced and naturalised SO /Nationally critical 

	White-faced heron
	Not threatened SO

	Canada goose
	Introduced and naturalised SO

	Paradise shelduck
	Not threatened 

	
	

	Beech forest
	

	South Island robin
	Not threatened 

	Yellow-crowned kakariki
	Not threatened EF

	Bellbird
	Not threatened 

	Chaffinch
	Introduced and naturalised SO


Miskelly et al. (2008)

* Qualifiers are abbreviated in brackets. See Appendix 4 for the full definitions of the qualifiers.

** Either mallard, grey duck or hybrids of the two species that could not be reliably identified.

2.2.4 Representativeness (type rarity)

This section assesses how well the vegetation communities around LakeSumner are represented (how modified they are within the wider context of the ecological district and region, and also nationally) and hence how important the remaining indigenous vegetation is. 

The Level I land environments surrounding LakeSumner are: E ‘Central Dry Foothills’ and K ‘Central Upland Recent Soils’. At LENZ Level IV these are further broken to E1.4c, E1.4d, E4.1b, E4.2a, E4.2b, K1.1a and K1.1b. These land environments and their underlying variables are described in Leathwick et al. (2003).

Of these LEs that could potentially be inundated by raising LakeSumner, GIS analysis indicates three are under-represented at the ED level (E4.1b, K1.1a, K1.1b) and one (E4.1b) is also under-represented at the ER level. Nationally, none of the LEs within the potential inundation zone are under-represented. All three of the under-represented LEs at ED are within the Sumner ED, with none in the Hope ED.  At the ER level E4.1b is only found within the Puketeraki ER. No under-represented are found within the inundation zone in the Spenser ER. 

Human induced modification has been more intense between Loch Katrine and the forest edge on the true left of the North Branch of the HurunuiRiver at the head of the LakeSumner than elsewhere. Most of the original vegetation cover has been removed, and more recently, in places, by spraying. Cattle and sheep have been grazed extensively in this area by The Lakes Station for many years. With the exception of the true right side of outlet to LakeSumner, which has been cleared and oversown for stock grazing, and the scrub on the eastern side of ShoalBay, the remainder of the lake margins retains their original vegetation cover, although old stumps indicate selective logging of beech has occurred in the past. Introduced animals (particularly deer, possums, pigs and probably hares) have modified the understorey and prevented recruitment of the more palatable species, but despite this, the forest cover on the northern side of the lake remains in a predominantly natural state and introduced plants are largely restricted to the disturbed lake margins.

The under-represented LEs surrounding LakeSumner that could potentially be inundated lie at the head of the lake (K1.1a, K1.1b) and near the lake outlet (E4.1b). The Potential Vegetation Database (Leathwick et al. 2004) suggests the climax vegetation for the LEs at the head of the lake (K1.1a and K1.1b) is silver beech forest (Figure 2) however, ground truthing has found the area encompassed within these LEs to be frost prone and exposed which has prevented the establishment of forest. The indigenous vegetation of these LES was probably grasses, especially fescue and blue tussocks, with stony areas supporting mat and cushion forming plants such as Coprosma petrei and C. atropurpurea, Raoulia spp., Colobanthus, Epilobium spp, Muehlenbeckia axillarisand dwarf brooms (Leathwick et al. 2003).  Although ground truthing found the vegetation growing in these LEs to be modified by extensively grazed sheep and cattle, some of these indigenous components remain. These areas now support exotic dominated Agrostis grassland, but Juncus rushland, porcupine scrub shrubland and matagouri shrubland are also present, but have also been modified by sheep and cattle and the introduction of exotic grasses and herb species. 

Below the lake outlet, the under represented LE E4.1b is less modified. Ground survey found that relatively unmodified mountain and red beech remain within this LE on the true left side of the river in the vicinity of GabrielStream. Although modified to some extent (by for example by introduced animals) this vegetation type represents the climax vegetation type for this area (Leathwick et al. 2004) (Figure 2) and hence represents an important example of the climax vegetation of this under represented land environment.

2.2.5 EFFECTS of the Weir and water Storage

Figure 2

The historical mean lake level is 542.42 m RL while the median is 542.35 m RL.  The highest level of Lake Sumner was 544.99 m RL recorded on 14 September 1988 which indicates that the historical range is of the order of 3.2 m.  The proposed design storage level for the maximum storage of irrigation water is 543.75 m RL,that is 1.4 meters higher than the historical median lake level, and 1.2 metres below the historical maximum.  However, through the months the lake level does not consistently sit at that height.  Table 3 below prepared by PDP shows calculations that describe the difference in the lake levels required to give the 37 million litres of water required.

Table 3: Natural and modified modelled average monthly lake levels (1972-2008)

	Table 3: Natural and modified modelled average monthly lake levels (1972-2008)

	Month
	Natural (estimated)
	Modified
	Estimated increase in average monthly water level (m)

	January
	542.39
	543.04
	0.65

	February
	542.22
	542.73
	0.50

	March
	542.18
	542.73
	0.55

	April
	542.26
	543.15
	0.89

	May
	542.32
	543.45
	1.14

	June
	542.40
	542.62
	0.22

	July 
	542.32
	542.33
	0.01

	August
	542.36
	543.23
	0.87

	September
	542.44
	543.58
	1.14

	October
	542.60
	543.65
	1.05

	November
	542.56
	543.59
	1.03

	December
	542.47
	543.38
	0.92

	Year
	542.38
	543.13
	0.75


Table 4 below shows the quantity of time that the lake level will be raised above the current condition, on the natural lake level ranges.

Table 4: Lake Sumner level duration and volumes (1972-2008)

	Table 4: Lake Sumner level duration and volumes (1972-2008)

	RL (m)
	Volume
(Million m³) of storage
	% of time level exceeded

	
	
	Unmodified (estimated)
	With storage

	544.5
	37.1
	0.008%
	0.1%

	544.25
	33.75
	0.03%
	0.3%

	544.00
	30.4
	0.1%
	0.6%

	543.75
	27.0
	0.2%
	34.6%

	543.50
	23.6
	0.6%
	48.8%

	543.25
	20.2
	1.7%
	54.2%

	543.00
	16.7
	4.7%
	58.7%

	542.75
	13.3
	11.6%
	64.8%

	542.50
	9.9
	28.8%
	71.9%

	542.25
	6.4
	60.1%
	83.7%

	542.00
	3.0
	93.2%
	96.1%


2.2.6 Inundation of Vegetation

Long term monitoring has been published of vegetation responses to lake level rise and fluctuation in regard to lakes Te Anua and Manapouri (Burrows and Johnston 2008).  A number of vegetation types of these lakes are similar to those of LakeSumner (Mountain beech-kowhai, Coprosma propinqua, Schoenus-manuka wetlands etc.).  As at 2008, Burrows and Johnston continued to uphold the earlier (Burrows et al. 2006) conclusion, that is : “ Comparison of shore vegetation and substrates over time, from analysed transect data and from the photographic record, suggest that the minor observed changes are to be expected as part of the natural dynamic process in the lake-shore environments, and that the controlled management of lake-level fluctuation regimes is not having any adverse or significant measureable impacts on the shore vegetation”.  We expect this conclusion to also be valid for the LakeSumner proposed levels and variations.

At LakeSumner a band of around 25km (the lakes circumference) and 1.5 m wide (3.75ha) will be under water due to the proposed increase in average lake height.  Under the current proposal the area that would be inundated is typically (on average) gravel or cobble or boulder “beaches” or vertical rock slopes with limited upper edge vegetation (see results).  The inundation will be for at least 1 but perhaps 2-3 months of each year, irrigation need dependant.  

In appendix 2 I detail the lake edge vegetation by way of maps and cross sections around the lake from surveys I have under taken and from aerial and boat observation.  Using this information, the historic botanical information (Cawtron 1978, Burrows et al 1976) contour data and GIS tools I can show the areas of those vegetation types I consider likely to be affected based on the proposed typical storage rise of the lake (1.4m).

For the great majority of the beech forest edge there is a sufficient rise in slope that at worst only the very front line of beech in some areas may be soil-moisture stressed.  That is to say not caused to die but be periodically stressed.  From my current assessment a possible general 1.4m rise in lake level is insufficient to inundate most of the vegetation edge communities that currently exist other than those at the delta head and the grasslands (including a tree fragment) of Charlies point.   

Based on the 1m Contour data available, current aerial photography, and site observation I have calculated an estimation of 32.3 ha of vegetation and 16.4 ha of cobble beach to be inundated as shown in Table 5.  

Table 5

	Vegetation type
	Area total measured
	Area affected (ha)

	Agrostis grassland
	105
	27

	Mixed beech forest
	
	0.88

	Red beech forest
	
	0.05

	Mountain beech forest
	
	2.37

	Juncus rushland
	21.7
	0.02

	Divaricating shrubland
	16.8
	0.1

	Kanuka/manuka scrub
	16.4
	<0.001

	Manuka/kowhai scrub
	6.1
	0.17

	Mixed hardwood scrub
	4.5
	0.73

	Schoenus sedgeland
	2.3
	? (not fully measured)

	Kowhai forest
	1.1
	0.04

	Leptinella/Gunnera turfland
	1
	0.71

	Rata forest
	0.4
	0.27

	
	175.3
	32.34

	Gravels
	20
	16.4


Of the 33 ha of vegetation to be inundated 27 ha are primarily exotic brown top grasslands on the delta (but include small areas of matagouri shrub and Juncus depressions).  Only four hectares relate to Beech and broadleaf (mixed hardwood) vegetation around the lake margin (2 further hectares relate to the Loch latrine edge and manuka/gorse/kowhai/Carex etc.  As can be seen on figures 3-8, the extent (given the current mapping limitations) of vegetation change in relation to the lake edge and the wider forest is quite minimal. 

The majority of the potential adverse effect will be the potential loss of some or all of the lower-beach kowhai-Coprosma communities, even with tolerances of over 90 days (Johnston 1972) it is likely that most in the current typical beach vegetation fragments will eventually die.  

The majority of the lower beach community lies on the northern edges of the lake and particularly at the north-western and north-eastern corners.  Other kowhai are scattered along the northern and southern sections and are also often on the forest edge along the upper beach.  These upper bands are more likely to remain given their tolerance to partial inundation.  

I estimate, based on the areas calculated from aerials and GIS tools and observational knowledge of density and location of the kowhai, that of the perhaps 3ha of kowhai edge, less than a quarter of a hectare (2500m2)  might be significantly adversely affected (the GIS analysis suggests around 400m2 of 1.1 ha).  This is a revised figure from the ECAN lodged AEE, which noted 3.75 ha and 40% of the total possible quantum and follows a boat edge survey, more detailed aerial analysis and further refinement of the areas in kowhai.  The current estimation of effect therefore equates to around 8.3% of the lake edge kowhai resource.

I conclude that the lake margin increase under the proposed storage regime will affect beach growing herbaceous vegetation (a narrow band 2m wide in some locations), kowhai and broadleaf raised margins, brown top dominated grasslands, a small area of Scheonus wetland in the Loch, but very little beech forest.  The margin will still present as a native intact riparian vegetated margin, if with less frequently evident beaches.  Dr Nick Ward of PDP has calculated the new frequency of occurrence that the lake will rise to its natural maximum level because of the control gate and raised average level.  His table 10 (around para 69) shows that the lakes maximum range is attained (exceeded) 0.1% of the time as opposed to 0.008% and raised partway in between (around half way) 0.3% as opposed to 0.03%.  The proposed lake situation increases the chance of the lake being at its maxima by around 10 fold, but I note that the chance is still less than half a percent –it remains a rare occurrence.

Cawthron, in 1978, concluded in their study of the Lake Sumner edges that radical fluctuations of lake level would cause significant damage, but that if the (then) proposed lake level rise was managed within certain bounds then no long term damage (and no significant damage) would result.  

Their investigations covered the range of lake level increase (and decrease) of 1.7m to above 3m.  Their recommendations were that the lake level increase and fluctuation should be within that naturally occurring and that the rise of, for example, 1.7m should be maintained only for a maximum of 66 days and that there be an interval of 30 days between that level again of inundation.  While a rise of 1.25-1.36 could be held for a 249 continuous days.  Dr Ward, Table 9 of his evidence, shows that on a month by month bases the actual lake rise (despite the quotation of typical 1.4m) is actually less than 1m.  Between these data is appears to me that the rise proposed monthly is well below the rises anticipated by the earlier inundation programme and that these small rises can be held for around 250 days (8 months).  

An 8 month rise period is however, contradictory to one of the only other lake edge flood vegetation response publications; Mark et al, who in their 1977 publication looking at vegetation mortality at Te Anau and Manapouri after the 1975 high levels concluded that, despite other stresses (pin hole borer) trees of around 17 species, but largely beech, died due to prolonged flooding that exceeded the tolerance limits of their root systems.  Submergence times causing death, in this paper, were around 75-80 days (and related to a flood event).

The typical storage and “high” held period proposed for the lake is from August through September-October until irrigation demand requires release.  In theory the operating rules may allow the lake to be held at higher (even to the 1.4m height) level for 10 months.  In reality such an extension would be rare or never encountered.  The lake will typically fluctuate most through October to March.  At most resulting in 2 months of sustained higher level.  This would be just within tolerance limits if it breached the current beach top bank and inundated the root systems of the lowest trees (Examination of the cross sections (Figures 2-8)), and table 2 suggest that these stresses would be put to kowhai, broadleaf, and kanuka mainly, on the forefront of the current beach edge, and rarely to Beech).  A thin ribbon around the lake is concluded to be affected (Figure 9-11).

2.2.7 The proposed lake Sumner Control gate

The effects of constructing a temporary diversion passage to allow the construction of a control gate will result in the loss of approximately 1 ha of relatively diverse indigenous dominated divaricating shrublands on the north side of the Hurunui at the lake exit. Other than the river frontage these are not overly recognisable or observable shrublands.  While there are areas of this vegetation that are significant (mixed mountain and red beech forest vegetation) I have recommended those areas are to be avoided and the overall effects are minor ecological ones to be remedied and not related to outstanding ecological values. 

The control gate structure proposed to be fitted to the outlet of Lake Sumner will bring the design storage level to 543.75m, some 0.5-1.4 higher than the historical median lake level, and 1.8 metres below the historical maximum. As a result, the control gate will be relatively low and will not be sufficiently high or of a design that will not allow fish passage.  I say this because as I understand it, the control gate will be a tilt-slab device that places the out flow at the river level and will allow swimming fish access at all times of irrigation and most of the year (given the required minimum flow proposed (9 cumecs) excepting August, although even then a residual flow of at least 9 cumecs Is required. I do not see that the control gate will affect the lake’s ability to support trout as habitat, or contribute to the lower brown trout river fishery in the same manor it currently does.  

Dr Young (2009 WCO evidence) pointed out that there were few south island lakes over 10km2 that had a natural lake out let (11 of the 25 he listed or 44%).  He noted that lake Sumner is one such lake (at 14km2).  He went on to suggest that lakes with control structures supported less trout, through reduced habitat brought about by large flow fluctuations, reduction in supple of high quality seston (lake produced phytoplankton), and a hindrance to fish passage.  

From Dr Young’s table I have drawn out the three lakes that have controls on them and which have their receiving rivers listed in the “100 Rivers” data and the two uncontrolled lakes which have trout ranking.

	Lake with controlled outlet
	Receiving River
	“100” rivers ranking for trout resource

	Wanaka
	Clutha
	9th

	Tekapo
	Tekapo
	4th

	Brunner*
	Arnold
	13th


	Lake with no control on outlet
	Receiving River
	“100” rivers ranking for trout resource

	Lake Rotoroa
	Gowan River
	6th

	Rotoiti
	Buller
	1st


My point is that the Lake outlet managed rivers still produce trout fisheries that Fish and Game, at any rate, would rank as “Outstanding”.

2.2.8 Submerged vegetation

Submerged aquatic macrophytes have been surveyed and described in detail for Lake Sumner, Lake Sheppard and Lake Marion, by De Winton et al. (1991).  We have had no opportunity to verify the persistence of the pattern of those surveys and to whether the Elodea has expanded its range over the native species.  From shore surveys by boat we have observed the existence of beds of Elodea, Myriophyllum, Glossostigma and Ranunculus, noting Elodea to be most prominent in the western-northern area.  However, a rise in the lake levels average depth by 1.5m and expansion laterally by several meters would only adverse effect these communities if the water clarity was to change.  The current zonation of the submerged vegetation is largely governed by light penetration and edge wave action.  The increased lake level has no ability to substantially change the turbidity and general water quality (the recommended lake head re-vegetation mitigation could even improve water quality by a small amount). The new edge could experience some expansion and minor species re-organisation but we do not see a substantial capacity for change to the submerged lake vegetation (or that habitats extent and value to fauna).    

2.3 APPENDIX 1 –Vegetation species list

	Species recorded near Lake Sumner proposed inundation area 26-27 Jan 2009
	
	

	
	Black beech forest
	Black / red beech
	Kanuka 
	divaricating shrubland
	grassland
	lake and river gravels 
	river bank

	
	
	
	
	
	
	
	

	Acaena caesiiglauca
	x
	
	x
	x
	x
	
	

	Acaena inermis
	x
	 
	x
	
	x
	
	

	Acaena novae-zelandiae
	 
	 
	x
	
	x
	
	

	Aciphylla aurea
	 
	 
	 
	
	x
	
	

	Agrostis capillaris
	x
	 
	 
	
	x
	x
	x

	Agrostis stolonifera
	 
	 
	 
	x
	
	
	x

	Aira caryophyllea
	 
	 
	x
	
	x
	x
	

	Anaphalioides bellidioides
	x
	 
	 
	
	
	
	x

	Anisotome aromatica
	 
	 
	 
	
	
	
	

	Anisotome filiformis
	 
	 
	x
	
	
	
	x

	Anisotome flexuosa
	 
	 
	 
	
	x
	
	

	Anthoxanthum odoratum
	 
	 
	x
	x
	x
	x
	

	Anthriscus caucalis
	 
	 
	x
	
	
	
	

	Aristotelia fruticosa
	x
	 
	x
	x
	
	
	

	Arthropodium candidum
	 
	 
	x
	
	
	
	

	Asplenium appendiculatum
	x
	 
	 
	
	
	
	x

	Asplenium flabellifolium
	 
	x
	x
	
	
	
	x

	Asplenium gracillum
	 
	 
	 
	
	
	
	x

	Blechnum discolor
	 
	x
	 
	
	
	
	

	Blechnum fluviatile
	x
	 
	 
	
	
	
	x

	Blechnum penna-marina
	x
	 
	x
	
	
	
	

	Blechnum procerum
	 
	x
	 
	
	
	
	x

	Brachyglottis bellidioides
	 
	 
	 
	
	x
	
	

	Bromus hordeaceus
	 
	 
	x
	
	
	
	

	Carex breviculmis
	 
	 
	x
	
	x
	
	

	Carex buchananii
	 
	 
	 
	
	
	x
	x

	Carex colensoi
	 
	 
	 
	
	x
	x
	

	Carex coriacea
	 
	 
	 
	
	x
	
	

	Carex dissita
	x
	 
	 
	
	
	
	

	Carex maorica
	 
	 
	 
	
	
	x
	

	Carex pumila
	 
	 
	 
	
	
	
	

	Carex secta
	 
	 
	 
	
	
	
	x

	Carmichaelia australis
	 
	 
	x
	
	
	
	

	Carpodetus serratus
	x
	x
	x
	x
	
	
	x

	Celmisia gracilenta
	 
	 
	 
	
	x
	
	

	Centaurium erythraea
	 
	 
	 
	
	x
	
	

	Cirsium arvense
	x
	 
	x
	
	
	x
	x

	Cirsium vulgare
	 
	 
	 
	
	
	x
	x

	Clematis forsteri
	x
	 
	x
	x
	
	
	x

	Colobanthus stricta
	 
	 
	 
	
	x
	
	

	Coprosma areolata
	 
	 
	x
	
	
	
	

	Coprosma linariifolia
	x
	x
	x
	x
	
	x
	x

	Coprosma microcarpa
	x
	 
	 
	
	
	
	

	Coprosma petriei
	 
	 
	 
	
	x
	x
	

	Coprosma propinqua
	x
	 
	x
	x
	x
	x
	x

	Coprosma rhamnoides
	x
	 
	x
	
	
	
	x

	Coprosma rigida
	 
	 
	 
	x
	
	
	

	Coprosma rugosa
	x
	 
	 
	x
	
	x
	

	Coprosma taylorae
	x
	 
	x
	x
	
	
	

	Cordylline australis
	 
	 
	x
	
	
	
	

	Coriaria sarmentosa
	 
	 
	 
	
	x
	x
	x

	Corokia cotoneaster
	x
	 
	x
	x
	
	x
	x

	Crepis capillaris
	 
	 
	x
	
	x
	x
	

	Dactylis glomerata
	 
	 
	x
	
	x
	x
	

	Dichelachne crinita
	x
	 
	x
	
	x
	
	x

	Discaria toumatou
	x
	 
	x
	x
	
	x
	x

	Echium vulgare
	 
	 
	x
	
	x
	x
	x

	Eleocharis acuta
	 
	 
	 
	
	
	x
	x

	Elymus rectisetus
	 
	 
	 
	
	x
	x
	x

	Elymus solandri
	 
	 
	 
	
	
	
	

	Epilobium sp.
	 
	 
	 
	
	
	x
	

	Festuca novae-zelandiae
	 
	 
	 
	
	x
	
	

	Festuca rubra subsp. commutata
	 
	 
	 
	
	x
	x
	

	Fuchsia excortica
	 
	x
	 
	
	
	
	x

	Galium aparine
	 
	 
	 
	
	
	x
	

	Gentianella tenuifolia
	 
	 
	x
	
	
	
	x

	Geranium microphyllum
	x
	 
	x
	
	x
	
	

	Geranium sessiliflorum
	 
	 
	x
	
	x
	
	

	Gonocarpus aggregatus
	 
	 
	x
	x
	
	
	x

	Griselinia littoralis
	x
	 
	x
	
	
	x
	x

	Haloragus erecta
	 
	 
	 
	x
	
	x
	

	Hebe odora
	x
	 
	 
	
	
	
	

	Hebe salicifolia
	 
	 
	 
	
	
	
	x

	Hebe traversii 
	x
	 
	x
	x
	
	
	x

	Helichrysum filicaule
	 
	 
	x
	
	
	
	x

	Hieracium lepidulum
	 
	 
	x
	
	
	
	

	Hieracium pilosella
	 
	 
	 
	
	x
	x
	

	Holcus lanatus
	x
	 
	 
	
	x
	x
	x

	Hydrocotyle novae-zeelandiae
	 
	 
	 
	
	
	x
	x

	Hydrocotyle pterocarpa
	x
	 
	 
	
	
	
	

	Hydrocotyle sulcata
	x
	 
	 
	
	
	x
	x

	Hypochoeris radicata
	 
	 
	x
	
	
	
	x

	Hypolepis millifolium
	x
	 
	 
	
	
	
	

	Juncus articulatus
	 
	 
	 
	
	
	
	x

	Juncus edgariae
	x
	 
	 
	
	
	x
	

	Kunzea ericoides
	x
	 
	x
	x
	
	
	x

	Lachnagrostis filiformis
	 
	 
	 
	
	x
	x
	

	Lagenifera pumila
	x
	 
	x
	
	
	
	x

	Leptecophylla juniperina
	x
	 
	x
	x
	
	
	x

	Leptinella doica
	 
	 
	 
	
	
	
	x

	Leptospermum scoparium
	 
	 
	x
	
	
	
	

	Leucopogon fraseri
	 
	 
	 
	
	x
	x
	

	Linum catharticum
	 
	 
	x
	
	x
	x
	x

	Luzula rufa
	x
	 
	 
	
	x
	
	

	Melicytus alpinus
	 
	 
	x
	x
	
	
	x

	Microsorum pustulatum
	 
	 
	x
	
	
	
	

	Muehlenbeckia australis
	 
	 
	x
	x
	
	
	x

	Muehlenbeckia axillaris
	 
	 
	x
	
	x
	x
	x

	Muehlenbeckia complexa
	 
	 
	 
	
	x
	
	

	Mycelis muralis
	x
	x
	x
	
	
	x
	x

	Myosotis laxa subsp. caespitosa
	 
	 
	 
	
	
	
	x

	Nematoceras macranthum
	 
	 
	x
	
	
	
	

	Nothofagus fusca
	 
	x
	 
	
	
	
	

	Nothofagus solandri
	x
	x
	 
	
	
	
	x

	Olearia avicenniifolia
	 
	 
	 
	
	
	
	x

	Olearia nummulariifolia
	 
	 
	x
	
	
	
	

	Orobanche minor 
	 
	 
	 
	x
	x
	x
	

	Oxalis exilis
	x
	 
	 
	
	
	
	

	Ozothamnus leptophyllus
	 
	 
	 
	
	
	
	

	Parahebe decora
	 
	 
	 
	
	
	x
	

	Phormium tenax
	 
	 
	 
	
	
	
	x

	Pittosporum divaricatum
	x
	 
	 
	
	
	
	x

	Pittosporum tenuifolium
	x
	x
	x
	x
	
	
	

	Plantago lanceolata
	 
	 
	x
	
	
	x
	x

	Plantago raoulia
	x
	 
	x
	
	
	x
	

	Poa cita
	 
	 
	 
	
	x
	x
	

	Poa colensoi
	 
	 
	x
	
	x
	
	

	Poa imbecilla
	x
	 
	x
	
	
	
	x

	Podocarpus hallii
	x
	 
	 
	
	
	
	

	Polystichum richardii
	x
	 
	x
	
	
	
	x

	Polystichum vestitum
	 
	 
	 
	
	
	
	x

	Potamogeton ochreatus
	 
	 
	 
	
	
	
	x

	Potentilla anserinoides
	 
	 
	 
	
	
	
	x

	Pratia angulata
	 
	 
	x
	
	
	
	

	Prunella vulgaris
	x
	 
	 
	
	x
	
	x

	Pseudopanax arboreus
	 
	 
	 
	
	
	
	x

	Pseudopanax crassifolius
	 
	x
	x
	x
	
	
	x

	Pteridium esculentum
	 
	 
	 
	x
	
	x
	

	Pterostylus areolata
	x
	 
	x
	
	
	
	

	Pterostyus australis
	x
	x
	x
	
	
	
	

	Racomitrium lanuginosum
	 
	 
	 
	
	x
	
	

	Ranunculus glabrifolius
	 
	 
	 
	
	
	
	x

	Ranunculus reflexus
	 
	 
	 
	
	
	
	x

	Ranunculus repens
	 
	 
	 
	
	
	
	x

	Ranunculus tricophyllus
	 
	 
	 
	
	
	
	x

	Raoulia tenuicaulis
	 
	 
	 
	
	
	x
	

	Rosa rubiginosa
	 
	 
	x
	
	x
	x
	

	Rubus cissoides
	x
	 
	x
	x
	x
	
	x

	Rumex acetosella
	 
	 
	 
	
	
	x
	x

	Rytidosperma sp.
	 
	 
	x
	
	
	
	

	Schoenus pauciflorus
	 
	 
	 
	
	x
	
	x

	Scleranthus brockiei
	 
	 
	 
	
	x
	
	

	Scleranthus uniflorus
	 
	 
	 
	
	
	
	

	Sedum acre
	 
	 
	 
	
	x
	x
	

	Senecio jacobaea
	x
	 
	 
	
	
	x
	x

	Senecio quadridentatus
	 
	 
	 
	
	
	x
	

	Sophora microphylla
	x
	x
	x
	x
	
	x
	x

	Thelymitra longifolia
	x
	 
	x
	
	
	
	

	Traversia baccharoides
	 
	 
	 
	
	
	
	x

	Trifolium arvense
	 
	 
	 
	
	x
	x
	

	Trifolium dubium
	 
	 
	x
	
	
	
	

	Trifolium repens
	 
	 
	 
	
	x
	x
	x

	Ulex europaeus
	 
	 
	 
	
	
	x
	

	Uncinia uncinata
	x
	x
	x
	
	
	
	

	Urtica incisa
	x
	 
	 
	
	
	
	

	Verbascum thapsus
	 
	 
	 
	
	x
	x
	

	Viola cunninghamii
	x
	 
	x
	
	
	
	

	Vulpia bromoides
	 
	 
	x
	
	x
	x
	

	Wahlenbergia albomarginata
	 
	 
	 
	
	x
	x
	


Species recorded near LakeSumner proposed inundation area 12-14 May 2009

	
	Black and red beech
	grassland
	turfland on shingle fan
	Stony lake shore and river gravels 
	wetland

	
	
	
	
	
	

	Acaena caesiiglauca
	
	
	
	
	

	Acaena inermis
	 
	x
	x
	x
	

	Acaena novae-zelandiae
	 
	
	
	
	

	Aciphylla aurea
	 
	
	
	
	

	Agrostis capillaris
	 
	x
	x
	x
	x

	Agrostis stolonifera
	 
	
	
	
	

	Aira caryophyllea
	 
	
	
	
	

	Alepis flavida
	x
	
	
	
	

	Anaphalioides bellidioides
	 
	
	
	x
	

	Anisotome aromatica
	 
	
	
	
	

	Anisotome filiformis
	 
	
	
	
	

	Anisotome flexuosa
	 
	
	
	
	

	Anthoxanthum odoratum
	 
	x
	x
	x
	x

	Anthriscus caucalis
	 
	
	
	
	

	Aristotelia fruticosa
	 
	
	
	
	

	Arthropodium candidum
	 
	
	
	
	

	Asplenium appendiculatum
	x
	
	
	
	

	Asplenium flabellifolium
	 
	
	
	
	

	Asplenium gracillum
	 
	
	
	
	

	Blechnum discolor
	 
	
	
	
	

	Blechnum fluviatile
	x
	
	
	
	

	Blechnum minus
	 
	
	
	
	x

	Blechnum penna-marina
	x
	
	
	
	x

	Blechnum procerum
	x
	
	
	
	

	Brachyglottis bellidioides
	 
	
	
	
	

	Bromus hordeaceus
	 
	
	x
	
	

	Callitriche stagnalis
	 
	
	
	x
	x

	Carex breviculmis
	 
	x
	
	x
	

	Carex buchananii
	 
	
	
	
	x

	Carex colensoi
	 
	
	
	
	

	Carex coriacea
	 
	
	x
	x
	x

	Carex diandra
	 
	
	
	
	x

	Carex dissita
	 
	
	
	
	

	Carex gaudichaudi
	 
	
	
	
	x

	Carex maorica
	 
	
	
	
	

	Carex pumila
	 
	
	
	
	

	Carex secta
	 
	
	
	
	x

	Carex tenuiculmis
	 
	
	
	
	

	Carmichaelia australis
	x
	
	
	x
	

	Carpodetus serratus
	x
	
	
	
	

	Celmisia gracilenta
	 
	
	
	
	

	Celmisia graminifolia
	 
	
	
	
	x

	Centaurium erythraea
	 
	
	
	
	

	Cerastium fontanum
	 
	
	
	
	x

	Cirsium arvense
	 
	
	x
	
	x

	Cirsium vulgare
	 
	
	x
	x
	x

	Clematis forsteri
	 
	
	
	
	

	Clematis marata
	 
	
	
	
	

	Colobanthus stricta
	 
	
	
	
	

	Coprosma areolata
	 
	
	
	
	

	Coprosma foetida
	x
	
	
	
	

	Coprosma linariifolia
	x
	
	
	 
	

	Coprosma microcarpa
	x
	
	
	
	

	Coprosma petriei
	 
	
	
	x
	

	Coprosma propinqua
	x
	
	
	 
	x

	Coprosma rhamnoides
	x
	
	
	
	

	Coprosma rigida
	 
	
	
	
	

	Coprosma robusta
	 
	
	
	
	

	Coprosma rugosa
	 
	
	
	
	

	Coprosma taylorae
	 
	
	
	
	

	Cordylline australis
	 
	
	
	
	

	Coriaria sarmentosa
	 
	
	
	
	

	Corokia cotoneaster
	 
	
	
	
	 

	Cortaderia richardii
	 
	
	
	
	x

	Craspedia sp.aff.minor
	 
	
	
	
	x

	Crataegus monogyna
	 
	
	x
	x
	 

	Crepis capillaris
	 
	x
	x
	
	

	Cynosorus cristatus
	 
	x
	
	
	x

	Dactylis glomerata
	 
	
	
	
	x

	Dichelachne crinita
	 
	
	
	
	

	Discaria toumatou
	 
	
	x
	
	

	Echium vulgare
	 
	
	
	
	

	Eleocharis acuta
	 
	
	
	x
	x

	Elymus rectisetus
	 
	
	
	
	

	Elymus solandri
	 
	
	
	
	

	Epilobium melanocaulon
	 
	x
	
	x
	

	Erodium cicutarium
	 
	
	x
	
	

	Festuca novae-zelandiae
	 
	
	
	
	

	Festuca rubra subsp. commutata
	 
	x
	x
	
	x

	Fuchsia excortica
	 
	
	
	
	

	Galium aparine
	 
	
	
	
	

	Gaultheria antipoda
	x
	
	
	
	

	Gentianella tenuifolia
	 
	
	
	
	

	Geranium microphyllum
	 
	 
	 
	
	

	Geranium sessiliflorum
	 
	
	x
	
	

	Glyceria fluitans
	 
	
	
	x
	x

	Gonocarpus aggregatus
	 
	
	
	
	

	Grammitis billardierei
	x
	
	
	
	

	Griselinia littoralis
	x
	
	
	
	

	Gunnera dentata
	 
	
	
	x
	x

	Haloragus erecta
	 
	
	
	
	

	Hebe odora
	 
	
	
	
	

	Hebe salicifolia
	x
	
	
	
	

	Hebe traversii 
	x
	
	
	
	

	Helichrysum depressum
	 
	
	
	
	

	Helichrysum filicaule
	 
	
	
	
	

	Hieracium lepidulum
	 
	
	
	
	

	Hieracium pilosella
	 
	x
	
	x
	

	Holcus lanatus
	 
	x
	x
	x
	x

	Hydrocotyle novae-zeelandiae
	 
	
	
	x
	x

	Hydrocotyle pterocarpa
	 
	
	
	
	

	Hydrocotyle sulcata
	 
	
	
	
	x

	Hymenophyllum bivalve
	x
	
	
	
	

	Hypochoeris radicata
	 
	x
	x
	x
	x

	Hypolepis ambigua
	x
	
	
	
	

	Hypolepis millifolium
	x
	
	
	
	

	Isolepis setaceus
	 
	
	
	x
	

	Juncus articulatus
	 
	
	
	x
	x

	Juncus edgariae
	 
	
	
	x
	x

	Kunzea ericoides
	 
	
	
	
	

	Lachnagrostis filiformis
	 
	
	
	x
	

	Lagenifera strangulata
	x
	
	
	
	

	Lagenifera pumila
	 
	
	
	
	

	Lemna minor
	 
	
	
	
	x

	Leptecophylla juniperina
	x
	
	
	
	

	Leptinella doica
	 
	
	
	
	x

	Leptinella squalida
	 
	
	x
	x
	x

	Leptospermum scoparium
	 
	
	
	
	

	Leucopogon fraseri
	 
	
	
	
	

	Lilaeopsis novae-zelandiae
	 
	
	
	
	

	Limosella lineata
	 
	
	
	
	

	Linum catharticum
	 
	x
	
	
	

	Lotus pedunculatus
	 
	
	
	
	x

	Luzula rufa
	 
	x
	
	
	x

	Melicytus alpinus
	 
	
	
	
	

	Microsorum pustulatum
	 
	
	
	
	

	Microtis uniflora
	 
	
	
	
	x

	moss
	 
	
	
	
	

	Muehlenbeckia australis
	 
	
	
	
	

	Muehlenbeckia axillaris
	 
	x
	x
	x
	

	Muehlenbeckia complexa
	 
	
	
	
	

	Mycelis muralis
	x
	
	
	
	

	Myosotis laxa subsp. caespitosa
	 
	
	
	x
	x

	Myriophyllum propinquum
	 
	
	
	
	x

	Myrsine divaricata
	x
	
	
	
	

	Nematoceras macranthum
	 
	
	
	
	

	Nothofagus fusca
	x
	
	
	x
	

	Nothofagus menziesii
	x
	
	
	
	

	Nothofagus solandri
	x
	
	
	
	

	Olearia avicenniifolia
	 
	
	
	
	

	Olearia nummulariifolia
	 
	
	
	
	

	Orobanche minor 
	 
	
	
	
	

	Oxalis exilis
	 
	
	
	
	

	Ozothamnus leptophyllus
	 
	
	
	
	

	Parahebe decora
	 
	
	
	x
	

	Parahebe lyallii
	x
	
	
	x
	

	Phleum pratense
	 
	
	
	
	x

	Phormium tenax
	 
	
	
	
	x

	Pimelea prostrata
	 
	x
	
	x
	

	Pittosporum divaricatum
	x
	
	
	
	

	Pittosporum tenuifolium
	 
	
	
	
	

	Plantago lanceolata
	 
	x
	x
	x
	

	Plantago major
	 
	
	
	
	

	Plantago triandra
	 
	
	
	x
	

	Poa cita
	 
	
	
	
	

	Poa colensoi
	 
	
	
	
	

	Poa imbecilla
	 
	
	
	
	

	Podocarpus hallii
	x
	
	
	
	

	Polystichum richardii
	x
	
	
	
	

	Polystichum vestitum
	 
	
	
	
	

	Potamogeton cheesemanii
	 
	
	
	
	x

	Potamogeton ochreatus
	 
	
	
	
	

	Potentilla anserinoides
	 
	
	
	
	x

	Prasophyllum colensoi
	 
	
	
	
	x

	Pratia angulata
	 
	
	
	x
	x

	Prunella vulgaris
	 
	x
	
	x
	x

	Pseudopanax arboreus
	 
	
	
	
	

	Pseudopanax colensoi
	x
	
	
	
	

	Pseudopanax crassifolius
	x
	
	
	
	 

	Pteridium esculentum
	 
	
	
	
	

	Pterostylus areolata
	 
	
	
	
	

	Pterostyus australis
	 
	
	
	
	

	Racomitrium lanuginosum
	 
	
	
	
	

	Ranunculus glabrifolius
	 
	
	
	
	x

	Ranunculus multiscapus
	 
	
	
	
	

	Ranunculus reflexus
	 
	
	
	
	

	Ranunculus repens
	 
	
	
	
	x

	Ranunculus tricophyllus
	 
	
	
	
	x

	Raoulia australis
	 
	
	x
	
	

	Raoulia haastii
	 
	
	
	
	

	Raoulia hookeri
	 
	
	x
	x
	

	Raoulia tenuicaulis
	 
	
	x
	x
	

	Rorippa nasturtium-aquaticum
	 
	
	
	x
	x

	Rosa rubiginosa
	 
	
	
	
	

	Rubus cissoides
	x
	 
	 
	
	 

	Rumex acetosella
	 
	
	x
	x
	x

	Rumex crispus
	 
	
	
	
	x

	Rumex obtusifolius
	 
	
	
	x
	x

	Rytidosperma sp.
	 
	
	x
	x
	

	Sagina procumbens
	 
	
	
	x
	x

	Schoenus pauciflorus
	 
	
	
	
	x

	Scleranthus brockiei
	 
	
	
	
	

	Scleranthus uniflorus
	 
	
	
	
	

	Sedum acre
	 
	
	x
	
	

	Senecio jacobaea
	 
	
	
	x
	x

	Senecio quadridentatus
	 
	
	
	
	

	Sophora microphylla
	x
	
	
	
	

	Stelleria graminea
	
	
	
	
	x

	Thelymitra longifolia
	 
	
	
	
	

	Traversia baccharoides
	 
	
	
	
	

	Trifolium arvense
	 
	x
	x
	x
	

	Trifolium dubium
	 
	
	
	
	

	Trifolium pratense
	 
	x
	
	
	

	Trifolium repens
	 
	x
	x
	x
	x

	Ulex europaeus
	 
	
	
	x
	x

	Uncinia uncinata
	x
	
	
	
	

	Urtica incisa
	 
	
	
	
	

	Verbascum thapsus
	 
	
	x
	
	

	Verbascum virgatum
	 
	
	
	
	

	Viola filicaulis
	 
	
	
	x
	x

	Vittadinia australis
	 
	
	
	
	

	Vulpia bromoides
	 
	
	
	
	

	Wahlenbergia albomarginata
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