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Micro-hydro-electric 
schenies in relllote locations 

by R. J. Blakely and K. F. O'Connor 

This article discusses the feasibility of micro-hydro-electric schemes in remote areas. 
It is based on N.Z.E.R.D.C. report No. 68. 1 The research was supported by a contract 
from 1he New Zealand Energy Research and Development commillee and resulted 
in a wide and interested response from potential and present users to a questionnaire. 
This report should be seen as an exploratory or pilot project only. 

In the last five or ten years there has 
been a renewed interest in the potential ap
plication of water turbines on N .z. farms 
particularly those in the more remote areas 
of New Zealand and the South Pacific. It 
is possible to design soil and water manage
ment plans on a multiple use basi , and in 
suitable locations provide water for local 
micro-hydro-electric power generation. 
Such plans aim to stabilise the water sup
ply intake while improving the water qual
ity for local farm land developments and 
for conservation planting of the riverbank , 
for erosion control. 

Most of the properties not yet connected 
to public supply are dependent upon diesel 
generators for homestead needs. Micro
hydro turbines can a lso be used to run elec
tric fencing units and irrigation systems 
when suitable water resources exist at the 
site. A hydro-electric scheme can be an ef
ficient converter of the perpetual natural 
energy of st reams and rivers. To maintain 
the process efficiently and economically, it 
is essential to select a site carefully and 
tailor the design of the hydro scheme to 
the management ability of its operator. 

Survey 
A survey of the needs and problems of 

micro-hydro-electric schemes with an out
put of 250kw or less has been carried out. 

Such "micro" schemes are privately owned 
and maintained in remote locations. The 
study attempted to survey the present use 
of such schemes and to as ess the demand 
for them in New Zealand. 

The survey began with a questionnaire 
mailed to present and potential users. This 
included all high country runholders, the 
Department of Lands and Survey, the For
est Service Conservancies, Federated 
Mount Clubs and tourist organisations. A 
technical survey of existing and developing 
micro-hydro systems was carried out and 
potential or existing hydro power sites in 
the South Island, visited. 

Types 
It is important to give a general perspec

tive of the scale and type of the micro
hydro systems installed in areas remote 
from the grid power systems designed to 
supply farms and sma ll tourist centres. Two 
types of systems can be recognised. Either 
they are locally made up with an ungover
ned load and with no permanent intake 
structure in the streambed , or they use a 
fully automatic turbine/ alternator scheme 
which might supply, for example, a tourist 
facility. Naturally, the more sophisticated 
scheme, with its design and civil engineer
ing costs, would cost more per kilowat to 
ins ta I. 
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The level of technology required for each 
scheme must be determined by the pro
posed use, the site and the technical ability 
of th ose who instal and maintain it. One 
pu rpose of this report is to help the non
specialist engineer or technician assess all 
aspects of site selection and the design , im
plementation, running, and maintenance of 
a proposed scheme. Development of re
newa ble energy sources rather than fossil 
fuels, as well as economic considera tions, 
has encouraged greater interest in micro
hydro schemes in recent times. This has led 
to the development of new turbine units 
specifically for micro schemes, often in
corporating new electronic software con
trolling systems. Unfortunately, the range 
prese ntly availa ble in New Zealand is lim
ited , alth ough several firm s can now import 
complete micro-hydro systems. 

Th ere a re three basic type of insta l-
la t ions: 

i run of th e ri ver; 
ii pond age: 

iii seasona l storage. 
To es tima te the ava il a ble power, the 

ava il a ble fl ow (leav ing some fl ow fo r wild
life interests) a nd th e overa ll e ffi ciency of 
energy conversion must be ta ken into ac
coun t. The required power output ca n be 
achi eved by ma tching the turbin e a nd 
a lte rna to r design speed often using timin g 
cha in or be lts. To desig n an effi cie nt sys
te m. ca reful eva lu a tio n o f the va ri a tion in 
fl ows over severa l season. is needed . Thi 
as pect is bes t ca rri ed out with advice fro m 
an ex peri enced wa te r enginee r. Loca l 
Ca tchme nt Auth o rity enginee rs should be 
o r ass ista nce in thi s resp ect. 

A hydro power syste m includ es the fo l
lowing compo nents: 
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i th e a ppa ratus conveying wa ter to th e 
turbin e (inta ke. ca nal. penstock . fit 
tings a nd va lves): 

ii th e~ turbine a nd it s discharge pi p ing 
(dra ft tube): 

iii th e electr ica l genera tor and it s cont ro l 
sys te m 

iv a ny ind irect connecti on be tween th e 
turbine a nd ge nerator (gea rs or belts). 

Th e selection o f these components di
rectly effects the overall energy convers io n 
efficiency of a hydro power scheme. Micro
turbine systems are generally less efficient 
than larger hydro turbines beca use of 
greater head losses as the water passes 
through them, although turbine efficiency 
may not be the limiting factor in micro
hydro development. Such factors as re
liability of flow become very important in 
remote mounta ins a reas. Intake sta bility is 
a lso a major limitation in the high energy 
mo unta in envi ronments encounte red . 

Survey results 

Of the 300 high country farm ers sur
veyed, 142 replied and of these, 68 indi
ca ted a n interest in the potential 
applica tion of micro-hydro power syste ms 
to their farm s. Six of the nine nationa l 
pa rks showed positive interest where th e 
level o f use is grea ter tha n 120 days a yea r. 
Mos t farm se ttle ments under the Depart
ment o f La nds a nd Survey a re supplied by 
the loca l supply a uthority. This applies a lso 
to the 50 fo restry ca mps of the New Z ea 
la nd Fo rest Service. The Forest Service is, 
howeve r. inte rested in obtaining genera l in
fo rm atio n on th e cost and ava ila bility o f 
micro- hyd ro-elec tric syste ms fo r poss ible 
future use in remo te loca tio n . 

Tourist-ori e nted orga nisatio ns showed 
interes t in cha ngin g from diesel genera tors 
to micro-hydro-electric sch e mes fo r huts on 
th e Mil fo rd a nd Routeburn Tracks. Whe re 
ex isting micrn-hydro syste m were old or 
in need o f ex tension, there was a n inte rest 
in more in fo rm a tio n a bout th e u e a nd a p
plica ti on of more modern eqiupment. 

Most of th e Mo unta in Clubs were linked 
into the N a ti o na l Grid or had no electricity 
genera to r a t a ll. Th ere we re three repli es 
fro m ski clubs indica ting interest in micro
hyd ro-e lectri city: these presently u e d iese l 
ge nera to rs. The suit a bility of hyd ro-e lectri c 
insta ll a tio ns fo r such high alt it ude winter 
use would require specia l eva lu a tio n. 

Field trips to th e Wa ima ka riri Bas in , th e 
Mack enzie Count ry, Fiordla nd, West 
Otago a nd Westl a nd a llowed a n eva lu a tio n 



of the running and maintenance costs and 
problems of each site. A limited economic 
eva luation of a lternative meth ods of power 
supply was also made. 

Running and maintenance problems of 
electricity supply in remote areas 

For th e loca l supply authority to ex tend 
its supply line into the very remote areas 
uch as th e Waimaka riri Basin , Lake 

Heron, and the west and north sid es of 
Lake Wakatipu, special fin ancial ass istance 
ca n be obta ined fro m th e Rural Electrical 
Reticulation Council (RERC). Mai n
tenance costs associated with the supply of 
power to th e consum er's bound ary are 
cove red the by the Electricity Supply Auth
ority. The consumer on an " uneconomic" 
line must pay a guarantee or minimum an
nual sum to cover th ese costs. An "unecon
omic" line is one where revenu e from th e 
annua l sale of electricity is less th an 20 per 
cent of the cost of install a tion of a new line. 
It has not been poss ible to fully analyse the 
costs of maintai ning or restoring electrici ty 
reticul ation syste ms in remote ru ral areas. 
oth er th an to state th at. based on records 
since 1945. there will be a major storm 
disrupting powe r supplies in Canterbury 
one yea r in nin e. The major problems in 
mainta ining diesel powered ge neration sys
tems in re mote areas involved costs of 
transporta tion. expert mai ntenance, and 
fue l. 

All the turbin es in th e sys tems visited 
had proved very reliable over relative ly 
long periods of time. and problems of 
maintenance were mainly related to bear
ing replacement and wear on th e " runners" 
and "cups" in unusually silty and abrasive 
conditions. It is apparent th at New Zea land 
conditions. particularly in high country 
mounta inous areas, are ve ry ha rd wea ring 
on " runner " and "cups" due mainly to th e 
number of times th at these strea ms carry 
high concentra tions of fine , sharp, recently 
broken rock. sand and silt particles. Cups 
on Pelton Wh eels often last less th an 10 
yea rs before needing maintenance or re
place ment. 

Alth ough costs fo r individu al schemes 
may vary grea tly. it appears that a micro
hydro-turbin e is approx imately fi ve to six 
times cheaper to run per year th an an 
equiva lent diesel unit (excluding loa n ser
vicing costs). Th e oth er important aspect is 
the initia l cost of powe r supply from th e 
grid , diese l or hydro system. In a micro
hyd ro system the init ia l cost of the plant 
is related primarily to th e suitability of th e 
site. This includes intake stability and th e 
relia bility of adequate fl ows. Th e running 
costs are in part rela ted to th e qu ality of 
th e original design. This survey fo und th at 
only th ose hydro systems which were we ll 
des igned to suit th e site conditions have 
had low maintenance costs over th eir life
ume. 

Economic aspects of micro-hydro 
systems 

A brief analysis of two ve ry d iffere nt 
sites was made to compare the costs and 
be nefits of alternative sou rces of power 
supply in areas remote from the grid. Each 
site has its uniqu e problems and olut ions. 
In makin g a decision on th e bes t solution 
fo r a particular site, one of th e most im
porta nt aspec ts conside red is th e co t of th e 
proposed scheme in relation to th e ex
pected economic benefi ts spread ove r th e 
des ign li fe of the project. Other benefi ts or 
disadva ntages. such as social and environ
mental consequences of deve lopment. can 
be of equ al or grea ter importance. but are 
not d iscussed in this report . 

It is clear th a t th e demand fo r new 
micro-hydro systems. and the repl ace ment 
of ex isting systems as they become too ex
pensive to mainta in with age. is related to 
the cos t of installa tion. This cos t may be 
lowe red to acceptable levels by u ing ap
propriate technology such as loca lly made 
turbines and elec tro nic load sharing gover
nors. 

Discussion 
It is estim ated that there are at least fi fty 

micro-hydro schemes operating in New 
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Zealand at present. Most of these schemes 
are older than twenty-five years; several 
are in need of major maintenance work. 
and several will be partly or wholly re
placed within the next ten years. A few sys
tems are being built at present or have 
recently been installed. often using second
hand plant from abandoned systems. 

The respon e to the questionnaire clearly 
shows a high level of interest in the possi
bility of installing new micro-hydro-power 
systems in remote areas of the South 
Island. A survey of remote North Island 
hill country farms could be expected to 
show a comparable degree of interest. Only 
five of the 300 high country runs are lo
cated in the North Island. 

It would ap[pear that technical and econ
omic assistance for sites clearly suited to 
the development of micro-hydro-electric 
schemes in remote locations would lead to 
the development of a ~ignificant number 
of the potential sites surveyed. Only sites 
remote from the present grid supply lines 
can economically justify the use of an 
alternative power supply. An exception to 
this is the case where ~now and wind storms 
may cut suppl) more frequent l) than the 
consumer can afford. Thus consideration of 
the long-term maintenance and interrup
tion costs in area<> c;ubject to <;evere •aorms 
is essential in an) economic analysis of the 
alternative methods of '>upply. 

•·Developing" countries often show a 
need for ~everal micro-hydro ~chemes 

rather than one larger one. This is in part 
related to available water resources. A 
more detailed and systematic su rvey would 
define the soci~d and econom ic needs and 
potential benefits of developing water 
power schemes in small rural villages. Sev
eral such schemes have already been in
stalled in the South Pacific Islands and 
South East A-;ia using New Zealand aid to 
initiate them. 

It i~ clear from the surve: that each ~ite 
ha~ unique requirement~ physically. en
vironmentally and sociall) . A "package" 
hvdro ~\qem ~hould not be in~talled a~ 
standard practice at all <>ite~ with 'limilar 
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physical requirements. The needs of the 
consumers should be considered in relation 
to the type of unit to be installed. 

Environmental and sociological aspects 
Micro-hydro schemes are environmen

tally desirable when compared with 
alternative methods of power generation in 
remote locations. They have a minimum 
effect on the How range of the natural 
streams and generally do not block the 
passage of fish life or drastically alter the 
morphology and ecosystem of the stream. 
No major structures are generally needed 
in the stream-bed itself, and minimal forest 
clearance and site excavation is required. 
Storage reservoirs are small and sediment 
is usually free to bypass the intake struc
ture, safeguarding the channel bed forms 
and associated riparian lands. Impact on 
coastal processes i~ similarly minimised. 
These schemes can be constructed without 
a high level of technology and with semi
skilled labour, often employed locally. but 
adequate skilled supervision may be a 
problem. 

They are noiseless and do not pollute air 
and water. If they are correctly installed 
maintenance costs can be kept low. Their 
efficiency (water power input ' kilowats 
output) can vary from 40 per cent to 70 
per cent depending mainly upon the engin
eering quality of the turbine and the degree 
of skill involved in the installation. They 
do not deplete global or local resources 
and, because of this. will play an increas
ingly important role in the "developing" 
countries. 

Long transmission lines and as~ociated 
pylons are Mt required a~ they can often 
be sited close to the location to be serv iced. 
Line losses are thus minimi~ed. In su itable 
remote areas. micro-hydro schemes could 
often be sub~tituted for a visually 
obstrusive network of power line.,. The low 
level of heavy construction doc'> not require 
access roads io mar area-, of natural beaut). 
In remote area'>. where -,uitablc small 
streams exist. a small hydro-electric plant 
may be the cheapeM methcxl of providing 



for basic energy requirements with the 
minimum long term disruption to the local 
environment and the maximum power con
version efficiency. 

Very small hydro electric schemes are 
based on a technology related to a human 
scale of involvement. Such schemes should. 
therefore, be accepted easily into our en
vironment, and, in most cases, help us to 
understand our dependency on the re
source we have. They could provide short 
term work opportunities in remote rural 
areas. They might provide businei.s for one 
or two small engineering firms making the 
necessary components. The provision of an 
inexpensive non-polluting power source 
would encourage the use of o ur wildland 
areas but might lead to greater develop
ment of "wilderness zones". This latter as
pect would require careful evaluation. 

There could be economic benefits to 
New Zealand in exporting small hydro 
power systems to developing countries at 
a technological level sustainable by the 
local people u ing it. 

The dependence upon a renewable re
source which is insulated from inflationary 
maintenance costs might encourage the de
velopment of rural communities based on 
isolated tourist facilities or cottage indus
tries, in the more isolated ar·eas. Such small 
power schemes might provide an incentive 
to increase the productivity of the land in 
such areas while improving facilities for 
tourists. The independence of such systems 
may influence neighbourhood and regional 
attitudes. This is particularly so where local 
electrical supply authorities appear to be 
looking for ways to limit price increases to 
consumers. 

Recommendations 
(i) The selection of a suitable site for the 

intake structure of a water supply for 
hydro-electric generation, irrigation, dom
estic or stock water is of vital importance. 
It is rare to find the perfect site. but careful 
site investigation and planning should 
ensure that water i.upply intakes are integ
rated into an overall catchment and chan-
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nel manage ment scheme incorporating 
channel and bank stabilis ing works to im
prove or maintain water quality and 
riparian land stability. 

(ii) A limit shou ld be et on the pro
portion of the low flow abstracted for the 
ge nerati on of hydro-electric power. and 
this wa ter should be returned to the natural 
course of the tream where practicable. 
There should be some flexibility in in
terpreting the proportion allowed for ab
straction. dependent upon wildlife 
requirements. 

(iii) Re earch hould be ca rried out to ac
cess th e design rquirements for wa ter sup
ply intakes in different type of stream bed 
aimed at minimising th e cost of water and 
sedi ment se para tion. 

(iv) The development of a loca l! made 
range of high and low head water turbines 
shou ld be encouraged and a i ted finan-
cially. .... 

(v) The development of an inexpen ·ive. 
reliable. loca lly-made electronic gove rning 
device shou ld be ass i ted financially. 

(vi) RERC subsidies and low-intere t 
loa ns ~hou ld be mad e avai lable to co n
~ume rs who ha ve th e potential to develop 
a hydro-elec tric scheme. pr vid ed that : 
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a it i~ ge nuin elv uneconomic for th em 
to be .... supplied with grid power: 

b the propo ed cheme is designed and 
in tailed to meet the requirement of 
th e local electrical supply authority; 

c the economic of grid upply exten
tions. maintenance and restoration be 
th orough ly examined in a competent 
economic ca e study. 

(vii) A urvey should be carried out in 
the South Pacific area to asse s the econ
omic and social desirability of the develop
ment of inexpensive water power ·chemes 
for electricity genera tion and wa ter sup
plies. 
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For high country 
land lllanageinent , 

your servant, the geologist 

Robert Q. Oaks, Jr. and Emily C. Oaks 

Articles by Pierson and Mosley in Review 39 detailed the nature of gu lly erosion 
features in the steep hill slopes of the New Zealand high country and the extreme 
difficulty likely to be encountered in attempting to control these erosion forms. Ir 
is apparent from these authors' conclusions that recognition of erosion prone areas 
is the key to the prevention of problem causing erosion as control is not always a 
viable option. Whilst factors such as vegetation, climate and managment techniques 
will have an influence, ultimately it is the nature of the superficial debris and the 
bedrock lithology wh ich will determine the extent to which erosion develops. 

With a view towards recognising the potential for erosion in parts of the high country 
Dr R. Q. Oaks and Emily C. Oaks discuss some of the implications of their work 
in the Mt Torlesse area near Porters Pass and draw comparisons with the Californian 
situation. 

We believe geologists can and should play 
a major role in evaluating and understand
ing erosion in the mountain lands of New 
Zealand. Detailed field work on the slopes 
of Mt Torlesse convinces us that geologists 
can predict slope instabili ty in many places. 
In the past, geologists have failed to em
phasise this fact. In this article we out line 
some specific things we have learned at Mt 
Torlesse, and suggest how this and the 
knowledge and methods of geologists can 
be used in high country land management 
in New Zealand . 

Slope stability 
Moderate to steep slopes form much of 

the high country in New Zealand. Open 
terrain and gentle slopes are significant 
only a long the glacia ted river va lleys. Areas 
of moderate to ·steep slopes are typically 
assumed to erode rapidly, but this is not 
always so. Our first task, therefore, is to dis-

tinguish different kinds of stable slopes. In 
general, the steeper the slope the more un
stable it is likely to be. In addit ion, bedrock 
is more likely to be exposed at the surface 
on steep slopes, with no cover of loose sur
face debris. With increasi ng steepness, 
catastrophic landslides are more likely to 
occur, both in bedrock and in covering 
debris. However, there are situations where 
the topography cuts across the layering or 
"grain" of the bedrock, and, where this oc
curs, even steep slopes may be stable. 

In areas of gentle to moderately steep 
slopes, loose surface debris commonly 
overlies bedrock. Where a cover of veg
etation is present and there is a lack of 
gullying or significant under-cutting at the 
base of the slope, the surface debris can 
be stable. 

Bare scree slopes are another type of stable 
slope. Although such sites are frequently classi
fied as eroding, because they are usually 
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devoid of vegetation, they may have never 
supported a soil or plant cover. They can orig
inate as talus (scree deposits) rock glaciers or 
in other ways. These bare slopes seldom have 
channels, are characterised by rapid infiltration 
of both waler and of any fine sediments de
rived from weathering or wind transport 
(loess). Although the scree surface can shift 
during earthquakes or with the passage of ani
mals, bare slopes are usually stable except 
where the base is being undercut. 

Within these categories, a particular 
slope can be changed from stable to erod
ing as a result of natural or man induced 
changes such as fire, clear-felling, changes 
in vegetation and overgrazing. 

Slope processes 
Erosion of slopes occurs when slope pro

cesses move sediment down slopes and into 
stream channels. Overland flow of water 
becomes an important erosional agent 
where infiltration is slow; as in well
cemented bedrock with few joints, and in 
clay-rich surfical debris. Interestingly, over
land runoff is rare on hillslopes in the 
Torlesse catchment due to rapid infiltration 
on all areas, except some bare bedrock. 

Throughflow is another type of slope 
process, common in very porous material 
where rapid infiltration occurs. 
Throughflow moves fine sediments 
through the open pore spaces between 
coarse fragments in scree and in other per
meable materials. Throughflow causes 
saturation of less permeable surface debris 
and also encourages erosion and collapse 
where the water emerges again at the sur
face, often near the base of hillslopes. In 
this way, much surface debris (and some 
bedrock) is susceptible to flowage and mass 
wasting processes. 

Mass wasting involves the gradual 
downslope movement of debris and in
cludes landslides. slumps and solifluction 
(soil flowagc). In the Torlesse catchment 
rapid thick flows form the dominant kind 
of mass wasting appearing as rapid. slurry
like movements of water, coarse debris. and 
(usually) fines. A gradational sequence of 
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such flows can be recognised; ranging from 
sieve flows, through debris flows and mud 
flows lo normal stream flow. 

Sieve flows characterise steep hill slopes 
where there are few lines a nd a minor 
water content. In such a flow any silts and 
fine sands flow out with the water leaving 
only the framework of coarser rocks as the 
flow slows down. Sieve flows have been 
formed in flume experiments, and their de
posits recognised in the field but eyewitness 
accounts are lacking. 

Debris flows and mud flows characterise 
steep to moderately sleep hill slopes with 
abundant fines and a moderate waler con
abundant fines and a moderate water con
tent. In a debris flow there are so many 
pebbles and larger stones that they form 
a framework when the flow stops with the 
pores infilled with fines. In a mud flow, 
pebbles and larger stones float in a thick 
matrix of silt and fine sand. Those who 
have seen mud flows and debris flows mov
ing in channels during floods describe a 
steep frontal wall of cement-like slurry that 
surges forward, somewhat like a battering 
ram. Behind this is a less concentrated mass 
of sediment and water which is capable of 
reactivating and transporting debris left be
hind by the frontal surge. 

Stream flow forms an extension of this 
continuum and characterises moderately 
steep to gentle slopes with moderate fines 
and an abundant water content. 

Only a few sieve flow deposits were ob
served both in the Torlesse catchment and 
the S.E. Ruahines. These only occurred on 
scree-covered hillslopes and in steep, con
fined headwater channels, and resulted 
from elongated channel-shaped failures in 
coarse debris on steep hillslopes. 
Downslope, the flowing debris spreads into 
a Jobate deposit, usually at a break in slope. 

The usual means by which debris enters 
a headwater channel is through slope fail
ures related to undercutting of flanking de
posits by either stream flow or emerging 
groundwater. The collapsing debris may 
constitute a debris flow or mud flow on the 
hillslope, or alternatively develop into such 



To Wo imokor iri 
River 

0 I 
I" .. ,. II I I ""I" '1 
0 I 

I 
2 

I 

2 mi . 
I 

3 km 

Figure I. Locality map showing Torlesse catchment and adjacent drainage. cast margin of Sou1hern 
Alps. New Zealand. 

a flow when it enters the stream. Deposits 
resulting from mud flows and debris flows 
are preserved as numerous paired, terrace
like remnants along both sides of many of 
the headwater channels we observed in 
New Zealand. However, these remnants 
are restricted primarily to the steeper 
slopes and headwater channels, and seldom 
extend any distance downstream. 

We conclude therefore, that the major 
contribution of rapid thick flows in the 
Torlesse catchment and in other similar 
catchments, where there is a small amount 
of overland flow and a dominance of 

· throughflow. is in rapidly moving the 
coarse debris from hillslopes into the chan
nels and then part-way down the steep 
headwater channels. Flowage ceases where 
there is sufficient stream flow to continue 
transport of the debris, primarily as the dis
crete particles of bedload and suspended 
load. 

Comparison of Mt Torlesse and 
Californian processes 

In ma ny characteristics, including 
detailed g rain-size analyses, deposits of 
mud flows and debris fl ows in New Zea
land are identical to their counterparts in 
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California. However, in California, mud 
flows and debris flows typically flow for 
several miles in mountainous channels that 
have reduced gradients and greater widths, 
and then at the canyon mouths, spread out 
on large, flat a lluvial fans. A desert climate 
and fault-block geologic setting result in 
localised summer cloudburst storms con
centrated in the mountains, with little 
water added during downslope passage of 
a flow. Therefore, flows can actually 
thicken down canyon, or else retain their 
characteristics until they slow and stop, gener
ally past the canyon mouth. 

A reverse si tuation occurs in New Zea
land where the weather regime is domi
nated by frontal systems that generate 
widespread and protracted rainfall of gen
erally low density in closely spaced moun
tain ranges. Here flows carry sed iments 
from rhe hillslopes and through the steeper 
headwater channels (Figs 3 and 4). Debris 
flows are then deposited as steep-fronted 
lobes, in steep to moderately steep parts of 
mountain channels. Thereafter. continual 
addition of water progressively winnows 
out the fines and thus changes the nature 
of these flows with distance downstream. 
Central parts of the flows become less like 
a slurry. and evolve into normal stream 
flow. This results in the formation of paired 
depositional terraces flanking a sl ightly 
younger erosional central channel. 

The erosional processe~ affecting the 
central part of a flow deposit are a function 
of the interaction between the proportions 
of fine and coarse particles and the avail
able stream flow. Episodes of rapid trans
port. as mud flows or debris flows. begin 
to alternate with episodes of reduced move
ment as the fines are removed to appear 
as "clouds" of suspended sediment. As de
scribed by Pierson ( 1980) this situation is 
analogous to the decrease in workability of 
cement as !he proportion of sand is re
duced. With the removal of the fines. 
erosion of the central part of the original, 
or any successive. deposit can occur. How
ever. if fines are added before the central 
part is eroded, perhaps by further slumping 
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of upstream banks, the flow may be reac
tivated and surge forward again. 

Downstream of the flow deposit residual 
rock fragments eroded from the central 
part of a mud flow or debris flow fill pools 
of the step-and-pool stream channel 
morphology. This infilling steepens the av
erage channel slope, increases the trans
porting power of the stream, and promotes 
transport of the gravel as discrete particles 
rather than "en-masse" as thick flows. Dur
ing protracted storms gravel continues Lo 
advance downstream, concentrated as a 
gravel "wave", but at a much slower rate 
compared with mud flows and debris flows 
in steeper headwater channels. 

Gravel "waves" have been observed to 
arrive from a few minutes to a few hours 
apart at the Torlesse Stream sediment trap. 
They result in the main, from sporadic and 
random additions of rock fragments, in
itially as headwater thick flows, and per
haps also from localised sources along the 
stream course. Once the coarse rock frag
ments are in active stream channels, the 
more continuous ftow of water and high 
stream power can transport them. Indeed, 
in rapidly eroding terrain, the main chan
nels are actually capable of transporting 
more large fragments than they do, as is 
the case with the Torlesse catchment. 
Therefore , supply of coarse fragments from 
the hillslopes and headwaters - the rate 
of which is controlled by the availability 
of fines - must be, in many cases, the limit
ing factor in erosion rates. 

From our experience, and also the obser
vation of others, we conclude that fines de
crease permeability in pore spaces between 
larger fragments. If sufficient ~and and 
mud come into suspension, a critica l 
threshold is reached wherein pore water 
pressure becomes so great that the coarser 
rocks can be carried in suspension as occurs 
with mud flows and debris flows. 

Fines and their implications 
The most important condition for maxi

mum movement of coarser material into 
channels and through headwaters in steep 



Figure 2. View NE into Torlesse Stream catch
ment. Gabbro Gully is just in front of the 
transverse ridge that separates the upper 
half of the catchment from the lower half. 
The pale areas are bedrock outcrops and 
..cree with few plant,. Light-grey areas are 
deposits of wind-blown silt and older slope 
deposits with a cover of tussock grasses, 
\1 hereas medium-grey areas also have 
Dracophyllum and matagouri, as in the 
foreground. Dark-grey areas are residual 
beech forest~ (No1/10fag11s). including one 
near the head of Gabbro Gully. Slope fail
ing scars are headward-enlarging sites of 
'ub~equen1 rapid 1h1ck flows. Mt Torlesse 
(6434 ft / 1962m) is at the left. 

rigurc 3. View E (upstream) along vertical fault 
7onc followed by Gabbro Gully. Shattered 
hedrock. more than 30m ( 100 ft) wide here, 
underlies sloping layers of surficial debris. 
about IOm thick. which is covered b) wind
blown silt. Im thick. and modern veg
etation. White band on the left is a 
waterfall that becomes throughflow al its 
base. Hummocky material. along the chan
nel axis 10 the right of the waterfall, con
si~ts of small debris flow. shown in Fig. 4. 
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mountains is the simultaneous proportions 
so as to form rapid thick flows. Once a flow 
is initiated further additions of fine 
material have no appreciable effect on the 
already high erosion rates. However, if 
insufficient fines are present coarse par
ticles remain on the hillslopes to form scree 
and an armour of gravel develops in stream 
channels. Thereafter, throughflow can 
dominate in both hillslopes and headwater 
channels, while the available fines are typi
cally flushed through the system without 
accumulating. The result is that the rate of 
erosion is reduced. 

Fines are derived from the chemical or 
mechanical disintegration of fine-grained 
bedrock and from unconsolidated slope de
posits such as wind-blown silts and sands. 
The instability of mountain lands and the 
volume of sediment carried by their 
streams, is directly related lO the presence 
of fines. Mud flows, debris flows and (to 
a lesser extent) sieve flows, appear to be 
the principal means by which coarse debris 
is moved from hill slo_pes to stream chan
nels. It then follows that if the proportion 
of fines available either in the loose surface 
debris or within the underlying mass can 
be determined along with lhe degree to 
which the bedrock is shattered or readily 
disintegrated, it will be possible to begin 
to understand something about the poten
tial of a landscape to erode. 

Correlation of fines, faults 
and erosion at Mt Torlesse 

In the case of the Torlesse ca1chment, 
fines are present in four settings: 1hin sur
ficia l deposits of wind-blown silt or older 
slope deposits. chiefly covering the base of 
slopes in the lower half of the catchment; 
mechanically disintegra1ed argillite bed
rock. locally abundant throughout the 
catchment; sandstone bedrock, where 
mechanically crushed by movement along 
faults; and, igneous-intrusive bedrock 
decomposed by chemical weathering. 

In the upper half of the Torlesse catch
ment. surface debris is restricted. crushed 
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fault zones are narrow, and no intrusive ig
neous rocks were found. Although much 
argillite is present, it is tough and disinte
grates slowly, so that the rate of production 
of coarse fragments far exceeds the supply 
of fines. Scree with throughflow dominates 
slopes throughout most of that area (Fig. 
2). 

In the lower half of the Torlesse catch
ment, our mapping showed that the major 
sources of fines are concentrated along 
Gabbro Gully and its tributaries, that is at 
the headwaters of Irishman's Creek (Fig. 
2). Here there are large quantities of fine
grained, wind-blown surficial deposits 
overlying weathered slope deposits that 
contain about 50 to 60 per cent fine gravel, 
both up to several meters thick (Fig. 3). 
The main course of Irishman's Creek fol
lows a near vertical major fault zone, 20 
to 30m wide that consists of crushed sand
stone, chiefly fines, with perhaps 20 per 
cent angular clasts of pebble to cobble size 
(Fig. 3). Gabbro has been intruded locally 
along this fault as a vertical mass up to 3m 
wide. The gabbro is a coarsely crystalline 
igneous rock with a similar composition to 
basalt. It weathers readily. and is presently 
disintegrating, into fines, pebbles and small 
cobbles. On flanking hillslopes, in places 
where surficial debris is absent, argillite is 
abundantly exposed, but its contribution to 
the total fines is regarded as small. Thus, 
abundant fines (and several sources of 
gravel) are present along Gabbro Gully. 
Field observations and measurements be
tween 1972 and 1977 confirm that erosion 
along Gabbro Gully is much higher than 
in other parts of the lower half of the 
Torlesse catchment. 

For the remainder of the lower half of 
the catchment, the absence of sufficient 
material means that movement of coarse 
clasts is restricted, except during extremely 
heavy rainfall, when an oversupply of 
runoff can compensate for an undersupply 
of fines. 

Experience at Mt Torlesse suggests that 
large amounts of fine-grained surface 
debris contributes to rapid erosion and that 



Figure 4. Small debris flow in motion, head of 
Gabbro Gully. See Fig. 3 for location. 
Clear water entering upstream end of this 
surging mass exits as highly muddy water 
at the base. Flowing slows. then stops as 
the water exiting at the base becomes 
cleaner. If slumping of an upstream bank 
immedia1ely adds more fines. the debris 
fl ow may surge forward again. Rock ham
mer is 32cm ( 12.4in.) long. 

the highest rates of erosion are found in 
zones in which there is an ample supply 
of both coarse and fine material, but es
pecially fines. 

What can geologists do? 
In New Zealand, as elsewhere, land

classification systems have been developed 
to help land managers determine appropri
ate uses for large tracts, which commonly 
include mountain lands. There is no one 
universal system of classification. All have 
advantages and limitations. Each system 
differs in response to changes in vegetation, 
geology, and national priorities. Many sys
tems record elementary geologic details, 
but none concentrates on bedrock, the 
overlying cover of rock fragments and soil, 
and the processes by which landscapes 
have formed. Few have made adequate use 
of geologists' knowledge and again, none 
have looked specifically at the problem of 
erosion on steep mountains. Detailed 
geologic fieldwork on the slopes of Mt 
Torlesse convinces us that geologists can 
predict slope instability in mountain lands 
in many places, and geologists can and 
should play a major role in evaluating and 
understanding erosion in the mountain 
lands of New Zealand. 

Three major geological activities have 
significant land-management application: 
mapping of bedrock; mapping of loose sur
face debris and the study of processes of 
erosion and deposition. From bedrock 
mapping, geologists can predict what is be
neath the loose surface debris that covers 
the bedrock in many places. They are able 
to locate, for example, the shattered fault 

zones and layers of shale and argillite that 
increase the rate of erosion of the high 
country. From maps of loose surface 
debris, geologists can locate resources such 
as sand, gravel, clay and water as well as 
identify the fine-grained surface debris that 
contributes to rapid erosion. Studies of geo
logical features such as glacier::., landslides, 
and processes such as stream flow and wind 
erosion and deposition, enable geologists to 
understand how the rock and the loose sur
face debris originated. These studies also 
train the geologist to predict the future re
sults if the present processes continue to 
operate in the same area. Research at Mt 
Torlesse, for example, indicates that certain 
critical areas in the high country are unusu
ally susceptible to stream erosion because 
of a combination of unfavourable geologic 
conditions. Once such areas begin to erode 
rapidly, a cycle of erosion is iniated that 
apparently cannot be readily controlled. 

The location of these critical areas is of 
enormous importance to managment of the 
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high country and geologists are uniquely 
suited to do this task. Their major contri
bution will be in predicting the effects of 
various land-uses on the erosion potential 
of surface debris and the stability of slopes; 
the location of fa ult zones and of rock types 
that produce fines, especially for those situ
ations where the bedrock itself is covered; 
determining the rate of formation of fines 
from different kinds of bedrock, both ex
posed and unexposed ; and finally, the lo
cations of thick surface deposits containing 
abundant fines. 

With an increased use of geological 
knowledge, areas with a high potential for 

accelerated erosion can be recognised. 
Once located, the use of such areas can be 
restricted or, alternatively, where restric
tions have operated these could be modi
fied or removed. 

Geological knowledge is also imperative 
to the overall success of projects requiring 
intensive use of the high country, such as 
irrigation schemes or hydro-electric sites. 
Major reductions in unexpected and 
undesirable side-effects, time and capital 
should, with the assistance of geological 
knowledge, now be possible. Thus, for high 
country land-management we recommend, 
your servant, the geologist. 
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Heather at Tongariro 
A study of a weed introductioµ 

A. G. Bagnall 

Weeds have been described by one authority, Dr J . A. Yeates of Massey University, 
as ''plants out of place". What constitutes a weed is therefore determined to a large 
degree by the purpose for which a particular land or water body is being used or 
intended for use. 

Introduced plants that have become weeds in tussock grasslands such as gorse, 
broom and brier, were introduced to particular sites with good intentions. In many 
cases of well intentioned plant (and animal) introductions, the purpose for which land 
had been allocated was not clearly defined. The undesirable or noxious effects may 
therefore seem more culpable in retrospect. 

The planting of heather, (chiefly Cal/una 
vulgaris) in and immediately adjacent to 
the Tongariro National Park from 1912 
until 1923 is a fascinating story as topical 
as the continuing surprise of visitors at its 
presence in so unexpected a setting. 
Equally surprising is the fact that the man 
responsible, Police Commissioner John 
Cullen was for most of the period the 
honorary Park Warden. He had been 
appointed to this position probably after 
his retirement in 1916. The administration 
of the Park had been transferred to the 
Tourist Department in 1914, in which cus
tody it was to remain until 1923 when it 
again became the re ponsibility of the De
partment of Lands & Survey . 

During this period Cullen was very close 
to his fellow countryman the Prime Minis
ter, William Ferguson Massey, who gave 
him considerable support in his plans for 
its development, particularly as a grouse 
moor. As a "sportsman" he looked forward 
to replacing thousands of ac res of tussock 
with the golden heather of celtic home
lands, in which grouse for the guns of 
"shootists", could find a friendly breeding 
ground. This study of heather introduction 
is significant -of the management of 
nationa l parks, it is also significant to the 
wider question of planning present and 
future uses of tussock grasslands and 

mountain lands and regulating plant and 
animal introductions accordingly. 

It is uncertain when he first commenced 
to plant heather on the Waimarino, over. 
or immediately adjacent to the Park 
boundaries as they tood before 1923. So 
far as is known, large scale planting was 
to commence with the Prime Minister's 
blessing only in 1913 , but correspondence 
suggests th at it was probably in 1912 that 
Cullen scattered the first seed. Cullen's pri
mary objective in introducing heather was 
to "beautify" the tussock and to provide 
food for grouse, blackcock and ptarmigan! 
He acce lerated his campaign in May 1914 
with lengthy formal request tu the Minis
ter of Justice seeking and obtaining auth
ority for local expenditure as well as the 
placing of o rd ers for seed in the U.K. In
spection had confirmed the uccess of the 
400 plants put in by Constable Murphy of 
Raurimu, and a labourer, in 14 different 
places over three miles of country in the 
early spring of 1913. John Cullen was now 
give n authority to spend $50 on seed and 
young plants and many other trees. Otago 
and Southland nurserymen had been 
alerted; the possibility of obtaining seed 
from a 40 acre field of heather at Opepe, 
the legacy of a sowing by Inspector Scannel 
of the Armed Constabulary, of some bags 
of seed sent in by Donald McLean in the 
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earl) 1870s was investigated while the 
wide-ranging search led to a couple of 
dozen plants being obtained from Camp
bell Island by courtesy of Captain Hopper 
of the Amokura. 

In the autumn of 1915, over 4000 plants 
of the more common Erica vulgaris purple 
heather (Erica vulgaris and Bell heather(£. 
cinerea) had been planted in the area 
where 65 yea rs la ter they are dominant, be
tween the Whakapapaiti and Whaka
papapanui streams. About sixty bags of 
heather seed. important under Massey's 
authority. had also been sown broadcast 
over an area three miles wide and five 
deep. betwee:n the main road and the base 
of Nga uruhoe and Ruapehu. One and a 
half tons in aal had been sown since March. 
Rowa n trees and lupins were also being 
raised for the area and bilberry seed wa!) 
sought. 

I k ,1thcr 'ecd wa~ imported from France 
a' "ell ·" rwm the Briti,h 1..,1e,. although 
.1 1.tr!!l' con,1!!nmen1 from a Scott1'h firm 
Cllllt.~ned ltttle 'iabk ..,ccd. Local nur
-.en men jn1m:d in enthu,1u-.tic.tlh. Mr 
I (,;rd\ of ihe I lutt. frH e\amplc. evcntuall~ 
'cl1 1n~ Culh:n 2000 well !!rown -.iron!! 
p l ant~. glllKI e1wugh to be di, idcd 'o th:~ 
in September 1916 3000 were planted on 
Pul-.c1Hrn l-.e. Si\t~ yea r:- later plant' in the 
;1re.i "ere in 'er' !!lltx.I heart . 

\ t the Rot(lru:1 1;ur,en or thi: I amh anti 
Sunc\ Di:p.1rtment\ hire,tr~ Brandi. Mr 
II \ Gliudii: ad' i'ed 111 '\la' 1916 tlrnt 
50.000 111 60.000 £. d11(•re11 anti 4000 5000 
I .. 111/i;11r1' 'eeJl111g' were J n1ng "ell. .111d 
\\otlld he n:ad~ ltH planting in 1\1 .t~ 1917. 
Goud1I.' had l.'arlit~r 4ue,tionl.'d the prn
pnet' ni' the ... .: planting' in \\hat wa' 
planned <h a 1.:nmm..:n.:ia l ..:ntcrpri ... e but 
" ·a, t1ild t11 !!c t 1H1 wi th it. In th..: lidd Cnn
'tahk Rog~r' or Raurimu .ind pri,oncr' 
th1m the Rnt11,1ira camp did the bull-. of 
th..: \\11rL I 11r th..: larger 11p..:r.1 twn, the 'eed 
\\," hll1.1J..:.1'1 in parallel line' hetng lilied 
h' ,elf ,..:ed1m! .• 1lth l)ll!!h 111 the 'hon term 
tlie pl.int' ,1i;;"cd up -111 long 'tnr' "1th 
,p.1..:c' 111' 70 to 80 ~ <mh bet\\ ecn them. 
Cullen lat..:r t1ll<l Dr ~lar,hall that it \\,1, 
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his practice to burn the native vegetation 
before pl anttng to get a better strike. There 
was al<,o much pl anting on patches cleared 
by the then more frequent "accidental" 
fires. 

In 1915 Heaton Rhodes as Minister. de
murred about the ordering of more seed 
on Cullen\ recommendation but Mr 
Frethev. then Assistant Secretarv of the 
Tou ri -; i Department. alleged thai a mere 
hundred acre~ of the Park had been 
planted although he understood that the 
area to be covered ultimately was from 
30-40.000 acres. In his own correspondence 
Cullen spoke of his plantings a~ being in 
the Park although most were in the Mili
tary Reserve but in the area designated for 
inclusion. The Department, later. when 
under pressure. ought a temporary and 
somewhat specious refuge in this technical
ity but Cullen\ objective was perfectly 
clear and Un\\ ,1venng. As late as 1919 he 
wa' reminding ~1 r B. M. Wilson. General 
Manager of the Touri~t Depa rtment of h1'> 
ba'ic purpo'c to cover 20.000 acre\ \\ ith 
h..:ath..:r after which grou~e would be im
porteu and "provide plenty of <,port for 
,hooti,t-.". I he pre-war price or grou<,e on 
the London market wa~ a pound a brace 
and a' an acre ol' heather would feed many 
hin.J., it rnulJ ca,ilv be :.ccn that the grow
ing of he,tthcr a-nd the importati~n of 
grouse "could be made a very profitable 
proposi tion for your Depart ment". 

L.,nttl pcatc pi: rmtttcd a further con,ign
ment of heather and bil bern 'eed from 
France the collection of lo<:ill 'eed ".t' 
'tepped up and attention directed more 
purpo~cfull~ to the p;1tch a t Motukino near 
Opepe. In the autumn or 1919 C'on.,tahlc 
Wri!.?.hl. with the a~~i,tance of loca l Maori' 
fi lled .. cvcra l lift: pound fl our bag' with 
~eed. 

Tht: Ia,t oflki;tl ..,upply or ,..:ed from 
twcr,ea\. "hich arriH!d earl\ in 1921. a!!.tin 
from \le"r' \' tlmonn An.tlrieu\. Fr;nce 
wa, the re,ult or .I further appeal to \ lit,
... e:. It 1.., IHme,er. probable that there "·l' 
final planting from ... eed purcha-.e<l \\tth 
fund ... prm 1dcd h: the rru~tCC\ or th..: R 



C. Bruce estate after the reconstituted Park 
Board was in charge. 

By July 1918 the total area planted was 
about 3000 acres (1200 ha) and some of 
the first plantings had reached "their ma
ture height of 15 inches". As early as July 
1914 Professor H.B. Kirk of Victoria Uni
versity College. as a member of a depu
tation from the New Zealand Institute 
(today's Roya l Society of New Zealand) to 
discuss aspects of the Park's future with the 
Prime Minister, had protested to Massey 
about the pla nting of heather. 

In May 1916 T. N. Broderick, Under
secretary for Lands was told by H. G . Ell, 
M.P. that he would strongly oppose the 
planting of heather in the Park. This warn
ing prompted Phillips Turner, now Sec
reta ry of the Forestry Branch, to note, a t 
least for the record , that the planting was 
done "against my advice". However as its 
control was "now the responsibility of the 
Tourist Department that Department must 
bear the responsibility" - a slightly bu
reaucratic evasion by Turner even if the 
final duty to give the facts was that of his 
chief, the Under-Secretary. 

Cullen, five months later, was neverthe
less able to make a complacent statement 
a bout his progress in fostering exotic 
plants. At the time many New Zealanders 
were preoccupied in absorbing the 
country's battle casualties at the Somme on 
the Western Front so in March 1917 Cullen 
ensured tha t his message should be re
peated . Work was under way: 

" fitting out part of the Tongariro Park as 
a moor for game. For a long time Mr John 
Cullen has been working quietly with a 
little financial assistance from the Gov
ernment to replace the tussock with 
heather - later on it is proposed to import 
grouse, woo.dcock and other fancy table 
birds ... thousands of plants have been 
spread over the Waimarino Plains and a re 
doing well. Thousands more are in the 
Government nursery at Rotorua nearly 
ready for planting out ... quail, duck a nd 
pheasa nts have been liberated ... " 
Whatever the reserva tions of Mr Goudie 

at Rotorua and his superiors he had con
tributed 70.000 pla nts. There were also 
about 800 rowan trees scattered along the 
bush margins. 

A suggestion to the Tourist Department 
at the end of 1919 that the Mt Cook lily 
(Ranunculus Ira/Iii) should be established 
in the Park pr.ompted Wilson in an enlight
ened moment. to refer the matter to 
Cockayne. still much interested a nd hope
ful th.a t some of his recommend ations 
about the Park's future . twelve yea rs be
fore. might be acted upon. His reply. all 
the more dramatic for ma king no reference 
to heather introduction . set out succinctly 
a nd effectively the principles which had 
been ignored for eight years: 

" ... I am greatly averse to any tamper
ing with the natural vegetation of 
nati onal pa rks. sce nic reserves. etc . It is 
the natura l dressi ng of the landscape 
which makes the spec ial character of the 
scenery of any place. If I go to the Swiss 
Alps I wa nt to see the blue gentian a nd 
it s accompanying plants growing wild, 
but the Rocky Mou nta ins ye llow colum
bine would be out-of-place. So. too. had 
St Paul's in London being wrecked by 
bombs. its restora tion would be a matter 
of buildin g it aga in . and not substituting 
for the present roof one of Marse illes 
tiles. The mountain-lily (Ranunculus 
Im/Iii) is one of the glories of the 
Southern Alps: but. on Tongariro it is 
represented by the Egmont buttercup 
(Ranunculus nivicola)." 
It took the New Zea land Institute 

another yea r to ge t into action on heather 
although it is difficult to see that the issue 
could have . been avoided if Cockanye had 
an opportunity to bring up a related ques
tion . However. in December 1920 Frethey. 
as Acting General Ma nage r of the Tourist 
Department told Cullen that a complaint 
had been made to the Department about 
the sowing of heather "The Park'', stated 
the complainant, "should be maintained as 
a sanctuary for native birds and native 
fl ora. and as far as practicable exotic 
shrubs should not be planted . What was 
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the pre,,ent position?" In his reply Cullen 
alleged that the hea ther was "in no way 
Jetrimcntal to the nati\'e vegetation ... the 
natiYe plants growing amongst it appear to 
he doing heller than those where heather 
i" not ;rowin2". He pointed out that in 
1912 b~fore the Tourist Department had 
taken t)\'er the Park the Prime Minister had 
apprn\'ed or the planting '"and i~ still en
thu,,ia~tic on the subject ... 

Durin2 the second week in March 1921 
Cullen ~eturned from planting the last 
French consi2n ment of bilberrv. to learn of 
a minor but none-the-less vigorous Wel
lington prote:-t. H. F. Yon Haast. W. H. 
Field. M. B. und F. W. Vosseler were be
hind a resolution or the Tararua Tramping 
Cluh which ca ll ed the attention of Govern
men t to the danger to the native flora 
caused by planting heather, lupin and fox
glove. They suggested that instructions 
should be given to discontinue all such 
planting and to eradicate all foreign plants 
in the Park and the adjoining Military Re
serve which should be made a sanctuary 
for New Zealand fauna and flora: a care
taker should be appointed to prohibit any 
pla11li111!, '"except under Government 
instructions·· A Post campaign slowly 
mounted. sustained by the customary cor
respondence and a rolling protest by inter
ested bodies further afield. Wilson. now 
with some concern. asked Cullen for his 
comments. "Would it be necessary for the 
Department to employ labour to either 
eradicate or further check the spread of 
noxious weed~? .. 

Cullen\ ~cornfi.d reply claimed that the 
neare,,t blackberries were at Tokaanu and 
the onl,· foxg loves he could call to mind 
were b~· thev Pri~on stone t:ru~her. miles 
from tl1e Park boundar\': .. I know \\'ho the 
partie~ are \\'ho inspire ·these paragraph:-. in 
the Pre;.s but they are nobodie~ who carry 
no \\'ei!!h t a 11\where. ·· 

Late~. in n;id 1922. Cullen. a!> publiLly 
blanJ as ever. as secretan· of the Tongariro 
National Park Sports Cltib seemed to have 
f()un<l another hat for his stance. Some 
member,, wou ld ha\'e been surprised at the 
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first Annual General Meeting to learn that 
the club was making arrangements "for the 
importation of grouse, black cock. and also 
suitable birds from India"' to take advan
tage of the "natural cover"' which at least 
one member had been diligently encourag
ing. 

MacIntosh Ellis. as Director of Forestry. 
was provoked into stating that the .. Service 
views with alarm the introduction of exotic 
flora into this splendid national play
ground"' ... It had been condemned by the 
Department or Agriculture the year before 
although the New Zealand lnstitute·s Sub
committee report was only received in 
Ma\' 1922. The matter was rais.!d in the 
Hot1se of Representatives in September 
1922. before the introduction of the new 
Park Bill b\' C. MacKenzie. M.P. for 
Aucklt111d East but Nosworthy. a good dog
gie for his chief facetiously expressed 
supri;.e that the descendant of a highlander 
should question the introduction. The Min
ister proposed to vi,.it the Park to inspect 
the heather already growing. A few mon ths 
earlier a pre"~ repo~t confirmed that hun
dreds of acre~ .. around Ruapehu .. were a 
,,cu orpi11k. 

The N.Z. Institute sent a resolution to 
the Minister strongly opposing the planting 
or hca th er on any part of Tongariro or any 
lHher national park or scenic reserve. Nine 
month" lata. in the '-Pring of 1924. six 
grouse bird.., arriveJ in Wellin!!ton on the 
SS Ro10ruu. "'the tirst to reach the Do
m1n1on ali,·e.. as the press claimed 
altlH)U!!h G. M. Thomson later correcte<l 
this. The hire.I~. hand-reared in Englan<l. 
\\'ere eon;.i!!ned direct to the Prime Minister 
by Lad' ti,·erpool. \\'ife or the former 
Gon;rnor-General. .. When the\· became 
al'.Cll lll..,WmcJ to the climate or ihe Park"". 
~o the !-<tatement declared. they \\'Ould be 
liberated. prnbahl~ in a fortn-ight\ time. 
The ~anguine hope~ or their adaptability 
were matched onlY b\' Mr Cullen·~ anxietv 
to ha,·c them rclc·a~e-d before any prote~i~ 
from hi~ Board colleagues could he \'Oiced. 
An earlier t:Onsignment of ~even brat:e ha<l 
died nn the ,.l>~age. 



Only a few days later the Hon G . M. 
Thomson challenged the responsibility of 
releasing the birds. His re olution in the 
Legislative Council stressed ye t again that 
the Park should be kept for all time as a 
preserve for native plants and birds, and 
as a recreation-ground for the people of 
New Zealand . "It should not permit any
one to convert it into a pre erve for im
ported game or plants." In his supporting 
remarks he sa id that he did not object to 
Cullen bringing the birds to New Zealand 
but only to his releasing them in the Park 
and expressed his appreciation of Lady 
Liverpool' "generous act" in sending 
them . 

A press opinion that Cullen's attempt to 
transform the Park into a game preserve 
was "a ludicrous outrage on the com
munity" was one of the more temperate re
actions. His circumvention of Pa rk Board 
opposition by con igning the birds to the 
Waimarino Acclimatisation Society de
cided no one - certainly not the Park 
Boa rd Chairman. J. B. Thompson who 
urged the Society to released "its damn 
birds" as far from the Park as poss ible. 

Throughout 1924, 1925 and 1926 the 
Board was narrowly divided on the ques
tion. its future policy and the pos ibility of 
eradication . At least there wa a Board re
spo nsible enough to face up to the prob
lem. However in the latter year the growing 
strength of a n informed public con cience 
was reflected in the New Zealand In ti
tute 's mounting concern. In July its Stand-

ing Committee adopted a length y 
resolution which, in summary urged the de
sirability of prese rving the natural features 
of the Park - and by implication that of 
all others - with only such ~Iteration "that 
the passage of time effects. and that the 
wild life both plant and animal. are protec
ted so that the Park will afford for all time 
to the native born an example of primitive 
New Zealand". 

Within the Board the last public brush 
in December 1926 led to the appointment 
of a sub-committee to report on the di stri
bution and spread of heather. I fits prelimi
nary (and last) report sa id little that was 
new the enquiry took much of th e heat 
from the controversy. During the debate in 
Parliament on the Tongariro National Park 
Amendment Act ( 1927) both Thomson and 
Field were able to agree that heather might 
not become the men ace that was earlier an
ticipated. 

Some 55 yea rs later the plant is unques
tionably very much present on the 
Waimarino tu sock. Dr I. A. E. Atkin on's 
map shows it to be a dominant species from 
Taurewa in the north south almost to the 
Mangahuia. Although its presence near 
Waihonhonu hut may be due to planting 
in the Cullen yea rs. examination on th e 
western slopes how its capaci ty to sp read 
beneath a sc rub canopy. It is to be hoped 
that current a nd planned field research will 
provide the nece ary da ta fr<'m which at 
least its di tribution and ra te of progress ion 
can be assessed. 

This article is a summary from the relevant chapter of a five part work on Tongariro 
which includes a history of European exploration of the region , detailed accounts 
of ascents and eruptions of the volcanoes and a history of the Tongariro National 
Park. References to sources will be given with the full text in the appropriate volume 
of the set. 
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Highland agriculture in Peru 

(II) Alpaca and Sheep farming 
E. J. Stevens 

This i.\ tile final article in tile series 

Peru" the leau1ng South American producer 
or alpaca.• The in<lu!>tr) i~ ~econd onl) to 
:.hccp rarmin~ in economic importance in 
the highland:-. (altiplano). which contain-, 
halfol"thc nation's three million animal\. Be
cau.,c of thei r bodv conforma tion and 
~tlrnwch .,tructure. alpaca are able to utili1.e 
the poor qua Ii t) indigenou~ gra.,.,land., of the 

• I crnandc1 Baca (1975) published .1 com
prchcn'>I' e re\ iew of the alpaca indu-.tr) 
in Peru. Data from thi-. article h,1, been 
med e\temi\cl) in compiling thi-. article. 
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Andean alt1plano 10 altitudes in e\ce-.~ of 
4.000 metre:. abo'c '>Ca le, el. \\here it i~ cur
rently unprofitable to rai!>e either !>heep or 
caule. Alpaca can al ... o be rai~ed u~ing re
cently developed principle., of intensive hu.,. 
bandry al lower lcvcb. on both indigenou:. 
gras~land~ and cult ivated pastures. 

Evidence 'ugge'>t'> thut. during the Inca 
empire. alpaca" ere more widely di!>tributed 
than at prc ... cnt With the introduction of 
:.hccp and c.11tle during the 17th centur) h) 
the Spani-,h conqu1.,tadore!.. alpaca \\Crc 
sub~egentl) confined to ma rginal area' 
which ''ere umu11able for these new specie\. 



Ownership 

It has been estimated that 80 per cent of 
Peruvian alpaca belong to small land owners 
and peasant communities, the remainder 
being farmed by middle class land owners, 
and associations and co-operatives that have 
emerged as a result of land reforms carried 
out during the late 1960s. At lea t 200,000 
families living at subsistence levels of 
agriculture are directly involved with and de
pendent on the raising of alpaca. 

Products 
The main products obtained from alpaca 

are the wool (usually called alpaca fibre in 
order to differentiate it from sheep's wool), 
the flesh and the skins. The fibre, not unlike 
moha ir, is highly prized by the textile indus
try, its current price on the international mar
ket being five times that of sheep's wool. The 
meat, loca lly considered as a econd class 
fle h, i fine grained, very lean and quite pal
atable when taken from animals le s than 
three years old. 

The ski ns, taken from unborn lamb or 
those less than three month old, are used 
in cottage industries for a wide range of 
handicrafts, including the production of 
rugs, bed covers, slippers and dress coats. 
Both hand and machine spun fibre is also 
used in cottage industry for knitting and 
weaving. There is a definite distinction be
tween good sold for local consumption and 
those intended for the flouri hing tourist 
trade. Much of the handicraft intended for 
the tourist trade is sold outside the region, 
in the major coastal population centres of 
Arequipa and Lima, and an increasing vol
ume of material is being exported . 

Origin of Alpaca and allied species 
The alpaca, Lama pacos (Linnaeus), the 

llama, Lama glama (Linnaeus), the guanaco, 
Lama guanicoe (Muller) and the vicuna, 
Vicuna vicugna (Molina), form the group 
generally known as South American or ew 
World cameloid (Camel-like) species. Both 
the alpaca and the llama have been domes-

ticated, and are the most important economi
cally. 

The llama is the largest of these cameloids, 
reaching an adult body weight of 120kg, and 
yielding a coarse fibre ranging in colour from 
white to black including all of the intermedi
ate hues or combinations of one or more 
colours. The meat provides an important 
source of protein for local peasants, llama are 
also used loca lly as a bea t of burden, carry
ing loads ofu p to 60 kg. The alpaca, a smaller 
animal, is eldom used as a beast of burden 
and grows to a mature body weight of about 
70 kg. Alpaca fibre i finer than that of the 
llama, but displays a similar range of colour. 
Guanaco and vicuna, much smaller animal , 
are wild species, and as such , are protected 
by law. 

There has been frequent interbreeding be
tween different groups of South American 
cameloid , the most frequent hybridi a tion 
being between llama and alpaca, and be
tween alpaca and vicuna . Both of these hy
brids are fertile . 

Breeds of Alpaca 

There are two breeds of alpaca, the Suri 
and the Huacaya, the fundamental differ
ence being the length and fineness of the 
fibre. The Suri has very long fibre , u ually 
exceeding 15 cm in length after one year's 
growth, which forms ringlets and falls to the 
side of the body, giving the animal an ap
pearance similar to that of a Lit.coin sheep. 
The Huacaya has a more compact fleece with 
shorter fi bres,a nd i imilar in appearance to 
a corriedale sheep. From the standpoint of 
textile quality, the fibre of the Huacaya i 
more useful. 

There is no evident difference in body 
weight between the two breeds. When 
Huacaya were bred inter-se, about two per 
cent of Suri type animals are usually ob
tained , while the breeding of Suri animals 
will give about 17 per cent Huacaya types. 

Behavioural characteristics 

Both the alpaca and the llama exhibit cer
tain behavioural characteristics which have 
facilitated their domestication. They are 
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strongly gregarious. and are therefore easily 
!)hcpherdcd. Animals of all ages tend to def
ecate and urinate within circumscribed 
areas. so controlling the spread of internal 
parisites. This behaviou ral trait continues. 
even when animals are allowed freedom of 
movement to other places. 

Lc!)::, desirable habit!) of the alpaca include 
the U!)e of communal area!) as dust baths, pro
moting the spread of disease. The habit of 
spitting stomach conten ts and trampling also 
complicates management. but has probably 
developed as a means of aggression against 
real or potential danger. 

The ~exual and mating behaviour of the 
alpaca i~ complicated and ha . during the 
pa\! ten years. been the ~ubjec t of intensive 
re~carch which has led to an improvt:mcnt 
in productivity. 

Rcproduct h·e charactcrb tics 

f'ull~ de\'elopc<l female alpaca!) \\ hich 
ha'e attained a bod) \\eight of no les!) than 

The Lla ma, a close rclafo·e of the alpaca 
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40 kg can be bred at 12 to 18 months of age. 
In practice, males. although mature at a simi
lar age, arc not used as sires until they are 
two to three years old. An alpaca's repro
ductive life span may extend to 15 years, but 
dental deterioration becomes prevalent after 
JO years. causing many animals to be culled. 

If females and males are run together 
throughout the year, births will occur only 
during the wet season (between Dece mber 
to March) when feed is abundant. When 
males are kept separate and brought to the 
females only for mating, it is pos~ible to ob
tain young throughout the year. Recent re
search has suggested that. in contrast to 
sheep and cattle. mature female alpaca enter 
a condition of oestrus 48 hour~ after birth 
and maintain this state until ovulation is suc
cessfully induced by copulation. This u~ually 
occurs about 15 days after giving birth. Be
cause all females which are not pregnant are 
continual!) in oestrus. sexual activit) follow
ing the introduction of males into a group 



of females is intense, with individual service 
requiring from 20 to 50 minutes. Reports 
suggest that, during the first day of mating, 
a male may serve up to twelve females , but 
on subsequent days, his activity diminishes 
considerably. 

Characteristically low birth rates have 
been improved by as much as 50 per cent 
(that is, raised to about 80 per cent) by reg
ular replacement and spelling of working 
males on a seven day rotation . This practice 
derived from the fact that intensive mating 
occurs during the first two to five days after 
fresh males are introduced, followed by a 
rapid decline in activity despite the number 
of receptive females remaining within the 
herd. 

The gestation period in alpaca averages 
343 days, the young being born at an ad
vanced stage of development. Weaning 
takes place at six to seven months of age . At 
birth, the young alpaca weighs about eight 
kg, doubling in weight during the first two 
months of life then increasing more slowly . 
At three years of age, males usually reach a 
live weight of about 75 kg and females about 
65 kg, with corresponding carcase yields of 
66 and 55 per cent. 

Nutrition 
Alpaca have a stomach structure similar 

to horses and should not be confused with 
ruminants such as sheep and cattle . Diges
tability trials have suggested that alpaca and 
llama were able to utilise the energy con
tained in forage, especially the poor-grade 
forage typical of unimproved native pas
tures, more efficiently than sheep. Alpaca 
can also be grazed successfully on improved 
pastures and, unlike sheep and cattle, are not 
affected by bloat. Up to 30 adult alpaca may 
be carried per hectare on improved rye grass/ 
white clover pastures, compared with the 
usual rate of one to 1.5 alpaca per hectare 
on native grasslands. 

Management 
Management expertise and associated 

technology varies considerably, depending 
on the sociological level of the herd owners 

and the system of land tenure. Peasant com
munities with subsistence levels of agricul
ture lack management expertise, herding all 
classes of animals together irrespective of sex 
or age. Alpaca and llama _are frequently 
herded together and interbreeding is com
mon . 

Within land associations or co-operatives 
and among small , middle-class owners, al
paca herds are usually better managed. Ani
mals are classified according to type (Suri or 
Huacaya), colour of fibre , age and sex, and 
shepherded in herds of between 200 and 
1,000 head. The percentage of breeding fe
males in each herd ranges from 30-40 per 
cent, with about 30 per cent of the herd con
sisting of castrated males kept for fibre pro
duction. 

Alpaca are generally managed in much 
the same way as sheep. Organised mating 
takes place during the wet season, from Dec
ember to March, when native pastures are 
at their best. Individual males service be
tween 20 and 25 females during the mating 
season. Shearing takes place annually during 
October and November when animals are 
also dipped to control external pests such as 
itch mite. The annual fibre clip per animal 
ranges between one and four kg, with an av
erage of l .8 kg. A significant correlation has 
been observed between body weight and 
fleece weight. Reported reproduction rates 
are also greater within well fed and ef
ficiently managed herds of alpaca which at
tain above average body weight. 

Low birth rates and high mortality 
amongst herds limit culling margins to ap
proximately eight per cent. In practice, ani
mals are seldom culled for reasons other than 
old age. Consequently, little knowledge has 
been acquired concerning the potential for 
improvement of genetic material and the 
prevention and control of internal parasites 
and disease, apart from the fact that alpaca 
appear to be relatively tolerant toward foot 
and mouth disease, which is endemic in the 
region. 

Economically, alpaca farming is more im
portant to the future of agricultural develop
ment in Peru than sheep or cattle farming, 
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since alpaca have a particular capacity to 
utih<,e rangeland at altitudes in excess of 
4.000 metres above sea level. There are no 
published experimental data 10 demonMrate 
the superiority of any one species at lower 
altitudes and on improved pastures. It is gen
eral ly recognised howeve r, that problems of 
poor body weight. low birth rates. high mor
tality ra tes. and associated problems of dis-

ease and husbandry limit the immediate 
prospects for the intensification of the alpaca 
industry. 

Reference 
Fernandez Baca. S. 1975. Alpaca raising in 

the High Andes. World Animal Re11iew 
14: 1- 8. 

Sheep farming 
Sheep forming iti of primar) importance to 
the agricultural economy or the ~ou th ern 
Peruvian highlands. The Puno region con
taim more than five million animab of either 
merino or corriedale origin which graLe 
much of the four million hectare~ of unim
proved native pastures l)'ing at altitude'> of 
hct\\ CCn 3.800 and 4.000 metre<., abo\e '>Ca 
lc\el. 

rollO\\ ing the Spanish conquest of the 
16th century. increasing number., of merino 
'.-.heep were introduced. Since the late 1950s 
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commercials flocks have been contin ually 
upgraded through the extensive importation 
ofcorriedale sheep from New Zealand. Aus
tralia. Argentina and Chile. as well as merino 
and merino cross breeds from 1ew Zealand. 
Argentina and Spain. 

Land Tenure reform!> ca rried out during 
the late 1960s and earl~ 1970screated major 
uphea\'al in the commercial sheep industr). 

umcrous pn\'ately owned hacienda~ 
(sheep stations) of 20.000-80.000 hectarer, 
were amalgamated to create large farming 



assoc1allons or co-operatives of 50,000 to 
100,000 hectares, which became the property 
of the local Indian population. However, 
lack of managerial and financial expertise 
among the uneducated Indians created a de
mand for administrators and managers. In 
response to this demand, a middle class 
society of local, university trained techno
crats has developed. Among these, graduates 
in veterinary science and agronomy pre
dominate. Controlling power has remained 
in the hands of worker committees, elected 
from and by the working population of the 
various haciendas involved. 

During the past ten years. the Peruvian 
military government has made substantial 
amounts of money avaiEable for agricultural 
development in the form of long term 
interest-bearing loans, but many associ
ations. being unable to service their agrarian 
debts or development loans, have become 
heavily in debt to the government, which in 
turn has appointed government adminis
trators to protect its assets. A downturn in 
the Peruvian economy and a change in atti
tude on the part of the government have lead 
to a loss in impetus for land reform. A change 
in policy has been necessary to create re
newed interest in commercial sheep farming 
within the private landowning sector, which 
virtually forms a new middle class within the 
altiplanocommunity. During 1979 there was 
a local trend which saw large and small land 
owners, who had lost property to the land 
reform, and others with money being al
lowed to either buy up land again, or repos
sess small parts of their properties. 

Livestock improvement 
Flocks owned by subsistence farmers have 

not generally benefited from the importation 
of high quality breeding stock and the avail
ability of improved husbandry techniques. 
The number of animals is of greater socio
logical importance than their individual 
quality. T he "hauco", or native breed, typi
cal of these flocks has changed little since its 
introduction by the Spanish conquistadors. 
Originating from unimproved lines of old 
world Spanish merino, body conformation 

and wool production from this breed is 
highly irregular and usually poor in quality. 

Traditionally, Indian farm workers have 
been allowed to graze small ftocks of native 
sheep on hacienda land in r~turn for their 
labour. Grievances frequently developed 
over the number of animals owned relative 
to the exchange of labour. Land owners saw 
hauco flocks as a threat to profitability and 
animal health, while farm workers looked 
upon them as an integral pan of their subsis
tence, providing insurance as well as money 
for social events. 

Agragrian reform, giving land control to 
farm workers, has allowed hauco flocks to 
develop in an uncontrolled fashion to a level 
where an estimated 40-50 per cent of all 
sheep are poor quality native animals. Indi
vidual farm workers, now members of vari
ous land associations. have given priority to 
the security of their family units over the af
fairs of the newly formed co-operatives. Co
operative debts have left little money 
available to pay these workers who have had 
to resort once more to their ftocks and small 
plots ofland to provide an income. 

Peasant communities own the remainder 
of native sheep flocks. Individual families 
usually own less than a dozen sheep, a couple 
of llama and alpaca, possibly several cattle, 
and a donkey. Animals are usually grazed 
on communal land or allowed to stray on to 
adjacent properties. Families which own 
land, often only several square metres or at 
the most a few hectares, reserve this for the 
production of food crops and limited quanti
ties of forage oats for feeding guinea pigs, 
rabbits, and poultry, which are valuable 
sources of protein and cash. 

Management 
Grazing management systems used in 

New Zealand involving the use of fenced 
paddocks and continuous pasturage are not 
used in Peru, as the cost offencing materials 
is prohibitive and supplies are limited. 
Flocks are always shepherded by day and 
shut up in pens at night as protection from 
theft by the local population and native 
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foxes. Many of the larger properties use fen
cing to prevent strays from entering the prop
erty. 

Semi-commercial subsistence flocks sel
dom produce a marketable surplus for sale 
outside the region, providing on ly enough 
wool. skins and meat for individual families. 
Any surplus may be sold or traded at local 
markets for extra food such as rice, salt or 
flour which are not produced by the family 
unit. Surplus cash may be used for purchas
ing luxury items such as radios, cooking 
utensils. a bicycle, manufactured synthetic 
clothing or alcohol for fiestas (celebrations). 

By day, the family flock is normally tended 
by the wife. or by younger members of the 
family. if the male members are fortunate 
enough to obtain employment locally. At 
night. the animals are returned for safe keep
ing to the corral. an integral part of the one
roomed mud hut which houses the fami ly . 
Pasturage is always in short supply for these 
animals. the unimproved native pastures 
being severely depleted as a result of cen
turies of over-grazing. Animals are seldom 
treated for external or internal parasites and 
animals of all ages and sexes are run 
together. Primitive management practices. 
combined with little seasonal variation in 
daylight hours. results in all year round 
lambing. Sheep are shorn only when wool 
is required for cottage industries or trading. 
Individual animals may be only partially 
shorn. and shearing is usually carried out 
with <lagging shears. scissors or sharpened 
tin lids. 

Commercial flocks are better organised. 
with regular dipping and drenching. 
planned mating and separation of the vari
ous stock classes. Shearing is carried out an
nually. wi th blades or shearing machines. 
The wool clip is classed and prepared for sale 
in the major coastal towns of Arequipa and 
Lima. The an nu al wool clip from large prop
erties is sold by private treaty or through the 
government marketing authority. Within 
this marketing system. many small country 
merchants buy the wool produced by semi-
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commercial and small commercial pro
ducers, and bale it into relatively uniform 
lots for sale to larger organisations, taking 
a percentage of the profit for their services. 

Even commercial flocks are shepherded 
by day and penned by night. Shepherds and 
their families live in temporary mud huts or 
tents, and move with their flocks from one 
location to another as native pastures are 
grazed and left to recover. Although a multi
tude of"sheep dog like" breeds of dogs exist 
in Peru, these dogs are untrained, leaving the 
shepherd to control his flock with a sling and 
a handful of stones. 

Sheep performance 

Although genetic material has been im
ported to provide reserves for upgrading 
existing commercial flocks, future develop
ment will depend primarily on improved 
animal nutrition. The New Zealand agricul
tural development programme has done 
much to provide sociologically and economi
cally acceptable solutions, demonstrating, 
for example, that by feeding young stock 
well. they could be mated at 1.5 years of age 
instead of the normal 2.5 years of age. In
creasing ewe body weight at time of mating 
from 32 kg to 48 kg has also been shown to 
increase weaning percentages from 55 per 
cent to 90 per cent and to double wool pro
duction from two to four kilograms per 
sheep. 

Without the provision of improved pas
tures and forage crops. the production of im
ported animals has seldom exceeded that of 
local flocks. Imported rams perform badly 
when turned out on native pastures during 
mating. although this is seldom relevant in 
practice because ofa local preference for the 
use of artificial insemination. Records 
suggest that by means of artificial insemina
tion. a ram could cover as many as 1,500 ewes 
in one season, achieving conception rates in 
excessof75 percent. Natural mating is often 
used to cover ewes which return during the 
third and fourth cycles. 



Growing trees in the 
high country 

(iii) Uses 
N. Ledgard and G. Baker 

The first two parts of this series (Review 39 and 40) described the selection of tree 
species and how to establish them. This, the third and final part, discusses the various 
uses of trees in the high country. 

Slope stability 
Trees generally produce more biomass than 
other forms of vegetation. For instance, 
forests can produce 200- 500 tonnes of dry 
matter per hectare for mature forests, 
which is considerably more tha n produced 
by established grasslands, which rarely ex
ceed 25 tonnes per hectare. Beca use of 
greater biomass. forests provide more 
favourable conditions, with less wind and 
higher humidities. for successful plant 
growth. At higher altitudes the reduced fre
quency of freeze and thaw cycles associated 
with forest margin microclimates is import
ant for successful seedling regeneration, es
pecia lly in erosion prone sites. 

Fore ted slopes allow less water to pen
etrate the soil . o that only the heaviest or 
most per i tent rain will bring about sa tu
ration. As so ils become more saturated tree 
roots become an increasingly important 
component in the resistence to mass oil 
movement. 1 Roots usually make up 20- 30 
per cent of a tree's total biomass and 
weights of 40-80 tonnes per hectare are not 
unusual under high country fore ts. By 
compari on, grass roots weigh 5- 20 tonnes 
per hectare and do not have the equivalent 
structural strength . 

Depending on the species there can be 
5- 20 tonne of foliage / ha in a high country 
tree stand. This presents a huge surface for 
the interception and subsequent evapor
ation of rainfall. In mountain beech fore ts 
in the Craigieburn Range it appears that 

much of the 38 per cent of gross rainfall 
which is intercepted by the forest cover, is 
evaporated back into the atmosphere.2 The 
mea urement of water yield, sediment out
put and nutrient losses from catchments 
under different types of vegetative output 
and nutrient losses from catchments under 
different types of vegetation cover is com
plex, but more than one New Zealand 
study ha shown that all three are likely 
to increa e in the yea rs immediately follow
ing the removal of forest or scrub cover.3 4

. 

The increased yield may persist for there 
is evidence that under the same precipi
tation condition annual water yield from 
a non-fore ted catchment particularly dur
ing periods of low oil moisture.5 However, 
these findings do not infer that farm for
estry operation in the high country will af
fect water yields down country. Farm 
woodlots are very unlikely to be of suf
ficient size and most of the precipitation 
supplying major rivers falls on land which 
could never be managed commercially. 

Amenity 
Although much of the high country was 

once covered with quite a varied scrub and 
forest cover, not much forest exists today. 
The little that remains is dominated by one 
species - mountain beech. It is not surpris
ing therefore , that the early settlers brought 
with them a range of different tree and 
shrub species to enrich their environment. 
Many species did not survive but those 
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An excellenl '>land of 67 }car old Corsican pines at the Electricity Department's 
Coleridge plantation. 

which either grew in ;.helter or could \\.llh
siand the expo.,ure did well in an atmos
phere relatl\ el) free of insec1 pc-.ts and 
fungal lli"ea~es. Larche". poplar" and a'>
pcn-. are colourful wherever the) grow. bu1 
\\ithout doubt their colour ... are more 
Slriking at higher all11ude.... e..,peciall) 
again\! an alpine backdrop. Similar re
marl...., can he made about most of the de
ciduous trees. an<l man, of the conifer ... a~ 
\\Cll . The '>prucc .... for example. appear to 
be less ;.u,ceptiblc to aphid allack. and 
rarely is their blue colour matched on the 
plain .... One of the flnc..,t wlleuion., of 
mixed conifers to be seen 111 e'' Zealand. 
can be seen in the high couniry within the 
Lalo.c Coleridge arboretum. Likewl\e. 1here 
are man\ excellent tree\ esta bli\ht:d near 
homeste<ids throughout the high couniry 
and 1heir impact b considerable. 

S he lter 
Much of natural sheller in the high 

couniry is provided b) undulation'> in the 
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ground surface and by the tall tw,soci..-.. 
With developmenl of 1his land by man. tall 
tussock' can disappear. cau-.ing a rapid 
change in local microdimate\6 and deterio
rali ng \helter for the increa~ed ~tock num
bers. 

An1mab provided with sheller require 
less feed to muintain body warmlh and 
condition~. ~uffer fewer IO!>\C'> al lumbing 
and cuh mg. and re-.1-.t the downward drift 
before a strong wind 1ha1 can result in 
lo!>'>C\. A good example of '>helter U\e can 
be seen in the hill country of West Otago 
where .. now i\ a major worry. One farmer 
ha'> '>traiegicall) placed row., of tree\ to trap 
~now in .,el area~. !.O that clear ground i~ 

available in all weather for access and feed
ing oul. Thi-. farmer i~ emphatic that hi'> 
increa.,cd !.tock carrying capacity is directly 
linked to the effectiveness or his shclter.7 

It j., doubtful whether tree shelter ha' 
much effect on the productivity of hilly. 
unimpro\'ed tU\\OCkland. but on flaller de
\ eloped pa.,ture it\ '>-alue i-, likely to be 



similar to that on the plains. A trial of shel
terbelts on a farm near Methven has shown 
that the leeside zone, extending some six 
times the height of the shelterbelt, gave an 
average grain yield 35 per cent greater than 
the non-sheltered part of the field. 8 Jn ad
dition. the strong north west winds lodged 
the crop beyond the zone extending ten 
times the height of the shelter. In New Zea
land. shelter research on grasslands and on 
pasture plants has been neglected until 
recent years. However, in other countries 
pasture plant responses to shelter can be 
substantial in times of easonal moisture 
deficits. both in terms of dry matter yields 
and sheep production. 

Tree shelter can create problems for 
farmers. These problems usually arise from 
poor management rather than from in
herent faults in the trees themselves. If 
shelterbelts are correctly managed as a 
timber resource they will be cut before 
over-maturity presents stability problems . 
If their shelter alone is valued, they should 
be replaced before their sheltering effect is 
likely to be diminished by collapse. Stock 
camps and unwanted weeds or seedling 
spread can occur where shelterbelts are iso
lated and comprise the only shelter within 
a large land area. Such problems do not 
occur where shelterbelts are kept at the cor
rect porosity (allowing 40-50 per cent wind 
through flow) and are properly integrated 
into the grazing system. 

The trend on most hill and high country 
farms seems to be moving away from the 
original extensive management of im
proved core areas. Professor K. F. O'Con-

nor states that at present. 12 per cent of 
the average high country run has been de
veloped into improved pasture, and this 
area carries around 55 per cent of the live
stock. If these areas are to be used fully, 
establishment of shelter must proceed hand 
in hand with pasture development. Shelter
belts need not be limited to the narrow 1-3 
row belts commonly seen on the plains. 
There is much to be said for the use of 
broad shelterbelts which combine the bet
ter aspects of forest management with pas
ture improvement. Broad shelterbelts allow 
for a rotation of felling and replacement 
and maintaining a continuity of supply -
an important consideration for the farmer 
and the sawmiller. whether the wood be for 
local consumption or export. Larger blocks 
also require less fencing per unit area of 
trees - a very real consideration today. On 
irrigation flat country where crops or stock 
require protection it is important that 
shelter is provided with minimal loss of 
valuable land. However. in the high 
country where the land-use is more exten
sive, the value of the trees plus the shelter 
created may well be worth more than the 
grazing vlaue of the land planted. Thinking 
along these lines. one Mackenzie Basin 
farmer has planted over 50 ha of wide ( 18 
row) shelterbelts, over the past two years. 
He plans to convert I 0 per cent of his ex
tensive grazing country into trees. 

Tree growth rates 
Timber production is normally measured 

in terms of volume (cubic metres) per hec
tare, but when herbaceous plants or non-

Table I: Comparative productivity of five plant associations in the Craigieburn Range 

Approx. above ground production 
(tonnes dry matter/ ha/ yr.) 

Plant association 

Snow grass 
Unimproved pasture 

(fescue/ browntop) 
Improved pasture 

(clover / brown top) 
Mountain beech 
Lodgepole pine 

Altitude 
(m) 

1300 

1100 

1100 
1100 
1100 

2.0-3.0 

0.5-l.5 

2.0-4.0 
3.0-5.0 (wood, bark, & branches) 
9.0-12.0 (wood, bark, & branches) 
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timber producing shrubs and trees are 
being compared, volume cannot be used. 
In these situations weight or biomass is 
used and is quoted in terms of oven-dry 
tonnes per hectare per year. Table I shows 
that in the Craigieburn Range, above 900m 
the annual productivity of introduced trees 
exceeds that of neighbouring native plant 
associations. Fertilisers have been applied 
to the improved pastures only. 

Although comparatively slow by New 
Zealand standards, growth rates in the For
est Research Institute's trials in the Craigie
burn range are good when compared with 
tho e achieved by the same species over
seas (Table 2). The ew Zealand figures 
were collected from trees growing on ex
po ed high country site above 900m in 
altitude. 

The good growth rates of some of the 
introduced conifers are probably due to 

higher leaf surface areas, adequate nutrient 
status, the capacity to adjust to the prevail
ing aerial climate9 and the relatively long 
growing season by overseas standards. 

While radiata pine (Pinus radiata) and 
Bishop's pine (P. muricata) have not per
formed well at over 800m in the Craigie
burn Range, below this altitude the two 
species have the best height growth rates 
of all trees so far assessed for high altitude 
production by the N .Z. Forest Service. One 
of the best stands of high country trees 
exists around the Lake Coleridge power 
station between 400- 500 m above sea level 
on the north bank of the Rakaia River. 
O ver a rotation of around 40 years stands 
of radiata, Corsican pine and Douglas fir 
have produced mean annual increments of 
25, 19 and 24 m3 / ha respectively. With the 
pine species currently fetching a minimum 
of $15/ m 3 standing (see later section on 

Table 2: Comparative* productivity of four conifers in the New Zealand high country, 
Britain and North America 
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Ave. annual 
Species Location Age increment 

(m3 / ha/ an) 

Lodgepole pine Canada, BC 80 5.4 b 
(p . contorra) Scotland 32 7.8 a 

England , Thetford 28 8.0 a 
NZ Craigieburn Range 
(topsoil lost , 900 m) 20 10.0 
(topsoil present 1050 m) 16 14.0 

Ponderosa pine USA, Idaho 20 5.8 b 
(P. ponderosa) England, Lincoln 24 7.7 a 

NZ Craigieburn Range 
(1050 m) 16 11.4 

Douglas fir Western USA (better sites) 100 8.6 b 
(Pseudocsuga menziesii) Britain (better sites) 50 15.0 a 

NZ Craigieburn Range 
( 1050 m) 16 11.0 

Corsican pine England. Alice Holt 69 8.2 a 
(P. nigra) Z Craigieburn Range 

( 1050 m) 16 11.2 

*The variable ages of the stands should be noted when comparing productivity. 

Sources: a. Streets. R. J. 1962. Exotic Forest Trees in the British Commonwealth, 
Clarendon Press. Oxford. U.K . 
b. Fowells. H. A. 1965. Si/vies of Forest Trees of the United States. Agric. 
Handbook No. 271. For Serv US Dept of Agric, Washington . DC. 



"Timber Values") the ex1st1ng plantations 
have become most attractive commer
cially. This worth must be con.,idered in ad
dition to their considerable shelter and 
amenity value. Another study in the 
Waimakariri Basin 10 found mature. par
tially thinned radiata pine stands on Mt 
White and Craigieburn station (550 m) to 
have mean annual growth increments of 
18.4 and 19.0 cubic metres per hectare re
spectively. In the Craigieburn range wood 
production is in excess of 10 m3 / ha on 
many sites. By radiata standards this is not 
high. but by world standards it is a good 
le' el of producll\ ity (Table 2). 

Farm forestry 
On every farm there i~ a use for timber 

a:, firewood. posts. gates and yard timber. 
and no farm should be incapable of meet
ing these requirements. Sometimes a single 
species such a-. radiata pine might suit a ll 
purposes. bu 1 01 her species deserve con
sideration. particularly if they do not re
quire preservation. Where space 1s 
unlimited. there i'> good justification for 
planting a :.lower growing -.pecies if that 
timber is naturally more suited 10 the de
sired end use. Eucalypts and :.ycamores 
make good firewood. whilst larch (Larix 
decidua) and perhaps the cedars of 
Seq11oiade11dro11 ~iga111e11m could be grown 
for above 11round exterior use'>. where their 
natural du';-ability makes them particular!) 
su ited . At lower altitudes or in the more 
favourable microclimates. the list of species 
cou ld be extended to include macrocarpa 
(C11press11s nwcruturpa) and fa lse acacia 
(Robinia ps11edoacacia). I lome grown 
woods for use in the ground will need to 
be treated as there are few ground-durable 
timbers which ca n be readily grown in the 
average high coun try environment. There 
are obvious savings to be made if th e treat
ment can be carried out on the farm. Infor
mation explaining the best home-treatment 
methods is contained in an article, written 
for the N.Z. Farmer by McQuire and 
others, 11 entit led "Wood Preservation For 
The Farmer" published by the New Zea-

land Forest Service in Reprint No. 1277 
and available from the Forest Research 
Institute in Rotorua. 

In many situations. tree' could be u,ed 
in long-term rotations with pasture. Forest 
Research Institute experience at 1050 m 
altitude has been that 18 months after log
ging a lodgepole pine Mand. volunteer 

Natural regrowth on former site of lod
gepole pine stand. The photograph abo'e 
was taken a few weeks aft er the removal 
of a 13 year old stand. One year later volun
teer grasses had almost covered the site and 
were soon producing more dr)' matter than 
surrounding untouched grassland. 
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grasses. clovers and flatweeds provided 50 
per cent ground cover on a slope of 25°; 
after two years the sward was producing 
3000 kilogrammes of dry mass per hectare, 
enough to feed at least three sheep per hec
tare. This tree rotation of 13 years had seen 
not only the production of a forest crop 
weighing 144 tonnes/ ha but also, following 
its removal. the unaided return of an her
baceous sward more dense than that which 
formerly covered the site. These figures 
suggest that a system using the alternate 
rotation of trees and grazing swards (par
ticularly involving legumes and fertilisers) 
would be worth further investigation. 

Whatever the system used, conventional 
farming and forestry must both be con
sidered as forms of wise agricultural prac
tice and only when they are combined will 
the full potential of the land be realised. 

When assessing land for forestry poten
tial. consideration must be given to the 
land's ability to produce alternative crops. 
The high country stands in Table 2 are on 
land with little or no present economic 
value and they are surrounded by tussock 
slopes capable of supporting one stock unit 
per hectare. Even this figure is misleading 
as recent work has shown that stock utilis
ation of extensive areas of unimproved 
grassland is non-random and highly dy
namic. Sheep favour the sunnier. moister. 
more vegetated slopes especially where the 
soils are more recent. 12 Grazing on other 
areas is generally light and these could be 
planted Tn trees- with no reduction in the 
overall carrying capacity of the land. Such 
a use of land would give farmers a broader 
base to their prod~ction and would in
crease the capital value of their properties. 

Commercial forestry and stand 
management 

Compared with plantations growing at 
lower altitudes most high country timbers 
will be disadvantaged by higher costs of 
transport to the market. These expenses 
should not be confused with harvesting 
costs. which on the extensive high country 
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terraceland, should be lower than on most 
hill country sites. 

However, when the major plantings of 
the last 10-15 years mature, buyers will opt 
for local, ahead of distant supplies. They 
will only be tempted further afield by of
fers of timber of superior quality to that 
available closer to home. The possibilities 
of producing superior timbers should be 
considered by all prospective high country 
tree growers. Production of a good diam
eter pruned log is the most financially 
attractive objective of current conifer silvi
culture. To obtain the top market prices, 
pruning must be carried out regularly so 
that the .knotty core of the butt log never 
exceeds 15 cm in diameter. Such manage
ment is possible throughout New Zealand , 
but for some other end products different 
regions must recognise their limitations for 
growing wood of certain properties. A 
recent study 13 points out that in New Zea
land outerwood densities of radiata pine 
generally decrease by 10 kilogrammes per 
cubic metre for every degree of increasing 
latitude (I IO km) and for every 100 m rise 
in altitude above sea level. This means that 
South Island regions are not as well suited 
to producing radiata pine for construction 
purposes as are areas of the North Island. 
On the other hand, wood from more 
southerly regions can produce a better pulp 
for specialist lightweight, high density 
papers and tissues. Whether this decreasing 
density trend is as dramatic within other 
species is not yet clear. If it is not, the case 
for growing quality timber from other 
species other than radiata pine, must be 
strengthened . 

Douglas fir is a good example of an 
alternative species, for it grows particularly 
well on the moister slopes below 900 m and 
at present is fetching a premium price. 

Another field in which the high country 
could have an important role to play is in 
the production of roundwood (posts and 
poles). One of the best roundwood (par
ticularly pole) species is Corsican pine, but 
its use in humid areas is severely restricted 
by its susceptibility to pine needle rust. It 



grows well in the high country where rust 
is unlikely to be a problem. At the National 
Roundwood Seminar in March, 1982, 
radiata pine was promoted as the best po
tential roundwood species for New Zealand 
conditions. However, two further points 
about the species were made. Firstly, the 
current popular silvicultural regimes aimed 
at radiata pine sawlogs do not lend them
selves to large scale roundwood production 
from thinnings, as has been the case in the 
past. Secondly the correct silvicultural 
practises required to grow large roundwood 
products (such as poles) have yet to be 
proven for this species. These points 
strengthen the case for Corsican pine pole 
production in the high country. In addition 
to local markets for such produce, no one 
has tested the export demand for treated 
roundwood as a construction unit. In the 
opinion of one local expert 13 this is a field 
which, if allied with the country's expertise 
in wood preservation, could well have an 
unexploited potential. 

Another area of interest is in the pro
duction of liquid fuel. 14 If trees are to be 
used as the raw material, extensive areas 
of land will be required . Preferably this 
land will not already be heavily committed 
to some other use. The high country con
tains tens of thousands of hectares of such 
land. The point to be emphasised is that 
the management procedures involved in 
producting sawn wood, pulp, roundwood 
or liquid fuels are very different, and must 
be recognised before the first tree is 
planted. 

Timber values 
It is extremely difficult to put a real 

value on trees in the high country. One can 
only guess at the value of shelter during 
lambing, or in cash terms, a crop that might 
be 20-60 years of age before it gives a 
financial return. 

Over the past few years the demand for 
timber has risen, local supplies have 
dwindled to such an extent that merchants 
must now look further afield for their raw 
product. Significant logging of high 

country stands has only occurred recently, 
and stumpage prices (prices paid for stand
ing trees) are improving steadily. Two 
years ago, stumpage prices paid for radiata 
pine sawlogs ranged between $6-8/ m1

. 

Larch was approximately the same value. 
whilst the best prices of around $15 / m1 

were paid for Douglas fir. Currently Doug
las fir from a Mackenzie Basin property is 
fetching $42/ m1 . Another recent sale of a 
small high country lot of unmanaged, ma
ture radiata pine and Douglas fir fetched 
$15 and $30 / m1 respectively. These prices 
compare with current lowland farm-timber 
figures of $25- 30/ m1 for radiata pine and 
$40-50/ m1 for good quality Douglas fir. 
There are large areas of hill and high 
country land capable of producing 
10-15 m1 wood / ha/ an., which means that 
at present high country prices Douglas fir 
is accumulating value on the stump at 
$300/ ha each year. Even on improved pas
ture this would be hard to equal. There are 
planting costs, but these are comparatively 
small when considered alongside the pro
portionate finance required to maintain a 
stock unit on developed high country pa -
ture. High country production options 
which involve low maintenance must be
come increasingly attractive in this age of 
rapidly rising costs. 

Spread of trees 
Most tree species adapted to the high 

country have the ability to spread, and on 
unimproved tussock land or in the absence 
of grazing they are likely to produce new 
forests of unevenly spaced and aged trees. 
Professor K. F. O'Connor 15 summed it up 
simply for the farmer when he stated "The 
success of woody revegetation cultures 
forces land users to choose between forests 
and improved pastures". He goes on to say 
that the making of that choice will be one 
of the "principal landscape planning issues 
for the tussock grassland and mountain 
lands for the next 20 years". Grazing press
ure is vital to control the spread of trees ; 
hence the importance of confining tree 
planting to areas of pasture improvement, 
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or to si t e~ from which their spread i~ either 
confined or acceptable in terms of their 
watershed protection value. 

The futu re 
Readers of Re1•iew could well comment 

on the lack of an) firm recommendations 
a~ to what ~pecies a high coun try farmer 
~hou ld plant a nd for what end product. 

The importance of a quality end product 
has been stressed. but the option . be they 
Corsican pine for roundwood. radiata pine 
fo r sawlogs, or Douglas fir fo r high quali ty 
structu ra l pruposes. are many. 

However. the author can do no more 
than expose these op11ons. for predicting 
the fu ture of timber is no less risky than 
fo recasting the long term prospects for 

Looking across the Electricity Department'~ Coleridge pla nta tion' lo the north faces 
of Mt I l ull beyond the Rakaia Rher. The fo reground trees are eight ~cars old 
radiata pine regeneration. T he good-lool.ing trees a t right are Cor, ican pine' \\ifh 
mixed conifers a nd broadleavc'i. 
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other farm produce. Because the future of 
any product is as dependent on its conti
nuity of supply as it is on its attraction to 
the consumer. future plantings should be 
co-ordinated from the outset. Ideally co
ordination should be the role of advisors, 
acting either for the state or privately. Cur
rently advice i ~ available from the Catch
ment Boards and private consultants. The 
numbers of a<h isors employed by these 
bodies should increase if moves in this di-

rection, by organisations such as the Farm 
Forestory Association, are successful. 

Summary 
Trees are an important component of 

mos! s1able mountainlands. If, as well as 
imparting stability to the steeper slopes. 
they can be integrated with existing land
uses to increase the land's productivity they 
must have an important role to pla) in the 
future or our hill and high country. 
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The Castle Hill buttercup 
(Ranunculus paucifolius) 

A story of preservation 
L. W. McCaskill 
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Castle H ill (920m) is a tor-studded lim e
stone hill in the south-west corner of the 
intermontane basin variously known as the 
Broken R iver, Castle Hill or Trelissick 
basin. It gave its name to the Castle H ilJ 
Station on the Christchurch Arthur's Pass 
highway, a sheep run which begins near 
Lake Lyndon and was taken up by Porter 
Bros. in June 1858.0rigina lly of 25,000 
acres, 5,000 acres were added in February 
1859 and another 5.000 in March 1861. In 
October 1864 the Porters sold Castle Hill 
to John and Charles Enys who had come 
to Canterbury from Cornwall in 1861. John 
was a keen amateur scientist, a keen collec
tor of stamps and autographs and a 
generous giver of all kinds of natural his
tory specimens to the Canterbury Museum. 
He was specially interested in bu tterfties 
and, as a keen angler, did much to intro
duce trout to the Waimakariri basin. He 
discovered marine fossils in the local lime
stones and bought the freehold so that they 
could be preserved. He had to sell Castle 
Hill in 1890 when he returned to England 
to look after the old home where he died 
in 1912. 

The first reference to the Castle Hill but
tercup is in the second part of the " Hand
book of the New Zealand Flora" 1867 when 
in his circumscription of Rai11111c11lus chor
dorhi::os J. D. Hooker refers to a plant 
occurring - "Waimakariri district. on lime
stone - gravel." 

Discovery and description 
J. D. Enys is usually credited with the 

discovery of the plant. He was such a close 
observer and keen field botanist that he 
must surely have been introduced to it 
quite early in his occupation of Castle Hill. 
He did not refer to it in his diary, which 
is not surprising as the diary consists 
largely of one-word entries. T. Kirk was a 
regular visitor to Castle Hill, as were 
Cheeseman and Wall later. and it is prob
able that he saw the plant growing there. 
Enys sent him a herbarium specimen which 
was deposited in the Dominion Museum 

(now National Museum) on 23 December 
1879. In his "Students Flora of New Zea
land and the Outlying Islands", 1899 Kirk 
describes the plant as a new species. His 
complete descript ion is as follows: 

R. paucifolius. n.s. Rootstock short, 
stout. with thick vertical fibres 6in.-8in. 
long. Whole plant glabrous. Leaves I or 
2. radical. I in.-2 in. long. spreading, 
petiolate. suborbicular. cuneate or 
almost reniform at base. nearly entire or 
3-5 lobed or partite nearly to the 
middle: segments overlapping. minutely 
crenate or subserrate. not pitted above. 
Petiole with a broad sheath for half its 
length. Scape solitary. stout. naked. !
flowered. equalling the petioles. Sepals 
5. ovate-oblong, subacute, deflexed. 
Petals 5. Achenes few. turgid, with a 
straight subulate beak. 
SOUTH Island: Amongst limestone 
gravel, Broken R iver. Waimakariri, J. D. 
Enys: Dec. 
In his two editions of "The Manual of 

the New Zealand Flora" 1906 and 1925, 
Cheeseman followed Kirk as did Allan in 
his "Flora of New Zealand" 1961. But F. 
J. F. Fisher in "The Alpine Ranunculi of 
New Zealand" includes the plant as one of 
two sub-species making up the species R. 
crithmifolius. If this is accepted, the correct 
name is Ranunculus crithmifolius, sub
species paucifolius. However in "Scenic re
serves of Canterbury"l972, G. C. Kelly 
says: "For general purposes the full name 
is cumbersome: the plant can be ad
equately and accurately called the Castle 
Hill Buttercup, Ranunculus paucifolius" 
and that d,escription is followed in this 
story. 

The Castle Hill basin is notable from the 
point of view of rare plants. Situated be
tween the Torlesse and Craigieburn 
Ranges and surrounded by greywacke it 
contains Tertiary limestone, mudstone and 
sandstone which provide a range of habi
tats very different from those surrounding 
them.The basin is notable for the rarity of 
some of the plants among which Ranun
culus paucifolius is the best known. Others 
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are Helichrysum dimorphum, Carmichaelia 
prona, Pilularia novae-zelandiae, My osotis 
colensoi, Wahlenbergia brockiei, Carex 
opinata and Hebe cupressoides. 

The Castle Hill buttercup, rarely more 
th an IOcm tall, is confined to an area of 
6ha of limestone debris in a gently sloping 
basin surrounded by limestone cliffs, tors 
and boulders at an altitude of 760m west 
of the homestead of Castle Hill Station. It 
has a stout, sometimes branched , rhizoma
tous rootstock which normally grows down 
the slope. From the rootstock, fleshy roots 
up to 45cm long descend vertically to a 
depth which is usually quite moist. Plants 
seem to thrive best when the top of the 
rootstock is at least 4cm below the surface. 
To achieve thi s, plants smothered by debris 
shifted by the strong nor'west wind will 
grow upward through the covering in a few 
days. The deciduous leaves are radical, on 
stiff petioles, 3 to 7cm long and up to 6cm 
in diameter, three- lobed with the lobes 
overl apping, and the margins finely 
tooth ed o r crenate. They a re greyish-green 
to ashen-purple in colour, somewhat fleshy 
and with some brown epidermal pits. The 
seedlings often have tuber-like rootlets. 
Flowers are produced from early October 
to about mid-December. The five sepals 
a re pale yellow and 5mm or so long. The 
flower is 2.5 to 5cm in diameter with 5 to 
8 (sometimes more) round-tipped golden 
petals and has a dense cluster of ye llow sta
mens. The fruiting heads are small , 
globose, with few achenes, the style sub
ulate and curved. A special feature (which 
could be an adaptatio n to the preferred 
habita t of fine debris) is a reflexing of the 
pedicels of the ripening fruit s downwards 
betwee n the leaves. The a tt ached fruits a re 
pulled or pushed into the loose. usually 
moist. debri s below the lea ves. 

The first detailed description of the site 
and its plants was given by Professor Ar
nold Wa ll in the Transactions of the New 
Zealand Institute. 1919 / 20. Wall described 
the mini-dune system moving with the 
wind. He found by digging where the 
plants grew close toge ther that the lime 

debris was up to 45cm deep, the material 
uniform, fine and incoherent. All plants (he 
counted 70 and thought there might be 
JOO) were within an area of 250m by 50m 
but were mainly confined to two areas each 
about 50m by 35m. Most of the plants were 
found on ground sloping 6°- 8 °, few were 
on level spots, none were on very steep 
places. In only one place were they among 
tussocks ; these were 12 plants among "very 
scanty tussocks" . Wall summarised the con
ditions thus: 

" I. If the surface is kept bare and the 
debris is blown away, the buttercup has 
nowhere to live. 

2. If the debris piles up, the plant is 
buried . 

3. If the material becomes stabilised, 
then a closed association develops and 
th e plant goes out." 

With minor modifications Wall's de
scription still applies. He listed the associ
ations as follows: (Kelly's additions listed 
in Biological Survey of Reserves, Report 2 
are included) 

A. B ares~ Areas: lime debri s deepest, 
loosest and driest. Myosotis co/ensoi, 
Lepidium sisymbrioides, Oreomyrrhis 
rigida, Nototh/aspi rosu/atum and the in
troduced A renaria serp y llifo!ia . 

B. Open formation. This has the plants 
listed in A. and also Pime/ea prostrata, 
Poa aciculari/olia, Cardamine debi/is, 
Carmichae/ia monroi, C. corrugata, 
Wahlenbergia brockiei, W graci/is, 
Anisotome enrsii, A.aromatica, Ranun 
culus monroi: Senecio haastii, Raoulia 
hookeri, R. subsericea, Epilobium 
a/sinoides. 

C. Nearly closed formation. (Some of 
th e above may occur) . Plantago 
.1pathulata. Festuca novae-ze/andiae, Poa 
co/ensoi, P. /aevis, H rdrocot)'/e no vae
:.elandiae, Viola cunn.inghan1ii, Ramtn
cu/us insignis, Acaena inermis, Agropyron 
scabrum, Celmisia graci/enta, Geranium 
sessiliflorum, Crepis 1101•ae-2e/andiae. 
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The necessity since 1962 of hand
weeding many clumps of the buttercups 
because of competition by both native and 
exotic plants has resulted in the absence 
from parts of the reserve of some of the 
plants listed above . 

The most common introduced plants 
today are Arenaria serpyllifolia (sandwort), 
Cerastium glomeratium (mouse-eared 
chickweed), Chrysanthemum leucanthemum 
(ox-eye daisy), three species of hawkweed 
occurring in the South Island tussock grass
land - Hieracium pilosella, H. praealtum 
and H. /achena/ii and A cinos arrensis. 

Other plants found in the vicinity of the 
reserve (and of importance because of the 
proposed addition of 80 hectares of adjoin
ing land with some kind of reserve status) 
are: A ristotelia /rut icosa, Asplenium 
anomalum, Carex brevifolia, Clematis aus
tralis, Coprosma petriei, C. propinqua, 
Corokia cotoneaster, Discaria toumatou, 
Hebe glaucophylla, Helichrysum 
bellidioides, H ymenanthera alpina, 
Kirkianella novae-zelandiae, Muehlenbeckia 
complexa, Myrsine divaricata, Olearia 
avicenniaefolia, Raoulia hookeri, Vittadinia 
australis. 

Wall, who had studied the whole area 
over many years and the reserve area 
closely in 1917- 18, attempted an explana
tion of the history of Ranunculus 
paucifolius: "It is the product of drought 
or steppe climate which directly caused the 
development of its xerophytic characters .. . 
It is adapted only for life under very special 
and peculiar conditions. e.g. its confinement 
to gentle gradients and a limestone soil, 
which conditions have been provided and 
preserved for it by a series of fortunate 
chances, in one small locality only . . . 

"Its life history may be summed up con
jecturally. Originating in the very remote 
past during a period of drought (which was 
probably very long) somewhere or not far 
from an extensive area of Tertiary lime
stone. this plant acquired marked xerophy
tic characters and flourished, maintaining 
itself with ease : and as the area on which 
it grew was slowly and gradually eroded 
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(or in parts more rapidly by glaciation) it 
was restricted to areas continually dimin
ishing in size and further and further separ
ated from one another until it remained in 
only one very limited area peculiarly situ
ated and adapted to its needs. Here. as in 
its original state. it had little or no severe 
competition to meet and overcome. and for 
countless ages it ha continued to exist 
there. surviving at least one great period 
of glaciation. which its habitat escaped: at 
least one pluvial epoch, which could not 
be favourable to it; and finally the various 
dangers resultant upon human occupation 
- depredations of stock and of hares and 
rabbits. pests and blight , and agricultural 
necessities and accidents. such as the 
plough and wax match . Thus, within its 
own narrow nook. secure from the compe
tition of rivals, this strange plant. relic of 
an earlier day and clime. is passing slowly. 
and it may be permitted to fancy , unreluc
tantly away before our eyes in an age-long 
euthanasia .' ' 

Preservation 
In 1948 the Lands and Survey Depart

ment fortunately decided to learn more 
about this delightful plant , to work for the 
deferment of its euthanasia and to use it 
to assist the public, particularly young 
people, in finding out what conservation 
really means. 

The prime mover in action towards pres
ervation of the buttercup was Walter Boa 
Brockie (1897- 1972). Born at Selkirk, Scot
land , he, at 14, became an apprentice gar
dener on the Haining Estate, a property of 
the Duke of Buccleuch. He served in the 
Great War from 1914 until April 1917 
when he was taken prisoner by the Turks 
in the Sinai Desert. After the war he re
turned to Haining and completed his ap
prenticeship. In 1921 he emigrated to New 
Zealand and became gardener at Bushy 
Park. Palmerston until in 1928 he joi~d 
the staff of the Christchurch Botanic Gar
dens where he developed his interest in 
native plants. especially those from the 
mountain areas . He had 500 alpine species 



in cultivation . In June 1947 he was 
appointed curator of the Otari Plant Mu
seum at Wilton. Wellington, a post he held 
until he retired in 1962. From 1940 until 
he left Canterbury. Brockie encouraged by 
J. A. McPherson . Director of the Christ
church Botanic Gardens. made a special 
study of Ranunculus paucifo!ius. The story 
of this study was published by the Christ
church Domain Board in 1946. He was 
awarded the Loder Cup in 1945 . 

In January 1940 Brockie counted the 
plants, noting the number of leaves on 
each. The list showed wh y it was that Kirk 
in 1899 described the plant as having 
" Leaves I or r . 
1 leaf 
2 leaves 
3 leaves 
4 leaves 
5 leaves 
6 leaves 
7 leaves 

Total plants 

1 pl a nt 
25 plants 
20 plants 
12 plants 
6 plants 
5 plants 
6 plants 

75 

The average number of leaves was thus 
about 3!-

About 1925 R. Blackley Snr had trans
planted two buttercups to the homestead 
garden. Brockie noted that these plants in 
1940 had 200 and 60 leaves respectively . 
He wondered how much the constant 
tramping by sheep had to do with the small 
number of leaves of the "wild" plants. (The 
homestead plants were manured with a 
covering of six inches of sheep dung by a 
well-meaning farm manager and killed in 
1961.) 

So in 1940 Brockie fenced in an area of 
nearly seven square metres containing two 
plants each with four leaves. Near these 
plants he dug a square metre hole 15cm 
deep and refilled with soil from the tussock 
grassland mixed with limestone debris. Into 
this he transplanted two two-leaved plants 
of Ranuncu/us from the adjoining tussocky 
ridge. The plants were examined annually 
and numbers of leaves and flowers rec
orded. In November 1945 the plants which 
originally had only four leaves each. now 

had 17 and 16 respectively. (By 1946, they 
had 23 and 20 leaves).The specimens 
planted in improved soil with two leaves 
had 27 and 16 in 1945, and 36 and 24 in 
1946. It was quite obvious that the future 
welfare of the Ranunculus depended on the 
exclusio n of stock. 

But without waiting for the results of 
Brockie's experiments McPherson and 
McCaskill took the matter up with the 
Royal New Zealand Institute of Horticul
ture at the 1942 annual conference and the 
Minister in Charge of Scenery Preservation 
was urged to take steps for the preservation 
of the Ranuncu/us. The trustees of the 
Castle Hill estate offered no objection to 
the fencing of the small portion of land in 
which the plants grew. The Department of 
Lands and Survey co-operated and in 1943 
McPerson persuaded the U oder-Secretary 
to make a grant towards the cost of fencing. 
But action was not possible because of war
time exigencies. There was an acute short
age of labour and materials and all 
surveyors were engaged on military map
ping. 

Brockie left for Wellington in June 1947 
and asked McCaskill to accept responsi
bil ity for further action. McCaskill ap
proached T. W. Preston, Commissioner of 
Crown Lands, Christchurch. On behalf of 
his department Preston agreed to constitute 
a reserve by taking a piece of the freehold 
to be donated by the owners of Castle Hill 
and adding a piece of the Crown leasehold 
from the pastoral run. The department 
would pay for the work if McCaskill would 
obtain the materials and get the fence 
erected. Wire was unobtainable on the 
open market but the Superintendents of 
Reserves in the cities of Dunedin and 
Christchurch provided enough from their 
stocks at pre-war prices. McCaskill had a 
special order of silver pine posts cut at 
Ross. At the time he was on the staff of 
Lincoln College and he arranged for the 
Diploma students under C. P. Tebb, the 
farm manager, and S. C. Harris, the fen
cing instructor to erect the fence on a Sun
day in March 1948. (Despite the dire 
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predictions of high country runholders the 
fence has stood the test of time). 

It had been agreed that the fence would 
be erected in such a situation that it would 
enclose all existing plants and would be 
surveyed later. The survey was made in 
June 1953 when it was found that the area 
to be reserved consisted of 8903m2 of the 
Crown leasehold and 5.5 138 ha of the free
hold (gifted by the owners) - a total of 
6.4041 ha. The important point to notice 
is that from March 1948 all stock was 
excluded from the plants. The area was 
gazetted as a Reserve for the Protection of 
Flora and Fauna on 22 July 1954 (Gazette 
No. 44 page 1188). This was the highest 
form of protection that could be given at 
the time and access by the public was only 
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by the written permission of the Com
missioner of Crown Lands, Christchurch . 

The first Honorary Ra nger was R. Blackley 
Jnr appointed in 1948, and all managers 
since then have been appointed Honorary 
Rangers . McCaskill has been an Honorary 
Ranger since January 1965 . 

During the protracted negotiations, Mr 
Blackley was most helpful. At the Pacific 
Science Congress in Christch urch in 1949 
he was publicly thanked, "on behalf of the 
botanists of the world", by Professor Carl 
Skottsberg, the great Swedish botanist. 

Under the terms of the 1977 Reserves 
Act , the Castle Hill Reserve became a 
nature Reserve which is land set aside "for 
the purpose of protecting and preserving 



in perpetuity indigenous flora or fauna or 
natural features that are of such rarity, 
scientific interest or importance, or so 
unique that their protection and preser
vation are in the public interest." Ad
mission is only by permit. 

Immediately prior to fencing in March 
1948 a careful count showed only 32 plants, 
probably an underestimate because there 
had recently been major _stock movements. 
Seedlings are very frail and are easily dis
turbed by any minor movement of the 
lime; even young plants can be buried be
yond recovery by the movement of a few 
stock. At times several thousand sheep 
were involved. 

In December 1949 McCaskill, with Lin
coln College students, marked all plants 
carefully with bamboo rods to prevent 
duplication. The dramatic increase in num
bers to 135 consisted mainly of young 
plants and seedlings; for the first time for 
JOO years the buttercup had been undis
turbed by stock for nearly a year. (The dis
tribution of the resulting plants is shown 
on the map). 

At intervals between 1949 and 1959 seed 
was collected both from "wild" plants and 
from the two plants in the homestead gar
den and sown in what were thought to be 
suitable sites adj oining the original areas. 
In October 1958, McCaskill again used 
students to make a careful count and lo
cated 145 plants. He considered this to be 
an under-estimate because a proportion of 
plants is always late in emerging and seed
lings are usually later than October in ap
pearing. At this time the depredations of 
hares were causing concern . Hares living 
on the tussock grassland on Castle Hill 
itself were using the reserve as a route be
tween the hill slopes and the rich feeding 
areas on the improved pastures and turnip 
crops around the homestead. Plants adjac
ent to their tracks were sometimes almost 
defoliated. The Department of Lands and 
Survey added netting to the original fence 
and hare traffic was largely deflected but 
not entirely so. 

In 1958 the Springfield Lime Company 

was operating in the area immediately 
south of the reserve. McCaskill approached 
the staff and asked them to leave at least 
three metres from the fence untouched and 
to smooth over the surface of the pit when 
they ceased mining. They refused to co
operate with the result that lime was re
moved right up to the fence and the pit 
which is included in the additional reserve 
will need considerable work to prevent 
further erosion. 

From 1961 young plants and rooted 
pieces of older plants were transplanted in 
numerous sites until the autumn of 1972. 
Plants were thus established on completely 
new sites within the reserve. Their distri
bution is shown on the map. 

By 1960 it was obvious that with com
plete protection from stock, some native 
plants, especially the needle poa (Poa 
acicularifolia) and introduced plants in
cluding the three species of Hieracium, and 
ox-eye daisy, were stabilising much of the 
loose debris. The resulting competition was 
reducing the flowering and seed production 
of the Ranunculus and even causing death. 
Since 1961 an area round each plant has 
been kept free of weeds and to ensure that 
helpers and other visitors did not damage 
plants by tramping, all plants were sur
rounded by pieces of limestone rock. 

An incident in the spring of 1962 showed 
the necessity of having management plans 
and adhering strictly to their requirements. 
By chance, McCaskill discovered that the 
Commissioner of Crown Lands, Christ
church, had given permission to the Direc
tor, Parks and Reserves, Christchurch City 
Council to remove nine Ranunculus plants 
to the Botanic Gardens. These were "to be 
propagated and released to the trade" so 
that keen gardeners would be less likely to 
steal plants from the reserve. McCaskill did 
his utmost to have the permission annulled, 
without success. Attempts at propagation 
failed: all the plants died. By what 
McCaskill angrily called "a piece of official 
vandalism", nearly six per cent of allplants 
existing in a wiJd state were needlessly de
stroyed . 
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In the summer of 1966 an infestation of 
rabbits on Castle Hill Station resulted in 
two warrens being established within the 
reserve with resulting severe defoliation of 
many plants. By arrangement with the 
Rabbit Destruction Council, McCaskill 
treated the warrens with cyanogas on two 
occasions and employees of the station con
ducted an intensive shooting campaign in 
the vicinity. Since then only an occasional 
rabbit has been seen in the reserve. One 
striking effect of the destruction of rabbits 
was the increase in penwiper; there were 
50 flowering plants in December 1968. 

In 1967 it was felt that mortality of the 
seedlings was so high , due to surface 
drought and movement of the limestone 
debris by wind and water, that it would be 
better to raise plants horticulturally and 
transplant from pots into suitable areas in 
the reserve. Accordingly half the seed col
lected in the autumns of 1967 and 1968 was 
supplied to the Christchurch Botanic Gar
dens but the scheme was unsuccessful , no 
seedlings being produced . 

In the spring of 1971 several sheep found 
a track through the rocks and spent some 
time on the reserve before being detected. 
Some 50 buttercup plants were severely 
defoliated but most, if not all, recovered. 
Ranger Don Cowie closed all access points 
through the rocks. Deeply interested in the 
preservation of the plant Cowie had be
come an essential part of the team and was 
particularly helpful in his control of the 
damage due to the flooding in the spring 
of 1971. 

On 10 December 1971 G. L. Kelly with 
his wife and McCaskill spent a long day 
in the reserve and removed competing veg
etation from all buttercups. (For his report 
which supported what was being done and 
guided further decisions see Biological Sur
vey of Reserves Report 2, May 1972, page 
26). They estimated that there were at least 
250 plants. It was agreed that it was diffi
cult to be clear as to what constituted a 
separate plant and since then most refer
ences have been to "clumps". 
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On 9 February 1972, Cowie and 
McCaskill transplanted 44 plants at least 
one year old and 18 seedlings. In spite of 
intense drought subsequently, this action 
resulted in the clumps 114, 115, 116, and 
140, 141,143 on the survey map. Cowie had 
interested the Chief Surveyor, Christchurch 
who agreed to make an accurate map of 
the clumps if they were pegged . So in Nov
ember 1972 Cowie and McCaskill pegged 
117 clumps; their position is shown on the 
survey map M/ T 72/ 1 at a scale of50 links 
to one inch . In October and November 
1974, further clumps were pegged (making 
a total of 155) and roughly located on the 
map. A careful count showed that there 
could be 300 individual plants. The ap
proximate distribution is shown on the map 
and it was believed that all suitable sites 
had some plants. In March 1978 there were 
177 pegged clumps with over 400 individ
ual plants. 

All of the evidence had shown that the 
most economical and satisfactory method 
of establishing new plantings was by using 
plants at least one year old . Margaret Bul
fin of Botany Division, DSIR, Lincoln be
came interested and was supplied with seed 
in the autumn of 1975. She has described 
her successful method : 

"In 1946 W. B. Brockie reported results 
of seed sowing in a nursery plot at Castle 
Hill when he found that overall germi
nation was poor. He recorded a total of 
only about ten per cent but found that 
some seeds germinated after 4 years in 
the soil. 
Seeds collected by L. W. McCaskill in 
1976 were made available to me for seed 
germination tests and I have since had 
collections made in 1978, 1979, 1980 and 
1982. Not all the achenes ("seeds") on 
a head are fertilised. The number of 
small , shrivelled and clearly unfertilised 
"seeds" can range from 12.5 per cent to 
50 per cent. 
With the apparently good seeds tests 
have been made for germination at tem
peratures of 0°, 5° , 10°, 12°, 15° and 
25°C in dark and 25° , and 25 / 18°C in 



light as well as in many combinations 
of these tempera tures. Best results have 
been achieved in the labora tory by 
placing the seeds in blotting paper pads 
kept moist in petrie dishes and moved 
monthly between cabinets maintained at 
5°C in the dark a nd an open ge rminat
ing tank a t 25°C in light. Even so overall 
ge rminatio n is slow, with first seedlings 
appearing abou t 13 months after treat
ment begins and tota l germ ina tion is 
only about 10 per cent, a figure which 
agrees with W.B. Brockie's field exper
iments. Some seed lings appeared after 
3 years in th e germina tor. 
Seeds of thi s Ran11nculus clearly need a 
period of after-ripe nin g o nce th e 
achenes have dried and thi s ca n be re
duced by th e treatment indica ted but it 
is possible that on ly a percentage of th e 
~eeds a re potentially viable. This year. 
1982. a co ll ection was made of green 
achenes and these are now being tested. 
R.lra/lii and some o th er Ranunculus 
species germinate better when co ll ected 
green . 
The sma ll seed lings transplant readily 
into planters a nd have been grown in 
a t Lincoln for planting in th e rese rve." 
On 13 October J 977 six seedl in gs were 

tra nspla nted a t I 20A on th e Map M/ T 
72 / 1. They were a ll thriving in 198 1 and 
in November of th a t yea r th e first of th e 
six flowered. On 17 and 18 October 198 1 
15 further seedlings fro m Bota ny Division 
were pl a nted during visits m ade by mem
bers of the IU CN 15th General Assembly 
in Christchurch. 

Over the yea rs a few plants o f the butter
cup have been grown from seed at Kew 
G a rdens, Lo ndon. 

In March , 1976, seed sent to Kew was 
shared with Edinburgh and Cambridge 
Botanic G a rdens. In all cases it germinated 
in 1978 and fl owered freely in the spring 
of 1980. 

In 1977 by a rra nge ment with the owners 
of the freehold and in exchange for Crown 
la nd o n the te rrace o f the Th o mas River. 
an area of nea rl y 77.5 ha includin g much 

of the two limestone ridges above the 
Ranunculus reserve became Crown prop
erty. It is most desirable that this area be 
gazetted as Scenic reserve. If so it could 
provide an interesting experiment combin
ing a Nature reserve to which access is only 
by permit with a Scenic reserve to which 
the public have right of entry. The first re
quirement would be the fencing of the re
served land from the run and the provision 
of car access by the legal road to a car pa rk 
on the flat by the strea m. It is most import
ant that th ere be no " improvements"; this 
is a case where the ex isting landscape must 
be preserved for a ll time. To reduce the de
sire of th e public to enter the Nature re
serve a sma ll area insid e the fence , but 
adjoining it , was planted in August 1977. 
The plants included some clumps of the 
Ranunculus a nd some of the other unusua l 
plants. They were close enough to the fence 
to be studied a nd photographed from out
side the Natu re reserve. 

On 6 October 1980 the Cas tle Hill 
Nature Reserve Management Plan was ap
proved . It was prepared by the Chie f 
Ranger for th e Ca nterbury Land District 
and his staff assisted by loca l scientists. The 
Pla n support s th e class ifica tion as a Nature 
reserve but suggests that the added sta tus 
of a National rese rve could be a pplica ble . 
An appendix provides a check list o f nat ive 
a nd introduced pl a nts in the Nature re
serve, including bryophytes. 
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Fencing and fertiliser 
in pastoral developm_ent 

An analysis of farm-scale performance 
in the Waitaki high country 

K. F. O'Connor, E. J. Costello. M. Abrahamson 

The need for efficiency 
At no time more than the present have pas
toral farmers felt the pressing need of ef
ficiency in the use of superphosphate 
fertiliser in the pastoral development of 
their properties. Costs of purchasing and 
applying superphosphate have risen dra
matically in recent years. Other farm costs 
have mounted with them (Fig. 1). While 
productivity and product prices have also 
risen, the now familiar farm cost/ product 
price squeeze has assumed a pincer-like 
acuteness. Financial devices used to pro
mote and sustain development, Water and 
Soil Conservation Run Plans, Livestock 
Retention Schemes, Land Development 
Encouragement Loans, Supplementary 
Minimum Payments, have each been rec
ognised as finite in level and duration of 
support. Susta inability in pastoral develop
ment is needed just as urgently as in other 
projects of national economic development. 
Sustainability has become the touchstone 
for planning objectives for resource use, 
and factor efficiency emerges as an indi
cator of such sustainability. If a resource 
use can be sustained only by continued use 
of a particular input factor , then efficiency 
in the use of that factor becomes all the 
more important. 

Principles of fertiliser efficiency 
in pastoral development 

O'Connor and Clifford (1966) identified 
from their grazed plot research a set of 
lessons that could be learned about ferti-

liser efficiency in the development of a pas
toral run. Research at present being 
developed in the Ministry of Agriculture 
and Fisheries will help to refine and quan
tify such lessons. We believe that it would 
be valuable to reformulate as a set of prin
ciples the essential lessons of fertiliser ef
ficiency in a whole-farm pastoral context. 
Each principle demands for its application 
the exercise of choice by the farmer, 
decision-making. For each choice he may 
benefit from advice. For whole-farm ef
ficiency he must integrate the application 
of all four principles. The ecological basis 
for these practical principles is summarised 
by O'Connor (1982). 

1. Soil-plant systems vary in their needs for 
and responses to different nutrients. Ef
ficient use of fertiliser requires that veg
etation be designed to fit the intended 
nutrient regime and that neither too 
much nor too little of each required nu
trient be added as fertiliser for the soil
plant system in question . 

2. Within a farm , terrains vary in climate 
as well as soil and vegetation . Accord
ingly, terrains also vary in yields of her
bage from fertiliser application and in 
the season at which such herbage is use
able. Choice of which terrain is treated 
can affect the whole farm economy. 

3. Economic returns from fertiliser use in 
pastoral enterprises demand consump
tion and conversion of herbage into mar
ketable animal products. This requires 
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FIGURE 1: Changes in unit costs of permanent fencing and of aerial oversowing 
and topdressing from 1970 to 1982. 

animals which can respond to improved 
nutrition, sufficient numbers of such ani
mals, and design of grazing management 
regimes that ensure overall efficient con
version of herbage into animal perform
ance. 

4. Economic returns from fertiliser use in 
livestock are maximised in the longer 
term when the intended soil fertility and 
vegetation regime is maintained as far as 
possible by well-distributed nutrient re
turns from grazing animals and by secur
ing well-distributed pasture growth and 
utilisation. This generally requires sub
division fencing and intermittent or even 
rotational grazing regimes. 

The record of high country fertiliser use 
The above principles can be the subject 

of discussion. What we intend here is to 
present in a formal way the first results of 
analysis of the records of pastoral utilis
ation, gathered from sample properties in 
the Waitaki in conjunction with the last 
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high country production survey. These re
sults may contribute to more informed dis
cussion, especially of the fourth of the 
principles formulated above. First, let us 
examine the record of high country ferti
liser use. 

The 1976- 78 series of high country pro
duction surveys revealed (Kerr, Lefever 
and Costello, 1979) that for the mean of 
300 high country properties, 70 hectares of 
new aerial oversowing and topdressing 
were added each year to the 900 hectares 
already oversown and topdressed. The new 
topdressing of 70 hectares was done at an 
average rate of 266kg of superphosphate 
per hectare, equivalent to approximately 
24kg of phosphorus element per hectare. 
The range appears to have been from 
about 8 to 30kg P / ha. Sulphur applied 
would have varied, dependent on whether 
sulphur-enriched superphosphate was 
used, but levels of from 20 to 50kg S/ ha 
appear to have been applied . [t would seem 
that, in general, initial requirements for 



sulphur may have been met but there are 
some indications that pastoral development 
requirements for phosphorus may have 
been sometimes inadequately met in this 
first application. With losses of sulphate 
from leaching and with retention of phos
phate in much less available forms in many 
high country soils, it might be expected 
that considerable further dressings of 
superphosphate would be required before 
a nutrient regime was attained that was 
sustainable by grazing animal returns and 
periodic maintenance fertiliser sup
plements. 

Of the 900 hecta res per run previously 
oversown and topdressed , only 29 per cent 
received any contribution to fertility in
crease or maintenance, a t an average rate 
of 186kg superphosphate per hectare. To 
put these va lu es in perspecti ve, the average 
annua l rates per hectare of fertiliser appli
cat ion after the first have been less than 
5kg P / ha and about IO kg S/ ha. On many 
soils this amount is insufficient, in view of 
initial deficiency of phosphorus app li 
cation. On many soi ls the average annual 
dressing of sulphur and phosphorus wou ld 
be sufficient , but on ly if nutrient returns 
as dung a nd urine were effect ively distribu
ted. This condition is probably se ldom ful
filled, as analys is of Waitaki pastora l 
utilisation records will indica te. 

Grazing load of individual blocks 
or paddocks 

The pastoral utilisa tion survey of high 
country runs has involved: 

(i) interviews with randomly chosen 
run holders, 

(ii) identification and characterisation of 
pastoral ma nage ment units, i.e. all 
blocks, major paddocks or groups of 
small paddocks, and 

(iii) analysis of the grazing use of all such 
pastoral units by each cohort of live
stock throughout the yea r. 

Grazing load of each pastora l unit is cal
culated as stock-unit-months per hectare, 
the stock-unit-month being calculated by 

TABLE 2. Subdivison index for pastoral 
management units in high country terrain 

Subdivision 
Index 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Area 
(ha) 

> 3,200 
1,600- 3,200 

800- 1,600 
400- 800 
200-400 
100- 200 
50- 100 
25- 50 

12.5- 25 
< 12.5 

the schedule in Table I , where the several 
classes of stock are assigned different 
monthly va lues, dependent on the breed ing 
cycle and its management. 

Pastoral management units, whether 
natural-boundary blocks, fenced blocks, or 
groups of jointly or partly rotationally used 
paddocks, are characterised by area, alti
tude range, aspect, vegetation, character
istic landforms and soils, and by record of 
cultural dev.elopment. Topographic maps 
of NZMS 1 series are used as base maps 
fo r the far m interview and supplementary 
information is gleaned from National Land 
Resource Inventory Worksheets, from 
Geological and Soil Maps, and from inter
view with farmer. After pla nimeter or simi
lar determination of each pastoral unit 
a rea, an index of subdivision is assigned 
as shown in Table 2. For paddocks or 
blocks for which separa te grazing use rec
ords a re obtained , the subdivision index 
corresponds with the area of the whole pas
toral unit. In the case of pastoral units con
sisting of groups of small paddocks where 
separate grazing records are not obtainable 
for each sma ll paddock, the subdivision 
index assigned is for the mean area of such 
small paddocks . 

For the summary presentation in Table 
3, pastoral units are included in three cat
egories: those not topdressed at all, those 
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TABLE 1. Weighting assigned per animal for each month of the year in the calculation of stocking load as stock-unit-months 

JAN . FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. 

Sheep 
Flock ewes 1.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 1.3 1.5 1.6 1.6 
Two-tooth ewes 

(if unmated) 0.7 0.7 0.7 0.7 
Hoggets 

(after weaning) 0.7 0.6 0.6 0.6 0.6 0.6 0.6 06. 0.6 0.7 0.7 0.7 
Wethers 0.8 0.8 0.8 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.8 0.8 
Rams (estimated 

at 3/ 100 ewes) 0.7 0.7 0.7 1.0 1.0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 

Cattle 
Breeding cows 8.0 8.0 8.0 2.0 2.0 2.0 2.0/ 4.0 4.0 5.5 5.5 7.0 7.0 
Two-year-olds 

(non-breeding) 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
Yearlings 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Weaners 3.5 3.5 3.5 3.5 3.5 

Notes : (l) Weaning of lambs 1st February ; la mbing and shearing of dry sheep 1st October. 
(2) Weaning of calves 1st April ; calving 1st September. 



topdressed only in part, and those which 
have been topdressed as a whole. Those 
pastoral units which are irrigated are 
excluded from Table 3. No distinction has 
been made in the table between those units 
which have been topdressed without culti
vation and those which have been culti
vated, because such subgroups did not 
segregate from one another in stocking 
load . For this presentation, records of 
stocking load are summarised in a two-way 
classification according to characteristic 
landforms of the pastoral unit and the cli
mate group in which the run is located. It 
should be noted that many of the hill and 
steepland pastoral units on runs in the 
semi-arid group have soils somewhat 
moister than the dry subhygrous or sub
xerous soils 1 characteristic of the lower 
lands in semi-arid sectors. 

Table 3 reveals that the 368 dryland 
management units found on 27 properties 
in the Waitaki are well distributed over a 
wide range of terrains. Half of these 368 

'Sub-xerous : Soil moisture is on average below field 
capacity for each month of the year and below wilt
ing point for six months or more . 
Dry subhygrous: Soil moisture is on average below 
field capacity for more than five months of the year 
and is generally below wilting po int for three to five 
month s. 

management units were untopdressed and 
half were topdressed in whole or in part. 
Although precise data are not presented 
here, it will be appreciated from Figure 2 
that the topdressed units generally are 
smaller in area. The mean area total 
untopdressed portion of the 27 runs 
sampled is 7,706ha. The mean area of 
topdressed land is 744ha for the same prop
erties. The comparable values for all 82 
Waitaki runs are 8,775ha and 868ha re
spectively. 

Apart from the river flats (which are 
highly variable) and subalpine slopes, ter
rains which are poorly represented in the 
topdressed categories, all terrains in Table 
3 show several-fold increases in stocking 
load between the untopdressed and the 
wholly topdressed categories. This increase 
is especially marked in the humid sector 
but the large margin there is due to the 
large number of small, topdressed manage
ment units on terraces and fans . Apart 
from this set, all terrains show remarkable 
similarity in mean stocking load on wholly 
topdressed units, equivalent to between 
three and four stock units per hectare on 
an annual basis. Where there are sufficient 
partly topdressed units to make compari
son, such blocks are found to be intermedi
ate in stocking load. 

TABLE 3. Mean stocking loads in stock-unit-months per hectare for 368 pastoral manage-
ment units in 27 Waitaki high country runs, in relation to climate, terrain and topdressing 
treatment 

Run Top- Montane Montane Montane Subalpine 

Climate 
dressing Riverftats Terraces & Moraines & Hills & Hills & 
Category Fans Downlands Steeplands Steepland 

Semi-arid None l.O 11.6 7.9 5.9 2.6 
Part 29.6 15.8 12.8 7.6 
Whole 111 .6 38.4 41.8 33.9 32.2 

Sub-humid None 28.7 4.5 10.5 7.4 3.1 
Part 14.5 13.8 11.4 10.2 
Whole 45.9 37.7 36.2 

Humid None 18.0 5.0 4.9 3.7 3.0 
Part 15.2 27.5 3.0 
Whole 37 . l 86 .7 39.9 40.5 
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FIGURE 2: Variation in size of pastoral management units and in their recorded stocking 
loads on major terrain classes of montane zone of W aitaki high country runs, 1978, showing 
significant relationships of stocking load to subdivision index, •-• for wholly topdressed 
units, o-o for non-topdressed units. 
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Variation in stocking load of 
topdressed areas 

Despite the several-fold increase in mean 
stocking load attributable to topdressing, 
closer examination of some of these data 
(O'Connor, Costello and Kerr, 1982) re
vealed often high "standard errors'', indi
cating high variability in stocking loads 
after topdressing even within single land
scape classes. 

Figure 2 presents the variation in stock
ing load and unit size in the main terrain 
classes. What are the sources of such vari
ation in stocking load? Do they arise from 
variations in clover-oversowing success and 
persistence? We have already indicated 
that no clear difference has yet emerged 
in our analysis between ploughed and sown 
pastures and oversown pastures. Many of 
the management units with high stocking 
loads, especially on the terraces and fans 
of the humid sector runs, are cultivated 
paddocks. The range in performance of 
cultivated pastures, however, is almost as 
large as that of the more numerous over
sown pastures. In any one terrain class the 
range in stocking load on topdressed pas
tures is very large, sometimes as much as 
ten-fold. In contrast, the range in perform
ance of untopdressed blocks is compara
tively small. Stocking loads on unimproved 
pasture seldom exceed one stock unit per 
hectare annual equivalent. Variation in 
natural terrain does not therefore seem 
likely to give sufficient explanation of vari
ation in stocking load when topdressed , but 
this will require further examination. One 
factor th a t can be examined is paddock 
size. 

The role of subdivision 
By regression analysis within the 

untopdressed and wholly topdressed sets 
within each climate-terrain class, we can 
assess the relationship between stocking 
load performance and pastoral manage
ment unit area, indicated by subdivision 
index. The statistically significant re
gressions are shown in a series of graphs 
in Figure 2. It should be noted that the sub-

division index is scaled for successive halv
ing of block size at each step from 1, 
greater than 3,200 hectares, to 10, less than 
121 hectares. 

What do these regression analyses re
veal? As shown in Table 4, on unimproved 
grasslands within the nine terrain-climate 
groups, subdivision is seldom significantly 
and positively correlated with stocking 
load. On improved grassland, of the nine 
correlations within the terrain-climate 
groups three are positive and statistically 
significant. For example, on rolling lands 
in the semi-arid sector, each halving of 
block size is associated with raising the 
stocking load on topdressed pastures by 
more than 11 stock-unit-month per hectare. 
(This numerical value is indicated by the 
regression coefficient (b) in Table 4 and il
lustrated by the slope of the regression line 
in Figure 2.) 

If we consider all wholly topdressed pas
toral management units together, from ter
races, fans, rolling lands, hills and 
steeplands, within each climatic sector, we 
find significant positive correlations be
tween stocking load and subdivision index 
as shown in Table 4. Over all climates and 
terrains together, each halving of top
dressed block size is associated with an 
increase in stocking load of 12.2 stock-unit
months, equivalent to one stock unit per 
hectare on an annual basis. In contrast with 
the topdressed areas, the non-topdressed 
blocks when grouped by climate show only 
small regression coefficients. This contrast
ing feature is illustrated in Figure 3. 

These are correlations, not demon
stration of cause and effect. First year 
classes in statistics used to be reminded by 
their lecturer that there was a close corre
lation between number of monkey
wrenches per farm and productivity per 
farm in the state of Iowa. Going out to buy 
more monkey-wrenches was not of itself 
likely to increase farm production. Fencing 
is a tool of grazing management. It does 
not itself cause grazing management or the 
stock load or productivity that may come 
from it. 
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TABLE 4. Numbers of non-topdressed and wholly topdressed pastoral management units (n) surveyed in the montane zone 
of the Waitaki; correlation coefficients (r) of stocking loads with subdivision index for each group; and regression coefficients 
(b) of stocking load on subdivision index for groups where correlations are significant 

Terraces and Rolling Hills and All terrain 
Fans Lands Steeelands classes 

n r b n r b n r b n b 

Semi-arid 
Non-topdressed 4 - 0.28n .s. 12 0.39n.s. 34 0.26n.s. 50 0.46* * 1.3 
Wholly topdressed 6 0.34n.s. 22 0.65** 11.2 11 0.63* 6.6 39 0.62** 3.9 

Sub-humid 
Non-topdressed 12 0.39n.s. 7 0.98 ** 4.0 34 0.19n.s. 53 0.54** 2.1 
Wholly topdressed 15 0.51 * IO.I 7 0.53n.s. 6 -0. 14n.s. 28 0.39* 6.3 

Humid 
Non-topdressed 5 -0.64n.s. 14 0.16 12 -0.62* -1.4 31 -0. 14n.s. 
Wholl~ toedressed 26 0.31 n.s. 17 0.40n.s. 4 -0.87n.s. 47 0.54** 13 .8 

All Non-topdressed pastoral management un its 134 0.40** 1.2 
All Wholl~ toedressed 2astoral management units 114 0.54** 12.2 

Notes :*, ** indicate statistical significance at the 5 per cent level and at the I per cent level 
respectively. 
n.s. indicates va lue of coefficient does not reach significance a t 5 per cent leve l. 

(The lower the number in a group (n), th e higher must be the correlation coefficient to reach 
significance.) 



Furthermore, these correlations, 
although often statistically significant, are 
not very close. In the closest of correlations, 
the semi-arid hills and steeplands, less than 
40 per cent of the variation in stocking load 
is accounted for by taking account of sub
division. The results are crude in their pres
ent form. We expect that they will be 
improved as we make progress in terrain 
analysis and classification, as we process 
more records from runs already surveyed, 
and especially if we could include more 
properties in pastoral utilisation survey. 
This is cheap research in comparison with 
large area field research which would 
complement it. Nevertheless it costs time 
and travel money for interviews .. It is com
pletely dependent on farmer co-operation 
in recording and sharing with us accurate 
information on land treatment and stock 
movements. 

The results as presented are also crude 
because they look only at the factor of sub
division of topdressed blocks. They take no 
account of how long the management units 
have been under a topdressing regime, how 
much superphosphate they have received. 
They take account of animal numbers and 
duration of grazing time but they do not 
take account of livestock performance. 
They reflect the pastoral manager's de
cisions, not necessarily his pastoral success. 
They refer only to the areas of blocks or 
paddocks not to grazing management as 
such. In 1978 when the records were first 
gathered only one of the properties in
cluded in the Waitaki survey was practising 
rotational grazing. Subdivision fencing is 
not a guarantee of grazing management, 
but since the pastoral industry generally 
seems reluctant to promote the use of 
labour for shepherding, fencing is essential 
and labour must be employed on using 
gates. 

The inescapable fact is simply that stock
ing load, apparent pastoral utility of 
topdressed terrain , is often positively cor
related with degree of subdivision. We 
should examine what we know of grazing 
animal behaviour and grazing manage-
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FIGURE 3: Relationship of stocking load 
to subdivision index for non-topdressed and 
wholly topdressed pastoral management 
units in the montaine zone of the Waitaki, 
overall and in run climate groups. 

ment (or pastoral behaviour) to see what 
we can learn and apply for the sake of ef
ficiency of resource use in pastoral devel
opment. 

Grazing behaviour and managment 
Our research at Glenthorne into the ef

fects of partial area topdressing of tussock 
country (Abrahamson, O'Connor and Har
ris, 1982) provides some important lessons 
in grazing behaviour that affect fertiliser 
efficiency and make demands on grazing 
management. Topdressing part of 
complex-landform summer range altered 
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dramatically the previously established 
grazing distribution pattern of the dry 
sheep traditionally run on the block (Harris 
and O'Connor, 1980). Observations of 
sheep and pasture, together with diet deter
mination by analysis of faecal cuticles, re
vealed that sown clover and resident 
Hieracium on the topdressed areas were 
now intensively grazed at the expense of 
the grass-dominant untopdressed range. 
The consequence was reduced consump
tion and eventual wastage of herbage on 
the unimproved areas. Because there was 
evidence in the dung collected far from the 
topdressed areas that the sheep depositing 
it had grazed the topdressed ground, it 
seems likely that some of the applied fer
tility was being redistributed by the sheep. 
This phenomenon has been acknowledged 
in the past as a way of improving clover 
distribution by transferring undigested 
seed . What we would emphasise here is the 
transfer and dilution of fertility at the same 
time as there is worsening of the inequali
ties of grazing pressure between topdressed 
and untopdressed ground. Inequalities of 
grazing pressure (ratio of animal numbers 
to herbage mass) within a pastoral manage
ment unit are characteristic of all but very 
intensively stocked areas. Animal stocked 
at fewer than 50 stock units per hectare at 
any one time usually achieve undergrazing 
and overgrazing in different pans of the 
same paddock. Detailed measurements on 
relatively small hill blocks at Tara Hills 
(subdivision index 5, 6, 7) revealed local
ised undergrazing and overgrazing, even 
during feed shortages because of drought 
(Edge, 1979). 

Our study of grazing records of farmers 
in the course of our pastoral utilisation sur
vey reveals that, with the exception of hold
ing paddocks, it is very unusual for high 
country farmers to stock with more than 
50 stock units per hectare at any one time. 
In such circumstances, we expect that there 
will be continual migration of fertility from 
the areas favoured for grazing to the areas 
favoured for camping and resting. The 
longer the stocking period and the lower 
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the stock density, the more we would ex
pect this process of fertility transfer to con
tinue and the more we would expect 
wastage of herbage in areas of low prefer
ence for grazing. 

We have been conscious for some time 
of a possible problem of lack of clover per
sistence, or a slump in clover production 
following the clover dominance after initial 
topdressing. In the course of 97 intensive 
interviews with hill and high country 
farmers by one of us (M.A.), farmers were 
questioned on this topic. For 85 the prob
lem had not occurred. After initial 
topdressing, the clover-dominant phase 
was followed by a persistent and fairly vig
orous contribution of clover to a mixed 
sward. For twelve farmers the problem of 
lack of persistence of productive clover had 
occurred . Five of these 12 indicated that 
the problem was lack of subdivision, inad
equate grazing management leading to 
shading of clovers, and overgrazing of clo
vers by seasonal set-stocked sheep. The 
ramaining seven did not acknowledge these 
causes but each had large . topdressed 
blocks (subdivision index 4 or 5, greater 
than 200ha) and all seasonally set-stocked 
sheep. 

We are aware of other circumstances in 
the semi-arid sector where white clover has 
been introduced outside of its suitable 
habitat. It has flourished in moister years 
but has failed to withstand the competition 
for moisture from invigorated grasses or 
had died in drier than average years. We 
believe that design of vegetation systems 
for such localities must be based on plants 
other than white clover (cf. Scott, 1979). 
Where white clover is suited, its persistence 
is dependent on fertility and grazing 
regimes. 

At the present time the Ministry of 
Agriculture and Fisheries is conducting an 
extensive programme to foster controlled 
grazing. Our evidence and argument would 
support it. There are at present very few 
high country farmers with intensive rota
tional grazing systems. In some situations 
such systems may not be very convenient. 



We are aware that research elsewhere indi
cates that the benefits of rotational grazing 
over set-stocking in livestock performance 
and total output are dependent on stocking 
rate. We are conscious that periodic graz
ing achieving high utilisation of standing 
intertussock herbage results in more her
bage production and fertility buildup than 
grazing at the same frequency but achiev
ing only modest utilisation (O'Connor and 
Clifford, 1966; O'Connor, 1966). As Peter 
Sears used to say: "To grow grass, eat 
grass". Building fertility and using it may 
be at times more important than achieving 
high per animal performance . We consider 

that controlled grazing, with periodic close 
grazing and intervening periods of rest, is 
essential if sufficiently high animal density 
is to be achieved for the fertility-building 
phase of pastoral development. Periodic 
mob stocking is the only practical way in 
which a farmer can get the fertility
building effects of a high stocking rate 
while he is still flock-building or herd
building. The alternative is more fertiliser, 
including nitrogen, and selective use of 
herbicides and fire for brush and weed con
trol. In the interests of economy and ef
ficiency we would recommend more fences, 
bigger gateways and more use of them. 
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Book review 

Early Northern Otago Runs 
by Ro be rt Pinney 

Published by William Collins Ltd., Box 1 Auckland. A boxed collector's edition lim
ited to 1000 copies. $50. - Reviewed by K. F O'Connor. 

Robert Pinney's second major hi torical 
work follows ten years after his Early South 
Canterbury Runs in the fine tradition begun 
by L. G. D. Acland some thirty years ago 
with The Early Canterbury Runs. The title 
is exact. The region is not, for Pinney writes 
of the runs and their occupants in what he 
has called Northern Otago, comprising not 
only the runs of what is traditionally 
known as North Otago but all the runs 
north of the Shag River and Taieri River 
at Ranfurly and three of the original runs 
on the Dunsta n Mountains and including 
virtually all of the country in Otago east 
of Lake Hawea. It is not an easily defined 
assemblage, but every run history is of 
value for this reviewer so I would not have 
Pinney write of fewer for the sake of neat 
boundarie . 

Secondly, he writes especially of the 
early times in these run histories. As Pinney 
tates in his introduction : "After their div

ision l have told, in the briefest of su m
maries, the histories till 1976 of only the 
station homestead blocks". For the coastal 
runs, this usually means that the run his
tory is short in time and often in space. 
Waiareka and Waikoura each have less 
than a page. Papakaio, Oamaru and Totara 
each have a little more, while Otepopo and 
Moeraki are treated much more extensively 
as befits their involved very early histories 
and their whaling and Scandinavian con
nections. The proclamation of hundreds 
and the progress of closer settlement has 
meant a closing of chapters which other 
land histories must reopen. 

There is a third way in which the title 
is exact. Pinney writes the history not of 
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land in general, not of pastoralism nor of 
flocks or business enterprises but of the 
runs themselves with their runholders. 
Land transfers and boundaries are his meat 
and he searches for them with a scholar's 
probe in official record s, company archives 
and other primary sou rces. What goes with 
the meat is the sauce of human interest. 
the people who leased or freeholded th e 
country, th eir backgrounds and their 
futures. their quirks of character and their 
specia l competences. One has the feeling 
that Pinney has a special empathy for th e 
scholar idealist who made a go of sheep
farming. If he could not discreetly master 
his liquor, or if he failed to manage men 
and keep the rabbit from the door. one 
feels that for such a man Pinney is short 
on treatment and shorter on sympathy. 
There is no doubt that the author ha an 
acute sense of runholding desiderata, 
"competent. hard-working and methodi
cal", as he writes of the sons of Hugh 
Cameron of Otematata, for a ll th at they 
"remained free-running and hardy as Mer
inos". Pinney does not hold back from 
judging his fellow man by the same pas
toral code. Dansey for example, suffers 
some verbal rods to his back for his double
dealing in sheep. Pinney does not hesitate 
to pronounce on the validity of the Kemp 
pu rchase of 1848 affecting the Omarama 
Maori evictions in 1879. He concedes 
wrong on both sides but does not identify 
those on the pastoral side. The Maoris lost 
their fishing and fowling rights. The land 
was safe for sheep. 

Early Northern Otago Runs is in essence 
a history of properties. It describes their 



part1t1oning and their reassembling.It fol
lows as it can from station diary and stock 
returns their fluctuating fortunes in sheep
carrying. Jt takes account of the wider 
issues that affected their success, the wool 
market and financial situations, the great 
snows, the onset of the rabbit plague. Of 
these sheep runs, each assumes a persona 
of its own in the great pastoral drama that 
was so much of Otago's history. The 
playe rs of these roles are the runholders 
and their wives and children , moving to 
and fro on thi s stage and sometimes on that 
of the Canterbury high country across the 
Waitaki , some of them creating the warp 
of the great fabric o f pastoral families that 
exists to this day in the high country. Some
times as a playe r ma kes his exit, his role 
on another kind of stage is noted . If, how
ever. he assumes another role on the 
Northern Otago pastoral stage, a t his en
trance therein hi s former role will be noted . 

R obert Pinney has succeeded in personi
fying each of th ese th irty eight runs a nd 
he has done it with a minimum of charac
teri sa tion. We are to ld little of the clima te, 
topography or vege ta ti o n cover of each 
property but we are told it s bo und aries and 
its neighbo urs. It is this pa rticular form of 
characterisation, boundary-marking, th a t 
has become a distinctive fea tu re of South 
Island pastora li sm. I have been on "fie ld 
days" in many pa rts o f the world, orth 
America a nd South America, Europe and 
Africa as well as Australia. I have hea rd 
people point out from a van tage point th e 
physical features . th e mou nta in s, the so ils 
a nd th e vege ta ti on formations . even in 
some places the neighbouring tribes. Only 
in New Zealand have I heard and watched 
th e m point out th e properti es with their 
boundaries! Robert Pinney. consciously or 
not. has written aptly for hi s public. fo r we 
are a people fo r whom th e te rrito ri a l im
perative has become ve ry imperious. 

Had he made greater use o f ma ps. Pin
ney wou ld have made easier his reader's 
task of fo llowing th e story of each run. 
There is no thin g clea rl y to fault in the 
broad swee p of th e end pa pers . Some more 

detailed maps like those of Waitaki-Taieri 
watershed between Otema tata a nd 
Kye burn and of the Kakanui and Horse 
Range properties would have helped , es
pecially if they had been drawn for inter
mediate stages in history. The 
Longslip-Morven Hills histories call for 
such treatment. The maps of "some mod
ern division" of Benmore and of Morven 
Hill s can be defended as coming within 
their maps' titles. They are quite inad
equate for representing the subdivided fa te 
of the original prope rty or of the la ter ac
cess ion s to it. 

I am left with some minor queries about 
some transfer in nearly every chapter but 
I am left with even greater confidence that 
" Pinney's ENOR" is the key that opens up 
the possibility of resolving this complex 
pastoral story of a complex se t of moun
ta ins from th e Dunsta ns through the St. 
Ba th ans a nd Hawkd un Ranges to Mt Id a. 
the Ka kanui a nd H orse Ra nges to the sea. 
We must a ll be deeply gra teful to Robe rt 
Pinney not just fo r the li ve liness a nd colo ur 
which his writing has brought to th ese 
times but for the care with which he has 
noted his sources a nd the valuable index 
which functions as a proper index should, 
fo r cross-referencing to the network of pa -
tora l people a nd places, th e fabric of pas
toral drama . This is not a history of land 
ma nagement but it make the interpret
a tion of la nd management poss ible. It is 
not a history of subdivision and se ttlement 
but it makes subdivis ion and sett le ment 
co mprehensible. It is a book which a ll 
runh olders in th e Tarras and Upper Cluth a 
district . the Manuherikia a nd Ma niototo. 
the Upper Waitaki . and the Lower Waitaki 
and from Shag Vall ey to O amaru should 
count as of much significa nce to them as 
are their title deeds. 

There is a more dispersed public who 
wi ll greatly welcome this book. They a re 
students a nd scho lars of land histo ry in 
New Zealand, ma ny of them a ma teu r. 
many of them now fa r from the tussock 
grass lands or fores ts in whose origins our 
land history is entwined. For th ese people 
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Pinney has presented a model for getting 
at the factual basis of land occupation and 
land use. Local histories both scholarly and 
lay have been completed for different parts 
of Northern Otago in the time that elapsed 
between Robert Pinney completing the 
writing of this work and its effective publi
cation. Such local histories can be read with 
greater understanding if they are sup
plemented with the scholarship of Pinney. 
There is considerable work still to be done 
and local historians have made valuable 
contribution to it. For example, Duff has 
recorded in more detail the partition of 
Morven Hills . As Pinney has noted , his his
tory concentrates on the early phase. 
Readers should not be misled by the 
sketchy connections with the present. Neil 
Mains, a young graduate in history from 
the University of Otago has given us a 
careful account of the way in which par
tition was often followed by partial con
gealing in his record of the fate of the 
Benmore subdivision. It would be a pity 
therefore if readers gained the wrong im
pression from Pinney's simple and true 
statement "The stations that evolved out of 
Benmore, and the Otago part of Lake 
Ohau station, had become by 1976: Ben
more, Peak Valley, Ben Omar etc. etc." 
Furthermore in the case of Morven Hills, 
Benmore, and some other large runs, Pin
ney does not seem to take account of the 
social and would-be farming pressure for 
partition. Neither then nor now does the 
high country function in a world of its own. 

The flavour of this world within a world , 
New Zealand pastoral high country in the 
19th Century, is constantly and succinctly 
evoked by Pinney's laconic style. Little 
snatches of the financial aroma of a decade 
appear appropriately provided in his sum
mary introduction. By the time the reader 
is finished, he or she is already schooled 
in "bad snow years" . Pinney has not 
paused to compose epilogues or integrating 
chapters that sum up those fifty years or 
so of which he writes. It is not therefore 
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for a reviewer to attempt such a task here. 
It is nesessary, however, to note that this 
past century has been variously described 
as "an era of pastoral imperialism", a "col
onial economy", a "dependent economy". 
They were not simply times of frugal, self
reliant but resourceful yeomen turning 
their lands to pastoral toil. There were such 
persons for sure, more often than not as 
managers rather than runholders. For the 
pastoral world within a world , these were 
also the days of the Campbell kingdoms, 
of the dukedoms of Dalgety, of the fiefs 
of Filleul and Valpy. It was a time when 
business acumen was as essential as an 
ability to read the weather in the sky. It 
is in this business dimension that Pinney's 
account has the ring of vitality and the 
smack of truth . 

In the dimension of pastoral interpret
ation, Pinney is on weaker ground. Time 
and again he records without question the 
depredations of rabbits as the cause of 
flock reductions . The fact that sheep eat 
tussock herbage, especially after burning 
and the possibility that such a .cause might 
have contributed to range deterioration 
and a decline in carrying capacity have 
passed without notice. For all its weakness 
in this respect (and at no time has Pinney 
claimed that he was presenting an ecologi
cal interpretation), Pinney has done histori
cal pastoral analyses a great service by his 
careful identification of sources and keys 
to further information. 

Collins Publishers have done the North
ern Otago pastoral country proud . It is 
finely printed, a beautifully boxed edition 
in classic mode, neither rich nor gaudy, but 
embellished with the golden eloquence of 
Nicholas Chevalier's brush in the frontis
piece. What else could this be than a view 
to Lindis Pass, framed in 1866 in speargrass 
and matagouri. Fifty dollars is a lot for a 
book, even these days. This is· more than 
a book, more than a collector's item. It is 
a treasury. 
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Annual Report 
of the 

Tussock Grasslands and 
Mountain Lands Institute 

for the year 1981/82 
The major development for the Institute 
during the year was a proposal to merge the 
staff of the Institute and the Joint Centre 
for Environmental Sciences, Lincoln 
College and University of Canterbury. 

As reported in the Twenty-first Annual 
Report, Professor K.F. O'Connor 
relinquished the position of Director of the 
Institute from March 31, 1981. In the latter 
half of 1981 a proposal to effect the merger 
of the Institute with the Joint Centre for 
Environmental Sciences was the subject of 
much discussion and investigation by the 
Committee of Management. Following 
negotiations with the University of 
Canterbury it seemed by the end of the year 
that the merger would be approved. The 
proposal had earlier received the full 
support of the major Institute funding 
body, the Department of Lands and 
Survey, and of the then Minister of Lands. 
This merger will strengthen the Institute in 
its work in resource management in the 
tussock grasslands and mountain lands and 
bring benefits ansmg from a close 
association with students of resource 
management. 

The Joint Centre for Environmental 
Sciences was established in 1973 by the 
Councils of the University of Canterbury 
and Lincoln College as a focus for 
interdisciplinary environmental and 
resource related teaching and research. The 
Joint Centre has offered a two year M.Sc. 

degree (Resource Management) and a one 
year post-graduate Diploma in Natural 
Resources to students from a range of 
disciplines. The programme is designed to 
provide students with an understanding of 
the physical, biological, economic and 
social aspects of environmental and 
resource management and to equip them 
with the knowledge, analytical skills and 
practical experience that will enable them 
to fill positions of responsibility in the wide 
field of resource management. 

The Committee of Management see the 
pooling of resources of both bodies 
resulting in improved and strengthened 
activities in teaching, research and 
extension. It believes the merged unit will 
be able to fulfill, more effectively, the 
terms of reference of T.G.M.L.I. and the 
responsibilities of the Joint Centre for 
Environmental Sciences. 

During the year ended March 31, 1982, 
existing programmes of the Institute have 
continued under the direction of Mr G.A. 
Dunbar, Senior Principal Research 
Officer. 

Systems ecology 
and environment monitoring 

Most activity in this programme has been 
centered around the Production-Con
sumption Modelling and Tall Tussock 
Nutrition projects. 
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In the first project, a visiting specialist, 
Professor A.P. Gutierrez, of the University 
of California, collaborated with Dr White 
in programme modification. This is being 
implemented now that conversion to the 
new computer is complete. 

In December, Dr White presented a 
paper on his production/consumption 
simulation model at the Third 
Australasian Conference on the Ecology 
of Grassland Invertebrates, held in 
Adelaide, Australia. 

The grasshopper census at Craigieburn 
was continued and for the third successive 
year showed an overall decline in 
grasshopper numbers. Population 
numbers are now the lowest in eleven 
years, but the present number of 
immature insects suggests that a 
significant upswing might be expected in 
1983. If a period of fluctuating numbers 
ensues, similar to the 1969-72 period, an 
interplay between steady numbers over a 
number of years and periodic fluctuations 
at.lower densities will be established. This 
will allow an interpretation of the long
term range in grasshopper grazing 
pressures at a given site. It will also 
provide some explanation of the reasons 
for increases in numbers. 

The co-operative project between the 
Institute, Dr Chapin of the Institute of 
Arctic Biology, Alaska, and the Forest 
Research Institute, studying tall tussock 
nutrition and edaphic ecology is nearly 
complete. The results indicate that many 
low nutrient adapted species effectively 
exploit infertile soils primarily by means 
of slow growth rate that prevents or 
alleviates nutrient stress . The field 
experiments over the last three years, have 
shown no marked response to phosphate 
fertiliser . Dr Chapin, Professor 
O'Connor and Mr J . Follett have 
submitted a paper on this work for 
publication in the Journal of Ecology. 

The study of alpine vegetation in the 
Grampian Mountains has continued with 
a major part consisting of maintenance of , 
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the climatological records shared with 
several other projects at this location. By 
1983, records of three contrasting sites 
will have been maintained for five years . 
Apart from the periodic recording of 
flowering and seeding behaviour of 
various native species, which is important 
to grazing management and to vegetation 
trends in the region, this project also 
entails a biennial detailed recording of 
vegetation cover on the summit of the 
range. 

Work has also begun on the biennial 
recording of vegetation succession 
following revegetation, with visits to two 
of the seven high altitude sites in South 
Island. 

Information register 
Considerable time was required for 

transfer and conversion of computer data 
files and programmes from the University 
of Canterbury B6740 computer to the new 
Lincoln College VAX 111780 computer. 
Climate and pasture yield data from J . 
Radcliffe's Ph.D. study on climatic and 
aspect influences on pasture p·roduction in 
New Zealand, have been archived on 
computer files and documented; this data 
includes daily climate data for sunny, 
shady and ridge aspects of hill country 
pasture at Coopers Creek, 1972-77 . 

Reference information from all Institute 
publications to date was prepared for input 
to Wi Kura, the computer based 
bibliography on all aspects of tussock 
grasslands and mountain lands. 
Approximately 60 percent of these 
references have now been entered into the 
computer file which will also provide in
house means for indexing Institute 
publications. 

The Institute has continued to act as the 
Avalanche Data Centre under contract to 
the New Zealand Mountain Safety Council 
Avalanche Committee. A new project to 
compile a census of all snow avalanche 
accidents and damage in New Zealand each 
winter, commencing with winter 1981 was 
begun. 



Earth and water resources evaluation 
Former Institute staff member Mr John 

Kennard contributed a report on his earth 
science investigation in the irrigation 
feasibility study in the Hakataramea 
Valley. This will be used as an appendix to 
the final NZAEI report and an edited 
version will appear hi Review. 

The survey of micro-hydro electric 
systems was completed · and a report for 
N.Z. Energy Research and Development 
Committee published as NZERDC Report 
No. 68. A precis of this report will be 
published in Review. 

Earth and water processes 
Much of the Institute staff involvement 

in this programme wound down during the 
year. Since the investigations at Torlesse 
started, in 1971, much information has 
been added to the body of knowledge 
about run-off and stream sediments. Dr 
Robert Beschta from Oregon State 
University is participating in the sediment 
transport and supply project during 1982. 
He arrived in early February and will work 
on the project until December. 

Work in the suspended sediment study 
was completed and summarised in Special 
Publication No. 22, High Country River 
Processes. 

Non-pastoral revegetation 
During the spring a further planting of 

native, nursery-grown shrub stock was 
carried out for riparian revegetation field 
study . Survival and growth of earlier 
plantings were also assessed . A paper 
arising from Mr Follett's investigation of 
propagation techniques for some alpine 
shrubs, was published in the Annual 
Journal of the Royal N .Z. Institute of 
Horticulture. 

Pasture improvement 
and maintenance 

Measurements continued on the growth 
and spread of Maku lotus planted in 1980 
on east and west aspects at 1430m altitude 

on Grampian Mountains. Earlier legume 
sowings were also assessed. Lotus shows 
promise as a useful forage plant for use in 
this and similar environments. 

Mr Costello's involvement in 
monitoring clover-oversown grasslands at 
Longslip Station continued. Six harvests 
were made but pasture production was 
much less than in 1980-81. Some general 
conclusions reached are: that more clover 
grew on the harder grazed sites; that if 
clover is not eaten, production falls; that 
ryegrass and cocksfoot are increasing in 
production on the harder grazed sites. 

Runholder experience with oversown 
clover, and the effects and usefulness of 
tussocks have been gathered and recorded 
by Mr Abrahamson during visits to 90 hill 
and high country properties over the past 
two years. He has prepared a report which 
will be published in 1982. 

The co-operative project with Lands 
and Survey on hawkweed suppression on 
Molesworth continued with two further 
trials being established at Acheron and 
Clarence in Spring 1981. This trial of 
cattle grazing treatments on oversown 
legumes will run for five to seven years. 

Pasture utilization 
and animal production 

Associated with Mr Abrahamson's work 
mentioned earlier, is another project which 
reviews practical considerations in grazing 
management, subdivision, feed budgeting 
and allocation, cultivation v oversowing, 
the role of cattle, feed conservation and 
grass wintering systems. 

The study which focused on the 
distribution of stocking loads on improved 
and unimproved blocks in different 
climatic zones was discussed by Professor 
O'Connor and Mr Kerr at the annual high 
country field day at Barossa in March and 
will be published in Review. 

An analysis of the results from the 
Glenthorne study was contained in a paper 
delivered by Mr Abrahamson to the 
Animal Production Society Conference. 
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Economic aspects of 
resource uses 

The project on hill and high country 
farm economics, continues to rely on the 
co-operation of the Meat and Wool Boards 
Economic Service, and several Government 
Departments. It involves analyses of 
changes in farm income, expenditure and 
equity in relation to livestock production 
and performance . 

Preliminary work for another 
production survey has begun, under the 
supervision of Mr Kerr. 

Resource management planning 
Statistical information for 1979 from all 

2100 land holdings identi°fied in the hill and 
high country of the South lsland has been 
processed and summarised on a county 
basis, and is available to research workers 
on request. 

A study by Messrs Kerr and M. Douglas 
(MAF) on benefits and costs of soil and 
water conservation plans on pastoral 
production in South lsland is subject to 
final editing before publication in Review. 

Institute Staff 
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Publishing 
During the year three issues of Aspect 

were published, as well as Review 40. A full 
list of publications appears at the end of 
this report. 

Extension 
Institute staff have contributed to a wide 

range of extension activities during the 
year. Mr Kerr continues to participate in a 
large number of discussion groups of 
farmers and advisers throughout the 
Island. The Institute is assisting the N.Z. 
Sheep-breeders Association to plan a 
Seminar for Merino and Halfbred Sheep 
Producers in conjunction with the Lincoln 
Farmers Conference in May, 1982. Messrs 
Kerr and Robertson also co-operated with 
the Alpine Processes Group of the Water 
and Soil Division of Ministry of Works and 
Development, in helping to arrange a 
Mountain Lands Workshop at the College 
in November, 1981. 

In September, Mr Dunbar convened a 
two day workshop meeting at the Institute 
for staff of Catchment Authorities and 
Government agencies who were active in 
condition and trend assessment m 
mountain lands. 

Mr Abrahamson and Professor 
O'Connor represented the Institute at a 
Grazing Management Workshop at 
Telford in May. Mr Abrahamson also 
attended the Animal Production Society 
Conference at Dunedin in February, 1982 
and presented a paper on the Glenthorne 
grazing study . 

Messrs Dunbar and O'Connor 
represented the institute at the 15th 
General Assembly and Technical Session of 
the International Union for Conservation 
of Nature and Natural Resources held in 
Christchurch during October, 1981. 

At the high country field day, held at 
Barossa Station in March, Mr Kerr and 
Professor O'Connor spoke on behalf of 
the Institute on the subject of "The 
Economics of Fertiliser on Tussock 
Grasslands". Messrs Kerr and O'Connor 

each also made personal submissions to 
the Committee of Inquiry into Crown 
Leases, and attended the sitting of the 
Committee at Timaru in February. The 
two day Hill and High Country Seminar 
held in July was very successful with 300 
participants. Development of the alpine 
garden has continued under Dr White's 
supervision, with the establishment of a 
North Island section with plants received 
from the Lands and Survey Nursery at 
Taupo, and a north west Nelson section 
with plants received from the New 
Zealand Forest Service. Increasing use of 
the garden is apparent both as a place of 
interest to visiting groups and by staff and 
students as a teaching and learning aid. 

Visitors 
In addition to Dr Besch ta, from Oregon 

State University, who, as stated earlier, 
will be at the Institute until the end of 
1982, the Institute has been host to 
Professor James Rominger from the 
University of Northern Arizona, 
Flagstaff. Professor Rominger, a plant 
taxonomist and grass specialist, is curator 
of the Deaver Herbarium at Flagstaff and 
has been studying and collecting alpine 
flora throughout the South Island. 

J.M . Wardell 
fo r th e Committee of Manage ment. 
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(In press). 
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94p. 
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ceedings of the New Zealand Institute 
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Workshop on Nitrogen Balances in Ter
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Industrial Research. 
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