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SYNOPSIS 

The  view is expressed that engineering will have an  important 
role i n  N e w  Zealand protection forests i n  the future. A brief 
history is given of the part played by  engineering u p  until the 
present. The  problems facing the protection forest manager are 
outlined and related to  engineering. I t  is postulated that the two  
immediate requirements o f  protection forests are better maps and 
improved access. A network o f  graded and surfaced mountain paths 
is recommended and narrow vehicles to  traverse these paths are 
described. Brief mention is made of engineering structures for 
correcting erosion. 

ENGINEERING AND PROTECTION FORESTRY 

Forestry in New Zealand has reached a point in its development 
where a clear distinction exists between "production" and "pro- 
tection". In European forestry there is no such clear distinction; 
the protective value of forests is accepted, and timber is selectively 
removed from the highest and steepest forest sites. Dense popu- 
lations, high stumpage values, and skilful management combine to 
make the forests of the European alps a prime example of the 
concept of multiple use. 

An increasing population and improvements in transport, coupled 
with a growing skill in forest management, will force a tendency 
towards multiple use in our own high country forests. Our pro- 
tection forest policy and planning should therefore be made with 
a clear appreciation of the role ol engineering. Of the importance 
to plan and manage carefully there can be no doubt, for these 
forests, the source of our major rivers, comprise some 10% of 
our total land area, or more than three-quarters of our total forest 
estate (Poole, 1960). 

The casual observer, vaguely aware of this vast and remote 
area, and measuring engineering in terms of familiar items such 
as roads, girders, bulldozers, and wire ropes, may be excused for 
failing to perceive much evidence of engineering in our protection 
forests. Engineering, though embryonic now, will play a decisive 
part in the management of protection forests in the future. 

A BRIEF HISTORY 

It is appropriate to mention the early explorers and surveyors, 
whose most fruitful period of activity lay between 1860 and 1890. 
These highly educated men could foresee not only the more imme- 
diate need for access, but also the future recreational value of 
the mountain lands. They were trained to observe and record, 
and their writings are often of great value to present students of 
protection forestry. 

- Scientist, Forest & Range Experiment Station, Napier. 



Access across the South Island mountains from east to west 
was a very early problem, and it was a proud effort when the 
Arthurs Pass road was opened in 1866 (McCaskill, 1960). The 
government of the day, too, was quick to recognize the tourist 
appeal of the mountain land, and the Milford Track was constructed 
in the early 1890s (Richards, 1963). North Islanders, no doubt 
inspired by this initiative, in 1896 formed committees in Otaki and 
Greytown to carve a track across the Tararua Range. These in- 
tentions came to nothing, however, and the first substantial track 
in the Tararuas had to wait until 1907 when a Masterton club 
opened up a route to Mount Holdsworth (Greig, 1946). Meanwhile, 
in 1901, a wide graded track had been constructed up the flanks 
of Mt Tongariro, to the Blue Lake at 5,600ft (Cowan, 1927). 
Graded tracks like this one played an important part in the 
development of the mountain lands, and by 1945 they had been 
constructed in most of the regions now designated National Parks. 
Some, such as T. A. Blythe's "Ohakune Track" of the 1920s, were 
manifestations of private enthusiasm, and this healthy attitude 
persists today, as volunteers push well-formed tracks into the 
Urewera country. With the growth of tramping clubs after 1920, 
and the formation of a hunting organization by the Internal Affairs 
Department in 1931, a more ubiquitous, utilitarian type of track 
spread throughout the greater part of the back country. 

Bridges over the swiftest rivers were an equal necessity, and 
no doubt wire bridges spanned many a West Coast stream before the 
turn of the century. The first wire bridge to be erected solely 
by and for trampers and shooters seems to have been that over 
the upper Tauherenikau River (Tararua Range) in 1924 (Greig, 
1946). Wires and suspension bridges in the mountains were fairly 
common by the 1930s, but the first of such aids to be installed pri- 
marily for the purpose of animal control were probably those in 
the Westland valleys of the Whataroa and Callery in 1939 and the 
"cages" in the Landsborough in 1940. (W. Chisholm, pers. comm.) 

Aerial photography in New Zealand was born in Canterbury in 
the late 1920s, and one of the first forest air surveys of any 
magnitude to be carried out was that of Hanmer Forest by Squad- 
ron Leader M. Buckley in the early 1930s (van Asch, 1965). In 1937, 
H. P, van Asch, flying over the Kaweka Range, made what were 
probably the first protection forest aerial photographs. 

Always the emphasis has been on better access, and in 1935 
Captain B. Mercer, true to the pioneering spirit of Westland, 
flew a mountaineering party well up the Arawata Valley, thereby 
saving them a journey of at least a week (Roberts, 1935). The 
first chartered air drop made in New Zealand mountains was in 
December 1933 when the Otago Aero Club dropped 1601b of 
supplies to mountaineers in the Kitchener Cirque near Mount 
Aspiring (Wilkins, 1958). The driving force of this venture was 
J. A. Sim of the Otago Section of the N.Z. Alpine Club, but the 
attempt was not blessed with success, and apart from some minor 
(but more successful) supply drops by Pilot A. J. Bradshaw to 
B. McCallister in the Pyke Valley in 1938, the technique was not 
to blossom forth until after World War 2. In 1946, the first air 
drop of a prefabricated mountain hut was successfully accomplished 
near Mt Crawford in the Tararua Range. The pilot, 0 .  Andersan, 
was killed on a similar job shortly afterwards, and the hut bears 



his name. Although in 1946 supplies had been flown in to  gov- 
ernment hunters working from an airstrip in the upper Clarence 
River, it was not until the following year that the first large- 
scale supply drop was attempted. This trial, in Fiordland, ended 
tragically with the loss of the aircraft and its crew, but the way 
was now paved for the aerial transport of equipment. Light, 
manoeuvrable, low-flying aircraft proved their suitability for moun- 
tain work, and have since delivered thousands of tons of stores 
and equipment (Fraser, 1965). 

Once it was found that mountain huts could be prefabricated 
and airdropped, more thought was given to hut design, weight, and 
materials. In 1957, the Forest Service, seeking to improve facili- 
ties for animal control workers, designed and constructed a four- 
bunk hut made from slotted metal beams and sheets of aluminium 
alloy. This proved to be cold and draughty, and was superseded 
in 1959 by the standard four-bunk (and later the six-bunk) hut of 
timber frame, flat iron sheathing and plywood lining. 

Although radio communication between alpine huts had been 
established in the Mt Cook region for over a decade, it was not 
until 1961 that a portable transmitter-receiver (the F 1)  was 
available to workers in protection forests. This weighed 16 1b and 
was a great step forward in communications, enabling field parties 
to transmit outward messages, and to be contacted from their 
headquarters by prior arrangement. Microwaves have been put 
to work in yet another way, for measuring distances by tellurometer, 
and this method - introduced in the early 1960s -has greatly 
improved the speed and accuracy of surveying in rough country. 

The old hazard of river crossing was also given some attention 
in 1961 in the form of new designs for light walkways and cable- 
ways. The installation of these began in 1962, transport to the 
construction site being by aircraft or jet boat. Three-strand walk 
wires have been used for over 30 years to cross smaller streams; 
these also have been recently improved by standardization in design 
and materials. The jet boat, too, has graduated from a sporting 
item to a commercial transporter, at first for tourists, more recently 
for deer carcasses. 

In 1959, helicopters came into general use for delivering pro- 
tection forest hut components, and within a few years had proved 
themselves as an efficient means of shifting materials and supplies 
to the high country. Soon each hut in the ranges had its "helipad". 
The establishment of these often necessitated the felling of large 
trees and so chainsaws were ushered into protection forestry. 

Aerial dropping of poisoned bait, from its inception in 1956, 
was for many years a function of fixed-wing aircraft. But even 
in this field the helicopter is making inroads-poison bait was 
laid in Marlborough by helicopter in 1964, and in 1966 a helicopter 
was used for spreading Pinus contorta seed in the mountains of 
Hawke's Bay. In 1966 also, helicopters were being successfully 
brought into commercial use, not only to find deer but also to 
shoot them from - a function, incidentally, which was explored 
by W. Chisholm on Molesworth Station in 1958 and again by 
M. Robson in 1962 in the Kaweka Range. 

In 1966, Forest Service field officers started to examine the prac- 
ticability of using motorized trail bikes for high country access, 
and although some field trials have been undertaken it seems 



that full utilization of this machine will depend on considerable 
improvements to the present access systems. 

It  is probable that the first high country river training works 
were the diversion and groin constructed during 1937-8 by the 
Tararua Tramping Club to protect their Tauherenikau Hut from 
the advancing river (Greig, 1946). Engineering structures and 
techniques for mountain slope stabilization have been pioneered 
since 1961 by the Forest and Range Experiment Station in the 
Craigieburn Range, chiefly in connection with the protection of 
roads leading to ski fields. In the summer of 1966-7 the North 
Canterbury Ski Club commenced the construction, at  4,50Oft, of 
rock groins built into steel netting to support a particularly 
narrow section of road. 

To summarize: What benefits have the 11 million acres of 
protection forest received from the technological age? A very 
limited number of roads, some tourist paths, many serviceable but 
rather characterless huts, the start of a radio communications 
system, a number of river crossing aids, the occasional powersaw, 
and the ephemeral aircraft. I t  would seem, indeed, that there 
is ample scope for engineering to make a fuller contribution to 
protection forestry management. 

THE PROTECTION FO'REST PROBLEMS 

To appreciate the potential role of engineering, the problems 
facing the protection forest manager must be understood. 

The protection forests are extensive and rugged. There is only 
a limited knowledge of their vegetation pattern, climate, history, 
or topography. Even less is known about the changes which 
are occurring in the vegetation structure. It is believed that 
the considerable capital values in the lowlands depend for their 
protection on satisfactory management of these forests. 

During the past decade, management of the protection forests 
has been markedly intensified. Animal control operations have 
been more precisely directed, and given greater definition of 
purpose; the importance of fire prevention was recognized, re- 
creational values began to be appreciated, improvements were 
made to accommodation and access, and most of the area was 
brought under written management plans. More recently, growing 
emphasis has been placed on the need to revegetate eroding sur- 
faces. In the future there will probably be general recognition of 
these forests as a legitimate source of wood. This illustrates that 
management of protection forests will be a very specialized busi- 
ness. 

The objects of management, on the other hand, are clear, and 
can be summarized as: 

(1)  The conservation of soil and water. 

( 2 )  Recreation. 

(3)  In some areas, timber production. 

To fulfil these objectives, the forest manager must be able to 
meet certain requirements. They are: 

( 1) Achieve animal control. 



( 2 )  Master revegetation techniques. 

(3)  Produce detailed maps. 

( 4 )  Provide extensive and improved access. 

( 5 )  Develop fire control. 

(6)  Train specialized staff. 

(7 )  Justify mountain lands expenditure. 

( 8 )  Develop mountain lands silviculture. 

Engineering principles and practice will find a place in each 
of these categories, but the first four in particular will be dis- 
cussed here. 

( 1 ) The Achievement of Animal Control 

Structural changes occurring in protection forests are largely 
due to a variety of introduced animals. Some of these, such as 
goats, or wild sheep or cattle, can be satisfactorily controlled by 
intensive hunting. With others, such as hares and rabbits, the 
population may be modified or even regulated by the control of 
ungulates. The two species which at  present offer the greatest 
problems in control are opossums and red deer. A very high 
intensity of hunting seems to be necessary to achieve and maintain 
control over a deer population, and in the writer's opinion satis- 
factory control in many catchments is unlikely to be achieved 
without considerable improvements in access. 

Present views on the control of opossums seem to centre on 
aerial poisoning and the hope that population numbers can 
be restricted provided that ungulates (deer) can be controlled. 
However, in certain areas where the forest canopy is attractive 
to opossums, the damage from this animal together with deer 
has already been so severe that the canopy has been completely 
destroyed and the vegetation modified alarmingly. Examples can 
be found in Westland, and in the Tararua and Ruahine Ranges. 
Large areas of the Urewera forests may yet suffer this type of 
modification. 

In  such areas as these, the high intensity of management which 
will be permanently required points to the desirability of some 
sort of vehicular access. 

(2 )  The Mastery of Revegetation Techniques 

Some of the mountain lands are so badly eroded that revege- 
tation measures are clearly necessary. 

This situation has been encountered elsewhere in the world. 
European high country foresters, for example, have been grappling 
with this problem for over a century, and it is pertinent to 
realize that when a European forester plans his headwater cor- 
rection works, or torrent control, he thinks in terms of a com- 
bination of forestry and engineering. Surface movement must 
first be physically arrested, he argues, and then stabilized with 
plants. Consequently he builds check dams all the way up his 
side streams, and his scree slopes are crossed with retaining walls 



before sowing or planting is commenced. Such works are naturally 
very costly, and obviously require good access. 

Whether this approach will be necessary in New Zealand has 
yet to be determined. New Zealand foresters seem to have 
two advantages over their European colleagues: 

(1) The mountains, being insular, appear to have a milder climate 
and a longer growing season; and 

(2) Several of the introduced plants, particularly pines, grow 
more vigorously than do mountain plants in Europe. 

The most rational view of the mountain land reparation problem 
in New Zealand is that on some of the easier sites it will be 
possible to aerial sow, in some places it will be possible to plant 
directly without prior site amelioration, but on the hardest sites 
the European practice of stabilizing with the aid of engineering 
structures will need to be followed. 

(3) T h e  Need for Detailed Maps 

When, in 1956, the Forest Service applied itself seriously to 
protection forest management, one of the first needs was the 
allocation of priorities. Certain river catchments were considered 
to be of high importance, and management emphasis was weighted 
accordingly. Now, more detailed knowledge of the physical features 
within these priority catchments is required. 

Available maps described the locations of mountains, streams, 
roads, and rivers, and also (sometimes) ridges, forest edges, and 
(rarely) contours. Accessory maps giving forest types or geological 
structure are sometimes available, but soil maps provide little 
detail. Nomenclature is often lacking; unnamed streams greater 
than 1,000 acres in catchment area are common, and can sometimes 
be found exceeding 5,000 acres. The minimum requirements for a 
protection forest are illustrated on a New Zealand map prepared 
for military purposes and published over twenty years ago 
(N.Z.M.S. 2 N164/6 Pencarrow). This is to a scale of 1:25,000 (1 
inch = 32 chains), with 50ft contours, two vegetation types, and 
demarcation of erosion surfaces. A11 the high priority catchments 
should be mapped to at least this degree, preferably with the 
additional refinements of at least three vegetation types and two 
types of erosion surface. 

(4) T h e  Need for  Improved Access 

Within high priority catchments there are extensive regions 
which are badly eroded, or vulnerable to erosion. It is postulated 
that these regions will require intensive and sustained manage- 
ment in such forms as animal control, fire protection, or revege- 
tation measures, or all three. Servicing by aircraft must be regarded 
solely as an initial step, to be replaced as quickly as possible by 
ground transport. 

In some areas the provision of vehicular access will be essential 
to achieve animal control, not only for the supply and servicing 
of huts, but also for the rapid and easier movement of hunters 



and to facilitate supervision and inspection. Areas needing revege- 
tation, being vulnerable, will require vehicular access not only for 
the initial work, but also for continued maintenance, inspection, 
and protection. 

Examples of some North Island catchments which are considered 
to warrant vehicular access are: 

Manawatu Catchment - Oroua and Pohangina headwaters, 
Ruahine Range south from Takapari. 

Tukituki Catchment - Waipawa and upper Tukituki head- 
waters. 

Ngaruroro Catchment - Ikawetea and Kiwi Streams. 

Tutaekuri Catchment - Donald -River and upper Tutaekuri. 

THE NATURE OF IMPROVED ACCESS 

The key to protection forest management in New Zealand is 
access. But even vehicular access does not necessarily involve 
the construction of a Class IV road or even a Landrover track. 
The rapid establishment of such roads would be financially pro- 
hibitive. 

I t  is proposed, as an initial step towards the intensive manage- 
ment of selected areas, that the first aim should be to provide 
Landrover type access or better to each tributary catchment exceed- 
ing, say, 5,000 to 10,000 acres. 

Secondly, it is proposed that within these catchments a network 
of mountain paths be constructed. Such paths, approximately 4ft 
wide, must be laid off with all the care and attention given to 
a road, with minimum widths of 3 ft 6 in., and maximum grades 
of one in six. They should be surfaced with metal, flat in profile, and 
sloping gently outwards to reduce the need for water tables and 
culverts. 

The value of such paths lies in their low cost and ease of con- 
struction, their greater stability, and the provision of access for 
cheaper vehicles. 

Paths such as these are estimated to cost less than one-tenth 
of the cost of a small road. Figure 1 shows two profiles of a 
30 degree hillslope with a rock layer at a depth of 18 in. A road 
with a lof t  wide cut would require the removal of 350 cu. yd per 
chain, of which 50% would be rock. A path with a 3 ft wide cut 
would require the removal per chain of only 34 cu. yd, of which 
in this instance none would be rock. Such paths may be con- 
structed manually, or by light bulldozer. A catchment larger than, 
say, 1,000 acres may be sewed by a valley path on each side of 
the river plus another path around the perimeter. Smaller, steeper, 
catchments may be served by only one path. 

THE USE OF MOUNTAIN PATHS 

The obvious benefit of these paths will be to greatly facilitate 
foot traffic. Private hunting will be encouraged, and the profes- 
sional hunter will be able to travel faster and easier. The greatest 



F I G .  1 :  Diagram to illustrate the difference in earthwork between a road 
with a 10 ft cut and a path with a 3 ft cut. 

asset of these paths will, however, be their availability to vehicular 
traffic. Huts may be transported and food supplied as required, 
hunters need work only a five-day week on their blocks, field 
officers may undertake inspections readily and quickly, and senior 
foresters and administrators may examine conservation problems 
in the field. If planting is required for artificial revegetation, 
paths will permit transport of plants, tools, and labour to the 
site. Finally, if European type engineering works are required for 
initial stabilization, paths of this nature will be a minimum access 
requirement. 



VEHICLES FOR MOUNTAIN PATHS 

On many occasions, particulally for hunting or inspection, it is 
necessary for only one or two men, with light gear, to travel 
rapidly from one place to another. The light motor-cycle or "Trail- 
bike" has obvious application here. I t  is recommended that the 
introduction of this vehicle proceed with caution and that its use 
be confined to managerial work. The noise, high speed, and low 
safety of the motor-cycle in mountain lands have led to its 
becoming an administrative problem in some countries. 

Vehicles will also be required for the transport of men and 
materials, but also for some earthmoving (path maintenance) and 
winching. A maximum of safety and a minimum of noise will be 
desirable features. 

In recent years a vehicle to fulfil these requirements has been 
developed in the European alps. I t  consists of a light petrol motor 
mounted in balance over a narrow pair of wheels, driving them 
through a very low gear ratio. Steering is by handle-bars. For 
such jobs as earthmoving, dragging, or winching, or for traversing 
a dangerous slope, the operator has only manual contact with the 
machine, but for transport work, a trailer with operator's seat 
can be linked on. On heavy models, the trailers are convertible 
to four-wheel drive, and can carry loads of over one ton at 
speeds up to 6 m.p.h. These vehicles are narrow, highly manoeuv- 
rable, and have a high degree of traction. Some typical models are 
illustrated in Fig. 2. 

STABILIZING STRUCTURES AND BIO'LOGICAL ENGINEERING 

Protection forestry's immediate demand of engineering is for 
detailed maps and gooc! access. Successful planning of remedial 
work depends on these. Given maps and access, the protection 
forester can plan remedial work, turning first to revegetation by the 
most direct and simple means. Where direct seeding or planting 
alone is unsuccessful, the forester may have to consider obtaining 
initial stability with mechanical structures. 

In Europe the initial amelioration of difficult sites is routine, 
and generally comprises the construction of barriers across the 
slope. Techniques fall into two main classes: 

(1) Stone or concrete barriers. 

( 2 )  Barriers made from living plants. 

Solid structures have been used for over a century and consist 
mainly of check dams and retaining walls. Formerly these were 
built from stone; today the tendency is towards concrete and 
steel strucmres. Revegetation, generally by planting, follows shortly 
after the construction of these barriers. 

Biological engineering, or the use of living plants to arrest surface 
movement, has gained popularity over recent years. The principle 
of horizontal terraces is retained, but the terraces are small and 
supported by willow cuttings, sometimes sown with grasses, and 
with routine planting of mixed species following a year or two 
later. Austrian workers in the Tyrolean alps are probably at 



(a) Heavy duty tractor and trailer. Payload 30 cwt. Cwheel drive, articu- 
lated. Track width (trailer) 3 ft 11 in., wheelbase 12 ft 4 in. Diesel or 
petrol motor, 8 to 11 hp. Cost including trailer approximately $760. 

(b) Tractor unit shown in (a). Can be used with or without operator's seat. 
Four forward and four reverse gears. Speed up to 10mph. Cost of 
tractor unit approximately $500. 

(c) Light tractor (8 h.p.) and trailer with 8 cwt payload. Front-wheel drive 
only. Track width (trailer) ap roximately 3 ft 6 in. Approximate costs: 
Tractor unit, $300. Trailer wit{ foot and hand brakes, $120. 

(d) A wide range of attachments is available. Those likely to be used in 
N.Z. protection forests are trailers ($100-$300), winches ($150$250), 
blades ($50-$150) . 

FIG. 2: Some typical narrow-gauge tractors and attachments with approxi- 
mate costs (N.Z.) excluding freight. 



present  the  mos t  active i n  this field, bu t  the practice is spreading 
throughout  the  European alps. 

Very litt le experience i n  ei ther  of these techniques has  yet 
accumulated i n  New Zealand protection forests, although a variety 
of s imple s t ructures  has  been used with some success i n  hill 
country pasturelands. 

I t  is  impor tan t  f o r  us  t o  persist in  adding t o  o u r  experience 
of stabilization of mountainlands. A wealth of knowledge flows 
f r o m  t h e  hundreds of mountainland workers i n  o ther  countries 
a n d  i t  behoves o u r  students, o u r  fu ture  technicians, t o  t a p  this 
flow b y  t h e  mastery of such languages as  German, French, a n d  
even Japanese. An equally impor tan t  way of acquiring this know- 
ledge is  by  direct exchange of experienced workers between coun- 
tries. 
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