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Erosion in the eastern 
South Island high country 
-a changing perspective 

Ian E. Whitehouse 

In the last JO years a number of scientists have presented information about erosion in 
New Zealand mountain lands that challenges some of our conventional understandings. We 
invited Ian Whitehouse to review recent work and comment on its significance. 

Introduction 

In the last 10 years, our perception of 
erosion in the South Island high country 
has undergone change. Traditionally, early 
European farming practices have been 
blamed for a large share of the erosion. 
Modern researchers question this view, and 
seek to place the impact of European 
pastoralist in perspective with the effect of 
natural factors and fires during the earlier 
Polynesian era. There is now debate that 
the pendulum of blame may have swung 
too far, away from the not-so-blameless 
early pastoralists. This may be true, as the 
story is far from complete and lends itself 
to generalisation. What is clear, is that the 
research on the South Island high country 
in the last 10 to 15 years has changed the 
way we view mountain-land erosion, and 
man's influence on it. 

This review summarises some of this new 
information, concentrating on earth 
science research, particularly in the central 
Southern Alps. Substantive papers by 
O'Connor (1980, 1984) and Mather (1982) 
have reviewed much recent high country 
research. The present review expands and 
updates these works, and assesses some of 
the implications of the research results for 
high country management. This assessment 
is made from my geological/geomor
phological perspective, and may not reflect 
the views of a pastoralist, land manager, 

ecologist or soil conservator. The review 
does not attempt to produce definitive 
statements on the distinction between 
natural and accelerated erosion or on the 
relative contribution of sediment from 
different erosion types. The views 
expressed in this review are not necessarily 
those of the Ministry of Works and 
Development, or of the National Water 
and Soil Conservation Authority. 

Early settlement and indifference to 
depletion 

By 1860, all of the pastoral runs of the 
South Island high country had been 
occupied. Fire was a major tool of the early 
pastoralists. Annual spring burning was 
used to reduce scrub and to promote fresh 
palatable growth of tussock. 

Livestock numbers quickly increased to 
reach a peak in about 1878 (Evans, 1956). 
From · then sheep numbers declined. 
O'Connor (1982) suggests this decline 
indicates the non-sustainability of that 
'exploitative' pastoralism on native 
grasslands. However, as numbers 
fluctuated simultaneously in the high 
country from the Waimakariri Basin to 
Otago (Hayward 1967, O 'Connor 1976, 
1981), the fluctuations may reflect changes 
in market forces. Regular tussock burning, 
remained a common management tool for 
a further 70 years . 
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As early as 1875, burning was con
demned by Buchanan (1875). But for many 
decades criticism of burning was directed at 
the effect of burning on the depletion of 
plant cover in semi-arid mountain basins 
and on lower slopes (O'Connor and 
Powell, 1963). In these areas vegetation 
depletion was exacerbated by rabbit 
infestation. Vegetation has recovered 
rapidly in some of these areas following 
rabbit poisoning and management changes 
(e.g. Moore, 1976, Campbell, 1966). 

Period of concern 

The burning of the wetter, tall tussock 
mountainlands was not seriously 
condemned until 1938. Zotov's (1938) 
surveys of the tussock grasslands of the 
South Island led him to conclude that soil 
erosion, induced by burning, was serious 
over much of the high country. These 
surveys heralded the start of the soil 
conservation movement in the South 
Island. Mather (1982) believes awareness of 
soil erosion was awakened by international 
publicity given to soil conservation 
following the USA 'dust bowl' experience, 
rather than by an increase in measured 
erosion rates in New Zealand. The 
devastating April 1938 flood in the Esk 
River, East Coast North Island, also helped 
to focus attention on the erosion problem 
in New Zealand. This flood, rabbit 
infestation, and the pioneering work of 
Lance McCaskill probably provided the 
main impetus for the introduction of soil 
conservation legislation in New Zealand. 

In late 1938, a committee was formed to 
investigate the maintenance of vegetation 
cover with special reference to land 
erosion. This Committee of Inquiry (1939) 
summarised information required as a 
prerequisite for any measures that might be 
adopted for preventing soil erosion. It 
concluded, from qualitative information, 
that soil erosion was serious in many areas, 
and, if uncontrolled, would accelerate 
rapidly. In 1940, the Rivers Control Bill 
was introduced into Parliament. The 
content of the Bill was widened from solely 
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a flood control measure to include soil 
conservation (McCaskill, 1973), as a result 
of lobbying by McCaskill and others of the 
South Island Progress Leagues. 

The Bill was passed in 1941 as the Soil 
Conservation and Rivers Control Act and 
set up a Council whose objects were to 
promote soil conservation, prevent and 
mitigate erosion, prevent damage by floods 
and promote wise land use. In addition, it 
established Catchment Authorities and 
empowered them to construct works and to 
execute other acts and deeds which in the 
opinion of the Authority were necessary or 
expedient for; control of water into, in and 
from water courses; preventing flooding; 
and preventing or lessening erosion or the 
likelihood of erosion. By early 1945, ten 
Catchment Authorities had been set up, 
and one of their first jobs was to survey the 
extent of soil erosion already occuring. 
This survey was facilitated by the regional 
surveys of Cumberland (1944) and by 
Gibbs and Raeside (1945) in the high 
country. 

Early surveys 

Cumberland was amazed by what he 
perceived to be the destructive effects of 
such a short history of European 
occupation in the high country. He 
observed a variety of erosion forms, some 
which he inferred to be accelerated by man 
through the partial destruction of the 
vegetative cover. The more spectacular 
effects attributed to this accelerated 
erosion included deep gullies or "gutters", 
the extension of old screes and the 
formation of new screes, particularly the 
long steep shingle slides running from ridge 
tops to valley bottoms. 

Gibbs and Raeside (1945) assessed the 
degree of accelerated erosion by estimating 
the percentage of topsoil lost throughout 
the high country. They assumed that under 
'normal' conditions, erosion was a slow 
process and soil-forming agents had time to 
convert the weathered rock into topsoils 
and subsoils. Disturbance to such a system, 
they reasoned, resulted in soil erosion, the 



final stage of which was scree, where all the 
soil had been removed. Their survey 
method did not accommodate screes that 
were not the result of accelerated erosion, 
nor did they assess the natural variability in 
profile depth of high country soils. 
Mapping at a reconnaissance scale, with 
the smallest unit mapped of 3 km2 in the 
more inaccessible areas, the survey showed 
that a quarter of the high country was 
extremely eroded, with less than 500Jo of 
the topsoil remaining, and that only 200Jo 
of the area had slight or no accelerated 
erosion. Gibbs and Raeside calculated that 
the surveyed soil depletion amounted to a 
total loss of about 1.5 billion tonnes of soil. 
This loss was attributed to indiscriminate 
burning, excessive grazing and rabbit 
infestation. 

These survey results strengthened the 
role of Catchment Authorities. 

From the early 1960s a policy to destock 
steep, severely eroded land was slowly 
introduced to combat erosion. By the 
1970s, Catchment Authorities were well 
established, with a primary conservation 
role in the high country of retiring most 
severely eroded areas from grazing, while 
maintaining stock numbers by land 
improvement on less vulnerable parts of 
runs. By 1979 a total of 300,000 ha had 
been retired from grazing, and a further 
400,000 ha were subject to grazing 
restrictions (Howard, 1979). In most cases, 
this destocking and the promotion of 
fencing resulted in more manageable and 
more economic farming units. 

Initially, farmers were opposed to soil 
conservation legislation and policies as they 
did not perceive any serious soil erosion pro
blem (Sheep Industry Commission, 1949). 
As a consequence, conservation policies 
were only slowly introduced by the Catch
ment Authorities. Controls on burning were 
introduced. Initially runholders in some 
areas were reluctant to cease burning their 
grassland and this is reflected in the 
numbers of permits for burning issued. The 
South Canterbury Catchment Authority 
issued about 100 permits annually in the 

1950s, with an average of nearly 20,000 ha 
burned annually. The number of permits 
has now dropped to about 20 per year and 
the average area burned is about 2,500 ha, 
with all burning below 900 m altitude 
(Poole, 1983). By 1970 the Catchment 
Boards' policies of retirement and burning 
were accepted by most runholders . 

Recent research results 
Research in the last decade has 

significantly increased our understanding 
of the types, magnitude, frequency and 
triggers of erosion in the New Zealand 
mountainlands. Much of the work, 
however, has been into the larger discrete 
erosion forms rather than the areally more 
extensive forms produced by frost heave 
and wind. The latter have been the major 
concern of agriculturally-trained or 
orientated soil conservators. The relative 
lack of substantive research findings on 
areally extensive erosion types does not 
imply less importance, but rather the 
greater difficulty in obtaining such data. 
Future work may correct the present 
imbalance in research between the slow, 
areally extensive and the rapid, discrete 
erosion processes. 

Large rock avalanches, studied in the 
central Southern Alps by Whitehouse 
(1983) and Whitehouse and Griffiths 
(1983), are extreme examples of the large 
discrete erosion features. Rock avalanches, 
which are rapid flow-like slope failures are 
found in many steepland areas of New 
Zealand. About once every 100 years, a 
large rock avalanche (deposit volume 
greater than 1,000,000 m3

) occurs in the 
central Southern Alps, between Mt Cook 
and Arthurs Pass. Earthquakes are the 
most probable triggers for these. 

In 1929 rock avalanches fell in the 
Arthurs Pass and Murchison earthquakes 
and in 1968 during the Inangahua earth
quake. Awareness of the hazard of rock 
avalanches in the Alps is important for 
planners and managers, as rock avalanches 
obliterate roads or structures in their paths, 
and could destroy a hydro-electric dam if 
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the avalanche fell into the reservoir. In 
addition, rock avalanches may permanent
ly or temporarily dam rivers, and failures 
of such dams would suddenly release large 
volumes of water. Volumetrically, rock 
avalanching is an important erosion pro
cess in the central Southern Alps, with the 
large ones transporting about lOOt/km 2/yr 
of material. 

Debris flows are another rapid and 
destructive erosion process common in the 
Southern Alps (Pierson 1980a). These 
flows usually occur in the 'gullies' or 
'gutters' that prominently dissect the 
eastern high country, or in the debris
rich headwaters of some watercourses. 
Detailed study has been made of debris 
flows at Mt Thomas, Canterbury, by 
Pierson (1980b). Here, in a two year 
period, debris flows in Bullock Creek 
destroyed about $7 ,000 worth of 
reafforestation planting, caused over 
$15,000 worth of damage of forestry roads, 
polluted a farm water supply, and 
inundated farmland with gravel. 

Recognition of channels that 
infrequently carry debris flows is important 
as debris flows can be very much more 
destructive than water flowing down the 
same channel. Consequently, bridges and 
culverts across potential debris-flow 
channels should be designed differently to 
those across normal stream channels. 

Debris flows may also be important 
sediment sources. Hayward (1980) found 
that in Torlesse Stream, Canterbury, debris 
flows during large storms were the 
dominant mechanism by which sediment 
was supplied to channels. 

Most debris flows are initiated by either 
long wet periods or high-intensity rainfalls. 
Debris flow gullies are often prominent on 
deforested slopes. Debris flows also occur 
on forested slopes, but are difficult to see 
and enlargement of the resulting eroded 
tracks into gullies is not common (Pierson, 
1980a). Gullies have been attributed to 
vegetation depletion following early 
European pastoral management 
(Cumberland, 1944) but the presence of 
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gullies in all stages of development, from 
raw narrow gutters, to wide old gullies, or 
subdued 'healed' gullies, suggests that 
gullies should not be attributed to a single 
cause . In addition, much of the high 
country was already deforested when the 
first Europeans arrived and it could be that 
many gullies were well established at that 
time. 

Advances in our knowledge of the slower 
erosion processes, such as solution, soil 
creep, solifluction, wind erosion and frost 
lift, operating in the Southern Alps have 
not been as extensive. Simple, quick 
measurement techniques for assessing these 
processes are not presently available. Very 
little research has been carried out on these 
processes since the late 1960s and early 
1970s. Soans and Rayner -(1968) measured 
slope-wash rates from seven 4 m 2 (0.001 
acre) plots under a variety of vegetation 
cover in the Chilton Valley at Cass, 
Canterbury. Sediment yields from these 
plots, measured over the two-year study, 
varied from 8 to 760 t/km 2/ yr. O'Loughlin 
(1984) reports slopewash rates of 150 
t/km 2/ yr measured in 1962, 1963 and 1964 
on bare subsoil surfaces in Hut Creek, 
Craigieburn Range. Following planting of 
Pinus contorta on the site, observations 
indicated that soil loss declined rapidly 
from tree age 4, until at tree age 10 soil loss 
was negligible. Hayward (1971) used small 
runoff plots in 5 plant communities on the 
south west slopes of Foggy Peak, 
Canterbury. He concluded that the runoff 
plot method was not suited to quantitative 
erosion research in hill and high country 
because of the considerable variation 
between and within plots. Hayward esti
mated that 3,300 plots of 4 m 2 size were 
required in a 30 ha catchment for an 
accuracy of about ± 25t/km2

• The three 
studies suggested, however , that the highest 
sediment yields were from areas with the 
most sparse vegetation, and the results 
provide an indication of the rate of slope
wash in the eastern high country . 

Since the pioneering work of Gradwell 
(1960) on soil ice, Hayward and Barton 



(1969) and Soons (1971) have also reported 
on the movement of material downslope on 
bare ground by needle ice. Ice pulverises 
the top of exposed soils. On drying this 
material is easily removed by wind or 
washed away by rain. The disruptive effect 
of freezing is greatly reduced by the 
presence of a 5-10 cm surface-insulating 
layer of plant cover, litter, stone pavement 
or snow. The collapse of melting needle ice 
may form small debris flows. Flows may 
also result from failure of saturated, 
thawed surficial material overlying frozen 
ground. These small debris flows may form 
levees and channel any subsequent water or 
debris flows. These small channels may 
eventually enlarge into the gullies discussed 
above. 

Wind erosion rates are difficult to 
measure. The amount of soil in transit in 
the wind has been measured at 6 sites in the 
Rakaia, Waimakariri and Ashburton 
Basins by Butterffield (1971) using 7 cm 
diameter traps located at various heights 
above the ground. Over the year of 
measurement, wind erosion was greatest in 
early spring to early summer with the 
lowest levels of erosion occurring during 
mid summer (January) and in winter. The 
maximum wind transport rates occurred 
when pulverised soil, resulting from the 
winter's frost action, had dried sufficiently 
to be easily removed by wind. The rates 
measured by Butterfield, as in most other 
wind erosion studies, are of the flux of 
sediment past a small area. To convert 
these to an erosion rate requires their 
division by the length of fetch upwind of 
the collection device, but this is never 
particularly well defined. Because of this 
difficulty wind erosion rates have not been 
measured in the high country. Wind must 
be a significant erosion process in the area, 
as large quantities of loess originate there. 
This wind-blown silt is a very important 
input into high country soils. 

Measurements of soil creep in the 
Chilton Valley, near Cass, were made over 
a 10-month period by Owens (1969). Rates 
of up to l lmm/ yr were measured within 5 

cm of the soil surface. Although it is not 
possible to calculate a volumetric erosion 
rate from the measurements, Owens 
believed that soil creep occured at a similar 
rate to the slope-wash rates measured in the 
same basin by Soons and Rayner (1969). 

Our present knowledge of the 
magnitudes and factors affecting erosion 
processes in the high country is very 
piecemeal: we have information on both 
the rate and causes of some processes (e.g., 
rock avalanches), the causal factors but not 
the rate of others (e.g., scree erosion), 
while we know little of other processes, like 
those that cause and leads to an increase in 
the extent of bare ground. There has been 
little recent study of these latter processes 
probably because of the extreme difficulty 
of obtaining representative measurements 
of their rates. Deflation of bare ground is 
not well suited to study using repeat 
photography or erosion-pin techniques as it 
appears to occur very slowly. The use of 
rainfall simulators may provide 
measurement of slope wash rates but the 
equipment is unlikely to be suitable for use 
on steep hillslopes . Recent techniques, in 
particular measurement of the 
concentration of radioactive isotopes in 
soils, may offer a breakthrough in research 
methodology. 

Cesium-137 is a radioactive isotope 
released into the atmosphere during 
nuclear-bomb testing. Once in contact with 
soil, Cs-137 is absorbed on silt and clay 
particles. Comparison of the amount of 
Cs-137 in undisturbed sites, with the 
amount in other profiles, identifies eroding 
or accumulating sites (McHenry and 
Ritchie, 1977). Analysis of the vertical 
distribution of Cs-137 in soil or sediment 
profiles can be used to measure deposition 
rates (Loughran et al. 1981). A study of 
Cs-137 concentration in a soil at a site 
accumulating loess above Rakaia Gorge, 
Canterbury, indicated that about 20 cm of 
loess had accumulated since 1965 (L.R. 
Basher, pers. comm. 1980). 

Beryllium-10 is produced by cosmic ray 
bombardment and has a much longer half 
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life (1 ,500,000 yr) than Cs-137. It also is 
firmly absorbed onto soil particles . 
Material so "labelled" with this Be-10 
signature can be traced through the 
erosion, transport and sedimentation cycle. 
Study of Be-10 is in its infancy, as only 
recently have the nuclear accelerators been 
developed that can measure the small 
quantities of such naturally-occurring 
isotopes. Initial studies indicate that Be-10 
could be used to date soils (Pavich et al., 
1983). It is possible that Be-10 
concentration will be useful in quantifying 
the relative erodibility of various soils 
under different plant communities and in 
different parts of the landscape. 

Scree dating 

In the eastern South Island 
mountainland, scree was recorded in the 
NW ASCA New Zealand Land Resource 
Inventory, as forming greater than 40 
percent of the ground surface in mapping 
units totalling 525,000 ha, (41 percent of 
the eastern Southern Alps), (Lynn, 1980). 
It has long been recognised that some 
screes, particularly those at high altitudes, 
are old natural features. Other screes, 
particularly those below about 1,500 m 
altitude, have been linked to European 
management practices. 

There is no record of the extent of scree 
when Europeans first arrived, so indirect 
evidence must be used to ascertain the age 
of screes. The dominant rock type in the 
eastern Southern Alps, Torlesse sandstone 
(greywacke), when exposed to atmospheric 
weathering, develops a weathering rind 
which progressively thickens with time. 
Measurement of rinds on radiocarbon and 
historically-dated moraines and rock 
avalanches allows the rate of rind growth 
to be calibrated (Chinn, 1981; Whitehouse 
et al. 1985). Rind thickness can be used to 
date surfaces of deposits, such as moraines, 
rock avalanches, river terraces, debris-flow 
lobes and screes, that are composed of 
Torlesse sandstone boulders. In addition, 
surface colour changes can be used to date 
young surfaces-the grey colour of 
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unweathered boulders changes through 
pinkish-grey after about 100 years and pink 
after about 200 years, to red after about 
350 years. 

Many screes in the eastern Alps have an 
apron of red-coloured rocks, often with 
0.2-0.4 mm thick rinds, at their base, 
indicating that the screes have been present 
for at least 400 years (Whitehouse et al. 
1980). Some other screes are much older. 
Two screes described by Whitehouse and 
McSaveney (1983) have parts of their 
surface that are at least 2,500 years old. 
The occurrence of these screes with 
surfaces older than 150 years, over a wide 
altitude range, indicates that many screes 
were present when Europeans arrived. 

Support for this longevity of screes 
comes from observations at the Harper and 
Avoca Rivers and at Dry Acheron Stream, 
and from the adaptation of flora and fauna 
to screes. Mosley (1979) saw no 
encroachment by scree onto vegetated 
areas when comparing 1949 and 1977 aerial 
photographs of the Harper-Avoca area. 
Basher (1980) using the mosaic of soil ages, 
some weathering-rind measurements, scree 
colour and a lack of tussock pedestalling 
suggests screes may be natural features in 
upper Dry Acheron Stream (Fig.1). 
Similarly, the research reviewed by 
O'Connor (1984), into the special 
adaptation of plants, insects, spiders and 
lizards to scree and rocky habitats supports 
the contention that these habitats were 
common before the ecological changes 
following the arrival of Polynesians and 
Europeans. 

Soil studies 

The few soil-mapping studies undertaken 
in the high country highlight the great 
variability of the soils, at a basin scale, and 
even on a single slope (e.g. Harvey, 1974; 
Harrison, 1982; Basher, 1980; Archer and 
Cutler, 1983). At basin scale this variability 
may reflect differences in parent material 
(e.g., greywacke vs gravel vs loess), 
vegetation (tussock vs beech forest), 
climate (montane vs subalpine vs alpine) 



Figure 1: Slopes at 1100-1400 m altitude in upper Dry Acheron Stream, Big Ben Range, south east of 
Lake Coleridge. This landscape would traditionally be described as "severely eroded". Soil studies and 
scree dating indicate that the landscape has looked like this for at least 500-1000 years. 

and landforms (terrace vs moraine vs 
hillslope). At a more local level soil pattern 
is influenced by slope position (top vs 
bottom of slope), and horizontal position 
(spur vs hollow). Superimposed on this 
pattern are the effects of erosion which 
produce, depending on landscape position, 
buried, truncated, or a mixture of such 
profiles. This variability makes 
generalisation a risky exercise. The early 
soil survey of Gibbs and Raeside (1945) 
suffers because of this. Unfortunately, 
there are few detailed soil surveys of the 
high country and generalisation is 
inevitable, at least for the next five to ten 
years. The lack of soil studies also hinders 
assessment of the real, or perceived, 
difference between 'accelerated' and 
'geological' erosion. 

Soil studies are an extremely valuable 
tool for elucidating the complex erosional 

and depositional history of drainage 
basins. Soils at the base of slopes, often on 
small fans, record past disturbances on the 
slopes as successive layers of material. On 
the slopes themselves, the soils are usually 
degraded showing truncated profiles where 
topsoil has been removed. Gently sloping 
areas above the slopes (if present) are often 
stable and show little disturbance. Molloy 
(1964) was one of the first to study in detail 
erosional history in the high country as 
shown by the soil pattern. At Foggy Peak, 
Porters Pass, Canterbury, he found that 
the formation of most soils was only partly 
due to contemporary processes, many 
having developed through periods of 
changing vegetation and climate (Molloy 
1964). Vegetation changes were 
predominantly fire-induced, with the 
original beech forest giving way to tall 
tussock grassland, which was further 
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modified to short tussock grassland after 
more burning. Charcoal in the soil profile, 
documents these fire episodes. 
Radiocarbon dating of these charcoals at 
Porters Pass and elsewhere in Canterbury, 
Marlborough and North Otago, date these 
fires at about 600-1000 years and about 130 
years ago (Molloy et al. 1963). It is believed 
that most of the earlier fires were lit, 
deliberately or accidentally, by early 
Polynesian hunters in a manner similar to 
forest clearance by primitive cultures 
elsewhere. Later fires were lit by the 
European pastoralists. 

At Porters Pass, soils record widespread 
erosion following the Polynesian fires. 
Following the fires, and before the arrival 
of Europeans, renewed soil development 
produced weakly developed 'recent' soils 
on many of the disturbed sites. Some slope 
stability was achieved at least on more 
sheltered sites, though Molloy suggests that 
stability was not achieved in much of the 
subalpine zone. European burning induced 
a further period, or continuation of the 
post-Polynesian period, of instability. At 
Porters Pass, the resulting soil profiles 
show a truncated podzolised yellow-brown 
earth soil (reflecting formation under beech 
forest), overlain by a layer, often with 
gravel and charcoal (from disturbance 
since the Polynesian fires), in turn overlain 
by a thinner (often less than 150 mm) layer 
representing soil development since 
European disturbance. A similar imprint of 
Polynesian and European fires is seen in 
the soils of the Ryton Basin, Lake 
Coleridge, Canterbury (Tonkin et al. 1981, 
Harrison, 1982). 

A contrast is provided in the Dry 
Acheron Basin, on the south-west faces of 
the Big Ben Range, east of Lake Coleridge. 
Here evidence of disturbance following 
Polynesian fires is very widespread, but 
there are no clearly recent charcoals or 
horizons that clearly represent increased 
erosion due to the activities of European 
man (Basher, 1980). This may reflect the 
geomorphology of the Dry Acheron where 
steep slopes do not favour deposition. 
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Alternatively, Europeans may have had 
less impact here than in other areas. 

Charcoals, dating fires of the Polynesian 
era, appear to be ubiquitous throughout 
basins in the eastern high country (e.g. Goh 
and Molloy, 1972 and 1979; Simpson et al., 
1980). More studies are needed to assess the 
varying impact Polynesian and European 
fires had on slope stability. Few studies are 
documented at present. 

The widespread record, from the soils, 
of disturbance following Polynesian fires, 
suggests that a set of river terraces should 
have formed at this time, consequent upon 
the accelerated erosion. No one has 
documented finding such terraces. It is 
possible that the terraces are present but 
not identifiable as specifically relating to 
Polynesian fires. Alternatively the terraces 
may never have formed, perhaps because 
material remained on the slopes as the 
disturbance did not coincide with a period 
of major storms needed to transport 
material down the river system. 

In addition to instability resulting from 
man's effect, natural factors may also 
cause instability. Local instability resulting 
from soil slips, debris avalanches and 
debris flows triggered by high intensity 
rainfalls are recorded in soil profiles 
throughout the Southern Alps. Some 
charcoals pre-date Polynesian fires 
indicating that fire was a natural 
phenomenon in the South Island (Harvey 
1974; Goh and Molloy, 1972 and 1979; 
Burrows, 1983). Slope instability may have 
followed these fires. Rejuvenation and 
erosion of alpine and subalpine soils in 
Twin Stream, Ben Ohau Range, above 
Lake Pukaki, is described by Archer and 
Cutler (1983). Here disturbance appears 
related to snowmelt runoff. Burns et al. 
(1984) show that soil disturbance is 
common even under a closed beech forest 
canopy. At Craigieburn Forest, 
Canterbury, windthrow turns over the soil 
to a depth of 60-100 cm. Assuming a forest 
regeneration cycle of 100-280 years and 
that there is an equal distribution of 
disturbance affecting 15-18 percent of the 



soils in any one forest generation, this 
study indicates that there is a high 
probability that all the soil will be 
overturned every 600-1700 years. Climate 
fluctuations since the last glaciation 
12-14,000 years ago may also have induced 
some slope instability. These studies 
indicate that slope disturbance in response 
to various natural agents was important 
before man entered the high country. 

As well as delineating areas of 
disturbance, detailed soil studies also show 
stable sites. For example, in the Dry 
Acheron, soils older than about 1000 years 
are found on the broad rolling ridge crests 
at altitudes of 1000-1500 m. Basher (1980) 
regards the upper Dry Acheron Basin as 
representing a relatively undisturbed 
system in which the soil pattern reflects 
topography and aspect differences, rather 
than instability following vegetation 
changes. Visually parts of the area appear 
to be severely eroded, as the proportion of 
bare ground is high (Fig. I) . Traditional 
erosion-survey techniques would assess the 
area as severely eroded. The soil pattern, 
however, does not indicate such an erosion 
status. Further studies are needed to assess 
the extent of such 'old' soils in the high 
country. 

Revegetation research has promoted a 
number of soil studies, particularly in 
relation to soil fertility . These studies show 
that many high country soils are low in 
nutrients, and that most of the available 
nutrients are in the organic material of the 
topsoil and litter. High country soils are 
primarily yellow-brown earths or 
podzolised yellow-brown earths. In many 
places the nutrient-rich topsoil, has been 
removed. The remaining subsoil is infertile 
and this creates problems for revegetation. 
It has been facetiously suggested by a 
pedologist (who probably wishes to remain 
anonymous), that soil fertility in the high 
country could be best increased by eroding 
these subsoils as well, exposing the C 
horizon material from which more fertile 
young soils could form. Such soil 
rejuvenation would take hundreds of years, 

but humans seek solutions within a 
generation or less . 

Uplift rates 

The presence of high mountains has 
always indicated that the Alps are rising. 
Some quantitative understanding of uplift 
rates is now available. Most workers agree 
that the rates estimated by Wellman (1979) 
are of the right order and general 
distribution, though many argue with the 
detail. Uplift is highest (perhaps up to 
15-20 mm/ yr) just east of the Alpine Fault, 
decreasing exponentially eastward to about 
2-5 mm/ yr on the Main Divide, and to 
about 0.5 mm/ yr in the inland Canterbury 
basins. As uplift and erosion appear to be 
in equilibrium (Adams 1978), the 
distribution of uplift rates provides insight 
into long-term, regional erosion rates. 

Major first order surveys to monitor 
earth deformation were carried out in the 
Southern Alps in 1978-1982 (Bevin et al. 
1984). Resurvey of these networks is 
planned for about 1990 and this should 
provide information on present uplift rates 
across the Alps. Many of the stations used 
in the last survey were stations established 
in the 1940s and some determinations of 
earth deformation over the last 40 years 
can be made. But many of the stations in 
the western Alps were established 
specifically for the most recent geodetic 
survey and information on deformation in 
the area of most rapid uplift is unavailable 
at present. 

Sediment yeilds 

Sediment yields from some basins in the 
Southern Alps are amongst the highest in 
the world. Adams (1978), Thompson and 
Adams (1979), Griffiths (1979a, 1981) and 
Griffiths and Glasby (1984) use suspended 
sediment and flow records from various 
South Island river basins to provide 
specific suspended sediment yields for the 
Southern Alps. Yields vary from about 100 
t/km2/yr for basins in the dry 
intermontane areas (e.g., Twizel and Forks 
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Rivers), about 600 t/km 2/yr for basins in 
the eastern foothills (e.g. Selwyn and 
Ashley Rivers), about 1600 t/km 2/yr for 
large basins draining the eastern Southern 
Alps (e.g., Waimakariri and Rakaia 
Rivers), to about 15,000 t/km 2/yr for 
basins in the western Alps (e.g., Hokitika, 
Cleddau and Haast Rivers). Rainfall, 
which provides the runoff that carries the 
sediment, appears the most important 
variable in determining sediment yield. The 
highest yields are from West Coast basins, 
which, although predominantly forest 
covered, have extremely high annual 
rainfalls. 

Sediment yield is a measure of the 
erosion rate within a basin and its 
relationship with annual rainfall can be 
used to investigate erosion rates across the 
Southern Alps, as done by McSaveney 
(1978). Using a power law relationship 
between sediment yield and rainfall, and 
measurement of the distribution of rainfall 
across the Southern Alps, (Griffiths and 
McSaveney, 1983a), it appears that the 
wettest parts of the western Southern Alps 
are eroding at rates equivalent to a 
lowering of the ground surface of as much 
as 12 mm per year. From specific annual 
suspended sediment data Griffiths and 
McSaveney (1983b) estimate an erosion 
rate of 11 ± 1 mm/yr for the Cropp River, 
a basin in this very high rainfall (10-12,000 
mm/yr) zone of the Western Alps. On the 
Main Divide, where rainfall is less (5-8000 
mm/yr) erosion rates are lower (about 3-6 
mm/yr) and in the drier eastern high 
country erosion rates are at least as low as 
1-3 mm/yr. These erosion rates balance the 
regional uplift rates presented by Wellman 
(1979). 

The effect of forest removal on basin 
sediment yield has not been assessed in the 
central Southern Alps. Wells (1978) 
attempted to assess the effect of the change 
from forest to grassland, in the early 1880s, 
on erosion rates in the Mt Robert area in 
Nelson Lakes National Park. From 
measurement of the volume in small fans 
on the edge of Lake Rotoiti he suggests that 
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forest removal accelerated erosion rates by 
up to two orders of magnitude over the 
post-glacial average. Most of this erosion is 
surmised to have occurred in the first 25 
years following deforestation. 

Studies of the effects of deforestation of 
hill country in North Westland by 
O'Loughlin and Pearce (1976), and 
O'Loughlin et al (1980, 1982), indicate 
sediment yield increasing by up to 100 
times following clearfelling. Erosion from 
logging roads and loss of soil 
reinforcement from tree roots are 
dominant factors in accelerated sediment 
yields in deforested catchments. In these 
studies sediment yield was greatest in the 
five or so years following forest removal 
and decreased to close to the pre-forest 
removal rate as exotic trees established. 
Overseas studies of areas where forest has 
been allowed to revegetate naturally, show 
similar results (Zeimer, 1981). Sediment 
yields are likely to have increased in the 
high country following the widespread fire
induced forest removal of 500-900 years 
ago and locally following European 
clearing of forest. 

Many Cantabrians live in a floodway of 
the W aimakariri River. It is not surprising 
that they should fear flooding. A build-up 
of gravel in the river bed, with reduction of 
stopbank freeboard and lowered flood 
protection are perceived to be problems. 
The supply of gravel has been linked to 
accelerated erosion in the high country 
(e.g. Reid and Dick, 1960). Surveys of 
cross-sections of Waimakariri River 
collected over 45 years by the North 
Canterbury Catchment Board have been 
analysed by Griffiths (1979b). He found 
that at least 65 percent of the material 
causing aggradation in the lower reaches of 
the river was derived locally from the 
channel bed and river banks in the lower 18 
km of the river. This aggradation results 
from man's attempt to confine the river to 
a relatively narrow channel and direct it 
away from the city of Christchurch. 
Aggradation would be much more severe 
but for the large quantities of gravel mined 



from the river bed. Cross-section data in 
the period 1959-1975 show that the channel 
is stable in the upper catchment. 

Sediment yields ,from small basins in the 
eastern high country have been measured 
by Cuff (1974), Hayward (1980), and 
Griffiths and Hicks (1980). Cuff provides 
the volume of sediment in four gravel traps 
in the Opihi River, South Canterbury. 
Assuming a trapping efficiency of 75 % , the 
measurements indicate average annual 
yields of about 130 t/km 2/ yr for traps in 
the upper Tengawai River and about 185 
t/ km 2/yr for the trap in the upper Opihi 
River. Hayward used a vortex tube to trap 
bedload in Torlesse Stream, Canterbury. 
An average yield of 30 t/km 2/ yr was 
measured for the study period from 
1972-1979, a period generally lacking in 
storms. If the yield during a large storm in 
1980 is included, the average yield is about 
40 t/km 2/yr (Beschta, 1983a). Griffiths 
and Hicks provide a description of a system 
to measure sediment yield from Dry 
Acheron Stream, Rakaia River. Continued 
monitoring of the amount of sediment 
trapped in the debris-retention dam 
indicate an average yield of 250 t / km 2/ yr 
(G.A. Griffiths, pers. comm. 1984). 

These studies show that much of the load 
from small mountain basins is gravel 
transported as bedload. This contrasts with 
the lower reaches of rivers where suspended 
sand and silt make up about 90% of the 
load (Griffiths, 1981). The change from 
bedload to suspended-load-dominated 
rivers is likely to result from disintegration 
and abrasion of gravel in the river bed. 
Blakely et al. (1981) describe the change in 
proportion of bedload and suspended load 
downstream from the Torlesse Basin 
through the Kowai River to its junction 
with the Waimakariri River. Weaker rocks, 
such as mudstone and sheared sandstone 
probably provide much of the sand and 
silt-sized material. 

Sediment sources 

Where gravel supplied from a basin is, or 
is perceived to be, causing aggradation, 

managers wish to know where the gravel is 
coming from. Cuff (1974) developed a 
sediment-source survey-technique in the 
Opihi River, South Canterbury. The 
technique gives a qualitative ranking of the 
amounts of gravel likely to be supplied 
from erosion features during storms of 10 
to 100-year return period. The severity 
ranking is made by visual assessment using 
the following factors: size and slope of the 
erosion feature; type and degree of 
consolidation of the underlying rock; 
catchment area above feature; present 
activity; ease of undercutting by streams 
and ease of supply of detritus to streams. 
The severity ranks used by Cuff are 
designed as a linear progression from 0 to 
5. Cuff also used this survey method in the 
Upper Ashburton River (Cuff, 1977) and 
Orari River, South Canterbury (Cuff, 
1981). The technique, with modifications, 
has been used in the Shotover River, Otago 
(MWD, 1977), Harper and Avoca Rivers 
(Mosley, 1979), Wairau River, 
Marlborough (Simpson et al, 1980) and 
Little Hopwood Burn, Lake Hawea 
(McSaveney and Whitehouse, 1982). A 
problem with the technique is that the 
qualitative ranking within each basin 
makes comparison between surveys 
extremely difficult. This has been 
overcome, to an extent by Cuff (1974) and 
McSaveney and Whitehouse (1982), who 
relate the qualitative ranking to measured 
sediment yields. 

The objective of most of the surveys was 
to identify 'priority' areas within 
catchments, where production of gravel is 
seen to be greatest, and consequently where 
treatment should be applied . Most surveys 
show that most sediment comes from a 
relatively few, large, but areally small, 
sources . For example, in Little Hopwood 
Burn, the sediment survey indicated that 
50% of the yield came from 9 or 10 large 
sources (McSaveney and Whitehouse, 
1982). Monitoring of sediment sources in 
Torlesse Stream (Hayward, 1980) and by 
the author in Dry Acheron . Stream 
indicates that in these small basins 
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sediment primarily comes from the erosion 
of small scree bases or terrace edges 
adjacent to the stream, with most of the 
sediment coming from a few large sources. 
Observations in the Dry Acheron Stream 
suggest the following scenario for sediment 
production. Hillslope erosion in rare, high 
magnitude storms brings sediment into the 
stream channel where it is stored as terraces 
and fans or in the channel behind log dams. 
This material is reworked during the more 
common, lower magnitude storms which, 
while filling the floodway do not induce 
significant hillslope erosion. 

The observation that most sediment 
comes from a few large sources suggests 
that treatment of these sources could have 
the greatest effect on basin sediment yield. 
Unfortunately, complete reduction of 
sediment production from such sources 
may be very expensive or even impossible. 
However, even a 10% reduction in 
sediment yield from one large source may 
have more influence on sediment yield than 
total repair of a number of smaller sources. 
No cost-effectiveness estimates appear 
available to assess the value of these 
different strategies. 

The importance of rare events on 
sediment yield is shown by Beschta (1983a) 
in a detailed study of sediment sources, the 
pattern of sediment movement and 
associated changes in channel morphology 
for the 30 years following a large storm in 
1951 in the Kowai Basin, Canterbury. 
Extensive channel aggradation occurred 
during the approximately 150-year return 
period storm. Sediment yield response was 
complex, with large spatial differences in 
the amount of sediment moved. Much of 
the sediment eroded during the storm 
remains in the channels within the basin. 
Only a small proportion of the deposits 
have been transported out of the upper 
Kowai Basin by fluvial processes. For 
example, in Torlesse Stream less than 50 
percent (approximately 25,000 m3

) of the 
sediment deposited in the storm has since 
been removed. Beschta believes that most 
of this 25,000 m3 was removed during the 
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1951 storm, after maximum aggradation 
had occurred. If this is correct then this 
yield is equivalent to about 325 times the 
annual yield for this 3.85 km 2 catchment. 

In a companion paper Besch ta (l 983b) 
discusses the effect of this material on 
channel widths in the Kowai River. 
Changes for the period 1943-1980 suggest 
that a major wave of bed-material sediment 
is progressing downstream. Initiated in the 
basin headwaters in 1951, the leading edge 
of the wave was about 11.5 km from the 
basin divide by 1960 and by 1980 the wave 
had moved an additional 11 km to be only 
6 km from the confluence of the 
Waimakariri and Kowai Rivers. Channel 
widening is associated with the wave. This 
study highlights the lag between hillslope 
erosion events and channel changes, and 
the need to assess the whole channel system 
when considering river protection works or 
other structures that may constrict 
channels. This philosophy of whole basin 
approach to river works is outlined by 
Blakely et al. (1981). 

Ackroyd and Blakely (1984) also show 
the importance of high magnitude storms 
in providing sediment to stream channels. 
A large slug of gravel perched above 
Torlesse Stream failed in a storm in March 
1980. Material from this failure accounted 
for about a third of the total sediment 
through the bed load trap at the mouth of 
Torlesse Stream, for the period 1972 to 
1980. 

Little is known about the consequences 
to streams of rehabilitation of sediment 
sources. Sediment transport is a natural 
function of rivers. Management schemes 
that alter this function may induce down
stream instability if the river entrains 
sediment from floodplain rather than 
mountain sources. The natural variability 
in sediment yield apparent between 
adjacent catchments suggests that 
management may be able to reduce yield, 
but the means is not well defined and the 
reduction would be presumably only to 
some regional minimum. If yield were 
reduced to below this minimum, it could be 



expected that the river would obtain 
sediment by channel down-cutting or bank 
erosion. Little information is available on 
the likely magnitude of these regional 
mimimum yields. 

Sediment source surveys have been 
important in that they suggest why 
sediment comes from particular sites. 
Geology often controls sediment source 
location with large sources often associated 
with highly sheared rocks in fault zones. 
This geological control is observed in 
Torlesse Stream (Hayward, 1980, Oaks and 
Oaks, 1982) and Dry Acheron Stream. 
However, Cuff (1981) found that fault 
zones were not the primary geological 
control on erosion in the Orari River. 
There, virtually all the erosion is initiated 
in the unconsolidated regolith overlying the 
bedrock, and Cuff believes that erosion is 
reduced when this material is removed and 
bedrock exposed. Cuff (1981) has 
attempted to quantify other causal factors 
associated with sources in the Orari River. 
Slope, elevation, the amount and type of 
bare ground above the erosion feature, 
aspect, and slope position were all 
positively correlated with the density of 
erosion features. In the Harper and Avoca 
Rivers, Mosley (1979) concludes that 
glacial history and topography influence 
sediment source location. Most sediment is 
derived from erosion of bedrock gullies, 
cliffs and gorges, and eroding terraces and 
fans, with the erosion features that may be 
attributed to cultural interference 
supplying little sediment. Mosley indicates 
that sediment stored in ancient glacial 
outwash terraces or old fans provide a 
considerable portion of the sediment to the 
Harper and Avoca Rivers. In addition, 
large volumes of sediment are stored in the 
braided channels of these rivers. The 
importance of stored gravel on the 
sediment supply to the Kowai River is 
noted by Blakely et al (1981). 

The importance of stored sediment in the 
sediment budget is generalised by Pearce 
and O 'Loughlin (1978) to all the glaciated 
valleys in the Southern Alps. They believe 

that the present rate of sediment yield from 
regions with large volumes of stored 
sediment, is likely to closely reflect the rate 
of reworking of stored material, and that 
changes in supply from upstream areas are 
likely to be compensated for by decreases 
or increases in the rate of reworking, so 
that the output of the whole region remains 
relatively constant. That sediment can be 
entrained quickly is demonstrated by 
measurements in the Ohau River below 
Lake Ohau (Griffiths, 1981). The 
suspended sediment concentration (of 
effectively zero) at the outlet to Lake Ohau 
is restored to a value similar to the above 
lake concentration within 16 km 
downstream of the outlet. This ability of 
rivers to rapidly adjust their load through 
aggradation or scour suggests that 
downstream river aggradation may be 
managed best by downstream river control 
work, rather than by a reduction in the 
supply of sediment from the upper 
catchments. 

Repeat photography 

Photographs do not record what we 
want to see, or what we think is present. 
They record what is present whether we see 
it or not. Consequently repeat 
photography, in which a scene depicted in 
an earlier photograph is re-photographed 
after a period of years, is extremely useful 
to determine the nature of changes that 
have occurred between the time of the 
original photograph and the time of the 
repeat photograph. 

Relph (1958) was one of the first to use 
repeat photography to assess changes in 
vegetation and erosion in the South Island 
high country. From an examination of 
some early photographs of Castle Hill 
Basin, Canterbury, Relph concluded that 
vegetation cover was not more extensive in 
1882 than it is at present, and that if the 
large-scale decreases in cover at higher 
altitudes had been caused by man, then 
most of the denudation took place in the 25 
years before 1882. His conclusions appear 
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Figure 2: South east side of Foggy Peak, Tor1esse Range, Canterbury, in about 1905 (upper photograph, 
courtesy W.A. Taylor Collection, Canterbury Museum) and 1978 (lower photograph). A 150-year return period 
storm in Aprll 1951 eroded approximately 425,000 m3 from the gully in the centre of the photograph (Beschta, 
1983a). In the 1978 photograph this material (arrowed) can be seen filling the valley below the gully. 
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to have been ignored for the following 20 
years. 

Moore (1976) also used repeat 
photography. De~ailed vegetation surveys 
and a series of photographs taken from 
1944 to 1971 were used to analyse how 
vegetation on Molesworth Station changed 
under a new system of management. After 
the removal of sheep, decrease in rabbits, 
and cessation of burning, severely eroded 
soils became more stable, and plant cover 
improved, partly through successful aerial 
oversowing. However recovery was very 
uneven. A striking feature, repeatedly 
confirmed in the photographs, was the 
longevity under extremely unfavourable 
conditions of often small individual plants 
of many indigenous species. 

The most extensive use of repeat 
photography in the high country has been 
by Whitehouse (1978, 1982a), who 
compared approximately 70 historical 
(pre-1910) and modern (late l 970's) 
photograph pairs, mainly of the 
Waimakariri Basin. His conclusions 
support those of Relph (1958), that there 
has been little change in the gross 
distribution of bare, eroding areas in the 
last 100 years. Areas of scree have 
remained fairly constant, and slopes prone 
to gullying have continued to erode. 

Whitehouse (l 982a) was fortunate in 
being able to obtain a number of detailed 
photograph pairs in a small area. In the 
Porters Pass area, Canterbury, four pairs 
(comprising a photograph taken in the 
1890s and a modern equivalent) are of 
slopes within 5 km of each other. One of 
these pairs shows marked increase in bare 
ground area, two show no nett change, and 
one shows some improvement in vegetation 
cover. If management practices in the last 
90 years have been as detrimental to 
vegetation cover as indicated by such 
authors as Cumberland (1944) and Gibbs 
and Raeside (1945), then it would be 
expected that the photo pairs would show a 
consistent trend of marked deterioration. 
This was not observed; rather there is a 
wide variability within the photographed 

areas, demonstrating a lack of consistent 
trend. 

Most of the old photographs, however, 
were taken post-1880, with only a few by 
Mundy and Sealy taken before this. 
Consequently all the photographs postdate 
initial burning and stocking by at least 10 
years and most by 20 or more years. If 
erosion quickly followed initial burning, 
the photo pairs would not show the 
initiation of such erosion. It is not known if 
initial burning iriduced widespread erosion. 

In addition to showing how the area of 
bare ground has changed, the repeat 
photographs show that scrub, in particular 
matagouri, has increased markedly. Recent 
photographs indicate that this increase has 
occurred since about 1950, following 
restrictions on burning and an increase in 
oversowing and topdressing. This increase 
in scrub, has created problems for stock 
management, to the extent that scrub has 
to be controlled by burning. 

Repeat photography provides a salutory 
reminder of the need to be extremely 
careful in attributing actual or perceived 
landscape changes to particular processes 
or events. All geomorphologists are guilty, 
at some time, of making incorrect 
inferences between erosion form and 
process . Figure 2 provides such a 
cautionary example. This photo-pair of the 
south-east side of Foggy Peak, Porters 
Pass, shows that a large amount of gravel 
has been eroded from this small area in the 
last 70 years . All this debris can be 
attributed, independently, to a single 
intense rain storm in April 1951 (Beschta 
1983a). However, the caption to a 
photograph of the same scene in Hayward 
(1967, plate 4) states that the gullies were 
caused by the 1951 storm. It is clear from 
the photo pair, that while the large tongue 
of debris resulted from the storm, it is 
incorrect to assume that the gullies above 
the debris formed in the same storm. The 
gullies are much older features being 
eroded at intervals by large debris flows. 

Suites of repeat photographs are 
excellent tools for studying the effects of 
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large storms. Whitehouse (l 982b) has 
collected a series of photographs of the 
north side of Sebastopol, a small peak near 
Mt Cook Village. This area has been 
affected by a number of intense storms: in 
December 1979, 537 mm of rain fell in 24 
hr (return period "" 55 years), in December 
1957, 491 mm fell in 24 hr (return period "" 
30 yr), and in March 1913, 610 mm fell in 
20 hr (return period "" 250 yr). Many 
debris flows were active in the 1979 storm. 
These occurred down steep channels, over 
scree, and down vegetated slopes below soil 
slips. On the north slopes of Sebastopol, 
channels were scoured clean and a large 
gully of about 150,000 m 3 volume was 
eroded. Debris from this gully was 
deposited in Black Birch Stream, almost 
causing the stream to overtop its stopbank. 
Houses on Black Birch Fan were 
evacuated. In the storm of December 1957 
some channel scour and extension of 
channels occurred on Sebastopol, but no 
new erosion features were initiated. 
Photographs before and after the March 
1913 storm suggest that significant erosion 
occurred on Sebastopol during that storm. 

The series of photographs show that the 
most important slope modifying events on 
Sebastopol are high magnitude/ low 
frequency rain storms. Although low 
magnitude/ high frequency processes (such 
as wind erosion and slope wash), 
undoubtedly operated on the Sebastopol 
slopes in the 85 years covered by the 
photographs, it is clear that, at least 
visually, slope modification occurred 
primarily during two high intensity 
rainstorms. This is likely to be true for 
many slopes in the South Island high 
country. 

Summary 

In a decade of intensive investment in 
research, we have seen a reappraisal of our 
perspective on high country erosion. 
Understanding of some of the causes and 
rates of high country erosion has increased 
and we can now assess the impact of 
European land management practices 
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within this framework of natural erosion 
rates. Our knowledge is far from complete, 
and continued research will be needed . 
Recent studies : 

(1) show sediment yields and erosion 
rates in the Southern Alps to be 
naturally very high, 

(2) sever the link between downstream 
aggradation and man-induced 
accelerated erosion in the 
headwaters of the Waimakariri 
River, by linking the aggradation 
with early engineering works 
intended for flood protection, 

(3) indicate the longevity and antiquity 
of many screes formerly attributed 
to European mismanagement of the 
land, 

(4) attribute some of the man-induced 
soil instability in the Southern Alps 
to fires of both the Polynesian and 
European eras, 

(5) indicate that some erosion features 
attributed to vegetation depletion 
following early European pastoral 
management do not result from this 
cause, 

(6) suggest that distinction between 
'accelerated' and 'normal' erosion 
may be difficult, 

(7) stress the importance of geology, 
stored gravel deposits and proximity 
to river channel in controlling 
sediment source location and 
magnitude, and 

(8) suggest that most erosion in the 
Southern Alps occurs during high 
intensity storms and earthquakes. 
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Autumn Muster 

In the cool clear air of morning 
As the bright stars fade away 
Comes an echoing down from the shingle tops 
The first "bark-up" of the day. 
As the dogs take up their chorus 
The sheep will soon be strung 
Far through the snowgrass basins high 
And the muster has begun. 

A stag roars from the bush below 
Challenging far and near 
His hinds are milling in a mob 
Keeping a well-tuned ear. 
The tussock waves in the nor-west breeze 
A kea screams above 
And the rattling noise as a chammy bolts 
Are the sounds a musterer loves. 
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The frost is on the dark side face 
The creek is icy cold 
And rolling through a ragged bluff 
A man's steps must be bold. 
There's boulders flying down the hill 
As the wethers pick their way 
Through the mass of rocks and ridges 
Where the men do earn their pay. 

The poor dogs trail behind them 
Their pads are bleeding raw 
Fighting fit three days ago 
They now are tired and sore. 
Most will run until they drop 
Courage great to see 
And when the homestead yards are reached 
A well earned rest there'll be. 

Jim Morris 



Pastoral leases 
l.G.C. Kerr 

Introduction 
To many, the South Island high country 

pastoral land is an enigma. But for pastoral 
lessees, the Crown, and others with a 
special interest in the tenure of pastoral 
land, pastoral lease terms determine land 
use in the high country. This paper is a 
review of some of the recent issues 
affecting the future of this special form of 
land tenure. 

In the context of Crown land tenure, 
pastoral land is land classified by the Land 
Settlement Board as ''. . . being land 
suitable or adaptable primarily for pastoral 
purposes only" (Land Act 1948, S 51.1). 
The Board is empowered to grant either 
leases for, or licences to occupy, pastoral 
land. As at 31 March 1983 there were 369 
pastoral leases for 2.5 million hectares of 
land, and 46 pastoral occupation licences 
for 0.2 million hectares (Director-General 
of Lands, 1983). The rent obtained by the 
Crown in 1983/84 for pasotral land was 
$178 688, of which 96% was from pastoral 
leases. 

While the pastoral lease is a 
comparatively recent creation (Land Act 
1948), its origins lie in the grazing licences 
offered the pre-Adamite southern 
pastoralists (Acland, 1946). There have 
been three phases of pastoral land tenure. 

The nineteenth century provincial 
governments encouraged land purchase at 
'a sufficient price' to finance community 
facilities and the establishment of a far 
from egalitarian society. Uniform prices 
for land and an intuitively cautious 
approach to permanent alienation of the 
'waste lands' meant that, except for small 
areas, the pastoral land of the South Island 
remained under the jurisdiction of the 
Crown in its regional forms. 

Abolition of provincial government in 
1876 started a long period of jurisdiction 
by central government which was largely 
ineffective in preventing the degradation of 
the tussock grasslands through the 
combined effects of fire, sheep, snow, 
depression, rabbits, cultivation, war, and 
insufficient knowledge and capital. By the 
1900s, much of the high country was in a 
thoroughly wasted state and remained so 
for half a century (O'Connor, 1980). 
During this, in many ways destructive, 
period, agreements to occupy pastoral 
tenure land developed from licences to 
occupy for pastoral purposes, to relatively 
secure pastoral licences encompassing 
actual and implied restrictive use 
covenants. Until the 1950s neither 
runholders nor government had the 
collective money, knowledge or will to 
repair the damage. 

All the early concerns about the state of 
the high country (O'Connor, 1980, 1981) 
went unheeded or were unable to be allayed 
until the 1940s and 1950s, when major 
advances in legislation were made-namely 
the Soil Conservation and Rivers Control 
Act 1941, the Land Act 1948 and the 
Rabbits Act 1955. All three statutes 
provided the administrative framework for 
rehabilitation. It was fortuitous that they 
were accompanied, in the 1950s and 1960s, 
by improvements in the country's economy 
and by knowledge to give effect to these 
new statutes. Otherwise there may have 
been little change. As it happened, early 
success came with the control of rabbits, 
adoption of improved technology and 
management, and the availability of 
finance, chiefly from the reinvestment of 
farm income. It is claimed by some that the 
underlying security of tenure associated 
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with the pastoral lease created by the Land 
Act 1948 provided the confidence for 
investment in rehabilitation by lessees. 

Pastoral leases 
Over recent years there has been much 

discussion about several aspects of pastoral 
leases. As many leases came to the end of 
their first 33 year term and were due for 
renewal, the subject of rentals was of 
major importance to both lessees and the 
Crown as lessor. The Land Act 1948 
initially provided for a 'fair annual rent' 
for pastoral leases to be set by the Land 
Settlement Board. Later, the debate which 
preceded the Land Amendment Act 1979 
(which established a land valuation rental 
basis) was largely devoted to determining a 
basis for a 'fair annual rent'. 

Initially, rents for pastoral leases were 
set at a rate per 1000 stock units of 
unimproved carrying capacity-adjusted 
for location, stock performance, and other 
'special factors'. With inflation (the 
magnitude of which appears not to have 
been anticipated), the flexible rate of $140 
per 1000 stock units for leases issued in the 
early 1950s soon became inappropriate for 
leases issued subsequently. Neither the 
Land Settlement Board nor the Minister of 
Lands changed the rental rate (Gerrard, 
1965), in spite of recommendations to do 
so. 

The matter of rent came into sharp focus 
in the late 1970s when the Board and the 
lessees began to consider the basis for 
establishing a 'fair annual rent' for leases 
to be renewed in the early 1980s. The 
ensuing debate between the Board and 
representatives of lessees considered many 
alternatives. Rent as a percentage of the 
value of the land exclusive of 
improvements (LEI) was considered 
equitable, provable, and a basis common 
to most other similar Crown and private 
leases. 

The Land Settlement Board initially 
committed itself to a rental policy based on 
three percent of the value of land exclusive 
of improvements, but after representation 
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from lessees and after further study, the 
Board altered its position to allow a 'phase-· 
in period', a 'rebate for land development', 
and a 'pre-paid rent' alternative for 90% of 
the rental value. As these proposals 
required legislative changes, they were 
considered by Parliament with the resultant 
Land Amendment Act 1979, which set rent 
at two-and-a-quarter percent of the value 
of land exclusive of improvements, with a 
two-step phase-in period, but not the 
'rebate' or 'pre-paid' recommendation of 
the Board. It should be remembered that 
previously, the Land Amendment Act 1970 
provided for reviews of rentals of all 
Crown renewable and pastoral leases at 
eleven year intervals. 

LEI value is now the principal variable 
determining the amount of rent payable by 
pastoral lessees. While pastoral lease 
rentals must be established for pastoral 
farming purposes only (Land Amendment 
Act, 1979; Land Settlement Board, 1984), 
where there is potential for 'higher or 
better' use of particular areas of 'pastoral 
land' (e.g ., commercial recreation), land 
values will be affected. This must occur for 
realistic resource allocation. The principles 
for determining the value of land exclusive 
of improvements have been reviewed 
(Valuer-General, 1968; Smith, J. 1980; 
Kerr et al, 1979), and recently re
emphasised (The Assistant Commissioner 
of Crown Lands v. Associated Taverners 
Ltd). However, because lessees of Crown 
renewable leases have expressed concern 
about fair recognition of improvements to 
leases, a review of the basis of deter
mining the value of land exclusive of 
improvements has been undertaken by a 
committee established by the minister 
(McMillan et al, 1984). This Committee 
concluded that valuations should continue 
to be the basis of establishing rentals and 
freeholding values (for Crown renewable 
leases), but recommended clarification of 
the definition of the value of land exclusive 
of improvements. 

In 1981, lessees, realising the potential 
impact of rentals based on the value of 



land, persuaded government to set up a 
Committee of Inquiry into Crown Pastoral 
Leases (and Leases in Perpetuity). The 
report of the Committee (Clayton et al, 
1982) recommended the phasing out of 
pastoral leasehold tenure by: 

(a) reclassifying suitable land as farm 
land; and 

(b) establishing a tenure called 'multiple 
use' land for areas within pastoral 
leases which, in the public interest, 
ought not to be permanently 
alienated. 

The Land Settlement Board did not 
endorse the Clayton Committee's 
recommendations for pastoral leases. It 
took a different view by recommending to 
government: 

(a) the retention of the existing form of 
pastoral lease; 

(b) the facilitation of partial 
reclassification of suitable land 
within leases; and 

(c) the protection of conservation and 
recreational values of significance 
(Land Settlement Board, 1983). 

The practical effects of these 
recommendations, if adopted, are likely to 
be: 

(a) the gradual reclassification (at the 
initiative of the lessee) and 
freeholding (with deferred payment 
licences) of at least part of most 
leases; 

(b) the resumption (or covenanting) of 
land by the Crown for conservation, 
recreation or 'other' purposes; and 

(c} a continued restricted tenure for 
(pastoral) use of land not 
reclassified, or resumed. 

The Land Settlement Board is reviewing 
its high country policy and proposing 
adjustments to give detailed effect to 
government endorsement of the Board's 
recommendations. Proposed changes 
(Land Settlement Board l 984a) include: 

(a) allowing the initiative for 
reclassification to rest with the 
lessee rather than with the Board as 
at present; 

(b) removing the Board's present 
requirement for an 'economic unit' 
pastoral lease to remain after partial 
reclassification; 

(c} acceptance by the Crown of 
surveying costs for all land 
approved for reclassification; 

(d) identification of land required as 
protected natural areas or for 
recreation or 'other' purposes; and 

(e) a clear statement that fragmented 
areas of land, erodible land, land 
containing a significant habitat of 
indigenous flora and fauna and land 
containing 'exotic wildlife habitats' 
will not be reclassified as farm land. 

After application by a lessee to have land 
in a pastoral lease reclassified, the Board's 
proposed procedures (Land Settlement 
Board, 1984a) include: 

(a) public notification calling for 
submissions on the application; 

(b) inter-disciplinary inspection and 
reporting to the Land Settlement 
Committees and Board; 

(c) notification of the Board's decision 
to interested parties; and 

(d) an indication of the cost of 
freeholding given to lessee along 
with a fee payable (to cover 
assessment costs) if lessee does not 
proceed with the application. 

Having come along an extremely 
tortuous path towards resolution of many 
of the pastoral lease issues·, it now remains 
to be seen if the Board can put its proposals 
into effect. Some understanding of the 
public policies affecting pastoral land and 
of the property rights and obligaltions of 
the lessee and the rights and administrative 
obligations of the Crown as lessor may give 
some insight into the viewpoints of the 
principals in this interesting debate. 

Government policy 
Government policy governing the use 

(and pastoral land tenure) of the hill and 
high country is set out in a Government 
Policy Statement of November 1979 
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''Deciding the use of high mountain 
resources" (NZ Government, 1979). This 
policy states: 

"Recognising the instability and 
fragility of New Zealand mountains, the 
high degree of endemism of its biota, 
and the need to improve and maintain 
the condition of the mountains for the 
full and proper benefits of mankind, the 
use of high mountain resources must 
have regard to: 

- the conservation of natural resources; 
- the sustained production of water of 

high quality and of benefits from 
forest, pasotral, agricultural, mineral 
and other resources; 

- the provision of opportunities for 
work, recreation, relaxation, and 
learning; 

- the safeguarding of adequate 
representative examples of all 
indigenous mountain biota and of 
important ecosystems in as natural 
condition as possible; 

- the preservation of natural landscape 
of outstanding scenic quality and the 
creation and preservation of cultural 
landscapes of high quality; 

- the promotion of a balanced 
relationship between natural 
landscape character and all forms of 
land and water use; 

- the enhancement of social, cultural, 
and environmental values; 

- the retention and management of 
unallocated land for the 
maximisation of choice by present 
and future generations." 

A number of long term goals concerning 
research, education, landscape, nature 
conservation, water resources, pastoral, 
agricultural and forestry uses, mining, 
roading, and other engineering works; and 
recreation and tourism; are set out in the 
Policy Statement. Many shorter . term 
objectives of the policy are listed also, and 
in their detail could do much to influence 
the management of the hill and high 
country, viz. by ensuring a land tenure 
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structure which is compatible with the 
general principles implicit in the Policy 
Statement. 

It follows that the government's 
executing agencies' own policies should be 
subservient to the government policy. The 
particular policies of the Land Settlement 
Board, the National Parks and Reserves 
Authority, the National Water and Soil 
Conservation Authority and the New 
Zealand Forest Service are of relevance to 
the land tenure issue. 

The Land Settlement Board has the 
statutory duty '' ... for the administration, 
management, development, alienation, 
settlement, protection and care of Crown 
land ... " (Land Act, 1948). The Board's 
high country policy (Land Settlement 
Board, 1984b) makes particular reference 
to the government's policy statement for 
the use of high mountain resources and sets 
out in some detail goals for its 
implementation. As the Board administers 
pastoral leases on behalf of the Crown, it 
may have to resolve some actual or 
potential conflicts between the Crown's 
contractual obligation with leassees (for 
perpetual renewal of leases and exclusive 
possession of them) and the government's 
own policies for conservation of natural 
resources; sustained production; provision 
of opportunities for work, recreation, 
relaxation and learning; management of 
landscape; and maximising choice by 
present and future generations. Recent 
policy changes in the fields of rentals and 
partial reclassification of pastoral leases, 
and the introduction of a protected natural 
areas programme (Department of Lands 
and Survey 1982), are examples of 
implementation of government policy. 

The Crown, through endowments to the 
Universities of Canterbury and Otago, has 
an additional involvement in high country 
land. Both universities lease land for 
pastoral purposes with policies similar to 
the Crown. In the case of Otago 
University, the leases are administered by 
the Department of Lands and Survey on 
behalf of the University. 



The National Water and Soil · 
Conservation Authority's hill and high 
country policy is aimed at the promotion of 
soil conservation and water management in 
areas where adverse physical factors and 
erosion hazard cause distinct limitations 
for use (National Water and Soil 
Conservation Organisation, 1983). The 
application of this policy is undertaken 
primarily by catchment authorities. By 
promoting individual soil and water 
conservation plans and other activities and 
by-laws in support of its objectives, 
catchment authorities have had a major 
influence for change in pastoral land use in 
the high country, chiefly by encouraging 
improvement of grazing land and the 
retirement of land unsuited to pastoral use. 

Property rights 
Each lessee of a pastoral lease holds a 

lease for 33 years with a perpetual right of 
renewal for the same term (Land Act 1948, 
S 66.3) . Any attempt by the Crown as 
lessor to grant that renewal over all the 
land in the existing lease may result in the · 
lessee applying to the Court for relief 
(Land Act 1948, S 66.3; Property Law Act 
1952, S 120). Provided the lessee has 
performed and fulfilled the covenants and 
conditions of the lease, renewal of the lease 
under the same terms and conditions is 
assured. Similarly, the holder of any lease 
registered under the Land Transfer Act 
1952 (and the Land Act 1948) enjoys 
exclusive possession of all the land in the 
lease (Radaich v. Smith, 1959). To some 
extent exclusive possession is reinforced by 
wrongful trespass provisions in the 
Trespass Act 1980. 

For any lease (as distinct from a licence) 
to be created, three essential requirements 
must be met: the landlord must give 
exclusive possession, the term of the lease 
must be certain, and the lease must be 
properly created, formally by deed of lease 
or memorandum of lease or, informally by 
agreement (McMorland, 1975). The 
pastoral lease meets all these requirements . 
There are implied covenants which apply to 

any lease (Brookfield, 1975). Important 
among them are obligations on the lessor to 
ensure quiet enjoyment of the property 
leased, an obligation on the lessee to pay 
rent and keep (and deliver up) the premises 
in repair, and allow the landlord to enter 
(at reasonable times) and view the state of 
repair. Broadly, the general conditons 
which apply to all leases also apply to 
Crown leases. In addition, as with many 
private leases, all Crown leases have 'good 
husbandry' and 'residency' covenants. 
Pastoral leases are subject to special 
additional conditions which govern, 
amongst other things: 

(a) the burning of vegetation; 
(b) cultivation, cropping and grassing; 

and 
(c) the numbers of stock that can be 

carried. 

Under the Land Act 1948 the Crown has, 
in its leases, reserved to itself powerful 
rights of resumption (with compensation) 
of the whole or any part of a lease (or 
licence) if the land is required for ' . .. any 
public purpose . . . ' or in the case of 
reserves ' ... in the public interest. ' (Land 
Act 1948, S 117.1, 167.1). For these 
provisions to be put into effect, the Board, 
acting for the Crown, requires a clearly 
authorised public purpose and clearly 
defined public interest, as a failure to do so 
would leave the Board open to challenges 
to its authority or administrative action 
through procedures provided for in the 
Judicature Amendment Act 1973. 

As the public policy statements imply 
major changes to the contractual tenure 
arrangements of pastoral lessees, the Land 
Settlement Board may not be able to 
disturb these arrangements except: 

(a) by consent of the tenant; or 
(b) by resumption and compensation; 

or 
(c) upon surrender of the tenancy by 

the lessee; or 
(d) by legislation of an extraordinary 

nature (McGeorge, 1983, pers. 
comm.). 
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The Board's high country policy seeks to 
achieve any alteration to the lease by 
agreement with the lessee and to seek the 
use by Government of statutory authority 
only as a last resort (Land Act 1948, S 107, 
117 and 167). 

It is not at all obvious what the basis of 
'negotiation' between a lessee and the 
Crown will be for an agreement to be 
reached. A 'trade off' of some of the 
existing rights of pastoral lessees for a new 
'right' to acquire the fee simple appears to 
be one possibility. However, for this to 
happen, the pastoral lessee must first seek 
reclassification. It is uncertain how many 
are likely to do this, but it is certain that 
not all the Board's policies can be met this 
way because many (if not most) lessees are 
likely to renew their lease as it presently 
stands. 

A difficulty facing the Board, should it 
decide to use its statutory powers, may be 
the proving of the public purpose or public 
interest for such an action should it be 
resisted. A well established general 
principle of administrative law is that 'the 
courts shall be slow to read an instrument 
as authorising interference with the rights 
of the private citizen, particularly his rights 
to property and personal liberty' 
(Paterson, 1967). It is obvious that any 
attempted resumption of land by the 
Crown from an unwilling tenant wi.II be 
resisted, possibly on the grounds of 
invalidity of official action. It is 
conceivable that legislative action may be 
required to give full effect to the goals of 
the public policies as they stand. 

Conclusion 
It is hopefully self-evident from the 

foregoing that the position of lessor and 
lessee of pastoral land is circumscribed by 
statutory-defined rights and obligations. 
There are, in place, government policies 
which seek change in pastoral land use. It is 
unlikely that these policies will be fully 
implemented in the near future as they rely 
wholly on 'negotiations' between lessor 
and lessee. Never-the-less, economic and 
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moral factors acting together or separately 
may direct change. The considerable 
economic influences on a pastorally-based 
industry will eventually result in all 
pastoral lessees seeking opportunities for 
intensification, diversification or complete 
restructuring of their businesses. Equally, 
there is no doubt that the apparently rising 
tide of public opinion which 'demands' 
change will have its practical effect in 
lessees seeking the best bargain possible in 
any 'negotiations' initiated by the Crown. 
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Ode to a P.L. 

Oh its great to have a Pastoral Lease 
Now that they're falling due 
With exclusive right to pasturage 
And perpetual right to renew. 

With "pepper corn" r"entals thrown out 
And the "greenies" on our back 
And the rentals based on the LEI 
We're copping a lot of flak . 

Some are pushing for freeholding 
Others are not so sure, 
But whichever way it settles down 
It's sure make us poor. 

The Black Stilt reigns supreme it seems, 
Takes precedence over all , 
For any bloke with creek or swamp 
Over it now hangs a pall. 

And any man with bush or bog 
Ditch or culvert too 
Might find it's taken for multi-use 
And then what will we do? 

All the tops and basins high 
That hardly see a soul 
Have assumed a great importance 
And are wanted now by all. 

Access tracks and covenants too 
Are scattered far and near, 
Some horrible little beetle, black, 
Means "no development here". 

And as the "greenies" settle back 
Contented with their ploys, 
I hope they pause to think awhile 
And stop making all their noise. 

For it's sheep that raised this country up 
And sheep that keeps it there 
And Stilts and Rills don't pay the bills 
However few or rare. 

Jim Morris 



Hawkweeds in run country 
D. Scott 

Introduction 
Several species of hawkweed occur in New · 
Zealand. The rapid increase over recent 
decades of some of these mat-forming 
plants has caused concern in the run coun
try of the South Island (Anon 1976; Healy 
1976; Makepeace 1976, 1980). Two 
hawkweed species, mouse-ear and king 
devil, are now among the most abundant 
tussock grassland species in the moderate 
to low rainfall areas of the South Island 
run country where they are considered 
weeds because of their exclusion of other 
forage species. Further increase in distribu-

Photo above - Hawkweed encroaching Into 
fescue tussock/matagouri grassland in the mid 
rainfall zone. 

ti on and abundance seems likely. The 
following is a review of present understan
ding based on about ten years of work in 
New Zealand and by reference to overseas 
information. 

Brief history 
The hawkweeds are a very large group of 

northern hemisphere species. The eleven 
species present in New Zealand were in
troduced probably as contaminants of crop 
or pasture seed. The occurrence of some of 
the species in the Ashburton area, and their 
weed potential was first commented on in 
the 1920s (Allan 1920, 1940). However they 
remained relatively rare until after World 
War II (Connor 1964; Moore 1976). It is 
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only since the 1950s that they have spread 
extensively to reach their present weed 
status (Anon 1976; Dunbar 1977; Stevens & 
Hughes 1973; Lambrechtsen & Sheppard 
1979). The increase of mouse-ear and king 
devil is thought to be associated with open 
ground and reduced grazing pressure at the 
end of the rabbit era which coincided with 
a series of warm wet summers. 

Species 
The hawkweeds are a large complex 

group of many thousand species and there 
is some difficulty in matching the introduc
ed New Zealand material with Northern 
Hemisphere species. However within 
hawkweeds those with a stoloniferous habit 
form a small distinct group (Sell & West 
1967, 1974, 1976). It is the stoloniferous 
group that are showing weed potential 
when introduced to other parts of the 
world. The identity and naming of the 
hawkweek species in New Zealand is cur
rently under revision. In particular it 
should be noted that Pilosel/a is now con
sidered to be the correct generic name of 
most of the New Zealand species and 
'hawkweed' (not 'hieracium') the preferred 
common name. 

Description and distribution 
The following description of some of the 

species present in New Zealand and their 
distribution is listed in order of current 
concern. The basis for some of the com
ments and further details on these and 
other species are given in later sections. 

Mouse-ear (Pilosella ojficinarum) is 
distinguished by dense mat formation, a 
single lemon yellow flower, and in most 
seasons by den.se white under-surface of its 
leaves. It occurs in both the North and 
South Island and is found from sea level to 
1500 metres (Healy 1976). In run country it 
is predominant in the 500-600 mm rainfall 
zone where there was bare ground and 
reasonable soil fertility at the time of its 
rapid spread in the 1950s. Growth rate 
measurements indicate that its optimum 
environment is in the 600-800 mm rainfall 
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zone related to increasing soil moisture but 
still adequate soil fertility. Mouse-ear 
generally establishes within low vegetation, 
from where, in the presence of grazing it 
spreads to dominate the surrounding 
vegetation and bare ground. Initially 
mouse-ear invades and displaces the inter
tussock vegetation, and then on some sites 
subsequently displaces fescue tussock. 
Dense swards appear to depress the growth 
of sweet brier. 

Although a minor weed in Europe and 
North America, field observation of 
mouse-ear in Europe shows that it is 
limited to sites where, by reason of en
vironment, grazing or time since distur
bance, . it is not overshadowed by other 
plants. In Britain it is associated with 
limestone soils (Grime & Lloyd 1973), and 
in Europe with nitrogen deficient soils 
(Ellenberg 1973). 

King. devil (Pilosella praealta) is 
distinguished by erect red leaves, with 
sparse long hairs, multi-flowered head, and 
open mat form. It occurs in Marlborough, 
Canterbury and Otago run country on a 
wide range of sites, more particularly at the 
lower altitudes in areas with nil or low graz
ing pressure (Healy 1976; Moore 1976; B. 
Molloy pers. comm.). King devil is a col
oniser of disturbed open sites and can in
crease vegetatively very quickly if grazing 
pressure is removed. It is less tolerant of 
grazing than mouse-ear. 

Field hawkweed (Pilosella caespitosa) 
looks like a larger version of king devil but 
with shorter and more numerous leaf hairs 
and with more open flowers. It is also com
mon in run country but more particularly 
at higher altitudes and wetter areas in
cluding the forest zone. 

Tussock hawkweed (Hieracium sp. is a 
single stemmed, non-vegetatively spreading 
species common in Otago, Canterbury, 
Nelson and Marlborough. It is probably 
annual or short lived with the 
distinguishing features being its occurrence 
as single plants, and having leaves on the 
flowering stem. In grassland it is present on 
rubbly slopes and shaded banks, and is 



King devil hawkweed increasing relative to 
mouse ear hawkweed under reduced grazing 
pressure. 

locally more abundant in some shrublands 
and beneath oper. beech forests. 

The orange hawkweed (Pilosella 
aurantiaca) is distinguished by its dark 
orange-red flower and mat form. It is used 
as a rock-garden plant and many of the 
scattered locally dense patches that occur 
throughout New Zealand suggest this 
origin. 

Hybrids between orange hawkweed and 
mouse-ear or another species are not 
infrequent throughout the run country and 
are distinguished by a light orange, but not 
yellow, multi-flowered head. 
On a world scale many of the hawkweed 
species are only of minor weed status in their 
home territory. The introduced orange 
hawkweed is considered a major weed in 
Japan (Suzuki & Naragama 1977), and eastern 
North America (Thomas & Dale 1974, 1975, 
1976; Vander Kloet 1978; S. Batra pers. 
comm.). Hawkweeds are not present in 
Australia (R.H. Groves pers. comm.). 

Economic influence 
It is difficult to accurately estimate the 

effect of hawkweeds on agriculture 
although it is probably easier to estimate 
the effect of weed invasion on high coun
try, than other agricultural sectors. The 
detailed analysis of grazing records under
taken by the Centre for Resource Manage
ment allows estimation of the likely pro
portions of production from different 
types of run and land classes. If the pro
duct of land area times average yearly graz
ings are grouped into the categories: 
(a) land already improved; 
(b) areas capable of being improved but 

not yet developed; 
(c) areas unlikely to be improved with 

known technology; 
-then the apportioning of net production 
is 54 percent, 30 percent, and 16 percent 
respectively (M. Bussieres & K. F. O'Con
nor pers.comm.). 

Assuming hawkweeds cause production 
to drop no more than 15 percent on 
improved land and 5 percent on 
unimprovable land, the net loss from 
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hawkweeds is about $1.2 million/ p.a. if the 
net agricultural worth to New Zealand of 
the South Island high country is about 
$22.7 million (1978 dollars) (Kerr 1983). 

Stock grazing preferences 
Hawkweeds are regarded as weeds not 

because of their unacceptability to stock, 
but because their growth rate, form, and 
exclusion of other species, reduces the total 
feed available. The general observation is 
that hawkweeds increase more rapidly in 
the absence of grazing (e.g. Twizel airport), 
and that sheep will preferentially select 
flowering heads of mouse-ear and king 
devil during November-January. 

Cuticle analysis in sheep faeces collected 
from developed and undeveloped hill 
blocks at Ribbonwood Station, Lake 
Ohau, showed that at low plant densities 
king devil and mouse-ear were among the 
preferred diet species. King devil was the 
more favoured of the two over a year, be
ing the fourth to sixth most selected species 
compared with seventeenth to twentieth for 
mouse-ear. (Hughes 1975a, b). However 
subsequent work on large blocks in the 
Harper-Avoca area, where there was dense 
mouse-ear, showed that it was appearing in 
lower proportions in the diet than in the 
vegetation (Harris & O'Connor 1980). 
Hawkweeds have good mineral content 
(Scott & Maunsell 1974; Grace & Scott 
1974). 

Cattle preferences are not known. The 
spread of king devil in the predominantly 
cattle country in the Molesworth area could 
indicate either the general increase of king 
devil under lower stocking pressures, or the 
lower preference by cattle. 

Grazing by rabbits is thought to have 
been one of the factors limiting the spread 
of hawkweeds prior to the 1950s. However, 
a high frequency of rabbit faeces on · 
mouse-ear patches (indicating nutrient 
transfer) and grazing of surrounding 
vegetation, is advantageous to mouse-ear 
(Howard 1958; Watt 1962, 1981; Bishop & 
Davey 1984). 
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Agricultural development 
The effects of fertiliser, overdrilling and 

seasonal grazing management on 
hawkweeds have been demonstrated in a 
seven year trial at two contrasting sites 
(Scott et al. 1985). The Sawdon Station site 
is a moderately deep yellow-brown earth 
which had 55 percent mouse-ear cover at 
the start of the trial. The Ruataniwha Sta
tion site had a thin variable stony soil of 
low productivity with only 2 percent 
mouse-ear cover. 

The vegetation changes and grazing 
capacities are given in Figure 1. The main 
contrasts were between undeveloped and 
developed plots and between the two sites, 
demonstrating the growth potential of their 
soils. On the moderate Sawdon site fertilis
ed alsike and white clovers became domi
nant within two years and by the fourth 
year mouse-ear hawkweed had almost 
disappeared. Similar results have been ob
tained in Otago (Cossens & Brash 1980), 
and at Molesworth Station (G. L. Holgate 
& G. A. Dunbar pers.comm.). 

On the lower production site at 
Ruataniwha a similar control of mouse-ear 
hawkweed was achieved on patches of 
deeper soil only. Over most of the site the 
two hawkweeds continued to increase, with 
only king devil showing some recession in 
the final year of the trial. The contribution 
made to the sward by sown grasses was 
negligible at both sites. In later years the in
creases in grass came from the resident 
adventive species, browntop and sweet ver
nal. Fescue tussock decreased under all 
grazing treatments at both sites. 

On both sites the over-drilling of seed 
and superphosphate resulted in increased 
carrying capacity (Figure 1). On the 
Sawdon site the increase in grazing capacity 
was large and tended to increase over the 
trial period. Only a small increase in graz
ing capacity was achieved on the thin soils 
of the Ruataniwha site with a poor clover 
sward. 

Grazing in different seasons had only a 
small effect on the hawkweeds, king devil 
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Figure 1: Changes in vegetation composition over 6-7 years and mean carrying capacity of 
developed and undeveloped hawkweed on moderate and low production sites. (Scott et al. 
1985). 
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decreasing with spring grazing but mouse
ear increasing. The increase in herbage with 
fertiliser and seed was accompanied by an 
increase in porina attack. 

Alternative competitive species 
Controlling hawkweeds by sowing com

petitive species involves two separate con
siderations. The first is to identify species 
that can thrive in the same environment as 
hawkweeds. (This consideration is no dif
ferent from the general quest for pasture 
species for run country.) The second con
sideration is to identify those species hav
ing specific competitive abilities against 
hawkweeds. 

The pasture species found suitable for 
run country have been listed, with indica
tions of their suitability in relation to 
temperature (altitude, aspect and slope), 
moisture, and soil fertility (either natural 
or applied) (Scott 1979). The principal 
species likely to be used for oversowing 
hawkweed-infested country, are clovers, in 
particular alsike, white and red clover. 
Oversowing trials have demonstrated that, 
with adequate fertiliser, these species can 
supply additional feed so that hawkweeds 

Overdrilled mouse ear infested tussock country 
near Lake Tekapo showing the response to high 
fertiliser rates (background) and low fertiliser 
rates (foreground). 
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cease to be a problem, and soon decrease to 
negligible proportions. 

At present only five species-fescue 
tussock, white and alsike clover, cocksfoot 
and perennial ryegrass have been 
investigated for specific competitiveness 
against mouse-ear and king devil 
(Makepeace 1976; Widera 1978; 
Makepeace et al. 1985; Davey & Bishop 
1984). Growth of fescue tussock is 
very depressed by competition from 
hawkweeds. Of the other four species 
alsike is the best competitor. This is 
probably due to alsike's taller growth 
overshadowing mouse-ear, and because of 
its resistance to the chemical effects of 
mouse-ear. White clover and mouse-ear 
tended to form an alliance under lower 
fertility or stressful conditions. The 
implication is that alsike clover should be 
used in preference to white clover where 
low to moderate rates of fertiliser can be 
contemplated. The specific competitive 
abilities of other species (like zig-zag 
clover, caucasian clover, crown vetch and 
sheep's burnet), which may have more 
potential under nil or low fertiliser inputs, 
are being tested. 

Life History 
The definition of 'a single plant' as 

applied to ,vegetatively-reproducing species 
like hawkweeds can be difficult. For the 
subsequent discussion a plant is defined as 
a single overwintering rosette, whether con
nected to other such rosettes or not. Each 
rosette may subsequently flower and 
develop new daughter rosettes, which are 
regarded as separate plants if they survive 
the next winter. 

The following is the seasonal behaviour 
of mouse-ear and king devil in New 
Zealand based on observations at 2-4 week
ly intervals over several years. (Makepeace 
1985a & b; Scott et al. 1985). 

New green leaves in the centre of reddish
green leaves of the overwintering rosettes 
appear during early August. Leaves pro
duced early or very late in the growing 
season are · smaller than those produced 



during summer. The inflorescence and 
stolons are initiated about November. No 
plant produces stolons without at least in
itiating an inflorescence. Scape develop
ment and flowering occurs about one to 
three weeks later. Inflorescence abortion is 
evident during dry periods and is frequent 
among plants which have late inflorescence 
initiation. Mouse-ear has rapid scape 
development and flowering, within as little 
as one day, apparently because develop
ment of the inflorescence is already ac
complished while near ground level. The 
multiple inflorescence of king devil takes 
more time to reach full height maturing 
from the oldest (terminal) back through the 
youngest (lateral) buds. Flowering of king 
devil is about two to three weeks earlier 
than mouse ear. Removal of flowers prior 
to seeding increases the rate of stolon pro
duction. Seeds of both species appear from 
December to mid January and are generally 
dispersed by wind within a few days. 

Stolons grow rapidly from the parent 
plant after flowering. The stolons of 
mouse-ear are thin and grow through 
closely-grazed vegetation, and generally 
escape grazing. The stolons of king devil 
arch upward initially and are accessible to 
sheep grazing. Roots are produced at leaf 
nodes along the length of stolons of both 
species and anchor them close to the soil. 
After this has occurred, king devil stolons 
are much less prone to grazing damage. 

A single daughter plant appears at the 
end of each stolon, and roots about 
February after rainy periods when stolon 
elongation stops. Daughter plants 
sometimes occupy space formerly held by 
parent plants in the patch (which have 
become leafless at this stage), or more 
often, in the surrounding area. In this way, 
a dense advancing front is produced with 
gaps in the inner region being filled when 
they occur. On very dry shallow soils, a 
bare central region appears which is not 
recolonised. Flowering, stolon and new 
daughter production is low in the dense 
centre of patches. There is a general inverse 
relationship between stolon and seed pro-

duction, among the different hawkweed 
species. 

Table 1 and Figure 2 show growth at 
different high country sites. The sites are 
arranged in an approximate sequence from 
the shallow unweathered soils of the lower 
rainfall area, through the moderate soils of 
the mid-rainfall zone, to the weathered 
soils of the high rainfall zone. The growth 
occurs in distinct stages and is most marked 
in a young colonising stand (Wolds). In 
older stands (Glentanner) leaf production 
may continue over most, or all, of the 
growing season. While at present 
hawkweeds are more prevalent in the 
moderate to low rainfall zone of the high 
country, growth rate measurements suggest 
that their optimum zone is more towards 
the mid-rainfall and moderately weathered 
soils. The reduced colonising vigour found 
in the higher rainfall zone is probably 
related to lower soil fertility. 

Particular note should be taken of the 
difference between an early colonising 
stand (Wolds) and a mature stand 
(Sawdon) on moderately fertile soils in the 
mid-rainfall zone (Table 1). The propor
tion of overwintering plants which flower 
in early summer varies from 96 percent of 
the isolated king devil plants on a site being 
colonised, to the 5 percent of mouse-ear 
plants in mature dense stands. Very few 
plants establish from the resulting seed, 
though mouse-ear produces 30-134 seed/ 
dm 2 and king Devil 600-2690 seed/dm 2 

(Makepeace 1980). Control measures 
directed against seed production are thus 
likely to have little effect. Establishment 
from seed is also rare in Britain. 

Stolon production and new daughter 
rosette production following flowering, 
varies from 291 new rosettes/100 over
wintering rosettes for king devil in a col
onising phase, to only 5 percent for a dense 
mature mouse-ear stand. It is re
emphasized that all flowering rosettes 
subsequently die, so that flowering and 
stolon/daughter production balance in a 
mature mouse-ear stand, compared to a 64 
percent increase per year in a colonising 
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Table 1 Comparison of mouse-ear and king devil at five unfertilised high country sites in 
1978/79 (Makepeace 1980, 1985a) 

Sites Rainfall low to moderate mid high 
moderate Soil shallow & variable moderate 

Station Ben Ohau Ruataniwha Wolds Sawdon Glentanner 
Mouse-ear 

density moderate moderate colonising dense moderate 

Plants flowering(%) 
Mouse-ear 46 
King devil 48 

Plants establishing from seed(%) 
Mouse-ear 
King devil 

New daughter plants(%) 
Mouse-ear 68 
King devil 51 

Net yearly increment (%) 
Mouse-ear 13 
King devil -23 

Annual production (t DM/ha) 
Mouse-ear .1 
King devil .1 

stand. By contrast, in the same year king 
devil decreased by 23 percent on the driest 
site and showed greater summer mortality 
at other sites. Mouse-ear populations are 
probably more stable than king devil 
populations. 

While stolons are the main method of 
vegetative reproduction in mouse-ear and 
king devil there are observations that field 
hawkweed and the hybrid can spread from 
rhizomes or from root buds (B. Molloy 
pers. comm.). The generally non
stoloniferous hawkweeds (Hieracium) rely 
on seed for spread. Although generally 
reported as annuals in the Northern 
Hemisphere, observation in New Zealand 
suggests they may live longer. 

Similar life histories for hawkweeds have 
been reported overseas (Watt 1962; Yeung 
& Peterson 1972; Bishop et al. 1978; 
Johnson & Thomas 1978; Reader 1978; 
Stergios 1976; Thomas 1972; Thomas & 
Dale 1974, 1975, 1976). 
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49 
83 

.9 

.9 

102 
159 

28 
32 

.1 

.5 

79 5 
96 

1.0 
6.8 

173 5 
291 

64 0 
127 

.5 
1.4 

Seed establishment characteristics 

34 
91 

53 
167 

18 
66 

.1 

.3 

Glasshouse and laboratory studies 
(Panebianco & Willemsen 1976; 
Makepeace 1985b) show seed of mouse-ear 
and king devil are capable of germinating 
as soon as they are shed. Both species have 
a relatively high temperature optimum for 
germination (about 22 °) and a relatively 
narrow range over which they do ger
minate, compared with pasture species. 
Both species are also more susceptible than 
pasture species to moisture stress during 
germination. King devil requires light 
stimulus for germination, which, with its 
low seed reserves, suggests open situations 
suit its establishment. By contrast mouse
ear has no light requirement and slightly 
greater seed reserves (though still low 
relative to pasture legumes) suggesting it is 
more suited to establishing within plant 
cover. 

Seed is only viable for a few months on 
the ground. The relatively high 
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Figure 2: Seasonal changes in yield (t DM/ha) of hawkweed components at two sites. Leaves 
(solid line), flowers (dotted line), stolons (long dashed line), and daughters (short dashed 
line). 

temperature optimum suggests that ger
mination is unlikely to occur in late autumn 
or in the following spring when moisture 
conditions would otherwise be suitable. 
This is confirmed by field observations. 
Establishment of seed generally occurs im
mediately following seed shed in the 
relatively infrequent warm wet summers, like 
that of 1984/ 85 . The low viability of seeds 
also implies that seed in the soil should not be 
a potential source of re-infestation should 
control of hawkweed plants be achieved. 

Growth characteristics 
Makepeace studies (1980, 1985a, b) show 

that mouse-ear puts a higher proportion of 
its growth into roots, compared with king 
devil, again suggesting an adaption to clos
ed rather than open vegetation. 

Seedling and adult plants of king devil 
adapt to partial shading by producing 

longer and more erect leaves. By contrast 
mouse-ear shows little adaptability in that 
leaves remain essentially horizontal even 
under shading. This is one of the few 
characteristics in which mouse-ear shows 
less adaption for survival in a sward than 
king devil, and implies a requirement for a 
low sward. 

Field evidence indicates both species can 
establish and persist under low soil fertility 
conditions. Pot and field experiments show 
that both are responsive to fertiliser, with 
mouse-ear being more responsive than king 
devil (e.g. a xl8 increase compared with x4 
increase repeatedly to 250kg N/ ha + 
500kg/ ha superphosphate (Makepeace 
1980)). There are also large differences in 
stolon number, length and daughter rosette 
production in mouse-ear. Based on these 
responses, king devil is seen as a species 
restricted to low to moderate soil · fertility 
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sites, whereas mouse-ear is adapted to a 
wide range of soil fertility levels and could 
continue to be a component of fertilised 
oversown swards. Mouse-ear is particularly 
responsive to nitrogen fertiliser (Meylander 
& Durquensis 1968; Makepeace 1980; 
Peterson 1979; Davey & Bishop 1981) and 
New Zealand field trials show that it quick
ly forms thick spongy swards if not over
shadowed. 

Available soil phosphorous is lower 
beneath the centre of mouse-ear colonies 
than in the surrounding vegetation. 
Phosphorous content of fescue tussock 
growing in the same two places also differs 
in the same manner. The inner regions of 
mouse-ear patches have lower flowering 
frequency, shorter stolon length and lower 
seed production compared with marginal 
plants. The sensitivity of mouse-ear to 
nutrient levels suggest that this zonation of 
performance may be partly self-induced 
due to the lower nutrient available in the 
denser inner zone of the patch and the 
possible export of nutrients to the exten
ding stolons at the outer edge of a patch. 
Disturbance, or the removal of plants, at 
the centre of a patch generally results in a 
greater growth of those remaining. 

Allelopathy 
Allelopathy is the release of chemicals by 

one plant species inhibiting the growth of 
other species or even other plants of its own 
species (Muller 1974; Rice 1974, 1979). 
When mouse-ear investigation began in 
New Zealand a decade ago it was thought 
that allelopathy might explain its aggressive 
spread because there were several reports in 
the world literature of hawkweeds being 
allelopathic. (Guyot et al. 1951; Duquenois 
et al. 1956; Dawes & Maravolos 1973; 
Widera 1978). However, in the light of 
subsequent studies in New Zealand it is 
not now considered to be important 
(Makepeace et al. 1985). 

The allelochemicals in hawkweeds are 
phenols. The most active is the phenol, 
umbelliferone, present in mouse-ear leaves 
but not in king devil. It is washed into the 
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soil from recently dead leaves. In 
laboratory trials leachings from mouse-ear · 
leaves slowed the rate of germination of 
pasture species, but more importantly, in
duced abnormalities in the roots like 
absence of root hairs, root tissue damage 
and apical browning. Seed of perennial 
ryegrass, white clover, sheeps sorrel, 
mouse-ear, king devil and two annual 
grasses were affected in this manner. In a 
pot trial on three pasture species in which 
recently dead mouse-ear leaves were placed 
on the surface, the growth of cocksfoot 
was only 18 percent and white clover only 
36 percent of untreated plants. In both ex
periments alsike clover was not affected. 
King devil leachings did not produce such 
effects. 

While laboratory measurements show 
potentially large effects, allelochemicals 
have not been detected in periodic field 
measurements and may be present only for 
very short periods following death of 
mouse-ear leaves. Thus while there will be 
occasions in which there are oversowing 
failures due to allelopathy these are not 
likely to be common. Any effect on root 
systems would exaggerate moisture and fer
tility problems in establishment of pasture 
species . 

Allelochemicals from mouse-ear also af
fect its own seed and roots. Concentrations 
will be highest near recently dead leaves 
and this is probably the reason why few 
mouse-ear seedlings are seen within its own 
patches and why there can be a halo of bare 
soil around mouse-ear patches in the drier 
areas. 

To put it in perspective, allelopathic 
interactions may be common in tussock 
grasslands, with mouse-ear having a 
smaller effect than other species, notably 
silver tussock and clovers (Scott 1975; Mac
farlane 1980; Macfarlane et al. 1982). 

There is overseas reference to the com
mercial extraction from mouse-ear, of the 
active allelochemical, umbelliferone, for its 
antibiotic action against brucellosis 
(Bruce/la abortus and B. melitensis) (Greib 



& Duquenois 1954; Meylaender et al. 1968; 
Quarante 1970). 

Herbicides 
Mouse-ear is resistant to most herbicides 

(Mathews 1975). Trials over three years by 
Ivon Watkins Dow at Sawdon Station (G. 
Rutherford pers. comm.) and by the Weed 
Research Group at Invermay (Meeklah 
1980) show that the best herbicides are 2, 
4-D ester at l-2kg/ha active ingredient or 
mecoprop/MCPA/dicamba mixture at 
l .5-3kg a.i./ha. October to December ap
plications are best, achieving up to 80-95 
percent kill of mouse-ear a year following 
application. Rarely is a total kill achieved. 
The cost is high and a doubtful practical 
proposition unless used as a prelude to top
dressing and oversowing. 

Overseas trials have also concentrated on 
2, 4-D herbicides (Hay & Ouellette 1959; 
Bingham 1965; Noel et al. 1979; Suzuki & 
Marayama 1977). 

Diseases 
There is no substantiated record of plant 

diseases on hawkweeds in New Zealand 
either from the literature or from a specific 
search of a range of South Island sites (E. 
Mackenzie pers. comm.) A record of rust 
on hawkweed in the Waimakariri area 
(Burrows 1977) is not supported by 
specimens. 

Overseas there are records of Puccinia 
hieracii ssp piloselloidarum, Ascochyta 
hieracucola and Cladosporium on mouse
ear hawkweed; these and Bremia lactucae, 
Erysiphe cichoracearum, Phoma hieracii 
and Septoria cercosperma on other 
Pilosella species; and Puccinia hieracii ssp 
hieracii, P. fraseri, P. cnicio-oleracei and 
other fungi on non-stoloniferous hawk
weed (Hieracium sens strict) (USDA 1960; 
Connors 1967; Commonwealth 
Mycological Institute pers. comm.). 

The rust Puccinia hieracii offers poten
tial for biological control if it were in
troduced. The Australians are successfully 
controlling a similar adventive hawkweed
like species of their crop lands (Chondrilla) 

by introducing a specific rust fungi. Puc
cinia hieracii is a monoecious rust in that 
all its life stages occur on a single host 
species. Three subspecies have been 
recognized (Wilson & Henderson 1966), 
two of which are already adventive in New 
Zealand on other composite species 
(McKenzie 1981). The subspecies 
piloselloidarum, effective against 
stoloniferous hawkweeds, is not known to 
be present in New Zealand. The specificity 
of Puccinia hieracii ssp piloselloidarum to 
Pilosella species has been shown ex
perimentally (Probst 1909; Gauman 1959). 
In most test cases each strain of rust in
fected only one host species although there 
was one strain which infected three dif
ferent Pilosella species. Recent examina
tion in Europe showed that about 1 percent 
of the field and herbarium specimens had 
rust postules on their leaves. 

Rusts of composites are generally highly 
species specific, and even race specific, so 
that possible introduction would be of no 
concern to non target species. However 
prudence might dictate that any possible in
troduction of a biological control agent 
should be tested against the more closely 
related species-in this case the crop plants 
lettuce (Lactuca sativa), chicory (Cichorum 
intybus), other adventive composites 
dandelion (Taraxacum officinale) and 
catsear (Hypochaeris radicata, H. glabra) 
and the natives Microseris scapigera, 
Kirkianelia novae-zelandiae, Sonchus gran
difolius (Ebergia grandifolia), S. littorali 
and Taraxacum magellanicum. 

Pests 
There are no records of host-specific in

sects on hawkweeds in New Zealand. 
A survey of the world literature by the 

Commonwealth Institute of Biological 
Control shows sixteen species occurring on 
hawkweeds. Insect species in order of 
possible use as control agents against 
mouse-ear, king devil and orange 
hawkweed are given in Table 2. 

At least some non-specific insec;ts attack 
hawkweeds in New Zealand. A common 
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Table 2 Provisional list of European insects possibly confined to hawkweed (D. Schroeder, 
pers.comm.). 

Celypha capreolana 
Oxyptilis ericetorum 
0 . parvidae 
0 . pilosellae 

0. tristi 

Aulacida sp? 
Aulacida pilosellae 
Aceria pilosella 

Cystiphora pilosellae 
Cerosipha pilosella 
Dactynotus pilosellae 
Nasonovia pilosellae 
Heterostylodes nominabilis 
Cochylis atricapitata 

Contarinia pilosellae 
Tephritis ruralis 

feature of fertiliser and oversowing grazing 
trials reviewed earlier was the infestation 
by porina (Wiseana sp.) (Scott et al. 1985). 
Mouse-ear was attacked by porina, though 
cocksfoot and mouse-ear were the plant 
species most resistant to porina attack. 
This was one of the reasons for mouse-ear 
remaining a component at both developed 
sites. 

Conclusions 
The adventive hawkweeds are now a 

component of the grazing lands of the 
South Island high country. Even though 
they are a relatively recent arrival, they 
have found an environment that favours 
them, to the detriment of other native or 
introduced species. This environmental 
suitability is probably as much related to 
stock grazing management as to climate 
and soils. 
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- mining in the roots. 
- in central bud of rosette. 
- in leaves ·and central bud of rosette 
- in central bud and root-crown of 

P. officinarum, apparently monospecific. 
- central bud and between leaf base and 

shoot. 
- galls on central shoot and stolons. 
- galls on petiole and central vein of leaf. 
- causing galls along leaf margin and on leaf 

blade. 
- blister galls on leaves. 
- on shoot base and stolons. 
- on flower shoots and stolons. 
- on flower shoots and leaves. 
- in flower heads. 
- 2 generations: 1st in flowers and shoots, 2nd 

in central bud of rosettes (identity needs to 
be checked, as usually known on Senecio 
jacobaea). 

- in flower heads (2 generations). 
- in flower heads. 

The occupied run country has seen the 
waxing and waning of a number of species, 
both native and introduced in its short 
history. But it would be wishful thinking to 
believe that the presence of hawkweeds is 
only a passing phase, unless there were ma
jor changes in land use. 

Most of the information given has con
cerned mouse-ear and king devil 
hawkweed, the two species of most concern 
in South Island run country. The conclu
sion from the review is that mouse-ear is 
the more important weed, with king devil 
probably not a serious weed of grazing 
country. Orange hawkweed should be .wat
ched because of its occurrence as a problem 
weed in other parts of the world. 

The present possibilities for control on 
the better soils, are the two high cost 
options of herbicides, and/or fertiliser with 
oversowing. The first option would be 



uneconomic on a large scale. The second 
option would be more in keeping with the 
general trend in run development. Fertiliser 
and oversowing remove the problem by 
supplying abundant alternative feed and 
suppressing hawkweed. Trials have in
dicated that alsike clover should be the 
principal legume used, because of its 
general suitability to the high country and 
its particular competitive advantage against 
mouse-ear hawkweed. 

There are at present no demonstrated 
options for mouse-ear control on unfertilis
ed or poor sites, though a number of 
background facts have been established. 
While initial introduction on all sites must 
have been from seed, establishment from 
seed is rarely successful except in warm wet 
summers following seed shed. The present 
spread (95-99 percent of new individuals) is 
from vegetative reproduction and it is 
against this that control measures should 
be directed. While there is some evidence 
that grazing may control initial infestation 
through grazing preference, most of the 
evidence is that grazing in different seasons 
has little effect on established stands, 
though the evidence is that spring 
grazing increases spread of mouse-ear. 
Allelochemicals from recently dead leaves 
of mouse-ear are likely to have only a 
spasmodic effect on oversowings. The 
future may hold some possibilities for 
biological control through some of the 
pests and diseases known for hawkweeds in 
their home territory, but not present in 
New Zealand. 
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Alternative plant species for 
revegetation and soil conservation in 

the tussock grasslands of New Zealand 

B. J. Wills* 

Renewed interest in alternative plant species for use in the hill and high country has in 
recent years, prompted the National Plant Materials Centre of the Ministry of Works and 
Development, and the Department of Scientific and Industrial Research, to screen and 
evaluate a number of new introductions and others which have been a part of the New 
Zealand scene for a long time. 

The work of evaluation is in its infancy and there is still a lot we don't know about the 
plants being tested. 

Each new species will undoubtedly require special management and at this early stage no 
· firm recommendations can be made. Some species however, show promise and this 

preliminary review by Dr Wills will be of interest to many readers of Review. 

Considerable potential exists in the hill Because no single plant specie is likely to 
and high country of the South Island for possess all of these traits, careful 
the innovative selection and management management of mixtures of compatible 
of plant species outside the established plants is required. 
range of pasture and fodder production During trials with rangeland pasture and 
plants in New Zealand, both for general drought-tolerant shrub plants, primarily 
vegetation and for those areas where for erosion control in the semi-arid inter-
controlling erosion, combating the spread montane basins of the South Island, 
of hawkweed, or providing shelter are scientists of the Water and Soil Directorate 
prime considerations. have screened several hundred plant 

Multiple purpose plants need to be: 

Capable of surviving in draughty areas. 
Able to obtain sufficient phosphate in 

phosphate retentive soils, and to have 
a low phosphate requirement. 

Capable of producing a deep, strong, 
soil-binding root system. 

Palatable to grazing animals. 
Producers of nectar and honey where 

beekeeping is locally important. 
Producers of cool-season growth. 
Capable of rapid growth with high litter 

production if required as a nurse crop 
to help establishment of slower
growing plant species. 

• MWD Alexandra 

accessions, many fulfilling some criteria 
for multiple use. 

Investigations at the Plant Materials 
Nursery at Earnscleugh, near Alexandra 
have evaluated varietal differences and 
management methods. Recent trials 
include large-scale aerial oversowing of 
selected revegetation plants into depleted 
tussock grassland, including hawkweed 
infested areas. 

Brief descriptions and comments on the 
use and management of promising plants 
selected primarily for soil conservation 
purposes, but having potential for grazing 
in tussock grasslands, follow in an order 
more or less reflecting current levels of 
investigation. The first species, 
Sanguisorba minor, is already used by 

49 



some runholders and trials are at the stage 
of advanced varietal selection. The last 
species listed, Kochia prostrata, is still 
under nursery evaluation. Characteristics 
of the plants are summarised in Table 1. 

Sanguisorba minor 
(Sheep's burnet) 

Sheep's burnet was recognised as having 
good potential in Central Otago and the 
Mackenzie Basin by MacPherson (1912) 
and Cockayne (1922) and more recently by 
Douglas (1970). Sheep's burnet, a long
lived, low-growing Mediterranean herb 
belonging to the rose family, has good 
resistance to drought" and frost and is very 
palatable to grazing stock. More recently, 
plants from the western Mediterranean and 
others of Spanish origin from the north
west United States showed promise in a 

screening trial of 47 provenances on 
drought-prone trial sites in Marlborough 
and in the Mackenzie Basin (J. S. Sheppard 
and B. J. Wills, 1982). Most of these 
accessions were S. minor subspecies 
muricata. 

Sheep's burnet is well adapted to 
depleted drought-prone soils of the dry 
central South Island basins. A deep taproot 
allows it to obtain sufficient moisture in the 
medium-to-fine textured brown-grey earth 
and yellow-grey earth soils which are free
draining and drought-prone. Sheep's 
burnet is best adapted to depleted and 
drought-prone sunny aspects, including 
those where hawkweed may be present, but 
will not compete with the rank growth 
frequently found on dark aspects. 
Complementary to other dryland plants in 
these situations, the plant is slow to 
establish, but can persist for many years. 

Oversowing trials at Otematata Station, upper Waitaki Valley. 
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TABLE 1: Characteristics of Some Potential Alternative Plants for Revegetation in Tussock Grasslands 

SPECIES COMMON NAME GROWTH HABIT ADAPTATION ESTABLISHMENT USES 

Listed in the I en :D :D ~ r "T1 )> 
same order as 0 b )> "T1 en -I -I m :D en co CD :T 0 :T ~ 0 0 n :;;;:: ~· CD ii) ~r 

co I a- 2 s N. ~: ::E Ci CD 0 CD :T ~ a CD 
the description c: !!!. ~ :J CJ) < CD CD (ii" 

Ill 0- 0 n a. CD CD ::E a. :J <O CD' 0 CJ) 5· CJ) 5· ~ 
CJ) ii) 

in the text). n 0- CD 3 <O '< ::?: Q. "O :<' <O CJ) 

CD '< n ;::)._ 0 CD :J $2. CD n 
0 "O !!!. <»" c:: iii ii) CD ::;; c:· 
c: g. 0 ~ 

CJ) :J Ill n !!!. 0 Q. 1ii ~ 
0 3 CJ) < c: ;:!. 0- ii) CJ) iii :J n Q. Q. <O 0 

c: CD :J 
3 ~ CD 

Sanguisorba Sheep's burnet ,,.., - ... - - p ... . . ... . - - ,,.., - 2-3 . . .. - ... . . . . 
minor 

Melilotus Yellow sweet ,,.., - . . - ,,.., B .. .. .. ' .. . . - ,,.., - 1 . . . . . .. .. . 
officinalis clover 

Dorycnium Hairy canary ,,.., .. - ,,.., p . .. .. . .. .. .. - ,,.., ,,.., 3-4 . . .. . .. . .. ? 
hirsutum clover 

Dorycnium Prostrate - · ,,.., .. - ,,.., p ... .. ... .. . - ,,.., ,,.., 3-4 .. . .. - . . . .. ? 
pentaphyl/um canary clover 

Agropyron Pubescent ,,.., - ... ,,.., - p . . . . . . .. . . - ,,.., - 1-2 .. .. - ... - . . 
trichophorum wheatgrass 

Chamaecytisus Tree lucerne - ,,.., .. - ,,.., p ... .. . .. . .. ,,.., ,,.., 3-5 . . . . . ... ... . .. -
palmensis 

A triplex Mediterranean - .. - - p ... . .. . . - . .. . - ,,.., 3-5 .. .. . . . .. -,,.., 
halimus saltbush 

Cercocarpus Mountain - .. - ,,.., p ... .. . .. .. . . . . ,,.., ,,.., 3-5 . . . . . .. ... .. -,,.., 
montanus mahogany 

Medic ago Tree medick - .. - p ... . . . . . . . . . . ,,.., ,,.., 2-4 . . ... . . . .. -,,.., ,,.., 
arborea 

Kochia Bluebush - .. - p . . . ... ... . ... . - ,,.., 2-4 .. .. - ... - ? ,,.., 
prostrata 

,,.., = applicable. nil or not applicable. low. moderate. high. ? not known. B Biennial. p Perennial. 



Sanguisorba seed is large and will be 
taken by birds unless scuffed into the soil. 
Each seed contains two ovules, both of 
which normally germinate, although one 
seedling generally dominates. Earnscleugh 
trials have shown that autumn sowing of 
7-10 kg/ha is better than spring sowing for 
sheep's burnet on sunny aspects. 
Trampling by stock or minimum 
cultivation techniques to lessen 
competition and cover the seed, are 
recommended. Little response to fertilisers 
has been noted but low levels of added 
phosphate are likely to be of benefit in 
phosphorus-deficient soils. 

Because sheep's burnet is slow to 
establish in semi-arid environments 
( < 400mm) it should not be grazed for two 
to three years. After that, rotational 
grazing is recommended, although plants 
can survive set stocking for limited periods 
and will resprout vigorously from the tap
root crown when spelled. Spring/early 
summer forage yields of up to 4600 kg 
OM/ha/year have been recorded (B. J. 
Wills, unpublished data). Sheep's burnet 
may benefit from irrigation during drought 
and from applications of ammonium 
sulphate at 50 kg/ha if being cropped. The 
crop may also be break fed in winter. 
Sheep's burnet will provide early spring 
feed (before lucerne flushes) if closed up by 
February/March. 
The prolific early-flowering and long
flowering period (from August/September 
to April/May) of sheep's burnet could 
benefit apiarists. Seed harvesting trials at 
Earnscleugh Plant Materials Nursery have 
shown that applying bird repellents and 
chemical desiccants increases yields, but 
simple windrowing when good quantities 
of ripe seed are present, about early 
January, usually ensures yields of up to 500 
kg/ha. Sanguisorba seed is now produced 
commercially in New Zealand. 

Melilotus officinalis 
(Yell ow sweet clover) 

Yellow sweet clover is a fast-growing 
legume suitable for dryland conditions, is 
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quite palatable to grazing stock, and frost 
tolerant to about -10°C. Trials by the 
Ministry of Agriculture and Fisheries at 
Grays Hills Station have given yields as 
high as 6000 kg/OM/ha/year (Hall and 
Cook 1974) indicating that sweet clover 
deserves more consideration for use in the 
high country. 

The main use of yellow sweet clover in 
high country revegetation is as a nurse 
crop. Although the plant is typically a 
biennial, autumn over-sowing of the 
variety Yukon on dry Waitaki brown-grey 
earth soils at Otematata, promoted an 
annual growth cycle, with flowering in late 
summer. This cycle was more satisfactory 
for establishing associated forage species 
than the normal biennial cycle that occurs 
after spring sowing (B. J. Wills, 1983). 

Sowing rates of 2-3 kg/ha should 
provide sufficient yellow sweet clover cover 
and litter to promote establishment of 
other species, without excessive 
competition from the clover. Seed must be 
inoculated with rhizobia, and scarification 
improves germination rates. On most high 
country soils, application of 150-200 
kg/ha of sulphur superphosphate is 
beneficial, but high application rates 
( > 250 kg/ha) rates should be avoided to 
prevent excessive competition from yellow 
sweet clover which may suppress slower
growing perennial species. 

As well as being a nurse crop and forage 
plant, yellow sweet clover produces 
excellent bee fodder from October to 
December and high yields of seed. 
Canadian research (Goplen and Gross, 
1977) has emphasised the need for bees to 
pollinate sweet clover; seed yields varied 
from 56 kg/ha without bees to 560 kg/ha 
where the flowers were properly pollinated. 
Ministry of Agriculture and Fisheries trials 
indicate seed yields of about 110 kg/ha can 
be achieved with existing bee populations 
in New Zealand high country. 

Recommended varieties are Yukon and 
Norgold (Goplen 1981). Seed is available 
commercially but demand exceeds supply 
at present. 



Autumn sown Lotus, sheeps burnet and sulla at Otematata Station. The yellow sweet clover in 
the background was sown in the spring. 

Dorycnium species 
{Canary clovers) 

Canary clovers are low-growing shrubby 
perennial legumes of Mediterranean origin. 
They are very tolerant to drought and 
frost. The two species of particular interest 
for high country revegetation are D. 
pentaphyllum which is very palatable to 
grazing stock, and the less palatable D. 
hirsutum. There are no records of their use 
in New Zealand, but canary clovers have 
been tried in California (Crampton 1946) 
and Australia (Brockwell and Neal-Smith 
1966). 

In nursery trials at Earnscleugh and in 
field trials in Central Otago and the 
Mackenzie Basin field sites, Dorycnium 
hirsutum is showing considerable promise 
for erosion control and revegetation on 
both brown-grey earth and yellow-brown 
earth soils. Growth is best on light soils 
over a pH range of 5.5 to 8.9, and prolific 

natural seedling has occurred in many 
places. Prolific flowering by the plant 
provides adequate seedlings for natural 
regeneration around parent pl~nts. 

Accessions of D. hirsutum show a wide 
range of palatability to grazing stock, the 
less hairy (hirsute) types being more 
palatable. However, once well established 
even the least palatable can withstand 
grazing under extreme summer-drought 
conditions. The open growth habit of D. 
hirsutum allows grasses and herbs to grow 
within the canopy. It may be a good 
companion for sheep's burnet in seasonally 
drought-prone areas. Like sheep's burnet, 
D. hirsutum will grow all year round, and 
should be managed accordingly. 

However, the main flush of growth is in 
early spring. Under lax grazing D. 
hirsutum often becomes over-mature and 
whole plants may die off after flowering. 
The greatest grazing benefit is likely to be 
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had in autumn-early spring when other 
feed is at a premium. 

The prostrate D. pentaphyllum has a 
good spreading growth habit, ensuring 
excellent ground cover, but natural 
reseeding is poor because of low seed set. 
Of the Dorycnium species, this is the most 
palatable to grazing stock. However, its 
persistence under field conditions has not 
yet been determined. 

Inoculated and scarified canary clover 
seed should be sown in spring at 5 kg/ha. A 
specific Rhizobium inoculum similar to 
that for inoculating Lotus corniculatus is 
available for Dorycnium, although field 
trials show satisfactory growth of seedlings 
at considerable distances from inoculum 
sources. Because establishment is slow, 
grazing is not recommended for at least 
two summer seasons. On most high 
country soils 200 kg/ha S. superphosphate 
promotes establishment. Canary clovers 
flower prolifically from late September to 
December. Bees are strongly attracted to 
the flowers and work the plants vigorously. 

Both the above Dorycnium species 
require further evaluation. Only limited 
quantities of seed are available for trials, 
but seed of the best lines will be bulked up 
during the next few seasons and will then 
be more widely available. Another 
promising species, D. rectum, is being 
evaluated. 

Agropyron trichophorum 
(syn. Elytrigia intermedia) (Pubescent 

wheat grass) 

Pubescent wheatgrass is a perennial, 
late-maturing, sod-forming grass which 
grows during .the cool season, and which, 
while being quite drought-tolerant, grows 
under many different conditions. It was 
moderately successful in earlier New 
Zealand trials at Molesworth Station 
(Moore and Simpson 1961 ), Tara Hills 
(McNeur 1959, Dunbar 1964) and at other 
places in the South Island (Douglas 1974), 
but management techniques need refining. 

A. trichophorum has a strong sod
forming, deep root system making it 
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particularly suitable for disturbed and 
eroded soils. It is best adapted to medium
to fine-textured well drained soils, and is 
moderately salt-tolerant. It is capable of 
good growth in higher rainfall areas ( > 500 
mm /year), but can still grow vigorously in 
areas receiving 300 mm/year. Pubescent 
wheatgrass has considerable potential for 
the revegetation of depleted tussock 
grassland and hawkweed-affected areas. 
Forage yields may be as high as 6700 kg 
DM/ha/year, and it is very palatable (B. J. 
Wills, unpublished data). 

Pubescent wheatgrass establishes well ' 
when drilled but its large seed presents 
problems when oversowing. Oversown seed 
should be trampled in by stock or oversown 
into a nurse crop. Seed should be 
commercially lime-coated before 
oversowing to enhance establishment and 
competitive perennial growth should be 
reduced to a minimum. Autumn or early 
spring sowing is recommended at 4 kg/ha 
for drilling or 5 kg/ha for oversowing. 
Nitrogenous fertiliser applications are 
beneficial. 

Grazing should be delayed for one year 
after sowing, and then should be only 
moderate until the pasture is well 
established. Pubescent wheatgrass over
winters well and grows slowly in all but the 
coldest months. Spring growth starts in 
August. This grass can be grown in 
association with a legume such as Lotus or 
with sheep's burnet. 

Several varieties are available, with 
Mandan, Luna or Greenleaf being 
recommended. Seed is commercially 
available but quantities are limited because 
the species is still being evaluated. 

ChamaecY.!!_sus palmensis 
(Tree lucerne) 

Tree lucerne is a drought-tolerant legume 
commonly naturalised in the North Island. 
Growing to three to five metres under 
favourable conditions in the South Island, 
it is not particularly frost-tolerant. Tree 
lucerne is widely adapted to soils in semi
arid areas, from moderately-textured 



fertile brown-grey earth soils to poor recent 
alluvial gravels. Where frost drainage is 
adequate, tree lucerne may be used for 
erosion control, revegetation, stock browse 
and shelter. Flowering is prolific and early, 
(August-November), and provides good 
fodder for bees. 

Tree lucerne may be established in spring 
from container-grown plants or, in worked 
ground with good weed control, from seed. 
Inoculation with the correct Rhizobium 
strain (NZP 5035) is required. Seed 
scarification or hot water pre-treatment 
will promote germination and in some 
circumstances applications of sulphur 
superphosphate fertiliser (250 kg/ha) or 
slow release fertiliser will benefit 
establishment and growth. 

Tree lucerne plants should be spaced 
1-1.5 m apart in shelter rows, and 1.5-2 m 
apart in block plantings. Protecting young 
plants from browsing animals and from 
frost is essential. If possible, plants raised 
locally which have been well hardened off 
should be used. There are several 
naturalised stands of tree lucerne in Central 
Otago and seed or seedlings obtained from 
these may be better adapted to local 
conditions. Seed will germinate and grow 
readily in worked ground under shelter of a 
parent shrub and these can be used for 
additional planting stock. 

Once tree lucerne bushes are well 
established, probably after one season 
when growing conditions are favourable or 
two seasons when environmental factors 
are more limiting, controlled browsing by 
stock may be permitted. There should not 
be excessive browsing because this will 
retard growth and may kill the plants. 
Optimal browsing management systems 
require further investigation (Radcliffe 
1983). Tree lucerne that is not browsed or 
has grown beyond the reach of stock will 
benefit from occasional branch lopping to 
promote new basal growth. 

Tree lucerne seed and plants are 
available commercially. Seed may also be 
collected from local naturalised stands in 
December-January. Several Government 

Departments are at present co-operating to 
identify ecotypes of tree lucerne in New 
Zealand, including those tolerant to cold. 

Atriplex halimus 
{Mediterranean saltbush) 

Mediterranean saltbush is a fast
growing, salt-tolerant shrub adapted to 
semi-arid sites (Goodin and McKell 1970, 
Le Houerou 1984, Blauer et al. 1976), 
belonging to the chenopod family and will 
grow to two metres under suitable 
conditions and survive -15 °C frosts. 

On semi-arid trial sites, A. halimus has 
proved suitable for revegetation of bare 
alkaline or solonetzic soils such as those of 
the Manorburn type (J. S. Sheppard, B. J. 
Wills, unpublished data). Summer growth 
is vigorous with basal shoots commonly 
growing more than a metre in one season. 
Flowering occurs in late summer. Spread 
by seed is limited because of the low 
viability of the seed and extreme conditions 
on bare alkaline soils do not favour 
germination and establishment. 

Because use is limited to specialised 
erosion sites such as scald areas or gullies 
A. halimus is most effectively established 
from container-grown plants (Sheppard 
1978). These can be produced from tip or 
hardwood cuttings and should be planted 
at one to two metre centres in early spring. 

In saline soils Mediterranean saltbush is 
sought after by stock so plantings should 
be kept free of stock for one to two seasons 
after which carefully controlled grazing can 
start. Substantial recovery periods should 
be allowed although well-established 
saltbush can survive even heavy browse. 
Foliage is retained during winter and in 
severe drought conditions, so 
Mediterranean saltbush may be used for 
out-of-season grazing if managed 
accordingly. Current Earnscleugh-based 
trials are directed at larger-scale plantings 
to evaluate grazing management systems. 

Applications for propagating material 
for experimental plantings, should be made 
to the Scientist-in-Charge, National Plant 
Materials Centre, Soil Conservation 
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Centre, MWD, Palmerston North, or the 
Earnscleugh Plant Materials Nursery, 
MWD, Alexandra. 

Cercocarpus montanus 
(Mountain mahogany) 

Mountain mahogany is a perennial, 
drought-resistant North American 
rangeland shrub belonging to the rose 
family. A non-leguminous nitrogen-fixer 
which can provide browse for stock as well 
as bee fodder and shelter (Blauer et al. 
1975). Mountain mahogany will tolerate 
heavy frosts and may grow to 2.5 m in 
favourable conditions. Foliage is retained 
all year round and is available for browse 
when other feed is scarce. 

While still being evaluated for 
revegetation in New Zealand, mountain 
mahogany seems to grow satisfactorily on 
most light-to-medium-textured soils in 
semi-arid regions. Mountain mahogany is 
likely to be suitable for gully or disturbed 
site erosion control and for revegetation of 
depleted grasslands. It is very similar in 
appearance to native Coprosma and 
O/earia species. 

Best field establishment to date has been 
from container-grown plants. 
Establishment from seed is being 
investigated. Although many C. montanus 
plants have grown well without 
inoculation, the correct symbiont . will 
probably prove essential if the use of this 
species becomes widespread. Pure cultures 
of the symbiont are not readily available 
but are being used in trials. Nodule 
material from healthy existing Cercocarpus 
shrubs may be used for inoculation instead 
of pure culture. 

Tentative recommendations are for 
planting at 1.5-2.5 m centres in early spring 
with stock being excluded for at least two 
growing seasons. Cercocarpus plants 
should be protected with electric fencing if 
intended mainly for shelter. Otherwise 
management should include long recovery 
periods after grazing. 

Sufficient propagating material is 
available for research trials only. 
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Medicago arborea 
(Tree medick) 

Tree medick is a leguminous drought
tolerant Mediterranean shrub, which is 
more frost-tolerant than tree lucerne, but 
less palatable to stock. Growing to 1.5 m 
tall tree ·medick provides good bee fodder, 
low shelter and, to a lesser extent than tree 
lucerne, stock browse. It will survive frosts 
of -10°C although late spring frost may 
cause damage. 

Tree medick is being evaluated by the 
National Plant Materials Centre for 
control of erosion in gullies and on 
disturbed sites, for revegetation, and for 
low level shelter in semi-arid and arid 
conditions. 

Tree medick grows on a range of soils 
similar to that of tree lucerne. 
Establishment can be from container
grown plants, or from seed sown directly in 
the field, but plants give much better 
results. Seed should be scarified or treated 
with hot water, inoculated with Rhizobium 
(NZ 4013) and sown into a clean seed bed 
in drills one metre apart. Container-grown 
plants are planted out in spring at one to 
two metre centres. Sulphur superphosphate 
(250 kg/ha) will promote establishment. 

Maximum growth is attained in three to 
four years and to achieve this grazing 
management should be intermittent 
allowing for long recovery periods. 
However, tree medick is much less liable to 
be killed by excessive browsing than is tree 
lucerne. Flowering in mid-spring is 
accompanied by vigorous bee foraging and 
seed set is usually heavy. This may lessen 
available foliage for mid-summer forage. 

Tree medick is available commercially. 

Kochia prostrata 
(Bluebush) 

Bluebush is a prostrate drought-tolerant 
and perennial shrub belonging to the same 
family as Mediterranean saltbush. It 
originated in Eurasia. A variety of forms 
exist, some of which are considered to be 
valuable as forage and have high protein 
and carotene levels (Davis 1979, Durham 



and Durham 1979, Stevens and Jorgensen 
1983). Bluebush grows to 0.5 m, spreads to 
one metre and is very tolerant to frost. 
Russian research has reported stocking rate 
increases of up ' to five times in depleted 
rangelands sown with K. prostrata 
(Nechaeva et al 1977). 

Although still in the early stages of 
evaluation in New Zealand, bluebush has 
possibilities for the revegetation of scald 
sites and depleted tussock grassland. It has 
proven to be adapted to saline or solonetzic 
soils, but also appears to grow well in 
medium and light textured brown-grey 
earths. In Earnscleugh-based trials, 
container-grown plants have established 
successfully but direct seeding has not been 
.successful. Tentative recommendations are 
to plant container-grown plants at 0.5-5 m 
centres in early spring. Grazing should be 
restricted for the first three growing 
seasons . 

Grazing management under New 
Zealand conditions has not yet been 
determined, but long recovery periods may 
be necessary if browsing is heavy. 
Flowering and seed set, as with most other 
chenopods, occurs in autumn. Collecting 
seed under damp conditions can be 
difficult. The seed is a simple coiled 
embryo borne in a fragile utricle and is 
therefore extremely susceptible to 
desiccation. Further investigation of direct 
seeding is taking place and a wider range of 
accessions is being sought for evaluation. 
Bluebush is not available commercially at 
present. 

Conclusion 
The plants discussed have considerable 

potential for erosion control and 
revegetation in depleted semi-arid areas. 
Most have multiple uses, are compatible 
with other species, and could provide a 
comprehensive vegetation cover where little 
exists. 

Initial establishment can be improved 
with the use of sheep to trample seed into 
the soil (as ewes are brought off summer 

country, or by a mob of wethers), or by 
minimum tillage (chain harrows, pipe 
harrows, disc or rotary drilling) where this 
is possible. The shady aspects should be 
treated differently to sunny aspects where 
only the most drought-tolerant species 
should be used. 

Some restraint on grazing is necessary 
during the establishment of these plants. 
They will require spelling for the first two 
to three years, with perhaps some carefully
controlled intermittent grazing. Sunny 
aspects take longer to establish than 
adjacent shady aspects. Although plants 
are being selected that will tolerate low
f ertility regimes, fertiliser applications are 
beneficial at rates determined by soil tests. 
~ Management of established plants will 

differ depending on aspect, soils and 
stocking rates. Sunny aspects need the most 
care, with spelling towards the end of 
spring and autumn growth to leave plants 
with a reserve of productive vegetation 
before the onset of summer drought and 
winter frost. Maintenance fertiliser 
schedules should be guided by soil testing; 
additional seed applications, if required, 
can be considered at the same time . 
Provision for pollination is also essential 
for seed production. 
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High country farming 
1966 1982 
I. G. C. Kerr & K. R. Lefever 

Introduction 
The fourth in a series of Tussock 

Grasslands and Mountain Lands Institute 
production surveys covering 3.2m ha of the 
high country of the South Island of New 
Zealand was carried out in 1982. The first 
survey took place in 1966 and has been 
repeated at, approximately, five-yearly 
intervals since then. This paper, while 
concentrating on the results of the 1982 
survey, examines the changes in high 
country farming over the whole period. 

In surveys prior to that of 1982 each 
runholder was interviewed personally and 
the survey repeated during the following 
year. The results were then averaged for 
successive seasons, thus minimising the 
effects of unusual climatic or other 
conditions. 

The most recent was a postal survey 
carried out on a single year basis, with 
personal interviews of about ten percent of 
the 308 runholders involved. 

The survey questionnaire covered many 
topics, including livestock production, land 
use and development, sources of finance, 
potential production, subdivision, research 
needs and labour. 

The response of 8511/o exceeded the 
authors' greatest expectations and they 
wish to express their grateful thanks to all 
those runholders who participated. 

When the 1981 /82 survey was completed 
individual participants received a summary 
analysis of the results for each series of 
surveys for their run, together with the 
summary for each regional group of runs in 
the survey (appended). Grouping of runs 
followed the pattern of earlier surveys, 

viz.: 'dry' (rainfall less than 560 mm); 
'moist' (rainfall between 560 mm and 1000 
mm); and 'wet' (rainfall over 1000 mm). 
The groups were further subdivided into 
provinces (Canterbury moist, Otago moist, 
etc.). 

It should be remembered that there is a 
~ide variation in production between runs, 
within groups. 

At the end of this paper are appended 
further detailed results of the survey from 
251 runs with comparative information 
from all four surveys. Such information 
includes: numbers of properties surveyed, 
stock numbers, stock units, natural 
increases, wool production, labour, classes 
of stock, breeds of stock, fertiliser use and 
land use. 

Livestock production 
The changes in livestock production in 

the high country and in New Zealand as a 
whole can be compared in the following 
table: 

Table 1: Total livestock units 
(millions) 

1965/67 
1971/73 
1976/78 
1981/82 

New 
Zealand 

88.8 
98.6 
99.3 

105.5 

High 
Country 

1.6 
2 .0 
2.2 
2 .6 

From 1965/67 to 1981/82 livestock units 
increased 62 percent, whereas New Zealand 
as a whole increased by 19 percent. Over 
the last period of the survey the growth in 
livestock units was 20 percent and 6 percent 
respectively. 
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When the 'average' run data are 
examined, the nature of the increase in 
livestock units is apparent, the earlier 
'boom' in cattle numbers being replaced 
recently by a fairly rapid increase in sheep 
numbers. Domestically farmed deer, now 
on 16 percent of runs, are a recent 
development. 

The regional change in livestock units 
that has taken place over the series of 
surveys is reflected in Table 2, which 
records the percentage increase in the zones 
classified by Hughes (1973), and which, 
with minor adjustments, was retained in 
subsequent surveys. 

Most of the increase in sheep numbers 
has been in breeding ewes and replacements 
and not, as some had predicted, in wethers. 
Merinos have remained the dominant 
breed, fluctuating between 44 percent and 
50 percent. Halfbreds comprise two-thirds 
of the remainder, while Corriedales and 
other breeds make up the balance. 

Survey results show that the high country 
beef cattle herd has stabilised at about 
135 000, with a recent trend towards the 
growing on of young stock compared with 
a system of selling weaners and being 
subject to a variable weaner calf market. 
(Figure 3). 

While cattle numbers have been 
maintained or increased in 'moist' and 
'wet' (gorge) runs, there has been a marked 
reduction in herd size in the 'dry ' region. 
Herefords have increased in popularity (to 
over 600Jo) Angus, as a pure breed, have 
increased by a similar percentage, but 
numbers of crossbred (Hereford and 
Angus) cattle have declined. 

Table 2: Percentage increase in livestock 

Stock 
Units 
xlOOO 

JO 

8 

6 

65·67 71-T.l 76·78 81·82 

Figure 1: Average livestock units per 

s._ 
xlOOO 

JO 

6 

farm, South Island high country, 
1965/67-1981/82. 

Ewes .,.,, 

""' ·~" Wetlws 

-5•" .... • ... % 

.,,. 
"" 

Other.; 
•31% 

65·67 71-73 76·78 81·82 

Figure: 2 Average flock composition, 1965/67 
- 1981/82. 

Cattle 
xlOO 

5 

13% 

''" 

Cows -,,. 

Calves 
•5% 

Others ·•% 

65·67 n-n 76-78 81 ·82 

Figure 3: Average herd composition 

units, province x climatic zone, South 
Island high country, 1965/67 - 1981/82. 

ALL * MM ** CM cw OD OM ow SM 
65/67 - 71/73 30.1 38_.3 37.1 14.6 28.9 37.3 22.7 34.9 
71/73 - 76/78 8.9 12.3 5.8 10.8 9.2 8.7 10.7 5.7 
76/78 - 81 /82 19.1 0.5 10.2 15.5 17.6 24.5 31 .1 29.3 

All runs in survey 
Marlborough moist, Canterbury moist, Canterbury wet, Otago dry, Otago moist, Otago wet, 
Southland moist. 
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Wool Production 
Wool continues to be the major 

contributor to gross farm income. Over 
recent years the proportion of gross income 
f!om wool has on average, ranged between 
60 to 70 percent (NZ Meat and Wool 
Boards' Economic Service, Sheep and Beef 
Farm Survey). Between 1976/78 and 
1981/82 the average quantity of wool 
produced per property increased 
dramatically (220/o), as has the number of 
sheep carried (25 O/o) . 

Table 3: Greasy wool sold per property 

Period 
1965-67 
1971-73 
1976-78 
1981-82 

kg 
21 301 
22 684 
23 603 
28 986 

Table 4: Estil]lated average wool 
production per sheep shorn(kg). 

Region 
Marlborough moist (MM) 
Canterbury moist (CM) 
Canterbury wet (CW) 
Otago dry (OD) 
Otago moist (OM) 
Otago wet (OW) 
Southland moist (SM) 
All runs · 

65/67 81/82 
4.6 4.5 
3.9 3.7 
3.6 3.6 
4.3 4.3 
3.9 4 .1 
3.7 4.0 
3.7 3 .5 
3.9 4 .0 

Estimates of average wool production 
per sheep shorn have been made for 81 runs 
within the survey. This information may be 
compared with that for the first series of 
surveys in 1965/67. 

What is apparent is the insignificant 
change in wool production per sheep shorn 
over the fifteen years of the survey in spite 
of large increases in sheep numbers. 
However, what is of concern is the wide 
range in wool production per sheep shorn, 
shown in Figure 4. 

As wool production is such an important 
contributor to high country gross farm in
come, and flock composition is considered 
to be a major factor affecting wool produc-

Nlmber 
of Ruis 
xlO 

6 

5 

4 

3 

2 

1 2 3 4 5 
Kilograms per Sheep Shorn 

Figure 4: Wool per sheep shorn 
1981/82 (156 runs) 

6 

tion, it is surprising that few runholders 
record the amount of wool produced per 
class (and breed) of sheep on their runs. 
Without this information it is unlikely that 
objective decisions can be made about 
appropriate stock policies or changes in 
management (including supplementary 
feeding) required to maximise productivity. 
From the limited number of runs (80) able 
to contribute complete information, the 
following is the average weight of wool 
shorn per class and breed of sheep carried 
in 1981/82. 

Table 5: Average wool production per 
class and breed 

Breed 
Merino 
Halfbred 
Corriedale 
• 3 runs only 

1981/82 
Hoggets Ewes Wethers 

3.8 4.1 4.3 
3.5 4.1 4.7 
3.2 4.0 5.2* 

It is possible that the environmental dif
ferences between regions (and runs) may 
account for most of the variation between 
breeds and classes. 

The monthly pattern of shearing for all 
runs is set out in Table 6. 

Pre-lamb shearing is by far the most 
popular shearing time, conferring advan
tages of improved wool quality and lower 
ewe losses. 
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Table 6: Time of shearing (month), 
1981/82 

Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Ewes 
7 
3 
0 
0 
0 
0 
1 

18 
51 
11 
4 
5 

Percentage 
Hoggets Wethers 

2 2 
1 1 
0 0 
0 0 
1 0 
0 0 
1 0 
5 3 
30 20 
42 32 
15 30 
5 11 

Lambing, Calving, Fawning 
The average lambing, calving and fawn

ing percentages for high country properties 
over the series of surveys are shown in 
Table 7. 

The overall upward trend in lambing 
percentage in 1981/82 was, no doubt, 
helped by favourable lambing conditions, 
and a better growing season in 1981. 
Earlier regional differences, which 
appeared to be caused wholly by dif
ferences in environment, appear to have 
been reduced by improvements in nutrition 
and subdivision following rapid farm 
development, particularly south of the 
Waitaki River. 

Calving percentages are largely unchang
ed. With the advent of deer farming in the 
high country, fawning percentages are 
recorded but as yet relatively few properties 
are involved. Accordingly, average fawn
ing percentages are a guide only. 

As with other factors of production in 
high country farming, there is a very wide 
(more than twofold) range in lambing 
percentages among the properties 
surveyed. Some runs with a lower than 

Table 7: Lambing, calving, fawning 

65/67 71/73 76/78 8~/82 
% % % % 

Lambing 79 84 85 92 
Calving 83 81 82 85 
Fawning 84 
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average lambing percentage find it 
necessary to buy in replacement stock. 
Conversely, most other runs are, with 
pastoral development, now substantial 
breeding-fattening enterprises. On balance 
there is . a declining proportion of young 
stock being traded solely as store stock. 

Land use 
The 'average' high country farm is about 

11 000 ha in area, and its land use is shown 
in Table 8. 

Table 8: Average land use, 1971/73, 
1976/78, 1981/82 

Pasture: 
Dryland * 
Irrigated 

Lucerne: 
Dryland 
Irrigated 

Overdrilled 
tussock 
grassland 

OSTD** 
tussock 

Crop 
Fallow 
Unimproved 
tussock 
grassland* ** 

Trees** ** 
Scrub 
Rock and 
scree, etc. 

Total (ha.) 

71/73 

158 

36 

35 

703 
20 

11300 

not recorded 
cultivated 

76/78 81/82 

156 208 
24 33 

31 34 
4 4 

19 22 

1021 1512 
15 22 
7 11 

7179 
103 106 

815 

1010 

11318 10956 

oversown and topdressed tussock 
grassland 
includes 'short ' and 'tall ' tussock 
grassland 
includes native and exotic trees 

Land Development 
Seventeen percent of the average high 

country property was 'improved' at the 
time of the 1981/82 survey. The regional 
pattern of developed ('improved') land is 
shown in Table 9. 



Table 9: Average area of developed land 
Region 71/73 76/78 81182 

ha % ha % ha % 
Marlborough moist 
Canterbury moist 
Canterbury wet 
Otago dry 

2 143 7 3 292 11 4 084 17 
711 9 832 10 1 115 14 
657 3 758 4 957 5 
017 14 556 21 2 101 27 

Otago moist 938 15 191 18 1 924 31 
Otago wet 
Southland moist 
All runs 

818 5 302 9 1 799 13 
270 9 551 11 2 628 19 
952 8 292 11 1 855 17 

% = percentage of total area of run 

The additional 900 ha of improved land 
on the average high country property over 
a decade appears to more than account for 
the 1880 additional stock units carried and 
may well account for some reduction in (or 
retirement from) grazing on upland areas. 

Most of the new development took the 
form of oversowing and topdressing, with 
large increases in Otago and Southland 
and, to a slightly lesser extent, in 
Marlborough . Establishment of pastures 
through cultivation and in some cases 
irrigation, continued as a significant form 
of farm development. The area in lucerne 
did not increase significantly. 

The rate of land development has fluc
tuated wildly, as shown in Figure 5. 

The resurgence of land development, 
prompted in part by recent government in
centives, has largely occurred south of the 
Waitaki River. 

In the 1981 survey, runholders were 
asked "How much land, in your view, can 
best be further developed by ... '' The 
response, on an average per run basis (from 
189 runs), is shown in Table 10. 

Table 10: Potential for further 
development 

Oversowing & topdressing 
Cultivation 
Irrigation 
Forestry 

ha 
2 279 

148 
102 
67 

Hectare 
xlOOO 

60 

50 

40 

•218% 

30 

-32° 

20 

10 

71-73 76-78 

Figure 5: New land development, (261 high 
country runs). 

Production possibilities 

81-82 

Associated with the last question, 
runholders were asked to estimate: 
(a) the realisable potential of their runs; 

and 
(b) the number of stock units they expect 

to carry in five years' time (1986/ 87). 
From these questions and other informa

tion from the 1981/82 and 1976/78 
surveys, the following averages have been 
calculated: 
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Table 11: Average livestock units 
s.u. 

1976/78 7 164 
1981 /82 8 429 
Five years 11 023 
Potential 13 247 

While the five years up to the 1981182 
survey produced an average stock unit in
crease of 18 percent, it appears that 
development programmes that were under 
way in 1981182 were such that a further 
remarkable 31 percent increase in stocking 
is expected by 1986/87. By this time over 80 
percent of runholders' estimates of poten
tial carrying capacity will be reached. 

Limitations to production 
Runholders were asked to indicate the 

principal factors limiting production. 
These are summarised in Table 12. 

Table 12: Limitations 
1981/82. 

to 

The nature of the resources 

production, 

% of Runs 

being farmed 65 
Economic and financial constraints 61 
Technical limitations 36 

The nature of the resources being farmed 
refers to the natural endowments of each 
run, such as size, soils, climate, etc., and 
includes such important factors as the ratio 
of summer/ winter country, climate, water 
resources, and accessibility. Profitability, 
availability of finance and general 
economic outlook were major factors 
limiting further development. A lower pro
portion (36%) of runholders regarded 
technical aspects such as diseases, fer
tilisers, etc., as factors limiting production. 

Finance for land development 
At the time of the 1981182 survey, the 

average rate of land development on high 
country farms was apparently as high as it 
has ever been. The average expenditure 
recorded by 189 runs was $90,212, with a 
wide range between runs . (15 percent were 
above $125 000 and 15 percent below 
$2 500.) 

The sources of funds for farm develop
ment in 1981182 are shown in Table 13. 
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Table 13: Sources of finance for farm 
development 

% 
Revenue reinvested in 

farm development 49 
Stock firm, bank or finance company 7 
Rural Bank and Finance Corporation 

loans 42 
Catchment Board Soil and Water 

Conservation Plans 2 

Recent government incentives (Livestock 
Incentive and Land Development 
Encouragement Loan Schemes) supported 
by Land Development Loans and Sup
plementary Minimum Price (SMP) schemes 
have collectively contributed a very large 
proportion of development finance. The 
degree to which these schemes (apart from 
SMP) have been used by high country 
farmers is shown in Table 14. 

Table 14: Utilisation of recent 
government incentive schemes. 

Livestock Incentive Schemes 1961 s.u. 
Land Development Encouragement 
Loan (LDEL) 
Land Development Loans (RBFC) 

$85 461 
$52 281 

The above figures are approximate only, 
because at the time of the 1981 / 82 survey, 
many land development programmes 
which relied on these schemes were only 
partly completed. From the information 
which reflects the rate of development in 
1981/82, these incentives are working. The 
level of revenue support given by the Sup
plementary Minimum Price Scheme (SMP) 
to high country farmers in the 1981/82 
season has not been directly determined but 
is thought to be substantial (approximately 
$30 000 per run), principally because of 
the level of support given fine wools and 
the high proportion of gross farm income 
derived from wool on high country farms. 
From the evidence of the amount of 
reinvestment of revenue in farm develop
ment (49 percent) it is obvious that SMPs 
indirectly provided a major part of the 
finance for high country farm develop
ment. 



Fertiliser use 
One of the major inputs in high country 

farming is fertiliser, with use averaging 179 
tonnes per run (21.3 kg/ s.u.) . The 
predominent fertiliser is superphosphate, 
usually sulphur fortified. The trend in fer
tiliser use per stock unit over recent years is 
shown in Table 15 . 

The regional average of fertiliser use per 
stock unit reflects also the regional pattern 
of land development (Table 16). 

As with many other factors of produc
tion, fertiliser use varies within the high 
country farms surveyed, as shown in Figure 
6. 

Table 15: Fertiliser use 

Development 
Maintenance 

Total 

Nl.l'Tlber 
of Runs 

40 

30 

20 

10 

0 

71/73 76/78 
kg/s .u. kg/s.u. 

4.4 3.2 
10.4 11 .3 

14.8 14.5 

10 20 30 40 
Kilograms per Stock Unit 

81/82 
kg/s .u. 

12.6 
8.7 

21.3 

50 

Figure 6: Total fertiliser use, 1981/82. 
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Labour 
Labour is another major input (average 

3.4 man/ years per run) to high country far
ming. The regional pattern in 1981 / 82 is 
shown in Table 17 and classes of labour, 
for the same years, in Table 18. 

The regional averages are determined by 
the number, size and nature of the runs in 
each region. 

Table 17: Labour input/efficiency of 
use, 1981-82. 

Region 
Marlborough moist 
Canterbury moist 
Canterbury wet 
Otago dry 
Otago moist 
Otago wet 
Southland moist 
All runs 

Man/ 
Years 

per run 
3.4 
3.1 
3.9 
4.0 
2.8 
3.3 
4.7 
3.4 

Stock 
units per 

man 
year 
2807 
2359 
2544 
2006 
2815 
2985 
3513 
2634 

Table 18: Classes of labour, 1981/82 
Contribution 

To Total 
Class of 
Labour 

Owners* 
Managers 
Shepherds 
Musterers 
Fencers 
Casuals 
Others 

Runs With 
% 
88 
15 
51 
68 
53 
98 
49 

Labour 
Input 

% 
33 

5 
20 

5 
4 

16 
17 

· some properties have multiple owners 

Table 16: Regional fertiliser use, 1981/82 (kg/s.u .) 

Region MM CM CW OD 
Development 6.3 11.2 5.3 5.2 
Maintenance 10. 7 16.4 11 .1 8.9 

Total 17.0 16.4 14.1 27.6 

OM 
10.4 
13.5 

23.9 

MM = Marlborough moist, 
CW = Canterbury wet, 

CM 
OD 

= Canterbury moist, 
= Otago dry, 

OM = Otago moist , ow = Otago wet 
SM = Southland moist. 

ow 
10.2 
8.5 

18.7 

SM 
10.0 
21.3 

31.3 

All 
8.7 

12.6 

21 .3 
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Drenching 
The use of anthelmintics and selenium 

now have widespread use in the high coun
try, as shown in.Table 19 . . 

The young sheep of most flocks receive 
fairly regular drenching for internal 
parasites. 

Table 19: Average percentage and frequency of drenching of livestock, 1981/82. 

Lambs/hoggets Ewes Calves 
% Times % Times % Times 

Drenched Drenched Drenched 
Anthelmintic + 

Selenium 89 3.6 
Anthelmintic 

alone 8 2.3 
Selenium alone 8 1.2 

% = percentage of flocks 

Mating Age 
The mating age for young stock has 

often been the subject of debate, par
ticularly where merino sheep and all breeds 
of cattle are concerned. The practice 
throughout the high country is shown in 
Table 20. 

Over the last fifteen years or so, better 
nutrition has contributed to most runs be-

85 1.6 63 1.7 

5 1.8 5 1.8 
10 1.2 3 1.2 

ing in a position to mate two-tooth ewes. 
The difficult Canterbury gorge runs are a 
clear exception. Mating of cows, first as 
rising three year olds is the predominant 
management practice even through an 
unusual number of runholders in the dry 
and moist zones in Otago mate rising two 
year olds. 

Table 20: Mating age(% ewes or O/o cows), 1981/82 

Mating Age All MM CM 
% % % 

Ewes: 2T 76 64 60 
4T 24 36 40 

Cows: 2 yr 9 0 3 
91 100 97 

All = all runs 
MM = Marlborough moist, OD = Otago dry, etc. 
2T (two-tooth year) = rising two year old 
4T (four-tooth year) = rising three year old 
2 yr= rising two year old 
3 yr = rising three year old 

Subdivision 
The average subdivision of runs into the 

various categories of blocks/ paddocks is 
shown for 230 runs in Table 21 . 

Excluding the three 'holding' blocks, the 
average run has 33 subdivision units, about 
half of which are cultivated paddocks. 
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Region 
cw 
% 
35 
65 

0 
100 

OD OM ow SM 
% % % % 
81 96 85 100 
19 4 15 0 
16 20 7 0 
84 89 93 100 

Bearing in mind there are often seven 
classes of stock (flock ewes, two-tooth 
ewes, hoggets, wethers, cows, heifers, 
yearlings) and often separate mobs of 
these, there is clearly inadequate subdivi
sion for most runs to operate anything but 
a very slow rotational grazing system. 



Table 21: Subdivision (number of blocks/paddocks), 1981/82. 

Unimproved 
Blocks: 

Winter 1 
Summer 2 
Winter/summer 2 
'Holding' 1 

Cultivated paddocks: 
Dryland 
Irrigated 

Total 6 

Animal disease 
When asked ''What animal diseases are 

of major concern to you on your run?", 
the responses from 141 runholders (out of 

Table 22: Animal diseases of major 
concern, 1982 

% of 141 % of all 250 
runs runs 

reporting responding 
diseases 

of concern 
Foot rot 60 34 
Internal 
parasites 18 10 

Mineral 
deficiency* 13 8 

Lice 10 6 
Scabby 
mouth 5 3 

Vibriosis 4 2 
Pulpy Kidney 4 2 
Flystrike 4 2 
Tuberculosis 3 2 
Other 
diseases*• 17 7 

No disease 
of major 
concern 44 

includes specifically mentioned 
selenium (2%) and iodine. 
includes cancer eye, lympho, Johne's, 
scald , blood poisoning, tetanus, blind
ness, dermatitis , ticks, foot abscess, 
grass staggers, nasal fly , pneumonia, 
and catarrh . 

Part 
Improved Improved Total 

1 2 4 
1 1 4 
2 5 9 
1 1 3 

12 12 
4 4 

5 25 36 

250 runholders responding to questions of 
general interest and concern) is summarised 
in Table 22. 

No doubt the unusually wet season in 
1981 / 82 led to major outbreaks of footrot, 
probably influencing its dominant place in 
the list. Nevertheless, control of this 
disease is clearly of vital importance to high 
country farmers because the sheep they run 
are more prone to the disease. Control is 
time-consuming, costly, and difficult, 
because of the extensive nature of high 
country farming. 

Pests 
Agricultural pests of major economic 

significance were listed by 145 runholders 
(out of 250) and are shown in Table 23. 

Rabbits are obviously a pest of major 
economic signficance. Sixty-four percent 
of the runs in the Otago 'dry' zone listed 
rabbits as a problem, as did runs in the 
Marlborough 'moist' (380Jo) and Otago 
'moist' (430Jo) zones. 

The fact that rabbits are still considered 
to be of major economic signficance by 
over half of the responding runholders is 
worthy of serious note by all concerned 
with pest destruction. This observation 
confirms the high percentage of runholders 
reporting 'excess' numbers of rabbits on 
their runs in the 1976/ 77 survey. 
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Table 23: Agricultural pests of major economic significance, 1982 

% of 145 runs 
reporting pests % of all 250 runs 

responding 
Rabbits 
Grass grub 
Aphids 
Keas 
Perina 
Canada geese 
Possums 
Goats 
Hares 
Other agricultural pests* 
No agricultural pest of major 

economic significance 

of concern 
57 
21 
16 
10 
10 

9 
3 
3 
2 
8 

33 
12 
9 
6 
6 
5 
2 
2 
1 
4 

42 

* includes lice, pigs , flies , ducks, sitona weavils, springtails, fallow deer, and wild sheep. 

Weeds 
The large numbers of weeds of major 

economic significance to 207 runholders 
are listed in Table 24. 

Table 24: Weeds of major economic 
significance, 1982 

Brier 
Matagouri 
Broom 
Hawkweed 
Gorse 
Nodding thistle 
Barley grass 
Bracken fern 
Burdock 
Thyme 
Manuka 
Tutu 
Other weeds • 
No weeds of 
economic 
significance 

% of 207 
runs 

reporting 
weeds 

of concern 
52 
34 
29 
25 
25 
9 
7 
4 
4 
4 
4 
4 
9 

% of all 
250 runs 

responding 
43 
28 
24 
20 
20 

8 
6 
4 
3 
3 
3 
2 
8 

17 

* Includes seedling pines, 'scrub ', blackberry, 
needlegrass, speargrass, and nine others. 
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Sources of information 
Runholders were asked what they 

regarded as the most valuable and effective 
sources of information and advice on farm 
management and technology. The response 
from 188 runholders was variable and only 
a broad indication can be given of the 
responses. 

Table 25: Sources of information, 1982 
Listed Items 

% 
Written : 

Serials 33 
Newspapers, radio, television 12 

Personal: 
Other farmers , farm discussion groups 13 
Farm advisors, consultants, 

veterinarians 13 
Field days and conferences 9 
Field officers, soil conservators, etc. 6 
Other (scientists, company reps .. . . ) 15 

Indications are, however, that of the 
written information, most comes from 
serials, of which one in particular was listed 
by more than a third of respondents. Other 
farmers appear to be a most significant 
source of information, with substantial 
contributions also coming from profes
sional advisors. 



Fire 
When asked what they thought of the 

present rural fire control arrangements, 
197 runholders replied as indicated in Table 
26. 

Table 26: Rural fire control 
arrangements, 1982 

Responses 

Poor 
Fair 
Good 
Excellent 

% 
27 
28 
43 

2 

More than half of the respondents con
sidered that the fire control arrangements 
were less than good and that improvements 
were necessary in the organisation and 
operation of rural fire control. That such a 
high proprtion of runholders have express
ed such an opinion must be of considerable 
concern to the rural fire authorities servic
ing the high country. 

Research needs 
When asked to list research needs, 165 

runholders listed 246 items, which are 
shown in Table 27 . 

Table 27: Research needs, 1982 
Items 
Listed 

Animal production: % 
Footrot 11 
Mineral requirements 6 
Other 7 

Plant production: 
Weed control 20 
New cultivars 12 
Agricultural pests 7 
Plant establishment 4 
Other 4 

Soils, fertilisers: 
Fertiliser requirements 12 
Fertiliser costs 4 
Other 3 

Farm management and 
economics: 

All items 5 
Engineering, structures, water: 

All items 3 

The long list of items listed includes 
some obviously well considered 'new' 
topics, such as: fine wool production, 
frost-resistant pasture plants, concentrated 
fertilisers, a single statistical agency, micro
climate control, and publication of interim 
results. 

Other issues of concern 
When asked whether there was any other 

topic or problem likely to be of vital con
cern over the next few years, runholders 
listed a wide range of topics. 

Many runholders expressed anxiety 
about the effects of inflation on costs of 
production and the market prospects for 
meat products. Many pastoral lessees at the 
time of the survey were obviously vitally 
concerned about their conditions of tenure. 
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Appendix 1: Stock numbers (x class and breed) 

(a) 1965/67 

ALL MM CM cw OD OM ow SM 
Runs 242 15 37 32 39 77 29 13 
Stock Numbers by 
class 

Flock ewes 563003 23636 90508 86960 96944 143559 63608 57788 
Dry 2T ewes 54658 4936 12608 13533 7037 11172 4072 1300 
Hoggets 265337 13772 44652 45874 41878 67055 26064 26042 

Flock wethers 423918 23356 56836 78904 47974 128829 61122 26897 
Rams 15842 793 2646 2349 2496 4106 1938 1514 

Breeding cows 25179 4680 2203 5301 1815 3784 4629 2769 
1112 yr heifers 5955 1585 489 1044 392 803 1109 533 
Heifer calves 4795 1162 529 868 260 560 1099 317 
Steer calves 3762 1614 211 523 374 326 483 231 
Older steers 5733 2539 341 606 500 638 721 388 
Bulls 1059 298 68 166 85 134 193 115 
Dairy COWS 84 16 11 11 2 33 21 0 

Hinds 
Fawns 
Stags 

Stock Numbers by 
breed 

Merino 580299 48118 98760 137931 114803 118208 62479 0 
Merino 112 breed 539322 14213 77758 68958 52164 168887 66358 90986 
Other sheep 203137 4162 30734 20731 29362 67626 27967 22555 

Hereford 20127 2227 1444 4167 1725 3554 5775 1235 
Angus 5553 335 1433 2200 79 1179 131 196 
Hereford-Angus 15654 9000 52 2152 0 456 1074 2920 
Other Cattle 5233 322 923 0 1624 1089 1275 0 

Red Deer 
Fallow Deer 
Other Deer 
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(b) 1971/73 

ALL MM CM cw OD OM ow SM 

Runs 249 15 41 32 40 79 29 13 

Stock Numbers by 
class 

Flock ewes 702135 23954 119928 90488 124996 203597 69821 69351 
Dry 2T ewes 48609 4629 11524 13969 8573 4402 2380 3132 
Ewe hoggets 190191 8070 36120 25285 32996 50397 16656 20667 
Wether hoggets 100674 5861 18078 19749 12094 24167 10511 10214 
Flock wethers 414927 24252 59379 73706 48901 128706 51015 28968 
Rams 20782 824 3751 3473 3618 5183 2090 1843 

Breeding cows 50142 7824 5615 8666 3380 9647 9759 5251 
1112 yr heifers 12327 2696 1540 2013 932 2244 2007 895 
Heifer calves 14511 2891 1526 2313 1029 2970 2274 1508 
Steer calves 7755 2992 702 799 733 993 662 874 
Older steers 7842 3657 482 571 1028 1658 256 190 
Bulls 2579 442 294 346 348 473 460 216 
Dairy COWS 129 5 22 30 8 26 14 20 

Hinds 
Fawns 
Stags 

Stock Numbers by 
breed 

Merino 739547 58641 118680 159188 139710 176272 87031 25 
Merino 112 breed 529880 7981 91855 50172 55124 181968 40458 102322 
Other sheep 207891 968 38245 17310 36344 58212 24984 31828 

Hereford 45693 2117 2621 8602 4250 12242 10641 5220 
Angus 11901 2493 3794 3105 694 1315 162 338 
Hereford-Angus 29474 15219 1740 2985 348 2560 3233 3389 
Other Cattle 8217 682 2026 46 2166 1894 1396 7 

Red Deer 
Fallow Deer 
Other Deer 

72 



(c) 1976/78 

ALL MM CM cw OD OM ow SM 

Runs 248 15 41 32 40 79 28 13 
Stock Numbers by 

class 
Flock ewes 802109 24539 131456 93852 158188 235848 83805 74421 
Dry 2T ewes 48308 3800 11697 15420 5935 6353 3891 1212 
Ewe hoggets 208057 6925 39000 25741 38892 55723 21149 20627 
Wether hoggets 94035 5650 16576 21077 9804 22311 10736 7881 
Flock wethers 390131 20595 54343 83430 32035 116161 56210 27357 
Rams 20869 740 3842 2679 3977 5983 1982 1666 

Breeding cows 54912 9844 5775 9771 3356 11059 9352 5755 
11/2 yr heifers 12367 2884 1340 2262 917 2113 1760 1091 
Heifer calves 15631 3481 1840 2388 1273 2978 2156 1515 
Steer calves 11627 3192 1346 1252 1236 1983 1355 1263 
Older steers 11175 4863 1044 986 876 1800 890 716 
Bulls 2921 576 283 784 233 428 393 224 
Dairy cows 86 12 16 15 5 15 9 14 

Hinds 992 0 126 469 79 74 101 143 
Fawns 522 0 102 236 70 26 3 85 
Stags 499 0 82 272 34 26 55 30 

Stock Numbers by 
breed 

Merino 754391 55653 118390 159900 150001 186990 83455 2 
Merino 1/2 breed 546687 5596 92993 64006 51054 184372 47505 101161 
Other sheep 262431 1000 45531 18293 4776 71017 46813 32001 

Hereford 64494 7453 3316 10682 5454 15187 14063 8339 
Angus 17332 4001 4731 4929 696 2038 409 528 
Hereford-Angus 21559 13269 2700 1687 298 1428 511 1666 
Other cattle 5334 129 897 160 1448 1723 932 45 

Red Deer 1883 0 309 967 183 110 56 258 
Fallow Deer 130 0 1 10 0 16 103 0 
Other Deer 0 0 0 0 0 0 0 0 
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(d) 1981/82 

ALL MM CM cw OD OM ow SM 

Runs 251 16 41 33 39 79 30 13 
Stock Numbers by 
class 

Flock ewes 1046116 31586 159145 119065 190906 320948 119348 105018 
Dry 2T ewes 48416 4326 12409 13098 11450 3096 4035 0 
Ewe hoggets 295961 10245 47464 34059 52741 87510 35765 28177 
Wether hoggets 124321 9014 16048 23309 13874 31036 16957 14083 
Flock wethers 450761 27294 57024 91301 36124 124207 75395 39416 
Rams 23010 803 3920 3184 4194 6619 2371 1919 

Breeding cows 52376 8813 4920 9923 2926 10183 9915 5696 
1112 yr heifers 12686 2538 1352 2597 676 2280 2026 1217 
Heifer calves 15910 3094 1557 2934 1037 3250 2452 1586 
Steer calves 13023 2866 1051 1479 1262 3212 1708 1445 
·Older steers 13052 4146 911 1470 1057 3105 1285 1078 
Bulls 2386 334 243 571 216 304 512 206 
Dairy cows 67 9 10 30 0 4 6 8 

Hinds 4016 6 588 993 1647 178 418 186 
Fawns 1988 4 345 744 534 53 193 115 
Stags 1999 12 545 844 154 121 142 181 

Stock Numbers by 
breed 

Merino 915066 70184 130840 186037 175988 225369 126648 0 
Merino 1f2 breed 706074 10248 90157 78576 76394 245046 59710 145943 
Other sheep 367445 2938 75013 19403 56907 103001 67513 42670 

Hereford 68435 5389 2173 12768 5011 17253 16663 9178 
Angus 17597 5506 4789 3779 796 1252 537 938 
Hereford-Angus 19191 10896 2016 2424 146 2295 309 1105 
Other cattle 4049 9 1066 33 993 1538 395 15 

Red Deer 7541 22 1445 2541 2335 352 364 5 
Fallow Deer 462 0 33 40 0 0 389 0 
Other Deer 0 0 0 0 0 0 0 0 

NB - missing data on one property 
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Appendix 2 : The 'average' high country run 

65/67 71/73 76/78 81/82 

AREA 
Total property area 11 ,300 11 ,318 10,956 

STOCK NUMBERS 
Sheep 5,466 5,933 6,304 7,923 
Cattle 192 383 438 437 
Deer 0 0 8 32 

STOCK UNITS 
Sheep 4,188 4,609 4,947 6,221 
Cattle 990 1,941 2,202 2,170 
Deer 0 0 16 63 
Total 5,178 6,549 7,164 8,429 

NATURAL INCREASE 
Lambing(%) 78.6 84.3 85.2 92.0 
Calving(%) 82.5 81.4 81 .6 84.7 
Fawning(%) 84.1 * 

STOCK NET OUTPUT* * 
Sheep 22.8 33.2 30.5 29.7 
Cattle 29.6 25.6 39.1 32.6 
Deer -4.1 * 

WOOL 
Total (kg) 21 ,301 22,684 23,603 28,986 

Per sheep wintered (kg) 3.8 3.7 3.7 
Per sheep shorn (kg) 3.9 4.0 

FERTILISER 
Maintenance (t/1000 s.u.) 10.4 11 .3 12.6 
Development (t/1000 s.u.) 4.4 3.2 8.7 
Total (t/1000 s.u.) 14.8 14.5 21 .3 
Total (tonnes) 97 104 179 

WINTERFEED 
Fodder (tonnes) 124 219 228 242 
Grain (tonnes) 3 15 13 23 
Greenfeed (ha) 10 4 7 11 
Brassicas {ha) 14 15 13 14 

LABOUR 
Man years 2.7 3.4 
S.u./man year 2,771 2,634 

. Few runs only. 
Number sold less number purchased/total flock/herd. (This is a measure of efficiency of 
farm ing system-deer herds with a negative sign are increasing numbers greater than 
sales). 
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The 'average' Marlborough 'Moist' run 

65/67 71/73 76/78 81/82 

AREA 
Total property area 28,710 28,938 24,548 

STOCK NUMBERS 
Sheep 4,433 4,506 4,150 5,211 
Cattle 792 1,367 1,657 1,363 
Deer 0 0 0 1 

STOCK UNITS 
Sheep 3,332 3,386 3,153 3,928 
Cattle 3,859 6,559 8,016 6,596 
Deer 0 0 0 3 
Total 7, 191 9,945 11 , 169 10,527 

NATURAL INCREASE 
Lambing(%) 81 .7 91 .5 84.1 85.8 
Calving(%) 88.7 84.5 83.2 86.2 
Fawning(%) 0 83.3 * 

STOCK NET OUTPUT 
Sheep 20.9 32.3 21.7 15.1 
Cattle 26.0 21 .8 26.5 29.0 
Deer 18.2* 

WOOL 
Total (kg) 20,345 19,863 19,348 22, 109 

Per sheep wintered (kg) 4.4 4.7 4.2 
Per sheep shorn (kg) 4.6 4.5 

FERTILISER 
Maintenance (t/1000 s.u.) 16.4 16.5 10.7 
Development (t/1000 s.u.) 3.9 3.8 6.3 
Total (t/1000 s.u .) 22.3 20.3 17.0 
Total (tonnes) 222 226 

WINTERFEED 
Fodder (tonnes) 81 119 129 100 
Grain (tonnes) 1 2 7 0 
Greenfeed (ha) 7 1 1 2 
Brassicas (ha) 3 4 1 1 

LABOUR 
Man years 3.6 3.4 
S.u./man year 2,815 2,807 
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The 'average ' Canterbury 'Moist ' run 

65/67 71/73 76/78 81/82 

AREA 
Total property area 8,080 8,316 8,039 

STOCK NUMBERS 
Sheep 5,601 6,068 6,266 7,220 
Cattle 104 248 284 245 
Deer 0 0 8 36 

STOCK UNITS 
Sheep 4,297 4,709 4,901 5,685 
Cattle 539 1,273 1,416 1,222 
Deer 0 0 14 72 
Total 4,836 5,982 6,331 6,979 

NATURAL INCREASE 
Lambing(%) 82.9 85.9 86.1 89.1 
Calving(%) 86.8 82.8 84.6 86.5 
Fawning(%) 79.7* 

STOCK NET OUTPUT 
Sheep 26.8 34.2 33.8 32.1 
Cattle 28.2 29.2 42.8 33.2 
Deer 10.8 * 

WOOL 
Total (kg) 21 ,876 22,842 23,021 25,873 

Per sheep wintered (kg) 3.8 3.7 3.6 
Per sheep shorn (kg) 3.9 3.7 

FERTILISER 
Maintenance (t/1000 s.u.) 11 .5 10.2 11 .1 
Development (t/1000 s.u .) 4.5 1.5 5.3 
Total (t/1000 s.u.) 16.0 11 .7 16.4 
Total (tonnes) 96 74 114 

WINTERFEED 
Fodder (tonnes) 159 262 226 324 
Grain (tonnes) 4 32 16 69 
Greenfeed (ha) 11 7 7 15 
Brassicas (ha) 17 19 17 17 

LABOUR 
Man years 2.6 3.1 
S.u./man year 2,478 2,359 
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The 'average' Canterbury 'Wet' run 

65/67 71/73 76/78 81/82 

AREA 
Total property area 19,743 19,315 18,890 

STOCK NUMBERS 
Sheep 7, 113 7,083 7,569 8,607 
Cattle 266 461 546 576 
Deer 0 0 31 78 

STOCK UNITS 
Sheep 5,387 5,394 5,747 6,582 
Cattle 1,406 2,389 2,812 2,919 
Deer 0 0 61 153 
Total 6,793 7,783 8,620 9,655 

NATURAL INCREASE 
Lambing(%) 70.5 74.8 73.7 73.6 
Calving(%) 78.3 79.3 78.6 83.2 
Fawning(%) 88.0 * 

STOCK NET OUTPUT 
Sheep 14.9 19.9 15.5 12.6 
Cattle 33.8 31 .8 38.1 36.2 
Deer 9.4* 

WOOL 
Total (kg) 25,272 24,557 26,326 29,454 

Per sheep wintered (kg) 0 3.5 3.5 3.4 
Per sheep shorn (kg) 3.6 3.6 

FERTILISER 
Maintenance (t/1000 s.u.) 6.0 7.8 8.9 
Development (t/1000 s.u.) 2.6 1.6 5.2 
Total (t/1000 s.u.) 8.6 9.4 14.1 
Total (tonnes) 67 81 136 

WINTERFEED 
Fodder (tonnes) 108 214 241 267 
Grain (tonnes) 2 8 9 17 
Greenfeed (ha) 13 2 4 16 
Brassicas (ha) 14 16 15 19 

LABOUR 
Man years 3.2 3.9 
S.u./man year 2,819 2,544 
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The 'average' Otago 'Dry' run 

65/67 71 /73 76/78 81/82 

AREA 
Total property area 7,515 7,575 7,862 

STOCK NUMBERS 
Sheep 5,034 5,779 6,221 7,930 
Cattle 88 186 197 183 
Deer 0 0 5 60 

STOCK UNITS 
Sheep 3,920 4,567 5,034 6,370 
Cattle 450 927 955 878 
Deer 0 0 9 117 
Total 4,370 5,494 5,997 7,424 

NATURAL INCREASE 
Lambing(%) 85.4 91 .1 89.5 98.9 
Calving(%) 83.2 85.1 88.8 89.7 
Fawning(%) 81.7* 

STOCK NET OUTPUT 
Sheep 32.6 40.9 43.5 45.3 
Cattle 21.3 19.6 48.6 35.0 
Deer -34.3* 

WOOL 
Total (kg) 21 ,755 24,698 26,010 33, 111 

Per sheep wintered (kg) 4.3 4.2 4.2 
Per sheep shorn (kg) 4.3 4.3 

FERTILISER 
Maintenance (t/1000 s.u.) 7.0 10.0 16.4 
Development (t/1000 s.u.) 5.0 4.4 11.2 
Total (U1000 s.u.) 12.0 14.4 27.6 
Total (tonnes) 65 86 200 

WINTERFEED 
Fodder (tonnes) 147 277 259 283 
Grain (tonnes) 2 11 16 12 
Greenfeed (ha) 7 7 12 16 
Brassicas (ha) 7 8 4 11 

LABOUR 
Man years 2.8 4.0 
S.u./man year 2,346 2,006 
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The 'average' Otago 'Moist' run 

65/67 71/73 76178 81/82 

AREA 
Total property area 6,296 6,511 6,251 

STOCK NUMBERS 
Sheep 4,607 5,272 5,600 7,258 
Cattle 82 228 258 283 
Deer 0 0 2 4 

STOCK UNITS 
Sheep 3,516 4,118 4,426 5,752 
Cattle 431 1, 163 1,311 1,386 
Deer 0 0 3 9 
Total 3,947 5,280 5,740 7, 147 

NATURAL INCREASE 
Lambing(%) 82.4 87.1 87.2 98.5 
Calving(%) 82.0 83.7 80.6 86.0 
Fawning(%) 83.3* 

STOCK NET OUTPUT 
Sheep 24.8 33.2 35.1 34.4 
Cattle 34.7 19.4 48.9 31 .3 
Deer 20.0 * 

WOOL 
Total (kg) 18,040 20, 181 20,409 26,562 

Per sheep wintered (kg) 3.8 3.6 3.7 
Per sheep shorn (kg) 3.9 4.1 

FERTILISER 
Maintenance (t/1000 s.u.) 11.4 11.8 13.5 
Development (t/1000 s.u.) 3.8 3.6 10.4 
Total (t/1000 s.u.) 15.2 15.4 23.9 
Total (tonnes) 80 88 171 

WINTERFEED 
Fodder (tonnes) 88 165 198 176 
Grain (tonnes) 3 15 10 13 
Greenfeed (ha) 7 3 7 7 
Brassicas (ha) 15 18 12 9 

LABOUR 
Man years 2.2 2.8 
S.u./man year 2,838 2,815 
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The 'average' Otago 'Wet' run 

65/67 71/73 76/78 81/82 

AREA 
Total property area 15, 105 14,790 13,981 

STOCK NUMBERS 
Sheep 5,407 5,258 6,349 8,462 
Cattle 285 532 568 597 
Deer 0 0 6 25 

STOCK UNITS 
Sheep 4, 141 4,076 4,936 6,551 
Cattle 1,470 2,807 2,941 3,052 
Deer 0 0 12 49 
Total 5,611 6,882 7,889 9,652 

NATURAL INCREASE 
Lambing(%) 67.6 77.8 86.3 88.1 
Calving(%) 81 .1 75.7 78.2 84.2 
Fawning(%) 80.4* 

STOCK NET OUTPUT 
Sheep 13.9 23.9 21.5 20.1 
Cattle 28.9 29.0 40.6 30.6 
Deer -3.7* 

WOOL 
Total (kg) 19,958 20,452 22,578 29,777 

Per sheep wintered (kg) 3.8 3.6 3.5 
Per sheep shorn (kg) 3.7 4.0 

FERTILISER 
Maintenance (t/1000 s.u .) 10.2 11 .6 8.5 
Development (t/1000 s.u .) 4.3 3.5 10.2 
Total (t/1000 s.u.) 14.5 15.1 18.7 
Total (tonnes) 100 119 180 

WINTERFEED 
Fodder (tonnes) 128 191 226 243 
Grain (tonnes) 4 6 18 12 
Greenfeed (ha) 6 3 2 5 
Brassicas (ha) 6 6 9 15 

LABOUR 
Man years 2.6 3.3 
S.u./man year 3,323 2,985 
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The 'average' Southland 'Moist' run 

65/67 71/73 76178 81/82 

AREA 
Total property area 14, 146 14,017 14, 174 

STOCK NUMBERS 
Sheep 8,734 10,321 10,243 14,509 
Cattle 335 689 814 864 
Deer 0 0 20 37 

STOCK UNITS 
Sheep 6,814 8,068 8,109 11,461 
Cattle 1,788 3,533 4,123 4,322 
Deer 0 0 38 74 
Total 8,602 11,601 12,269 15,858 

NATURAL INCREASE 
Lambing(%) 73.9 79.7 81.6 90.4 
Calving(%) 79.1 82.7 83.2 79.4 
Fawning(%) 93.3* 

STOCK NET OUTPUT 
Sheep 21.1 30.8 30.2 30.7 
Cattle 32.4 21 .1 37.6 37.9 
Deer 5.2* 

WOOL 
Total (kg) 31,951 36,396 37,830 46,601 

Per sheep wintered (kg) 3.5 3.7 3.2 
Per sheep shorn (kg) 3.7 3.5 

FERTILISER 
Maintenance (t/1000 s.u.) 15.9 16.7 21.3 
Development (t/1000 s.u.) 1.4 5.1 10.0 
Total (t/1000 s.u.) 17.3 21.8 31.3 
Total (tonnes) 200 267 496 

WINTERFEED 
Fodder (tonnes) 239 416 399 376 
Grain (tonnes) 0 22 14 46 
Greenfeed (ha) 34 1 5 17 
Brassicas (ha) 44 31 43 47 

LABOUR 
Man years 3.8 4.7 
S.u./man year 3,254 3,513 
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Charge and countercharge: 
a review of the 2,4,5-T 

controversy 
C. A. Hendtlass 

Introduction 
The chemical 2,4,5-T is one of the most 

widely applied herbicides in New Zealand. 
It is extensively used in agriculture and 
forestry and is of major economic 
significance to New Zealand's economy. 
Throughout its long use, both here and 
world-wide, a number of questions about 
its safety have been raised, most notably in 
allegations that it is responsible for human 
birth defects. 

In 1970, the United States restricted the 
use of 2,4,5-T and later, in 1979, suspended 
its use on forests and rangelands as a result 
of studies of alleged 2,4,5-T related birth 
defects. Its use in New Zealand, while 
modified, has continued without such 
action being taken, local studies failing to 
show any causal link between the 
herbicide's use and human illness. Major 
criticism of the American studies, which 
led to the suspension order, have only serv
ed to fuel a debate which now seems un
likely to be resolved to anyone's satisfac
tion. 

Despite some 40 000 scientific papers 
on the subject, spanning nearly four 
decades, charges and countercharges con
tinue to be made. The main protagonists in 
this long-standing controversy are the en
vironmental movement on the one side and 
the chemical's manufacturers on the other. 
It would not be unfair to suggest that both 
have vested interests, but the debate has 
proved both contradictory and confusing 
to those most directly involved-the users 
of the herbicide. This paper is not intended 

to add to the debate but to review and 
assess the controversy, the chemical, its 
actions, uses and regulations, without the 
emotion that has so often characterized 
past discussion. 

This review is based on course work by 
post-graduate students at the Centre for 
Resource Management, University of 
Canterbury and Lincoln College. 

2,4,S-T: its actions and use 
The chemical 2,4,5-T (2,4,5-trichloro

phenoxyacetic acid) was first used in the 
United States in 1944 and has been used in 
New Zealand since the early 1950s. It is 
mainly used in New Zealand to control 
gorse and blackberry and is the most widely 
applied brushweed herbicide. A phenoxy 
herbicide, 2,4,5-T is one of a group of com
pounds which mimic the actions of a 
growth regulating substance in plants (aux
ins). Auxins control a number of diverse 
activities in plants, including shoot growth, 
root growth, apical dominance and 
phototropism. Unlike the naturally
occurring substances, phenoxy herbicides 
cause an uncontrolled growth which leads 
to distortion in the plant tissues, malforma
tion of new stems and leaves, an inability 
of the plant to absorb water and, eventual
ly, death. Although the exact mechanism 
of these actions is not known, the target 
plant, in essence, starves itself to death. 

Not all plants are equally susceptible; 
broad-leaved plants, due to the greater ease 
with which the herbicides are absorbed and 
accumulated, are the most susceptible and 
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include most weeds, shrubs and hor
ticultural crops (such as vines, fruit trees 
and berries). Narrow-leaved plants, among 
them grasses (including grain crops) and 
conifers, are mdre resistant. A related her
bicide, 2,4-D (2,4-dichlorophenoxyacetic 
acid), is rapidly metabolized by woody 
plants which usually localizes the damage, 
defoliating but not necessarily killing 
the plant. Both 2,4,5-T and 2,4-D, 
sometimes mixed together in overseas 
commercial products, have other biological 
properties apart from herbicidal. At low 
application rates they can induce rooting 
and control the growth of citrus fruits and 
delay the pre-harvest dropping of some 
fruits. Their general form is not unknown 
in nature, as for example a flightless 
·grasshopper has been discovered to secrete 
a 2,4-D related substance as part of its 
defence mechanism. 

Much of the debate surrounding 2,4,5-T 
concerns the presence of a contaminant, 
called TCDD (2,3, 7 ,8-tetrachlorodibenzo
p-dioxin) or simply dioxin*, produced as 
an unavoidable byproduct in 2,4,5-T 
manufacture. This substance has been pro
ved to be acutely toxic, though changes in 
the 2,4,5-T manufacturing process have 
reduced the dioxin contaminant level con
siderably over the past 40 years. (The 
manufacture of 2,4-D utilizes a different 
process with different starting materials. 
The final product does not contain dioxin). 
The relative toxicity of dioxin is regularly 
emphasised by both environmental groups 
and manufacturers. The latter frequently 
stress that dioxin is some 30 000 times less 
toxic than the naturally occurring botulinus 
toxin (commonly found in badly preserved 
food), which the environmental lobbyists 
point out is not purposely released into the 
environment as is dioxin (through the 
application of 2,4,5-T). Whatever inter
pretation is given, the fact remains that 
dioxin is an extremely toxic substance 
unavoidably present in 2,4,5-T (Table 1). 

•There are in fact many dioxins, of which TCDD is 
the most toxic. 

84 

TABLE I: Order of acute toxicity tor 
dioxin and other selected substances 

Substance Order of toxicity 

Sodium cyanide 
Strychnine 
Dioxin 
Diptheria toxin 
Tetanus toxin 
Botulinus toxin 

1 
50 

10 000 
33 000 

100 000 
333 000 000 

Source: ref. 1. 

The current New Zealand use of 2,4,5-T 
is about 500 tonnes per year (Table 2). The 
majority is used in agriculture for the con
trol of weeds, but it is also used in forestry 
to kill unwanted shrubs, to clear land for 
planting and for weed control along road 
sides, in ditches and in parks. 

The parent acid of 2,4,5-T is a solid only 
slightly soluble in water and oil. In New 
Zealand, 2,4,5-T is normally formulated as 
an oil soluble ester by the addition of 
alcohol, allowing it to be applied as oil 
solutions or as emulsions with water. It is 
mixed with other ingredients (such as 
thickening, sticking and wetting agents) to 
give a material which can be easily sprayed 
and is able to penetrate the surface of 
plants. All 2,4,5-T formulations sold in 
New Zealand are based on a technical acid 
produced by Ivon Watkins-Dow Ltd. in 
New Plymouth . . The main methods of 
application are by foliage or basal spraying 
using aerial, boom or hand-operated 
equipment. All aerial applicators in New 
Zealand must pass an examination in the 
use and safety precautions of pesticides and 
gain an appropriate licence. Whilst there 
are no such restrictions on ground 
applicators, a voluntary registration 
scheme is operated under the supervision of 
the Pesticides Board. 

Aerial spraying, now usually by 
helicopter and spray boom, has received 
the greatest criticism. Whilst it is obviously 
preferable for covering large areas or dif
ficult terrain, it is also the least controllable 
method of application insofar as <;letermin
ing where the spray ends up. Instances of 



spray drift onto desirable crops or into 
water supplies have occurred. Guidelines 
exist to minimize these effects but due to a 
variety of factors, both operational and 
technical, these are not always im
plemented. 

Without doubt, 2,4,5-T is an extremely 
useful chemical and one for which no clear 
alternative exists. Whilst there are other 
phenoxy herbicides similar in action to 
2,4,5-T and 2,4-D none are as effective 
against the same plants nor, more 
importantly for the user, as economical. 

Non-chemical methods of weed control 
are available but they are not always as 
effective or cheap in all terrains (Table 3). 
On flat gorse-and-broom-covered country 
mechanical clearing is usually cheaper than 
chemical spraying for forestry planting and 
is sometimes cheaper for pasture establish
ment , but it is on steep hill country where 
2,4,5-T remains the most effective method 

TABLE 2: 2,4,5-T use in New Zealand 

of weed control. It is unlikely that signifi
cant portions of the presently productive· 
hill country formerly in gorse and broom 
could have been developed without the use 
of 2,4,5-T. 

The effect of 2,4,5-T use on human and 
animal health. 

Problems in analysis 
Although phenoxy herbicides are some 

of the most studied of all herbicides, exten
sive research, particularly on 2,4,5-T, has 
failed to yield reproducible data on their 
harmful effects in humans. Among all the 
reports some studies do stand out, not so 
much for their scientific objectivity but 
their notoriety. It was one of these (the so
called Alsea II report (3)) that led to the 
suspension for most uses of 2,4,5-T in the 
United States. Since the suspension order, 
given in 1979, and previous restrictions an-

User 
Tonnes used 
(approximate) 

Percentage 
of total use 

Dioxin content* 
(grams) 

Agriculture 
Forestry 
Local bodies 

425 
50 
25 

500 

85 
10 
5 

100 

4.25 
0.50 
0.25 

5.00 

*Based on current dioxin levels of 0.01 parts per million (the maximum permitted level). 

Source: based on information from 
Ivon Watkins-Dow Ltd., 

pers. comm. 1984. 

TABLE 3: Cost comparison ratios for selected methods of controlling dense 
gorse on hill country* 

Preparation Method 

2,4,5-T formulations 
Burning and vee-blading 
Gravity rolling and burning 
Hand felling and burning 
Hand live cutting 

*Data is based on forestry use of 2,4,5-T 

Low 

1.00 
1.02 
1.58 
3.37 
4.69 

Cost Ratio 
High 

1.00 
1.06 
2.18 
5.21 
5.49 

Source: adapted from ref. 2. 
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nounced in 1970, the flood of data, suspi
cion and speculation has increased, com
pounded by contradictory findings from an 
industrial explosion involving dioxin and 
from Vietnam where large quantities of 
2,4,5-T and 2,4-D were sprayed as part of 
the American military campaign. At the 
core, the basic question remains-does 
2,4,5-T have a provable ill effect on the 
health of humans and animals? 

The balance of scientific opinion, 
generally those reports which have not 
achieved notoriety, suggest that 2,4,5-T, if 
used with care and safety, presents no long
term health hazard. 

Why then should so much research prove 
so inconclusive? Problems in assessing the 
available information generally stem from 
·differences of methodology and the 
likelihood that, in at least some instances, 
researchers have misinterpreted or 
manipulated data according to preconceiv
ed ideas (this was a major criticism of the 
Alsea II report (4)). This criticism can pro
bably be placed equally on all sides of the 
debate. Also, fundamental problems have 
arisen owing to: 
(i) a lack of standardization in both test 

procedures and interpretations, in
cluding the rate, administration and 
formulation of dosages given to test 
animals, the varying susceptibility of 
animal species and the dietry and en
vironmental conditions of test animals. 
Especially important is the level of 
dioxin contained in the 2,4,5-T doses 
which has, at times, greatly exceeded 
that found in commercial formulations 
(early tests, for example, were con
ducted with a dioxin level of 30 parts 
per million (ppm) compared to the cur
rent New Zealand content of 0.01 
ppm); 

(ii) the inability of researchers to duplicate 
some laboratory results in the field or 
to find conclusive evidence of health 
damage attributable to 2,4,5-T applied 
at normal agricultural rates (for exam
ple, out of 13 000 samples of milk and 
12 000 samples of meat, produce of 
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land treated with 2,4,5-T, only three 
samples were found to have traces of 
the herbicide (5)); 

(iii) sensationalism and emotive reporting 
adopted by some protagonists, quite 
frequently in the media (see, for exam
ple, refs. 4, 6 and 7); 

(iv) the difficulty of determining just what 
effects are detectable in test animals 
and how far these effects can be 
extrapolated in assessing human risk. 

For both ethical and logistic reasons, 
humans cannot be used in experiments in
volving 2,4,5-T and thus examining the 
detectable effects produced in convenient 
species of animals is the best that can be 
done. Retrospective data analysis of 
accidental or deliberate human exposure is 
not necessarily objective nor, in the two in
stances so assessed, was the data fully 
available. 

An example of accidental human ex
posure to dioxin was the Italian Seveso 
chemical plant explosion in which what 
data was available was used by various 
groups to support contradictory conclu
sions. The explosion, which occurred in 
1976, released an unknown quantity of 
dioxin (estimated to be about 2 kilograms) 
and other chemicals over a population area 
of some 400 hectares. There were almost 
immediate effects on the local population 
involving breathing difficulties, headaches, 
nausea and skin irritation. Later, a number 
of cases of chloracne (a skin disease with 
disfiguring sores) were reported and over 
the first few days after the accident about 
1000 animals died. Chloracne cases were 
reported as occurring in approximate one 
year 'waves' for several years after the acci
dent, but as yet no human deaths have oc
cured due to the dioxin release. Two ques
tions hinder an accurate assessment of the 
incident-how much dioxin was released in 
the explosion and how much had been 
previously released in plant emissions? (8). 

Extensive studies were undertaken to 
monitor the long-term health of the 
population but they have neither proved 



nor disproved a definite link between diox
in and the birth defects subsequently 
reported. The following two statements il
lustrate the differing conclusions reached 
on the same evidence. 

'Some effects that were noted, however, 
were that the congenital malformation 
rate increased by 570% . . . between 
1976 and the first five months of 1977, 
and there was a sharp drop in the birth 
rate.' 

Friends of the Earth, 1980 (2) 

'The apparent increase of deformities in 
Seveso and surrounding districts is ex
plained by the fact that after the acci
dent local physicians were alerted to 
report all defects noted at birth. This 
was not done before the accident ... 
three years after the incident, the in
cidence of birth defects, nervous 
disorders, liver conditions and mortality 
of people exposed to TCDD dioxin is 
similar to those living in surrounding 
areas which were not contaminated.' 

Ivon Watkins-Dow Ltd., 1980 (9) 

Due to the long time period over which 
some effects might become noticeable it 
will be probably at least 20 years before the 
full consequences of the Seveso incident are 
known. 

On a larger scale was the long-term her
bicide spraying of vegetation in Vietnam 
during the war by the American military. 
The principle objectives of this operation 
were to defoliate the jungle to improve 
observation and deny the enemy cover and 
to destroy crops to deny the enemy food. 
About 1.45 million hectares, or 8.5 percent 
of the total area of South Vietnam, was 
sprayed at least once. Several herbicides 
were used during the operation from 1962 
to 1971 but the most widely sprayed was 
'Agent Orange', a 50:50 mixture of 2,4,5-T 
and 2,4-D. Since the end of the war there 
have been several investigations into the 
ecological and toxicological consequences 
of the military spraying program and, 

although no conclusive evidence was 
found, widespread reports of illnesses· 
among the local people were so consistent 
with dioxin poisoning that they could not 
be ignored (10). Thorough investigation 
was however often hampered by the conti
nuing hostilities in the affected areas. Some 
of the observed effects could certainly be 
attributed to the level of dioxin contained 
in the 2,4,5-T sprayed on Vietnam which 
averaged 2-3 ppm and ranged as high as 50 
ppm. In all, some 100-170 kg of dioxin 
contaminant was released over Vietnam 
whilst probably less than five grams are 
released into the New Zealand environment 
each year. The effects of the military pro
gram have been re-emphasized by the con
tinuing compensation claims issued by 
Vietnam veterans in the United States and 
Australia who believe their medical pro
blems (such as cancer and birth defor
mities) to be caused by exposure to the her
bicides. 

Effect on human and animal health 
There are five major factors involved in 

assessing the risks of 2,4,5-T to human and 
animal health (2, 6, 11-15): toxicity 
(poisonous nature), teratogenicity (tend
ency to cause foetal malformation), 
carcinogenicity (tendency to cause cancer), 
mutagenicity (tendency to cause genetic 
changes) and environmental fate and the 
possibility of accumulation. 

Toxicity 
The toxicity of herbicides can be either 

acute or chronic. Acute toxicity is the rapid 
response to a few large doses over a short 
period of time, whereas chronic toxicity is 
the accumulation of effects resulting from 
exposure over a long period. 2,4,5-T in 
itself is regarded as being a chemical of 
only moderate toxicity and it would seem 
that the current low level of dioxin in 
2,4,5-T does not significantly affect the 
herbicide's toxicity. Dioxin by itself is, 
however, extremely toxic being between 
5 000 and 500 000 times more toxic than 
2,4,5-T (depending on the species of animal 
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TABLE 4: Lethality of 2,4-D, dioxin and 
2,4,5-T in test rats• 

Compound' 

2,4-D 
Dioxin 
2,4,5-T 

Lethality 
(oral dosage, 

mg/kg body weight) 

666 
0.03 

300 
*based on the LD50 value, the dosage which is 
lethal to 50% of an exposed population; the 
smaller the number, the greater the toxicity. 

Source: ref. 13. 

tested). The relative lethality of 2,4,5-T, 
dioxin and 2,4-D to rats is shown in Table 
4. 

In view of the low dioxin content in 
2,4,5-T (0.01 ppm) to obtain a lethal dose 
of dioxin a person would need to consume 
2 000 or more lethal doses of 2,4,5-T. 
Whilst it is true that 2,4,5-T has caused 
human fatalities, each case has involved 
large amounts being swallowed. 2,4,5-T is 
not accumulated in the body or in food 
chains as it is readily broken down or ex
creted, is generally applied in the field in a 
dilute form and has a low skin absorption 
in man. Symptoms allegedly associated 
with excessive 2,4,5-T exposure in humans 
are irritation of the eyes, nose and throat 
following spraying and exposure to smoke 
from subsequent burning, severe headaches 
from breathing the smoke, increased in
cidence of pneumonias, colds, boils and 
bronchitis and chloracne. With the excep
tion of the last, there is as yet no evidence 
to specifically link 2,4,5-T with the symp
toms described, rather than attributing 
them to a variety of other causes, including 
inhalation of the smoke described above 
which could cause the symptoms whether 
or not the area had been sprayed. 2,4,5-T 
has also been identified as affecting the 
thymus gland in test animals, but this has 
yet to be observed in humans. 

It appears that 2,4,5-T is less toxic to 
birds than to mammals, whilst its toxicity 
to fish is highly variable. Oysters, crabs, 
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mussels and other invertebrates are not 
directly affected by phenoxy herbicides. 
Phenoxy herbicides are essentially non
toxic to insects and related organisms and 
are not significantly fungicidal or 
bactericidal at ordinary levels of exposure. 

The main concern about 2,4,5-T use 
though is not so much toxicity in the or
dinary sense, but the possibility that either 
it, or its dioxin content, may be capable of 
causing human birth defects. 

Teratogenicity 
It must be accepted that 2,4,5-T in high 

enough doses can cause malformations in 
certain species of animals, though generally 
it is considered to be a weak to low 
teratogen. Dioxin is widely accepted as a 
weak teratogen, but at high doses it is more 
likely to prove toxic. Numerous studies 
have been carried out, most commonly on 
small rodents, into the teratogenic effects 
of both 2,4,5-T and dioxin. In the first 
demonstration that 2,4,5-T could cause 
cleft palate in mice it was subsequently 
discovered that the sample preparation 
contained 30 ppm of dioxin (or 3000 times 
more than current commercial formula
tions). Small doses of dioxin, as little as 0.5 
"'g/kg body weight have been shown to 
produce malformations in the embryo or 
foetus when given during the critical period 
of pregnancy in mice. Lesser doses given 
over long periods to female mice have less 
well-defined effects on the reproduction 
and fertility of her off-spring. In three 
generation studies, mice fed dioxin 
throughout their lives showed foetal 
damage at doses of 0.1 /.'g/kg/day. 
However, the doses necessary to produce 
malformation are close to those which 
cause illness in the mother. The single dose 
of dioxin which will produce malformation 
is much larger and proves lethal to a 
significant proportion of the pregnant 
animals tested. 

In all cases of animal experimentation, 
the possibility that humans might be uni
quely susceptible to the action of dioxin 
cannot be eliminated. However, the Seveso 



accident has not yet led to anything 
unusual in either the frequency or character 
of malformations. Evidence for the 
teratogenic effects of 2,4,5-Tand dioxin on 
humans has come mainly from the 
retrospective evaluation of health statistics, 
including those from Vietnam and Alsea, 
the adequacy of which has been discussed 
earlier. 

The Alsea Basin study (3) (colloquially 
known as Alsea II) was conducted by the 
United States Environmental Protection 
Agency (EPA) in 1978 as a retrospective 
analysis in three areas of Oregon, one in 
which 2,4,5-T was used in forestry and two 
where it was not used. The results of this 
study, which implicated 2,4,5-T in miscar
riages of women living in the affected area, 
led to the emergency suspension of most 
2,4,5-T uses in the United States . Such a 
finding meant that 2,4,5-T had been found 
to be an imminent threat to human health. 
However, subsequent reviews of the Alsea 
II study report were unanimous in finding 
it deficient in terms of both methodology 
and analysis (4). In essence, all reviewers 
found that the action taken on the basis of 
the Alsea II report was unwarranted and 
the assertions of teratogenicity unfounded. 

New Zealand experience has centred 
around three 'clusters' of birth defects in 
the South Taranaki, Northland and 
Waikato areas. Each of these was in
vestigated by medical officers of the 
Department of Health but no evidence was 
found to implicate 2,4,5-T in any of the 
cases (14). Whilst it was true that there may 
have been indirect exposure to the com
pound, this in itself cannot be considered 
unusual in a country where 2,4,5-T is the 
most widely used pesticide. What must also 
be remembered is that such clusters of birth 
defects, related in space or time, do occur 
by chance. Other studies, both world-wide 
and in New Zealand, have examined the 
health of workers involved in the manufac
ture of 2,4,5-T and its application (16). 
Again, no direct and provable links could 
be made between 2,4,5-T and possible 
teratogenic effects (14). 

Carcinogenicity 
There is no firm evidence from animal 

experiments that 2,4,5-T is carcinogenic, 
although dioxin is classifiable as a car
cinogen in rats and mice. Examination of 
the health records of employees of 2,4,5-T 
manufacturers has shown no significant in
crease in cancer incidence, even from the 
early years of manufacture when the dioxin 
levels involved were relatively high. Claims 
of 2,4,5-T and dioxin being human car
cinogens are mostly based on research in 
Vietnam and Seveso, but the adequacy of 
the data is questionable in the former case 
and no significant correlations are yet 
apparent in the latter. 

Mutagenicity 
2,4,5-T has not been shown to be 

mutagenic in bacterial tester strains and, 
although it did cause alterations in the 
chromosomes of some cultured mam
malian cells, the dosage levels were suffi
ciently high for it to be questionable 
whether the results were due to direct toxic 
damage. Chromosome studies of workers 
involved in the manufacture or application 
of 2,4,5-T have not shown abnormalities. 
Dioxin, however, has been shown to have 
mutagenic effects in bacterial tester systems 
and to cause chromosomal damage in long
term dosing of rodents. No significant 
effects have been produced in mammalian 
cell systems. At most, dioxin would be 
classified as a weak mutagen. 

A summary of health hazards associated 
with 2,4,5-T and dioxin is shown in Figure 
1. 

Environmental Fate of 2,4,5-T 
Spraying 2,4,5-T over land leaves 

residues deposited on non-target plants, 
soil and surface waters. That which is 
absorbed by the target plants is largely 
decomposed, the remainder being released 
into the soil. The two important en
vironmental concerns in the use of 2,4,5-T 
are (i) the rates and processes of degrada
tion, and (ii) the possibility of residue 
accumulation. 
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Figure 1: Summary of health hazards associated with 2,4,5-T and dioxin 

I Minimal I Weak Low I Moderate I High I Very High I 

Toxicity 
I'-'~~~~~~'-"--''-"--'~~~~~~~~~~~~~~~~ ..... 

2,4,5-T breaks down quite readily in the 
environment and its half-life (the time re
quired for half the concentration to 
disperse) at normal rates of application 
ranges from about two weeks to four 
months depending on the temperature, 
moisture content of the soil, nature of the 
vegetation and microbial activity. Degrada
tion of 2,4,5-T occurs through a number of 
mechanisms including microbial activity, 
photodegradation, thermal breakdown, 
soil absorption and dilution. 

Dioxin is highly susceptible to decom
position by sunlight, complete decomposi
tion generally occurring within 24 hours, a 
process which is accelerated in the presence 
of 2,4,5-T, 2,4,5-T additives and certain 
components of plants. Photodegradation is 
inhibited when dioxin is interred in the soil 
and, though replaced by limited microbial 
activity, it has a half-life of approximately 
200-340 days depending on the soil type 
and climate. Once in the soil, both 2,4,5-T 
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~Dioxin 
and dioxin are held in the upper layers and 
are not leached. Thus it is possible for 
bioaccumulation of dioxin to occur but 
there is as yet no field evidence to suggest 
that the levels ingested by animals have any 
biological significance. Studies of food 
chains do not indicate that any form of 
magnification or concentration takes place 
(3, 13, 17). 

A summary of the environmental fate of 
2,4,5-T and dioxin is shown in Figure 2. 

Regulation of 2,4,5-T use in New Zealand 
The present legislation pertaining to 

2,4,5-T in New Zealand is the Pesticides 
Act 1979 which covers the registration and 
use of pesticides in this country. This Act 
follows in general terms the scheme of the 
Agricultural Chemicals Act 1959, but was 
designed to be more responsive to en
vironmental and safety aspects of pesticide 
use. Although the 1959 Act referred to 
environmental effects, for the first time, 



Figure 2: Environmental fate of 2,4,5-T and dioxin 
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under the Pesticides Act, registration of a 
pesticide could be refused if it 'is likely, in 
the opinion of the [Pesticides] Board to 
have substantial adverse environmental ef
fects. '(18). The Pesticides Board is the 
regulatory authority set up under the provi
sions of the Act and has 12 members of 
whom only four are not representatives of 
the agricultural and horticultural industries 
(these being the nominees of the Ministers 
of Agriculture, Science, Health and En
vironment). 

The Board has as its principle functions: 
'(a) Generally, to promote the prudent, 

effective and safe use of pesticides in 
New Zealand. 

(b) To consider and determine 
applications under this Act for the 
registration of pesticides, and for the 
grant of licences ... ' (18). 

The Board also establishes regulations 
under the Agricultural Chemicals Regula
tions 1968 for the packaging and sale of 
herbicides, restrictions on application and, 
in the case of 2,4,5-T the maximum permit
ted dioxin content. 

i 
I 
I 
I 
I 
I 
I 
I 
l 

Water •---? 
aquatic life --.. • 

Under the Pesticides Act, the Board 
additionally has provision to review the 
registration of currently available 
pesticides. This has a particular 
applicability in situations where new 
discoveries cast doubt on the safety of a 
pesticide. The power to review, however, is 
distinct from the power to revoke registra
tion. In the latter case, the Board may 
revoke registration if it is satisfied that 'the 
use of a particular product is likely either to 
be materially prejudicial to the health or 
safety of humans, livestock or protected 
wildlife, or if it is likely that because of the 
nature or quantity of any ingredient of the 
pesticide it has a detrimental effect on 
produce treated with the pesticide and 
intended for human consumption.' (18). 

In 1970, the United States EPA an
nounced severe restrictions on the use of 
2,4,5-T following reports of adverse effects 
on pregnant mice treated with high doses of 
the herbicide. At this time regulation of 
pesticides in New Zealand was under the 
auspices of the Agricultural Chemicals 
Board. This board reviewed the American 
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evidence and concluded in 1971 that '[it] 
has not felt it necessary to impose restric
tion on the registered use of 2,4,5-T in this 
country.' (19). It did however, announce 
new label amentlments to ensure safe use 
and, in particular, the avoidance of con
tamination of public and domestic water 
supplies. With regard to the overseas con
troversy the board declared that 'Close 
contact will be maintained with overseas 
sources of information and regular checks 
on the dioxin levels of 2,4,5-T will be car
ried out.' (19). 

In January of 1972 the debate was 
rekindled by a letter in the New Zealand 
Medical Journal (20) which suggested that 
2,4,5-T might be associated with two birth 
deformities in the Te Awamutu area. The 
·following month the Agricultural 
Chemicals Board set up a sub-committee to 
investigate the claim and to decide if any 
further restrictions on the use 2,4,5-T were 
necessary. The sub-committee did not find 
sufficient evidence to warrant a total ban, 
but considered that a number of further 
restrictions should be applied . These were: 
(i) the maximum allowable dioxin content 

be reduced from 1 ppm to 0.1 ppm 
within 12 months; 

(ii) that sale for household use should 
cease; 

(iii) that its use as an anti-drop agent on 
apricots should cease; 

(iv) that labels should be amended to in
clude a warning to women of child
bearing age to avoid exposure to 
2,4,5-T; and 

(v) that no spraying should be carried out 
within a one mile radius of human 
habitation. (19). 

The board adopted all recommendations 
bar the last which was considered imprac
tical. Additional and more general recom
mendations were made for further in
vestigation into birth deformities and their 
possible link to 2,4,5-T use. At the time of 
the sub-committee's investigation, the 
Environmental Defense Society filed a peti 
tion with the Agricultural Chemicals Board 
requesting, in view of the safety questions 
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surrounding 2,4,5-T, either revocation of 
its registration or its re-registration. The 
board refused to revoke registration and 
decided that a renewal of registration was 
unwarranted. A subsequent action brought 
by the. Defense Society in the Supreme 
Court against this decision was turned 
down . 

Investigations by the Health Department 
into birth deformities have continued (14). 
In 1977, three clusters of birth defects were 
investigated but no link with 2,4,5-T was 
found. In 1979, the Department was in
volved in assessing the Alsea II report but, 
in common with other reviewers, found the 
evidence to be inadequate. In 1981, the 
Pesticides Board set down new guidelines 
for the use of 2,4,5-T in and near water 
bodies and in 1982 set a new maximum per
missible dioxin content of 0.01 ppm. A 
chronological summary of 2,4,5-T use and 
regulation in New Zealand is shown in 
Table 5. 

Once registered, the only method for 
controlling the use of herbicides is the 
liability for damage clause in the 1979 Act. 
This applies particularly to aerial spraying 
which is the predominant mode of applica
tion in New Zealand. Two factors make the 
aerial application of pesticides a potentially 
hazardous operation and which have led to 
litigation in the past: 

(i) the chemical hazard, whereby acciden
tal application of selective herbicides 
such as 2,4,5-T cause damage to 
susceptible but non-target plants; and 

(ii) the problem of drift, the two principle 
causes of which are convection cur
rents and wind. In the latter case, 
droplet size can have a significant 
effect on the extent of drift but the 
ideal size for plant absorption (100-150 
microns) is smaller than that for drift 
avoidance (300-400 microns). It has 
been claimed that current technology is 
capable of depositing 97 %-99 % of 
released spray within target areas (21). 

In conclusion, the current regulatory 
control over 2,4,5-T use in New · Zealand 



TABLE 5: Chronology of 2,4,5-T use and 
regulation in New Zealand, 1948 
-1982. 

1948 Trials carried out using small 
quantities of formulated 2,4,5-T. 

Early 2,4,5-T imported as an ester for-
1950s mulation from the U.S.A. and Europe 

and later as a technical ester or acid 
from which local formulations were 
derived. 

1959 Agricultural Chemicals Act passed 
forming the Agricultural Chemicals 
Board. 

1968 Ivon Watkins-Dow Ltd opens New 
Plymouth plant to manufacture 
trichlorophenol (from which 2,4,5-T is 
produced). 

1971 No restrictions imposed on 
2,4,5-T use following EPA actions in 
the U.S.A. 

1972 Agricultural Chemicals Board 
sub-committee make recommenda
tions on 2,4,5-T use leading to lower 
dioxin content (0.1 ppm), withdrawal 
for home use, withdrawal as an anti
drop agent for apricots and more str
ingent product labelling re
quirements. 

1973 Home packs of 2,4,5-T products 
withdrawn and new dioxin levels 
come into effect. 

1977 Health Department investigates 
the implication of 2,4,5-T in North 
Island birth defect clusters but finds 
no evidence. 

1979 Pesticides Act passed forming 
the Pesticides Board. Health Depart
ment rejects the Alsea II report as in
adequate and refutes allegations of 
2,4,5-T involvement in birth defects. 

1980 Monitoring of commercial 2,4,5-T 
shows dioxin content to be between 
0.01 and 0 .03 ppm. 

1981 Pesticide Board sets guidelines 
for 2,4,5-T use in and near water 
bodies. 

1982 Pesticide Board sets new max
imum permissible dioxin content of 
0.01 ppm. 

can be summed up by a quote from the 
Pesticide Board's general policy: 

'2,4,5-T can be used safely in New 
Zealand if this is done in accordance 
with label directions.' 

but they 
'do not foster its, or any other 
chemicals, use in New Zealand. ' (22). 

Summary 
In the matter of pesticides in general, 

there is always a need to weight the benefits 
of the technology against the risks that are, 
not only provable, but suspected or dif
ficult to quantify. Although these latter 
risks may be beyond scientific and 
technological definition, they may be of 
such magnitude that they cannot be dis
counted and thus must be considered in 
terms of their probability and in relation to 
the size of population being exposed. No 
proof of harm does not imply a proof of 
safety. 

The controversy surrounding the use of 
2,4,5-T is unresolved and likely to stay that 
way for some time. While indirect links 
have been suspected between its use and 
human illness there is, as yet, no irrefutable 
evidence to suggest that such a link exists. 

It is without doubt that the chemicals in
volved, particularly dioxin, are dangerous 
but this is not to say that responsible use 
and adherence to the currently accepted 
safety guidelines cannot reduce the danger 
to a minimal level. Whether or not these 
minimal levels are acceptable is still a mat
ter for debate, as are the long-term effects 
on the environment of applying large quan
tities of any chemical. 
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The economics of soil and 
water conservation plans for 

high country properties 

1962-1982 
I. G. C. Kerr and M. H. Douglas 

Introduction 
Pastoral farming in the high country of the 
South Island involves 308 properties 
carrying 2.6 million stock units on 3.3 
million hectares of predominantly Crown 
pastoral leasehold land. The impact of 
pastoralism on a naturally fragile 
environment initially resulted in high levels 
of pastoral production but eventually, as 
the tussock grasslands became modified by 
grazing and fire, production fell 
substantially as widespread depletion of 
soil and vegetation occurred. New 
knowledge and resources have reversed an 
initial rapid decline in pastoral production 
(O'Connor and Kerr, 1978). Government 
land tenure and soil conservation policies, 
which resulted from expressions of public 
concern in the 1940s, are directed towards 
sustainability of land use (O'Connor, 1980, 
1981). Soil and water conservation plans 
(SWCP), (or run plans, as they were first 
known), developed in response to the 
notion of sustainability. This paper is a 
review of their effect. 

A soil and water conservation plan is a 
comprehensive approach to soil 
conservation and water management on 
individual farm properties. Each SWCP is 
promoted and administered by a catchment 
authority and provides for financial 

incentives for approved works and for 
adjustments in management. Practices 
eligible for assistance include fencing, 
oversowing and topdressing, tree planting, 
detention dams, fire breaks, and structures 
all designed to control existing or potential 
erosion. Adjustments to land use may be 
sought through retirement from grazing of 
land unsuited to use and the plan is a 
formal mean:; of achieving this. Most plans 
involve a five-year programme of works. 
Some properties appear to need more than 
one plan. The programme and adjustments 
to management in SWCPs are usually 
registered on the property title. 

The economics of soil and water 
conservation plans for high country 
properties has been a topic of debate and 
study over recent years. The first reported 
study (Frengley, 1968, 1969) examined 
alternative financing procedures for soil 
conservation programmes using one high 
country property as a case study. This case 
study demonstrated that lump sum grants, 
when made at the beginning of a soil 
conservation programme, resulted in a 
more profitable programme, both for the 
farmer and the nation. The principle 
reason for this result was that an 
accelerated programme was more 
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profitable than a slower programme which 
relied on variable amounts of funds (from 
annual surpluses) for investment in soil 
conservation. The study also highlighted 
the benefits of loans (with a suspensory 
fraction representing the soil conservation 
grant offered) as a means of financing soil 
conservation plans. 

A second case study of another high 
country property involving land retirement 
concluded that the runholder was likely to 
bear a disproportionate cost of land 
retirement because the level of recompense 
offered for retirement was insufficient to 
offset the income thereby foregone 
(Johnson, 1970 ). Johnson suggested that 
the costs of land retirement should fall 
more firmly on the community who were 
perceived to be the principal, if not the 
only, beneficiaries of the programme. 

An evaluation of a Central Otago high 
country sheep station conservation farm 
plan (Ramsay and Divers, 1971) showed 
the plan to be very profitable to both the 
owner and the nation, and that water yield 
had been improved. 

A regional study of the economics of soil 
conservation in the downlands, hill country 
and high country of Otago (Harris, 1982) 
showed that the returns from SWCP 
programmes were less for high country 
properties than for hill and downland 
properties and the returns to the occupier 
were modest, and to the nation, low. 
However, the benefits measured in this 
study were stated not to include other 
unquantifiable benefits, many of which are 
in the field of soil and water conservation, 
and are the reason for Soil and Water 
Conservation Plans. 

A recent interim review (Kerr, 1983) 
identified only a small advantage to those 
high country farmers who had adopted soil 
and water conservation plans and a lower 
than expected return for a government 
project. The rate of return expected by the 
government from investment in new 
projects is 10% (with a lOOJo weighting for 
overseas funds) (NZ Government, 1971). 
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The benefits and costs of soil and water 
conservation plans in the high country have 
been identified and discussed by Whitby 
(1979) and Harris (1982) and are 
summarised below. 

The benefits to the nation from the soil 
and water conservation plan programme 
are considered to include: 

(a) increased productivity; 
(b) reduced erosion and stream 

sediment, enhanced water quality 
and reduced flood risk; and 

(c) alternative uses for 'retired' land. 
The costs to the nation include: capital, 

maintenance, administration and 
opportunity costs of the plan. 

This paper records and evaluates public 
expenditure on soil and water conservation 
plans in the South Island high country up 
to 1981/82 and follows publication of 
interim results of this study (Kerr, 1983). 

Policy 
The purpose of grants ("subsidies") 

available to participants in soil and water 
conservation plans were, in 1957, 'designed 
to promote soil conservation by providing, 
through catchment authorities, assistance 
to farmers willing to combat or prevent soil 
erosion or flooding' (Soil Conservation 
and Rivers Control Council, 1957). 

A comprehensive farm plan approach to 
soil conservation was initiated in 1959 
(SCRC, 1959) and formalised for pastoral 
leasehold high country in 1964 (SCRC, 
1964) when procedures were established for 
plan preparation. Briefly, these procedures 
involve a 'land inventory survey' of the 
property; identification of proposed soil 
conservation works and management 
changes; discussion between runholders, 
field officers, farm advisory officers and 
soil conservators; and submission of plan 
and grant proposals to catchment authority 
and National Water and Soil Conservation 
Authority for approval. 

The land inventory is a mapped record of 
geology, soils, slope, erosion and vegeta
tion. This and other general information 
on land use is used by soil conservators to 



make a land use capability assessment of 
units of land within the property. The 
eight-class land use capability system used 
in New Zealand was adapted from the 
United States Department of Agriculture 
classification (Klingebeil and Montgomery, 
1961) by the Soil Conservation and Rivers 
Control Council in 1952 (SCRC 1969a). Of 
the eight land use capibility classes, the first 
four comprise land suited to arable use 
with increasing limitations from Class I to 
Class IV. Class V to Class VII are unsuited 
to arable use but suitable for pastoral or 
forestry use with increasing limitations 
towards Class VII. Class VIII land is land 
with maximum limitation and is suitable 
only for protection purposes (SCRC 
1969a). 

These procedures were reviewed by the 
Soil Conservation and Rivers Control 
Council in 1967 (SCRC, 1967) to ensure 
that 'conservation programmes do not 
over-commit the resources of the runholder 
and that special grant rates frequently 
requested by catchment authorities are 
fully justified.' As a result of this review, 
the Soil Conservation and Rivers Control 
Council changed procedures to be adopted 
by catchment authorities for the prepara
tion of conservation for 'true high country 
runs'. These procedures were to be applied 
to 'runs when soil conservation measures 
are necessary in the national interest to 
combat erosion and depletion and on 
which substantial areas of Class VIII land 
should be retired, thereby requmng 
changes in run and stock management. ~ 
The recommended procedures were based 
on the principle 'that the runholder must 
not be penalised for accepting and com
pleting a run plan' (National Water and 
Soil Conservation Organisation 1968). 

These modified procedures included pro
vision for confidentiality, an economic 
evaluation, flexibility in annual program
mes, participation of relevant agencies and 
special consideration of fire, weeds and 
pests. 

The need for standardisation of land use 
capability surveys and for greater 

consultation between agencies was 
emphasised. Alternatives to retirement 
fencing, prompt payment of grant, 
estimation of costs to the farmer, and the 
regular assessment of programme results 
were to receive more attention. 

A revised format for soil and water con
servation plans was implemented by the 
Soil Conservation and Rivers Control 
Council in · 1969 with the objectives of 
facilitating greater land-owner understan
ding and co-operation and ensuring 
uniform standards of presentation of plans 
(SCRC 1969b). 

In 1973 a joint policy statement intended 
to govern the 'future use of high country 
catchments with particular reference to 
retired run country and unoccupied Crown 
Lands' (NWASCO 1973), was issued by the 
Department of Lands and Survey, New 
Zealand Forest Service and the National 
Water and Soil Conservation Organisation. 
This policy statement stated that ' the prime 
use of high catchments must be 
for erosion control and water management 
purposes and that all othe secondary uses 
must be considered relative to these 
requirements and be compatible with them' 
(NWASCO 1973). 

The statement of principles and objec
tives appended to the policy statement in
cluded clauses which required catchment 
authorities to 'intensify soil conservation 
and water management plans for leased 
high country lands', with the objective of 
retirement from grazing of 'critical' lands; 
that such land should be excluded from the 
lease by the Land Settlement Board, and 
that a vigorous noxious animal control pro
gramme by the NZ Forest Service (NZFS) 
be intensified on these lands. 

More recently there has been some 
modification in the policies of the two 
principle agencies involved. These are the 
1980 High Country Policy of the Land 
Settlement Board (further revised in 1984 as a 
second edition) (Land Settlement Board 1980, 
1984), and the revised and updated 1983 Hill 
and High Country Policy of the National 
Water and Soil Conservation Organisation 
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Table 1: Grant rates to catchment authorities 
1959 

Conservation fencing 1: 1. 
Retirement fencing 2:1 * 
Cattle-proofing 1 :1. 
Strategic firebreaks 
OSTD (on site): 

Moderate erosion 1 :2* 
Severe erosion 1: 1 * 

Alternative grazing: 
OSTD, fencing etc. 

• materials only 

(NW ASCO 1983). Presumably these policies 
were revised to be in accord with the 1979 
Government Policy Statement "Deciding the 
Future Use of High Mountain Resources" 
(NZ Government 1979) and to meet current 
administrative conditions. When retirement of 
land from pastoral use forms part of a plan 
some difficulties are being experienced in 
reconciling the policy of NW ASCO with that 
of the Land Settlement Board. This is because 
the Land Settlement Board's policy requires 
surrender of such land from the leasehold title 
whereas catchment authorities are able (if 
agreeable to the Board) to use one of four 
options (land improvement agreement, 
surrender, purchase, or notice) to achieve 
destocking. 

The amount of grant offered as an incentive 
to take up plans has varied, for the type of 
work undertaken and with changes in policy. 
Grant rates to catchment authorities from the 
Soil Conservation and Rivers Control Council 
(now incorporated in National Water and Soil 
Conservation Authority) for the principal 

1964 1968 1973 1983 
1: 1 • 2:3 1 :1 60% 
grant grant grant 70% 
1: 1 * 2:3 
1:2 1 :2 1:1 60% 

1 :2* 1 :2* 1: 1 
1: 1 • 1: 1 • 2:1 60% 

1 :1 * 1 :1. grant 70% 

works on high country plans up to 1983 are 
shown in Table 1. 

The average percentage of the grant paid 
to the catchment authority actually 
received by the farmer was in 1965: 84%, 
1970: 81 OJo, 1975: 77%, 1980: 71 OJo. 

Information has been assembled on 
actual expenditure by both the Soil 
Conservation and Rivers Control Council 
and catchment authorities on programmes 
for all 157 viable high country soil and 
water conservation plans. 

This information aggregates expenditure 
per run per year, and includes the fees re
tained by catchment authorities to cover 
administration costs. The actual expen
diture data were converted to 1982 dollars 
for comparative purposes (see Table 2). All 
properties with a soil and water conserva
tion plan were included only when a pro
gramme was significant in content. Proper
ties farmed by the Crown were not con
sidered to be formally operating plans. 

Table 2: Grants for soil and water conservation plans, South Island high country, 1962-1982 

Authority Runs Actual Terms($) 1982 Dollars($)* 
Ex To Run Ex To Run 

NWASCA NWASCA 
Marlborough 8 194,052 137,347 424,093 324,431 
North Canterbury 11 400,709 326,514 1,478,271 1,292,307 
South Canterbury 13 674,653 544,837 1,969,578 1,668,935 
Waitaki 52 1,774,950 1,345,569 4,143,390 3,130,119 
Otago 62 1,783,537 1,224,996 5,416,690 4,025,261 
Southland 11 217,413 141,291 550,259 396,491 

Total 157 5,045,321 3,720,553 14,008,575 10,837,613 

Average per run 23,798 69,029 
Service charge 26% 23% 
• 1982 dollars per MWD Construction Cost Index (CCI) 
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Of the 157 soil and water conservation 
plans operating in 1981/82 on a number of 
high country properties in the South 
Island, 30 were not included in the com
parative part of this study because their 
production records were not fully com
parable. 

Public Sector Expenditure 
Public expenditure in soil and water con

servation plans for the 157 high country 
runs for the period 1962-1982 has been 
assembled from catchment authority 
records. Funds paid to catchment 
authorities by government and funds paid 
by catchment authorities to the properties 
involved in soil and water conservation 
plans have been tabulated in actual and real 
terms (Table 2). 

The annual pattern of expenditure since 
1960 (in 1982 dollars) by NWASCA and by 
catchment authorities on grants for 
SWCPs in the South Island high country 
are illustrated in (Figure 1). 
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The fluctuation in SWCP expenditure by 
catchment authorities appears to arise from 
the nature of the assistance offered for soil 
conservation. Expenditure (e.g., conserva
tion fencing) by runholders is dependent on 
the amount of discretionary funds 
available (after other 'fixed' costs have 
been met), the amount of which is highly 
dependent on returns for wool and 
livestock (Figure 2). 

Production 
Figure 3 reflects the change in average 

number of stock units per run from 
1965/67 to 1981182 on 243 high country 
properties either 'with' or 'without' soil 
and water conservation plans. The source 
of information for this comparison is the 
Tussock Grasslands and Mountain Lands 
Institute High Country Production Surveys 
of 1965/67, 1971/73, 1976/78 and 1981/82 
(Kerr and Lefever, 1983). 

Over the period studied, those properties 
with plans increased production by 1711/o 

70 72 74 
Year 

From Government 
to Catchment Authorities 

From Catchment 
Authorities to Farmers 

76 78 80 82 

Figure 1: Public expenditure: soil and water conservation plans, South Island high country, 
1960-1982 (1982 dollars). 
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Figure 2: Gross farm income and expenditure, South Island high country, 1960-1982 

(1982 dollars). 

more than those without plans. Increased 
productivity occurred along with, but not 
necessarily because of, the adoption of soil 
conservation practices including oversow
ing and topdressing (for improvement of 
cover or for alternative grazing); fencing 
(for improved or restricted grazing or for 
land retirement); access tracking (for fire 
control); the establishment of wind breaks 
(for prevention of soil loss during cultiva
tion); reduction in burning of tussock 
grasslands; and where land retirement is in
volved, more intensive production on a 
smaller area, farmed more intensively than 
previously. 

In 1965/67 the properties without plans 
had, on average, 465 (9%) fewer stock 
units than those properties with plans. By 
1981/82 the difference was 2005 (27%) in 
favour of properties with plans. Generally, 
the properties with plans, being larger 
enterprises, produce substantially more 
wool and sale stock than the properties 
without plans. There is relatively little dif
ference in the average livestock perfor
mance (see Appendix 1). 
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The differences in inputs of fertiliser and 
winter feed in 1981/82 were minimal, but 
had previously been higher on runs with 
plans. Labour input per run and per stock 
unit for 1981/82 was substantially higher 
for properties with plans (see Appendix 1). 
There is, however, a wide range in the level 
of both output and input and in livestock 
performance among properties in each 
group. 

Up to the mid-1970s, catchment 
authorities, in an attempt to reduce the 
need for burning of tussock grasslands, en
couraged the introduction of cattle by sub
sidising cattleproof fencing. From a com
parison of the average numbers of cattle 
per run, the differences between properties 
with and without plans is not great enough 
to identify a positive influence but the 
overall objective of a policy to reduce burn
ing has met with some success (Poole et al, 
1972). 

Land retirement 
The retirement from grazing of land un

suited to pastoral use has been a policy ob-
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Figure 3: Average stock units per farm-with and without SWCP, South Island high country, 
1966-1982. 

jective of the National Water and Soil Con
servation Authority (and · its predecessors) 
since 1964 (SCRC 1964). The latest infor
mation on the results of this policy was 
assembled for the Mountain Catchments 
Committee of NWASCO (Douglas, 1976). 
The area of land that had been retired or 
was in the process of retirement up to 1976, 
together with the catchment authorities' 
1976 estimate of land unsuited to pastoral 
use (Class VIII) and yet to be retired is 
summarised in Table 3. 

The total cost of the land retirement pro
gramme completed to 1976 was approx
imately $1.7 million (actual dollars) with a 
cost per hectare of $33 and a cost per stock 
unit of $6. 

Economics 
To evaluate the soil and water conserva

tion programme in the high country as a 
whole, the benefits and costs of the added 
production from properties 'with' plans 
was compared with the added production 

Table 3: Land retirement up to 1976. South Island high country. 

Catchment Authority Area (ha) 
SWCP* Other** Remaining 

Marlborough 86,099 172,775 29,561 
North Canterbury 56, 122 712 90,487 
South Canterbury 47,974 9,777 65,575 
Waitaki 61 ,044 18,565 168,251 
Otago 87,745 411 ,905 
Southland 140,700 24,600 79,800 

Total 479,684 226,429 845,579 

retirement through soil and water conservation plan 
retirement through purchase by the Crown or by adjustments to leases. 
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Table 4: Internal rate of return(%) 

Margin 

$15.00/su: r 

{a) Farmer viewpoint 
{b) National viewpoint 

$10.00/su: 
(a) Farmer viewpoint 
(b) National viewpoint 

from properties 'without' plans. Most, but 
not all, of the benefits and costs from both 
the national and farmer viewpoint are 
directly or indirectly included in this assess
ment. 

The differences in livestock production 
between groups of properties 'with' and 
·'without' plans has been derived (and 
assessed on an annual basis) from the 
TGMLI high country production surveys 
of 1965/67, 1971/73, 1976/78 and 
1981/82. 

Cash flows of the annual benefits and 
the costs representing the farmer viewpoint 
and the national viewpoint of soil and 
water conservation plans for 1962 to 1982 
was estimated (in 1982 dollars) using: 

(a) two levels of gross margins (net of 
maintenance fertiliser, added labour 
and other variable costs) of $10.00 
and $15.00; 

(b) three levels of cost of development 
per stock unit ($75/su, $100/ su and 
$125/su); and 

(c) grants (adjusted to 1982 dollars) ac
tually paid by catchment authorities 
to farmers, and paid by government 
to catchment authorities. 

From each derived cash flow an internal 
rate of return (IRR) was calculated. The in
ternal rate of return is the rate of return 
that is being earned on funds used in a pro
ject, including recovery of initial invest
ment. 

To measure the direct economic benefits 
and costs of soil and water conservation 
plans, the value of production between all 
properties with and without plans was 
assessed. 

102 

Cost of Development (per stock unit) 
$75 $100 $125 

66 
17 

44 
12 

31 
13 

19 
9 

20 
11 

13 
7 

This assessment was made by determin
ing the annual increases in total stock units 

· for both groups over the period 1965/67 to 
1981/82. The differences in the annual in
creases enabled an annual cash flow to be 
generated by: 

(a) calculating revenue as a multiple of 
the added number of stock units and 
the gross margin (less fertiliser and 
labour costs) for a fine woolled 
breeding flock; 

(b) calculating expenditure from 
average oversowing and topdressing 
costs per stock unit and making ad
justments for payment of subsidies. 

Results 
The internal rates of return for the two 

respective gross margins and three costs of 
development are shown in Table 4. 

The results show: 
(a) a substantial advantage to the 

farmer through involvement in 
SWCP programme rather than 'go
ing it alone'; 

(b) moderate returns to the nation for 
its involvement in SWCP program
mes; 

(c) a high degree of sensitivity of 
returns (particularly to the farmer) 
to the cost of farm development. 

(d) the returns from run development 
with SWCPs are directly related to 
the returns from additional stock 
carried. 

It is apparent there are very large advan
tages to the farmer from 'low cost' 
development, even at comparatively low in
come levels. Properties with highest gross 



margins per stock unit (even after ad
justments for labour and fertiliser) are 
most likely to be in the favoured dry and 
drier edge of the moist zones in the high 
country, where stock performances are 
highest (Kerr and Lefever, 1984). It is likely 
that these properties also have the lowest 
cost of development. Conversely, for those 
properties with a gross margin even lower 
than $10/su and high development costs 
(such as a difficult 'gorge' run), the returns 
from investment in a SWCP will almost 
certainly be much less than that ex
emplified above. 

The advantages to the nation appear to 
be substantially less than those experienced 
by the farmer and they are less sensitive to 
fluctuations in revenue. 

Discussion 
The purpose of the soil and water conser

vation plan programme of NW ASCA is to 
combat soil erosion or flooding. The effect 
of SWCPs is to achieve this objective by in
ducing changes in management and land 
use through comprehensive planning of 
farm development programmes supported 
by financial incentives. 

The SWCP programme is voluntary in 
nature and over the twenty year period of 
operation had 520/o of high country proper
ties participating at varying levels of com
mitment. 

The benefits to the nation from the 
SWCP programme in the high country can 
only be estimated in terms of percentage 
added production. The anticipated benefits 
of reduced loss of soil and stream sedi
ment, enhanced water quality and reduced 
flood risk, may all exist, but the value of 
these benefits, if they exist, are not 
available except by implication from some 
research results. 

The direct cost of the SWCP programme 
up to 1982 in the high country was $14m (in 
1982 dollars), of which almost $1 lm went 
to the 157 properties participating. 

The wide fluctuations in annual public 
expenditure on SWCP's appear to be caus
ed, not by changes in government funding 

policy, but by availability of farmers' 
funds for 'local share' of plans. 

These fluctuations (which also apply to 
SWCPs) concern soil conservators plann
ing soil conservation activities . As the 
income-related incentives appear to be a 
major factor in causing these fluctuations, 
an alternative to income related grants is 
clearly desirable. 

One option is for catchment authorities 
to provide interest earning advances to 
farmers for the cost of SWCP program
mes. Repayment of advances could be 
from table mortgages (for local share) and 
grants (as presently available). In the event 
of grants not being continued by govern
ment, then a SWCP loan scheme may be 
required to finance the catchment 
authorities' whole SWCP programme. 

In this study the economic advantages of 
participation in a SWCP have been assess
ed by using cost-benefit analysis. It must be 
emphasised that only production possibly 
attributable to SWCP participation has 
been measured. No other direct or indirect 
benefits and costs were able to be 
measured. These are assumed to exist and 
are not accounted for in changes in produc
tion . Conversely, it may well be that the 
production actually attributable to SWCPs 
is significantly less than that measured, as 
there may be differences in the 
characteristics of properties 'with' and 
'without' SWCPs. It is , however, held that 
the measurements made will reasonably 
reflect the impact of SWCPs and account 
for many, if not all, of the assumed other 
direct and indirect benefits and costs . 

The results, which show a moderate 
return to the nation of SWCP program
mes, should give some comfort to policy 
makers but they should be reminded that 
this study analyses production increases 
largely as the value of the marginal pro
duct, and ignores the opportunity cost (if 
any) for other potential uses of land on a 
run. 

The successful implementation of a 
SWCP for a high country property hinges 
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on the assessment of the productive capa
city of respective segments of land within a 
property and adjustments in management 
to ensure a sustainable level of production. 
For each property, a different mix of land 
uses will be optimal, including protection 
from a particular use, or the development 
of a 'higher and better' combination of 
uses than at present. Mixes of pastoral, 
forest, conservation, arable and recreation 
require a truly flexible approach to land use 
planning. 

Probable reasons for runholders' par
ticipation in SWCP programmes involve 
combinations of available income (for sub
sidised works), knowledge (to understand 
the need for soil conservation), and in
itiative (to capitalise on benefits of 
SWCPs). It is also likely that many 
runholders with SWCPs share the advan
tages of low development costs, higher 
than average stock performance and a high 
level of managerial skill. Because of the 
differences in the economic circumstances 
facing runholders, there are obvious ine
quities in the application of the SWCP pro
gramme. Some runholders are clearly in a 
much favoured position to adopt a SWCP 
which is dependent on available cash 
surpluses to attract soil conservation 
grants. The incomplete 'coverage' of the 
high country with SWCPs can, at least in 
part, be attributed to differences in the 
economic circumstances which allow 
runholders to adopt SWCPs. Soil and 
water conservation plans have been con
sidered to be the best method for im
plementing necessary changes in high coun
try pastoral land use, but recommendations 
for more equitable provisions in SWCPs 
have not been heeded (Hayward, 1967). 

Optimal land use cannot be achieved 
through the present mode of incentives of
fered by SWCPs because the programme is 
clearly targeted to assist and confirm ex
isting uses. Furthermore, it is voluntary 
and is dependent on availability of discre
tionary farm income being available for 
prescribed works. It is possible that there 
may be substantial advantages in the adop-
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tion of more imaginative methods of plan
ning and financing SWCPs. The result may 
substantially meet government policy re
quirements for conservation, production 
and recreation in the high country and for 
the enhancement of its social, cultural and 
environmental values (New Zealand 
Government, 1979). 

It should be a matter of some concern to 
policy makers that, after 20 years of pro
motion of soil and water conservation 
plans, only half of the runs of the South 
Island high country are involved in plans. 
The concern of policymakers should arise 
from the many statements about the 
deteriorated 'condition' of the high coun
try (Buchanan, 1875; Report of Surveyor 
General to Waste Lands Committee, 1886; 
Royal Commission on land settlement and 
land tenure, 1905; Commission on Canter
bury pastoral runs, 1910; Petrie, 1912; 
Report of Royal Commission to inquire in
to the southern pastoral lands, 1920; 
Cockayne, 1919, 1921, 1922; Zotov, 1938; 
Committee of Inquiry into the maintenance 
of vegetative cover in New Zealand, 1939; 
Cumberland, 1944; 1945; Gibbs et al, 1945; 
Royal Commission to inquire and report 
on the sheep-farming industry in New 
Zealand, 1945; Kerr, 1950; Molloy, 1962, 
1969; Mark, 1965; Dunbar, 1970; Wraight, 
1974; Dick, 1978; O'Connor & Kerr, 1978; 
O'Connor, 1982). Changes in the use and 
condition of the tussock grasslands and 
mountain lands since they were first 
occupied has been the subject of excellent 
reviews by O'Connor (1980, 1981). 

Most of the foregoing statements observ
ed the damaging effects of the introduction 
of sheep, rabbits, hares, deer, thar and 
chamois into a largely ungrazed environ
ment and the debilitating effects of burning 
tussock grasslands, shrublands and forest 
margins, particularly when subsequently 
grazed intensively by introduced animals. 
A recurrent theme in these statements was a 
growing understanding of the complex pro
cess of natural erosion in the high country 
and of the impact of man on the biota of 
this region. 



Recent studies and reviews (Hayward, 
1969, 1976; Dils et al, 1977; McSaveney, 
1978; Pearce & O'Loughlin, 1978; 
Howard, 1978; O'Connor, 1976) have 
questioned the water management and 
sediment control objectives implicit in soil 
and water conservation plans for high 
country runs. 

Lynn (1981) found 930Jo erosion in the 
8.7 million hectares of the South Island he 
designated mountainland, and recorded on 
the NZ Land Resource Inventory 
worksheets (NWASCO, 1979). Wind, sheet 
and soil slip erosion amounted to over 600Jo 
and scree 220Jo. Natural and accelerated 
(where it exists) erosion is not distinguished 
in the above totals. The 'mountainland' 
area with its inherent limitations to use in
cludes virtually all the pastoral high coun
try of the South Island. 

The extent of erosion in particular 
regions of the high country is detailed in 
numerous reports: (Otago Catchment 
Board, 1966, 1967; Dunbar et al, 1966; 
Hayward, 1967; Thomson & Macarthur, 
1969; Harvey, 1971; Cuff, 1974, 1977, 
1981; Waitaki Catchment Commission, 
1978, 1982; Simpson, 1980; Bowden, 1982; 
Cathcart, 1983). These reports, together 
with detailed land inventory surveys of in
dividual high country properties (for 
SWCPs) have identified seemingly large 
areas of accelerated or manageable soil ero
sion, including areas contributing sediment 
to streams. 

To a large extent the objectives of pro
tecting soil from erosion processes, can be 
met by the maintenance of existing vegeta
tion cover, although in severely depleted 
areas, the process of deterioration may be 
irreversible without an active revegetation 
programme (Dunbar, 1970; Nordmeyer, 
1978). Natural regeneration (and the pro
bable preservation of indigenous biota) in 
the absence of grazing animals, appears to 
be appropriate in many areas to achieve the 
necessary vegetative cover to prevent soil 
erosion (Evans, 1969, 1973; Ramsay, 
1978). In areas subject to grazing, the 
regeneration or development of vegetation 

cover can be achieved by the removal of 
rabbit infestations (Newnham, 1947; Ram
say & Diver, 1971), oversowing and top
dressing; and/or the restriction of grazing, 
both in terms of the number of stock and 
the period grazed. Most SWCPs for high 
country runs endeavour to incorporate all 
of these alternatives (Ramsay, 1965; Warr
ington, 1968; Kerr, 1973). Grazing pressure 
on some low altitude runs with readily 
depleted shallow soils through increased 
stocking, some times because of retirement 
of former summer grazing land, is of con
cern (Bradfield, pers. comm.). 

The partial adoption of SWCPs 
throughout the high country and the usual 
need for several five year SWCP program
mes for individual properties needs to be 
put into the perspective of the reportedly 
extensive soil erosion existing and the land 
management adjustments being sought by 
the Crown through land tenure (Land Set
tlement Board, 1980; 1984). It is relevant to 
note that government agency policies 
should have the objectives of government 
(New Zealand Government, 1979). It ap
pears that the existing voluntary and inter
mittently applied SWCP programmes, and 
government policies on land tenure, yet to 
be fully implemented, need effective co
ordination. 

Conclusions 
At a cost of $14m (1982 dollars), the 

SWCP programme for the high country 
has resulted in moderate economic returns 
to the nation through appreciable increases 
in livestock production. Although no other 
direct or indirect costs or benefits can be 
measured, the results of this study 
reasonably represent the effect of the 
SWCP programme, provided the added 
productivity is sustainable. 

The method of providing incentives for 
SWCP soil conservation work has serious 
deficiencies in terms of equity of 
application between participating farmers 
and in terms of being highly dependent on 
fluctuating farm incomes and the farmer's 
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share of the costs. A soil and water 
conservation loan system operated by 
catchment authorities is an option which 
may overcome these deficiences where they 
apply. 

In view of the slow adoption rate of 
SWCPs, the long period of completion and 
the apparent extent of soil and water 
conservation measures required in the high 
country, a much more assertive and 
equitable SWCP programme appears 
warranted to give full effect to government 
policy. 
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Area: 
Total property 
area (ha) 

Stock Numbers: 
Sheep 
Cattle 
Deer 

Stock Units: 
Total 

Natural Increase: 
Lambing(%) 
Calving(%) 
Fawning(%) 

Wool : 
Total (kg) 
Per sheep 

Wintered (kg) 
Fertiliser: 

Maintenance (kg/su) 
Development (kg/su) 

Total (tonnes) 
Winter Feed: 

Fodder (tonnes) 
Labour: 

Total (man yrs) 
Su per man yr 

1965/67 1981 /82 
Without With Without With 

4,943 5,963 
231 159 

0 0 

4,946 5,411 

78 79 
80 81 

19,479 23,048 

3.9 3.9 

108 141 

11 ,904 

6,744 
442 

17 

7,488 

88 
85 
81 

25,142 

3.8 

14.4 
6.6 

165 

203 

3.0 
2,453 

10,508 

9,147 
437 
47 

9,493 

91 
87 
83 

33,118 

3.7 

13.6 
9.2 

216 

283 

3.8 
2.072 



The Miss E. L. Hellaby 
Indigenous Grasslands 

Research Trust 
G. T. S. Baylis 

Set up by the late Eleanor Lillywhite Hellaby in 1959, nine years before her death, the Trust 
was established with the idea of supporting new lines of agricultural research which would 
keep good scientists in New Zealand, and ultimately benefit the country. 

Concerned with the ecology, evaluation and maintenance of native grasses and grassland in 
New Zealand, the Trust has, so far, supported approximately sixty students and researchers 
by grants or scholarships, usually for terms of three years each. 

Arthur Hellaby and Gordon Cunningham 
became friends at Auckland's Northern 
Club. They shared an interest in 
agriculture-Arthur Hellaby's through ser
vice to the family firm, R. & W. Hellaby 
Ltd, and Gordon Cunningham's as a plant 
pathologist directing the DSIR's Plant 
Diseases Division. 

Arthur was the younger son of William 
Hellaby who, with his brother, established 
a firm of' 'Wholesale, Family and Shipping 
Butchers" in 1873. This business grew to 
become a limited company in 1900, even
tually to provide all the founders' children 
with substantial assets. The assets of 
Arthur's unmarried sister Eleanor 
Lillywhite Hellaby became in 1956 a topic 
of discussion between these two friends, 
when Miss Hellaby was considering the 
eventual disposal of her estate. Arthur had 
persuaded her that agriculture, as the 
source of the money, should benefit from 
it. They wanted to support some new lines 
in agricultural research which would keep 
good young scientists in New Zealand and 
ultimately benefit the country. 

Eight years later, in a letter to Leonard 
Wild, dated 1964, Arthur wrote: 

"My sister liked him (Gordon Cunn
ingham) very much and would listen to 
him with great interest for long periods, 
but Gordon always spoke of the results 
to be achieved; restocking of valuable 
pasture lands now derelict, the elimina
tion of erosion in the hill country, the 
minimising of flooding of valuable 
lowland pastures and the transfer of 
these benefits to the North Island at a 
not too distant date. It was never 
disguised that the research side would be 
long-term and it was Gordon's repeated 
stressing of valuable information: first 
gained, then lost by successive 
Agricultural Department seniors
through whim,. pressure of other in
terests, or plain money troubles, that he 
was able to impress my sister of the 
absolute vital necessity of .an indepen
dent source of money that could be 
counted on year after year without fail. 
Hence the Miss E. L. Hellaby 
Grasslands Research Trust. 
The original idea of assisting the work of 

Grasslands Division of D.S.l.R. disap
peared early from the discussions. Cunn
ingham was always critical of their success 
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in improving the performance of exotic 
grasses in lowland pastures, considering 
that it was won at the expense of neglecting 
the uplands and their native grasses, 
familiar to him from boyhood in Central 
Otago. It would be difficult to ensure that 
the injection of the· sum available-about 
fifty thousand pounds-would radically 

Eleanor Lillywhite Hellaby, 1963. 

112 

alter the policy of a Government Depart
ment. The plan that followed was to endow 
a fellowship within the University of New 
Zealand to study native grasses. But there 
were few fields in which the University's 
constituent colleges had established a 
reputation in biological research and none 
had much relevance. So there were to be 
three scientific trustees, later termed 
Governors to select the fellows and super
vise each project. 

This offer was never formally made to 
the University. I remember being told that 
discussion between the Vice-Chancellor, Dr 
Currie and Dr Cunningham raised dif
ficulties about an outside body seeking to 
intrude so purposefully upon the Univer
sity's policies of awarding all scholarships 
on academic merit and leaving the selection 
and direction of research topics unfettered. 
But there is no record of this. The only let
ter in the University's files was not sent un
til December 1957 and merely seeks to en
sure that the Trust Deed would promote 
work suitable for research degrees. 

When Dr Cunningham invited me in 
October 1956 to join him and Brian Hag
gitt, Miss Hellaby's solicitor whom he 
knew well, in the scientific administration 
of the Trust, he seemed a little disconcerted 
to find himself the chairman of an indepen
dent body rather than an advisory commit
tee for the University. But Arthur Hellaby 
was probably glad to retain full control of 
cash and policy. I was an obvious choice 
for a Governor having come from Cunn
ingham's staff to take charge of a Botany 
Department close to the main areas of 
tussock grassland. 

The business of managing the assets, 
shares with a book value of fifty-eight 
thousand, two hundred and ninety-seven 
pounds, was accepted by the Trust Depart
ment of The New Zealand Insurance Com
pany Limited (now The New Zealand 
Guardian Trust) in January 1959, with 
Arthur Hellaby as co-trustee. A self
perpetuating trio of Governors, initially 
Cunningham, Haggitt and myself, was to 
decide how the income was to be spent 



Joseph Arthur Burdett Hellaby, c.1955. 

within the limits imposed by the Trust 
Deed. 

The central idea of the Deed is to 
establish research fellowships for work in 
New Zealand on native grasses-work that 
may be presented as Ph.D. theses and may 
be of value to the primary industries. Later 
clauses give the Governors power to engage 
staff and to hire or purchase land or equip
ment when this will help the work of the 
fellows and the fulfillment of Miss 
Hellaby 's intentions. In deciding how 
much latitude this gives the ideas expressed 
by Dr Cunningham at early meetings, when 
both Miss Hellaby and Arthur were pre
sent, are important as are all later discus
sions and decisions while Arthur was a 
trustee, since he took a close interest in all 
proceedings. The quotation in paragraph 
three above from Arthur's letter to 
Leonard Wild is also important-especially 
its appreciation of broader ecological issues 
and the control of erosion. 

Cunningham's ideas are mainly set down 
in the minutes of the first meeting · 
(19/ 12/58) and restated in a memorandum 
signed and dated November 2, 1961. He 
made it clear that the Trust would need to 
concern itself with the ecology of native 
grassland in both islands as well as with the 
evaluation and management of the grasses 
themselves. Nevertheless he thought that 
only plant-based studies were appropriate 
and declined during 1961 to consider pro
posals to study soils, or the behaviour of 
hares. He realized that the first fellow 
would need to be senior and capable of 
assessing what had been done and what 
most needed doing. The precedent of 
operating at post-doctoral level would thus 
be set in the first appointment. He did not 
underestimate the difficulty of getting 
results of practical value and did not expect 
these to come from the isolated efforts of 
M.Sc. and Ph.D. students. Failing to 
foresee that in larger and better staffed 
univers1t1es, research schools would 
develop in which student work would gain 
effective continuity, he expected the Gover
nors to exercise an important co-ordinating 
function. He naturally thought that 
assistance to the farmer through the adop
tion of research findings would continue to 
come mainly from Government Depart
ments. 

His hope was that these would increas
ingly include people who had become in
terested in native grasslands as students of 
the Trust: also that young researchers 
already in appropriate employment would 
be similarly influenced through taking a 
research degree on leave as fellows of the 
Trust. He was always concerned that a 
fellowship carried no promise of a job and 
hoped that this pattern would 
predominate, preserving seniority and 
employment. So far only five fellows have 
followed it. 

Unfortunately the framing of policy was 
not to profit from the wisdom of the 
Honourable Mr Justice Haggitt. His ap
pointment to the Judiciary in 1959 was 
soon followed by his untimely death. I 
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Gordon Herlot Cunningham, c. 1955. 

gladly endorsed Gordon's suggestion that 
Dr Eric Godley, Director of the Botany 
Division of the Department of Scientific 
and Industrial Research, should take his 
place. Gordon was himself succeeded in 
1962 by Dr Leonard Wild and then in 1970 
by Sir Malcolm Burns. The Chairmanship 
passed from Cunningham to Wild and in 
1967 to me. The Chairman has always 
acted as the executive officer for the Gover
nors, authorizing the payments made by 
the Trustees whose work has passed suc
cessively from Mr. W. E. Truman to J. D. 
Ritchie and G. P. Cosgrove. 

Action by the Governors was limited by 
the need to accumulate income and by Miss 
Hellaby's dislike of publicity. But by the 
end of 1959 they were able to proceed ex
actly as Dr Cunningham had planned by 
selecting as the first fellow Dr Alan Mark a 
fully qualified botanist capable of survey
ing achievements and prospects as well as 
getting research under way. Mark was on 
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the point of leaving an unsatisfactory post 
with the Otago Catchment Board to take 
up a lectureship in Australia. At the age of 
27, with a wife and family to provide for, 
he could not be expected to give up this 
prospect for a 3-year fellowship alone. This 
difficulty was at once solved by the Vice
Chancellor of Otago University, Dr F. G. 
Soper, who arranged his appointment as 
Lecturer in Botany with leave of absence to 
take up the fellowship. In appreciation of 
this help and to ensure the continuation of 
Mark's work after the leave period had ex
pired, the Trust paid part of the University 
salary until 1971. 

Alan Mark was well equipped to serve 
both the University and the Trust. As an 
M.Sc. student at Otago he had sorted out 
the interaction of fire, grazing and climate 
in producing the pattern of grassland and 
scrub on Maungatua, just west of 
Dunedin's airport, and with the help of the 
Fulbright Scheme had gone on to take a 
Ph.D. at Duke University where his thesis 
dealt with the development of grass balds 
in the forests of the South Appalachian 
Mountains. Anyone who studies the list of 
publications, particularly those involving 
identify Mark's research students, will find 
it difficult · to imagine a more fruitful 
appointment, nor could Miss Hellaby's 
wish to prevent the emigration of promis
ing young people have been more obviously 
fulfilled. He continues to be our adviser on 
research. 

Cunningham had never promised quick 
results but he had to bear the brunt of some 
impatience. On November 2, 1961, he 
wrote ''Last week I dined with Arthur 
Hellaby. He and his sister are not too 
satisfied with matters; partly, I think, 
because being business people they expect 
immediate and somewhat spectacular 
returns. I have been advised of a list of re
quirements to bring before the next Board 
of Governors meeting. I have also written 
to him a couple of reports, one for his files 
(there is a memo dated 2/1111961) covering 
the history of the set up of the Trust, a se
cond covering work done by · Alan to 



February of this year. A third was to have 
been prepared after we had met in the 
south in December." On December 12, ac
cepting the postponement of this southern 
visit until February, he looked forward to 
Eric Godley's first meeting of the 
Board-"Have a lot of things to discuss, to 
pacify H., especially Arthur who seems to 
think that I personally talked Lillywhite in
to placing her money on a losing horse.'' 

With Gordon Cunningham ill (he died in 
July 1962) there was no southern field trip 
in February and the meeting that was to 
clear the air was held in Auckland on 30 
March 1962. Eric Godley, Arthur Hellaby 
and myself attended along with a new 

- figure Mr W. E. Truman, recently pro
moted to be District Trust Manager of the 
New Zealand Insurance Company, who 
took the office of secretary. Though he has 
for some years been General Manager for 
the whole country Bill Truman has con
tinued to come as secretary to the Gover
nors' meetings having generously promised 
Arthur to do so. The harmony that ensued 
after he came on the scene and the great 

Leonard John Wild, 1957 

gro~h of our assets show how invaluable 
his sustained interest has been. As a 
businessman involved in many Hellaby 
family investments his opinion was pro
bably more respected by them than any 
other. Governors and Fellows have always 
enjoyed his company and appreciated his 
advice. Under his management the market 
value of the assets has grown to almost two 
million dollars. 

The minutes record that Eric and I did 
our best to convince Mr Hellaby that we 
should spend part of our income on equip
ment. We agreed that there must be better 
communication, particularly in helping 
Miss Hellaby to understand what Dr Mark 
was trying to do, that we must meet more 
often (there had been a two year gap) and 
that there should be a visit to Otago. 

Cunningham saw the Trust's work begun 
as he had planned but he did not have the 
satisfaction of visiting Alan Mark's study 
sites in Central Otago. It is unfortunate 
that after the first occasion he never presid
ed over a full meeting of Governors and 
Trustees where policy could have been fur
ther discussed. Legally the Trustees have 
no responsibility for choosing the fellows 
and projects, but the Governors' concern 
to carry the Hellabys with them in all deci
sions was not just a matter of goodwill-if 
Miss Hellaby's will remained as it was their 
funds were to be augmented by the residue 
of her estate. 

It was in Gordon Cunningham that 
Arthur and his sister had placed their con
fidence and his ideas persisted strongly 
with them, particularly that the great need 
was for scholarships, the Government 
Departments and Universities being well 
enough able to provide the facilities for 
research. Their willingness to do so became 
in their eyes a good test of the soundness of 
what the Trust's Fellows were attempting. 
Nevertheless Gordon had managed to 
negotiate with Arthur the first expenditures 
on equipment, probably because the prin
cipal item was a landrover and understan
dably a tax on any University Department's 
budget. 
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The Otago meeting was in February 
1963. By then Eric Godley and I had per
suaded Dr Leonard Wild to add our chair
manship to his many offices. We wanted 
him because of his agricultural background 
but above all because he was so much in
volved with science in the Universities, 
travelling constantly between them, dealing 

Programme of first seminar - September 21-22, 
1966 

Wednesday, Sept. 21st - 367 High Street 
(opp. Grant Street) 
6.()()p.m. for 
7.00 p.m. Buffet meal. 
8.30 p.m. Dr A. F. Mark, illustrated address 

"Alpine ecology in North America and 
Europe". 

Thursday, September 22nd - Seminar Room, Botany 
Department, 441 Great King Street (just north of 
Otago Museum) 
9.00 a.m. Mr C. J. Burrows "Interactions of some 

9.45 a.m . 
alpine grasses". 
Mr K. F. Sinclair "The boundary bet
ween beech forest and short tussock. 

•••• 
Morning tea 10.30 - 11.00 a.m. 

•••• 
11.00 a.m. Miss J. A. Wells "Dendroclimatic value 

of Hall's totara on the Pisa Range". 
11.45 a.m. Professor R. T. Coupland - technical 

address. "Problems in measuring 
biological productivity of herbaceous 
communities". 

•••• 
Lunch 12.30 p.m. - 2.00 p.m. 

•••• 
2.00 p.m. Dr D. Lloyd "Population studies in 

Cotula." 
2.45 p.m. Mr P. Reay "Sulphur nutrition of 

higher plants." 
•••• 

Afternoon tea 3.30 p.m. - 4.00 p.m. 
•••• 

4.00 p.m. Dr G. T. Daly "Ordination of grassland 
and related communities in Otago". 

4.45 p.m. Dr A. F. Mark "The prospects of 
research on the indigenous grasslands" . 

•••• 
8.00 p.m. Hutton Theatre, Otago Museum. 
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Public lecture by Professor R. T. 
Coupland. 
"The Exploitation of the Canadian 
Indigenous Grasslands" . 

with research grants and fellowships and 
sitting on the committee that awarded 
scholarships for the University Grants 
Committee. His knowledge of the research 
interests of university staff and of the 
students about to embark upon research 
degrees was unique. He had a remarkable 
memory and a warm interest in the ambi
tions of young people. 

Arthur and Miss Hellaby came to this 
meeting. The following day Alan Mark 
drove us in the landrover to 4000ft on the 
Old Man Range where Miss Hellaby herself 
experienced what was to become the main 
hazard of accepting one of her 
fellowships-a speargrass stabbed her and 
drew blood! She was surprised to find 
herself the mainspring of so much activity 
and the sole support of Alan's family. As 
we entered the Hotel Alexandra at the end 
of an instructive and exhilarating day she 
summed up her feelings in a crisp 
sentence-'' Arthur, buy that young man a 
drink" . 

The Hellabys came to Dunedin again in 
September 1966 (just a year before Lilly's 
death) to attend our first seminar. Visiting 
Canadian Professor R. A. Coupland _spoke 
about the Canadian prairie where he was 
responsible for much of the International 
Biological Programme and no doubt 
played his part in assuring Miss Hellaby 
that her money was being wisely spent in 
gaining more knowledge of New Zealand's 
natural grasslands. Certainly an aside from 
Arthur showed that his doubts had been 
resolved-"! am determined," he said 
''that Lilly shall not change her will''. 

It seems appropriate to reproduce here 
the motion in the Governors' minutes that 
records Miss Hellaby's death. Dated March 
29th, 1968 it reads: 

"Miss Eleanor Lillywhite Hellaby died 
in September and this is the first annual 
meeting of the Governors and Trustees · 
to be held without her. She lived for nine 
years after making over practically the 
whole of her personally owned assets 
and income to this trust, and twice 
travelled south, in 1963 to visit snow 



tussock plots in Central Otago and last 
year to attend our first seminar. All who 
have worked for the Trust in its early 
years thus became aware of her personal 
concern for their success. The Trust 
deals with problems that are essentially 
abstruse, but Miss Hellaby was not con
tent to rely upon her tact and charm to 
give encouragement-her interest was 
energetic and perceptive. But she was 
older and frailer than we realized and 
our debt to Mrs J. A. B. Hellaby, 
without whom she could not have 
travelled, is thus substantial. 

The Trust retained the confidence of 
its founder and under the terms of her 
will its assets will eventually increase. 
But the period over which Miss Hellaby 
contributed directly to its traditions has 
ended. 

This we greatly regret, and to her 
sister, brother and sister-in-law we ex
tend our deepest sympathy." 
Joseph Arthur Burdett Hellaby died in 

April 1969 and a paragraph in the minutes 
of a meeting of the Governors on 24 March 
1970 records the help that he had given. 

''Our Trust Deed provided that Miss 
Hellaby's brother, Arthur, should be 
one of the Trustees. This was 
appropriate because the idea of 
establishing the Trust developed mainly 
from discussions between Arthur 
Hellaby and his friend Gordon Cunn
ingham, who became the first Chairman 
of this Board. It was also wise because 
Mr Hellaby's interest and urge to pro
gress never flagged. The steady rise in in
come, and in the capital value of 
holdings, reflect his concern for our 
financial welfare, but we remember him 
especially for his quick understanding of 
objectives, plans and procedures which 
must have lain far outside his previous 
experience. He was able to help in some 
way with almost any problem, he was 
always constructive and encouraging, 
and he gave friendship as well as advice. 
His strong sense of duty brought him to 
our last meeting only a few weeks before 

his death and though he was far from 
well an extended discussion of future 
policy did not seem to tire him. We 
record our great appreciation of his help 
and our sympathy for Mrs Hellaby who 
complemented his activities wherever 
she could with so much kindness and 
tact. We hope that she will still be willing 
on suitable occasions to represent the 
family's interest in the Trust." 

Mrs Hellaby did indeed do all that she 
could to maintain a direct family interest in 
the Trust. Though her health was not good 
she undertook the long journey from 
Rotorua to Dunedin or Christchurch six 
times in all, the last being to attend our 
third seminar in February 1978 within two 
months of her death. Her interest in young 
people and her concern to help them to 
realize their ambitions was a great asset on 
these occasions. 

Dr Leonard Wild passed the Chairman
ship of the Board of Governors to me in 
1967 but remained a member of our Board 
until a few months before his death in 
August 1970. He became chairman when 
the growth of confidence between the 
Governors and the Trustees was being bad
ly hampered by a dearth of young 
graduates able to develop suitable research 
programmes. He did his best to maintain 
Miss Hellaby's interest in the work that she 
had begun and it is much to his credit that 
the Trust continued to be her residual 
legatee, though the vigorous beginning 
upon the Trust's work that Alan Mark 
made and the success of the first seminar 
must have been of critical importance in 
this decision. 

The Trust now has an income of about 
$100,000 a year. Even allowing for infla
tion this is probably more than was 
originally expected. The Governors' con
sider that Miss Hellaby's basic wish was to 
stimulate the study of hill country to ensure 
its wiser use and to prevent its collapse 
upon the fertile lowlands as she had seen it 
do so disastrously in Hawkes Bay. Though 
the first call upon their funds must always 
be for Fellowships and the costs involved in 
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Fellows' projects, they are able to consider 
making other grants, not so much for 
equipment but for more personal expenses, 
like travel. 

The following•pages attempt in two ways 
to record the work that the Trust has 
assisted. There are summaries of all the 
theses submitted for research degrees by 
Fellows and there is a bibliography of all 
publications that acknowledge our 
assistance. A list of grants is not given. It 
would add only one or two more names 
because virtually every project has come to 
finality either as a successful thesis or 
published work, usually as both. So far, 
about sixty students or more senior resear
chers have received grants or scholarships, 
usually for three years. Already the leading 
group in New Zealand science-the Fellows 
of the Royal Society of New 
Zealand-includes two former fellows of 
Miss Hellaby's Trust who would have had 
to find employment abroad without that 
support at a crucial stage in their careers. 
Gordon Cunningham did after all pick a 
winner. 

Theses 1967-1983 

Submitted by Fellows of The Miss E. L. 
Hellaby 

Indigenous Grasslands Research Trust 
Aldwell, F. E. 1983: "The use of 

immunological techniques for iden
tification of vesicular-arbuscular 
mycorrhizal (Varn) fungi." (Otago). 

Bong, C. L. 1979: "Biodegration of 
sodium monofluoroacetate (Com
pound 1080)." (Canterbury). 

Brown, I. C. 1981: "Vegetation and soil 
processes in a small mountain catch
ment." (Lincoln). 

Cowlishaw, M. G. 1981: "A study of the 
epicuticular wax of Chionochloa. " 
(Lincoln). 

Crush, J. R. 1972: "Mycorrhizas in some 
native and exotic grasses." (Otago). 

Davis, M. R. 1974: "Studies on variation 
in populations of Dactylis glomerata 
L." (Lincoln). 
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Greer, D. H. 1978: "Comparative 
ecophysiology of some snow tussock 
(Chionoch/oa spp.) populations in 
Otago." (Otago). 

Kearns, N. B. F. 1981: "A conceptual 
framework for the analysis and treat
ment of insect pest problems." 
(Canterbury-Lincoln). 

Line, M. A. 1972: "Non-symbiotic 
nitrogen-fixation in some New Zealand 
tussock-grassland soils." (Otago). 

Macfarlane, M. J. 1980: "Allelopathic 
effects of white clover (Trifo/ium 
repens L.) on pasture species in high 
country environments." (Lincoln). 

Makepeace, W. 1980: ''Ecological studies 
of Hieracium pilosel/a and H. 
praealtum." (Canterbury). 

Mark A. F. 1972: "A vegetation survey of 
Mount Aspiring National Park." 
(Otago). 

Merton, J. M. 1980: "The interrelation
ships of Costelytra Zealandica (White) 
(Coleoptera: Scarabaeidae), the New 
Zealand grass grub, and its parasite, 
Proscissio cana Hutton (Diptera: 
Tachinidae).'' (Canterbury). 

Meurk, C. D. 1982: "Alpine phytoecology 
of the rainshadow mountains of Otago 
and Southland, New Zealand." 
(Otago). 

Payton, I. J. 1976: "The relationship of 
growth and flowering to nonstructural 
carbohydrate reserves in Chionoch/oa 
spp." (Otago). 

Pollock, K. M. 1979: "Aspects of the water 
relations of some alpine . species of 
Chionochloa." (Otago). 

Reay, P. F. 1967: "On the metabolism of 
sulphur in excised roots." (Canter
bury). 

Rowley, J. A. 1968: "Some physiological 
and hydrological effects of burning 
and grazing narrow-leaved snow 
tussock grassland." (Otago). 

Webb, C. J. 1975: "Breeding systems in 
Gingidia Dawson and related genera of 
the Umbelliferae." (Canterbury). 



Wells, J. A. 1968: "The ecology of 
Podocarpus ha/Iii in Central Otago." 
(Otago). 

Williams, P. A. 1970: "A study of the tall
tussock grassland vegetation-soil 
systems in the Tararua mountains of 
New Zealand." (Victoria). 

Williams, P. A. 1976: "Biomass, produc
tivity, and macro-element ecology of 
some tall-tussock (Chionoch/oa) 
species." (Lincoln). 

Publications 

1959-1983 
(These arise from research work supported 
by The Miss E. L. Hellaby Indigenous 
Grasslands Research Trust) 
Aldwell, F. E. M.; Hall, I. R.; Smith, J.M. 

B. 1983: Enzyme-linked immunosor
bent assay (Elisa) to identify en
domycorrhizal fungi. Soil Biol 
Biochem 15: 377-8. 

Baylis, G. T. S.; Wardle, P.; Mark, A. F. 
1963: Vegetation studies on Secretary 
Island, Fiordland. Part 1: General In
troduction. New Zealand Journal of 
Botany 1: 167-70. 

Baylis, G. T. S.; Mark, A. F. 1963: Vegeta
tion studies on Secretary Island, 
Fiordland. Part 4: Composition of the 
beech-podocarp forest. New Zealand 
Journal of Botany 1: 203-07. 

Baylis, G. T. S.; Wardle, P.; Mark, A. F. 
1963: Vegetation studies on Secretary 
Island, Fiordland. Part 8: Vascular 
plants recorded from Secretary Island. 
New Zealand Journal of Botany 1: 
236-42. 

Bliss, L. C.; Mark, A. F. 1974: High-alpine 
environments and primary production 
on the Rock and Pillar Range, Central 
Otago, New Zealand. New Zealand 
Journal of Botany 12: 445-83. 

Bong, C. L.; Walker, J. R. L.; Peters, J. 
A. 1980: The effect of fluoroacetate 
("Compound 1080") and fluoride 
upon duckweeds. New Zealand Jour
nal of Science 23: 179-83 . 

Burrows, C. J.; Hobbs, J. F. 1964: . 
Gynodioecy in New Zealand Gentiana. 
Nature 203: 203-204. 

Burrows, C. J. 1967: Progress in the study 
of South Island alpine vegetation. 
Proc. New Zealand Ecological Society 
14: 8-13. 

Burrows, C. J. 1977: Distribution and 
composition of plant communities con
taining Chionochloa oreophila. New 
Zealand Journal of Botany 15: 549-63. 

Burrows, C. J. 1977: Alpine grasslands and 
snow in the Arthur's Pass and Lewis 
Pass regions, South Island, New 
Zealand. New Zealand Journal of 
Botany 15: 665-86. 

Crush, J. R. 1973: The effect of 
Rhizophagus tenius mycorrhizas on 
ryegrass, cocksfoot and sweet vernal. 
New Phyto/ogist 72: 965-973 . 

Crush, J. R. 1973: Significance of en
domycorrhizas in tussock grassland in 
Otago, New Zealand. New Zealand 
Journal of Botany 11: 645-60. 

Crush, J . R. 1974: Plant growth responses 
to vesicular-arbuscular mycorrhiza. 
VII: Growth and nodulation of some 
herbage legumes. New Phytologist 73: 
743-749. 

Crush, J. R.; Pattison, A. C. 1975: 
Preliminary results on the production 
of vesicular-arbuscular mycorrhizal in
oculum by freeze drying. In ''En
domycorrhizas" (Sanders, F. E., 
Moss, B. & Tinker, P. B. Eds). 
Academic Press, London. 

Dawson, J. W.; Webb, C. J. 1978: Generic 
problems in Australasian Apioideae 
(Umbelliferae). Actes du 2eme Sym
posium International sur /es 
ombellijered (Perpignan, 1977). ''Con
tributions pluridisciplinaires a la 
Systematique" . 21-32. 

Foggo, M. N.; Meurk, C. D. 1981: Notes 
on a visit to Jacquemart Island in the 
Campbell Island group. New Zealand 
Journal of Ecology 4: 29-32. 

Greer, D. H. 1979: Effects of long-term 
preconditioning on growth and flower
ing of some snow tussock. 
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(Chionoch/oa spp.) populations in 
Otago, New Zealand. Australian Jour
nal of Botany 27: 617-30. 

Hall, I. R. : Armstrong, P. 1979: Effect of 
vesicular-arb'uscular mycorrhizas on 
growth of white clover, lotus, and 
ryegrass in some eroded soils. New 
Zealand Journal of Agricultural 
Research 22: 479-84. 

Hayman, D. S. 1978: Mycorrhizal popula
tions of sown pastures and native 
vegetation in Otago, New Zealand. 
N.Z. Journal of Agricultural Research 
21: 271-6. 

Line, M. A.; Loutit, M. W. 1971: Non
symbiotic nitrogen-fixing organisms 
from some New Zealand tussock
grasslands soils. Journal of General 
Microbiology 66: 309-318. 

Line, M.A.; Loutit, M. W. 1973: Nitrogen
fixation by mixed cultures of aerobic 
and anaerobic micro-organisms in an 
aerobic environment. Journal of 
General Microbiology 74: 179-180. 

Line, M.A.; Loutit, M. W. 1973: Studies 
on non-symbiotic nitrogen fixation in 
New Zealand tussock-grassland soils. 
New Zealand Journal of Agricultural 
Research 16: 87-94. 

Lloyd, D. G. 1972: Breeding systems in 
Cotula L. (Compositae, 
Anthemideae). I: The array of 
monoclinous and diclinous systems. 
New Phytologist 71: 1181-1194. 

Lloyd, D. G. 1972: Breeding systems in 
Co tu/a L. (Compositae, 
Anthemideae). II: Monoecious popula
tions. New Phyto/ogist 71: 1195-1202. 

Lloyd, D. G. 1972: A revision of the New 
Zealand, Subantarctic, and South 
American species of Cotula, Section 
Leptinella. New Zealand Journal of 
Botany 10: 277-372. 

Lloyd, D. G. 1973: Sex ratios in sexually 
dimorphic Umbelliferae. Heredity 31: 
239-249. 

Lloyd, D. G. 1975: Breeding systems in 
Cotula. III: Dioecious populations . 
New Phytologist 74: 109-123 . 

Lloyd, D. G. 1975: Breeding systems in 
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Cotula. IV: Reversion from dioecy to 
monoecy. New Phytologist 74: 
125-145. 

Lloyd, D. G.; Webb, C. J. 1977: Secon
dary sex characters in plants. The 
Botanical Review 43: 177-216. 

Lloyd, D. G.; Webb, C.J.; Primack, R. B. 
1980: Sexual strategies in plants. II: 
Data on the temporal regulation of 
maternal investment. New Phytologist 
86: 81-92. 

MacFarlane, M. J.; Scott, D.; Jarvis, P. 
1982: Allelopathic effects of white 
clover. 1: Germination and chemical 
bioassay. New Zealand Journal of 
Agricultural Research 25: 503-510. 

MacFarlane, M. J .; Scott, D.; Jarvis, P 
, 1982: Allelopathic effects of white 

clover. 2: Field investigations in 
tussock grasslands. New Zealand Jour
nal of Agricultural Research 25: 
511-518. 

Makepeace, W. 1981: Polymorphism and 
the chromosomal number of 
Hieracium pilosella L. in New 
Zealand. New Zealand Journal of 
Botany I 9: 255-257. 

Mark, A. F. 1962: Zonation of vegetation 
and climate on the Old Man Range, 
Central · Otago. Otago University 
Science Record 12: 5-8. 

Mark, A. F. 1963: Vegetation studies on 
Secretary Island, Fiordland. Part 3: 
The altitudinal gradient in forest com
position, structure and regeneration. 
New Zealand Journal of Botany I: 
188-202. 

Mark, A. F.; Baylis, G. T. S 19()3: Vegeta
tion studies on Secretary Island, 
Fiordlarid. Part 6: The subalpine 
vegetation. New Zealand Journal of 
Botany 1: 215-20. 

Mark, A. F.; Scott, G. A. M.; Sanderson, 
F. E.; James, P. W. 1964: Forest suc
cession on landslides above Lake 
Thomson, Fiordland. New Zealand 
Journal of Botany 2: 60-89. 

Mark, A. F. 1965: The environment and 
growth rate of narrow-leaved snow 
tussock, Chionochloa rigida, in Otago. 



New Zealand Journal of Botany 3: 
73-103. 

Mark, A. F. 1965: Flowering, seeding, and 
seedling establishment of narrow
leaved snow tussock, Chionoch/oa 
rigida. New Zealand Journal of Botany 
3: 180-193. 

Mark, A. F. 1965: Effects of management 
practices on narrow-leaved snow 
tussock, Chionochloa rigida. New 
Zealand Journal of Botany 3: 300-319. 

Mark, A. F. 1965: Ecotypic differentiation 
in Otago populations of narrow-leaved 
snow tussock Chionochloa rigida. New 
Zealand Journal of Botany 3: 277-299. 

Mark, A. F. 1965: Central Otago: Vegeta
tion and mountain climate. New 
Zealand Geographical Society (Special 
Publication) Miscellaneous Series 
No.5. 

Mark, A. F. 1965: Flowering Behaviour of 
a New Zealand mountain grass. Natur
wissenschaften 52: 167. 

Mark, A. F. 1966: The narrow-leaved snow 
tussock. Tussock Grasslands and 
Mountain Lands Institute Review JO: 
1-13. 

Mark, A. F.; Burrell, J. 1966: Vegetation 
studies on the Humboldt mountains 
Fiordland. Part 1: The alpine tussock 
grasslands. Proc. New Zealand 
Ecological Society 13: 12-18. 

Mark, A. F . 1967: What do we know about 
snow tussock? Soil & Water (Dec. 
1967). 

Mark, A. F. 1968: Factors controlling 
irregular flowering in four alpine 
species of Chionochloa. Proc. New 
Zealand Ecological Society 15: 55-60. 

Mark, A. F. 1969: Ecology of snow 
tussocks in the mountain grasslands of 
New Zealand. Vegetatio 18: 289-306. 

Mark, A. F.; Rowley, J. 1969: 
Hydrological effects in the first two 
years following modification of snow 
tussock grassland. Lincoln Papers in 
Water Resources 8: 188-202. 

Mark, A. F. 1970: Floral initiation and 
development in New Zealand alpine 

plants . New Zealand Journal of 
Botany 8: 67-75. 

Mark, A. F.; Bliss, L. B. 1970: The high
alpine vegetation of Central Otago, 
New Zealand. New Zealand Journal of 
Botany 8: 381-451 . 

Mark, A. F.; Crush, J. R.; Meurk, C. D. 
1972: Applied ecological studies of 
shoreline vegetation at Lakes 
Manapouri and Te Anau, Fiordland. 
Part 3: Vegetation of the Lake Te 
Anau shoreline. Proc. New Zealand 
Ecological Society 19: 143-154. 

Mark, A. F.; Rowley, J. 1976: Water yield 
of low-alpine snow tussock grassland 
in Central Otago. New Zealand Jour
nal of Hydrology 15: 59-79. 

Mark, A. F. 1975: Photosynthesis and dark 
respiration in three alpine snow 
tussocks (Chionochloa spp.) under 
controlled environments . New Zealand 
Journal of Botany 13: 93-122. 

Mark, A. F. 1977: Vegetation of Mt Aspir
ing National Park . New Zealand 
National Parks Authority Sci. Ser. No. 
2 79. 

Mark, A. F.; Holdsworth, D. K. 1979: 
Yield and macronutrient content of 
water in relation to plant cover from 
the snow tussock grassland zone of 
eastern and central Otago, New 
Zealand. Progress in Water 
Technology 11: 449-462. 

Mark, A. F.; Rowley, J.; Holdsworth, D. 
K. 1980: Water yield from high
altitude snow tussock grassland in Cen
tral Otago. Tussock Grasslands and 
Mountain Lands Institute Review 38: 
21-33. 

Mark, A. F. 1980: Ecological principles in 
land use allocation. Chapter 2 in "The 
Land Our Future; Essays on Land Use 
and Conservation in New Zealand". 
(A. G. Anderson Ed.). (Longman 
Paul/N.Z. Geographical Society Inc.). 
17-30. 

Merton, J. M. 1982: Interactions of the 
Tachinid, Proscissio cana with its host 
the New Zealand grass grub, 
Costelytra Zealandica. Proc. 3rd 
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Australasian Conj. Grassl. Invert. 
Ecol., (K. E. Lee Ed.) 161-. S.A. Govt. 
Printer, Adelaide. 

Meurk, C. D. 1973: Shoreline forests of 
Lake Te An'au, Fiordland. Proc. New 
Zealand Eco/ogcal Society 20: 96-102. 

Meurk, C. D. 1975: Contributions to the 
flora and plant ecology of Campbell 
Island. New Zealand Journal of 
Botany 13: 721-42. 

Meurk, C. D. 1977: Alien plants in Camp
bell Island's changing vegetation. 
Mauri Ora 5: 93-118. 

Meurk, C. D. 1978: Alpine phytomass and 
primary productivity in Central Otago, 
New Zealand. New Zealand Journal of 
Ecology 1: 27-50. 

Meurk, C. D. 1982: Supplementary notes 
on plant distributions of the subantarc
tic Auckland Islands. New Zealand 
Journal of Botany 20: 373-380. 

Meurk, C. D'. 1982: Regeneration of 
subantarctic plants on Campbell Island 
following exclusion of sheep. New 
Zealand Journal of Ecology 5: 51-58. 

Mills, J. A.; Mark, A. F. 1977: Food 
preferences of Takahe in Fiordland 
National Park, New Zealand, and the 
effect of competition from introduced 
red deer. Journal of Animal Ecology 
46: 939-958. 

Payton, I. J.; Brasch D. J. 1978: Growth 
and nonstructural carbohydrate 
reserves in Chionochloa rigida and C. 
macra, and their short-term response 
to fire. New Zealand Journal of 
Botany 16: 435-60. 

Payton, I. J.; Mark, A. F. 1979: Long
term effects of burning on growth, 
flowering, and carbohydrate reserves 
in narrow-leaved snow tussock 
(Chionoch/oa rigida). New Zealand 
Journal of Botany 17: 43-54. 

Primack, R. B. 1978: Variability in New 
Zealand montane and alpine pollinator 
assemblages. New Zealand Journal of 
Ecology 1: 66-73. 

Primack, R. B. 1978: Effects of grazing on 
indigenous shrubs in tussock grassland 
at Cass, Canterbury, New Zealand. 
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New Zealand Journal of Botany 16: 
461-9. 

Rowley, J. 1970: Effects of burning and 
clipping on temperature, growth, and 
flowering of narrow-leaved snow 
tussock. New. Zealand Journal of 
Botany 8: 264-82. 

Rowley, J. 1970: Lysimeter and intercep
tion studies in narrow-leaved snow 
tussock grassland. New Zealand Jour
nal of Botany 8: 478-93. 

Scott, D.; Sutherland, B. L. 1981: Grazing 
behaviour of merinos on an 
undeveloped semi-arid tussock 
grassland block. New Zealand Journal 
of Experimental Agriculture 9: 1-9. 

Scott, G. A. M.; Mark, A. F.; Sanderson, 
' F. R. 1964: Altitudinal variation in 

forest composition near Lake Hankin
son, Fiordland. New Zealand Journal 
of Botany 2: 310-23. 

Walker, J. R. L.; Bong, C. L. 1981: 
Metabolism of Fluoroacetate by a soil 
Pseudomonas Sp. and Fusarium 
so/ani. Soil Biol. Biochem. 13: 
231-235. 

Webb, C. J. 1976: Flowering periods in the 
gynodioecious species Gingidia deci
piens (Umbelliferae). New Zealand 
Journal of Botany 14: 207-10. 

Webb, C. J. 1977: Gingidia baxteri and 
Gingidia enysii (Umbelliferae). New 
Zealand Journal of Botany 15: 639-43. 

Webb, C. J. 1979: Breeding systems and 
the evolution of dioecy in New Zealand 
Apioid Umbelliferae. Evolution 33: 
662-672. 

Webb, C. J. 1981: Test of a model predic
ting equilibrium frequencies of female 
in populations of Gynodioecious 
Angiosperms. Heredity 46: 397-405. 

Wells, J. A.; Rowley, J.A.; Mark, A. F. 
1967: Some observations on the vegeta
tion in the Harrison Valley, Milford 
Sound. Science Record 17: 12-14. 

Wells, J. A. 1972: Ecology of Podocarpus 
ha/Iii in Central Otago, New Zealand. 
New Zealand Journal of Botany 10: 
399-426. 



Williams, P. A. 975: Studies of the tall
tussock (Chionochloa) vegetation/soil 
systems of the Southern Tararua 
Range, New Zealand. 1: Ti".e soils and 
slµmp features. New Zealand Journal 
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Williams, P. A. 1975: Studies of the tall
tussock (Chionochloa) vegetation/soil 
systems of the Southern Tararua 
Range, New Zealand. 2: The vegeta
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selected macro-elements within the 
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