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PROGRESS IN THE GAME INDUSTRY 
P. J . Morrissey* 

Game processing in New Zealand is an important contribu
tor to the overseas earnings of this country. In 1968/69 a total 
$2,960,745 of exchange was earned. Of this $2,627,056 was 
contributed by the sale of venison. These results have been hard 
won and for some in the industry it has been a long, arduous 
and costly experience. 

The introduction of wild game into New Zealand was first 
effected by Captain Cook, who brought the pig during his second 
voyage in 1773. Then followed the introduction of red deer 
(at Nelson) in 1850, and of other species in subsequent years 
up to 1919. A total of seven types of deer presently exist in 
New Zealand-the red deer, wapiti, sambar, rusa, virginia, sika, 
and fallow. In addition, four species-the axis, guemal, mule 
deer, and moose were introduced but are considered extinct. 
Chamois and Himalayan thar were liberated in the South Island 
in 1905 and 1907 respectively. 

Control of the game herds was commenced by the Internal 
Affairs Department in 1931. In 1956 this responsibility was 
transferred to the N.Z. Forest Service, who gradually changed 
the emphasis from one of maximum control, to one of concen
trated control in specific catchments. During the period 1931 
to 1968 Government cullers have accounted for over 1,067,000 
red deer, 82,000 chamois and 30,000 Himalayan thar. 

It was not until 1958 that men such as Ivan Taylor, J. R. 
Maddren, T. R. Giles, Doug J ones and others, saw the potential 
of New Zealand venison in the European markets. These pion
eers organised hunters to recover deer, which were processed in 
often rudimentary surroundings with inadequate freezing facili
ties and sometimes a low standard of hygiene. Only the hind
quarters of the animal were exported, each cut being packed in 
polythene and then tightly sewn in hessian. In this way today's 
wild game industry was initiated. 

"The author is manager of Edmonds Gam·e Consolidated Ltd., Christ
churrh.-Ed. 
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More than 220 liberations of red deer were made between 1851 and 
1923. This species is the one most widely distributed throughout 
New Zealand. N.Z.F.S. photo-J. H. G. Johns, A.R.P.S. 

From 1958 to 1962 the industry expanded slowly as the 
overseas buyers and the New Zealand processors endeavoured to 
find a product standard which was to be satisfactory to both. 
Consequently more efficient forms of recovery and processing 
were evolved. 

A New Era in Herd Control 

Although the short term hire of helicopters on venison 
recovery had commenced as early as 1963, the industry was 
revolutionised in August 1965 with the first use of these machines 
on permanent recovery operations, by pioneers Luggate Game 
Packers Ltd. and Graham Stewart and Company Ltd. The 
helicopter was to herald a new era in game management in 
which herd control complemented the necessity to earn overseas 
exchange. 

At first helicopters were used to service foot shooters. The 
machines would transport between eight and 10 individual 
shooters into an area in the morning and then return within 24 
hours to fly the carcasses to the nearest field freezer or truck 
access. With the low prices then being received for venison on 
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Wild pigs are some
times r·ecovered for 
the industry. 

N.Z.F.S. photo-J. H. 
G. Johns, A.R.P .S. 

the overseas markets recovery in this way was not a particularly 
attractive nor viable proposition. It was not until 1966, when 
the current practice of shooting deer from the helicopter was 
commenced, that the financial returns for operating a rotary
winged aircraft on venison recovery began to compensate for 
the high capital and operating costs involved. 

The intrepid flyers of these helicopters, on an operation 
which is undoubtedly more difficult than most other types of 
helicopter flying, ranged from Americans and Canadians with 
up to 10,000 hours of experience in handling these machines, 
to a New Zealander (Mr Tim Wallis of Luggate Game Packers 
Ltd.), who learned to fly one after gaining his private pilot's 
licence for fixed-wing aircraft and who flew a helicopter on 
venison recovery after only 30 hours of flying this machine. 

In 1967-68, when recovery operations were at their height 
and competition between the companies was keenest, over 
50,000 deer were recovered in the South Island. This pressure 
on the deer herds was taking its toll, not only because large num
bers of deer were being shot, but also because the remaining 
animals were becoming "helicopter trained". Rather than retreat 
up hill from the helicopter as was their original reaction the 
animals began to run directly beneath the machine to reach the 
~afety of the bush. Deer in areas where helicopter pressure was 
most severe (e.g. South Westland ) , changed feeding habits. 
These animals would advance onto the "tops" to feed before 
daybreak then retreat to the bush until dusk. 

During I 968-69 helicopter operations were considerably 
rationalised. Uneconomic and wasteful competition discon
tinued and fewer craft were employed on recovery, thus reliev
ing the severe hunting pressures of the 1966-68 period. 
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Damage caused by deer. The forest floor has been denuded and the 
trees defoliated to heights of 6-8 feet . 

N.Z.F.S. photo-J. H. G. J ohns, A.R.P.S. 

The other major way of recovering game i by ground 
collection. Throughout the country purchasing agents have 
been established-equipped with a freezer unit and a cheque 
book- to buy game shot by either permanent hunters or by 
weekend enthusiasts. Ground recovery contributes signifi cantly 
to the total of wild game made available for processing. 

Standards 

The processing standa rd of ew Zealand wild game has 
increased markedly since the game packing and export regula
tions were established in 1967. Under these regulations Depart-· 
ment of Agriculture meat inspectors continually check the 
quality of carcasses delivered for processing, the quality of pro
cessed meat, and the general hygiene standard of the plant and 
equipment. In addition , the Minister of Agriculture closely 
controls the granting of licences for the processing of wild game. 
In these ways the Department endeavours to ensure confident 
acceptance of New Zealand game meats on overseas markets. 
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Deer are shot from helicopters and carcasses lifted to points of 
access. N.Z.F.S. photo-J. H. G. J ·ohns, A.R.P.S. 

A deer carcass delivered for processing is dealt with in the 
following manner. Firstly it is weighed and placed in a chiller 
unit then moved to the kinning room. Here the skin is flayed 
with the aid of a winch. In a temperature controlled boning 
room the carcass is broken down- necks, ribs, and shot meat are 
boned and each cut is subjected to an individual and thorough 
wash. Finally the cuts are wrapped in polythene, placed in an 
export carton, blast fror.1:en and then held awaiting shipment. 

In the main, the selling and exporting of wild game is 
effected by the processor who will sell either through an agent 
in a particular market-or direct to a wholesaler, restaurant, 
caterer, or retail outlet. Undoubtedly the largest volume of 
game is sold through commission agents. 

Germans, traditional game eaters, are the largest buyers 
of New Zealand venison. New Zealand has become the largest 
supplier of venison to this market. However, exporters are con
tinually meeting competition from Scottish and East Bloc 
suppliers. 

6 



Venison forms the major contribution to earnings as illus-
trated by the 1968-69 exports: 

Venison 2728 tons 
Pork 435 ,, 
Others 57 ,, 

Total 3220 tons 

valued at 

" " 
" " 

$2,627,056 
302,051 

31,638 

$2,960,745 

The industry has diversified the forms in which its products 
are marketed by the production in New Zealand of Deer Essence, 
canned venison, and pre-packed venison. 

Deer Farming Legalised 

The companies involved m the industry appreciate the 
necessity to maintain a diverse source of game. It is perhaps 
fortuitous that deer farming is legalised under the "Noxious 
Animals in Captivity Regulations 1969" . Stringent conditions 
must be met before a licence to hold deer in captivity can be 
issued. Fences must be a minimum of 6ft 6in high, posts can 
be no further apart than 16 feet, the country must not be sus
ceptible to erosion, and there must be ample water available. 
Although the stocking and fencing costs are high and deer 
farming on a large scale is still very much at the experimental 
stage, indications are that this type of farming could become a 
worthwhile contributor to overseas earnings. 

The industry still lacks the maturity and sophistication of 
say the domestic meat industry but its overall progress has been 
rapid in the last seven years and indications are that it is now 
entering a period of steady and rationalised growth. 
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NEW ZEALAND SHEEPFARMING 
1960-1970 

F. L. Ward 
A review of a decade of sheep farming by the 
Director, New Zealand Meat and Wool Boards' 
Economic Service - based on a paper to the 1970 
Sheep Farmers' Meeting, Massey University. 

Sheepfarming in New Zealand has often had to stand 
up to stresses and strains but these periods of stress often lead 
to a useful re-appraisement of farming itself as well as a 
restatement of its place in the New Zealand economy. 

The New Zealand farmer has always felt the fairly 
direct effect of the movement in overseas prices but these 
fluctuate. 

If the movement in prices is long term, alteration in 
the pattern of production will occur but the implications 
should be carefully considered where breeding policies are 
involved. The change can sel~om be immediate and once 
initiated is difficult to reverse: 

There has been and still is an excellent performance in 
sheep farming. Increases withirl the past ten years are : 

Sheep numbers .... \. 283 
Beef cattle 62 % 
Meat production . 393 
Wool production . 36 % 
Fertilizer use (nearly) 100 % 

The output per man is high and the livestock to farm 
staff ratio for all classes of farming (on a ewe equivalent 
basis) has increased from 570 to 760 stock units per labour 
unit over the last ten years. 

Upward Trend in Costs , 
Prices paid for items used in sheep farming continue on 

an upward trend. Although the non-use of an item is Seldom 
practical, farmers do seek ways of cutting expenditure1 These 
higher costs and the lower wool prices in 1967 and 1968 
caused a reduction in farm inputs such as fertilizer and 
repairs and maintenance. A recovery in fertilizer use has 
since taken place, particularly in the current season, to 
compensate for the reduced applications. 
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The pattern of gross income on sheep farms (1967 / 68) 
for the eight farm classes in the Economic Service survey 
illustrates the range of income sources between groups: 

PATTERN OF GROSS INCOMES (1967-68) ON SURVEY FARMS 

Farm Class 

& 2S High Country, South Island 
3S Hill Country, South Island 
2N H ard Hill Country, North Island 
3N Hill Country, North Island 
4N Intensive Fattening, North Island 
4Se Fattening-Breeding, South Island 
4Si Intensive Fattening, South Island 
5S Mixed Fattening, South Island .. 

All Farms 

Sheep & 
Wool Lamb Cattle 

% % % 
69.5 17.4 10.0 
39.7 39.5 16.3 
35.5 26.2 37.2 
36.5 35. 1 27 .0 
28.8 42.3 22.3 
31.9 44 .l IO.I 
27.9 48.7 5.9 
11.4 23. 1 3.2 

Other Total 
% % 
3. 1 JOO 
4.5 100 
I.I JOO 
1.4 JOO 
6.6 JOO 

13.9 100 
17.5 JOO 
59.3 JOO 

31.3 37.0 18.5 13.2 100 

The South Island high-country group shows an 
average of nearly 703 return from wool but on some of 
these properties the return is nearer 100 % . There is a 
significant return from beef ca ttle on North Island hill and 
fattening farms, and cropping is important on many South 
Island properties. 

Beef, lamb, and cash cropping returns have increased 
in importance, as shown: 

RETURN OF SHEEP FARM INCOME (ALL CLASSES ) 
1959-60 to 1968-69 (Percentages ) 

Sheep & Total Tota l Net 
Wool Lamb Cattle Other Gross Expend- Farm 

Account Account Account Account Income iture Income 
1959/ 60 48.5 30.0 13.9 7.6 100.0 60.0 40.0 
1960/ 61 45.8 31.9 14.8 7.5 100.0 63.0 37.0 
1961 / 62 47.5 29.4 15. 1 8.0 100.0 67.0 33.0 
1962 / 63 47.4 30.7 13.3 8.6 JOO.O 62.0 38.0 
1963 / 64 49.5 29.9 11.8 8.8 JOO.O 59.0 4 i'.o 
1964 / 65 39.1 39.3 12.9 8.7 100.0 66.0 34 .. 0 
1965/ 66 40.fi 35.6 14.5 9.3 100.0 67.0 32.0 
1066/ 67 38.0 34.2 16.0 11.8 100.0 75.0 25.0 
1967 / 68 31.3 37.0 18.5 13.2 JOO.O 71.0 29.0 
1968 / 69• 32.0 37.0 19.0 12.0 100.0 70.0 30.0 

*Estimate 

The proportion of income from wool has fallen from 
about 47 3 to 32 % in the sheep farm groups. 

Total expenditure relative to gross return has increased 
from about 60-65 % to around 703 and has been higher. 
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Farm expenditure must rise if the increasing numbers of 
sheep and cattle are to be serviced but the expenditure level 
has also been affected by the increases in the prices of items 
used on farms. 

The following table shows the cost increase of farm 
items in one year: 

1969-70 

Class Description 
1 &: 2S High Country, South Island 

3S Hill Country, South Island 
2N Hard Hill Country, North Island 
3N Hill Country, North Island 
4N Intensive Fattening, North Island 
4Se Fattening-Breeding, South Island 
4Si Intensive Fattening, South Island 
5S Mixed Fattening, South Island 

Weighted average increase, all classes 

Percentage 
Cost Increase 

3.3 
3.2 
3.2 
3.0 
2.9 
3.0 
2.9 
3.0 

3.0 

Since I 962 farm costs have increased by some 20.93 
as shown in the following table: 

ANNUAL MOVEMENTS IN PRICES PAID FOR ITEMS USED ON 
SHEEP FARMS 1962 TO 1970 

1 & 2S 3S 2N 3N 4N 4Se 4Si 5S Classes 
Type of Sheep Farm 

Period All 
Percentage 
change from: 
1962 to 1963 0.7 0.9 0.6 0.7 0.9 0.9 1.0 1.0 0.8 
1963 to 1964 0.5 0.3 0.3 0.0 0.0 -0.l -0.3 -0.l 0.0 
1964 to 1965 3.7 2.7 3.3 2.9 2.7 2.4 2.1 2.2 2.7 
1965 to 1966 2.6 3.0 2.6 2.9 3.0 3.1 3.2 3.0 3.0 
1966 to 1967 2.6 2.9 3.0 3.3 3.3 3.3 3.3 3.1 3.2 
1967 to 1968 2.2 3.3 2.9 3.3 3.5 3.8 3.9 3.tl 3.5 
1968 to 1969 3.2 3.1 3.4 3.1 3.0 3.1 3.1 3.3 3.1 
1969 to 1970 3.3 3.2 3.2 3.0 2.9 3.0 2.9 3.0 3.0 
Cumulative '7o change 
from 1962 to 1970 20.5 21.3 20.9 20.8 20.9 21.1 20.9 20.6 20.9 

In 10 years the gross return per ewe equivalent has 
increased from $6 to $6.8 and expenditure per ewe 
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equivalent has risen from $3.8 to $4.8 at present. et income 
per ewe equivalent fluctuated from 2.2 up to 2.8 (in 
1963 / 64) to below $2 in 1966 / 67 and 1967 / 68 and is 
presently about $2 as shown in the following table : 

RETURNS AND EXPENDITURE PER STOCK UNIT ON SHEEP 
FARMS (ALL CLASSES) 

Gross Income Expenditure Net Income 

$ $ $ 

1960 / 6 1 5.99 3.78 2. 21 

1961 / 62 5.46 3.67 1.79 

1962 / 63 6.22 3.87 2.35 

1963 / 64 7.21 4.40 2.81 

1964 / 65 7.25 4.71 2.54 

1965 / 66 7.36 4.92 2.44 

1966/ 67 6.35 4.70 1,65 

1967 / 68 6. 10 4.33 1.77 

1968 / 69* 6.82 4.70 2.12 

1969 / 70 ''* 6.80 4.80 2.00 

* 1968 / 69 Provisional * •:• 1969 / 70 Es ti mate 

Volume of Production Compensation 

The volume of production has tended to compensate 
for increases in prices of items as well as for the lower 
wool prices. This is shown in a comparison of net returns 
on a per farm and per sheep basis on a gToup of Nor th 
Island hill farms ( 1965 / 66 com pared with 1967 I 68) where 
on a per farm basis the fall in net income was 16 %. Per 
sheep the fa ll was 303 . 

Sheep numbers in the three-year period on these farms 
rose by 203 and cattle by 123. Had the sheep and cattle 
numbers remained constant the net income on these farms could 
have fallen 303 instead of the 163 actual. 

Flock Size 

Flocks have increased by 28 % in the last l 0 years. 
Thirty-nine percent of sheep owners have more than 1500 
sheep as compared to twenty-five percent 10 years ago. The 
one man farm concept of aro und 1200 ewes has probably 
increased to over 1500. This bas been possible by the 
greater use of casual labour and con tract services as well as 
more capital intensive farming systems. Flock changes in a 
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ten year period ending June 1969 are shown: 

ANALYSIS OF NATIONAL FLOCK PATTERN 
'7r Change 1959-69 As at 30th June, 1969 

Sheep Change Change 
Flock Ill Ill Total Total Total 
Size Owners Sheep Owners Sheep Nos. 

7o % % % 
Under 500 - 16.0 -28.9 30.3 3.5 2,070 ,375 

500- 999 -35.9 -36.l 1'!.6 7.1 ·1,280,672 
1000-1249 -23.5 -23.2 7.9 5.9 3,518,033 
1250-1499 -10.0 - 9.7 7.6 6.9 1,130,935 
1500-1999 +25.4 +26.5 14. I 16. I 9,653 ,864 
2000-2499 +56. 1 +55.9 9.0 13.3 7,956,003 
2500-4999 +75.3 +76.6 12.9 28.4 17,046,800 
5000-9999 +94.0 +94.3 2.9 12.3 7 ,400,149 

10000- + 101.5 + 102.8 0.7 6.5 3,880,59·[ 

Totals -3.7 +27.9 100.0 100.0 59,937,425 
Compiled from Sheep Returns H. 23 

Changes are also occurring in farm ownership. Ten 
years ago about 763 of farms in the Economic Service 
survey were owner managed. Today this stands at 53 % 
owner managed , 183 partnerships, and 29 % multiple 
ownership. 

Annual Net Returns 
The average net return in the Economic Service North 

Island fat-lamb farm survey in 1969 / 70 could be about 
$5,300. This is net income for taxation purposes. Out of this 
will be paid taxation, capital repayments, and it also includes 
the non-realised income from an increase in livestock 
numbers. In this farm group about 13-1 4 % would have 
incomes below $2,000 and about 243 under $4,000. 

A farmer may be in a low income group by reason of 
recent settlement, stage of development, small size of 
enterprise, or for personal or management reasons. He, like 
any other individual, has commitments such as debt 
repayments and living standards to maintain. A level of 
expenditure is responsive to gross income movement up or 
down with the limitation of the need to maintain a volume 
of production and a net income. The average level of 

Opposite: A versatile new breed, the Coopworth, developed at Lincoln 
College and Ruakura Animal Research Station and by a number of 
farmers. There are now twenty-eight Coopworth breeders. 

Photo: E. R. Mangin. 
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indebtedness on Economic Service survey farms runs at about 
30 % of total capital and this involves an average interest 
bill of around 123 of total expenditure. To this must be 
added the capita l repayment sum. 

It is right there should be concern about the level of 
sheep farm incomes as a low return dampens down develop
ment and lowers confidence in a vital industry. This is a 
matter of importance not only to sheep farmers. The 
immediate concern is in regard to those farmers who have 
not recovered from the effect of the wool price fall and 
whose position has been aggravated by drought. The long 
drought in North Otago and South Canterbury has made 
things even more difficult for farmers in those areas. Many 
of these people affected by liquidity problems for various 
reasons, have excellent farming· potential. It is hoped that 
some individual assistance will be available to hold them 
in the industry. 

Tendency to Neglect Wool 

Even with the current low wool prices over ~0 % of the 
income on all sheep farms is derived from wool. There is a 
tendency among farmers to minimise wool as a factor to be 
selected for and perhaps to neglect its presentation. The 
development of an "easy care" sheep that requires minimum 
shepherding and attention at lambing is an attracti,·e fa r tor 
in cutting expenditure but it need not conflict with ciuality 
wool production and quality presentation. 

Beef 

Beef has been for many years a worthwhile source of 
income on sheep farms, but was not given due recognition until 
the advent of higher prices for beef. Survey farms carrying 
significant numbers of beef cattle tend to have more stable 
gross and net income levels. 

Cattle and sheep work have integrated well on a wide 
range of sheep farms, leading to a better use of farm staff 
and grassland. The value of this integration did not always 
show in gToss incomes but had a beneficial effect on net 
returns. 

In recent years cattle numbers on some farms have 
increased to such an extent that a decision has to be made 
whether sheep or cattle should be given priority in stock 
increase or management. 
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High concentrations of cattle cannot survive drought 
periods in the same way as sheep. Frequently there are heavy 
losses in drought and winter-pinch periods. If cattle are to 
be carried in large numbers the concept that winter roughage 
is all they need will not hold. They cannot produce well 
unless they are well farmed and have good winter feed 
provided. 

Re-assessment of Feed Reserves 

Hazards of climate are usually written into a 
management pattern but widespread drought has focussed 
attention on the need for a re-assessment of feed reserve 
requirements. There have been bad droughts and difficult 
winters before, but the difference is that the numbers of 
sheep and cattle have almost doubled in the last 20 years 
yet the land areas in use are almost the same as 20 years ago. 

Intensive Farming 

The intensification of farming will be the main area 
of production since there are limited areas for new 
development. Intensification is Jess capital demanding than 
new development and there is considerable potential in 
existing farm land. 

The sheep farmer is developing and increasing 
production but is experiencing diminishing returns. While 
this may be a normal phenomenon , the question arises-at 
what point do these diminishing returns inhibit further 
development and thereby the ability to compensate? It is 
difficult to give a specific answer since each farm differs in 
ability to meet the situation. However, there is general 
agreement of the need to contain upward price movements 
of items used on farms and to derive maximum benefit from 
farm expenditure. 

There are many farmers who have been able to modify, 
adjust, and increase production and come to terms with the 
changing situation in the industry and in many cases these 
men have given the lead for the re-appraisal of the industry. 

Farm Finance 

Good organisation of farm finance is almost the most 
important factor in a farming business particularly when 
land development is involved. 
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Summary 

Sheep farming is going through a re-appraisal period. 
Farmers and industry leaders are seeking ways of holding 
farm re-investment levels and of retaining confidence in a 
vital industry. Movements in overseas prices will remain 
the dominant factor in farming for many years to come and 
despite all the disadvantages of income fluctuations the New 
Zealand farmer is very responsive to consumer requirements. 
Production potential is still very high and supply and 
demand factors will, as before, influence the tempo of this 
production. It is likely however that future production 
increases will be with more accent on greater output per 
animal unit. 

Expenditure levels have to be maintained to hold 
production but output will suffer unless there is an adequate 
living return to the farmer. The counters to reduced returns 
have been, increased volume of outputs, re-organisation of 
farm finance, more output per animal and closer supervision 
of expenditure and returns. 

Price movements in items used on sheep farms should 
not be accepted without question and while non-usage of 
affected items is seldom practical some more selective buying 
or use could lead to savings. 

The beef cattle era in New Zealand has arrived and with 
it the need to provide a high level of management and 
supervision. 

The concept of one man one farm is still widely held 
to be the desirable social aim but the size of the enterprise 
is continually increasing, a factor made necessary by 
ecoi:omic pressures and possible by the greater use of off-farm 
services. 

The servicing organisations of finance, transport, meat 
processing, and farm contracting will also have to co-operate 
well with the farmer if farming is to remain a truly viable 
industry. ' 

Farming in New Zealand has withstood many crises 
before and no doubt will have more to come. The worst 
thing that could happen is a loss of confidence in the 
industry. The land is in good heart, the stock are good, and 
the farmers are efficient and progressive. This is the situation 
and it is essential and sensible to make full use of these 
assets in land, stock, and people. 

Tables: N .z. Meat & Wool Boards' Economic Service. 
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SAFETY FRAMES SAVE LI FE 
G. M. Garden 

New Zealand Agricultural Engineering Institute, 
Lincoln College. 

From 1 September 1970 it became illegal in New Zealand 
to sell for agricultural operations a new wheeled tractor (weigh
ing between 15cwt and 4 tons) without a safety frame fitted. 

This regulation is part of the short history of safety frames 
in New Zealand from early trials conducted on the Port Hills 
with a frame designed at the University of Canterbury and 
Lincoln College, to the current list of over 110 designs approved 
by the Department of Labour. 

Interest in safety frames began in earnest in late 1964 with 
the establishment of the New Zealand Agricultural Engineering 
Institute at Lincoln College. Before this, commercial interest in 
the frames was almost non-existent, although Mr C. ]. Crosbie, 
a Machinery Advisory Officer in the Department of Agriculture 
in Christchurch, had for many years publicised the loss of life 
which may have been prevented by the use of safety frames. 
Mr Crosbie, in collaboration with staff of Lincoln College and 
the School of Engineering, University of Canterbury, designed 
and fitted to a tractor a prototype frame in 1959. This and a 
modified version were extensively tested by rolling the fitted 
tractor down slopes in the Canterbury Port Hills. It was not 
until 1965 when the facilities for testing safety frames were com
pleted at the N.Z.A.E.I., that commercially manufactured frames 
were available on the market in quantity. Today there are over 
250 different frame-tractor combinations, representing six major 
and about four minor manufacturers. 

From 1967 the Institute has been the approved testing 
institution where, under the Machinery Act, all frames to be 
fitted to tractors engaged in agricultural operations must be 
tested. 

The test procedure initially adopted by the Institute was 
that developed in Sweden. This consisted of striking the safety 
frame first from the rear and then from the side using a pendu
lum weighing just under two tons. In each case the tractor was 
tied down securely. The severity of the test was related to the 
effects of typical accidents, and varied with the weight of the 
tractor. After these two tests, the frame was subjected to a 
downward crushing load equal to twice the tractor weight. 
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Since 1964 many of the European countries including 
Sweden have revised the Swedish test procedure-adding a test 
on the front of the frame and a further crushing test, and speci
fying the maximum permissible deflection of the frame during 
each test. In the U.S.A. the major tractor manufacturers have 
agreed upon a test procedure, again based on the original 
Swedish version, but with a more severe test on the rear of the 
frame. The New Zealand standard procedure also incorporates 
a more severe test on the rear. 

H aving different national standards is undesirable from the 
point of view of importing and exporting frames between coun
tries. A committee of the International Standards Organisation 
has therefore been established to produce a standard test proce
dure acceptable to interested nations. New Zealand is repre
sented on this committee by a member of the N.Z.A.E.I. staff. 
Agreement has not yet been reached on the rear tests used by 
America and New Zealand. 

Safety-frame Regulations 
The New Zealand regulations relate to tractors engaged 

only in agricultural operations. Since 1 September 1970, it 
is an offence to sell a new wheeled tractor to be used in agricul
tural operations and weighing between 15cwt and 4 tons, unless 
it is fitted with an approved safety frame. There are exemptions 
to this regulation and a list of these can be obtained from the 
Department of Labour. 

The owner of a tractor engaged in agricultural operations 
which is involved in an overturnjng accident re ulting in death 
or serious injury to the driver must, within 48 hours, notify the 
nearest Inspector of the Department of Labour. 

The pendulum in action. N.Z.A.E.I. photo. 



It has been an offence since 1 June 1967 to use, or permit 
to be used, a tractor fitted with a safety frame that is without 
a Certificate of Approval from the Department of Labour. This 
applies to both wheeled and track-laying tractors. The certifi
cate will only be authorised if a test report from an approved 
testing institution is satisfactory. During and after each test 
the frame deflections must not exceed specified limits and only 
in special cases will cracks or bolt stretching be accepted. To 
obtain the test report an entrant. must apply to the approved 
testing institution. The certificate is only applicable to the 
tractor-frame combination mentioned therein and is invalidated 
if the frame or mountings are altered . 

Practical Aspects 
The test on which the issue of a Certificate of Approval is 

based, is concerned only with the strength of the frame. It is 
the responsibility of the purchaser to ensure that the frame pro-· 
vides sufficient clearance for his requirements, does not inter
fere with any mounted or trailed equipment he may have, and 
so on. There is a choice of approved frames for at least the 
more popular models of tractor, o a purchaser should ensure 
the frame he buys is the one most suited to his needs. 

Owners of tractors not affected by the new regula
tions (i.e. other than wheeled models between 15cwt and 4 
tons ) and for which approved frames are not available should 
contact the N .Z.A.E .I. or the Department of Labour if they 
wish to fit a frame. On no account should a frame be fitted 
if it has not got a Certificate of Approval and the corresponding 
number stamped on the frame itself. Apart from this being 
illegal, the driver has no guarantee the frame will offer him 
adequate protection if the tractor rolls. 

Tested frames, forerunners to approved designs. N .Z.A.E.I. photo. 



Up to 50 per cent of the frames submitted by manufac
turers have failed to pass the first test because of inadequate 
strength. These have to be redesigned. These failures fre
quently occur in the parts of the tractor to which the frame is 
attached, and to pass the test the frame itself may have to be 
weakened. So do-it-yourselfers, don't. 

Current Research 

A research project has been the modification of a tractor 
for radio control. A mounted gas cylinder supplies air through 
radio controlled valves to pneumatic cylinders attached to the 
steering, brakes, clutch, governor, and fuel cut-off. The tractor 
has been used to investigate the behaviour of a frame in typical 
accidents. These tests were instrumental in the adoption by 
New Zealand of the more severe rear-blow test discussed earlier. 

To obtain more information about the causes of accidents, 
members of the Institute have in the last four and a half years 
investigated the scene of many fatal tractor accidents in the 
South Island. A similar scheme was operated in the Hamilton 
area for about three years. As a result, a better understanding 
of tractor behaviour has been acquired. The next phase is to 
investigate any overturning accident involving tractors fitted 
with safety frames. A watch on the performance of the frames 
is necessary so that test procedures can be modified if experi
ence indicates the need to do so. We would be grateful if any
one involved in such accidents would contact the writer giving 
brief details of his experience. If this is done before repairs to 
the tractor or frame, so much the better. 

Three other points are often raised. These are: How effec
tive are safety frames or why fit one? Should a seat belt be 
used? And noise. So much concern has been expressed about 
the noise to which drivers of framed tractors are exposed, that 
the N.Z.A.E.I. has been requested to investigate the problem. 
The results will not be known until current tests are completed. 

On the question of a seat belt there is not sufficient evid
ence, particularly with four or six post semi-enclosed frames, to 
indicate they are necessary. With two-post frames it is possible 
that a seat belt could be an advantage. The U.S.A. Standard 
recommends them- the typical U.S.A. frame being a two-post 
frame. 

Why Fit One? 

Accidents can occur on surfaces that range from flat to 
steep. Frequently they begin on gentle slopes due to an unex
pected change in surface conditions which results in wheel spin. 
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Behaviour studies using the radio controlled tractor. N.Z.A.E.I. photo. 

With the loss of traction the tractor slides out of control and 
overturns on a much steeper area often some distance away. 
This has been one of the major causes of fatal accidents investi
gated by the N.Z.A.E.I. Furthermore, in all accidents investi
gated, it is considered that very few of the drivers would have 
been killed had the tractors been fitted with a safety frame. 
This is also supported by Swedish evidence which shows a 
marked decrease in the number of tractor fatalities as the num
ber of safety frames in use increases. In New Zealand also, 
safety frames have probably saved the lives of more than 20 
drivers. It is suspected that this figure is low because some 
accidents will not have been reported . Safety frames will not 
protect life all of the time- we have had one fatality already
as it is uneconomical and perhaps impracticable to produce a 
frame capable of offering protection in all conceivable accidents. 
H owever, the fitting of a frame reduces the risk to limb or life 
and it is cheap insurance. 

Footnote: 
Queries about the regulations relating to safety frames, or the 

availability .of different frames for a particular tractor, should be 
referred to the nearest branch of the Department of Labour. 
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EFFICIENCY MEANS DEVELOPMENT 
D. K . C rump 

Farm Advisory Officer (Economics) Department of 
Agriculture , Dunedin . 

Th is article is p ublished through the courtesy of the 
Lincoln College Farmers Conference committee. I t is based 
on the jJaper given by Mr Crump to the 1970 conference. 
Mr Crump has said that one of the greatest strengths of 
high-country farming is its traditional low cost factor. Whi le 
he commends deve lopment he urges that this factor be 
preserved. 

T he only way I know of increasing efficiency is through 
deve lopment. The high-country farmer today has onl y two 
options. H e either accepts a lower r eturn from fa rming, or 
he develops. The fo ll owing table presents three deve lopment 
case studies: 

A B c 
Length of Prognmme (years) 10 10 5 
Change in Lambing Percentage + 20 + 7 0 
Change in wool / sheep shorn (lb) 0 + 0.4 0 
Change in-sheep numbers + 100% +38% + 15c;lr 

-cattle numbers ++ ++ 0 
Change in take home pay + 160% +303 +20% 

From this we see tha t the take home pay of th ese 
fa rmers has increased in th e face of today's falling pr ices 
and rising costs. In each case development of par t of the 
proper ty has increased th e effi ciency of the whole property. 

I would review some of th e fac tors associated with 
profitable development. These ar e: 

I. Low maintenance and capital cos ts to ewe 
equivalents 

2. Improved utilisa ti on of feed grown 
3. Plann ed development with continuous r eview and 

appra isal 

Low Maintenance and Capital Cost/ Ewe Equivalent 
Successful development always has a high re tur n to 

capita l. The lower the cost of carrying another ewe 
equiva lent, the gTea ter is this re tu r n . T o achieve this th e 

22 



priori ti es for de,·elopment should be: 
l. Stock 
~. Fencing 
3. Fertiliser and seed 

As far as possible the aim should be to obtain increased 
production from the existing facilities of land labour and equip
ment. On many runs this increased production is being 
achieved with cattle. Because of their complementary role in 
grazing, cattle are increasing the utilisation of feed grown, 
without any increase in fixed expenses. 

Improved Utilisation of Feed Grown 

The increased utilisa tion of existing feed is the chea pest 
form of development. I believe there is scope for more of 
this kind of development in th e high country. The 
requirements for th e be tter use of improved tussock 
grassland pas tures are an increase in the number of animals 
grazing, m ore fencing, and a change in the management 
pattern to one which u suall y incorpora tes some form of 
feed conserva tion . 

Many r unholders have increased performance of stock 
as their deve lopment objective. Altho ugh excell ent per head 
per formances can be obtained in the high country I do not 
think per h ead performan ce is a lways the most profi table 
development objective. A m ore profitable objective may be 
increased utilisation of feed grown. Althou~h we would 
expect an immedia te rise in performance foll owing an 
increase in feed supply, this is not a lways so. In practice, it 
seems to take some time to lift stock performance to any 
great extent. Perhaps this is because the lift in performance 
must start with hoggets and work through the flock. 

Most developers cannot afford to wait more than 1-2 
years for an increase in income from increased stock 
per formance. H owever , the decision to go for per formance, 
or numbers, r eally depends on the level of per formance 
prior to development. 

Mr M. A. Monteath a t Invermay Agricultural R esearch 
Centre has a trial which demonstrates that th e most 
profi table stocking ra te n eed not have a high per head 
performance. In this trial the more profitable higher s toc~' ing 
ra te had a per head per formance which was less than the 
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low stocking rate. This is illustrated in the following table: 

Stocking rate .. .... Low Low+50% 
Lambs weaned 117 % 1053 
Wool shorn / ewe 11.2 lb 10.2 lb 

Gross margin / acre $34 $4 1 

T his trial and many others, have indicated that an 
objective of high performance per animal does not 
automatically confer high profit per acre. These trials have 
all been conducted in intensive farming, but the same 
principles must apply to extensive farming. 

The problem of what stocking rate, and what stock 
performance to aim for, confron ts every farmer. In 
attempting to th row some light on this question I turn to 
simple economic principles. These indicate that the 
optimum stocking rate is achieved when the return from 
runnin g another ewe is equal to the cost of running that 
ewe. 

The cost of running another ewe is made of two parts: 

(a) !he direct costs (shearing, an imal health etc.) 

(b) The cost of lower performance per head over the 
whole flock. 

To illustrate the difference in cost of running a sheep 
between low and high country, I have taken fi gures from the 
Meat and Wool Boards' Economic Service Sheep Farm 
Survey: 

High Country 
Intensive fat lamb 

Direct Costs/ Sheep 
(excluding labour) 

$1.99 / sheep 
$3.05 / sheep 

This difference in cost implies that the optimum 
performance per head should be lower in the high country 
than the intensive down country. I do not know what the 
optimum performance is, but think it may be abou t 803 
lambing and 8 lb of wool / ewe. Of course the economic opti
mum will vary between properties, but I believe that striving 
for much greater performance per head is false economy. 

One of my reasons for presenting this view is the very 
!ow level of utilisation which is so characteristic of the high 
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country in general. My observations lead me to believe that 
on improved high country the average utilisation of fee<l 
grown is 20-303 . This low utilisation indicates the need 
for improved management and more stock. 

There is evidence that successful development involves a 
change from the traditional set stocking of blocks to some sys
tem of mob stocking and rotational grazing on sub-divided 
blocks. This means that the runholder ceases to be an exten
sive grazier and becomes a paddock manager. Such a change 
in management is more important than any extra feed which 
may be grown as a result of fertiliser and seed application. 

Time and distance make this change in management 
difficult to achieve, but 4-wheel drive and bulldozed 
tracks have gTea tly reduced both time and distance in the 
high country. Strategic fences can also assist in stock 
movement. On some runs two men are now doing the work 
that once required eight musterers. 

I believe increased utilisation is the key to successful 
development. I do not mean to imply that this is easy to 
achieve. There are many difficulties and farmers have been 
grappling with the problem for many years. Over the last 
decade, on intensive farmland , there has been a revolution 
in the management and utilisation of pastures. The same 
type of revolutio11; is yet to occur in the high country. 

Planned Development with Continuous Review and Appraisal 

Complete fai lure of development occurs where the cost 
of the progTamme is more than it is worth. In other words, 
the cost of inputs, fencing, fertiliser etc. is gTeater than the 
future worth of the output of meat and wool. The result 
is that both the nation and the farmer are worse off. The 
situation I am thinking of is where several thousand dollars 
have been spent on development and even if prices had 
stayed the same, net income would not be higher than 
before development. 

It is very well to say the above development shou ld not 
have been con templated, but how are we to know before
hand that development will not be successful. Most 
development catastrophies could have been avoided with 
sufficient screening or evaluation of the development plan . 
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Successful develo1>ment involves a change from the t raditional set 
s tocking of blocks to a s ystem of mob stocking and rotational grazing 
on sub-divided blocks. These well fenced-in cattle and clean pastures 
in the Hunter Valley are so managed. A Lincoln College photo. 

There are many people available to help farmers with 
planning-the es timating of ph ysical responses, stocking 
rates, stock numbers, costs of inputs and ra tes of 
development. During th e planning phase attention is to be 
focused on the capital requirement of the various inputs, 
and because of this some changes in the plan will be made. 

Once development .has commenced there must be 
continual appraisal and adjustment to the programme. If 
the ph ysica l r esults are no t occurring as they should be, it 
may be necessary to re- th ink the progTamme. W hen prices 
change it will be necessary to speed up or slow down th e 
rate of development. With a sys tem of fi nancial contro l 
unexpected events can be accommoda ted. 

There is no doubt there are problems in r un coun try 
development, but th ere are also runh olders who are 
overcoming these problem s. The grea tes t asset the ru nholder 
has is th e vas t potential for increased production and 
profitable development. Exploita tion of this po tential is 
overcoming the cost pr ice squeeze, and providing worthwhi le 
returns to the runholder. 

I wish to record my th an ks to Mr M. A. Montea th and 
G. G. Cassens of the Invermay AgTicultural R esearch Centre 
for th eir in formation and advice. 

26 



FINANCE FOR DEVELOPMENT 
H. J . King 

Supervising Appraiser, State Advances Corporation , 
Christchurch. 

The high country is estimated to support 500 land 
holders, embrace ten million acres, carry 2.5 million sheep, 
and produce three percent of the New Zealand wool clip. 
The fortunes of these pastoralists have been well portrayed, 
though sometimes grimly, in diaries and publications that 
document more than a century of occupation in this area. 
Past stewardship is frequently a subject of controversy hut 
there is no doubt that the establishment of conservation 
practices and the consolidation of holdings on a pastoral 
basis are major achievements. ot everyone will be satisfied 
with these but most could be thankful that the financial 
climate of the past quarter-century has been conducive to 
pastoral stability in the area. 

This stability has brought to the financier an awareness 
of the gTeater security of tenure, the soundness of rents based 
on carrying capacity, and the potential for improved earning 
capacities, as bases for investment. 

Factors Special to the High Country 

The following table published by the Economic Service 
of the N .z. Meat and Wool Boards demonstrates the change 
in liabilities and earning capacity of the high-country gToup 
of survey farms. 

Net Farm Sheep 
Year Income Shorn Cattle Liabilities Interest 

$ $ $ 

1967 / 68 4256 6527 173 40,829 2138 
1966/ 67 4770 6573 138 33,042 1615 
1965 / 66 7588 6520 140 26,956 1460 
1964 / 65 8752 6550 130 22 ,954 1134 
1963 / 64 1111 2 6303 111 15,542 848 
1962 / 63 9628 6342 107 16,680 1026 
1961 / 62 7640 6286 103 13,484 718 
1960 / 61 7424 6435 107 13,832 654 
1959/ 60 8 122 6411 102 13,362 712 
1958/ 59 5664 6118 93 10,518 620 

It would be unwise to draw any conclusion other than 
to point out the trend of increasing liabilities, increasing 
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interest payments and reduced net farm incomes in this 
group. High-country farmers are not alone in this nor are 
they necessarily in a bad position. However, since this is an 
area where most of the land is held on pastoral lease I would 
like to sound a note of caution to those involved in loan 
transactions. An attempt has been made to fix rentals on a 
realistic basis-in line with stock carrying capability-in 
order to allow the runholder to effectively carry out his job 
of custodian of the land and obtain a reasonable return. 
Notably he has to bear responsibility for weed and pest control 
and conservation practices and also stocking limitations. 

Because of these responsibilities, the hazards of climate 
and fluctuations in wool prices, the runholder has been 
cautious in regard to debt, so that he is able to ride out any 
short term fall in income. But in the case of new settlement 
there is a tendency for purchasers to disregard the liability 
of rent and the Crown 's interest in the realty thus defeating 
the purpose of the pastoral lease system. In these instances 
the low rent factor is outweighed by an increased interest 
loading incurred by expenditure on other capital items. 
Prudent settlement must take into account possible economic 
adversity, the restricted uses of the land and the limited 
capability of these properties to recover from economic 
reverses compared with mixed farming on higher fertility 
soil. 

Security 

Pas toral leases are regarded as good security for loans 
on mortgage and I am not aware of any difficulties being 
experienced in the raising of prudent levels of debt provided 
all other factors are in order. Lending on a leasehold differs 
from a freehold. To ascertain a prudent level of advance 
the lender must take into account the interest of the lessor 
(the owner) and the terms of lease before determining 
the lessee 's interest which is tendered as security. Loans on 
leasehold properties will be something less than what can 
be borrowed on comparable freehold properties. 

Ability, creditworthiness, and earning capacity are the 
points that really count in lending or borrowing money. 
Usually, advances allow for progressive repayment or 
repayment at the end of a fixed term. Having made an 
advance the lender expects that the loan will run 111 

accordance with its provisions. All lenders desire to be 
associated with successful borrowers. This requires ability 
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and desire of the borrower to play his part, and the capability 
of the property to produce sufficient returns to service all 
requirements. 

Sources of Finance 

It is the policy of the State Advances Corporation (and 
all servicing agencies) to render as much assistance as 
reasonably possible to the back country. Most of the lending 
agencies provide development finance either directly or 
indirectly for development. The State Advances Corporation 
and the Marginal Land Board have adequate funds available 
for soundly based development propositions. 

Finance for the purchase of a high country property 
can be provided by the State Advances Corporation, 
insurance companies or trustee agencies. Private loans are 
sometimes arranged from solicitors' and family sources. 
Seasonal finance is provided by banks and stock firms. 
Purchase loans for competent creditworthy farmers who have 
not previously owned a property are available (subject to 
funds) with an upper limit of $50,000. The security is first 
mortgage plus first stock security if necessary. Interest is St % 
and term of loan up to 30 years. 

Scope for Development 

It has been proved conclusively that there is great scope 
for increased production in the back country. Through 
better feeding, breeding, and management significant 
increases in per head production have been achieved. Cattle 
numbers are increasing and will increase more rapidly in 
the future. 

With the combined knowledge of runholders supported 
by the various local body and state organisations working 
on back country problems there is sufficient technical 
knowledge avai lable to lift production considerably. 
Achievements to date have been largely financed from 
revenue plough-back and this is likely to continue. Judicious 
expenditure on productive improvements and stock from 
money that would otherwise go to the tax gatherer is the 
best source of finance. Where development can be profitably 
undertaken many will wish to borrow to initiate or accelerate 
the programme or they may wish to finance their contribution 
towards a more comprehensive plan. 

29 



Borrowing for Development 

To be worthwhile development must be profitable to 
the developer. People will assess the profitability in various 
ways-increased return-less physical effort-improved 
living conditions-increased value of asset-ultimate 
provision for members of a family. The benefits of develop
ment will vary according to the ability of the farmer to 
handle the finished scheme. Those operating unprofitably 
should carefully isolate and assess the reasons before 
venturing further into debt. All programmes should be 
matched to the capability of the developer. Consideration 
must be given to the physical and mental demands inherent 
in sophisticated schemes. 

Problems of stock health and fertility often cause 
concern under intensified grazing. Control of grass grub 
and porina may be a problem. These are not submitted as 
reasons for not undertaking development, fortunately they 
are usually temporary, but can delay returns from 
development. 

Assis tance for a wide range of improvement purposes 
including essential additiona l land plus additiona l stock 
and plant is available. Where a runholder wishes to 
substantially increase his carrying capacity by retaining his 
own surplus stock rather than purchase from other farmers, 
a suitable adj ustment of repayment can be made. The S.A.C. 
policy on development finance is that security is on first or 
second mortgage and stock or on stock alone. The interest 
rate is St% on first mortgage and 63 on second or other 
security. Terms of repayment are flexible-usually on an 
interest only basis for the initial period until returns from 
the development are evident. Repayment is then placed on 
an appropriate term. Loans for amalgamation of uneconomic 
areas are also considered under this heading. 

Priority for revenue and borrowing should be aimed at a 
maximum return from the existing capital stock and improve
ments: 

(a) Adequate numbers, classes, and breed of stock to 
fully utilise feed already available-not over
stocking. 

(b) Fencing. 
(c) Use of cattle where they are complementary. 
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Breeding, feeding, and stockmanship a re of paramount importance in 
development . Makarora Station, photo-D. Osmers 

T here are ma ny o ther forms of development such as 
housing, woolsheds, cattle yards, access, wa ter supplies, 
elec tr icity, planting, stock and plant, which become 
n ecessary with expansion or require replacement to maintain 
the present position. In some cases addi tional land will be 
required to maintain viability. 

Considering th e hazards of climate and terrain and th e 
limited a lternatives to pas tora l production, the high-co untry 
farmer will try to maintain his re la tive ly low cos t structu re. 
There is a considerable range of fin ancia l and advisory 
ser vices ava ilable to the back country farmer to help with 
prudent development. I trust tha t full use of these services 
will be a ttained . H owever, I still see breeding, feeding and 
stockmanship remaining of paramount importance in 
obtaining maximum re turns in the development of th e high 
country. Competent, soundl y based farmers can still proceed 
with ca uti ous optimism. 

31 



A partnership in 
management 

-. . / 

J. K. Rowley, owner 
A . J. Warrington , Farm Planning 
Off icer, Otago Catchment Board. 

This high-country property of 27,990 acres lies between the 
eastern shore of Lake H awea, and the headwaters of Breast 
Creek ( one of the major tributaries of the Lindis River). The 
altitude ranges from J,180ft at lake level to 5,146ft at Breast 
H ill. 

In 1911 the property was form ed from the subdivision of 
the old Morven Hills Station. The lease was purchased by Mr 
]. K. Rowley's fat her. After his father's death Mr Rowley man
aged the property for some time until he bought it in 1947. 

Rabbit destruction by the Board began in 1949 in this area, 
with quick effect. T his improvement, coupled with the lift in 
wool prices in the early 1950's encouraged me to start a pro·· 
gramme of subdivision and aerial improvement work on the 
ferny faces on the lakeside. 
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Before this development the property was only divided into 
six main blocks- two back tussock blocks for summer grazing, a 
winter wether block, the ewe block, the hogget block, and a 
small high-basin area. The two-tooth ewes and wethers had to 
be wintered with the older wether flock. It became obvious that 
subdivision and feed improvement were essential to improve the 
condition of the hoggets and ewes. 

The Start of Development 
With the hoggets in mind, an easy sloping area of 215 

acres was fenced , and together with 12 acres of existing home
stead paddocks it was cultivated, sown to turnips for winter feed, 
then sown down to improved pasture. 

In the late 1950's an area of about 665 acres under heavy 
bracken fern was burnt. A fence of 3Y2 miles was erected around 
the area and a short fence put in to subdivide it. The best 100 
acres were flat enough to cultivate in the usual manner- with 
good results. The remainder was aerial-oversown and top
dressed with 2lb white clover, 2lb Montgomery red clover, 2lb 
cocksfoot, 7lb ryegrass, and 1 lb dogstail per acre, mixed with 
2cwt superphosphate. Results were only fair, so more fertiliser 
and extra seed were sown again in the autumn. There was a 
marked improvement. 

At about the same time cattle were introduced, with the 
purchase of 25 heifer calves, to help crush fern regrowth and to 
form the nucleus of a breeding herd. More heifers were pur
chased in the next two years and in 1960 forty cows were put to 
the bull. 

Development of the lower fan areas continued into the 
early l 960's but progress seemed a little slow and it was decided 
to enter into a Conservation Farm Plan with the local Catch
ment Board. The field work was done, a five-year programme 
of works drawn up, and the plan commenced at the end of 
1963. Prior to this I had received subsidy assistance on two 
fence jobs ( 1962 and 1963 ). 

The First Five-Year Farm Plan-1964-69 
The aim of this plan was to intensify and accelerate many 

of the measures already carried out on the property- basically 
as follows: 

(a) To provide grazing on improvable bracken fern areas 
so that the more depleted and eroded front faces could 
be regularly spelled from grazing. 

(b ) To foster the increase of cattle numbers and the role 
of cattle as an alternative to burning the depleted 
tussock areas, and in the control of bracken fern. 
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The problem and the plan-taken several years ago this shows 
depleted and eroded areas and the first step to improvement-the 
fence; now completed and used as much to keep stock out as to keep 
them in to enable the rehabilitation of vegetation by spelling or the 
control of it by mob stocking. Photo: A. J. Warrington. 

Limited but valuable lakeshore flats. Photo: J. K. Rowley . 
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To these ends the following works were carried out: 

383 chains conservation fencing (five fences ) ; 
420 acres A.O.S. and T.D. for extra grazing on the lower 

front faces so that the more depleted and eroded tus
sock areas could be spelled; 

15 chains windbreak protection on an arable area; 
205 chains cattle-proofing old fences on the front faces. 

In addition to these works a considerable number of unsubsi
dised items were also completed in this period. The subsidies 
involved were not large-the net amount I received over the 
seven years being about $3, 700 and the gross subsidy cost to the 
nation was about $4, 700. H owever, we got a great deal of 
encouragement from the farm plan and the subsidies did help 
us to speed up our development works and to lay down long 
term plans for the property. 

The Results from Development 

At the end of the plan ( 1964-69 ), total sheep numbers 
increased 16 per cent, cattle numbers by 100 per cent, annual 
sheep sales by about 20 per cent, cattle sales by 150 per cent, 
and total wool weights by about 10 per cent. 

Even greater changes have taken place if the current 
figures are compared with those of 1957 when development was 
initiated. (See table below. ) 

Yeal' to Number Number Total Total lbs Wool To,tal 

30th Sheep Cattle Cattle Sheep per Sheep lbs 

June Sold Sold Wintered Wintered Wintered Wool 

1956/ 57 30 4,420 9.6 42,660 

1957/ 58 525 4 36 5,000 9.0 43,300 

1958/ 59 437 4 60 5,000 9.0 45,000 

1959/ 60 1,625 18 43 5,000 9.2 46,330 

1960/ 61 857 23 50 5,000 10.4 51,879 

1961/62 942 6 70 5,000 10.8 54,050 

1962/ 63 1,030 114 5,000 10.6 52,852 

1963/ 64 1,692 43 100 5,000 9.9 49,392 

1964/65 858 12 155 5,100 9.5 48,272 

1965/66 931 52 163 5,205 8.7 45,249 

1966/ 67 1,072 44 173 5,205 9.7 50,569 

1967/ 68 1,237 34 197 5,717 10.0 57,033 

1968/ 69 1,112 108 202 5,816 !l.O 52,344 

1969/ 70 1,191 107 206 !iMO 9.4 54,650 
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We have learnt a lot about bracken fem development in 
this area over these 13 or 14 years. My greatest mistake with 
the first block I attempted was in not fencing the area small 
enough, and the fact that I was not prepared to stock the area 
heavily enough. Fern regeneration on 40-50 per cent of the area 
was the spectacular result. Thereafter, closer subdivision and 
more intensive stocking became a must. We then put almost 
2,000 wethers on to a 40-acre block and left them until they 
really had the upper hand on the young fern fronds (which 
emerge early in November ) . The area afterwards indicated 
that we would be lucky to see any grass or clover again too-
but a spell for two or three months did away with this fear in 
no uncertain terms. We favour the use of some cattle now, 
mixed with a large wether mob. Tutu and excessive clover 
growth are constant causes of concern but we feel that the 
improvements in the control of bracken regrowth, and rank 
vegetation, more than compensate for the sometimes alarming 
stock losses. 

The benefits in stock management resulting from the 
development programme have been tremendous. 

The hoggets are now permanently below snow level. Over 
half are supplementary fed throughout the winter, and the 
rest for part of it. The two-tooth ewes are now put to the ram 
and a 65 per cent lambing achieved from them. The two-tooth 
wethers are wintered separately on a better block. 

The wethers are used to eat off the flush of spring and 
early summer growth- this serves two purposes: 

( 1) it crushes second growth fern at the critical time; 

( 2 ) it helps spell the more depleted summer blocks in the 
early growing season. 

The ewes are now held on grass and A.O.S. and T.D. 
blocks from September right through to weaning in February. 
This also gives the poorer hill blocks the early growing season 
spelled from grazing. 

Heifers are now put to the bull at 16 months old and we 
have managed a 70-80 per cent calving with no real troubles 
to date. They get preferential treatment and are well grown. 
After running with the bull for one month, they are put on 
native hill country where they remain until three weeks before 
calving. 
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High tussock, bracken fern, arable fans, are the three classes of 
country under development. Improvement began at the lower altitudes 
but the ultimate benefit is conservation of the high tussock terrain. 

Photo: A. J. Warrington 

All this development work has been carried out from sur
plus income available, plus the subsidy assistance provided 
through the farm plan. It would not have been possible in such 
a short time without the reasonable prices we have enjoyed for 
our fine wool throughout this period. According to the Depart
ment of Agriculture's economist, the return on the capital we 
invested in development until 1969 was about 20 per cent. 

The Future 
In 1969 we commenced a second five·')'ear plan with the 

Catchment Board. It provides for 3Y2 miles of new fencing 
(two fences ) ; 10 miles of cattle-proofing old boundary fences 
and the internal fence on the large back tussock blocks; about 
five miles of firebreak access through the back block, and one 
further 300-acre block of A.O.S. and T.D. for offsite grazing 
purposes. 

To date we have completed one of the new fences and three 
miles of the cattle-proofing. 

We are aiming to push cattle grazing out on to the better 
basin areas of the two back tussock blocks, for the first time. 
Also we plan to temporarily retire from grazing ( 3-5 years) 
the most depleted and eroded areas of the upper front faces. 

I can see the immediate possibilities of carrying an 
extra 500 more sheep and 30 extra breeding cows in the near 
future. If the grazing of cattle in the high tussock is successful 
then cattle numbers are likely to be steadily increased, with only 
small increases in sheep numbers. 
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Hawea Herefords. Photo: J. K. Rowley. 

The station has always run Merino sheep--probably 
because of the steep and rugged topography of much of the 
property and its restricted areas of rolling tops, improvable fan 
margins, and lake flats. Despite the development we have com
pleted and those things we still plan to do, I have no intention 
of changing the sheep breed. It has been my experience that 
Merinos are very capable of converting improved grasses and 
clovers into more wool and more lambs, and both with a better 
quality result. 

Acknowledgements: 

Mr D. Collie, Farm Advisory Officer, Department of Agri
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UREA FEEDING 
Dr K. T. Jagusch 

Animal Science Department, Lincoln College . 

The recent dry conditions in various areas of the North 
Island of New Zealand have prompted the interest of farmers , 
veterinarians, stock food manufacturers, and farm advisers, 
in the addition of urea to rations for ruminant animals. 
H igh country runho lders and their scientific advisers, 
look ing for better methods of utilizing tussock grassland, 
have also shown their interest. 

There are two completely different aspects of urea feed
ing. One is to use urea to stimulate a greater intake of low 
quality roughages when ruminants are fed maintenance fodder. 
The second is to lessen the cost of the proprietary meals and 
concentrate mixtures by partially replacing the protein com
ponent with urea. 

Pure urea contains 47 3 n itrogen , the rest of the 
molecule being made u p of carbon, hydrogen, and oxygen . 
Feed-grade urea con tains 42-453 n itrogen because small 
amounts of conditioners are added to stop lumping. In the 
bag i t is a glassy whitish substance that has a bi tter taste, 
and it dissolves in water. 

Urea is n ei ther a protein nor is it a compound 
containing protein . H owever, the micro-organisms in the 
r umen of sheep and cattle can break down u rea to produce 
ammonia. The ammonia which now contains nitrogen can 
be utilised by the m icro-organisms which build the nitrogen 
into th eir own protein . T hese micro-organisms th en yield 
their protein when they move down the gut and are digested 
in the abomasum and intes tine. Obviously the use of urea 
as a supplem ental source of protei n is restr icted to r uminants 
in which microbial fermentation of feeds play an important 
part in diges tion. 

Urea does n o t provide energy to the animal but the 
utilisa tion of urea is dependent upon the amount of readily 
available energy provided by sugars and starches in the rest 
of the animal's diet. Molasses and cer eal grains have there
for e been used as sources of energy in man y trials because 
in their presence the m icro-organisms in the r umen readil y 
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convert the ammonia, released from the breakdown of urea , 
into microbial protein. If there is not a source of energy 
readily available the ammonia is absorbed from the rumen and 
then converted back to urea in the liver and much of it is lost 
to the animal in the urine. 

The Utilization of Roughages 

A large number of experiments on feeding urea have 
been done with roughages that contain less than 5% protein. 
These show that the addition of urea and molasses (or starch 
or cereals), to low quality hand-fed roughages increases the 
roughage intake. This occurs under pen-feeding conditions 
and where sheep are fronted with the roughage in relatively 
small areas. Under such conditions the aim is to stimulate 
sufficient intake to support half the maintenance require
ment of the animal. The bulk in roughage limits appetite 
making it necessary to feed grain to support full 
maintenance. 

Under dry conditions the maintenance requirement of 
a 120 lb sheep would be about 2 lb of low quality roughage 
and t lb of grain per head daily. Paddock results would 
suggest that when sheep are mobbed up and confronted with 
hand-fed straws they will eat a t lb to 1 lb per head daily. 
A response to urea supplementation would require that 
intake to be increased to l t-2 lb of straw. 

In areas of New Zealand where we are concerned with 
extended dry periods as distinct from real drought conditions 
as frequently occur in Australia, a response to urea may be 
confounded by the presence of green-pick which contains 
significant amounts of protein . Certain species in the tussock
grassland complex might be considered low quality roughage, 
but a response in terms of increased roughage utilisation 
by urea supplementation may not occur if the green-pick is 
in the form of plants such as sweet vernal and clovers. 
Furthermore, there is no advantage in adding urea to a 
ration for sheep already getting a t lb of lucerne hay or 
3 oz. of protein-rich concentrate a head daily. A run-off 
for an hour or so onto turnips would also negate the effect 
of urea supplementation. 

In a recent review of "non-protein nitrogen in the 
nutrition of ruminants", published by the Food and 
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Agriculture Organisation of the United Nations, Professor 
Loosli and Dr McDonald stated: 

" In spite of the great number of experimental observa
tions recorded, this review is forced to the conclusion 
that no evidence is yet availabk to support the 
contention that urea can be employed profitably with 
low quality roughages in genuine pastoral conditions. 

"This is regrettable because large quantities of urea 
preparations are at present being used. It would be 
wrong to assume from the magnitude of this commercial 
enterprise that the results are favourable in practice. 
Of course, the point must be made that lack of evidence 
cannot be taken to disprove the proposition that urea 
feeding is beneficial." 

Work conducted by Mr Chowdary and myself with sheep, 
and by Mr Nicol with cattle, would support the above 
conclusion as far as the Canterbury Plain is. concerned. In 
these experiments and in those of the quoted review, 
reference is being made particularly to urea-molasses sprays 
and simple urea-gTain mixtures. 

There is, however, evidence to suggest that self-help blocks 
containing urea give responses in terms of animal thrift and 
performance. Such blocks contain 6% urea, 50-60% cereals, 
15% salt, 2% mineral mixture, and distillers' solubles. These 
are marketed overseas in 50 lb blocks, and farmers can also 
make them. 

The salt is included to restrict the intake of urea which 
if eaten in excess can be toxic. It is claimed that a number 
of components in the distillers' solubles, collectively known 
as E.C. Feed (ethyl concentrate feed) are an appetite 
stimulant which supplement the appetite-stimulating effect 
of urea. These allow rapid and efficient digestion of straws 
and other roughages. The distillers' solubles also act as a 
binding agent for the blocks. Blocks have been used success
fully under the extensive dry land farming conditions of the 
native pasture velds of South Africa, in certain areas of 
Australia, and as a winter supplement for sheep in mountain 
areas of the United Kingdom. 

In the latter case the sheep grazed on areas that would 
normally be out of production during winter. Dead and 
scorched herbage was grazed off leaving the sward in good 
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condition for regrowth in the spring. The ewes ate 4-5 oz. 
of the blocks per head daily and needed little attention. 
They stayed fit under extremely exposed conditions. Hay 
and concentrate supplements were not given to the sheep 
while the self-help blocks were out. This led to marked 
savings in terms of labour because of the ease of winter 
flock management. 

W. & R. Fletcher N .z. Ltd. have been experimenting 
with similar self-help blocks. Their conclusions, based on 
a number of trials, were that stock fed the blocks could be 
maintained successfully on roughage and that animals 
gained in liveweight if some extra grain was fed. The blocks 
were not eaten so readily if sheep had access to green-pick. 
In New Zealand the efficacy of using self-help blocks 
containing urea has still to be fully tested, but a recent 
development overseas and one that is currently being tested 
in Canterbury is a block which farmers make with their 
own grain. This only involves the purchase of a premix 
which contains urea, E.C. Feed, molasses and minerals, 
particularly phosphorus. A 50 lb block can be made by 
putting approximately ~ gallon of water into a cement 
mixer, and then adding 30 lb of grain, 6 lb of salt, and 10 lb 
of the premix. The mixture is stirred for a few minutes and 
then poured into a container such as a multi-walled paper 
bag in which it sets. Ingredients in the premix act as a 
binding agent. Present indications are that a sheep eating 
2t oz. of the block daily will eat 303 more roughage. 

An increase in the utilization of roughages by sheep and cattle would 
be desirable on stable land and probably more beneficial than the 
waste and damage of tussock burning. Photo-Ministry of Wo-rks. 



Urea in Concentrates 
It was mentioned earlier that urea can be used in 

production rations to partially replace the true protein 
component of a concentrate. Here the aim is to reduce the 
expense of protein-rich concentrates when these are used 
as supplements to basal rations of grain or hay This could 
be of importance in the winter nutrition of beef cattle, in 
emergency feeding of milking cows on town supply farms, 
and possibly in feeding ewes in late pregnancy-when the 
protein requirements of the animals are higher. 

Cattle can tolerate 2% urea in a total feed ration and 
possibly more if the urea is mixed with the other feeds 
and the animals are adjusted to the ration. 

Other nitrogen containing compounds have been 
studied as ingredients of livestock feeds. These include 
ammonium salts, biuret, dicyanodiamide, glycine, and 
glutamine. All compounds proved useful sources of nitrogen 
except biuret-but none exceeded urea in availability of 
nitrogen. 

Research Requirements 
The two aspects of urea feeding have still to be looked 

at critically in New Zealand, particularly in areas subject 
to drought conditions, and on properties that have difficult
ies in their feeding programme during winter. I should also 
emphasise that we rely on a cheap source of protein from our 
grazing lands. Even under conditions where animals require 
supplementation, green-pick is often available and a direct 
deficit of energy for a particular animal performance is often 
the main issue rather than the lack of protein. Perhaps, 
therefore, we should be looking at supplements for their 
ability to stimulate appetite for roughage rather than as a 
source of nitrogen for microbial protein. 
Acknowledgement: W. & R . Fletcher Ltd. 
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N.Z.A.E.I. photo. 

AERIAL-SPRAYING 

RESEARCH FOR SCRUB CONTROL 

Professor W . E. Yates 

Interviewed by J. Runga . 

A motion was carried by sub-sections of the South Island 
High-country Committee of Federated Farmers at the:r 1970 
conference-that the Department of Agriculture be asked to 
promote further the investigations by the N.Z. Agricultural 
Engineering Institute of all aspects of the role of aircraft and 
herbicides specifically for the practical control of briar, broom, 
and gorse. Instigator of current research in this subject at the 
Institute is Professor W. E. Yates, of the University of California . 

Professor, I understand you have a research fellowship 
through our Department of Agriculture to study the aerial 
application of weeclkillers. 

Yes, basically to investigate aircraft spraying equipment. I 
submitted the research proposal to the New Zealand National 
Research Advisory Council and the Department of Agriculture 
approved the programme. 

\Vhat is the tenure? 
It is a senior research fellowship of one year. 

Did you instigate this research on the basis of your work 
at home? 

Yes, I have been involved in similar research. Most of our work 
is conducted in the central valley of California which is an irri
gated area under intensive agriculture. Because our problems 
differ I find it a challenge to study in New Zealand. 
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Why New Zealand? 

New Zealand has a large fleet of agricultural aircraft compared 
to other areas of the world. There is a need for development of 
a research programme on spraying because compared to aerial 
topdressing activities there hasn't been a great deal of spraying 
and very little research connected with your problems on air
craft application techniques. I believe there will be greater use 
for sprays particularly in areas where you need to use aircraft. 
There is also scope for more information on the best utilisation 
of aircraft. 

What aircraft have you conducted experiments with so 
far? 

Basically we have been working with the Piper Pawnee which 
are commonly used in Ne>" Zealand, but we have p1ans to use 
othei-s as the programme develops-the Snow aircraft as well 
as the Cessna Ag. Wagon and Fletcher aircraft. 

The aircraft you mention are fixed wing. What of the 
helicopter? 

The helicopter has great potential. Looking at a lot of the 
hill country I marvel at the use of fixed wings. The helicopter 
has greater manoeuvrability-by flying closer to the terrain it 
can get closer to the target. However, there are not many heli
copters available. This means that the key to keeping opera
tions at low cost is utilisation of the fixed-wing fleet throughout 
the year. You have in New Zealand a big fleet of fixed-wing 
aircraft for topdressing which they can do more efficiently than 
helicopters because of the greater payload capacity. This avail·· 
ability means a lower cost per acre. If a specialty machine such 
as a helicopter was adapted for spray work only, the number of 
flying hours per machine may be reduced to uneconomic levels. 
Even if the helicopter operation was at a high level throughout 
the year its operating costs are still more than a fixed-wing craft 
on the same work. 

Is there also a disadvantage with helicopters in that the 
swirl gives an uneven distribution of the spray? 

No, I wouldn't say that the distribution from the helicopter 
would be any poorer than the fixed wing. The helicopter has a 
greater amount of flexibility in the vortex system or swirl as you 
refer to it as. By flying at a fast speed the amount of swirl is 
reduced and can be very similar to a fixed-wing aircraft. Under 
slow speed the helicopter can use the vortex to get better pene
tration through deep foliage. 
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Whereas your studies in Amer
ica have no doubt been con
cerned with weed species of 
limited growth, I suppose you 
have seen our need in New Zea
land for the control of the 
shrub type. 

Yes. The greatest potential for in
creased improvement is in the high 
volume spray applications for the 
scrub weed species. If spray volumes 
could be reduced then the cost per 
acre to the farmer can be reduced. 
In some cases they are putting on 
30-40 gallons per acre. One of our 
areas of research is to endeavour to 
apply less spray, at the same time get 
an effective kill. There is the addi
tional problem of erratic results. 
Under one set of conditions the re
sults may be good but on the follow
ing day they may be poorer. This 
was the general area we at the Insti-· 
tute decided to investigate. 

So that in 12 months you have 
assembled and investigated the 
various equipment as being the 
first step, and the second step is 
the concurrent study of the 
micro-meteorological effects on 
this equipment. 

Yes. Initially we felt we could do a 
great deal in learning the physics of 
the high volume equipment, the dif
ferent types of nozzles, orientation of 
the nozzles on the aircraft, and means 
of controlling the atomisation of the 

The 32ft, portable tower 
with anemometers at 32, 
16, 8, 4 feet and two 
aspirated shields each 
with wet and dry thermo
meters. This equipment 
measures wind velocity, 
temperature and hum
idity. N.Z.A.E.I. photo. 
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liquids-all eventually affect the pattern and uniformity of 
spray on the foliage. It is also necessary to look at the main 
forces acting on the spray, which are basically gravity and the 
micro-meteorological conditions. Whether the work is done in 
level or uphill country-providing conditions during the test are 
known-we should be able to predict the performance of the 
operation. 

In 12 months have you had sufficient time to study 
weather conditions? 

This brings in the background I have had in California. There 
we have been trying to identify the effects of different meteoro
logical factors. Consequently a great deal of my effort has been 
to develop equipment and instrumentation to record these vari
ables. If recording methods can be standardised it will be pos
sible to interchange data on an international basis. The factors 
we are measuring are: 

1. The wind velocity gradient with a portable 32 foot tower 
that we place at the test area and measure velocities at 
32ft, 16ft, 8ft down to 4ft. 

2. The temperature gradients (recorded at 32ft and 8ft levels ) 
that we correlate with spray uniformity. These measure
ments are used as an index of air stability. The tempera
ture differences at these two levels, if small, indicate neutral 
conditions. If the temperature at 32ft is higher than at 
8ft as may be the case in early morning or late evening 
with lower ground temperatures, this indicates greater 
stability where fine spray particles will not be readily dif
fused . This allows better spray-•deposit and greater recov
ery within the foliage. A reverse condition (with the 
temperature high at 8ft) indicates unstable or turbulent 
conditions. 

3. The humidity gradients at 32ft as well as 8ft. With accur
ate sensors we can determine the potential evaporation of 
fine spray particles. In hill country where spray may be 
released 30 to 50 feet above the ground, evaporation losses 
become an important factor. 

4. Wind, by the use of a very sensitive wind vane which gives 
a direct indication of turbulence. 

Would you elaborate on the humidity-evaporation factor 
as there is a lot of spraying done under high temperature, 
low humidity conditions. 
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High humidity will generally reduce evaporation when you are 
using a water-base spray. Small drops remain at the same size 
- but this is only one of the variables that will affect the deposi
tion of sprays. 

How near to completing this research are you? 

At present this is vague but it will involve a several-year pro
gramme to make all evaluations-certainly in ascertaining what 
the typical conditions are, and from this trying to come up with 
a set of systems that will give the best results. 

Ultimately you will have a set of margins that an opera
tion can work to under known conditions. 

The aim of the long term project would be to make specifica
tions. We could specify what nozzle, and its position on the 
aircraft. For certain volume applications we could specify 
various formulations. This is one we are looking at now. There 
are certain additives that we can put into the spray which would 
allow operating under adverse weather. For instance in very 
dry conditions we may improve the spray to reduce evaporation. 
For meteorological conditions the farmer has little control over, 
we would attempt to write specifications to what limits he can 
use a piece of equipment, and determine optimum time periods 
in which to confine spraying. 

My next question is not a political one-in South Vietnam 
whole forests h.ave been denuded for strategic reasons. 
Trees are left standing bare to the trunks. Has this type 
of defoliation been employed to economic advantage in 
America? 

Yes. There are areas where weedkillers are used to kill scrub 
in order to put in more desirable vegetation. In Texas they 
are doing a lot of control of a fairly unproductive type of tree 
and scrub. 

Is any of this being done on land difficult of surface 
access, such as our high country? 

There is this type of operation in the foothill country of Cali
fornia. 

What methods do they use for re-planting? 

They have similar practices to what is done here- in desiccation 
followed by burning. Usually they immediately sow grass seed 
directly into the burnt area. If the country is not too steep they 
are getting good results. The degree of slope is usually not as 
steep as many areas attempted in New Zealand. The Institute 
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has worked in the R otorua area where some steep country was 
burnt and planted in trees. 

Herbicides are an established feature of these practices 
then? 

Yes. In Rotorua they generally hand cut where the vegetation 
is dense and variable in species. Diameters of the trees cut 
range from three to twelve inches. There will be some regrowth. 
They spray this with a very heavy desiccant. During the proper 
time of year they can burn quite effectively, then in a matter of 
weeks plant out. 

I presume there is a regeneration of undergrowth that 
would serve as a protective cover for the young trees. 

Yes, but they still have some release problems where regrowth 
might grow faster than the trees. They later may have to apply 
additional spray to knock back say the lupin that might come 
in very quickly after the burn. Once the young trees get above 
the regeneration growth there are no further release measures 
necessary. 

Was the Agicultural Engineering Institute observing this 
work or directly involved? 

We were involved in one test there, looking at problems associ
ated with high volume applications. 

Are you acquainted with our briar, broom and gorse? 
Yes, I've seen that you do have extensive areas of these. 

Gorse control in particular has cost plenty. Do you think 
that in the future we will be able to get complete control? 

From what I have observed we still need a better chemical. 
There are workable techniq ues--by using certain chemicals you 
can knock it back, then by heavy mobbing with sheep, control 
it. Given a better chemical you are still faced with the need to 
get a good spray distribution because of the leaf density. Right 
now it may not be possible to get total control but looking ahead 
we perhaps could get a better chemical- no doubt will. 

Has a desiccant been found to combat hard fern? 
The problem with hard fern is that it rejuvenates vigorously 
from the roots after chemical spraying or burning. The solution 
is probably one of finding a chemical that will translocate from 
the leaf to the root. 

Matagouri? 
H ere again the response of the plant to chemicals is limited. 

You have inferred that for high vegetative growth forms 
such as tauhinu, manuka and kanuka, the answer is 
to burn after spraying. 
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Professor Yates from the instrument van monitors a 'trace' of the 
wind direction. N.Z.A.E.I. photo. 

This would be one technique to get rid of the large volume of 
cover. Success in other species might depend on getting good 
spray penetration. Successful burning may be entirely depend
ent on good desiccation of the whole tree. If there are sufficient 
dry leaves left on the tree you may by timely burning remove 
the rest. I have seen that present practice has not quite got this 
far. It is still necessary in some of this country to hand fell then 
use spray to desiccate regrowth and with the tree or scrub on 
the ground there is a much better chance to develop a fire
whereas if the tree is standing vertically it will pose burning 
problems, especially if foliage has been completely desiccated 
and the burn is not timely. 

Is there a chemical that will kill these shrubs outright. 
I have not seen any chemicals that will give reliable desiccation 
of a wide variety of species that might be present. 
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One species? 
I imagine there would be if you have perfect distribution of the 
spray so that all was hit. This could well be an application 
problem. Many chemicals do not translocate properly. You 
might kill one side of the plant but not the other. 

What about alternative spray solutions? 
This brings to mind one area that is less known- the additives 
-and what really the various factors of evaporation are. We 
know we can cut down evaporation by adding certain types of 
thickening agents or changing the type of solvent to a non
volatile one such as oil where this is compatible with the formu
lation. What we don't know is how much effect it has. Tests 
need to be run under field conditions. 

I suppose the economic factors are the most limiting in 
aerial spraying. 

The cost to the farmer is. There are chemicals rwhich will kill, 
say, briar but costs enter into this. What you can spend will 
depend on the amount of return or convenience you can get 
from spraying. It may not be economically feasible to remove 
all of the scrub species if the return is not there. 

This is the problem in the high country. Although you 
return to California this week it is reassuring that the 
N .Z.A.E.I. will continue this work. 

'Lincoln, 21st July, 1970. 

Farmers and extension wo·rkers who would like to record their 
assessments of a'erial spraying are invited to write to the editor. 
Reports should be limited to 250 words. It would be appreciated if 
some emphasis is given to pasture rehabilitation or revegetation after 
spraying. 

Game an imals 
in New Zealand 

- Whitetail (Virginia). 
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TUTIRA 
The Story of a 
New Zealand 
Sheep Station 

H. GITTHRIE-SMITH 

BOOK REVIEW 
Tutira by H. Guthrie-Smith. 
Published by A.H. & A. W. Reed, 
1969. 4th edition, 464 pp. 

It is nearly 50 years since the author 
and his publisher shared doubts 
about disposing of their first 200 
copies. When he wrote the preface 
to the second edition .he postulated 
that the revenues from the book 
capitalised and carefully invested 
should quite easily keep him in tooth-
paste. 

When he died in 1940 Guthrie-Smith was nearly 80 years 
of age, having spent 60 years a sheep farmer, two years of it as a 
youth at Peel Forest, the remainder on the run his observant 
mind and faithful pen made as famous to the world as Tutira 
had been beloved to the Maori. His reflective remarks in his 
preface to the third edition shortly before his death are rich 
with the whimsy of a man of full years, conscious of fortune and 
failings, perhaps the fruit of alternating dominance of his Irish 
and Scots ancestry. Having recorded then the struggles of 
vegetation, of finance, and of a landscape shaken violently in 
1931 he could leave down his honest pen and his solvent enter
prises but instead he asked a question: "Have I then for 60 years 
desecrated God's earth and dubbed it improvement?" Another 
30 years have elapsed and thousands more readers can more 
dispassionately, more skilfully, and more wisely take up the 
fabric of Guthrie-Smith's life on Tutira and attempt to answer 
his question. 

In this fourth edition the plates are better produced, the 
nomenclature of animals and plants is revised in an appendix, 
the message of nature in struggle is clearly interpreted in Guthrie
Smith's wise and lucid unchanged text. The exquisite line 
drawings of Beatrix Dobie are one of the special charms, especi
ally in that chapter, "The Chartographers of the Station," where 
the reviewer believes Guthrie-Smith excelled himself 50 years 
ago and remains today without peer for the precision and 
shrewdness of observation and interpretation of animal treading. 

"Tutira" should be read by all New Zealand farmers. It 
will enrich their everyday lives with the stimulus for observation 
and give them more interesting fuel for their minds than the 
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worries of local and national politics, than the costs of all the 
accessories of modern farm life from fan belts to panty-hose 
for their growing daughters. "Tutira" should be read by all 
professional conservators, planners and scientists. It will remind 
them that the finest equipment of all is careful eyes, keen brain, 
good legs, and an honest pen- and cheaper than sophisticated 
benchware and computers. "Tutira" should be read by all those 
citizens who are caught up in the craze of environment, trapped 
in the delusion that it is a fearsome black cloud over some indus
trial city or a great smudge of oil upon the waters. The reviewer 
is grateful to Guthrie-Smith, to his daughter, and to Reeds for 
this edition. He feels that others who for long have said to 
themselves- that is a book I must read- will be grateful in like 
manner. 

- "Piers." 

RANDOM SELECTIONS 
F.A.O. Publications 1969 Catalogue. 

Guide to Extension Training 
By D . .J. Bradfield, 1966, 176 p., (E) 
A guide for the pre-service and in-servicing trammg ot 
agTicultural extension personnel dealing with teaching 
methods, social and cultural factors, evaluation, etc.; ot 
special value to countries establishing or developing 
extension services. 

Co-operatives and Land Use 
By M. Digby, 1957, 115 p. , 1965 3rd printing, (E) 
Selecting 16 representative countries, this paper describes 
how co-operative agTiculture evolved in each of them, what 
it was hoped to gain, and what actually happened. Among 
the countries selected are Canada, India, Israel, Italy, 
Pakistan, Sweden, United Kingdom, U.S.S.R. and the 
eastern European area. 

Grasses in Agriculture 
By R. 0. Whyte, T. R. G. Moir and J. P. Cooper, 1959, 
418 p. , 1968 4th printing, (E) 
A global review of the adaptation, management, improve
ment and utilisation of cultivated gTasses in dryland and 
irrigated agriculture, based upon information supplied by 
technicians in all parts of the world, either directly or 
through F.A.O. national committees and Ministers of 
Agriculture, upon the more recent literature and personal 
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experience of the authors. The chapters deal with: economic 
advantages and assessments; factors limiting grass farming; 
grasses and soil fertility; the establishment and early manage
ment of sown pastures and fodder grasses; dung and urine 
and the use of artificial fertilisers on established swards; 
irrigated pastures and fodder gTasses and their management; 
production and distribution of seed; procedures and designs 
in grassland research (ecological and biological relation
ships) ; physiology and local adaptation; plant introduction; 
selection and breeding cytology in relation to breeding 
methods. There is a bibliognphy, a glossary of biblio
graphical titles, a list of conversion factors, a subject index 
and an index of botanical names. 

The Efficient Use of Fertilisers 

By V. Ignatieff and H. ]. Page, 1958, 356 p., 1968 5th 
printing, (E) 
A new version (not merely a revision) of Agricultural 
Study No. 9 first published in 1949. Contains information 
on plant nutrients, physical and economic factors affecting 
application of fertilisers , and modern concepts of the use 
of fertilisers in crop production. Based on the pooled 
knowledge and experience of 96 soil and crop specialists 
working in 36 countries. An especially valuable study for 
agricultural planners, extension workers, farmers and 
students. 

Soil Erosion by Water 

F.A.O. Agricultural Development Paper No. 81, 1965, 
284 p., (E) 

Some measures for its control on cultivated lands. 
This paper deals with a major cause of erosion and in 
particular with some measures of control that are feasible 
from an economic, social and agricultural production point 
of view. It should be of special interest to newly developing 
countries where heavy motorized equipment is not available 
for control measures. It discusses water erosion control in 
temperate and tropical conditions. 

New Zealand distributors: Government Printing Office, 
Government Bookshops, Rutland Street, P.O. Box 5344, 
Auckland; 130 Oxford Terrace, P.O. Box 1721 , Christ
church; Alma Street, P.O. Box 857, Hamilton; Princes 
Street, P.O. Box 1104, Dunedin; Mulgnve Street, Private 
Bag, Wellington. 
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QUINNAT SALMON AND THE SNOW OF 
NOVEMBER 1967 

M . Flain 

Fisheries Division 

Marine Department, Christchurch. 

The article by J. G. Hughes in the T.G.M.L.I. 
Review number 16 March 1969 was of considerable interest to 
the Marine Department's Freshwater Fisheries team working 
on Quinnat salmon at Glenariffe ( Rakaia headwaters). The 
numbers of fish in the 1969-70 spawning run were much less 
than usual, due to poor survival from the eggs laid in 1967, the 
year of the snow. To understand our interpretation of the 
effect, here is an outline of the life cycle of the salmon in ew 
Zealand. 

Life History 

The Quinnat salmon originates from North America. Its 
acclimatisation by the ew Zealand Government began in 1901 
in the Hakataramea River, a tributary of the Waitaki River. 
New Zealand is the only country where the quinnat has been 
e tablished outside of its natural range. 

The adult return from the sea to spawn in fresh water 
(February-May ) mainly a three~ and four-year-old fish. They 
dig nests known as "redds" where they spawn and all die. The 
young fry emerge from the gravel several months later (August
September ) and spend up to one year in fresh water before 
migrating to the sea where they feed and grow before returning 
as adults to spawn. The New Zealand quinnat differs from it 
North American counterpart in that it matures earlier. 

Quinnat salmon-this one measures about 36 inches. 
Marin'e Department photo. 



Glenariff e Salmon Trap 
Since 1965 the Fisheries Division of the Marine Depart

ment has maintained a salmon trap at Glenariffe to monitor 
the runs in the Rakaia River, and to obtain basic data on the 
biology of the quinnat. The purpose in the long term is to find 
ways to improve the numbers and quality of the runs. Fish 
that pass through the trap are counted; then aged by recovering 
from their tagged carcasses the ear-bones. These can be read 
like the rings on a tree. This information gives an insight into 
the factors controlling the numbers and size of the fish, and 
also makes possible the predictions on the size of future runs. 
Techniques developed at Glenariffe have enabled stocks from 
other rivers to be examined without the need to build further 
traps. 

The 1969-70 Run 
The run was expected to be about 1,200 fish and it was 

extremely interesting when only 600 appeared. The age analy
is showed that the three-year-old fish, normally the bulk of 

the run, were badly depleted. The other age groups were much 
as expected. These two facts clearly indicated that the poor 
survival of the 1967 juvenile stock, which gave rise to the three-

Salmon carcasses recovered from the Glenariffe trap for ageing. 
Marine Department photo. 



year-<Old fish in the run, was in fresh water and not in the sea, 
otherwise all the age groups would have been affected equally. 
The juvenile year of the three-year-old group coincided with 
the November 1967 flood. 

The intensity and critical time of this flood probably caused 
a high mortality in the juveniles of the three-year-old fish. The 
mortalities could have been due to : rapid transition of fresh 
water to the sea, caused by the flood; the high silt load in the 
flood waters; physical injury. These results prompted us to 
examine runs in other rivers less severely affected by the snow. 
The lower W aitaki was one, and there the structure of the run 
clearly refl ected the less severe flooding; indeed the W aitaki 
run was a good one with high numbers of three-year-old fish. 
At the same time samples were obtained from the main Rakaia 
River bed. H ere the depletion of the three-year-old fish was 
even more apparent . 

Management Implications 
Being a resource of considerable recreational value, all pos

sible means to enhance the salmon runs should be considered. 
The results from the 1969-·70 run and the effects of the Novem
ber 1967 fl ood clearly indicates a means of doing this. 

The idea of flood-controlled rearing-channels is seen as a key factor 
to improving the salmon run in New Zealand rivers. 

Marine Departmen t photo. 



By establishing artificial (near natural) flood-controlled 
rearing-channels the size of salmon runs in the main South 
Island rivers can be increased. 

The information so far obtained at Glenariffe gives no 
indication that the marine part of the salmon's existence is the 
limiting part. The normal flooding pattern of New Zealand 
rivers underlines the need to have regard for the spawning waters 
and their stability. The findings from the Glenariffe trap, espe
cially those relating to the 1967 snow and subsequent flooding, 
have provided us with a clear insight into ways and means of 
managing salmon. 

THE GROWING YEARS..,..FROM FOAL 
TO HACK 

Janice D. Skilling* 

Increasing mechanisation has brought an end to the use 
of the horse in many areas but it seems unlikely he will be com
pletely replaced in the high country. 

Horses, like people, are very much individuals and 
while it is possible to lay down guidelines to the breaking 
and handling of them it still must be a flexibl e programme 
to vary with the needs of the handler. 

Acquiring a quiet reliable shepherd's hack is still of 
major importance to many men on the land. Ideally a 
shepherd's hack should have a placid, stable disposition , 
strong bone and constitution, and should not be too tall. 
From 14.2 to 15.2 hands would be tall enough for anyon e 
who has to lift sheep or manoeuvre scrub and gates. 

To selecc a horse for station work at the foal stage is at 
best a risky business. You can only look to its breeding for 
the stability and soundness essential for your purpose. Better 
by far to select a two or three year old which will be 
showing its true conformation and soundness. Many consider 
the offspring of a half draught mare and good hack stallion 
to be a good combination. 

Ashburton couple, Mrs Skilling and husband Bill, are well known for 
their interest in the training of hacks and hunters.-Ed. 
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It is important to feed a youngster well during his early 
life to ensure strength of bone and muscle. To break in a 
weak horse is not to break it at all-when its strength 
returns so will its spirit and rebellion-creating many 
problems for its handler. If the horse is kept at grass and 
feed is plentiful a morning feed of 4lb of hay, llb bran, and 
-}lb of horse pellets, and a night feed of 6lb of hay would be 
sufficient. A horse has a very small stomach for its size and 
should be fed little and often. Plenty of fresh water and 
rock salt should always be available. 

There are far too many ailments of the horse to mention 
here but care should be taken to ensure that he is treated 
regularly for worms as these will destroy health very quickly. 
His overall appearance should be one of smooth glossy coat, 
easily moved on ribs underneath; wide bright eyes, alert head 
with ears pricking. Remember, no foot, no horse-regular 
attention to his feet will be necessary if the hoof is to remain 
firm and healthy. Shoeing for hill work will be necessary 
and should only be attempted by competent persons in this 
dying art. If in doubt when health is involved consult a 
vet. 

Handling 
It may seem at the outset that you have a long slow job 

ahead but don ' t be tempted to take shortcuts as the whole 
working life of your horse may be jeopardised. 

It is wise to begin handling your foal at a very early 
age so that he will gain confidence in you. If this is not 
possible begin as soon as you can by driving him quietly 
into a yard or box, first making sure there are no sharp nails 
or spikes he can injure himself on. 

You will need a strong headstall and soft rope put in 
easy reach. Approach quietly, talk softly, and let him get 
used to your presence. When you are close rub your hand 
slowly along his back from the shoulder. If he accepts your 
hand you should pat under the neck and chin making sure 
you do not startle him. Using your voice to reassure him 
you will soon be able to slowly slip on the headstall. Do 
not leave it on too long the first time as it may rub. 

Next comes teaching him to tie up. Choose a large 
post or tree that will not break if he pulls back or fights. 
Pass a strong rope from the headstall-ring to his neck, and 
fasten with a bowline. After he has tried to free himself 
and failed he will accept the rope with good grace, but do 
not leave him standing alone the first few times you tie 
him. 
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To lead the horse begin by standing alongside the head. 
It is best not to face him as he is more li '.zely to follow 
than be dragged from the front. He should be led from 
alternative sides. If he baulks, a rope gently pulled from 
behind will encourage forward movement. 

The aim of roping is to instil respect for the rope and 
ensure that if the horse is ever tangled in a fence or loose 
wire he will not panic but stand quietly until released. 
Roping is done by tying· each leg in turn , passing the rope 
round his torso or hindquarters. He may fight and fall but 
as long as no injury results he will emerge with a healthy 
respect for you. 

This is a good time to begin lifting his feet . Slip your 
hand down each leg, tightening your gTip near the hoof. He 
will soon learn to lift his foot at a touch. Remember to lift 
all four feet regularly so as to lessen shoeing problems when 
the time comes around. 

Never leave a lesson not learned or a discipline not 
accepted. Patience is important at this stage and encourage
ment by patting and voice should be given when a lesson 
is well learned. 

There is nothing less rewarding than fighting a horse 
with a cast iron mouth. Mouthing gear consists of a straight 
or half-moon bit fitted into the headstal I. Short reins go 
from the bit, back to a small harness saddle, or surcingle, 
with rings on each side. Position the bit for an hour each day 
for about a week. Tighten the bit about an inch each day 
and extend practice another hour daily, as may be required. 
Once the horse is mouthed he can now be driven to learn 
to accept instructions. Drive him from behind using long 
reins or ploughline and teach him to turn , halt, and go 
forward on command. 

Riding 

You may now introduce the horse to weight. For this it 
is wise to get him used to someone lying over his back before 
anyone actually sits in the saddle. Someone should hold 
the head while another "legs up" the rider who will lie 
across the horse and talk to reassure him. The horse may be 
nervous at this stage so give him time to get used to the 
feel and weight of the rider before going further. When the 
rider uses the saddle make sure he is legged up high enough 
to clear the buttocks. He should enter the saddle gently and 
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sit relaxed and speak quietly to the horse so he will recognise 
who is above him. Have him led slowly around the yard 
until he is accustomed to being ridden. Time and patience 
should be used until he can be ridden free of rope or 
handler. 

A lead horse may be useful in getting a young horse 
confident and accustomed to traffic, water, and objects. 
Blinkers may be used on a horse that shys too readily, at 
least until he has gained confidence . This can only be a 
temporary measure because it does not reach the source of 
nervousness. Keeping a traffic-shy horse in a small paddock 
near a busy road can help. Hand leading is also effective but 
best of all is a short-tie to a quiet lead horse. 

Many horses are broken in by just catching· and riding 
buckjumping style. Although this may have quick results 
both good and bad it is not to be recommended. 

A cover may be necessary in cold weather so this will 
have to be introduced. Fold it into a roll and lie it across 
his back then unfold slowly trying not to make any sudden 
noises. Fasten securely and if the fit is correct he should 
accept it without fuss after the first strangeness has passed. 

61 

Now your horse is broken 
his education can be contin
ued. It will be necessary for 
your horse to stand steady, 
especially during lambing, 
so he must be taught to 
ground tie. You begin by 
attaching a rope from his 
headstall to a metal spike 
driven in the ground, leav
ing him to stand while you 
work. Repeat this many 
times in different location s 
and near different noises. 

Trained to ground tie the hack 
will stand quietly when the rein is 
left trailing. Photo: J. D. Skilling 



After some weeks of this do not attach the rope to the 

spike but drive the spike in as usual and leave the rope free. 
If he has learnt well he should now stand quietly whenever 

the rein is left trailing. 

IE the horse is young, two or three years old, you may 

decide to turn him out again to allow him to grow and 
strengthen. If not, he could go on to. light work until he is 

about four years old. If he is given time to develop you will 

benefit in the long run. 

These notes are intended to cover many months in time 

and I cannot stress too strongly the need for patience in 
dealing with the young horse. It is not possible to cover all 
aspects of horse handling as all horses are different as are 

the methods of handling them. Some failures may ensue 

before success is yours, but the sense of achievement in 

training and riding your own horse makes the effort worth 
while. 
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RADIOCARBON DATING 
AND ITS APPLICATION IN THE 

SOUTH ISLAND HIGH COUNTRY 
Dr B. P. J . Molloy 

Botany Division , D.S. l.R., Christchurch . 

About 20 years ago the American scientist, Libby, 
suggested that materials containing carbon could be aged 
by determining their radioactivity. This led to a great surge 
of interest in many branches of science and opened up fresh lines 
of attack on the hjstory of man and hjs environment. Since 
then the radiocarbon method has been developed to the stage 
where it is now used on a routine basis to age numerous carbon
containing materials from diverse sources. 

The aim of trus article is threefold: to djscuss the principle 
of the radiocarbon method; to point out some of its problems 
and pitfalls; and to describe its application in the South Island 
high country. The article begins with a brief outline of atomic 
structure and radioactivity. 

Atoms, Isotopes and Radioactivity 

For a long time the atom was regarded as the ultimate par
ticle of matter, incapable of subdivision . Due largely to the 
eminent New Zealand physicist, Lord Rutherford, we now know 
that the atom consists of three fundamental particles- the pro
ton, neutron, and electron. The proton is a small particle with 
weight and mass and carries a positive electric charge. The 
neutron has the same weight as the proton but no electric charge. 
The electron has negligible weight compared with the other 
two, but carries a negative electric charge which balances the 
positive charge of the proton. Even these particles are not com
pletely incapable of alteration. The atomic physicist deals with 
others concerned in radioactivity. 

A single atom is often compared with a solar system. It 
has a central nucleus containing only protons and neutrons, 
which is surrounded by a planetary system of electrons moving 
in definite orbits. The nucleus therefore carries the positive 
electric charge and the planetary system the negative charge. 
Since the atom as a whole must be electrically neutral, the num
ber of protons in the nucleus must be balanced by an equal 
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number of electrons in the planetary system. This 11umber iS 
called the atomic number. Carbon, for example, has an atomic 
number oj. 6 ( 6 protons balanced by 6 electrons) . 

As the nucleus of an atom contains only protons and neu-· 
trons, its weight, and therefore the weight of the atom, is equal 
to the sum of these two. The sum is called the atofuic weight. 
Carbon, for example, has an atomic weight of 12 ( 6 protons + 
6 neutrons ) . 

In a sample of any element all the atoms will have the same 
number of protons but not necessarily the same number of 
neutrons. These atoms, which differ in the number of neutrons 
in their nuclei, are called isotopes of the element. It follows tha t 
isotopes of an element will have the same atomic numb~r but 
different atomic weights. '·· 

Nearli all known elements occur as mixtures of two or 
more isotopes. Carbon, for instance, consists largely of carbon-1 2 
( 6 protons + 6 neutrons), a small amount of carbon-1 3 (6 
protons + 7 neutrons), and a very small quantity of carbon-1 4 
( 6 protons + 8 neutrons ) . The fi rst two are well known as 
normal, stable isotopes. Carbon-14, on the other hand, because 
of its nuclear makeup, is unstable and undergoes a character
istic type of nuclear change or disintegration. Such unstable 
isotopes are therefore said to be radioactive. 

When a radioactive isotope completes its characteristic type 
of nuclear change it ceases to be radioactive. T hus, radioactive 
substances are continually decreasing in radioactivity or decay
ing. The rate of decay is characteristic of the isotope and is 
usually expressed in terms of half-life, the time taken for half 
the nuclei present to decay. This value can vary from a few 
seconds to thousands of years for different isotopes. The half
life of carbon-14 is 5,568 years. This means that after 5,568 
years .half of a given amount of carbon-14 will have decayed ; 
after another 5,568 years half the reminder will have decayed; 
and so on. So that after about 40,000 years less than 1 per 
cent of the original amount remains. 

Radioactive decay produces a radiation composed of alpha 
particles, beta particles, gamma or X-rays, or some combination 
of these. I t also releases va rious amounts of energy. When 
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carbon-14 decays it produces a radiation composed of beta par
ticles. These and other forms of radiation will ionize gases 
when they pass through them, and it is this property which is 
used in most methods of detecting and measuring radioactivity. 
The apparatus used is an ionization chamber, of which there 
are several types. Perhaps the best known is the Geiger-Muller 
Tube (Geiger Counter ) which i very efficient for detecting beta 
radiation. Another is the Proportional Gas Counter, which is 
irnilar to the Geiger-Muller Tube, but capable of differentiating 

between types of radiation. Associated with these counters is 
electronic recording equipment for measuring the quantity of 
radioactivity, calculating errors, and so forth. 

Carbon-14 is one of the few radioactive isotopes that 
occur naturally. Most are produced artificially, usually by 
bombarding stable elements with atomic particles or missiles 
such as neutrons, protons, alpha particles, and others. With 
the advent of the Atomic Pile or Nuclear Reactor, a ready 
source of atomic missiles has become available. This has led to 
the artificial production of radioactive isotopes and their use in 
many branches of science. 

The Radiocarbon Method 

In the lower atmosphere carbon dioxide consists mainly of 
the stable isotope carbon-12, a small amount of the stable 
isotope carbon-13, and a very small quantity of the unstable 
radioactive isotope carbon-14. Carbon-·14 is continually being 
produced in the upper atmosphere by cosmic radiation. The 
resulting atoms of carbon-14 combine with oxygen to form 
radio'active carbon dioxide, which in turn mixes with normal 
carbQn dioxide and is distributed throughout the lower atmo
sphere by air currents. Here the decay of carbon-14 is offset 
by the arrival of new carbon-1 4 from above, and a balance or 
equilibrium is said to be maintained. 

All living organisms, whether on land or in the sea, ex
change their carbon with the carbon-dioxide of the atmosphere. 
The decay of carbon-14 already present in the plant or animal 
is offset by the absorption of new carbon-14 in fresh carbon 
dioxide, and a balance is maintained throughout the organ
ism's lifetime. When the organism dies, however, this exchange 
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stops, and the decay of carbon-14 already present is no longer 
compensated. Thus the system is closed, and the carbon-14 
present decays with a half-life of 5,568 years. Therefore, if 
the amount of carbon-14 still left in a dead organism is meas
ured, and then related to the amount in its modern counter
part, the date when the organism died can be determined. 

This is done by measuring the radioactivity arising from the 
breakdown of this material in a given time, and taking into 
account the half-life of carbon-14. Where a proportional gas 
counter is used the procedure in its simplest form is as follows: 
The sample for dating is fi rst cleaned to remove all foreign 
carbon-containing substances. It is then converted to carbon 
dioxide, by burning if it is organic material such as wood or 
charcoal, or by acid treatment if it is carbonate such as bone or 
shell. This is then purified to remove foreign radioactive con-· 
tamination, and the resulting gas is placed under pres.sure in the 
counter where its radio-activity is recorded with electronic equip
ment. This apparatus is heavily shielded from background 
radiation and other radioactive contamination otherwise errors of 
measurement will occur. T he time taken to prepare samples for 
counting varies according to their nature. The actual counting 
usually takes place overnight for a total time of 1,000 minutes. 
Modern material used fo r comparison is treated in a imilar way. 

Reporting Radiocarbon Dates 

The period of time over which the method will extend i 
determined by the half-life of carbon-14, and the degree of 
refinement of the instruments u ed. Few radiocarbon laboratories 
will give ages beyond 45,000 years, although it is claimed that 
measurements beyond this can be valid. 

A standard system of reporting age or date is universally 
accepted. T wo examples drawn from published results produced 
by the New Zealand laboratory are set out below (Radiocarbon 
Vol. 3, 1963 ) : 

(1) Wood: 
NZ - 97 Rubicon River 

( 2 ) Charcoal : 

6,050 + 80 
4100 B.C. 

NZ - 304 Porters Pass, Canterbury 510 + 50 
A.D. 1440 

(BrieE descriptions usually accompany these da tes) 
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A section of buried soil showing dark humus-iron 11an at bottom, 
grey leached podsol in the middle, with lumps of mountain beech 
charcoal above the podsol (ref. 6.5ins); overlain by present soil. 
"Brooksdale," North Canterbury. Photo-(From B. P. J. Molloy, N.Z. 
JI Bot., 1964). 
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The laboratory's abbreviation and radiocarbon number are 
put first, followed by the sample locality and then the dates. Two 
dates are usually reported: the top one gives the radiocarbon age 
followed by its statistical error, which is the laboratory's estimate 
of the accuracy of their counting, unless stated otherwise. The 
bottom date in each case is simply the radiocarbon age converted 
to calendar years. All ages reported are given in years before the 
present (B.P.). The year A.D. 1950 is universally accepted as 
the standard reference for B.P. A uniform system is important 
as there are over 80 laboratories in the world determining 
hundreds of dates each year. 

Problems and Pitfalls 

All laboratories take great care to reduce errors arising from 
laboratory technique in the dating process. However, there are 
many other factors which influence the accuracy of radiocarbon 
dates. Some of these are discussed below: 

The half-life of carbon-14 

This factor must be known. An error in its estimation can 
cause dates to be too high or too low. Initially the value of 
5,568 obtained by Libby was accepted as being reliable. How
ever, several workers saw fit to re-determine the half-life of 
carbon-14 and came up with a new mean value of 5, 730. None
theless, most laboratories continue to use Libby's half-life, and 
users of dates can correct results according to what they regard 
as the most reliable value at the time. 

Variations in carbon-14 

The radiocarbon method is based on the assumption that 
the ca1 bon-14 content of the lower atmosphere has always been 
constant. It is now known that significant variations have 
occurred at different times in the past and between different 
parts of the world. More recently, during the last 100 years, 
the atmospheric content of carbon-14 has been diluted by the 
release of large quantities of inert carbon by burning fossil 
fuels such as oil and coal (known as the Industrial Effect). On 
the other hand, since 1954 the atmosphere has been enriched 
with carbon-14 by the testing of nuclear weapons (known as 
the Atom Bomb Effect ) . 
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Variations in the carbon- 14 content of plants, animals an<l 
sea water with respect to the atmosphere and to each other have 
also been demonstrated. Similar variations occur between 
different parts of land and sea animals, and between some 
animals and plants. All these factors can cause large errors in 
age determinations. Where possible allowances are made so that 
the dates reported can be expressed more accurately. 

Contamination 

Samples for dating can be contaminated when deposited, 
during- burial, when collected, or during storage. Contamination 
by older "dead" carbon can give ages that are too old. Intrusion 
by modem carbon such as roots, humus, or that carried by 
groundwater can give ages that are too young. Although the 
method can be applied to a wide variety of organic materials, 
some are more susceptible to contamination than others. Exper
ience has shown that wood and charcoal are preferable to bone or 
shell, which in turn are preferable to peat or soil. 

Below: A buried Maori oven, about 500 years old, containing a char
coal layer and burnt stones overlain by the present soil supporting 
short-tussock grassland. Pieces of moa bone occur nearby. "Tasman 
Downs," Mackenzie basin. Photo: M. M. Trotter, CanteTbury Museum. 



A buried podsol lens formed under mountain beech which was des
troyed by fire 500 years ago. Present vegetation consists of broad
leaved snowgrass (Chionochloa flavescens). "Benmore," North 
Canterbury. Photo-(From B. P. J. Molloy, N.Z. JI Bot., 1964). 

Problems of Interpretation 

Although wood and charcoal are preferred materials the 
dates from these may bear little relation to the event that 
produced them. The inner heart wood and outer bark of 
long-lived trees will give ages older than the event which killed 
them. For this reason materials with a shorter life pan such as 
twigs, leaves and shells are often better, provided they are not 
contaminated with other carbon. 

Despite these problems and pitfalls, there are now so many 
radiocarbon dates telling a consistent story that the method is 
accepted with great faith in its accuracy. 

Some High-country Applications 

Radiocarbon dating began in New Zealand in the early 
1950s with the pioneer studies of Fergusson and Rafter. These 
two scientists and their colleagues have contributed greatly to 
the development and refinement of the method we know and 
use today. In addition, they began a research programme on the 
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vanous sources of error discussed earlier, and generally stimu
lated wide interest in the method's application. This work 
continues in the newly-established Institute of Nuclear Sciences 
under the direction of Dr. Rafter. 

Since 1953 numerous radiocarbon dates have been deter
mined in New Zealand on local samples, covering a wide range 
of topics. In the South Island high country there have been 
three m ajor fields of application, namely, glacial geology, vegeta·• 
tion history, and archeological and biological problems associated 
with Polynesian settlement. 

There are many dates covering the last 15,000 years in the 
high country. One or two go back further than this, in fact 
greater than 45,000 years. H owever, there are few dates in the 
South Island between 15,000 and 45,000 years, except on the 
west side of the Southern Alps. Most dates older than 1,000 
years are from wood, charcoal, peat and other plant remains. 
Dates younger than 1,000 years include in addition such mater
ials as bone, shell and other substances linked with Polynesian 
culture. T hese materials are usually buried and sealed off in a 
variety of deposits. 

From the few geological dates we have, it is clear that the 
last m ajor extension of glaciers finished about 15,000 years ago, 
leaving behind moraines, terrace gravels and slope deposits 
similar to those left by earlier glacier extensions. Upon this 
landscape of mixed age the bulk of our present high country 
soils developed . A series of minor glacier extensions have occur
red since then but their effects on the landscape have been rather 
local. It is also clear from dated plant remains buried by slump 
and flood deposits, that local earth movements and river erosion 
have occurred periodically during the last 15,000 years. 

Over the last decade radiocarbon dates have been accumu
lating from deep peats and bogs in Nelson, Canterbury and 
Otago . Within these deposits the history of the vegetation is 
recorded by layers of pollen and other plant remains accumulated 
during the last 15,000 years. The story they tell begins with a 
grass-scrub vegetation, followed about 10,000 years ago by forests 
of the totara type mixed with evergreen hardwoods, changing 
in some a reas to beech forests between 8,000 and 2,000 years ago, 
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Part of a 70-foot exposure in the Cameron Valley containing a com
plex history of landslides extending back several thousand years. 
Five layers of gravels are inte1·spersed with three buried soils, one 
peat layer and two layers of wood belonging to celery pine (Phyllo
cladus). Layers from top are gravel, peat, gravel, wood, boulders, 
gravel. "Lower Lake Heron," Mid-Canterbm·y. Photo: C. J. Burrows, 
University of Canterbury, N.Z . 

and reverting to grass-scrub vegetation in a few places about 
1,000 years ago. This story reflects the migration of plants after 
cold glacial conditi9ns, their adjustment to various sites and local 
climates and the influence of early man. 

The period 400 to 1,000 year ago is well covered by an 
increasing number of radiocarbon dates. These date confirm 
the hunting forays and temporary re idence in the high country 
of early Polynesian man, especially in Canterbury, Otago and 
Southland. Other major events linked to this period by radio
carbon dating include the widespread destruction of forest 
throughout eastern South Island; the expansion of low-altitude 
short tussock and mid-altitude snow tussock; the extinction of 
moa and other native birds; and the initiation of a cycle of 
erosion which in some places continues to the present day. 
Relic logs of these ancient forests are still found on tu ock-clad 
hill ides from M arlborough to Southland, and were even more 
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plentiful 100 years ago. Wood charcoals and buried soils are no 
less abundant. Fire was not the prerogative of man, however, 
and radiocarbon evidence is still accumulating on natural fires 
and associated erosion in the high country extending back everal 
thousand years. 

Comment 

The South Island high country has contributed its share of 
radio carbon dates which have helped to define the history of our 
environment. It is reasonable to suggest that much more infor
mation lies buried awaiting to be discovered. When this 
happens, any new find should be treated with due respect for 
its potential radiocarbon significance. To avoid errors of judg-· 
ment, it is often wise and prudent to consult others more 
experienced in these matters. 

ATTRACTANTS FOR GRASS-GRUB 
BEETLES 

Professor R. A Harrison 
Entomology Department, Lincoln College . 

Most readers will recall the publicity given in early 
1969 to the discovery of an attractant for male grass-grub 
beetles by a staff member of the Department of Entomology 
at Lincoln College. Many readers may well have asked 
themselves-why all the excitement?-what does it all 
mean?-and so on. 

The story of the discovery of the attractant was given in 
full on the news media. In brief, attractant properties were 
first discovered during experiments to determine whether a 
factor such as sight played any part in the attraction of male 
beetles to females. For the sight test dead female beeties 
which had been thoroughly extracted with solvents were 
glued to the leaves of a tree on a night when flight con
ditions for beetles were good. 

Glue is attractant 
The glue used was a brand which happened to be handy 

in the kit of the experimenters. Males clustered around the 
dead females and it was only a matter of a short time before 
it was found that the males were coming to the glue rather 
than the dead females. 
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Lucky break or not, this discovery that a sex stimulant 
was present in a commercial product was most interesting. 
Few sex attractants are known for beetles, and of the dozen 
or two known for all insects throughout the world, none has 
been found to be present in any commercially available 
product. In fact, the majority of insect attractants are 
complicated compounds which are extremely expensive to 
produce. Unlike some other sex attractants, this one is able 
to lure male beetles from fairly long distances and since 
the beetles respond so well, serious thought is in order about 
using the attractant as a tool in control programmes. 

The discovery of the attractant assumed added 
importance because of several problems arising from the use 
of DDT in grass-grub control. One cause for concern was 
that following the application of DDT to pastures, residues 
of the insecticide were detected in meat and milk products. 
A growing problem was apparent in some areas where 
grass-grub populations were developing high levels of 
resistance to DDT. Over and above these problems, was the 
virtual absence of insecticides which could be regarded as 
suitable replacements for DDT-replacements in the sense 
that they were as cheap as DDT, as persistent as DDT yet 
were not capable of contaminating meat and animal 
products, were safe to the user, and were acceptable to those 
people concerned with maintenance of uncontaminated 
environments. 

Research 

Since the first realisation in the 1968 grass-grub flight 
season that a discovery of major implication had been made, 
a vast amount of research has been carried out. The pace 
of this research has been governed in large part by the 
biology of the grass-grub . This insect passes through one 
generation a year. Eggs are laid in early or mid summer, they 
hatch into small grubs in the matter of a few weeks and 
these grubs live in soil, and feed on grass roots right through 
until late winter or early spring. At this time the grubs 
(grass-grub larvae) have finished feeding and enter the 

chrysalis or pupal stage. This lasts for a few weeks and from 
the pupae come the adult male and female beetles. These 
are called the grass-grub beetle, the brown beetle, the night 
beetle, the turnip fly and so on according to local custom. 
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These beetles are around for a few weeks in late spring and 
early summer. They mate and a new cycle is started with the 
production of eggs. 

Tests on the efficiency of the attractant have therefore 
been restricted to the period of beetle flight and since its 
initial discovery only one full flight season has been 
available. 

Research has been along the two obvious lines. An 
investigation has been made to find out the chemical nature 
of the attractant, and at the same time, tests have been 
carried out to find peak efficiency of chemicals showing 
activity. Soon after the initial discovery it was realised that 
phenol-formaldehyde resins were showing attractant activity 
and that the attractant chemical was a phenolic compound, 
possibly phenol. Although chemical work is proceeding, the 
important thing from the practical point of view is that 
cheap trade products which are very attractive are readily 
available. In these products the attractant is, in effect, al
ready formulated and the materials appear to show great 
persistence and resistance to the effects of water. The best of 
these commercial products is a synthetic resin allied to, but 
not a constituent of, the glue which showed the initial 
attractiveness in 1968. A quantity of this is being imported 
and it will be used for biological testing work. The kind 
of response being obtained is illustrated in the accompanying 
photogTaph. The trap shown contained a small amount of 
the attractant and was first exposed empty, 20 minutes before 
the photo was taken. 

Potent tool 

To date therefore we have a very potent tool available 
for assisting in grass-grub control. We have a suitable cheap 
chemical readily available and it shows high biological 
activity. The immediate and most pressing task is to test the 
hypothesis that the attractant can be used so that extraction 
of males from field population results in a reduction of 
grass-grub larvae of the following autumn-winter. Readers 
will appreciate the fact that destruction of males by their 
thousands in a grass-grub area will only be significant in 
reducing the number of next year's grubs attacking the roots 
if the males are removed before they mate with the females. 
Field observations from last season indicate that the Lincoln 
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Opposite page: a capacity catch of male beetles within twenty minutes 
of putting out the attractant. Photo--Teaching Aids Unit Linwln 
College. 

attractant may compete successfully with females for the 
males. Field trials are being planned to test hypotheses such 
as this in the coming year and entomologists of the 
Entomology Division of D.S.I.R. will be involved with this 
work. 

The prospects for the future are promising but it is not 
possible yet to indicate when wide use of attractants will be 
advocated. The priorities are clear. First it is necessary to 
show that the "tool" can do the job, i.e. that attractants can 
be used significantly in a procedure for reducing the pest 
population. Then comes the task of finding the best way of 
using the tool , i.e. the practical way of exposing the attractant 
in the field; handling the males as they are collected whether 
by removing them or killing them or other means. 

In conclusion I would like to add that current research 
at Lincoln has also resulted in the discovery of an attractant 
for female gTass-grub beetles as well as a possible attractant 
for larvae. Either of these when developed and tested could 
be of tremendous significance in a programme of grass-grub 
control and in combination with the male attractant could 
lead to an exciting development m pasture land 
management. 

COLD STRESS AT SHEARING 
In Utah, Drs J. E. Butcher and W. C. Foote have ~~own 

that with sheep a full stomach is more effective than body fat 
for pr~venting death from cold after shearing. 

Neither early nor late pregnancy, nor recently givipg birth 
to a lamb caused any apparent extra ill effects to their sheep .if 
they had a full stomach. 

Although the normal body temperature of a sheep is about 
103 deg. F the Utah sheep survived as long as their body tem
perature did not drop below 84-86 deg. F. Fat sheep kept a 
higher temperature when exposed to cold than thin heep. 

Moral: Sheep in forward condition are less likely to die 
from cold than thin ones at shearing, but even more important 
is to feed them well afterwards-especially if you're pre-lamb 
shearing. 

- J.G.H. 
National W ool Grower (U.S.A. ) 60 (3): 14 . 
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MAN ... 
LAND AND WATER 
Multiple-use Problems and 
Possibilities in a Municipal 

Water Supply Catchment. 

By J. P. C. Watt 
Soil Conservator 

Otago Catchment Board. 

FEATURES OF THE CATCHMENT 

It would be difficult to find a small catchment with a 
more diverse character than the Silverstream. This diversity 
complicates the definition of a single management programme 
for the whole catchment. 

The 16,900 acre upper catchment lies at the north end of 
the Taieri plain and immediately west of Dunedin City. The 
Silverstream is a small coastal tributary of the Taieri River. 

Two-thirds of the area is owned by the Dunedin City 
Council and is managed as a water reserve for municipal supply. 
However, management for this purpose is complicated by-the 
existence within the catchment af a maturing exotic forest, an 
increasing public pressure for recreation within the area, a need 
to keep flood mitigation on the plains very much in mind, and 
a limited amount of farming activity. Management objectives 
for these different uses are not always compatible but the man
agement policy for the whole catchment indicates multiple-use 
possibilities which can exist in acceptable harmony. 

Physical features 

The western portion of the catchment is steep, broken 
country, with schist as the base rock. On the eastern portion 
sandstones and mudstones are largely covered by successive 
flows of volcanic lavas, and slopes are easier. As a consequence 
the soil pattern is complex and soil depth, water detention capa
city, and inherent fertility, vary markedly within short distances. 
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Climate 

The mean annual rainfall over the entire catchment is esti
mated at 43. 7 inches but ranges from about 35 inches at the 
lower southern end where the catchment opens out onto the 
Taieri plain at 200ft, to an estimated 56 inches around Pulpit 
Rock (2494ft ) and Swampy Summit (2433ft ) . There is no 
marked seasonal variation but streamflow is frequently reduced 
to base levels in the summer months. Precipitation is of low 
intensity and is associated with either unsettled sou'westerly con
ditions or north nor'easterly conditions which can last for days 
at a stretch. No cyclic or long·•term trends have been deter
mined from rainfall data which have been kept for practically 
the last 60 years. North-easterly fogs are common around the 
tops. Snow lies for short periods in the winter, especially at 
the higher elevations. 

Vegetation 

Native bush, scrub, and snowgrass as ociations follow each 
other altitudinally, snowgrass being common only on the eastern 
side at the higher elevations. The snowgrass area is being 
invaded from downslope by manuka, this being the first stage 
in a succession: snowgrass-manuka-kanuka-broadleaved 
bush-native conifers. Unless burnt or cleared a given location 
will only support one generation of manuka and kanuka before 
being taken over by the more shade-tolerant broad-leaved 
species. This trend of reversal to bush is an important ecologi
cal factor in the catchment and is especially significant below the 
1 700ft contour. The weakening of the snowgrass cover princi
pally through past fires has also opened the way for invasion by 
gorse, broom, and browntop. An exotic forest occupies 2,300 
acres in the south-eastern corner. 

Ownership 

With the exception of about 230 acres, all that portion of 
the upper catchment used as a water-supply catchment for 
Dunedin is owned by the Dunedin City Corporation. Lesser 
areas within the upper catchment of the Silverstream but out
side the water catchment area are held by the Scout Association, 
Mosgiel Borough Council, lnvermay Agricultural Research 
Station, and private individuals. 

Road access exists up the valley floor and through the 
eastern portion of the catchment. A road to Swampy Summit 
is not open to the general public. Access to the west is by 
4~wheel drive and 'Shank's pony' . 
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PRESENT CATCHMENT USE 

Municipal Water Supply 
Sixty-seven per cent of the upper catchment area is owned 

and managed for municipal water supply. The Dunedin City 
Corporation in the l 870's constructed a race 19 miles in length 
to carry water by gravity from an elevation of about 600ft to 
the Southern Reservoir at Burnside. This race collected water 
from the Silverstream itself and from all the eastern tributaries 
to the Three Mile Hill road. In 1920 the race supply was aug
mented by pumping water up to it from the main western tribu
tary, Powder Creek. This system operated satisfactorily until 
1957 when a severe rainstorm caused serious damage to the 
upper section of the race. It was then decided for economic 
reasons to close this section and to concentrate on pumped sup
plies feeding the lower section of the race. This section, still 
in operation, is now being piped to reduce transmission losses 
and possible contamination. The pipeline carries, on average, 
about 1 Y4 million gallons of water per day or roughly 12 per 
cent of Dunedin's total requirements. The pipeline is designed 
for four million gallons a day. 

Annual water yields are conservatively estimated around 
the 17-22,000 acre ft mark. Flows in the Silverstream may 
reduce to base levels (less than 8 cusecs ) during the summer 
months. These minimum flows together with the absence of 
any suitable dam site are the limiting factors to the development 
of the catchment as a water reserve. Tributary creeks with the 
best regulated flows are those with headwaters in the higher 
rainfall snow-tussock zone and with the lower areas in native 
bush. These creeks have good sustained yields and this is largely 
attributed to steady 'interflow' coming from a catchment area 
that is frequently near saturation. These creeks also have a 
quick response to rainfall in contrast to those under exotic 
forest (located in the lower rainfall S.E. area of the catchment ) 
which may lag by six hours. 

The Borough of Mosgiel also takes water from the catch
ment with intakes on Leishman's Creek and the Silverstream 
proper near Dodd's Creek. Both intakes are outside the D.C.C. 
reserve. The total quantity taken amounts to only a few thous
and gallons per annum and while it is still possible to use this 
water for Mosgiel the current practice of the council is to use it 
only for domestic supply for the area north of Invermay. 

80 



To ensure adequate water for fish and other aquatic life 
in the lower reaches during periods of low flow and to allow for 
adequate dilution of effluent (the stream passes through Mosgiel 
township ) , the draw-·0ff from the Silverstream should have 
regard to an adequate 'minimum acceptable flow' . 

Flood Control 
Any management system or change in land use in the 

catchment must also be evaluated in terms of its effect on peak 
flows. The annual peak flow appears to occur most often in 
the autumn, althougn floods may occur in any month of the 
year. The annual ttood is of some consequence in the lower 
reaches although the major significance of flooding is when it 
coincides with high levels in the Taieri River at which time 
quite extensive flooding of the East Taieri area can result. 
'!'rends towards denudation of the catchment will increase flood 
peaks while vegetation recovery will tend to have the reverse 
effect. It is unlikely that any management system aimed at 
regulating water yields will also raise flood peaks. It has how
ever been suggested that litter under exotic plantations may 
have a 'thatching' effect which could result in increased runoff 
during periods of heavy rain. 

Forest Products 
The City of Dunedin's 2,300 acre exotic forest on Flag

staff in the southeast portion of the catchment was planted in 
the 1910's to early 1930's. Post-planting management has been 
minimal but a useful timber resource is now at or coming to 
maturity. The recent appointment of a full time Forestry Offi
cer by the City is indicative of a new attitude to forest husbandry. 
The stand is predominantly Pin us radiata and Oregon ( approxi
mately 3 : 1 ratio ) with lesser areas of larch and small pockea: 
of other species. In the past approximately 10 acres have been 
felled annually for the production of posts but recently a Japan
ese log contract has been negotiated and felling is likely to 
increase markedly. 

Agricul~ure and Grazing 

Only a small proportion of the water-reserve area is used 
for grazing. A privately-owned 115-acre block is farmed and 
an adjoining area is leased on a year-to-year basis. Grazing is 
limited to sheep and horses. Outside the water-·reserve area 
farming activities are pursued on the Chain Hill area and valley 
floor of the Silverstream while the sou'western sector south of 
Cairn Hill is used for sheep and cattle grazing. 
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Both timber and water are important resources in this area of the 
upper catchment of the Silverstream. The view is south from the 
slopes of Flagstaff Hill to Saddle Hill (centre background) and 
Mosgiel township (right background). Pho·to: J. P. C. Watt 

Recreation and Wildlife 

The Whare Flat-Flagstaff roadsides are used fairly inten
sively by the Dunedin public as picnic spots. In the lower area 
of the catchment below the water intakes and adjacent to 
the Silverstream proper the Scout Association has catered for 
this aspect of watershed use by constructing a public picnic 
ground. In line with other Health and Water authorities 
throughout the world, and bearing in mind the minimum water 
treatment provided, access to the vicinity of water intakes is 
prohibited by the D.C.C. Some limited access to outlying areas 
of the catchment is permitted and several good tramping and 
walking tracks exist in the outer catchment. While access is 
prohibited to the water intakes, roads and tracks in several places 
cross tributaries above the intake points, so that complete isola
tion is not attempted. Pigs, opossums and goats inhabit the 
catchment although only opossums are present in significant 
numbers. Controlled hunting is permitted. Native birdlife 
enhances the area for recreational purposes and a small resident 
population of South Island Robins is a unique feature. 
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Other Uses: 

The Scout Association has a permanent camp at Whare 
Flat and use the catchment fairly extensively for scout 
act1v1ties. Swampy Summit is used by the Post and Tele
graph Department for their long-distance microwave system, 
Civil Aviation Department for navigational aids for Momona 
Airport, and Otago University Physics Department for space
physics research. 

MANAGEMENT OBJECTIVES 

Riparian demands and influences dictate the management 
objectives of catchment areas wherever water is considered a 
major resource. In the Silverstream catchment the manage
ment objectives are very much predetermined: 

1. To deliver from that portion of the Silverstream owned by 
the D.C.C. as much clear potable water to the D.C.C.'s 
Southern Reservoir as is possible at all times. 

2. To ensure that land-use practices are designed to reduce 
rather than enhance flooding potential downstream on the 
Taieri Plain. 

3. To devise, if possible, multiple-use techniques (water
supply, timber production, recreation ) which do not jeo
pardise either of the above objectives but which ensure 
that the land resource in the catchment is being used to 
its optimum potential. 

MULTIPLE-USE POTENTIALS AND MANAGEMENT 

The west side of the catchment is as we have seen, steep, 
broken, bush-covered country on schist rock with a shallow soil 
mantle. The hydrological virtues of a bush cover have not been 
properly determined but it is popularly accepted that native bush 
and good water supplies are often associated. This could be 
simply a matter of both being correlated with good precipitation. 
But it must also be acknowledged that good regulation of yields 
(i.e. relatively constant yields with only gradual declines in drier 
periods ) is also a general feature of bushed areas, although geo
logic and morphologic characteristics of catchments are also of 
importance in this regard. In the Silverstream total yields 
could be increased in all probability by clearing the bush, but 
this would be of little advantage in the absence of a storage 
reservoir since the timing and regulation of yields would be con
siderably upset. Afforestation with exotics would be a difficult 
job on such steep inacce~ible country and it is possible that 
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A diversity of catchment resources is matched by a diversity of physi
cal features in the Silverstream Catchment. The steep bush covered 
ridges in the background are schist, while in the foreground are 
easier farmed slopes on larva flows. To the upper right is the start of 
an extensive area of snowgrass which is being invaded by manuka. 
The view is north from the edge of Flagstaff Forest to Pulpit Rock 
(2,494ft) in the far right background. Photo: J.P. C. Wabt. 

exotics could leave less water available for stream flow than 
would bush, although on shallow soils this is unlikely. No 
advantage can be seen in changing or modifying the cover in 
the area and retention and encouragement of a native bush 
cover is advocated. Recreation through the provision of good 
tramping tracks would seem compatible with supplying potable 
water providing that such facilities were kept away as much as 
possible from watercourses. 

The Flagstaff forest area is located on deeper soils and a 
relatively easy topography in the southeast area of the catch
ment between 200 and 1700 feet. Annual rainfall varies from 
35 inches to about 45 inches with increasing elevation. Obser-
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vations made of stream flow from tributary catchments on Flag
staff Hill that have been afforested this century indicate that 
a significant decrease in water yield has resulted. The conver
sion of manuka scrubland to exotic forest is thought to have 
reduced yields by up to 4Y2 inches per annum, and this 
figure is in accord with overseas experience under a similar rain
fall. Because tributary creeks feed into the water race this 
"loss" is significant. By using some fairly wild assumptions it 
can be argued that clearing of the forest and reverting to scrub 
might boost total annual yields from the Silverstream by no 
more than 9 per cent. However, the hazard of gorse and broom 
infestation is such that the expense of noxious weed control could 
easily exceed the benefit of a bit more water yield. Converting 
the area to farmland could also boost the annual yields but 
water quality would undoubtedly deteriorate markedly. From 
this point of view the area now afforested is best managed for 
the production of timber. Of course, even under timber, water 
quality is also affected and it is D.C.C.'s experience in the past 
that logging operations and water supply have not always been 
compatible in such small areas where water intakes are rela
tively close to the worked areas. Replanting programmes could 
reduce this problem by refraining from planting near the main 
creeks ( this practice may also benefit water yields). The apt 
location of logging roads, their proper construction and main
tenance, careful felling practice, if all done with regard to the 
problem would keep contamination of stream water to a 
mm1mum. 

The higher eastern area extends from the edge of Flag
staff forest north to the catchment boundary, on the east side of 
the Silverstream proper. Rainfall exceeds 50 inches at the 
highest points which are above 2400ft. Vegetation is kanuka 
woodland and a snowgrass-manuka sere where the reversion 
problem discussed earlier is of particular importance. Natural 
reversion to scrub and bush will continue up to perhaps 1700ft 
and a gradual decline in stream-available water may be expected 
through deeper-orooted species taking over from shallow-rooted. 
The net reduction could be in the order of at least 5 per cent 
of present yields. Since nature is in all probability going to 
cause a reduction in yield it could be argued that the area of up 
to 1700f t could be afforested with exotic conifers without much 
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Recreational opportunities exist in the catchment and in the 
valley floor downstream of Dunedin City Corporation's water 
intake the Scout Association has developed a public picnic 
area. Photo: J. P. C. Watt. 
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additional loss of water. Keeping in mind the area involved, 
the precipitation, soil-detention capacities-it can be crudely 
'guestimated' that such a scheme could reduce yields by a fur
ther 5 per cent over that expected from natural reversion. The 
problem now becomes an economic one: would the return from 
the timber pay for getting the 'lost' water from somewhere else 
and still leave a net profit? 

Recreation potentials depend essentially on how well dif
ferent activities can be dovetailed into existing uses. The possi
bility of fire in a forested area or water-reserve i an ever-present 
danger that could have far-reaching consequences. The con
tamination of water by human activities can pose health prob
lems. These two major hazards must be kept well in mind in 
determining recreational possibilities, but of the two, fire is prob
ably the most serious for not only could a timber asset be lost, 
but quantity, quality, and timing of water yields could all be 
seriously affected. Water contamination could also be serious 
and current policy is to collect water that is as clean and safe 
as pos.sible, with water treatment processes being regarded strictly 
as a second line of defence (Lush 1969 ) . Even with the two 
considerations in mind however, it should be possible to strategi-· 
cally locate picnic sites, walking paths and tramping tracks so 
that hazards are either kept to an absolute minimum, or even 
reduced from the present situation. A catchment as close to the 
city as the Silverstream must expect increasing use by a public 
that enjoys alfresco recreation. 
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THE ROLE OF INDIGENOUS FORESTS 
Professor P. J . Mc Ke lvey 

School of Forestry, Unive rsity of Canterbury, N.Z . 
- An address to t he Royal Soc iety, Christchurch, Ju ly, 1970. 

Primevally, New Zealand was mainly a forested country. 
Areas not under forest before the arrival of man comprised 
alpine gnsslands and barrens, swamps, land which had 
received the transient impacts of volcanic episodes, and areas 
where the rainfall was probably insufficient to support 
forest. These areas amounted to perhaps 75 % of the total 
land surface. Reduction in the area of natural forest 
commenced with the arriva l of Polynesian man and 
quickened with the arrival of European man until now, 
pushed back beyond desirable limits, the boundaries are 
relatively static. Even though these boundaries have been 
pushed a long way back from our urban concentrations, and 
nowhere further than in the province of Canterbury, the 
indigenous forest-the bush-occupies a prominent position 
among our national interests. 

I shall attempt to describe the role of our indigenous 
forest estate in this complex, technological, mid-twentieth 
century. But first I must attempt to describe what I am 
talking about in a thumb-nail sketch of the indigenous 
forests. I do this with some diffidence for they exhibit 
complexity of composition and intricacy of pattern. 

Title photo is of podocarp/ mixed hardwood forest in West Taupo. 
-P. J. McKelvey from a transparency. 
88 



With gToss oversimplification, one can conceive the 
indigenous forests as a continuum of gradual compositional 
change which extends from the kauri / podocarp/ taraire / 
kohekohe stands of the far north , to the mountain beech 
associations of the high southern timber-lines. This 
continuum of gradual compositional change parallels that 
of diminishing mean annual temperature, itself a function 
of altitude and latitude. Along this environmental gTadient 
are a range of different forest communities which merge 
into each other as the prominent species vary in abundance. 

Because the changes in a bun dance of the different 
species are gradual, and rarely coincidental, these different 
communities are not well-defined; but it is possible at 
convenient intervals to slice across the continuum to divide 
it into a few broad classes. Indeed one can distinguish four 
major groups. Travelling upwards or southwards, or along 
both axes of the continuum, these are: 

Kauri / podocarp/ mixed hardwood 
Podocarp/ mixed hardwood 
Podocarp / beech 
Beech 
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These broad classes are shown, roughly m the 
proportions in which they occurred before the onset of 
large-scale sawmilling in the second quarter of this century, 
in the segmented circle. (The fifth gToup-podocarp 
forest-is also shown). Their total area is 14.l million acres. 

Kauri/podocarp/mixed hardwood forests of the north: 
a matrix of taraire, towai, kohekohe and other 
hardwoods amongst which are scattered rimu, miro, 
totara, and kauri , the latter often gTouped into 
substantial enclaves. Many species are host to the 
epiphytic northern rata. 

Podocarp/mixed hardwood forests concentrated in the 
northern lowlands: a hardwood matrix of tawa , kamahi, 
hinau and a variety of associates, with scattered 
emergent podocarps, usually rimu. In the North Island 
the latter is often host to northern rata . 

Podocarp/beech forests of the foot-hills and middle 
altitudes; comprising a dense canopy of beech-red, 
silver, mountain , hard, pure or in varying combinations 
-usually with scattered rimu of good timber form 
drawn up into the canopy. On ill-drained sites kahikatea 
supplants rimu. 

Pure beech forests of the higher altitudes and mountain 
summits. Near the lower altitudinal limits several 
species of beech may occur in mixture but with increase 
in altitude the less hardy species drop out until one 
species, usually mountain beech, less frequently silver 
beech, forms the timber-line stands. 

These groups represent forests which appear to conform 
to limitations of environment and site; to a major extent 
their composition is predictable. But this is not the whole 
forest spectrum. There are also successional forests in which 
podocarps are more prominent. 

Podocarp Forests 

At lower altitudes skeletal or swampy soils have been 
colonised by dense crops of podocarps; in mixture as in the 
rimu / matai / totara forests of the Volcanic Plateau of the 
Central North Island, or in near-pure stands as in the terrace 
rimu stands of central and southern Westland. There are 
other variants of lesser extent. On the more fertile and better 
aerated of the swamp soils, pure stands of kahikatea have 
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developed. On the very difficult acid soils of bogs are stands 
of silver pine or bog pine or mixtures of these. Bog pine 
is often associated with mountain toatoa. Indeed, the term, 
" bog dacrydium forest" is a useful one. With time these 
lower altitude successional forests change. The dense 
podocarps thin and become replaced by hardwoods, 
commonly tawa in the North lsland, and kamahi and 
quintinia in the South Island. 

For full measure, one should add the coastal forests: 
the mangroves of the tidal estuaries of the far north, the 
pohutukawa of the northern coastal cliffs, and the more 
hardy ngaio and taupata of further south. 

Forest Types 

This major distinction between forest adjusted to an 
environmental gradient and successional forest is 
encountered on a smaller scale when we come to stratify 
forest locally. vVe encounter merging forest types-strung 
along an environmental gradient-where the most realistic 
way to achieve an understanding of forest composition and 
structure is to determine how these vary with gTadual 
environmental change. On a local scale, the dominant 
environmental gradient is usually altitude. 

On a local scale we encounter also discrete forest types, 
which are more homogeneous within themselves, and whose 
boundaries are more clearly-cut. Examples of these types are 
silver pine, bog forest, and stands of ricker kauri induced 
by fire. An understanding of the composition and structure 
of discrete forest types is usually best achieved by calculating 
mean populations per acre: stockings per species per age 
classes. 

But this glib summary is inadequate to cope with the 
complexity of the indigenous forests. Even cursory 
examination reveals anomalous associations and irregularities 
of distribution which cannot be explained by the simple 
themes of climatic gradient and succession outlined above. 

The montane rata-kamahi forests of central Westland
with Hall 's totara and kaikawaka at higher altitudes-have 
usurped the place of beech, probably because of a Pleistocene 
glacial extension. Other examples of such usurpation are 
provided in the North lsland by a montane variant of 
podocarp / hardwood forest-Hall's totara / scrub hardwood 
stands-which has replaced beech because of ,·olcanic 
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accidents, and the bird-distributed podocarps and hardwoods 
beating the slower dispersing wind and water-distributed 
beech to skeletal rhyolitic soils. 

The important treatise of]. T. Holloway neatly explains 
many anomalous patterns in the forests of the South Island 
in terms of a past regional climatic change of increasing cold. 

The dominant theme of the indigenous forest forming 
a continuum of compositional change along a climatic 
gradient is still generally valid, but it is a theme which has 
been distorted in places, and even obscured, by forest 
colonisation and climatic instability. 

Also the theme has latterly been upset in many places 
by the activities of man. The story of the reduction and 
depletion of the indigenous forests by man and his agents 
is too well known to repeat here to such an informed 
gathering. There have been many accounts which, compre
hensively or in part, have described the familiar sequence: 
burning by Polynesian man; burning and exploitation by 
European man; an inexplicable reduction in indigenous 
birds; the introduction of a new mammalian fauna; the 
replacement of some indigenous forest with crops of fast
growing exotic softwoods. Virgin forests have been exploited 
for softwoods and the more valuable hardwoods. Those 
which have suffered the greatest exploitation, relative to 
their virgin proportions, are the ka uri / podocarp / mixed 
hardwood and podocarp forests. Generally, removal of the 
valuable upper-storey components has resulted in forest in 
which minor hardwood species are physiognomically more 
prominent and in which re-growth of podocarp species is 
sparse. It must also be pointed out that a much lesser area 
has been converted to exotic forest: this has been principally 
from podocarp stands. 

Tenure 
Comparatively early in the European development of 

New Zealand, far-seeing men realised the value of the 
indigenous forests and their vulnerability. Almost I 00 years 
ago half a million acres were gazetted as climatic reserves. 
Over 50 years ago Sir Francis Dillon Bell, the first Commis
sioner of State forests, introduced an en lig·htened forest 
policy which included among its objectives: 

(i) The sustainment of timber crops from indigenous 
forests. 

(ii) The maintenance of protection forests. 
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By 1925 7.5 million acres had been proclaimed State 
forest, permanent and provisional. The extant indigenous 
forest estate is distributed among the main tenure classes 
as follows: 

State forest 6.9 
National parks and scenic reserves 2.6 
Unalienated Crown land 1.5 
Maori land . 1.1 
Freehold and leasehold 2.0 

14.1 million acres 

Of the total of 14.l million acres, about 1. 3 million 
acres are merchantable and exploitable. Relatively more 
exploitation has been carried out on Maori land, and 
freehold and leasehold land, so that by far the greater part 
of remaining indigenous timber belongs to the State. 

All this brings us to the extant indigenous forest estate 
with which the modern forester has to cope and to th e main 
theme of my address: its role. 

If this topic is to be handled coherently and digestibly 
it will be necessary to paint with a broad brush, to lump 
rather than to split and to confine treatment to features 
which are salient. To take each of the diagram segments 
in turn: 

KAURl/PODOCARP HARDWOOD FORESTS 

These northern stands cover an area of less than one 
million acres. Outside the reserves most of the forests have 
at some time been exploited for kauri, with only remnants 
remaining. Scattered stands of rickers (regTowth after old 
burning) occur mainly near the drier eastern coast of the 
Auckland peninsula. Generally, the soils possess low fertility 
and it is unlikely that they will be converted to agTicultural 
use. 

The timber content of the podocarp / mixed hardwood 
element is low and sawmilling is on a small scale. The most 
valuable element is, of course, kauri. The remaining timber 
resource of this species totals abou t 240 million board feet
bu t 130 million board feet of this is unavailable, occurring 
in many small scenic reserves and the Waipoua Sanctuary. 

The area of merchantable available kauri forest 
remaining is between 8,000-9,000 acres. 
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Opposite: 
Kauri-podocarp-hardwood forest of Waipoua. This fine kauri grows 
among taraire (left). 

Photo: J. H. G. Johns, A.R.P.S.; N.Z.F.S. from a transparency. 

Kauri is now only a minor element in our timber 
economy. Currently only about one million board feet are 
cut annually. The market for kauri appears to be 
diminishing as a consequence of its small production. Growth 
rates are relatively slow-a rotation of 200-250 years is 
expected (with silvicultural treatment) for production of 
trees of mean diameter 30 inches. The remaining area of 
available kauri is too small to produce a viable amount of 
timber in perpetuity. 

Some success has been achieved with raising kauri 
seedlings in nurseries and establishing plantations. Although 
mature kauri stands occur on poor soils, planted seedlings 
gTow well only on fertile soils which are under agTiculture. 
The Forest Service has recognised that a sustained yield 
approach for kauri forest management is no longer possible. 
This notwithstanding, the Service is continuing to acquire 
areas of kauri and kauri regeneration , and to protect and 
tend the young crops. Eventually as much as 50,000 acres 
can be expected to be restored to high kauri forest. 

A prime role of these forests is the provision of amenity 
and recreation-a role which is indicated by the recent 
gazetting of the Coromandel State Forest Park. Within the 
geographical range of kauri live about a quarter of the 
people of this country. The scattered stands on the infertile 
forested uplands form an attractive backdrop to the 
comparatively heavily populated northern districts. 

In addition these forests possess high local importance 
as protection forests, reducing erosion on steep terrain and 
providing good quality water for domestic and industrial use. 

PODOCARP FORESTS 

In the North Island these forests are quickly being 
reduced, and all timber not safeguarded by national park or 
scenic reservation will, at current rates of usag·e, have gone 
in less than 25 years. Valuable species though they are, rimu, 
matai and totara are slow producers of cellulose, and are 
silviculturally difficult. On current economic grounds such 
forest lands must be converted after exploitation either to 
farmland or to more profitable quickly gTown exotic forest. 
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In part of the South Island a different situation exists 
for both edaphic and social reasons. The dense stands of 
rimu on the terrace soils of central Westland are being 
managed on a sustained yield basis. They cannot be clear 
felled, for then the water table would rise and impossibly 
swampy conditions would make unproductive large expanses 
of these intrinsically infertile soils. So the stands are managed 
on a selection system, mature and overmature trees being 
carefully removed while a forest environment is preserved . 
A cutting cycle of 25 years appears feasible; every 25 years 
about 1000 cubic feet will be harvested from each acre. In 
the place of these extracted trees the forester must induce 
young rimu to form a forest of mixed age classes to ensure 
protection of the site and production of timber in perpetuity. 
The task of the forester becomes one of halting or retarding 
the natural succession from dense rimu forest in which rimu 
are less abundant and in which the hardwoods-kamihi and 
quintinia-are prominent a succession which is slow
governed largely by gTadually changing soil conditions more 
amenable to the hardwoods. 

Franklin (1969) has found that, in this terrace rimu 
forest, rimu regenerates much more freely on disturbed 
gTound than on the natural forest floor. Field investigations 
have shown that scarification with a D4 tractor carrying a 
blade improved the stocking of rimu seedlings markedly. 
Inspection of these stands suggest that the current succession 
of replacement of the rimu by hardwood is consequent on 
a slow natural lowering of the water-table due to stream 
incision, or stand transpiration , probably both. As the soils 
become drier the hardwoods enter the stands and tend to 
inhibit the development of rimu regeneration . It appears 
that scarification results in a small reversal of the natural 
succession by eliminating temporarily the competition from 
hardwoods and other species, thus favouring temporarily 
the development of rim u seedlings. 

Naturally this more diffuse method of harvesting is more 
expensive than clear felling. One of the reasons for adopting 
the selection system is to preserve the forest environment for 
reasons of amenity-and for this full marks to the Forest 
Service. The public is coming to demand, and quite 
justifiably, that this attractive forest environment be 
preserved. Without it, that rich vine of motels and hotels, 
which stretches from Hokitika to Haast, may wither a little. 
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Podoca rp forest, Pureora. Photo: N. Z.F.S. from a transparency. 
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This is an example of forest management made more 
expensive for environmental and social reasons. It seems 
important that in cases like this the extra cost of management 
should not be passed on to the consumer of timber. Discrimin
ating accounting methods should ensure that the costs of pro
viding environmental and social values are charged against 
the community as a whole. 

The operation of the se lection system on the terrace 
rimu of central Westland provides a good example of a 
forester taking into account the environmental needs of a 
community in a management operation. A great deal of 
research effort is going into attempts to measure environ
mental va lues, especially in U.S.A. This is a difficult field 
of research for many of the values involved are, by their very 
nature, intangible. Rather than worry too much about 
absolute values we should be more concerned with relative 
values; in other words the forester should attempt to 
determine where a community ranks the intactness of a 
forest environment and the assoc iated amenity benefit, in 
relation to other needs-such as low-priced timber. This sort 
of exercise enters the realm of the sociologist. It is significant 
that top American schools of forestry, such as Yale and Syra
cuse, have appointed sociologists to their academic staffs. 

PODOCARP /MIXED HARDWOOD FORESTS 

Although less va luable than the podocarp forests because 
of their smaller podocarp element, they have been heavily 
exploited. However, extensive areas have been preserved by 
national park reservation , as in the Urewera National Park, 
or by extremely difficult terrain as in some of the Taranaki 
hinterland. Podocarp-mixed hardwood forests are among the 
most attractive in ew Zealand from a recreational point of 
view because of their compositional and structural variety. 
Where they occur on steep terrain they possess an important 
erosion-control role. Being rich in species they are more 
resilient in the presence of browsing and trampling animals. 

For instance, in the Urewera forests moderately heavy 
browsing favours development of regeneration of the less 
palatable rewarewa, a species which is normally only a minor 
constituent of the forest canopy but which, in places, is 
becoming more prominent. Rewarewa can be looked on in 
this context as a canopy auxiliary. This example supports 
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Canopy of Podocarp-mixed-hardwood forest of the Mamaku plateau. 
Species include rimu, rata, tawa. 

Photo: P . J . McKelvey from a transparency. 

th e generalisa tion oE Elton (1958) who sta ted that 
populati ons of plants or animal s containing a small number 
of: species are less stabl e and more susceptible to external 
pressures than popula tions richer in species. Unfortunately 
the hardwood element f:requentl y possesses species preEerred 
by opossums. Th is is especial 1 y true oE th e higher altitude 
variants which have developed after glacial or volcanic 
episodes : th e H a ll's to tara / scrub hardwoods and the 
kamahi / ra ta stands. 

Decades of sawmilling activities have left many thousands 
of acres of relatively unproductive cutover forest. There are 
four options for this problem land: convert to agriculture; 
leave to enrichment from natural regeneration; enrich by 
planting with exotic or indigenous species; or convert to 
exotic species. 

T o elabora te on th e la tter three options: 

( i ) Enrichment through natural regeneration. 
Extensive surveys have shown that th ere are usually 

insufficient seedlings, saplings and poles of the valuable 
podocarps to produce an adequa tely-stocked crop. Such a 
low production form of management would be hard to justify 
in the face of competition for land for other uses, unless erosion 
control or recreational values are high. 
(ii ) Enrichment through planting. 

Trials covering hundreds of acres have been undertaken, 
particul arl y in expl oited podoca rp-tawa fores t of th e North 
Island. 

On the Mama ku Pla teau, experimental a ttempts have 
been made to enrich rimu-tawa forest (f:rom which rimu had 
been cut) with eucalypt species, principall y Eucalypt us 
de legatensis. One aim was to use the fast-growing eucalypts 
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to replace the original scattered over-storey of rimu, a storey 
which originally sheltered the second storey tawa from 
exposure to wind. The results have not been promising and 
seem to have little application. The planting of small groups 
of shade-tolerant exotic or native species among the residual 
original crop has some prospect of success. However, the 
economics of such operations need to be proven; they do 
not look promising. The more diffuse the wood resource 
the higher the content of manpower required for harvesting, 
and unfortunately enrichment usually results in dispersed 
stands. 

(iii ) Conversion to exotics. 
Improved techniques in land clearing .have made this more 

feasible and economic. Substantial areas of exploited hill 
rimu/ kamahi forest in Westland are now being converted to 
radiata pine. 

The Director-General of Forests (Poole, 1969) has 
pointed out that successful es tablishment of exotic forests 
on these hill soils holds out the only hope of maintaining 
forest industries on any scale on the West Coast. If they fail 
there would be great difficulty in holding the manageable ter
race rimu forests against an industry which was running out 
of resources. 

Strictly from the viewpoint of obtaining the maximum 
monetary return to the land, conversion to douglas fir or 
radiata pine is the logical choice. Nor should it be overlooked 
that stands of exotic trees may have considerable recreational 
appeal. 

PODOCARP / BEECH FORESTS 

These stands are important from a timber point of view, 
not because of the podocarp admixture which has been 
reduced in many sectors, but because it is in these forests 
that the heaviest volumes of merchantable beech wood occur 
and the fas test rates of growth in beech exis t, the latter 
feature generall y a consequence of the more genial climates 
of lower altitudes. 

We possess in our beech forests an immensely valuable 
timber resource. On the international market, hardwoods are 
becoming sought after for quality veneers, for pulp to make 
good quality writing and printing paper, and to make corru
gated packing. Recent work undertaken at the Forest Research 
Institute indicates that there is no technical impediment to the 
pulping of these species. 
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Beech grow reasonably quickly and are the most 
silviculturally tractable of all indigenous species. On good 
average sites in northern Westland and western Nelson, 
and given adequate tending, a rotation of 90-120 years 
should produce red beech with an average diameter at breast 
height of 18 to 20 inches. On good quality sites in western 
Sou th land silver beech can achieve diameters at breast height 
of 18 to 24 inches with rotations of 130 to 140 years (Franklin, 
1965) . Beech regenerates well after mast years and can be 
managed on the economic clear-cutting system, though 
scattered seed trees-for silver beech about 12 to 14 per 
acre-are required to ensure an adequate and even stocking 
of seedlings. The silvicultural promise of beech was recognised 
fifty years ago by Cockayne in his monograph on the beech 
fofests. 

It is the podocarp/beech forests, plus the lower altitude 
zones of the pure beech forests, which can form the basis for 
large chip, and even pulp and paper, export industries. Such 
schemes have been mooted for northern Westland and South
land and on a lesser scale in parts of Nelson. Such a develop
ment, complementary to our successful radiata pine manage
ment, would place industrial forestry in New Zealand on a 
more satisfying, broader base. 

Up till now beech management has languished because 
of the lack of demand for beech timbers. Compared to the 
superb, very stable timbers of our softwood species-kauri, 
rimu, matai, totara, kahikatea-they do present some 
difficulties in that they are more difficult to season, contain 
much hidden defect, and produce low timber to log ratios. 
Also there are poor markets for lower grades of beech timber. 
lf use of beech as only saw timber is considered, these 
disadvantages collectively make beech utilisation unattrac
tive. However, a complementary pulp market would absorb 
the low grade timber and small logs, making beec;1 
utilisation much more profitable overall. Large-scale beech 
management could achieve yields of 80-120 cubic feet per 
acre per year, about the same as yields obtained in Europe 
from Fagus sylvatica (Poole, 1969) . 

We would do well to judge these beech management 
projects objectively and realistically, and not be overly 
influenced by some conservationists who oppose harvesting of 
wood from any indigenious forest, and who would be likely 
to protest at plans for large-scale utilisation of beech forest. 
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Obviously stands on steep slopes where an erosion hazard exists, 
should not be touched, but there is no reason why stands on 
easy topography should not be managed safely, and in perpetu
ity for beech wood. 

The establishment of a permanent industry drawing 
permanently on the beech fores ts for hard wood pulp is a 
guarantee for the conservation of these beech forests, because 
the mature stands will have to be replaced as they are fe lled. 

Operations wou ld need to be extensive to achieve the 
economies of scale essential for success in international 
markets. Doubtless large fe ll ed areas would inspire protest 
from some ci tizens but it is important to retain perspective. 
Assuming that 400,000 acres of beech are managed in this way 
-enough to sustain two large pulp mills-such an area would 
comprise only 53 of the total indigenous forest of the South 
Island. It can be represented by a very narrow segment on 
the diagram. 

Below are podocarp-beech forests of the Urewera. 

Photos: P . J. McKelvey. 



There could be valid economic reasons to replace some 
of this merchantable beech forest with radiata pine. Indeed, 
experience has shown that often this is the most effective 
course of management. Even if half of the 400,000 acres is 
converted to radiata pine, I suggest again we should retain 
perspective and realise that what is involved is the conversion 
of only 2t % of the total indigenous forest of the South 
Island. But it must be added that such conversion should be 
undertaken skilfully with the least reduction oE amenity 
values. 

BEECH FORESTS 

Most of the pure beech forests lie beyond the limit of 
economic wood use. More than any of the other groups, their 
role is a dual one of amenity and erosion control. 

J. T. Holloway has repeatedly emphasized the impor· 
tance of these forests in holding erosion to a natural 
minimum, so keeping the drainage channels stable. This is 
the prime role of the gTeater area of beech forest. The task 
of the forester is to keep the forest canopy intact and the 
root web complete so that the maximum amount of 
precipitation is absorbed and so that preventable slips
those occurring within the root zone-are indeed prevented. 

It must not be imagined that erosion under forest is always 
negligible. In the North Island the work of Pain (1968) in 
the forested Hunua Range, and Wallis and James (1969) in 
the forested Urewera highlands, have shown that high
intensity, low-frequency rainstorms can result in debris 
avalanches supplying large quantities of detritus to first order 
channels. Often the detritus is held up in the channels by 
log jams, to be moved later and more slowly down the drainage 
systems by high and moderate frequency rains. These soils 
ar~ comparatively deep--the Urewera soils have a substantial 
vt>lcanic ash component-so that much slipping can take 
place below the root zone. 

Over the last few decades there has been pressure from 
sportsmen groups for use of the indigenous forests-and 
mainly pure beech forests are involved in this connection
for game management. Now the term game management 
means different things to different people so there is ample 
opportunity for confusion. Further, where large animals are 
concerned, emotion often nudges reason aside. Confusion 
and misunderstanding often lead to acrimony. The whole 
subject impinges so heavily on the well-being (and thus 
effectiveness in erosion control) of beech forests that it merits 
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mention. For the sake of brevity, these remarks are confined 
largely to red deer. 

Most study to date indicates that there will be few areas 
of mountain-land where sustained production of deer can be 
accepted and given priority as the highest use. Large areas 
must accord priority to erosion control. Areas within deer 
range composed of less erodible rock, and where off-site conse
quences are of little economic importance, occur extensively 
in the Fiordland National Park, where there is a statutory 
obligation to try and preserve the flora and fauna in their 
pristine conditions. 

Over the greater part of our mountain lands, deer will 
be required to be reduced to and maintained in such 
numbers that erosion control and national park values are 
not significantly jeopardized. If the problem is reduced to 
its essence: it can be inferred that with the objective of 
erosion control, deer must be kept at those levels in the face 
of which extant forest canopies can be adequately replaced; 
in the case of national parks there is this requirement plus 
the need for minimum alteration of the floristic composition 
of the forest. In our larger national parks the latter seems a 
pipe dream. 

Now animal control in our relatively inaccessible 
mountain lands is an arduous expensive and dangerous 
undertaking be it carried out by private, commercial, or 
Government hunter. The vital requirement for the forester 
is to know and to be able to demonstrate when deer are in 
few enough numbers to permit canopy replacement on sites 
and in types which are vulnerable to erosion and when the 
consequences of such erosion has significantly damaging 
off-site consequences. 

More basic understanding is required about beech forest 
and red deer ecology before appropriate techniques are devised 
and proved. One must know the acceptable recruitment 
quotas of beech seedlings, saplings and poles, and the rates at 
which they grow through these different size classes, even
tually to form the canopy; and these for different site classes 
in different forest types. ]. Wardle of the Forest and Range 
Experiment Station, Rangiora, has made a good deal of pro
gress in this exacting study. He has suggested two quantita
tive criteria for evaluating the need for animal control in low 
complexity mountain beech forests. Where the density 
of the browse-vulnerable beech size class (up to six feet) 
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is markedly below that predicted by a regression (which was 
derived from gTowth and mortality data) it can be inferred 
that deer have depleted it and require to be brought to lower 
numbers. Again, and this is based on measurements in many 
stands: where the basal area (the sum of stem cross-sections) 
of a stand is considerably less than 250 square feet per acre 
and there is no sign that seedling growth will make up the 
difference, it can also be inferred with reasonable probability 
that the depletive effect of deer and other animals is preventing 
the development of a normal stand structure. These sugges
tions need testing but they do appear promising. It is neces
sary also to confirm the vegetative evidence by assessing the 
densities of deer. C. L. Batcheler, a colleague of Wardle's, 
has made important initial progress in developing faecal 
pellet count techniques. Indeed, Batcheler's work in estima
ting both plant and animal density by applying point-distance 
theory, promises quantitative progress in the hitherto largely 
descriptive field of forest / deer relationships. 

There are aspects other than canopy replacement 
demanding investigation. For instance, O'Loughlin of the 
Forest and Range Experiment Station has suggested that 
depletion of forest floor cover by the activities of deer may 
increase th e incidence of soil ice-at the soil surface and 
in the upper soil horizons-with inhibiting effect on the 
development of beech regeneration. There may be important 
hydrological implications. There is much to investigate in 
the complex field of forest / deer relationships. 

All this points to the probability that management of 
deer for game crops in most areas of wild-lands must be 
subordinate to and not be seriously prejudicial to the highest 
land-use of that area, which will usually be erosion control. 
It probably follows that tolerable numbers of deer will be few. 
But this condition need not prevent the development of a 
worthy form of game management in which the hunter will 
have to work hard for his deer, a form which is suited to our 
ecological needs and which is probably in conformity with our 
social values. 

Recreation and Amenity. 
The role of provision of amenity and recreation has 

been mentioned with reference to several of the forest 
segments. However, this topic is such an important 
consideration for the future and the indigenous forests will 
play such an important role that the subject deserves further 
attention . 
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Podocarp-beech fore st of Westland. 
Photo,: J. H. G. J ohns, A.R.P .S. ; N.Z.F.S. from a transpar ency. 

Recreational opportunity is greatest in indigenous forest 
at and above timber lines and along streams and rivers where 
the forest canopy is broken. There is little doubt that large 
areas of dense forest are less attractive in a recreational sense 
than areas where in addition to forest there are areas of grass
land and alpine barrens. Parts of the Mamaku Plateau in 
North Island and the Longwood R ange in Southland possess 
limited recreational appeal because they consist almost entirely 
of forest. On the other hand regions such as the Northwest 
Nelson State Forest Park and Arthur's Pass National Park 
possess high recreational appeal because they present variety of 
plant cover and alpine environments. Important qualities for 
recreational attractiveness a re variety of vegetative cover and 
altitudinal range. 

The recreational value of forest may extend a long way 
outside the forest boundary. For instance indigenous forest 
can benefit trout habitat by reducing flooding in small catch
ments and by stabilising stream flows. It can also benefit it by 
reducing stream erosion and thus bed aggradation to a mini
mum. These forest influences benefit spawning and feeding. 
Within the forest boundary, shelter from trees keeps water 
temperatures lower. 
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The growing use of the indigenous forests for 
recreation, especially by family gToups whose activities are 
concentrated near the forest periphery, is demanding higher 
standards of technical and administrative competence on the 
part of the land managing authorities-the national park 
boards and the Forest Service. The American procedure oE 
survey, evaluation, and demarcation of different recreational 
sectors is sound and already being applied in this country. 
Plans for recreational management should be written around 
maps depicting the demarcated zones. Such zones would be 
camping grounds, ski-fields, picnic sites, fishing reaches, 
recreation-residence areas, etc. Orderly development can be 
guided and controlled in this way. It is important to permit 
communal, club, and concession buildings only in inflexibly 
demarcated recreation-residence zones. Failure to do this 
will inevitably lead to local over-use and reduction in 
recreational quality. 

Conservation of Indigenous Forests. 

Having talked about uses of the indigenous forests it is 
appropriate to pay some attention to their conservation. The 
word conservation is used widely often emotionally and 
frequently imprecisely. Indeed, "conservation " in a forestry 
context has six connotations, and for the following I must 
acknowledge some assistance from useful papers by A. L. 
Poole and A. P. Thomson. 

1. The eking out of irreplaceable resources of quality 
timber so that future generations may get, if not their 
fair share, at least a share. An example of this is the 
reduction in cutting of kauri already referred to. 
This is conservation by rationing. 

2. The withholding of indigenous timber from exploit
ation as a strategic reserve in the event of calamity 
overtaking the exotic forest estate. Indeed there are 
current proposals to reduce the indigenous cut still 
further, for this purpose. 
This is conservation for insurance. 

3. The protection of scientific values by excluding all but 
accredited scientists from recognised study areas. Often 
these are remnants of types which formerly were more 
extensive. Unrestricted entry and heavy use by the 
recreational public would reduce their scientific value 
It is pertinent to men ti on the joint survey of scenic 
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reserves which is being undertaken by Forest Service 
and the Department of Lands and Survey. Jn this 
investigation each scenic reserve is being examined 
with the aim of deciding whether its main use is for 
scenery or for science. A check list of forest types is 
being kept to ensure that when a type on a scenic 
reserve is not reserved nearby in national park or State 
forest park tenure it is made a scientific reserve and 
accorded full protection. 

This is conservation for scientific purposes. 

4. The preservation in the primeval state, or as near to 
this as practicably possible, of large and undisturbed 
tracts of scenic splendour. The.aim here is to preserve, 
as far as possible, pristine ecosystems. 
The management of the nine national parks provide 
good examples. It must not be thought that these 
ecosystems will remain static for they will undergo 
change by themselves; if not successional , then at least 
in the long term, genetic. 

This is conservation for scenery, and wilderness values. 

5. The preservation of forest through wise use. The 
management of an indigenous forest for sustained yield 
of timber confers permanence and well-being on that 
forest, otherwise the management objectives could not 
be achieved. Implicit in this concept is some cultural 
modification but this need not be seriously detrimental 
to amenity values. Implicit also is the use of all forest 
values to the extent that the secondary uses are not 
significantly prejudicial to the primary uses. Priority 
is important. The management of the six State forest 
parks with objectives of multiple use are good examples. 

This is conservation through maximum wise use. 

6. All over the world agriculture and forestry are tending 
to concentrate on fewer and more narrowly adapted 
species, so discarding and tending to reduce a major part 
of the plant spectrum. Taking a long term and funda 
mental view, we can be concerned that an eventual 
reduction in range of genotype could be disadvantageous 
to us in the future event of environmental change. By 
preserving large areas of complex indigenous forest we 
are maintaining genetic variability. 

This is conservation of genetic resources. 
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In these times when conservation has many eager and 
articulate supporters it is important for people to specify 
the conservation objectives which they are pursuing. And 
also it is important for conservation protagonists to keep a 
sense of perspective. We should strive to achieve a balance 
between all these types of conservation. There is a tendency 
to want a disproportionate area of forest reserved in national 
park tenure with the objective of preserving pristine 
ecosystems. Already our national parks total almost 8 % of 
the land area of New Zealand. The equivalent American 
figure is less than 13 . We cannot afford to have too much 
of our unoccupied lands under predominantly single-use 
national park tenure. First, national park reservation means 
restricted use for all time-that is if the national park 
legalisation is not to be vitiated-whereas the future may 
show that we shall want to use some of our wild lands for 
wood production, or mineral production, or power 
production. Secondly, if national parks become too large or 
too numerous it becomes impossible with the resources likely 
to be available to keep them in near pristine state: too much 
quantity results in lower quality. For instance it is 
practicable to control goats over the 82,000 acres of Egmont 
National Park so that national park values are safeguarded 
but animal control over the 3 million acres of Fiordland 
National Park to the level demanded by national park 
values is an impossible task. 

Another concept 

The treatment thus far has emphasized immediate needs 
and current uses: production of wood, production of good 
water, con trol of erosion, provision of amenity and 
~.ecreation. There is another more fundamental way of 
looking at the role of our 14 million acres of indigenous 
forests. They can be regarded as a great accumulation of 
biomass which represents an immense store of energy: 
mechanical, chemical, and heat energy. 

The various forest storeys act as buffers which absorb 
much of the mechanical energy of precipitation and wind, 
so shielding the vulnerable top soil. The frictional effect of 
myriad root systems on soil and rock particles over our 
steep and moderately steep mountain lands is basically an 
immense force retarding that of gravity, retarding it to a 
rate at which our affairs in the lowlands are not impossibly 
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dislocated. Associated with this benefit is the use by the 
forests of solar energy in transpiration. The associated 
absorption and return of precipitation prevents a great deal 
of flooding and erosion. 

In these days of intensive searching for new sources 
of energy it is interesting to reflect that, by photosynthesis, 
forest stores more energy annually than any other type of 
vegetation. Reifsnyder and Lull (1965) have suggested that 
the energy accumulated by forest per acre per year is of the 
order of ten thousand million calories, the energy equivalent 
of about 300 gallons of petrol. Concentrated solar energy in 
the form of fossil fuels is being depleted at a disturbing rate. 
The energy content of living forests may at some time in 
the future become of practical significance. Fourteen million 
acres is a lot of forest. 

Finally, by absorbing carbon dioxide and emitting 
oxygen in the process of photosynthesis, the 14 million 
acres act as a massive air conditioner. This may seem to be 
particularly important when we read that, by his industrial 
activities, man is increasing the carbon dioxide in the 
atmosphere at the rate of 30 % per century. But we must 
not jump to the conclusion that large expanses of forest can 
permanently lower the carbon dioxide content in the 
atmosphere-because in time an equi li brium must develop, 
as pointed out by Plass ( 1956) : if photosynthesis increases 
to absorb excess carbon dioxide, so eventually must the 
processes of decay or respiration increase to return the C02 
to the atmosphere. 

Authorities presume a similar equilibrium balance 
between atmospheric and chemically bound oxygen. The 
implication is that stable forest tracts will not, in the long 
term, add to the atmospheric oxygen content- an amount of 
oxygen equivalent to that produced by photosynthesis will 
be eventually absorbed by respiration and decay. 

The indigenous forest estate is more or less static in 
extent and in growth: increment balances decrement. If 
equilibrium balances exist for carbon dioxide and oxygen, 
as appears likely, our indigenous forests cannot, even in the 
short term, make a net contribution to atmospheric oxygen. 
It is important not to exaggerate forest benefits. 

Opposite: Beech forest, Caples Valley near Queenstown. 
Photo: J. H. G. Johns, A.R.P.S.; N.Z.F.S. from a transparency. 
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It is far more sensible to acknowledge the certain 
benefits from the indigenous forests which we are 
experiencing now: benefits of wood production, erosion 
control, good water, recreation, and amenity. My main 
theme has been the current change in the relative importance 
of these benefits. The wood production role of th e 
indigenous forests is diminishing, notwithstanding the 
management of terrace rimu in Westland and the prospects 
of managing beech on a reasonably large scale in Southland 
and Westland. Parallel with the diminishing importance of 
their wood-producing role is their sustained importance for 
erosion control and production of good water, and their 
increasing importance for recreation and amenity. 
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RESOURCES 
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The High-Country Situation 

W herever there are people there is land. T he land varies 
in appearance depending from where you look. Seen from the 
sea it was to Abel T asman a land uplifted high. Seen from a 
jet aircraft above the T asman the mountain lands are snow
fields for miles; seen from the plains to the east they never fail 
to be exciting; seen from the doorstep of a home in the west, 
whether it be a high-count ry station or in Twizel village, the 
tussock grasslands to the east have a way of being drab and 
even dispiriting. These differences in perspec tive are reminders 
of the different attitudes with which different people view the 
scene. Some are interested in wildlife to shoot , some are inter
ested in wi ldlife to look a t, others not even to see it bu t to know 
that it is there ! H ow few there are who have seen a takahe 
but how few there a re who would say the takahe does not 
count. Some people a re in terested in skiing, others in climb
ing, others in motoring, some in walking, others want simply 
to stand and look. Some want to record what they see on 
measured quadrats, others on colour film, others on canvas. 
Some want to fi sh in the waters, others to boat on them, others 
to skate on them , some to make electricity from them, others 
to wash in them, some to water their crops with them, others 
to tip their rubbish in them , others to drink them. Your 
desires can be to sha re in any or all of these uses. In your 
pastoral business your chief hope is that a liberal but not un
seemly amount of water should arrive on the land and mix 
with it to some productive purpose and that land and water 
ho1.tld part company in reasonably good order with the land 

in much the same position aft er as before. 
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Rights to Resource Use 

Most of the lands with which we have to deal in the 
tussock grasslands and mountain lands are owned by the New 
Zealand people with their Queen as head and administered 
for them by the Department of Lands and Survey and in part 
by the Forest Service. Many of these lands are leased from 
them to you. Some lands are owned by you. Whether you 
have dominion over them as owners or have some sort of lease 
over them, in an ethical or moral sense these lands are natural 
resources to which all men have rights in some way. These 
rights, like your rights, vary in great measure. All people have 
natural human rights to the fruits of such land in so far as 
these fruits are essential to human dignity. These rights are 
primary but they are not particular. A person's needs for food 
and water cannot be demanded as of right from a particular 
packet of resources unless that is the only one from which he 
can derive these essentials. In a general sense then, you and 
all land occupiers share in a special way in a community func
tion. Not only are you involved as custodians in trust of a 
natural resource, a function of which many of you are tradi
tionally conscious and proud. You should also be acknow
ledged publicly as the particular persons ministering to the 
rights of people at large to the fruits or benefits arising from 
productive use of these resources. I believe that insufficient 
emphasis has been given in the past to this role that you have 
in society as agents of production. It has become customary 
for society at large to acknowledge your rights to your liveli
hood and to your way of life so long as the common good is 
not injured. I am anxious that society as a whole should also 
acknowledge your role as producers and should therefore take 
care to safeguard your ability to get on with the job of manag
ing the natural resources entrusted to you, not only for your 
own livelihood but also for the benefit of all people who share 
in the fruits of your work. 

As some of you already know, I am consc10us of the 
growing complexity of conflict of interest in the tussock grass
lands and mountain lands arising from multiple use of their 
natural resources. I have therefore outlined with some care the 
ethical basis on which I see at present your pastoral and agri
cultural use of these resources continuing and flourishing. 
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The Need for H ealthy Pastoralism 

At the recent Farmers' Conference at Lincoln College I 
spelled out the national need for a healthy profitable high
country fa rming industry. Effective occupation of and respon
sibility for the region as a whole is a necessary pre-requisite for 
the application of the culture which is needed to restore and 
preserve our resources. Resource development I counted as 
important for high-country farming to be healthy and profi t
able. Without healthy profitable high-country farming I saw 
little real prospect of any transition, any cultu ral bridge to any 
other possible pattern of resource use in the future. 

The principles on which my thinking is fo unded are these. 

First, I believe that permanent human residence through
out a region, even at low density, contributes to continuing 
prudence in use of resources of that region. It is almost axio
matic that a culture presupposes residence in the environment 
of that culture. 

Second, I am convinced from years of scientific research 
and observation that carefully managed pastoral cultures can 
be valuable means in restoring to good condition the deterior
ated resources of an environment, the soils, vegetation, springs 
and watercourses; especially if this deterioration arises chiefl y 
from poor soil fertility and imperfect cycling of nutrients . 

Third, I am sufficiently a realist to recognise that New 
Zealand is not going to be able to afford the restoration and 
conservation of resources by la rge inputs of capital unless this 
capita l is invested in a way that gives relatively rapid and con
tinuing returns. 

Fourth, I am aware from the history of our own and other 
lands that there is serious risk of making similar mistakes in 
different fashion-when a second different culture is attempted 
in a difficult environment- when a cultu ral vacuum has fo l
lowed the abandonment as a failure of the earlier culture. 

In summary there is a moral or ethical base for your pres
ent and future enterprises in the high country. There is a 
social or cultural basis for their fostering and development. 
There is the historical fact of your past and present involve
ment. In the vital work which I and others with me in the 
Institute will be doing in planning and guiding resource use 
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in the high country we shall need to reckon these social prin
ciples and historical facts in addition to the more customary 
scientific and economic factors. 

Applying Principles of Resource Allocation 
in Pastoral Management 

In all this work of planning resource use, guiding the 
allocation of resources, you will be as well aware as I am that 
all land is not the same, that the suitability of different par
ticular lands for different particula r uses varies in order and 
degree. I do not want to spend time now elaborating on prin
ciples which are the framework for wise resource allocation 
among different competitive uses. I would like to illustrate 
how such principles can be applied in the decisions which you 
make about resource use and development within a purely 
pastoral enterprise. If I don't confuse the topic beyond recog
nition you will consider my message as simply sound common 
sense. My purpose is not to reteach you what you already know 
but to have you understand the process of decision-making in 
allocating resources and planning uses from situations already 
familiar to you. 

On the one side I shall list the parcels of land resources 
which might go to make up a typical run. On the other side 
I shall list the probable pastoral use-needs of a typical run 
enterprise : 

Resource Parcels 
1. Dark high altitude block 
2. Dark high altitude block 
3. Sunny high altitude block 
4. Dark low altitude block 
5. 
6. 
7. 
8. 
9. 

Dark low altitude block 
Sunny low altitude block 
Sunny low altitude block 
Cultivable paddocks 
River bed 

(a) 
(b ) 
(c ) 
(d ) 
(e) 
(f ) 

Pasturage Needs 
Winter wethers 
Spring wethers 
Summer wethers 
Winter ewes 
Spring early summer ewes 
Summer autumn ewes 

( g ) Winter hoggets 
( h ) Spring hoggets 
( i ) Winter cattle 
( j ) Summer cattle, etc. 

The first thing to note is that there are often more needs 
than resource parcels. The second thing to note is that not 
all use-needs are of equ al importance. Spring early summer 
nutrition of ewes is more critical than summer autumn pastur
age. For most, winter nutrition of ewes and hoggets is more 
important than winter nutrition of wethers. 
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Next we note that not all resource parcels are equally 
suited to each use-need. It is obvious for example that the 
two dark high-alti tude bloc.Jrs are poorly suited to the winter
ing of hoggets. Less obvious, however, may be the situation 
that one dark low-altitude block is better suited than another 
to the summer feeding of cattle. In such a pattern of trial 
fitting we reconcile resources and use-needs. In the last 
analysis we m ay find that a resource parcel which is well suited 
to several use-needs is allocated to that one which would be 
otherwise worst suited. Other use-needs are allocated resource 
pa rcels which a re below optimum but yet satisfactory for each 
need. 

This is a rationalisation of the process which you con
sciously or unconsciously carry out in making your decision 
about where what will graze. It is the effective phase of plan
ning range management in the classic tradition. It might con
ceivably be done better in the long term if we marshalled a great 
body of information about the details of soils and plants in each 
resource parcel, the nutritional needs of the animals to be 
assigned to them and the behaviour of the animals and the con
sequent behaviour of the plants and soils. Should we do it? I am 
not sure, but I propose to find out if we should by marshalling 
the facts about soils, plants, animals and the relations between 
them in some chosen situations. Members of the Institute are 
currently taking a not insignificant role in this research. 

Resource Allocation for Multiple Use Range Management 

I have outlined a procedure for allocating resources to 
the different uses within a pastoral run. I have indicated that 
this procedure can be the framework fo r improving the pastoral 
use of existing resources. A similar procedure can likewise be 
used for allocating existing land resources among a wide range 
of uses, including several different rec reational uses, water 
production, timber production , as well as different forms of 
pastoral and agricultural production. Just as within the 
pastoral enterprise sheep and cattle do not necessarily exclude 
one another from the use of the same parcel of resources, so 
too different kinds of other uses are not necessarily exclusive. 
W ater yield for example can be harmonised with animal yield 
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on the same land in many situations but it is unlikely that 
either can be maximised without detriment to the other. 
Recreational use sometimes can be harmonised with pastoral 
use even on the same parcel of land but it is more likely that 
solutions to conflict will be found by allocating the resources 
to different uses at different seasons or by dividing the 
resources into smaller parcels and allocating separately. 
There are lessons in this kind of exercise for us to learn 
from Scotland and Switzerland, Canada and the United 
States and more recently from Australia. I believe the work of 
the Institute in this field can put multiple use in the moun
tains on a logical and manageable basis. This is something 
we must work on, for I see no one else doing it nor likely to 
do it. 

I do not wish to give the impression that these principles 
outlined are alone sufficient to secure justice and peace in 
place of conflict for resources in the mountains. Nor do I sug
gest that they are alone sufficient to secure harmonious 
multiple use of resources in the mountains. What I want to 
emphasise is that we must diligently develop a body of prin
ciples that are morally, physically, economically, sociologically 
and ecologically sound and coherent. 

I am not enamoured of simplistic doctrines of the primacy 
of "prior use", especially if the particular prior use has led to 
and is continuing to promote resource deterioration or wastage. 
But I am sufficiently sensitive to both history and humanity 
that I insist that prior use is to be taken into account in plan
ning adjustment. I see no purpose in visiting the sins of 
parents on their children. Still less do I see justice or wisdom 
in visiting solely upon a particular group of people the penalties 
of previous actions in which society as a whole was implicated. 

Nor am I unduly fond of the currently heard doctrine of 
dominant use. In the view of some we could define the domin
ant use for particular land and water resources and then 
include with such dominant use whatever other uses are com
patible. While I admit the usefulness of this principle for 
short-term management of resource parcels, I consider that it 
is insufficient basis for a resource allocation policy that can 
create on a landscape that order in variety which is the essence 
of beauty. Nor do I see the dominant use principle as having 
within itself the means of its own growth and development. 
In brief, it is lifeless. We are not adapting from one stable 
condition of society to another stable condition. We are now 
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learning to adapt to continuing change. Our principles must 
macth our needs. 

I want to emphasise that I am not a devotee of fickle com
pliance with the popular will. The popular will is likely to be 
discerned only with great difficulty and to be limited to the 
popular knowledge. While we must ensure that popular know
ledge of our natural resources is quickly increased and while 
we must greatly accelerate our understanding of people's 
objectives and motivations concerning them, we must face the 
likelihood that in our imperfect society both knowledge and 
will are imperfectly represented by the activities of pressure 
groups and public relations experts of varying competence, 
veracity and fairness. 

Nor do I take refuge in the same harbour of the rule 
of law. For me the code of positive law is itself a dynamic 
expression of the continually evolving cultural tradition of 
a people in response to changing environment and changing 
awareness of that environment both social and physical. I 
no more expect the problems of 1984 to be met by the Acts 
of 1948 than I expect to fly to the Chatham Islands in a 
horse and buggy. I see little virtue on the one hand in a 
nihilistic abandonment of coded law. I have no ambition for 
the high col'ntry to become the first neo-hippy alpine resort. 
On the othe1 hand I believe that there are limits to the number 
of times the baby can be purified in the same tub of water. 
Saving always the baby, a legal drain and refill should be as 
frequently allocated as the state of the baby or the bathwater 
demands. 

At the present time, such bodies as the Agricultural 
Economics Research Unit and the Farm Management Depart
ment at Lincoln College and the new Economics Division of 
the Department of Agriculture and being constantly enriched 
with skills in economic analysis. To divert a fair share of 
such skills into high-country problems we shall have to gather 
and record physical, biological and financial data in such a 
.vay that they are both amenable to appropriate analysis and 
genuinely representative of the real situations that exist. Skil
ful and intelligent fact-gathering is essential for within-farm 
evaluation of alternatives such as fast development or slow, 
sheep enterprises and cattle enterprises, grain or hay or roots 
for winter feeding. Similar but often more complex fact
gathering is also essential for larger decision-making about 
resources, whether this be by cost-benefit analysis or more sophis-
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ticated procedures. In both pastoral and major watershed 
resource studies the fact-gatherer and analyst must have suffici
ent sensitivity to the character and manifold dimensions of thr 
problems. 

Faced with the deficiencies of earlier approaches to multi
ple-use planning as well as with the complexities of the 
resources and of their competitive and complementary uses, 
we have, you will agree, a job on our hands. 

Conventional Development of Natural Resources for Grazing 

So far I have treated resources as they are, with never 
a word about clover oversowing and superphosphate. When 
I was in Grasslands Division this was an important part of 
my job. The occasions I spoke to you formally were generally 
times when I was expected to give some acccount of what we 
had learned from research. The most important thing that we 
learned was the unexpectedly high potentials, the high levels 
of herbage production that were in fact achieved on a small 
scale with adequate topdressing and very intensive grazing 
management. These experimentally-grazed plots have been 
referred to disparagingly but perhaps not inappropriately as 
" lavatory paddocks". Certainly they are fully occupied, for 
short periods at a time, and they thrive on what is left behind. 

Keeping these potentials and principles very much in mind 
we can put them in perspective. The facts are clearly that the 
potentials are so very much higher than unimproved levels
generally about 20 times-that it is impossible to achieve them 
quickly over a very wide area because they demand livestock. 
It is not difficult to grow clover in much of the tussock grass
lands. It requires a wise man to use it to good account. It 
takes a wise and well financed man to use it in such a fashion 
as to grow more grass. It may take much more research and 
management to use that feed to produce more and better wool 
and meat. 

I warned 10 years ago of the danger of new wine in 
old wineskins-topdressing and clover oversowing without 
intensification of management, and I warn against it now. If 
there is this danger, if there is more land to be topdressed and 
oversown than can be intensively managed, then it becomes 
important to make shrewd decisions as to what portions of a 
run should be topdressed and oversown. There are a multitude 
of factors to be taken into account-youthful soil making for 
lower requirements of development phosphate, the seasons of 
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the year in which more feed is demanded, the sector of the flock 
or herd for which the improved feed is intended, the accessibility 
of the block to the intended stock at the intended time, the 
size of the block and the frequency of subdivision in relation to 
the numbers of animals expected to be available to graze it . 
There are more factors than these and they vary in importance 
from one run to another . 

Experiments or Survey? 

Is it possible to set up experiments anywhere which would 
m ake formal comparisons of these kinds of factors in the same 
way as we might compare levels of sulphur and phosphorus 
or times of oversowing? I don't consider it feasible even if 
possible. What I hope to see done is more study of some of the 
pieces in the puzzle as at T ara Hills and in the work for which 
the Institute has borne establishment costs at Simons Hill , 
Ribbonwood and Glentanner . In these scientists in Grasslands 
Division and Applied Biochemistry Division of D.S.l .R . and 
in the Department of Agriculture are collaborating in monitor
ing animal perfo rmance such as liveweight changes, lambing, 
fl eece weight and qu ality and even mineral composition of 
blood. The runholders involved are making an important con
tribution and it will be my ambition to promote more of this 
collaborative work. I know that in some ways it is more diffi
cult than having one outfit do a job but I also know that the 
man with ideas is not necessarily the man with money to try 
them. No one has a monopoly of either commodity. 

I believe tha t the Institute will also be able to help in 
this area by surveying run practice and achievement. You and 
your fellow runholders have in the past co-operated excellently 
with Mr Hughes in total enumeration survey of basic produc
tion data from high-country runs. I trust that you will collab
orate even more thoroughly in more detailed surveys in the 
future. I emphasise here the ideal of complete enumeration 
survey rather than sample survey as conductd by the Economic 
Service of the Meat and Wool Boards. I am suffi ciently a 
scientist to appreciate the worth of sampling. I am also suffici
ently observant to notice the va riation between runs in resources 
and in management of those resources. I do not want to be 
party to unnecessary effort but I do want to have sufficient 
data to make some advance in confidence beyond my own or 
someone else's intuition. You and I act severally on our 
hunches. When we act collectively or when you want me to 
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give you general advice we would do well to have something 
better than a hunch. As an example, I join with M r Hughes 
in commending to you the planned use of scales for weighing 
stock and fleeces. 

I have been dealing here with the now conventional tus
sock grassland improvement practice of oversowing and top
dressing and grazing. I emphasise the need to find for this 
practice its place in development of total run resources. It is 
clear from your own experience that this can be profitable. 
Returns on additional invested capital of 20% or even more 
are commonplace. No one in his right mind would suggest 
that you stop but rathe.r that you aim to do it well as an inte
gral part of your run management programme. 

Undeveloped Mountain Resources 

Thousands of acres not economically amenable to top
dressing and clover oversowing exist in the semi-arid low 
altitude country in Central Otago, Marlborough and the 
mid W aitaki and more still on the high altitude exposed 
subsoil and screes. Mr Dunbar of the Institute has already 
carried out with striking success a major programme of 
revegetation research work at high altitudes. So also have 
been involved Forest Service, Grasslands Division and so too 
is now Water and Soil Division of Ministry of Works. 
I believe this work must be continued and deepened with 
emphasis on increased fertiliser efficiency to reduce costs to an 
acceptable level for the nation to do this immense job. At 
present it would cost perhaps $200m or $400m for seed and 
fertiliser alone. The lnstitute's main role in this will be I hope 
to co-operate in developing the testing of introduced, native 
and bred trees, shrubs, grasses and legumes for greater fertiliser 
efficiency, that is for the ability to function as effective vegeta
tion mantle with little or no applied fertiliser. I need hardly 
mention that such an objective will be of considerable value in 
pastoral improvement of a much wider range of soil of mod
erate to low natural fertility. 

And what of the semi-arid zone? It was here that 
Cockayne's improvement work was mainly done and thanks 
to the good historical detective work of Mr Douglas of the 
Department of Agriculture on the old records and on the field 
sites themselves, we are now in a position to appreciate 
Cockayne anew 40 years after his work. Again the lessons 

122 



include emphasis on grazing management of surface sowings 
- a management appropriate to the dry environment with its 
high risk of vegetation depletion. We have made little sustained 
study of the native grasses adapted to the semi-arid environ
ment apart from their breeding system studied by Mr Connor 
of Botany Division. Mr Dunbar of the Institute is now begin
ning a detailed study of one of the widespread grasses of poten
tial value, Dichelachne or plume grass. This is a start towards 
understanding the bases for traditional management in an 
environment which will by force of climatic and economic cir
cumstances require such traditional range management for the 
bulk of its million acres for the foreseeabe future. 

Here let me leave with you a conundrum. The semi
arid zone traditionally produces the best wool and often 
more wool per sheep than land in moister climate. It has 
had least impact from the increasing beef cattle herd of 
the high country, except for Molesworth. Whereas depletion 
has often persisted under sheep grazing, cattle grazing has 
apparently been highly suited to land rehabilitation by grass 
and legume oversowing on Molesworth. Does this represent 
an example of a need to reconcile uses and resources? 

Opinion: The Institute does not necessarily agree with the views expressed 
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