





























































































































270 Tasman

VEGETATION
SECTORS
OF THE WAITAKI

A
N,
[¢) :
i) DOWNS
[ < —PUKAKI ! 44° 5—
; /
W : m .
// A OHAU }< 4 7
0 % /
/ /'é'MONS//
/ PASS
/ 7 N v/
/ NI
/ \\ 7
GRAMPIANS -
OMARAMA
= HAKATARAMEA
i N . /
.‘\ /
A\
VAN
p VD
/ R .‘
“"‘*"w-itaki R
— KAKANU| N
" ym N | foamany
\\\\ South  Pacific
\\\\ .
Scale \\
km
20 \\

40




forest in the headwaters of Tekapo. As
Wardle (1970) writes: “The scattered pock-
ets of forest which occur in the Godley and
Macaulay rivers and on the east and west
banks in the headwaters of the Tasman
River are composed of Halls totara
(Podocarpus hallii), Phyllocladus alpinus,
broadleaf (Griselinia littoralis) and Hoheria.
Beech forest is generally confined to the
tributary creeks between the Hermitage and
Lake Pukaki, but does occur lower down the
Tasman River. The stands furthest up-
stream both in the side creeks and in the
main stream are of silver beech (Nothofagus
menziesii), but mountain beech (N. solandri
var. cliffortioides) takes over dominance
lower down” (p.518).

The variety of periglacial terrain in such a
sector as the Main Divide results in a great
range of vegetation communities including
seral phases dominated by Coriaria
sarmentosa and C. angustissima, the ni-
trogen-fixing tutu. Other elements include
the spectacular Spaniards (Aciphylla scott-
thomsonii and A. aurea) and Phormium
cookianum. These and the large tussocks of
Chionochloa conspicua contrast with the
apparent maturity of silver beech forest in
Governors Bush and with the even older
remnants of Podocarpus hallii forest with
the deciduous mountain ribbonwood
(Hoheria glabrata) and perhaps of broadleaf
(Griselinia littoralis).

The herbfields and fellfields of higher
valleys and slopes in the region are famed
for their giant buttercups (Ranunculus
lyallii) and daisies (Celmisia spp.), Hebe
spp., white gentians (Gentiana spp.) and the
New Zealand edelweiss (Leucogenes gran-
diceps). Of special interest in the vicinity of
Mt Cook itself are those flowering plants
specially adapted to occupy crevices in
exposed rocks at 2500m, well above the
permanent snowline.

Sector lI-Two Thumb

The Chionochloa rigida-Festuca novae

‘ FIGURE 8: Vegetation sectors of the Waitaki.

zelandiae grassland recognised by Connor
(1964) is illustrated in four main phases in
this sector, ranging from the lower alpine
shady phase with more abundant Poa
colensoi (blue tussock) and characteristic
Aciphylla monroi and Agrostis subulata
down to a montane phase containing
Coprosma petriei and Dichelachne crinita
(plume grass) and abundant Cyathodes
Jfraseri. Such grasslands have been depleted
to more open ground at high altitudes or
modified to short tussock at lower altitudes.
Chionochloa macra (slim snow-tussock) is
found on particular soil surfaces at higher
altitudes in this sector but Festuca matthew-
sii is not evident.

Sector llI-Tasman Downs-Pukaki

A relatively small portion of this sector in
the north-east is comprised of alpine and
sub-alpine terrain. Extensive moraines of
lower sub-alpine and montane zones are
characterised by the abundant presence of
Chionochloa rubra (red tussock) or by traces
of it in drier parts where it has been more
susceptible to destruction by burning and
grazing.

Speargrass (Aciphylla aurea) and
matagouri often characterise such moraines
or deeper outwash soils. Large areas in this
sector are now in short tussock grassland
dominated by Festuca novae zelandiae.

Deeper soils amenable to cultivation on
the north-eastern shores of Lake Pukaki and
in the Irishman and Maryburn river basins
have been partly converted to sown pasture
and cropland. Included in this sector are
substantial areas of montane shrubland
especially on exposed aspects of moraines or
the ice-sculptured Mary Range. They have
abundant Corokia cotoneaster and
Coprosma spp. and frequent legumes,
Sophora prostrata, Corallospartium crassi-
caule and Carmichaelia petriei.

Sector IV-Ben Ohav

The northern, higher precipitation por-
tionofthissector gradesinto the Main Divide
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!‘escue tussock grassland with closed
inter-tussock sward on deep fine textured soils
near Simons Pass in the Central Mackenzie Basin.

sector with related alpine fellfield and
herbfield communities, subalpine scrub and
grassland communities and lower subalpine
forest remnants. In the Twin Stream
catchment close to the Main Divide sector,
the succession of vegetation since retreat of
the tributary ice to higher altitudes (Archer
1973) shows an age sequence on hydromor-
phicsoils of (1) bryophytic flush, (2) Celmisia
hectori, C. haastii, C. sessiliflorum, Mar-
sipospermum gracile community, (3) Chion-
ochloa oreophila (snow patch grass). On the
better-developed soils on slopes and mor-
aines Celmisia lyallii and Chionochloa rigida
(narrow-leaved snow-tussock) are the char-
acteristic dominants.

On older moraines generally lower in
altitude where soil has matured to a greater
degree Dracophyllum uniflorum and
sometimes Myrsine nummularifolia, Hebe
odora and Cyathodes colensoi may
accompany Chionochloa rigida in a tran-
sition to subalpine scrub including Podo-
carpus nivalis. Where older soils occur at
higher levels, Chionochloa macra grassland
may occur locally. Isolated clumps of
mountain beech occur close to the valley
floor, together with patches of Phyllocladus
alpinus, Hebe spp. and the occasional
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ancient Podocarpus hallii remnant.

The tall tussock grasslands dominated by
Chionochloa rigida may be considered then
as intermediate in a chronosequence from
herbfield following glacial recession to
scrub or forest. The periodic renewal of
downslope movement of soil material with
major glacial advances and, as a
consequence of Polynesian and European
fires, together with renewal of fertility from
deposition of loess has served to maintain
grassland on slopes where it might
otherwise have been succeeded by woody
vegetation.

In the southern drier part of the Ben
Ohau sector the persistence of patches of
Coprosma scrub in the montane zone and
the occurrence of Leptospermum scrub on
older moraine surfaces might support a
similar interpretation of the status of the tall
tussock grassland.

The tall tussock grassland in the Ben
Ohau sector has three principal associations
(Connor 1964).” An alpine Chionochloa
rigida-Poa colensoi grassland is found at
about 1500 m. Below this association are C.
rigida-Festuca matthewsii grasslands, also
containing Poa colensoi. One phase in the
higher rainfall part of the sub-alpine zone is
distinguished by the presence of Craspedia
lanata or abundant Blechnum penna-marina
and Gaultheria depressa. Another phase



extends on shady slopes well down into the
montane zone, featuring A ngelica decipiens,
Ranunculus gracilipes and Anisotome
aromatica incisa. Festuca novae zelandiae is
lacking from both these phases. On
north-westerly sub-alpine slopes an
intermediate phase includes both F.
matthewsii and F. novae zelandiae. On sunny
slopes in the montane zone Festuca
matthewsii is absent from the C. rigida-F.
novae zelandiae association. With
decreasing precipitation towards the south,
the grassland of the montane zone is now
depleted of C. rigida to become a short
tussock grassland, much of which has been
in recent years oversown and topdressed.

Scrub and forest remnants persist in
narrow stream gorges where they have
enjoyed some protection from fire. Rosa
rubiginosa (sweet brier) has been a
conspicuous invader of depleted grasslands
on the outwash surfaces of this sector as well
as on disturbed sites. Grasslands which have
been seriously depleted in the past often
demonstrate considerable increase in
Agrostis tenuis (browntop) in this sector.
Some of the deeper soils on these surfaces
have been cultivated for crops and sown to
pastures. Homesteads are distinguished by
groves of introduced conifers.

Sector V = Simons Pass

A great range of communities from
vigorous fescue tussock (F.  novae
zelandiae) to open weed communities
occupies this sector. The six phases of fescue
tussock grassland recognized by Connor
(1964) themselves generally correspond to
different soils or soil phases with different
moisture regimes. On the deeper soils there
has been substantial increase in adventive
flora, the most noteworthy increases of
recent times being Hieracium prealtum, H.
pilosella and Anthoxanthum odoratum.

A considerable proportion of the area
with deeper soils has been transformed into
improved pastures, hay meadows and
cropland by cultivation. Some is irrigated
and irrigation is being extended. Extreme

depletion by overgrazing on the shallow
stony Mackenzie and Acheron soils has
resulted in weed communities including
abundant Raoulia hookeri (scabweed) and
Rumex acetosella (sheep’s sorrel). On these
shallow outwash soils, Chionochloa species
may never have existed. Conifers mark
homesteads but require supplementary
watering for establishment in this sector on
all but the deepest soils.

Sector Vi-
Grampians-Hakataramea

Apart from the relevés of Connor (1964)
on the Grampians Range above
Hakataramea Pass there has been little
published account of the vegetation on the
Grampians or Kirkliston ranges or in the
Hakataramea Valley. The north-eastern
boundary of the Hakataramea catchment is
the Hunters Hills on the seaward slopes of
which Barker (1953) described Chionochloa
rigida-Celmisia spectabilis grassland above a
Festuca  novae  zelandiae-Poa  laevis
grassland and below herbfield containing
several species differentiating it from the
tall tussock grassland. Remnants of C.
macra grassland persist at high altitudes,
some of them on apparently long-term drift
regime sites.

Connor (1964) noted that none of the
Celmisia species in the Mackenzie Basin
proper occurred in the large colonies such as
characterise the Hunters Hills with C.
spectabilis. The Grampians-Hakataramea
sector can be considered as transitional
therefore between the Simons Pass and
Two-Thumb sectors to the west and north
and the Omarama and coastal sectors to the
south and east.

Depletion of the short tussock grassland
during periods of sustained overgrazing by
sheep and rabbits in this sector extended on
exposed sunny slopes to*an altitude of
approximately 1000m. In the last decade the
open space between the stunted but now
recovering tussocks has been colonised by
plants of weed communities. The red
Rumex acetosella and the yellow-flowered
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Depleted fescue tussock grassland with much
intervening bare ground on shallow stony soils in
the Upper Waitaki.

mats of Hieracium pilosella and H. praeal-
tum are conspicuous especially on the ex-
tensive fans of this sector. Sweet brier has
invaded depleted lands and broom (Cytisus
scoparius) has spread, especially in river-
beds.

Although the altitudinal physiognomy of
the grasslands on the Grampians and
Kirklistons is like that on the Two Thumb
range to the north, the depletion of even low
tussock has been much more thorough on
sunny faces in the montane zone in this drier
area. The presence of Festuca matthewsii in
the upper montane and subalpine zones of
this sector links it with the Omarama sector
to the south, but it may lack Otago floristic
elements especially at high altitude.

The Hakataramea Valley itself
demonstrates a gradual transition from
north to south of tall tussock grassland,
short tussock grassland, cultivated pastures
and hay meadows. Ascent eastward from
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the valley to the Meyer Pass reverses this
sequence, though the rainfall gradient is not
steep. Chionochloa rigida itself occurs as an
occasional community on shady slopes
north of the Waitaki River down to 100 m
above sea level, in a zone of lowland forest,
woodland and scrub remnants including
Phormium tenax andCordyline australis
(Ti).

Sector Vil-Omarama

The western part of this large and com-
plex sector extends from the Main Divide
sector through the Ohau and Ahuriri catch-
ments towards Lindis Pass and the Diadem
Range. The central drier part extends from
Lindis Pass to Tara Hills and Omarama
itself. The eastern driest part extends from
Benmore Range through Otematata to

Kurow.

The grasslands of the western part are
represented by the Ohau and Ahuriri
relevés of Connor (1961). The higher alti-
tudes of this western part (above 1200



metres) have Chionochloa rigida-Festuca
matthewsii grasslands with abundant Poa
colensoi and Raoulia subsericea. Celmisia
densiflora and C. lyallii are cited as differ-
entials for this high altitude variant.

As altitude increases the grassland
becomes a Chionochloa rigida-Poa colensoi
association with abundant Notodanthonia
setifolia and eventually becomes a herb-
field. In the montane and lower subalpine
zones of the Ohau and Ahuriri valleys,
beech forest extends away from the Main
Divide almost as a continuous belt above
the valley floor. Wardle (1970) notes that in
the Dobson and Hopkins valleys draining
into Lake Ohau silver beech (Nothofagus
menziesii) is the main species only in the
upper few kilometres of forest. Below that as
one comes away from the Main Divide
mountain beech is dominant. In the Ahuriri
where the headwaters are some distance
from the Main Divide, silver beech is only a
minor component of the forests.

Discontinuous patches of beech forest
extend southwards in the wetter part of the
Omarama sector. Where forest has been
removed, there is now a modified tussock
grassland either tall or short but with Fes-
tuca matthewsii and characterised by
Cyathodes colensoi. Leptospermum and Dis-
caria scrub are common in the montane
zone with F. novae zelandiae.

The moraines of the Ohau valley contain
interesting mixtures of downslope-migrat-
ing C. rigida apparently invading modified
montane shrubland. Local associations are
currently being reserved of Dacrydium bid-
willii-Phyllocladus shrubland. Over much of
the Ohau moraine Chionochloa rubra has
been until very recent times dominant. With
topdressing with superphosphate, oversow-
ing with legumes and mob-stocking, such
open tall tussock has been transformed in
one year to a fescue tussock-clover grass-
land, and to an almost tussock-free clovery
sward in the next. Other areas have been
ploughed following development by over-
sowing, to be used for crops, hay meadows
and pastures.

The central part of the Omarama sector is

represented by the Lindis Pass relevés of
Connor (1961). In this district the upper
rocky slopes may be in Podocarpus nivalis
patches while the higher, less steep zones of
tall tussock grassland have since been
recognized to be dominated by Chionochloa
macra. Gaultheria depressa which is often
abundant in the wetter western part is
relatively infrequent in this central part
while Colobanthus strictus and Cotula pec-
tinata are most frequent. Festuca matthewsii
and F. novae zelandiae seldom occur
together in the tall tussock grassland, F.
matthewsii preferring the shady slopes at the
same altitude. The montane zone of this
sector is often depleted F. novae zelandiae
grassland with Olearia-Coprosma-Discaria
scrub, frequently invaded by Rosa rubigin-
osa (sweet brier). Weed communities similar
to those of the Simons Pass sector are char-
acteristic of depleted shallow soils on the
terraces. The blue-flowered Echium vulgare
and the red Rumex acetosella make a
colourful semi-desert.

In the eastern part of this sector, Connor
(1961) differeritiated the Benmore Range
variant of the Chionochloa rigida-Festuca
matthewsii grassland by presence of
Trisetum antarcticum and Pimelea cf
aridula. Connor also noted the abundance
of F. martthewsii on easterly aspects at 600
metres in this part of the sector, rather like
the circumstance found in the southern
drier end of the Ben Ohau sector. In this dry
part of the Upper Waitaki, tall tussock has
been more thoroughly depleted to short
tussock than in many other sectors.

A noteworthy feature of this drier
portion of the Omarama sector is the
persistence of the remains of xeric montane
scrub or shrubland including Coprosma,
Olearia, and Corokia as well as Discaria and
occasional Carmichaelia. In this district the
depletion of short tussock grasslands by
overgrazing has been most serious,
especially on the hill country of sunny
aspect in the montane zone. Where the
fescue tussock had not been completely
eliminated, these short tussock grasslands
have recovered markedly in the last two
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Grazed swamp vegetation in the Tasman Valley.

decades. Carmichaelia petriei which
Cockayne (1928) described as “an extreme
xerophyte, now eaten to the ground by
sheep and rabbits” is now abundant and a
conspicuous emergent above the flowering
tussock grasses.

Thoroughly denuded lands have been
able to recover since the reduction in rabbit
numbers in recent decades but their
recovery has been principally to weed
communities, to open short swards of Poa
pratensis, Bromus spp. and dicotylous
plants, often of rosette form as in the Simons
Pass sector, or to open Poa laevis tussock
grasslands.

Recovery to Festuca or Agropyron tussock
grasslands is apparently a slower process.
Much of this depleted country has been
topdressed and oversown, especially with
Dactylis glomerata (cocksfoot) and clovers.
More recently, lucerne (Medicago sativa)
has been established by oversowing.

Sector Vill-Kakanvi

From Kurow eastward there are two
principal factors increasingly affecting the
vegetation, the plough and the milder
coastal climate. The Chionochloa rigida
grassland of the subalpine zone above
Kurow extends as a semi-continuous mantle
across Danseys Pass and on the higher lands
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of the Kakanui Range almost to the coast.
C. macra grassland occupies older slopes in

the subalpine zone. v
The grasslands of the eastern St Marys

Range and Kakanui Range show reduced
depletion with increasing moisture and
shorter slopes as the coast is approached.
The Festuca novae zelandiae — Poa laevis
grassland induced by fire and grazing, is
frequently dotted with clumps of scrub
including Carmichaelia virgata and
occasional Aciphylla.

The present cultural landscape on both
downlands and plains in the lower Waitaki
is considerably influenced by a wide range
of exotic trees including many species of
Eucalyptus and trees of several deciduous
Northern Hemisphere genera. Virtually all
the arable lands on the downlands, terraces
and flood plain of the Waitaki and Kakanui
rivers have been transformed into crop land
or sown pastures, either of lucerne or of
ryegrass (Lolium) and clovers (Trifolium).
In rotational farming such pastures are
renewed every 5 to 10 years. Principal crops
are cereals, brassicas for livestock and peas
with specialist vegetables in the Oamaru
district. The Waitaki riverbed itself has
become the only wildland of this sector but
the conspicuous vegetation elements are
now the exotic shrub legumes, Lupinus,
Ulex and Cytisus, with occasional grace
being contributed by a Cortaderia tussock.



Tasman Glacier and Hochstetter Icefall. Ice is a significant water resource in the Waitaki.

Water

Highland product-
novel resource

Water in the Waitaki is a product of the
highlands. More than 95 percent of the total
flow of the Waitaki River is generated in the
sector close to the Main Divide. The claim
was made some years ago that “in New
Zealand’s short pastoral history water and
not wool has been the most important and
valuable product of the rangeland.”
(O’Connor 1958). Two important comments
must be made before applying this state-
ment to the Waitaki.

The first is that until recent decades,
water produced from the highlands of the
Waitaki has not been in the role of resource.
As Chapman (1969) expressed it: “In the
human ecosystem, man assigns utility to
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various elements of his environment and
thus confers on them the role of resources.
Resources then are neither wholly of the
physical world nor wholly of the world of
man but are the result of the interaction
between the two. The environmental
elements that man calls upon to serve as
resources, and the nature and size of the
requirements he places upon them depend
on his numbers, his needs and desires and
his values and skills.”

For only the last 40 years has man
conferred a significant role of resource on
the Waitaki River. Previous to that it had
constituted an angling resource, an obstacle
rather than an aid to transport but rarely a
flood threat. Small water races fed the
Oamaru borough supply and, since 1910,
the Steward Settlement. The water bodies of
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the upper basin were “tourist attractions.”
In the last two decades, greater utility has
been assigned to these several elements of
the environment by different people, for
generation of electricity, for recreational
enjoyment in a variety of ways, for urban
purposes, for support of wildlife — both
birds and fish — for irrigation, for tourism,
and even for disposal of wastes.

The second important comment that
must be made is that pastoral production
and water production have not generally
been competitive functions. More than 90
per cent of the total discharge of the Waitaki
has originated from land which has seldom
if ever been subject to any pastoral
influence. The influence of pastoral use on
the seasonal or other temporal character of
water production from the large area which
produces such a small proportion of total
water discharge has been the subject of
considerable speculation but is possibly
very small. It may have local rather than
general significance and it may be more
through effects on water quality because of
sediment regimes than through effects on its
rhythm or quantity of flow.

Although pastoral use for livestock
production has probably had but little
influence on overall water production, it
must not be concluded that agricultural and
pastoral development would not be
competitive for water as a resource to be
used. The nature of the relationships
between water uses, competitive and
complementary, in the Waitaki has been the
subject of several studies and commentaries
in recent years (Interdepartmental
Committee 1966, O’Connor 1966b, 1966c,
Natusch 1966, Kerr and Ives 1973, Heiler
1975). At the present time the Waitaki
Catchment Commission as the regional
water board has the active role of drafting
water allocation plans for the several sectors
of the basin.

The waters of the Waitaki are not
reserved for use solely in the basin. The
coastalsector of Waitaki Countyincludesthe
small Kakanui basin which is not part of the
Waitaki catchment. In this sector the

48

Oamaru Borough has been supplied for
many years with water abstracted from the
Waitaki River and plans are currently being
considered to extend the Lower Waitaki
Irrigation Scheme commanding 16,000
hectares to supply water to over 10,000
hectares of downlands behind Oamaru.

Hydrologic sectors
of the Waitaki

The concept of the hydrologic regions was
developed in New Zealand by Toebes and
Palmer (1969) following its introduction by
Toebes and Neef (1962). This approach
assembled reconnaissance information in
five or six classes for each of the following:
annual precipitation (R), permeability of
major rock types (P) and slope classes (S).
From these criteria seven major hydrologic
regions were found to be represented in the
Waitaki:

Glacial R6 P2 S5
Wanaka R4 P2 S5
Eastern Alps R3 P2 S4
Pukaki R2 P4 S3
Waitaki R1 P3 S4
Waimate Plains R1 P4 SI1
Oamaru R1 P3 S1

More recently Coulter (1973) has made a
water balance assessment of the New
Zealand rainfall deriving from daily rainfall
data values for annual water surplus ul-
timately available for streamflow. This in-
formation has been mapped on a national
scale and current work is being developed
for the Waitaki to provide this information
on a more detailed scale. It is anticipated
that the incorporation of Coulter’s water
balance assessment with geologic and phy-
siographic information will allow the delin-
eation of hydrologic sectors within the
Waitaki. These can be further refined by
interpretation of seasonable streamflow
characteristics.

Mt Cook viewed from the present south-western
shoreline of Lake Pukaki.






TABLE 6-Physical data on the major lakes of the Waitaki

Catchment Lake Lake Mean
Area Area Depth Annual
km? km? m Discharge
m’/s

Tekapo 1463 87 120 82
Pukaki 1413 99 70 129
Ohau 1198 54 129 76
Benmore 7770 69 93 319
Aviemore 9700 25 36 320
Waitaki 9712 6 17 320

from information supplied by D.L. Murray,
Otago University, V.M. Stout, Canterbury University,
ond J. Irwin, N.Z. Oceanographic Institute.

The Waitaki lakes

The three piedmont lakes, Tekapo,
Pukaki and Ohau, have been bathymetricly
surveyed in recent years by the New
Zealand Oceanographic Institute. Lake be-
haviour, bottom and suspended sediments
have been studied in Tekapo and Waitaki
and the man-made lakes, Waitaki,
Aviemore and Benmore have been the
object of studies by graduates working with
Dr Vida M. Stout in the Zoology Depart-
ment of the University of Canterbury and
their studies have now been extended to the
natural lakes. Dr Stout has made unpu-
blished information available for this
report. Some physical data on these water
bodies are presented in Table 6. They
appear to have similar chemical characteris-
tics to the more thoroughly studied artificial
impoundments, exhibiting pH of
approximately 6.5, alkalinity of the order of
2 meq. HCO, / |, organic dry weight of the
order of 0.0015mg/1, chlorophyll 0.8mg/m?
and conductivity ranging from 48 to 63
micromhos/cm at 20°C, being highest in
Lake Pukaki.

Tekapo develops a thermocline in sum-
mer (Ridgeway 1974) but consistent results
have not been obtained for Pukaki and
suitable observations have not been made
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on Ohau. In Dr Stout’s results, the observed
maximum difference in temperature bet-
ween surface and bottom water at any one
time has been 10.4°C for Tekapo, 15.8°C for
Pukaki and 12.3°C for Ohau. These three
lakes have varying amounts of silt causing
differences in Secchi disc visibility. Lake
Ohau is the clearest, having a maximum
depth for Secchi disc visibility of 12 metres
(Irwin 1974). In the limited sampling so far
carried out, Lake Pukaki has had Secchi disc
visibility as low as 0.2m. In summer
samplings, light penetration reached 36m in
Ohau, 17m in Tekapo and 6m in Pukaki, as
measured by a selenium cell light meter.
There are indications of differences in the
productivity of the plankton and of the
shore areas of these lakes corresponding to
the difference in silt content of the water.
The three man-made lakes are of
different ages, Waitaki the lowest being
made in 1935, Benmore the uppermost in
1965 and the intermediate Aviemore in
1968. All three have a short water retention
time. There is usually a regular temperature
gradient between the surface and bottom
water but a distinct thermocline does not
develop. The lakes do not freeze in winter.
They are like the natural lakes described,
oligotrophic in character and bottom water
is always well oxygenated. The water is close



to neutral (pH 6.5 to 7.5) and the
conductivity and alkalinity of the same
order as described for the natural lakes.

Organic dry weight and chlorophyll are
somewhat higher than the levels indicated
for the natural lakes. The values recorded
for the phosphorus and nitrogen content of
the water are low. Because of silt loads
brought by the inflowing rivers, turbidity
often occurs. Depth of Secchi disc visibility
may be as low as 0.9m but in favourable
conditions it may be as much as 4.5m. Light
penetration in summer has been 22m (or to
the shallower bottom in the case of Lake
Waitaki).

Plankton in the man-made lakes is sparse.
Diatoms dominate the phytoplankton and a
calanoid copepod (Boeckella dilatata) and
rotifers dominate the zooplankton. In
contrast, the limited sampling of the natural
lakes reveals a much lower abundance of
zooplankton.

The rooted aquatic vegetation in the
man-made lakes at present consists mostly
of native species unlike many of the
man-made lakes and some of the natural
lakes in other parts of New Zealand. The
rooted vegetation appears to support a
moderately rich fauna and there is good
sport fishing in the man-made lakes. Among
the natural lakes, Ohau is clearly superior as
a fishing resource.

At the present stage of studies there are
some indications of annual variations in
alkalinity, which is usually related to plant
growth, and in weight of organic matter in
the man-made lakes. Whether there is any
trend established from such observations
will depend on continued studies. Expan-
ded research in the man-made lake is being
facilitated.in conjunction with the Man and
the Biosphere programme, including (a)
the extent and nature of the rooted aquatic
vegetation, and its relation to physical and
chemical nature of the sediments including
nutrient supplying role; (b) the bottom
faunae both for their significance to fisheries
and as indicators of trophic status; (c)
productivity and turnover rates and
pathways in open water, especially as

TABLE 7 -
Glacier resources
of the Waitaki

Glacier Glacier
area volume
km? km?

Tekapo 431 2.58
Pukaki 186.9 24.58
Ohau 207 0.71

TOTAL 2507 27 .87

from Anderton (1973)

affected by turbidity and retention time. In
the case of the natural lakes, a new area and
level are to be reached in Lake Pukaki as a
result of higher impoundment and
limnological research will have to assess the
effects of lake raising and altered retention
time.

There are several small lakes in the
intermountain basin of the Upper Waitaki,
some of which have considerable angling
and other recreational value. Some of them
are also of considerable significance for
biological conservation. Prominent among
the first group are lakes Alexandrina and
McGregor close to Lake Tekapo, which
have been surveyed in 1974 by the New
Zealand Oceanographic Institute and Lake
Middleton alongside Lake Ohau. Limno-
logical studies of these water bodies and of
the numerous smaller tarns and ponds in
this zone are only in an initial stage. No
study has yet begun on any of the numerous
small lakes and ponds in glacial landscapes
in the alpine and subalpine zones.

River flows

Anderton (1973) discussed the
significance of perennial snow and ice to the
water resources of New Zealand. From
mean depth estimates for glaciers of
different kinds and measured area and from
estimated density of ice, he calculated the
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TABLE 8-Seasonal flow performances of streams in the Waitaki in
relation to catchment influences.

Catchment Influences Examples Seasonal Flow

1. Glacier dominated, with very Hooker Summer maximum and winter
heavy preciptation minimum.

2. Glacier and high snow dominated Godley Spring and summer maximum
with heavy precipitation. and winter minimum

3. Glacier influenced with moderate  Ohau Spring and summer maximum
to heavy precipitation but lake and winter minimum
modified.

4. High snow dominated with heavy  Jollie November-December maximum
precipitation. and winter minimum

5. High snow dominated with Forks November-December maximum
moderate to heavy precipitation.  Ahuriri and winter minimum

6. High snow influenced with light Stony September to November
precipitation. Omarama maximum and very low

Otematata proportion of flow January to
April

7. Little snow, with moderate Maryburn September maximum with low

precipitation. Irishman proportion of flow from
Twizel December to April

8. Low snow only, with moderate Quailburn May and November maxima and

precipitation. Wairepo extremely low proportion of
flow January to April
9. Some snow but easterly influence  Hakataramea Relatively well distributed flow as

on precipitation.

monthly means but erratic during
summer

total glacier volume as equivalent water.
These values are shown in Table 7 with
glacier areas for the three lake catchments
of the Waitaki. These three glacier systems
represent 45 percent of the total ice resource
of the South Island, New Zealand.
Anderton demonstrated the characteristic
seasonal flow pattern of glacier basins by
the example of the Hooker River, a tribu-
tary of the Tasman River flowing into Lake
Pukaki and draining from two large
glaciers, the Hooker and the Mueller.
Summer flows are much higher than
spring flows which, in turn, greatly exceed
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winter flows. This pattern was reflected in
large measure in the five-year observations
of seasonal variation in inflow into Lake
Pukaki. Anderton pointed out that the
seasonal flow variations into Lakes Pukaki,
Tekapo and Ohau were correlated with the
degree of glacierisation of the basins.
Anderton also demonstrated how the
seasonal flow pattern of the Jollie River and
Ahuriri River draining high but glacier-free
catchments showed relatively high winter
flows and maximum flows in November
and December coinciding with spring
melting of seasonal snow.
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The Maryburn, a smaller catchment
almost entirely in the montane zone rather
than the subalpine, demonstrated peak
monthly discharge in September. Archer
(1970) made a two year study of snow
characteristics on the Ben Ohau Range. He
found that snow ablation rates were much
greater at equivalent site temperatures at
two snow courses below 1300 metres than at
‘two higher snow courses. This pattern of
snow behaviour is concordant with general
observation in the region.

In summary the seasonal behaviour of
stream flow might be expected to be
affected by the degree of glacierisation of
the catchment (ice), the proportion of the
catchment in the upper subalpine and
alpine zones where snow melt would be
expected to be less rapid (high snow), the
proportion of the catchment affected by
snow at lower altitudes (low snow), as well
as by the amount and distribution of
precipitation and evaporation.

The braided channels of the Lower Waitaki.

Some of the records of seasonal flows of
rivers made available by the Waitaki
Catchment Commission and by Mr D. L.
Murray are used in Table 8 to relate
seasonal flow behaviour to catchment
characteristics.

The mean annual discharge from the
alpine region of the catchment is calculated
to be 311 m3/s. This represents a calculated
runoff proportion of 84 per cent but as the
period of rainfall and flow records has
apparently coincided with down-wasting of
glaciers, annual discharge may not fairly be
related to precipitation. For the non-alpine
or eastern regions the calculated mean
annual discharge of 24 m?/s represents only
13 per cent as runoff. Table 9 summarises
the mean flows for the non-lake supplied
rivers.

The main stream of the Waitaki
discharges at Kurow at a mean annual rate
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TABLE 9-
Mean annual discharges
for non-lake-fed
streams of the Waitaki

m’/s
Ahuriri 26.0
Minor Mackenzie Basin streams 12.1
Minor Omarama Basin streams 23
Otematata 8.5
Hakataramea 50
Minor Lower Waitaki streams 10.0

from information supplied by
Woaitaki Catchment Commission

of 325 m3/s. Its seasonal distribution of flow
was still dominated in the “glacial” pattern
during the 1958-1962 period (Anderton
1973). Its use for power generation has
therefore warranted augmented seasonal
storage for the higher electric power needs
of winter. On the other hand, the streams
away from the Main Divide itself may be
variously affected by snow-melt regimes,
depending on locality. All show a mid to late
summer minimum flow, restricting their
usefulness for irrigation unless storage is
designed for them and posing conflict
between abstractions for irrigation and
conservation of low flows for wildlife
purposes.

It should be emphasised that mean
monthly flows that have been used to
estimate the seasonal distribution of

discharge are not assured in all
circumstances. In the eastern regions of the
catchment streams such as the
Hakataramea may suffer from rapid
summer recession in base flows even if their
mean monthly flows are inflated by summer
storm events over the Kirklistons and the
Hunters Hills.

Groundwater

The Interdepartmental Committee
Report (1966) on the water resources of the
Mackenzie Basin noted that immediately
downstream of the mnatural lakes
groundwater tended to lie at great depth.
Both the Tekapo and Pukaki Rivers
appeared to run on perched watertables and
it was postulated that their beds were sealed
by the glacial flour carried in the water. In
the eastern part of the Mackenzie Basin as
well as in the Omarama Basin and in the
Twizel sector of the Mackenzie there is some
indication that streams emerging from the
mountains lose some surface flow at the
apex of the fan to re-appear as swamps or
flushes on lower terrain. The Irishman and
Maryburn streams apparently feed swamps
after emerging from morainic terrain. The
groundwater situation in the Hakataramea
and Lower Waitaki has not been adequately
investigated. There are strong indications
that the Waitaki recharges aquifers itself in
the stretch from Kurow to Black Point.

Water quality

Although the chemical quality of water of
lake-fed rivers is extremely high, the quality
of the smaller streams, swamps and
groundwaters has not been thoroughly
investigated. Both animal and residential
pollution is possible in certain locations and
low summer flow conditions could
aggravate such problems. Waste disposal is
currently a very minor use of the waters.
Special efforts may have to be taken to
preserve the quality of water in such small
lakes as Middleton and Alexandrina.



Wildlife

The animals of the Waitaki encompass a
great variety, the invertebrate fauna of soils,
streams and grasslands, the fish of the lakes
and rivers, birds of the rivers, lakes, forests
and mountains, lizards and the introduced
mammals of grasslands and forests. Alth-
ough a great volume of knowledge on the
taxonomy and ecology of such animals has
been built up, as is shown in the Natural
History of Canterbury (Knox ed. 1969) and
the Natural History of New Zealand (Wil-
liams ed. 1973), it is not possible confidently
to apply such general findings to the condi-
tions of the Waitaki when the Waitaki has
not been the scene of the research. In some
fields, e.g. soil biology, the Waitaki has been
almost completely neglected. In other
branches of science, e.g. grassland en-
tomology, the Waitaki has been the scene of
frequent collections and of occasional par-
ticular studies. Fisheries research and sur-
veys of bird populations in the Waitaki have
recently been considerably accelerated.
Studies of the larger mammals have contin-
ued for some years, as part of the New
Zealand Forest Service watershed surveys.
Some of the salient features of each of these
wildlife topics are summarised below.

Invertebrate fauna

Johns (1969) has reviewed the mountain
invertebrate fauna showing the significance
of local endemism in the subalpine and
alpine fauna. He also showed how habitat
affected the distribution of lowland
elements of the fauna in the subalpine
zones. Where the subalpine habitat is of
scree the lowland element is rare but where
the subalpine habitat is a tussock-covered
soil, lowland faunal elements are often
common. Thus in the subalpine zone there
is often a strong contrast between the in-
vertebrates of the tussock grassland and
intervening scree. Local endemism is rather

characteristic among the alpine scree arth-
ropods such as Icosidesmus (millipedes),
where I. olivaceus and a new species of that
genus were confined to the mountain screes
of the Waitaki in contrast to I. latidens in the
Waitaki Valley and South Canterbury
lowlands. Likewise, among the cockroaches
of genus Celatoblatta, C. anisoptera, a
mountain scree species, is confined to the
Waitaki, while the lowland species, C. pal-
lidicauda, extends in to the foothills from the
Waitaki Valley to north of the Rakaia.

Harrison and White (1969) reviewed sys-
tematically the invertebrate fauna of the
Canterbury grasslands drawing on the work
of Dick (1940), Kelsey (1957) and White
(1964). Among the prominent insects of
their listing and those discussed by Lowe
(1973) that are known in the Waitaki grass-
lands are grasshoppers, cicadas, mealy bugs,
carab beetles, click beetles (elaterids), scar-
ab beetles including the well-known grass
grub, aphids, ants, bees, hepialid moths,
case-bearer moths, crambid moths, pyraus-
tid moths, tussock butterflies, arctiid moths,
noctuid moths (including army caterpillar)
and a wide range of flies. Apart from insects
of grasslands, Nascioides enysii, a buprestid
beetle, can cause periodic damage to the
beech forests, and manuka has been at-
tacked by the Australian scale insect
Eriococcus orariensis. Important crop in-
sects have included Hessian fly, tuber moths
and wireworm, aphids and white butterfly,
principally in the lower Waitaki.

The invertebrate fauna of the rivers and
streams of Canterbury has been reviewed by
Stout (1969a) who has also described the
life in lakes of Northern Canterbury (1969b)
with passing comment on Tekapo and Pu-
kaki. In her review of insects in rivers and
streams, Stout (1969a) notes that four orders
are particularly well represented: mayflies,
stoneflies, caddisflies and two-winged flies.
She notes that Percival considered rivers
such as the Waitaki to be relative deserts
because of the shifting substratum with
every minor flood.

Burnet, Cranfield and Benzie (1969)
reviewed the freshwater fish fauna of Can-
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terbury while Waugh (1973) reviewed the
New Zealand fisheries. Among those which
seem to be most significant in the Waitaki
are the following:

Freshwater fish

Salmonids: Quinnat salmon (Onco-
rhyncus tshawytscha) has been introduced
as .the principal game fish of the Lower
Waitaki. Sockeye salmon (O. nerka) is es-
tablished as a land-locked population in
Lake Ohau and may now be establishing by
the spawning race built at Aviemore. It
could have special importance as a plankton
feeder. Brown trout (Salmo trutta) and
rainbow trout (S. gairdnerii) have thrived in
most fishable waters of the Waitaki since
their introduction last century. They consti-
tute the most important fishing of the Wai-
taki as a whole.

Retropinnids: In the spring, freshwater
smelt migrate in shoals to the rivers to
spawn.

Galaxiids: Galaxias maculatus attenua-
tus is the “whitebait” of the Canterbury
coast, being a migratory species, moving
downstream to spawn at the time of spring
tides from January to May. The shoals of
returning juveniles appear from the sea in
tidal reaches from August to December.
Other species of Galaxias inhabit the inland
waters.

Anguillids: Two species of eels migrate
into rivers of Canterbury in the spring. The
short-finned eel, Anguilla australis, inhabits
coastal lagoons and streams. The long-
finned eel, A. dieffenbachii, migrates much
further upstream, returning to the sea in
autumn. The influence of hydro-electric
dams on migrations of such native species
warrants attention, as pointed out by
Waugh (1973).

Eleotrids: Both upland and lowland bul-
lies (Gobiomorphus spp.) are common in
Canterbury shingle-bottom rivers.
Although bullies are reputed to provide an
important part of the diet for trout, Waugh
(1973) claims that the actual evidence of
predation by trout on the native fishes is
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limited. In contrast, he points to the likely
role of eels in reducing trout populations by
feeding on the trout ova and fry.

Birds

More intensive surveys of bird popula-
tions in the Waitaki have been initiated in
recent years by Wildlife Service of the
Department of Internal Affairs and infor-
mation from these surveys has been made
available for this report by the Director, Dr
G. R. Williams, and Fauna Conservation
Officers.

In a three-day survey in October 1974
from the sea up to the Lake Waitaki dam,
nearly 23,000 birds were recorded repre-
senting 22 species dependent on the
riverbed habitat either for nesting or food.
Among the plentiful species spotted shag
(Stictocarbo ~ punctatus), Canada goose
(Branta canadensis), mallard duck (Anas
platyrhynchos), southern black-backed gull
(Larus dominicanus) red-billed gull (L.
scopulinus) and white-fronted tern (Sterna
striata) showed maximum numbers in the
lower stretches of the river, diminishing in
abundance upstream.

The little shag (Phalacrocorax melan-
oleucos brevirostris), South Island pied oys-
tercatcher (Haematopus finschi), white-faced
heron (Ardea novaehollandiae), band-
ed dotterel (Charadrius bicinctus), pied stilt
(Himantopus leucocephalus), and black-
fronted tern (Chlidonias albostriatus) were
at their maximum in the middle stretch of
the Lower Waitaki. The black-billed gull
(Larus bulleri) predominated in the Kurow
sector.

Among the less abundant species in the
Lower Waitaki were the black shag
(Phalacrocorax carbo), paradise duck
(Tadorna variegata), greyduck (Anas super-
ciliosa), New Zealand shoveler (A nas rhyn-
chotis), spur-winged plover (Lobibyx
novaehollandiae), wry-billed plover (Ana-
rhynchus frontalis), Caspian tern (Hy-
droprogne  caspia), welcome  swallow
(Hirundo neoxena) and a single occurrence
of the white-winged black tern ( Chlidonias)



leucopterus).

The following species of birds were also
recorded in the survey but not counted as
they are not dependent on the riverbed
habitat: chaffinch (Fringilla coelebs),
blackbird (Turdus merula), pitpit (Anthus
novaeseelandiae), yellowhammer (Emberiza
citrinella), South Island fantail (Rhipidura
Juliginosa), hedge sparrow (Prunella modu-
laris),  redpoll  (Carduelis  flammea),
goldfinch (C. carduelis), skylark (Alauda
arvensis), song thrush (Turdus philomelos),
white-backed magpie (Gymnorhina
hypoleuca), harrier (Circus approximans),
greenfinch (Chloris chloris), shining cuckoo
(Chalcites lucidus), kingfisher, (Halcyon
sancta), house sparrow (Passer domesticus),
starling (Sturnus vulgaris), grey warbler
(Gerygone igata), silvereye (Zosterops later-
alis), rock pigeon (Columba livia), and Cali-
fornian quail (Lophortyx californica).

Similar surveys have been begun in the
Upper Waitaki but results are not yet
available. Among the introduced birds of
Canterbury discussed by Williams (1969)
the following are common in the Upper
Waitaki.

Canada goose, black swan (Cygnus
atratus) and mallard duck frequent aquatic
habitats.

Californian quail, chukor (Alectoris
graeca), little owl (Athene noctua), skylark,
song thrush, blackbird, hedge sparrow,
greenfinch, goldfinch, redpoll, chaffinch,
yellowhammer, cirl bunting (Emberiza cir-
lus), house sparrow and white-backed mag-
pie live in open country and scrub remnants.
To this list can be added the Australian coot
(Fulica atra) which Falla, Sibson and Tur-
bott (1966) recorded as breeding at Lake
Alexandrina, grey teal (Anas gibberifrons)
which they recorded as breeding at Lake
Tekapo, spur-winged plover and silvereye.

Among the native birds of the Upper
Waitaki those seen in aquatic habitat in-
clude crested grebe (Podiceps australis),
little shag, black shag, paradise duck, grey
duck, New Zealand scaup (Aythya
novaeseelandiae), pukeko (Porphyrio mela-
notus), South Island pied oystercatcher,

banded dotterel, wry-billed plover, pied
stilt, black stilt (Himantopus novaezealan-
diae), black-backed gull and black-billed
ull.

: There had been a sighting of white-
winged black tern on a tarn at 800m in 1962
in the Mackenzie Basin (Falla et al. 1966)
but several have been made more recently
(R. J. Nilsson pers. comm.). New Zealand
shoveller has been observed on the Glen-
more tarns near Lake Tekapo but is not
common. Blue duck (Hymenolaimus mala-
corhynchos) has been observed on Blue
Stream in the Mt Cook National Park (R. J.
Nilsson pers. comm.) and on the western
side of Ben Ohau Range in Irishman and
Jamieson streams in December 1973 and in
two locations in the north branch of the
Huxley River in November 1973 (G. D.
McSweeney pers. comm.). Occasional sight-
ings have been made of the bittern
(Botaurus  poiciloptilus), white heron
(Egretta alba) and little egret (E. garzetta) in
the Ahuriri (R. J. Nilsson, pers. comm.). Six
godwits (Limosa lapponica) were also
sighted in the autumn of 1974.

Among the native birds of open country
are New Zealand pipit, kingfisher, kea
(Nestor notabilis) the parrot of the high
mountains, the New Zealand falcon (Falco
novaeseelandiae) and the harrier. The
recorded native birds of the forest and
scrub, forest remnants and homestead
plantings in the Upper Waitaki include
shining  cuckoo, morepork  (Ninox
novaeseelandiae), tui  (Prosthemadera

novaeseelandiae), bellbird (Anthornis mela




nura), brown creeper (Finschia
Hovaeseelandiae), grey warbler, rifleman
(Acanthisitta chloris), rock wren (Xenicus
gilviventris), fantail and tomtit (Petroica
macrocephala).

The habitats of native birds of open land
and forest have been adversely affected in
the past. The buff weka (Gallirallus australis
hectori) which inhabited the lower rainfall
districts east of the Main Divide was last
recorded in Canterbuty in 1924 but it has
flourished in the Chatham Islands since its
establishment there in 1905. The pukeko (or
pukaki in South Island dialect) had all but
perished from the district to which it gave its
name. The laughing owl (Sceloglaux al-
bifacies) although plentiful up to 1880 has
not been confirmed since 1914. Critical at
the present time are the aquatic habitats for
grebes, shags, gulls, terns and the large
order of waders. Many of the waders which
are common on North Island and South Is-
land coasts breed on the river beds of inland
Canterbury. One species, the black stilt,
breeds only in a few small colonies in
different parts of the Upper Waitaki.
Reduction of breeding sites and of over-
wintering territory by the canalisation of the
major rivers threatens to annihilate this
species. Efforts are now being made to
identify and reserve or even enhance suit-
able habitats to which this precarious
species can adjust. Creation or improve-
ment of habitat for wildlife is an integral
part of the landscape engineering objectives
of the current Ministry of Works and
Development' hydro-electric construction
project.

Lizards .

The li“;a,rds of New Zealand are endemic
representatives of two widely distributed
families the geckos (Gekkonidae) and the
skinks (Scincidae). As Robb (1973) points
out, all known endemic geckos and most of
the skinks are viviparous. This phenomenon
of bearing live young rather than egg laying
is unique in the world’s geckos and unusual
in the skinks. In New Zealand, Robb relates
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viviparity to the cooling climate of the
Pleistocene, the developing embryos within
the parent’s body being able to share the
benefit of the extra warmth provided by the
burrowing or basking behaviour of the
adult. Both geckos and skinks are found in
the Waitaki. No provision at present exists
there for their protection, being listed by
family in the fifth schedule (wildlife not
protected) of the Wildlife Act and not being
protected in any area by the Reserves and
Domains Act.

The following information on the lizards
of the Waitaki has been made available by
A. H. Whitaker (pers comm.) of Ecology
Division, Department of Scientific and In-
dustrial Research. Grid references to the
South Island National Yard Grid are in-
cluded only for the less abundant species.

Five species of lizards are known from the
areas roughly delineated by the Main
Divide in the north-west, Burkes Pass in the
north-east, Kurow in the south-west and the
Lindis Pass in the south-west. These are the
geckos Hoplodactylus pacificus and Hetero-
pholis gemmeus and the skinks Leiolopisma
zelandica, L. lineoocellatum and L. grande.

Heteropholis gemmeus (Green Tree
Gecko)

Heteropholis is a South Island genus of
diurnal, usually arboreal geckos. H. gem-
meus is known from a number of scattered
locations in Canterbury and Otago but only
on Banks and Otago peninsulas is it at all
common. This species is known to have a
brown form on Banks Peninusla but else-
where it is bright “grass green” usually with
yellow or white stripes or spots. The only
two specimens known from the Waitaki
Basin were green with pale yellow spots. H.
gemmeus grows a little larger than H.
pacificus from which it can readily be dis-
tinguished by its brilliant blue or mauve
mouth (H. pacificus has a pale pink mouth)
and its usually green colour.

H. gemmeus is an inhabitant of native
forest or scrub habitats and is likely to
occur wherever these exist provided they are



not regenerated in areas that were formerly
completely cleared. Heteropholis geckos are
also known from plantations and areas of
introduced scrub (e.g., gorse or broom)
where these abut suitable native habitat.
The cryptic colouration of these geckos
makes them very difficult to detect and,
therefore, their presence in a district is very
difficult to document. They have been
recorded from Bush Gully, Lake Pukaki

(376515) and Hakataramea Saddle
(418462).
Hoplodactylus  pacificus (Common
Gecko)

A nocturnal species that grows to ap-
proximately 14 cm in total length, this gecko
is usually coloured a drab olive-grey, often
with a lighter marbled pattern. H. pacificus
is found throughout New Zealand except
for perhaps the wetter parts of Fiordland. It
is especially abundant in the drier regions of
the eastern South Island from Marlborough
south to Central Otago. It occurs at altitudes
up to 1700 m in the Southern Alps.

From the locality records it would appear
to be distributed throughout the Waitaki
Basin and probably occurs wherever there is
suitable habitat. Preferred sites would be
areas of outcropping rock or screes but this
gecko will inhabit plantations or farm
buildings as well.

Leiolopisma zelandica (Common Skink)

This is a small diurnal skink which grows
to a total length of about 14 cm. It is usually
coloured some shade of brown with lighter,
longitudinal stripes. This species is found
from the North Island south to Stewart
Island and is ubiquitous in the eastern
South Island. It occurs at altitudes up to
1700 m in the Southern Alps.

Like H. pacificus, this species appears to
be throughout the Waitaki Basin and would
occur wherever there is suitable habitat.
Preferred sites are those with good cover
such as screes or loose outcropping rock but
the species is able to exist as well in good

numbers in areas with dense tussock. They
also occur in gardens, hedgerows and under
man-made debris.

Leiolopisma
Skink)

lineoocellatum (Green

This is a large (up to 22 cm total length)
robust diurnal species which has a green
dorsal surface flecked with black and white,
and sides that are marbled in black and
white. It ocurs at coastal localities from
Napier south to Timaru and is known from
inland sites in Wairarapa, Nelson, Marl-
borough and North Canterbury. It has been
recorded from up to 1700 m in the seaward
Kaikouras and at about 1200 m in North
Canterbury. A closely related species occurs
in Southland, Stewart Island and inland to
Te Anau.

There is a single sight record for the
Waitaki Basin — Mt Hay, Tekapo (419501) —
which is by far the most south-westerly
record for the species. As such it should be
treated with caution. Nevertheless, as L.
lineoocellatum is a skink whose inland
populations tend to be localised and sparse,
it should definitely be kept in mind when
considering the herpetofauna of the district.

In inland localities, L. lineoocellatum
usually occupies sites which provide it with
good cover, such as screes.

Leiolopisma grande (Otago Skink).

This is one of the largest and most striking
of the New Zealand lizards. It is also one of
the rarest.

The most recent taxonomic account
(McCann 1955) recognises three subspecies
but it is now accepted that these include two
species, one with two forms (viz. L. grande
grande which is quite distinct from L.g.
otagense and its more northern form L.g.
waimatense).

A museum specimen of L.g. waimatense
was collected at Edwards Stream, Mt Hay,
Tekapo (419501) and is probably the only
specimen of that taxon for which accurate
locality data are available. Other specimens
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are said to have come from “Waimate” and
“South Canterbury.” Records for “Spencer
Mountain” have been erroneously applied
to this species.

The other form of this species, presently
named L.g. otagense, is known from less
than a dozen small and localised popula-
tions in Central Otago. The other species,
presently named L.g. grande, is known from
only five or six very localised populations,
also only in Otago.

Apart from the fact that these species are
diurnal, nothing is known of their habits.
Nothing is known of the habitats of L.g.
grande or L.g. waimatense but in Central
Otago L.g. otagense occupies rock outcrops
and tors. L.g. waimatense and L.g. otagense
both reach 28 cm total lengths. The former
is coloured a uniform grey or brown with
scattered flecks (dark), whereas the latter is
usually dark brown or black with con-
spicuous yellow blotches. L.g. grande
reaches about 20 cm in length and is black
covered in white flecks.

In view of the rarity of these two species
and the lack of knowledge about their
distribution, serious consideration should
be given to their occurrence at other sites in
the Waitaki Basin. Indeed, reports of “large
black skinks” in the hills behind Omarama
(346440) may well indicate another popula-
tion of one of these species.

Mammals
Small mammals

Bull (1969) reviewed the smaller placen-
tal mammals of Canterbury. He noted the
increase of hedgehogs (Erinaceus eur-
opaeus) in the Mackenzie Basin where a
rabbiter accidentally trapped 20 in a fort-
night in 1958 near Haldon Station. Wod-
zicki (1950) described the Waitaki Valley up
toOhauashavingmoderateincidencein 1948
whereas the Mackenzie Basin proper was
shown as light. He noted that they were
plentiful in open tussock country in the
Kurow district. They are perhaps even
more abundant in the Lower Waitaki in the
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neighbourhood of gardens, orchards and

field hedgerows indicated as popular habi-
tat by Harris (1970).

Gibb and Flux (1973) have reviewed the
role of predation by mustelids, cats and rats.
Stoats, ferrets and weasels were introduced
in the 1880s and 1890s to control the rabbit
plague. Bull (1969) notes the rarity of wea-
sels (Mustela nivalis) and suggests that the
lower abundance of stoats (M. erminea) and
ferrets (M. putorius) at present may be
because there are fewer rabbits. The role of
mustelids and cats in preying on birds as
well as rabbits in the Mackenzie Country as
well as in Canterbury coastal districts has
been discussed by Bull. He notes the early
arrival of cats (Felis catus) in the back
country to help control rats and mice. By
1866 the Canterbury Acclimatisation Socie-
ty had offered silver-grey rabbits as a
reward for the destruction of hawks and
wild cats, whereas less than 20 years later
farmers were purchasing large numbers of
cats to assist 1n rabbit control! Gibb and
Flux (1973) suggest that cats and perhaps
rats (Rattus spp.) may well have been re-
sponsible for the reduction of many native
birds such as the laughing owl many years
before the release of the mustelids. Feral
cats are still frequently seen in the Waitaki,
asarerabbits. The predator-preyrelationship
between cats and ferrets on the one hand
and rabbits on the other illustrated by Gibb
and Flux (1973) from the Kourarau enclo-
sure in the North Island may contribute to
understanding the periodic upsurge in rab-
bits in tussock country. When man inter-
venes with periodic poisoning operations
against rabbits he generally hopes that the
“natural enemy” will keep down the re-
sidual rabbit population. He may even dye
his poisonous baits to reduce the direct loss
of native or game birds from poison but
unless the predator population is itself
reduced, as by consumption of poisoned
carcases, the danger remains that increased
predation on birds will follow the reduction
in available rabbit prey.

The complexity of the present situation is
indicated but it must be seen against the



perspective of the recent past. Rabbits
(Oryctolagus cuniculus) were introduced in
the 1850s for sport, fur and possibly as a
palliative to nostalgia. They were already
abundant in the Waitaki by the 1870s and
had become part of life in the tussock
country by 1880. Rabbiting became a
regular feature of sheep run management,
being reduced during the 1914-1918 war
years when labour was short and being used
as a financial crutch especially among the
rural poor during the great depression of the
early 1930s.

Substantial exports were made of both
rabbits and skins through several decades
but the depression in sheep production from
the competing rabbits was substantial.
During the Second World War the shortage
of manpower led to a population explosion
in rabbits in which the Upper and Mid
Waitaki, along with Central Otago, were
most seriously affected areas.

Gibb and Flux (1973) identify four main
reasons for the notable success of rabbit
control during the 1950s under the pro-
gramme of the Rabbit Destruction Council
and Bull (1969) gives some idea of the
magnitude of the rabbit slaughter in the
Mackenzie Rabbit Board district. In effect,
determination, delegation of responsibility
for a “killer” policy to specially constituted
local authorities, integration of aerial tech-
nology for poisoning with flock and land
management, and decommercialisation of
rabbits, led to a population reduction in 15
years in the Waitaki conservatively estimat-
ed at 20 million rabbits. Further reduction
has taken place in local areas but extermin-
ation seems an elusive goal. Several thou-
sand dollars are still spent annually in the
Waitaki in-addition to the contribution by
way of Rabbit Rates levied on landholders to
maintain and improve the control of such
animal pests such as rabbits, hares,
opossums and wallabies.

Hares (Lepus europaeus) are widely dis-
tributed in the Waitaki having been first
noted in the alpine valleys of the Mackenzie
Country in 1896 (Bull 1969), 20 years after
introduction. Although their range is

greater than rabbits they have never multi-
plied with the same spectacular effect. Even
at relatively low density hares may have

significant  effects on high altitude
vegetation.
Marsupials

Opossum  (Trichosurus  vulpecula),

released in 1865 in Canterbury to provide a
fur trade, flourished under partial protection
for over half a century and continued to
flourish under divided local regulations
until 1947 when all restrictions on taking
opossum were cancelled (Davidson 1969).
In about 10 years subsequently they spread
from light infestations in the Canterbury
foothills and the Hakataramea and Lower
Waitaki right across the Upper Waitaki to
the Southern Alps. At the margins of beech
forests they thrive on a diet supplemented
with herbaceous vegetation. Their depreda-
tions are most serious in mixed forest and in
gardens and orchards.

Red-necked or brush wallabies (Macropus
rufogrisea), now numerous on the Hunters
Hills, in the Hakataramea Valley and even
in the eastern sector of the Mackenzie Basin,
are descended from just one male and two
females liberated as a curiosity in 1874 (Har-
ris 1970). Harris records that densities were
in some parts of the order of 2.5 per hectare
when control operations were begun by
Wildlife Branch of the Department of In-
ternal Affairs in 1947. The population is
now less dense on the Hunters Hills proper
but is more dispersed into the eastern
Mackenzie. Shooting with gun and dog has




been the principal method of control in
recent years, being especially suited to the
open country in the Waitaki.

Chamois

Christie (1970) records how chamois
(Rupicapra rupicapra) were liberated in the
vicinity of Mt Cook in 1907, following the
financial backing of the New Zealand
Government to make this hunting prize
available in the Southern Alps and the
personal intervention of the Emperor Franz
Josef of Austria. By 1919 a herd of 70 was
reported. He also records that their north-
ward spread had doubled their southward
dispersal along the Main Divide, a feature
confirmed in more detail by the current
work of R. E. Lambert of Protection Fo-
restry Division of New Zealand Forest
Service. Chamois are now found on all the
ranges to the east of the Upper Waitaki but
have not been reported on the south side of
the Waitaki River east of Omarama. Their
preference seems to be for basins, slopes
and ridges above forests, but in the absence
of forest or in opened forest they may range
lower.

Thar

Harris (1970a) reports the liberation of
thar (Hemitragus jemlahicus) near Mt Cook
from 1904 to 1909 and their protection until
1930. Official population control measures
did not begin until 1937. By 1946 they
occupied the alpine zone at the headwaters
of all three major Waitaki lakes. By 1966
they had extended to the head of the Ahur-
iri, the tops of the Ben Ohau Range and of
the Two Thumb Range as well as beyond
the boundaries of the Waitaki (Caughley
1970). Seldom do they range down on to
country where the ridges are lower than
1800m. Burrows (1974) comments on their
damage to the high altitude vegetation in
the mountains to the north-west, north and
north-east of Lake Tekapo. He stressed their
high density, mob grazing on steep slopes as
being inevitably destructive of vegetation
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and soil. The interaction of thar with other
herbivores in zones of overlapping range
was also indicated. Caughley’s (1970a) work
suggests that as thar continue to occupy an
area, they may suffer in vitality from in-
duced degradation of the environment,
leading to further eruptions elsewhere.

Red deer

Cervus elaphus was introduced into New
Zealand from several English and Scottish
sources. These liberations have been dis-
cussed by Wodzicki (1950) and in a variety
of other hunting circles since. The “Otago
herd” probably of Scottish origin contri-
buted apparently most to the gradual stock-
ing of the western mountains of the Upper
Waitaki, probably merging with the Rakaia
herd in the north-eastern Mackenzie during
the 1940s. Their principal habitat in the
Waitaki has been the forested or partly
forested valleys of the Ohau and Ahuriri
catchments.

Protection of red deer was not fully
removed until 1930. As with rabbits, num-
bers and adverse effects of deer were in-
creased during the scarce labour years of the
Second World War. The venison trade and
helicopter hunting have heavily reduced
numbers in all parts of the Waitaki since
the late 1960s. As James (1974) concluded
his review of mammals and beech forests:
“All the watershed surveys made over the
past five years have concluded that deer in
their current numbers are a lesser threat to
the monotypic beech forest than was once
considered. There is little doubt that this
situation has resulted from the substantial
reduction of deer numbers since the 1960s
by increased recreational and commercial
hunting.” As a contrast, he noted that both
deer and opossums still appear a danger to
the continuation of a forest cover in the
mixed broadleaf/podocarp/beech forests.

The only other large mammal in the wild
state in the Waitaki is feral pig (Sus scrofa)
which is plentiful in the forest remnants in
the coastal sector and occurs occasionally in
the hills on the south side of the Waitaki



The use of resources

Human settlement and demographic change

Stevenson (1947) and Trotter and Mc-
Culloch (1971) record the significance to
New Zealand prehistory of the Takiroa and
Mairewhenua rock art shelters in the Wai-
taki Valley near Duntroon. Material from
the shelter floors has been radiocarbon
dated at between 1000 and 500 years B.P.
When Polynesians first entered and in-
fluenced the Waitaki is uncertain. It is now
apparently certain that they set fire to the
vegetation, perhaps repeatedly and sys-
tematically. At the time of European sett-
lement they were accustomed to visit the
Upper Waitaki on fowling and eeling ex-
peditions.

Heenan (1973) has examined some of
salient features of the demographic situa-
tion in North Otago. From its foundation in
the early 1850’s the European settlement in
the Waitaki had reached 12,000 by the
census of 1878. North Otago, represented by
Waitaki County and Oamaru, required a
further 83 years to double the 1878 popula-
tion. The growth in population in North
Otago prior to 1906 was principally in the
rural county. Following completion of pub-
lic works in Oamaru by 1881, Oamaru itself
declined and barely maintained a positive
annual growth rate until after the First
World War.

The Waitaki county villages grew with the
intensification of agricultural settlement
following subdivision of the large estates
during the 1890’s and early 1900’s. Appar-
ently the village community enjoyed peak
prosperity and maximum relative impor-
tance in the first two decades of the twen-
tieth century. At 1911 census and again at
1916 the eight Waitaki villages, Kurow,
Ngapara, Duntroon, Hampden, Herbert,
Kakanui, Maheno and Moeraki, together
accounted for almost a fifth of North
Otago’s total population and one of every

four persons living in Waitaki County. The
rural component proper maintained 50
percent of the North Otago population from
1896 to 1921 but has since remained rela-
tively static while Oamaru grew gradually
from about the same time at the expense of
the North Otago villages.

The County population, including the
village of Kurow and the newer villages of
Otematata and Omarama, has been greatly
affected by the periodic surge and decline of
hydro-electric construction. Although a
decline in population in Waitaki County has
occurred with the completion of works in
the Mid Waitaki, the construction force and
its families have moved to Twizel in neigh-
bouring Mackenzie County, so that in the
Waitaki as a whole the hydro-electric con-
struction programme is having a sustained
demographic effect.

The Mackenzie Country was discovered
by the Highland freebooter for whom it was
named, probably some time in the early
1850s. As McNeish (1972) has pointed out,
James Mackenzie became one of New
Zealand’s genuine myths in his own lifetime.
The great upland plain with its encircling
mountains has itself enjoyed a somewhat
legendary reputation down through the
decades of pastoral history. It was pastorally
colonised in the late 1850s but it was not
fully occupied with sheep runs until the late
1870s. Although there have been some sub-
divisions and regroupings of pastoral runs,
in the Mackenzie Country as also in the
Otago sector of the Upper Waitaki, there
has been no sustained achievement of close
rural settlement. The truly rural population
of the Mackenzie Country is small, being-
perhaps no more than 300. It is supple-
mented by the village of Lake Tekapo,
principally devoted to retirement, recre-
ation and tourism, management of electrical
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installations and highways maintenance
and by the recreation and tourist centre at
Mt Cook.

The addition of these elements to form
the greater population of the Waitaki would
not subvert the summation of Heenan
(1973):

“Much as in the more recent past, and
insome aspectsmuch as throughoutrecorded
demographic history, the current popula-
tion pattern in Waitaki County has a dis-
tinctive rural aspect. It is a male-dominated
community. Paid extra-familial work ab-
sorbs but a small proportion of employable
women. Fertility is high, and when matched
with low mortality a substantial volume of
natural replacement is obtained. Old people
are few; but there are relatively large
numbers of children and young adults,
especially females in the 20-34 bracket and
males aged 20-44 years. The dynamics of
natural replacement and population age
structure in Waitaki point towards a large
potential for growth.

“That such expansion does not often
occur in reality is accounted for in demo-
graphic terms by a long-established rural
phenomenon, the out-migration of youth in
search of higher education and a job. These
are aspirations which the village and farm-

ing communities are unable to satisfy. The
loss of this youthful section is in part com-
pensated by a return flow of young adults
who help sustain fertility at a high level.
Later in life as retirement occurs, however,
these folk too will migrate, perhaps to a
village, or more likely to Oamaru.

“Thus demographic patterns in Waitaki
and Oamaru appear to display a number of
complementary features. An obvious case in
point is rural to urban retirement migration
and the consequent impact this has on age
structure. Other relationships are tenuous
and more apparent than real. The surplus of
youth yielded by rural high fertility might
be expected to neatly complement the con-
sequences of low fertility in Oamaru, as
reflected for example in the restricted flow
of new entrants to the labour force. On the
contrary, out-migration and a relative
deficit of young people in Oamaru clearly
demonstrate that the town is unable to
retain workers and at the same time absorb
school-leavers normally resident in the local
area. Nor does it appear that the urban and
regional economy is making full use of the
reservoir of potential labour represented by
women and the growing corps of elderly and
retired folk who for varying reasons may
wish to take up part-time or short term
employment.”

Land use

Hill and high country pastoral farming
occupies nearly one million hectares in the
Waitaki, intensive mixed farming occupies
about 100,000 ha and approximately the
same area is composed of “unoccupied
Crown land,” State Forest and the Mt Cook
National Park.

High country

More than 100 of the 129 extensive pas-
toral properties are under leasehold tenure,
principally Pastoral Lease. In his analysis of

FIGURE 9: Canterbury high country sheep numbers
in the Waitaki, 1900-1972.

the history of the Mackenzie grasslands,
Connor (1964) notes that sheep were first
introduced in 1857 and probably reached a
maximum (below 300,000) in the early
eighties. Currie (1974) notes that the
Waitaki runs carried a total of approxima-
tely 300,000 sheep by 1877, in a total 531,690
for the Otago sector of the region. The sheep
population in 1895 in the Mackenzie
Country was 270,000.

What are traditionally known as high
country runs (as opposed to hill country) for
the Canterbury portion of the catchment
were included in an historical geography
study of land tenure and production by Miss
Ann Walls (1966) at Victoria University of
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Winter pastoral scene, Mt Hay, Lake Tekapo.
Snow-free country on lower slopes of Cass Valley
across the lake is traditional winter country for
sheep. Winter feeding, especially with hay, is
practised for some portion of the flocks.

Wellington. These properties were since
then classified in three climatic sectors,
semi-arid, subhumid, and humid. Almost
all of these properties are within the tradi-
tional boundaries of the Mackenzie
Country.

In 1900-03 the mean sheep populations of
the three sectors of the Mackenzie were:
semi-arid 82,880; subhumid 68,712; and
humid 103,520. From that base for each
sector the trends in sheep population are
shown in Figure 9. Numbers since 1952
have been obtained from the complete
enumeration surveys for 1965-66, 1966-67,
1971-72 and 1972-73 by J. G. Hughes and
associates at the Tussock Grasslands and
Mountain Lands Institute.
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A noteworthy feature of the trends over
the years, common to all sectors and com-
mon to other high country catchments in
Canterbury and Otago was the increase in
sheep population in the “Great Depression”
years. The recovery in sheep numbers in the
last two decades is also evident except in the
humid “gorge runs” sector.

Within the broad group of high country
runs there is great divergence in character
and internal composition. Runs range in
size to 40,000 hectares. From being once the
only saleable product, wool provided about
70 percent of income in the late 1960s
and surplus sheep about 15 percent.
On average, cattle yielded a total of over 10
percent of income but where herds were
well established 20 percent or even more of
income may have been derived from cattle.
Current trend is for further reduction in
dependence on wool, not solely because of
increased cattle but because of continued



improvement in the number and quality of
surplus sheep. A substantial proportion of
surplus sheep from high country runs in the
Waitaki is now marketed as fat lambs.

As part of the New Zealand Man and the
Biosphere programme for the Waitaki, Mr
D. Boyd, a graduate student in Natural
Resources at Lincoln College, carried out an
analysis of flock performance on the more
than 60 high country pastoral runs in the
Mid and Upper Waitaki. From the survey
data of J. G. Hughes, he derived for each
property mortality, fecundity and popula-
tion change. This last was measured as stock
net output (SNO), flock increase plus sales
and minus purchases, expressed as a per-
centage of total flock size the previous year.

In ecological terms therefore the pastoral
runs have each been considered as open-
ended ecosystems balanced by cultural in-
puts at the one end and marketing at the
other (Montserrat 1965). At very low
fecundity, where births were less than
needed to replace deaths, age specific mor-
tality would result in negative SNO. At very
high fecundity, density specific mortality in
a closed system would be added to age
specific mortality. Marketing of surplus
tends to eliminate this density specific mor-
tality. For all the high country runs of the
Waitaki together, a quadratic function was
found to be a best fit.

Classification of runs by use of informa-
tion on topography, soil assemblages and
annual water balance revealed that the
continuum represented by the above cur-
vilinear function was composed of a series
of overlapping linear functions, each one
corresponding to a different land resource
system. Furthermore, it was found that stock
net output and lambing percentage for each
subpopulation of pastoral runs were differ-
ently related to such cultural inputs as
amount of fertiliser used, amount of winter
feed grown, area of total improved land.

This study, which will be reported in
detail in a later New Zealand Man and the
Biosphere report, shows the interacting
significance of the natural resource endow-
ment and man’s culture of it to his success in

pastoral production. High country runs
have much in common, they are not all
identical with one another, and they can be
better understood by an analysis of their
resources and their biological production
functions.

The high country runs of the Otago
(Waitaki County) sector are now being his-
torically studied as one part of the Man and
the Biosphere programme.

Hill country

Quantitative survey has not been done in
the same detail as for the high country of
production and resource use in the hill
country of the Mid and Lower Waitaki,
including the Hakataramea Valley. As an
example of hill country development,
Brown (1973a) cited a 1000 hectare property
ranging from 450 to 900 metres which in the
last 15 years increased from 1200 stock units
to 3100 stock units. Factors in such
development are fencing subdivision, top-
dressing and oversowing and more intensive
grazing management. More intensive sur-
vey and analysis of such hill country
properties may be developed in co-opera-
tion with agricultural scientists and econ-
omists in later stages of the Man and the
Biosphere programme.

Lower Waitaki

For the Waitaki County as a whole Currie
(1973) reviewed agricultural production
trends and opportunities and (1974)
prepared a historical and geographic review
of agriculture in the region.

Runholding began in 1848 with an out-
station of the Otago settlement at Waiana-
karua south of Oamaru. By 1856 the Otago
Provincial Council had allocated for pas-
toralism most of the coastal sector and the
hill country as far inland as Kurow. Thirty
sheep runs carrying 120,000 sheep occupied
the North Otago public estate in 1860. The
proclamation of “hundreds” led to subdivi-
sion and freeholding. The coastal area
below Duntroon in 1867 by census had 1890
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The Tasman swamp is an important cattle grazing
ground for several pastoral runs especially in
winter when river levels are lowest because of
minimal ice melting.

ha wheat, 2940 ha oats, some 600 ha of other
crops, 2290 ha of sown grass and carried
1872 horses, 1800 pigs, 7800 cattle and
303,701 sheep.

The 1870’s witnessed the coming of rail-
way to North Otago, expansion of back-
country flocks, encroachment of farming on
runs in the coastal sector, abortive efforts at
meat canning for export at Kakanui, boiling
down works at Teschemakers on the coast.

The 1880’s saw the development of the
Corriedale dual purpose sheep, the initia-
tion of the shipment of frozen meat, the
rabbit invasion and economic depression.

The 1890’s saw the beginning of subdivi-
sion of the large estates leading to more
intensive pastoral farming including a tem-
porary upsurge in dairying. The Steward
Settlement Water Race was built principally
for stock water on the terraces of the Lower
Waitaki in 1910. Stock water supplies on the
downlands were not systematically
developed until the 1950’.
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Lower Waitaki irrigation

Irrigation began slowly from the late
1940’s and has now expanded to 5500 ha on
the Otago side of the Waitaki. Of this nearly
2100 ha are included in the Kurow-Dun-
troon Irrigation Scheme. Closer to the coast
the Steward Settlement Scheme serves
nearly 3000 hectares. This last scheme is
being absorbed in an expanded Lower
Waitaki Irrigation Scheme which will
provide irrigation for 14,000 ha of 16,000 ha
commanded. It is projected to extend this to
serve a further 10 to 12 thousand hectares in
the Waiareka-Kakanui district.

On the north bank of the Waitaki an
irrigation scheme has already been estab-
lished in the Morven-Glenavy-Redcliffs
district irrigating up to 11,000 ha. This is
likely to be expanded by an additional 2000
ha between Hakataramea and Ikawai. The
total water allocation from the Waitaki
River is 31 m3/s from September to April to
cover 35,000 ha.

The expansion of irrigation brings a con-
siderable opportunity to the livestock fat-
tening farmer. (Ministry of Works and



Development 1974). Dryland farmers have
their ewes lamb in August, attempting to
finish their lambs for the freezing works
before the onset of summer drought. Irriga-
tion farmers can afford to lamb some weeks
later and can use more prolific sheep breeds
than the traditional Romney, fattening
more lambs while pastures are growing at a
new maximum rate in summer.

On the stony terrace soils e.g. Steward
series, the carrying capacity is generally
more than trebled by irrigation. Brown
(1973a) has outlined the characteristics of
irrigation development at the level of the
individual farm. The pastoral irrigation
farm also offers an opportunity for diver-
sification to beef cattle finishing. Once
established, irrigated pasture provides an
intensive production system without the
need for repeated cultivation for pasture
renewal on such stony soils. Development
experience indicates that the layout of the
irrigation system for each particular farm
must be designed with a careful eye to the
daily farm management routines necessary
under irrigation.

The growth in sheep population which

ey ; T B + s e T e
Introduced conifers make highly satisfactory
growth in most parts of the montane zone of the
Upper Waitaki. Their value for shelter for
homesteads and for newly shorn flocks is well
recognised by those used to snow in winter and

spring.

has been small in the Waitaki since the late
1950’s (Currie 1973) is expected to acceler-
ate as a consequence of this irrigation
development. The cattle population
demonstrated a marked rise in the late
1960’s (Currie 1973) principally because of
increase in breeding herds in the hill and
high country. As Currie points out, the
district lends itself to a three-tier beef
production system integrating breeding on
the extensive pastoral runs, wintering of
calves on the downlands and finishing on
the irrigated Lower Waitaki irrigated plains.

Irrigated cropping

Where cropping on the plains is more
readily practicable such as on the Pukeuri
soils formed from deeper colluvium close to
the downlands margin, greater reliability
and flexibility is expected from irrigation
(M. W. D. 1974, Elliot 1973). Yields in
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Pylons in the Longslip - each in itself a man-made
beauty - webbed together a torment to a lands-
cape photographer, symbol of linkage to the
outside world for the lonely runholder, light,
power and heat to thousands far removed from
the Upper Waitaki.

cereals are expected to increase by more
than a tonne per hectare.

Downlands mixed cropping

On the downlands where mixed cash
cropping farms are characteristic, the
availability of irrigation water is at present
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low. Elliot (1973) reviews this kind of farm
and illustrates its economic vulnerability. Of
the 150,000 hectares which had been cul-
tivated by 1970/71 in Waitaki County, the
majority were in sown pastures and lucerne
(Currie 1973). More than 12,500 hectares
were resown in pasture and lucerne in
1970/71 and a further 2700 ha sown in land
previously not cultivated. The area of land
where grass, clover and lucerne seeds were
harvested totalled about 2500 ha. Nearly
22,000 ha were in other crops, approxima-
tely one third of them being destined for
livestock feeding.

The principal cash crop was wheat oc-
cupying 6000 hectares followed by barley on
3500 ha. Wheat area has tended to fluctuate
markedly in recent years, being greatly
influenced by price relative to the expected
market prices for livestock products,
especially meat. As Elliot (1973) in his case
study of a downlands mixed cropping farm
pointed out, a dry year with poor crop yields
could reduce the return to capital from 9
percent to 6 percent. A similar effect could
occur from lower livestock product prices. If
both adversities occur together, return to
capital falls to 3!, percent.

Some lower downlands and Waiareka
Valley mixed cropping farms will be
reached by irrigation extension from the
Lower Waitaki Scheme if it is fully
developed. In such a case a major change in
cropping land use might eventuate. The
ideal immeditte role of irrigation in the
general downland situation might not need
to be an overall conversion of a dryland to
an irrigated system such as is taking place on
the Lower Waitaki Plains with border dyk-
ing of land and use of Waitaki River ab-
stractions. On- the downlands a more prox-
imate and feasible programme could in-
volve development of water harvesting and
out-of-channel storage from minor streams,
principally for drought-insurance sup-
plemental irrigation.

Specialised cropping

The development of horticulture in North



Otago has been in the past more dependent
on the special features of the soil resources
than on the development of substantial
irrigation programmes. There are several
elements in the horticultural production
pattern: market gardens especially for
Brussel sprouts, potatoes, berry fruit and
glasshouse crops, and fruit orchards. The
market garden industry of North Otago
grew out of demand for fresh vegetables for
the armies of the Allied Forces in the South
West Pacific theatre of the Second World
War.

Specialisation followed into those vege-
table crops for which soils, climate and
economics of transport were suited, notably
Brussel sprouts of which the region now
produces 73 percent of national commercial
production (Currie 1973). Wood (1973)
described the typical composition of a 12
hectare market garden making use of the
Waiareka brown granular loams for which
the district is famous. He points out how
irrigation on most properties is confined to a
fraction of a hectare and is used mainly on
seed beds to guarantee supplies for trans-
planting. Currie (1973) points out that the
200-250 hectares in market garden produc-
tion and some of the fewer than 200 hectares
in potatoes are rotated within a committed
area conservatively estimated at 500
hectares.

Wood (1973) reports that irrigation could
raise potato yields by up to one third and
this would allow for an extra crop during the
summer period. Increased yields from sum-
mer crops might well depress prices in the
* restricted fresh product market for all ex-
cept the Brussel sprouts crop. Currie (1973)
points out that a processing outlet would
allow the expansion of production of broad
beans, green beans, peas, carrots and other
vegetables.

Berry fruits have increased rapidly from
very small beginnings and, given shelter,
could expand as export markets are
developed. Glasshouse crops have tended to
stabilise at the domestic market level and
expansion is not expected. Fruit orchards
declined in area from 100 ha in the 1920’ to

about 12 ha in 1965 but there has been a
notable recovery to nearly 60 ha by 1973,
principally in apricots in the lower Waitaki
Valley (Currie 1973).

Other farm production

There are more than 400 apiaries in the
Waitaki, most of them in the Lower Waitaki
but more than 50 in the Omarama and
Mackenzie districts. In addition to the es-
timated 200 tonnes of honey produced,
these bees have a vital role as pollinators of
leguminous and brassica seed crops. Their
commercial introduction into the Upper
Waitaki and hill country has accompanied
the clover-oversowing of tussock grasslands
and has made possible the on-farm saving
of seed for further oversowing as well as the
spread of legume seed through the grazing
animal.

Pig farming in the Lower Waitaki
demonstrated a substantial increase during
the 1960’s as part of the national trend of
moving the pig industry from a dairy-
dependent to a grain-dependent character.
There are now some 60 registered pig
producers running a total of over 500 sows
and producing some 8000 pork and bacon
carcases annually.

Poultry farming has become a well-es-
tablished industry in the Oamaru district
with some 40 licensed commercial farms.
The local average entitlement in this
licensed industry is 4000 birds but there is a
trend for smaller flocks to be closed down
and for there to be fewer farms with larger
flocks (Currie 1973). Current developments
are for the 140,000 roasting fowls slaught-
ered annually to be supplemented by a
similar number of broilers. Both eggs and
poultry meat have local and national mar-
kets only.

Dairying is now confined to 26 suppliers
with 3000 cows producing town milk. In
addition to the projected developments in
the broiler trade, technology is being
developed for feedlot premium beef fatten-
ing in the Lower Waitaki, sunflower meal
being the proposed base for poly-unsatur-
ated meat production.
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Forestry

Protection Forest in the Ohau and
Ahuriri valleys occupies some 10,000ha.
Herbert State Forest in Coastal Otago has
1200ha of planted forest, more than
1000ha being in Pinus radiata. The annual
rate of planting is less than 100 ha per
annum and most of the plantations are less
than 20 years old. Expected annual yields
from 1985 are 1.3 million cubic feet, con-
verting to some 8 million board feet, which
could be in excess of local demand (Currie
1973).

Land use prospects

In the light of present knowledge it is
unlikely that there will be any marked
deviation from the directions of intensifica-
tion of land use already evident. Forestry is
possible on thousands of hectares of the
Waitaki both lowland and highland. In-
deed, were grazing animals to be withdrawn
and ploughs and fires controlled, it is con-
ceivable that there would be sufficient na-
tural regeneration from the existing planta-
tions in the Mackenzie Country for the bulk
of the Upper Waitaki below 1000 metres to
become a coniferous forest in a few hundred
years.

Forestry is not likely, however, to prosper
greatly in competition with agriculture in a
region such as the Waitaki with low
population density itself and climatically
better favoured areas such as South Otago
closer to the centres of urban demand.

Horticulture and intensive pig and
poultry production systems seem to be
dominated by the limited domestic market.
Processing developments which are export
oriented would be necessary in order to
promote the expansion of such intensive
land use.

Crop production either dryland or ir-
rigated seems unlikely to increase rapidly
except in relation to new market develop-
ments, which in turn would be oriented to
export or to population increases elsewhere
in New Zealand. Increased lucerne area
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could result in an expanded meal or leaf
protein industry. As Currie (1973) has
pointed out, the local grain mills have the
capacity to double output but this would
require increased quotas granted by the
New Zealand Wheat Board. Increased bar-
ley production and sunflower production
could contribute to beef feedlot develop-
ment but this in turn is dependent on prices
for the premium quality meat.

For the whole of Waitaki County, Currie
(1973) estimated that for 1972 /73 sheep and
beef cattle provided about two thirds of
gross earnings from farming of all kinds. If
to this were added the earnings from the
Mackenzie Country, Hakataramea and the
north bank of the Waitaki then the gross
earnings from sheep and beef cattle in the
Waitaki might be reckoned at three quarters
of $24m. Expansion of irrigation on the
coastal plains, expansion of lucerne and
pasture improvement on the downlands and
lower hill country, oversowing and top-
dressing of the high country and strategic
intensive development by irrigation or
dryland cultivation in that last region are all
expected to promote a broadly-based con-
tinuing development of the livestock in-
dustry, including intensive deer farming.

In his review of future prospects, Currie
(1973) allowed a potential increase over the
next 25 years of 300,000 stock units (30
percent) for the 186,000 hectares of the
coastal yellow-grey earth zone. For Waitaki
County only, he estimated that the 280,000
hectares of the yellow-brown earths in hill
and high country could be trebled in carry-
ing capacity by existing technology to sup-
port an additional 470,000 stock units.

At a slightly lower level of carrying
capacity, which is considerably below the
calculated potentials of O’Connor (1966b,
1966¢), the Mackenzie Country could be
expected to support an equivalent number
of livestock. Comprehensive irrigation
development in the Mackenzie and Omar-
ama districts could result in greatly in-
creased livestock numbers in both districts.
There is considerable evidence that the rate
of development in pastoral farming is



governed by profitability. New Zealand
society as a whole is heavily dependent on
its livestock industry for overseas earnings.
Ironically, the degree to which members of
the pastoral industry contribute to growth is
affected by the ways New Zealand society
organises itself to increase farming costs and
reduce farming profits.

Electricity generation

Historical development

In 1934/35 the Waitaki Station was com-
missioned with an original capacity of 60
MW. In 1950 a lake control structure was
completed at Lake Pukaki and in 1950 an-
other was built at Lake Tekapo being com-
pleted in 1954. A 25 MW capacity generat-
ing station connected by a tunnel to an
intake in Lake Tekapo was commissioned in
1951. This improved control of lake water
supply allowed the capacity of the Waitaki
generating station to be increased to 105
MW.

The Waitaki dam itself had little effect on
flood flows because of limited storage in the
head pond and for many years the daily
differentials in downstream flow caused
local concern and anxiety. Benmore was
commissioned in 1965 with a generating
capacity of 540 MW and provided in con-
junction with the control structures on Pu-
kaki and Tekapo appreciable flood control.
The impoundment in Lake Benmore inun-
dated a considerable area of semi-arid land
in the Waitaki and Ahuriri valleys, more
than 6000 ha exclusive of river bed, but
provided valuable recreational opportunity
and a new wildlife habitat. Aviemore with a
capacity of 220 MW was commissioned in
1968, inundating some 2000 hectares of
semi-arid land exclusive of riverbed but
providing further flood control opportunity.
Excellent access and picnicking and camp-
ing facilities have been developed at
Aviemore.

Present developments

Upper Waitaki hydro-electricity
development now being carried out is de-
signed to enable the outflows of the pied-
mont lakes to be combined at a higher
altitude than their present confluence at the
head of Lake Benmore. These develop-
ments are illustrated in Figure 10.

The Forks Diversion will involve a con-
trol structure across the Forks River and a
canal to divert its flow into Lake Tekapo.
The 27 km long Tekapo-Pukaki canal at
present approaching completion will carry
the outflow of Lake Tekapo from below the
Tekapo power station to a power station on
the eastern shore of Lake Pukaki. This
station, at present designated Tekapo B, will
have a capacity of 160 MW.

At Pukaki a 60 m high dam is being built
downstream of the existing control structure
which will raise lake level by a further 37 m,
trebling its storage to 280 million cubic
metres. The area of Lake Pukaki will be
enlarged from 11,000 to 18,000 hectares. A
considerable proportion of this inundation
will be of the Tasman riverbed and the
adjacent flats and swamps. From Lake
Pukaki the impounded water will be led in a
13 km canal at present under construction to
the Ohau A power station.

Lake Ohau water will be led into the same
power station which will have a generating
capacity of 264 MW. A dam at the present
Ohau bridge will form Lake Ruataniwha
leading by an 11 km canal to Ohau B
(capacity 224 MW) and Ohau C (Capacity
200 MW) on the south bank of the present
Ohau River.

The effect of these works on electricity
generation will be to raise the present
capacity from 890 MW to 1738 MW. Most
of this electricity is transmitted northwards.
In 1971 a major substation was completed at
Twizel, the construction centre of the Upper
Waitaki project and 220 kV transmission
lines from Benmore and from Roxburgh in
the Clutha basin to the southwest now feed
into Twizel. From Twizel three 220 kV lines
lead across the Mackenzie Basin by two
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'l‘.ekapo Power station, commissioned in 1951, the
first completed hydro-electric generating plant in
the Upper Waitaki catchment.

different routes, through to the Canterbury
Plains and Christchurch. Diversion of one
of these lines to Tekapo B allows power
generated there to be picked up. A 500 kV
d.c. line leads from Benmore to the Canter-
bury Plains by the eastern flank of the
Mackenzie Basin for transmission by sub-
marine cable to North Island. Ohau A, B,
and C will be connected directly to Twizel
with transmission lines ranging in length
from 3 to 10 km.

In a study by Burke (1974) as part of the
Waitaki Man and the Biosphere Pro-
gramme, these transmission systems were
evaluated, in comparison with possible
economic alternatives, to assess the envir-
onmental impact of these major engineering
works. While it was evident that under-
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ground transmission was prohibitive in cost,
the possibilities of a “power corridor” ap-
proach were examined to concentrate and
thereby reduce the visual impact of over-
head transmission system.

Burke’s study suggested that such an
approach might result in considerable sav-
ings in maintenance expenditure but it also
indicated that longer term planning of
transmission systems would be necessary for
power corridors to be achieved. It should be
noted that some of the more serious poten-
tial impacts have been avoided, such as at
the summit of Lindis Pass. The northwards
transmission of electricity generated from
the Upper Clutha stations at present being
planned would seem to lead through the
Lindis district and either down the Waitaki
Valley route to Livingstone or again to

FIGURE 10: Waitaki power programme ’



LEGEND

Eumwm CANALS
’ CONTROL STRUCTURES
} DAMS

0 POWER STATIONS

44°5—
3 Wartaki R
I N 45°5—
. South  Pacific
Ocean
Sc
ale m
0 20

75



Existing control structure at Lake Pukaki which
will shortly be submerged following the comple-
tion of the high dam on the Pukaki River at the
moraine to the left of the photograph. The old
Pukaki village and construction camp has since
been removed.

Twizel and across the Mackenzie Basin to
the Canterbury Plains.

No full assessment has yet been made of
the effects of these major engineering works
on man and his environment. Without
question is the general benefit to man and
his civilisation that accrues from the gener-
ation and transmission of electricity
to meet genuine needs, especially when that
electricity is generated in a non-polluting
fashion without consumption of stock
resources.

Furthermore, there have been very sig-
nificant improvements in recreational
facilities and opportunities with new water
bodies and water margins. The landscaping
of the environs of the Aviemore and Ben-
more projects which has been carried out as
an integral part of these construction
projects has earned not only the commen-
dation of experts but also the continuing
and growing appreciation of thousands of
New Zealanders and visitors from other
countries who enjoy this kind of scene by
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which to work, play, relax or travel.

Some indication can be gauged of the
possible benefits that can accrue to farming
from the canal projects which now com-
mand the major portions of the Tekapo-

Pukaki and Pukaki-Ohau interfluves. (Kerr
and Ives 1973). As Heiler (1975) has pointed
out, this is a region in which water resource
development for electricity generation has
heightened the opportunities and poten-
tialities for agricultural and pastoral deve-
lopment. Their fulfilment is dependent,
however, on the granting of right to the use
of water from canals and the motivation and
organisation of land users to integrate ir-
rigation into their pastoral and agricul-
tural enterprises.

Projected developments

The Lower Waitaki Valley is at the pre-
sent time being actively investigated for the -
practicalities and environmental impacts of
electricity generation. From the existing
Waitaki generating station to the ocean there
is a fall of some 213 metres which could be
used to generate more than 600 MW. To
achieve this, it is probable that a large canal
or series of ponds would be built on the



Otago side of the riverbed and that spaced
along this would be 10 powerhouses each
operating with a head of about 18 metres.
While it will be essential to design and
maintain a floodway in the channel just as in
the Tekapo, Pukaki and Ohau riverbeds,
there is the possibility that stream training
could be employed to recover for rural use
either in forestry or in agriculture some
thousands of hectares which are at present
unusable.

The Lower Waitaki is an important sea-
run salmon fishery as well as being sig-
nificant for a wide range of other recrea-
tional uses. Proposals have also been made
for its development as a joint commercial-
recreational salmon management resource
area. The implications of such apparently
competitive resource management propo-
sals are being studied keenly at the present
time. It is expected that these studies may
make an important contribution to the
Waitaki Man and the Biosphere
Programme.

Biological
conservation

The birdlife of the Mt Cook area protect-
ed in the National Park (Cookson 1973) is
for the greater part also protected through-
out the country. Habitat protection is, how-
ever, not characteristic of past land and
water use.

Apart from the Mt Cook National Park
which has had National Park status only
since 1953, there are few other reserves in
the Waitaki, some being refuges for wildlife.
One area is a Scenic Reserve A. This is 128
ha of broadleaf forest containing some rimu
at Waianakarua. McCaskill (1975) reports
that from its reservation in 1905 this forest
had been grazed by livestock up until recent
years.

On the coast not far from Hampden, the
Moeraki Boulders have been included in a
Scientific Reserve but no biological reser-
vation has been made of coastal land. In

An aerial view of the partly-completed Te-
kapo-Pukaki canal being constructed from Pat-
terson’s Terrace in the foreground to Lake Pukaki
in the distance at the foot of the Ben Ohau Range.

recent years, there has been considerable
effort to identify and preserve significant
areas of vegetation remaining from the
impact of fire, grazing, axe and plough,
especially in the tussock grasslands and
scrub of the Upper Waitaki. A similar effort
at preservation of vegetation remnants 18
urgently necessary in the Mid Waitaki and
in the coastal sector.
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Earth movement for the making of the Pukaki-
Ohau canal on the Pukaki outwash surface. A
feature of these construction works is the early
design and creation of new riverbed habitats for
the numerous adapted birds of the region.

Aerial view from above Lake Aviemore and the
Benmore power station up the length of Lake
Benmore into Mackenzie Country. Mt Cook is on
the skyline.
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The preservation of flora and avifauna in
natural habitat is the objective of a very
significant component of the conservation
movement in New Zealand. Such an objec-
tive motivates a considerable amount of the
support for noxious animal control,
especially in watershed protection forests
and especially in high altitude zones.
Himalayan thar, chamois, deer and sheep
each contribute to the continuing threat to
the alpine vegetation. Hunting pressure,
expecially commercial meat-hunting by
helicopters, serves to contain game popu-
lations. Thar especially are viewed as a
menace because of their depredations on
the very vulnerable high altitude vegetation.

Attitudes of runholders on this question
have been gauged by interview as part of a
continuing “perception of environment”
study in the Man and the Biosphere pro-
gramme by Miss Helen Faulls and others
with the Tussock Grasslands and Mountain
Lands Institute. Deer at low density are
considered desirable aesthetically and for
their recreational hunting value. Deer and
chamois at high density are generally con-
sidered as competitive with livestock, a
threat to soil and vegetation stability and in
need of population control. Thar are gener-



ally viewed as objectionable and expendable,
especially because of their adverse effects
on the flora in the high mountains. In this
view runholders are supported by profes-
sional botanists (Burrows 1974).

Rabbits have for long been considered
obnoxious. Their capacity for rapid
rebuilding of populations reminds older
runholders in particular that even a few
rabbits are a threat to their own livelihood
as well as to the vegetation of the montane
and subalpine zones.

Other wild herbivores of the Waitaki
include opossum, wallaby, goats and hares.
Local significance considerably influences
the attitude of runholders and other farmers
as well as of the agencies responsible for
control, the New Zealand Forest Service
and the Pest Destruction Boards.

Retirement of high altitude land from
grazing by domestic stock, especially sheep,
has contributed to the conservation of
alpine flora in recent decades. Such reduc-
tions in grazing use have been implemented
in the course of improved pastoral manage-
ment and in many cases as part of Soil and
Water Conservation Run Plans adminis-
tered by the Waitaki Catchment Com-
mission and financially assisted by Govern-
ment through the Soil Conservation and
Rivers Control Council.

The New Zealand rural scene is generally
one in which specific efforts at wildlife
conservation are not taken unless the
species involved seem to be under threat.
Conversely, wildlife destruction is rarely
wanton among rural inhabitants. In recent
years there is among rural inhabitants
evidence of increasing disposition to foster
wildlife habitat, both for aesthetic and for
indirect economic value. Farmers, however,
are generally loath to tolerate what is
regarded as an actual cost or a substantial
threat to their livelihood. Native or in-
troduced birds are considered by individual
farmers very much on their merits in par-
ticular circumstances. The native mountain
parrot, the kea, can become a sheep killer.
When that happens the kea is an enemy.
When it does not, the kea is tolerated and

admired. Canada geese in large numbers
are a pest in the Upper Waitaki. Run-
holders’ attitudes are to tolerate and enjoy
them when they are not in pest proportions
and to insist on their control when they are.
A wheat or fruit farmer may show compa-
ratively little affection for certain intro-
duced birds. A pastoral irrigation farmer
may foster starling populations to assist in
control of the insect pest, the native grass
grub. A large run may have areas of swamp
which harbour paradise ducks or other
wildfowl. A smaller farmer may consider
that he cannot afford to leave such wetland
undrained and “unproductive.”

As the water used by wildlife whether fish
or birds comes under increasing demand,
the need increases to identify and quantify
the future wildlife demands for water and
wetland habitat. Such demands include
preservation or enhancement of habitat for
critical phases of the life cycle, e.g. spawning
areas for trout and salmon, nesting sites and
feeding grounds for wildfowl, including
such locally rare species as the crested grebe,
black stilt and pukeko. The Waitaki Catch-
ment Commission is at present having Ac-
climatization Societies and the Wildlife
Service of Department of Internal Affairs
contribute information on such habitat
requirements, threats and opportunities, to
assist the formulation of regional water
allocation plans. It is hoped that the Man
and the Biosphere Programme will be able
actively to foster such work.




Recreation and tourism

Mountain-based recreation

Mt Cook has been the focus of mountain-
eering attention since the early 1880s. The
first Hermitage was opened in 1884 and the
first regular coach service in 1887. Mt Cook
itself was first successfully climbed in 1894
(Stevenson 1973). Southern Alps high alti-
tude climbing is renowned for its ice work.
Face climbing has presented new challenges
in recent years. High altitude huts have been
established in the Mt Cook National Park to
facilitate mountaineering (Thomson 1973).

Tramping has always been part of Wai-
taki recreation experience but the Huxley,
Hopkins, Dobson and Ahuriri valleys would
probably equal or surpass the Tasman and
Godley valleys in tramping use. Easy walks
at the Hermitage area have great popularity
with day and overnight visitors.

Skiing was initiated for New Zealand at
the Grand Plateau in the Mt Cook region in
1893. It became a popular winter sport at
the Ball Glacier there in the 1920’s but has
declined in recent years with deterioration
in glacier conditions. Ski-fitted aircraft in
recent years have made possible more ex-
tensive skiing on the Tasman Glacier and
have facilitated ski mountaineering and
ski-touring (Rolleston 1973).

Skiing has grown rapidly in popularity in
New Zealand in the last decade. Slopes at
Ohau, Awakino in the Mid Waitaki and
Round Hill at Lake Tekapo have been
developed as ski fields. Round Hill in parti-
cular has shown marked increase in amount
of use and improvement in facilities for
skiing (Stevens 1974).

Hunting in the mountains has for several
decades been an important element in the
New Zealand outdoor recreation pattern. Its
importance may not be fairly judged from
man-hours spent at it for these are small in
comparison with activities like swimming
and picnicking or driving and walking for
pleasure. Hunting for deer, chamois, thar or
in some localities for goats or wild pigs has
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always had elements of service and of per-
sonal benefit as well as recreational satis-
faction. The element of service has been
provided by the reduction of grazing pres-
sure on the vulnerable forest or mountain
vegetation. The element of benefit came
from meat, or sale of hides or antlers. The
profitability of game meat markets has led
to vigorous commercial hunting, including
helicopter hunting. Trophy or other recrea-
tional hunting has thereby come under
some competitive pressure. One of four
New Zealand high country pastoral runs
involved commercially in safari hunting is
located to the northeast of Lake Tekapo.

An active sport making use of the moun-
tain environment is gliding or sailplaning.
Omarama is the centre each summer for a
gliding camp. Participants in this sport can
make use of the atmospheric conditions for
local soaring, shorter training flights as well
as for long distance flights north-eastwards
parallel with the Main Divide even as far as
the North Island and return.

Water-based recreation

Angling in the Waitaki Valley has for
many years been an important regional
recreation. Waitaki Valley Acclimatisation
Society (1974) records that more than 4100
whole season fishing licences were sold for
the 1973/74 season and an additional 2145
short period licences. The same report in-
dicates that of nearly 200 anglers contacted
in a survey, 51 percent were salmon anglers
while 47 percent were trout anglers and 2
percent were trout or salmon anglers. Just
over a third of all anglers were resident in
the Waitaki Valley district and nearly two-
thirds were visitors, principally from other
parts of Otago. The mean time spent fishing
per angling day was 4.9 hours.

Not all waters in the Waitaki are of good
value for fishing. The Kakanui is a valued



fishing locality for whitebait as well as trout
but it is alleged that its low flows are
depleted by pumping. The lower Waitaki is
much used for salmon and trout fishing and
its tributaries are also favoured. The hydro
lakes provided some outstanding fishing
soon after formation and still provide good
fishing. For clear strong water the
outstanding rivers have been those of the
Ahuriri Basin and the Ohau River. The
lower reaches of the Tekapo River have
provided good angling especially during
lower flows. In the Mackenzie Basin, most
fishing activity is on smaller stable-bed
streams and in favoured smaller lakes such
as Alexandrina near Tekapo. Recently the
New Zealand Electricity Department has
supported a scientist from the Ministry of
Agriculture and Fisheries to carry out in-
vestigations in the lakes and streams of the
Mackenzie and Ahuriri basins.

The headquarters of Mt Cook National Park in the
village in the Hooker Valley overlooked by Mt
Sefton.

Duck shooting is a favoured seasonal
sport in the Waitaki River zone itself but
does not attract the same support as fishing.
Boating on the hydro lakes in particular has
increased spectacularly in very recent years.
Comparatively little use is made of Lake
Pukaki for boating but Lake Benmore and
sheltered portions of Lake Tekapo and of
Lake Ohau are used for waterskiing or for
boat-fishing. Yachting is but little favoured
in comparison with power-boating.

For many years skating has been a pas-
time on a managed rink near the margins of
Lake Tekapo. Demand for swimming is not
well satisfied by the natural lakes and rivers
because of low water temperature. Shal-
lower lakes and pools have a more impor-
tant role than the larger lakes. Provision of
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Walkers at the Sealy Lakes with the Mt Footstool
in the background, Mt Cook National Park.

safe and tolerable swimming facilities can
be a great service from development of
water resources, especially because of warm
dry summers.

Associated with other recreation uses,
picnicking and camping are increasing in
the Mid and Upper Waitaki. Tekapo and
Omarama have had trailer and tent-camp-
ing facilities for many years and until
recently cabin and other facilities were
available at Pukaki. Camping and picnick-
ing facilities have been thoroughly and
rapidly developed at various locations in
conjunction with the man-made lakes.
These have been very well patronised.

Until the commencement of a recre-
ational visitor survey by a Lincoln College
graduate student in 1975, there had been
little formal assessment of recreational
appetites but fishing and boating in sum-
mer and skiing in winter would appear to be
the principal active pursuits. Much of the
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summer camping is associated with touring
holidays including visits to the more acces-
sible parts of the mountains, especially the
Tasman Valley. Camping in the Mt Cook
National Park has at times greatly exceeded
the estimated capacity of the developed area
and the recent suspension of camping
activities resulted in public clamour for
camping opportunities. The local bodies,
Mackenzie and Waitaki county councils, are
each concerned to include provisions for
camping in their district planning schemes.

Significant aspects of landscape-based
recreation would include painting, photo-
graphy, birdwatching, especially on parts of
the Tasman Valley, and other forms of
nature study. For all of these forms of
recreation, there is a considerable element
of exposure to or immersion in natural or
cultural environment. In a sense then such
activities have a receptive or passive
element as well as an active one.

Facilities for recreation
and tourism

Stevens (1974) carried out a primary
survey of recreational opportunities and
facilities in the Upper and Mid-Waitaki.
This survey was made possible by a grant
from the National Commission for UNESCO
as part of the Man and the Biosphere pro-
gramme. He found that the Upper Wai-
taki in particular was showing evidence of
considerable increase in bus-touring in
particular so that accommodation facilities
at Tekapo, Ohau and Mt Cook were often
fairly well utilised at times during the late
spring, summer and autumn when it would
not be clearly expected. Peak commitment
of accommodation occurred during the
Christmas and January period of school
vacation and, for Tekapo in particular,
during the August school vacation when
skiing was possible.

A considerable volume of the bus touring
includes New Zealand resident parties,
among them school parties on educational
tours. Casual motorists can often experience
difficulty in obtaining accommodation in



the face of these tour commitments unless
reservations are made well in advance. This
situation is especially true at Mt Cook where
accommodation of all classes, premium
tourist, motel, chalet, Youth Hostels, and
Mountaineering Club huts can be fully
taxed.

Development in the Mount Cook Na-
tional Park in the Hooker Valley has been
the subject of several reports and plans in
recent years. These reports and plans were
reviewed in a recent Man and the Biosphere
project by Miss Carol Almond (1974) in the
context of the geological and climatic fac-
tors of the Mt Cook environment and with
respect to the National Park ideals. She
noted that there continues to be substantial
development in the area despite the fact that
the interactions of environmental factors
are not well known. She recorded the en-
vironmental assessments that had been
made of suitability of different sites for
building with the provision that “other
considerations such as stability, protective
works and earthquake risks were favoura-

Huts and cottages at Lake Alexandrina, a popular
angling resource near the western shores of Lake
Tekapo. The visual quality of the scene does not
seem to be enhanced.

ble.” The continuing engineering geology
studies of Lewandoski (1974) suggest that
these considerations are not favourable for
the Black Birch Fan which is one selected
locality at present under development and
with major works for site protection. -

The example of a hazard perception
problem such as this is unusual, not because
hazards are perceived and avoided in New
Zealand any better than anywhere else but
because the fans of the Hooker Valley are
among the few “crowded areas” in the New
Zealand mountains. As Aulitzky (1974)
remarked concerning endangered alpine
areas in Europe: “In contrast to former
days, characterised by little overlapping of
settlement areas and danger zones and by
the use of natural means of protection, more
technical means are used nowadays. Un-
fortunately, neither the financial means nor
the technical possibilities are sufficient to
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Ohau ski basin reached by road access but not The lines and lights of the Lindis Pass landscape
without penalty to the landscape. ‘ inger in the mind of the south-bound traveller
from the Upper Waitaki. 4




control the situation of settlements continu-
ally encroaching on dangerous areas”
(p.65).

The conflict of objectives of tourist and
recreational use and conservation of nature
which is latent in New Zealand National
Park present legislation and practice is well
illustrated at Mt Cook. As Almond (1974)
observes, this conflict could grow as a con-
sequence of further development to the
detriment of recreational use of the char-
acter of “genuine park experience.”

The Waitaki Basin is currently the scene
of intensified research aimed to clarify

criteria for the prudent use of mountain
lands for recreation of different kinds. Te-
kapo, Mt Cook and Ohau are sites for
particular studies in this programme. An im-
portant part of such research is the evalua-
tion of present and proposed sites for
recreational settlement. At the present time,
Otematata is used as a recreational centre
following its use as a construction town. A
similar role is forecast for Twizel in the
future. Meanwhile proposals have been
drafted and designed for the creation of a
new kind of holiday village at Pukaki
(Department of Lands and Survey 1975).
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