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ABSTRACT 

SPHAGNUM ON THE WEST COAST, SOUTH ISLAND, 

NEI'Y ZEALAND: RESOURCE CHARACTERISTICS I THE 

INDUSTRY AND LAND USE POTENTIAL 

T. Denne 

(i) 

OWing to its water holding capacity, sphagnum has been used 

by people for hundreds of years. Currently it is being 

harvested commercially on the West Coast the South Island, 

New Zealand, largely to supply Japanese horticultural 

companies. Resource extraction has increased rapidly in 

recent years and much basic information regarding the resource, 

the industry and the implications of use has been entirely 

lacking previous to this study. 

Resource characteristics are described in terms of sphagnum 

ecology. Sphagnum is adapted to Ii in wet, nutrient poor, 

peat producing ecosystems. Five species of sphagnum are 

recorded from the West Coast; the harvested species, 

s. cristatum, is most common. Sphagnum mires do not provide 

habitat for many species of plant or animal but some rare and 

uncommon species are present. 

The history of sphagnum use is outlined and current use and the 

West Coast industry described. The industry has increased in 

size rapidly since late 1979; numerous individuals and several 

large compan s are currently involved. High net revenues are 

available to companies and individuals in the industry which 

is small with few people employed full time; it is restricted 

in size by market constraints. Sustainable yield harvesting 

is achievable; yields may be increased through intensive 

management or cultivation. 

Much of the sphagnum resource is on state owned land and is 

managed by the Department of Lands and Surveyor New Zealand 

Forest Service. Various management procedures are used, some 



(ii) 

of which have not been satisfactory. 

Sphagnum harvesting is compared as a land use with farming 

and forestry on similar land. From a national economics 

stance it has higher net benefits per hectare than the other 

options. The sphagnum industry is sustainable in its 

present form although the market is sensitive to product 

quality. Sphagnum harvesting affects adversely the mire 

ecosystem, displacing some components and reducing the 

overall environmental qualitYi these impacts are less than 

those of the other land use options. It is more labour 

intensive than sheep and beef cattle farmingi numbers employed 

per hectare are similar to dairy cattle farming and forestry 

after forest maturity. Sphagnum harvesting has potential as 

a long term land use and is appropriate for land supporting 

substantial amounts of sphagnum. 

Management options are discussed with reference to various 

objectives. It is recommended that policies enabling 

sphagnum harvesters to have exclusive rights over areas for 

extended periods be designed and that reserves are established 

to preserve sphagnum mires and the various component species. 
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1 INTRODUCTION 

·1.1 The emerging problem 

Due to the water holding capability of some species, mosses 

of the genus Sph~gnuml have been used for various purposes 

1 

for many hundreds of years. Although many former uses have 

now been discontinued, sphagnum is still used in horticulture 

both in New Zealand and throughout the world. 

Horticultural use of sphagnum in New Zealand does not involve 

large quantities, however, an industry now exists based 

largely on the supply of sphagnum to Japan. Sphagnum is used 

extensively in horticulture in Japan and domestic supplies 

in that country do not meet the demand. Japanese companies 

therefore import sphagnum from several countries. 

The largest quantities of the New Zealand sphagnum resource 

are located on the west coast of the South Island and it is 

there that the sphagnum industry most active. Numerous 

individuals and several large companies have been attracted 

to the industry in which living and non-decomposed sphagnum 

plant material is collected from areas of private and state

owned land and dried before packing for export. 

The Department of Lands and Survey and New Zealand Forest 

Service issue permits and invite tenders the privilege 

of collecting sphagnum from areas under their control. 

Some of this land is designated for development for farming 

or forestry. 

Although there is some published research concerning 

sphagnum ecology, very little is relevant to resource 

management decision making. Much basic information concern

ing the New Zealand sphagnum resource and the associated 

industry is entirely lacking. A working party established 

1. The name comes from a Greek word for some plant now 
indeterminable (Crum, 1973); although sometimes known 

moss or bog moss, in this study the latinate 
is used as the common name. 



to study the use of peat and peatlands in New Zealand noted 

concerning sphagnum harvesting on the West Coast that: 

"little is known of the technique employed, 
and nothing at all of the regenerative 
capacity of the moss when harvested on"a 
regular basis" (Steering Committee on 
Peatlands Policy Management (N.Z.),1982). 

It was critical of sphagnum harvesting as a land use for 

having no scientific basis. Partridge (1982) expresses the 

opinion that sphagnum is being used at a rate which far 

exceeds its rate of natural replacement. This statement is 

supposition and it too has no scientific basis, however, 

resource managers are not able to confirm or deny it. 

2 

The Peatlands Policy Guidelines Working Party recommended that 

"the principles, techniques and current 
practices of ... sphagnum harvesting and 
the propagation and growing of sphagnum 
be investigated as a matter of sOme 
considerable urgency" (Steering Committee 
on Peatlands Policy Management (N.Z.),19S2). 

Management agencies are making decisions now concerning 

sphagnum resource use in the absence of this and other 

information. The New Zealand Forest Service has drafted 

a short policy statement concerning sphagnum management; 

the long term effects of implementing this policy are unknown. 

Since late 1979 the sphagnum industry has experienced a rapid 

increase in size owing to changes in the Japanese market. 

Consequently the area of land being harvested has increased 

markedly and managerial decisions are made more frequently. 

In order that the sphagnum resource is managed wisely over 

the long term it is vital that resource managers have access 

to information regarding the natural characteristics of the 

resource and the nature of the industry, including the 

implications of resource use. 

One of the effects of harvesting sphagnum over the long term 

from areas of suitable land is that opportunities for other 

potential land uses are foreclosed. Decisions regarding 

wise use of land must consider whether any particular 
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resource use option is appropriate, or more appropriate than 

others. 

1.2 Aims and methods of study 

This study aims to provide much necessary information 

concerning the sphagnum resource and the associated industry, 

but also, address the management problem concerning appro

priate long term use of land supporting sphagnum. As land 

use decisions require basic information concerning the 

resource in question an evaluation of the sphagnum industry 

as a land use is the theme of the study. Documentation of the 

ecology of sphagnum (Chapter 3) and the industry (Chapter 4) 

is made in order to help in decision making regarding the 

appropriate use of the land (Chapter 5). In Chapter 2 

an evaluation model is developed for land use decision 

making. 

Most of the information on sphagnum ecology derives from 

overseas literature; the applicability of much of this to 

New Zealand was confirmed after visits to sphagnum mires 

on the West Coast of the South Island. Very little 

experimental work was used in the study and the methods are 

outlined in Chapter 3. Conversations held with many people 

involved in harvesting or processing sphagnum were the 

basis for documentation of the industry. For the comparison 

of different land use options information specific to the 

study area was used. Data were obtained from individual 

sphagnum harvesting and ssing companies; information 

concerning farming and forestry derives from offices of the 

Department of Lands and Survey and the New Zealand Forest 

Service on the West Coast. 



1.3 The study area 

The West Coast of the South Island is chosen as the study 

area as it is there that the sphagnum industry is most 

active and the management problem most critical. The study 

area includes the counties of Westland, Grey, Inangahua and 

Buller (Figure 1.1) and is referred to in the text simply 

as the West Coast. 

Figure 1.1 Study Area 

West Coast Region 

South Island 

4 
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2 LAND USE EVALUATION MODEL 

2.1 Introduction 

Land is a finite resource upon which people are utterly 

dependent. Mistakes made in the past throughout the world 

have led to the loss, and reduced potential, of much land 

which could have provided substantially for various needs. 

Much productive land has been lost through use practices 

being insensitive to the physical conditions prevailing; 

animal and plant species have been lost through habitat 

disturbance and other exploitive practices; environmental 

quality has been lowered through a failure to recognise many 

inherent values. 

Large areas of indigenous forest were felled earlier this 

century on the West Coast. This practice, combined with the 

climatic conditions of the area, has left thousands of 

hectares with very reduced nutrient status; some of this 

land now supports sphagnum. Traditional productive use of 

these, and other infertile areas, requires substantial land 

development and continued maintenance fertiliser inputs to 

ensure adequate productivity. The considerable reduction in 

areas of indigenous forest has led to "heated" conflicts 

regarding the use of remaining areas. Dissent has also been 

evident regarding the productive use of other indigenous 

ecosystems, including sphagnum mires. 

There is relatively little potentially productive land on the 

West Coast, therefore land use is a very important issue for 

the people of the region. 

The present widespread conflicts and difficulties associated 

with various land uses are to a considerable extent a 

consequence of decisions made in the past. Many mistakes may 

have been avoided if decisions made had been analysed under 

a different and more enlightened set of criteria. This 

chapter will outline various criteria, or principles of 

resource management, to be used as a conceptual framework 

for land use decision making. 



6 

2.2 Principles of resource management 

2.2.1 Sustainable use of natural resources 

The sustainability of a resource or land use can be analysed 

in various ways. Natural characteristics of the resource 

used determine the extent to which use can be continued in 

a specific locality. Industries established to develop and 

use natural land based resources will often require other 

resources from elsewhere as part of their operations; the 

characteristics of these resources also determine the extent 

to which the land use can be continued. The sustainability 

of a specific land use has a social dimension and various 

factors influence the willingness of people and industries 

to use a resource. Sustainable use of a resource requires 

that people are willing to use it now and in the future. 

In addition, the stability of markets greatly influences the 

ability of an industry to sustain production over the long 

term. 

Natural resources can be divided into two distinct types, 

these are "stock" or non-renewable resources and "flow" or 

renewable resources. Non-renewable resources are defined as 

such if their quantity does not increase significantly with 

time. Use of such resources decreases the quantity available 

for future use and necessarily places a time limit on 

resource utilisation, although in many cases the time span is 

very large. Minerals are an example of a non-renewable 

resource. 

Renewable resources are defined as such if different units 

become available for use in different intervals. For example, 

animal populations in which offspring are produced and 

incorporated into the breeding population or plant growth via 

seasonal production. These successive units make up the "flow" 

and providing the "flow" continues, use of the resource may 

continue indefinitely. 

If a renewable resource is harvested at a rate which exceeds 

its potential rate of production, the effect of harvesting is 

to reduce the size of the resource base. The resource 
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may diminish to a size at which use is no longer feasible or 

worthwhile; in some instances excessive use has led to 

resource extinction. Fears have been expressed that sphagnum 

is being harvested at a rate which far exceeds its rate of 

natural replacement (partridge, 1982). An understanding of 

the ecological characteristics of sphagnum is necessary in 

order to ascertain whether harvesting can be sustained. 

Sustainable yield is a term used to define a rate of resource 

use which does not adversely affect the resource base. The 

amount of the resource that is used is equal to the rate of 

natural replacement; the equilibrium resource size remains 

the same whereby future use is able to maintain present 

levels. The proposed New Zealand Conservation Strategy 

(Nature Conservation Council, 1981) uses the analogy of 

keeping the capital and spending the interest. 

Industries based on the use of renewable resources can benefit 

from the stability of a constant resource IIflow". The 

extent of the disruption caused by a demise of that "flow" 

is dependent on the nature of the particular industry thus 

affected. On a wider sca ,societies can ach some 

measure of sustainability and stability through the sustainable 

use of natural resources. Boom and bust indus s can cause 

considerable social disruption in their rise and 1, the 

extent and nature of that disruption is again dependent 

upon the specifics of the individual case. Adverse social 

impacts are likely to occur from any management of resources 

which does not take a long term view. 

Industries are dependent in differing degrees on the use 

non-renewable resources. Farming, for example, is based on 

harvesting production from biological systems, however, 

non-renewable inputs in the form of fertilisers, transport 

fuels'and so on, are also required to sustain the level of 

production. Limitations of such resources as phosphate and 

oil mean these activities may not be sustainable at present 

productive levels over the long term. 

A particular land use may be thought appropriate for various 

reasons, however, a sustainable industry is always dependent 
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on a continued demand for the resource product. If the market 

for New Zealand sphagnum is very unstable, or unlikely to 

maintain its present size, an evaluation of the sphagnum 

industry must be critical of its potential as a land use. 

The sustainability of an industry also depends on social 

criteria, particularly economics. The sphagnum industry 

depends on people working in harvesting and processing moss. 

People will work if the remunerations are sufficient, or 

possibly if the activities are intrinsically enjoyable. 

Similarly, industries will survive if the returns to capital 

are sufficiently high to encourage investment. 

Analysing the sustainability of the sphagnum industry and 

other land uses demands an understanding of the biological 

characteristics of the resource and the requirements of the 

land use for non-renewable resource inputs, an assessment 

of the future markets which will affect demand for the 

resource, and an understanding of its ability to provide 

for the needs and desires of people. 

2.2.2 Economic efficiency 

In analysing management of the sphagnum resource, consideration 

is given to appropriate management of the land resource. In 

addition it is necessary to consider the best use of capital 

which can be invested in different land use options. 

The cost and benefits of a project can be estimated and 

analysed for the duration of the project. Financial analysis 

can be used to derive the net returns to investment by an 

individual or company, taking into account all the direct 

costs and benefits. Cost benefit analysis recognises that 

other costs and benefits are generated which may not be 

directly attributable to the initial project; analysis is 

generally from the national perspective. 

The use of a resource in a particular locality will very 0 

foreclose the opportunity for using other resources in this 

or the surrounding area. Development of pakihi land for 
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farming displaces the sphagnum resource and forecloses the 

opportunity for sphagnum harvestingi this is an opportunity 

cost of land development. Opportunity costs may be very 

great through the resource use foreclosing the other option 

or options for ever, in other instances the lost opportunity 

may be only for a short time or for the duration of the 

conflicting use. In assessing the costs and benefits of a 

project it is usual to use the net benefit of the best 

alternative use as the opportunity cost. 

Using a standard system of economic analysis to analyse the 

different land use options enables a rational basis for 

determining priorities. Using financial or cost-benefit 

analysis gives some understanding of the efficiency of 

investing money in the various resource use options. 

2.2.3 Resource values and environmental quality 

Resources are traditionally defined as things which have 

utility to people. Utility may often be narrowly defined 

whereas it must be recognised that natural resources provide 

for more than the economic or physical needs of people, but 

have value through providing for other more intangible needs. 

This broader concept of utility allows one to incorporate 

many more things into the category of natural resource; thus 

wildlife and historic sites, for example, are given some 

resource value. 

Natural living resources providing direct return have values 

which can be easily ascribed in monetary terms. Forests 

produce saleable timber, farm land produces saleable food 

and fibre and sphagnum can be sold for horticultural use. 

Other benefits are equally definable or attributable to 

living organisms, however they are goods or services which 

people receive freely. These benefits include recreation; 

aesthetics; and genetic diversity of undiscovered and 

potentially useful resources. Other benefits are intangible 

or non-assignable to specific entities and include the 

intrinsic value of species; the maintenance of an ecological 

balance and stability as a buffer against potentially 
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detrimental environmental perturbations; the provision of an 

environmental baseline and the possibility of monitoring the 

effects of human induced changes on the environment; species 

and habitats with educational value, value for scientific 

research and of natural history interest to amateur natural

ists, photographers and othe~ artists. 

As many of these values cannot be measured in an ordinary 

market, or in many instances demonstrate any overt effect on 

human welfare, they often fail to be incorporated in 

resource or land use planning decisions. It is important 

that planning recognises the values of these components 

responsible for maintaining the quality of the environment 

in which people live. 

2.3 Planning for people 

Although planning can aim to achieve many goals in the long 

and short term, the basic emphasis of most planning is to 

provide for the needs and desires of people. Dec ions 

regarding land use must be sensitive to people's ferences. 

These, if specific to land or resource use options, can be 

incorporated into an evaluation. 

2.4 Evaluation model 

The principles of resource management outlined are incorpor

ated into the evaluation model depicted in Figure 2.1. In 

addition to principles, and an incorporation of the 

needs and desires of people, the model recognises that the 

land uses being analysed are under the authority of two 

management agencies, the Department of Lands and Survey and 

the New Zealand Forest Service; their policies, and the 

nature and d ction of present activities, influences, to 

some considerable extent, the management options. 

The model shows diagrammatically the various inputs into 

the resource or land use evaluation process. This study will 

use the process outlined in its evaluation of the sphagnum 
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industry as a potential land use for areas of pakihi on the 

West Coast. An evaluation process using this model enables 

a better informed decision, regarding management of land 

supporting sphagnum than is now possib 

The sphagnum resource, and the natural ecosystem ecology of 

the land resource, is described in Chapter 3. The 

sensitivity of the ecosystem to changes deriving from 

sphagnum harvesting activities is also outlined in this 

chapter. Chapter 4 describes the use of sphagnum in history 

and the present industry, including an economic analysis of 

operations. In Chapter 5 sphagnum harvesting is compared 

with other land use options, namely farming and forestry, 

under various criteria. The policy statements of the 

resource management agencies responsible for the land 

resource are also described in Chapter 5. Social needs and 

desires of the West Coast people are suggested in Appendix 6. 

Based on an evaluation of sphagnum harvesting as a long term 

land use management options are considered in Chapter 6. 



Figure 2.1 Land Use Evaluation Model (adapted from O'Connor et al., 1982) 
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3 RESOURCE CHARACTERISTICS - THE ECOLOGY OF SPHAGNUM 

3.1 Introduction 

Management of the sphagnum resource on the West Coast requires 

an understanding of the plant's ecology. Doubts have been 

expressed regarding the sustainability of present harvesting 

pressures, and return rates after harvests are unknown. The 

effects of harvesting on the sphagnum ecosystem have not been 

assessed previous to this study. 

This chapter, by aescribing the general ecology of sphagnum, 

attempts to provide information leading to a better 

understanding of the resource from which the implications of 

use"can be suggested. This information can also be used as 

a basis for predicting potential changes in resource use and 

management including the possibility of farming sphagnum. 

3.2 The moss sphagnum 

Mosses are a group of lower plants which, combined with 

liverworts and hornworts, form the botanical division 

Bryophyta. Mosses have a simple physiology showing .~:i::.~t:l§ . 

differentiation of cells and no root system. 

All green, leafy plants are dependent on the process of 

photosynthesis to provide the energy that sustains their 

life. The requirements of carbon dioxide from the air, and 

water, usually from the soil, are met by various adaptations 

of the plant. Higher plants have developed thick outer 

protective layers ensuring the retention of water; the 

passage of carbon dioxide into the plant is facilitated 

through the possession of stomata. Mosses have no such 

outer protective layer and the passage of carbon dioxide 

and water into the plant is directly through the cell walls 

of the leaves. The loss of water through evaporation 

restricts their distribution to humid or aquatic habitats 

where water balance can be maintained. 
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sphagnum is the only genus in the Class Sphagnopsida, one of 

three classes of mosses (Smith, 1978). There are between 

150 and 200 species of sphagnum (Isoviita, 1966) and they 

are distributed throughout the world. The habitats of 

sphagnum range from the tropics (e.g. Hedberg, 1954) to 

areas of permafrost (e.g. Skre and Oechel, 1979); they are 

found from sea level to between three and four thousand 

metres (Hedberg, 1954). 

In New Zealand six species are recorded (Dobson, 1975a), 

however, one of these is complex and the total number may 

be nine (Dobson, pers.comm.). New Zealand is depauperate 

in comparison with other areas of similar size, for example, 

Britain has 30 species of sphagnum (Smith, 1978). 

Sphagnum species are larger than most other mosses. 

Individual plants have tightly packed branches at their apex 

forming a moplike capitulum. Below this capitulum there are 

divergent branches spreading widely from the stem and slimmer, 

inconspicuous pendant branches which hang down parallel to 

the stem. The branches are normally found in clusters of 

from three to six on the stem, although the number may be 

reduced to one or two at a node in species of wetter 

habitats. All the branches support simple leaves which are 

composed of large, dead hyaline cel surrounded by narrow, 

living chlorophyllose cells (Figure 3.1). The hyaline 

cells have external pores (5-15~ diameter) and internal wall 

thickenings; they readily become filled with water. The 

water holding capacity of sphagnum may thus be over twenty 

times the dry weight of the plant (Vitt et al., 1975). This 

is especially so because approximately two thirds of the 

dry matter of the plants is in the leaves (Clymo, 1970). 

water is also retained externally by the plant owing to the 

crowding of plants and the dense arrangement of branches and 

leaves (Vitt et al., 1975). The pendant branches have the 

major function of capillary uptake of water, the divergent 

branches are the main photosynthetic bodies. 



Figure 3.1 Sphagnum Leaf and Different Cell 

Types 

Surface View of 

Entire Leaf 

t-
p---

c = chlorophyllose cells 

h = hyaline cells 

Cross Section 

Surface View 

t = spiral thickenings, p = pores 

Source: Nichols (19l8b) 
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Sphagnum is dependent on liquid water and is limited in growth 

by the relatively low rate of carbon dioxide diffusion in this 

medium. Some sphagnum species protrude a considerable height 

out of water as the fast capillary action of the plants 

constantly supplies the growing parts with water. The 

hyaline cells allow the plant to store water and resist 

dessication. Those species of sphagnum that are usually 

permanently submerged often have very reduced hyaline cells, 

sometimes containing small amounts of chlorophyll (Watson, 

1918) • 

Growth is predominantly apical; the bottom end of plant 

possesses no roots but is incorporated into the underlying, 

semi-decomposed peat substrate. The tip of the plant is 

living and the lower portion is dead. A sphagnum plant can 

be likened to the story of the woodsman still using his great 
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great grandfather's axe which had had four new handles and 

five new blades. The whole plant may never be seen to die 

and potentially could grow in the same place for centuries, 

however, that part of the plant which is not decomposed is 

usually no more than ten years old. Boundaries between 

parts of the plant are uncertain or inconvenient so that one 

cannot differentiate between live and dead parts. The terms 

standing crop and biomass therefore have no useful meaning 

when applied to sphagnum (Clymo, 1970). 

3.3 Reproduction 

Sphagnum spec reproduce via sexual and vegetative means. 

The conditions which induce the development of male (antheridia) 

and female (archegonia) reproductive organs have been studied 

for very few species, but it appears that day length and 

temperature are both influencing factors. The reproductive 

cycle of sphagnum is divided into two phases, the haploid 

gametophyte phase and the diploid sporophyte phase. 

Adult gametophytes are the conspicuous, leafy, green photo

synthetic plants. At maturity they contain two kinds of 

sex organs: archegonia which can produce a single egg (n) 

and antheridia, each of which produces numerous small motile 

sperm (n). Sperm when released from the antheridium disperse 

to the archegonium either by the activity of the sperm itself 

or by passive transport via water seepage. When the 

archegonium is mature the cap cell bursts open and the hole 

allows fertilisation of the egg. The fertilised egg produces 

a hormone which inhibits development of surrounding archegonia 

so that only a single capsule grows from each gametophore. 

The young sporoppyte (2n) is embedded in nutritive tissue of 

the enlarged archegonium, now called the calyptra. The 

sporophyte grows very quickly at first and eventually its 

needlelike seta ruptures and lifts the top part of the 

calyptrai the spore capsule (sporangium) develops beneath 

this hood. Spores en) are produced when the sporocytes, or 

spore mother cells (2n) undergo reduction division (meiosis) 

at maturity. Capsules of sphagnum are red to black-brown, 
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spherical, 2-3 mm in diameter when mature, and are elevated 

by a pseudopodium above the water. Discharge of spores 

occurs on sunny days when the internal pressure of 4-6 

atmospheres (Crum, 1973) lifts off the operculum so that 

the spores are shot several centimetres into the air. 

Germination of the spores commences after contact with water, 

and the cycle repeats. 

Reproduction in sphagnum is primarily by vegetative means 

(Rigg,1940). Asexual reproduction in sphagnum includes 

dichotomies from. repeated branching of stems; innovations or 

new plants arising from fragments of old plants; and 

juvenile forms which are growths of smaller size and reduced 

morphology arising from a piece of stem at the base of a 

branch (Lane, 1977). All three methods of reproduction were 

observed in Sphagnum cristatum from the West Coast during this 

study_ 

It is possible that sexual reproduction via spore formation 

is only bf importance to sphagnum in colonising new areas 

some distance from present growth. Sporophytes are 

relatively rare (Rigg, 1940). 

3.4 Sphagnum habitat 

Sphagnum grows extensively on the West Coast of the South 

Island, wherever microenvironmental conditions are suitable. 

/The habitat is characterised by its wetness and low nutrient 

status. Suitable habitat is provided as a result of natural 

succession, or in some instances as a result of forest 

clearing. The land is known by the Maori name 'pakihi' and 

described as natural or induced. 

3.4.1 Soils 

Pans of firmly compacted soil have formed in subsoil and 

underlying sediments in many areas. Water arriving at the 

surface from precipitation is not able to drain away and 

lateral movement is slow as the land is often flat. The soil 
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profile above the pan is thus saturated for long periods 

(New Zealand Soil Bureau, 1968). In areas of high rainfall, 

such as the West Coast (Appendix I), this may lead to 

_podzolisation. 

The process of podzolisation is a downward translocation of 

iron and aluminium oxides, humus and in some cases soil clays, 

which accumulate in the subsoil (op.cit.). Leaching 

transfers the acids of the organic upper layers of the soil 

profile downwards through the mineral layers below; 

carbonates are dissolved and removed entirely. Litter 

arriving at the surface may be extremely acid (pH 3.5-4.5) 

as the surface layers -are practically saturated with 

hydrogen ions. Because of the low base status and low 

nitrogen content of the litter, accumulation is greater 

than decomposition of organic matter. 

The soils of much of the land supporting sphagnum on the West 

Coast are gley podzols. Iron-humus pans are overlayed with 

cemented gravels; waterlogging and lack of oxygen cause the 

material higher in the profile to be a neutral grey in 

colour. The soil formation is termed a gley soil. On the 

West Coast there are an estimated 200 000 hectares of these 

pakihi soils which are detailed in Appendix 2. 

3.4.2 Peat 

In areas of high permanent water table the surface layer of 

the profile is peat. The predominant feature in the 

ecosystem ecology of peatlands is the destiny of material 

entering the system. In contrast to other ecosystems where 

energy first enters as the products of photosynthesis leading 

to a build up of plant material, consequent accumulation at 

higher trophic levels and dissipation via the decomposer 

chain, in peat ecosystems the decomposer food chain is 

impaired because of the extreme physical conditions largely 

imposed by the wetness. The decompositional process is 

incomplete and some material resulting from primary production 

accumulated in an undecomposed state. These peat 

producing ecosystems are re to as mires. 
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sphagnum is one of the principal formers of peat world wide 

(Clymo, 1970). New Zealand has a small peat resource 

(Dobson, 1979) but sphagnum has been a major contributor to 

deposits. 

Some definitions of mires have stipulated certain depths of 

peat however a looser definition must be applied to New 

Zealand mires as often very little peat has accumulated 

(Burrows and Dobson, 1972). Bogs have been defined as mires 

where the peat is markedly acid (Moore, 1981), a condition 

which occurs where sphagnum is present. The terms pakihi, 

mire and bog are all used in this study with reference to 

areas supporting sphagnum communities. 

3.4.3 Energy flow and nutrient cycling 

Decomposition processes involve the breakdown of organic 

compounds, generally waste products and dead organisms, into 

more readily usable forms. Decomposition enables the various 

compounds which comprise the material being processed to 

be released and returned to the system from which they 

originated. Thus, for example, nutrients are returned to 

the soil to be a substrate for terrestrial primary 

production and carbon dioxide and other gases are released 

to the atmosphere. The process is ultimately accomplished 

by the action of various microorganisms, namely bacteria 

and fungi, and is their means of obtaining energy. 

The dgc::~rnposition rate and numbers of decomposer organisms 

are frequently very low in mires. The limiting factors 

appear to be reduced nutrient availability, low oxygen 

tension, low pH and low quality and availability of organic 

matter (Collins et al., 1978; Martin and Holding, 1978). 

Although the amount of nutrient in the system may be 

relatively high,much is in a form unavailable to the living 

material. Nitrogen, for example, is largely contained within 

a passive, or non-circulating, pool in the peati this pool 

may account for over 90 per cent of the total nitrogen 

(op.cit.). The organic nitrogen in the decomposing litter 

undergoes either chemical reactions with tannins and 



polyphenols or microbial transformation to form decay

resistant compounds. The peat does contain a very small 

active pool of nitrogen and this circulates with nitrogen 

reservoirs in the litter, the microflora, arrunonia (NH
4

+) 

and the plants (Figure 3.2). These tannins and other 

inhibiting materials may be broken down under the action 

of fungi in conditions of higher pH. 

Figure 3.2. Nitrogen cycle in blanket peat showing the participation 

of microorganisms. Values in boxes represent the steady 

quantity (g.m- 2) of nitrogen in that particular pool to 

a depth of 30 em. Values besides arrows represent the 
-2 -1 

calculated rate of transfer (g.m yr ) between pools. 
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Where no value is given no estimate of rate was possible. 
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Ammonia is liberated from the breakdown of amino acids 

formed by the hydrolysis (decomposition by chemical reaction 

with water) of litter and microbial protein. The 

mineralisation (conversion of organic compounds to inorganic 

in decomposition) of other nitrogenous compounds also 

releases ammonia. Increases in moisture cause a decrease 

in the rate of mineralisation, probably owing to the rapid 

consumption of available oxygen resulting in anaerobic 

conditions (Sjoqvist and Rosswall, 1973). Nitrate is not 

available in the system owing to the virtual absence of 

nitrifying bacteria, probably due to the low pH (op.cit.). 

Available nitrate is restricted to the low amounts occurring 

in precipitation, possible dry fallout, and surface water 

flow, if any. Conditions of excess water result in nitrogen 

passing through an ammonia rather than a nitrate pathway. 

The pool of ammonia from mineralisation and rain input can 

undergo assimilation by plants or microorganisms, 

nitrification or leaching. 

Mycorrhizal fungi, which are known to play an important role 

in the nitrogen and phosphorus nutrition of many plants, 

are of little significance in wet peat (Martin and Holding,. 

1978). These would normally be responsible for the 

assimilation of nitrogen by plants. 

Nitrification (conversion of ammonia to nitrate, N03-) is 

probably a very limited process in acid waterlogged peats. 

Also leaching of ammonia seems to be unlikely as ammonia 

release is slow and is more intensively competed for by 

assimilation. The depth of the peat considerably affects 

the likelihood of leaching. Peat has a high cation exchange 

capacity, this means cations are retained in peaty material 

by various physiochemical forces and are not easily lost 

from the system by leaching (Moore and Bellamy, 1974). If 

these ibns have not been assimilated by living plants before 

peat accretion they will become unavailable fossilised 

reserves. Most ecosystems have a net loss of nutrients, 

whereas peat bogs are retaining and storing elements (Hemond, 

1980) . 
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Low oxygen tension is another factor that influences microbial 

activity in the peat bog ecosystem. The oxygen status of peat 

declines down the peat profile becoming anaerobic from a 

microbial stance at a depth of 14-16 cm (Martin and Holding, 

1978). This is matched by a decline in microbial decomposing 

activity, shown experimentally by Clymo (1965) with the 

breakdown of sphagnum and filter paper. He found much 

reduced decomposition rates below the level at which hydrogen 

sulphide (H2S) was permanently present (i.e. conditions were 

anaerobic) .. 

Waterlo9"ged soils tend to show a marked temperature different

ial between above and below ground measurements. The reduced 

temperatures restrict the activities of fungal microflora. 

A surface layer of sphagnum also will insulate the under

lying soil, keeping it at a lower temperature (Skre and 

Oechel, 1979). The presence of sphagnum thus reduces 

decomposition of the underlying substrate. 

The low pH (high acidity) of sphagnum bogs reduces the 

actiyityof microorganisms responsible for decomposition 

(Baas Becking and Nicolai, 1934; Collins at al., 1978; 

Heinselman, 1953). 

Physical factors also reduce the accessibility of organic 

matter to microorganisms. The plant litter is not broken 

down significantly as a consequence of low faunal activity. 

Clymo (1965), Coulson and Whittaker (1978) and Pearsall 

(1950) note the presence of some invertebrates in British 

mires but major litter macerating organisms, such as 

earthworms, are virtually absent from these systems (Coulson 

and Whittaker, 1978). 

In mires, plant growth is favoured over microbial growth; 

this contributes to the imbalance between production and 

decomposition leading to the accumulation of peat (Latter 

and Heal, 1971). Retardation of decomposition processes 

slows down nutrient cycling, this may severely reduce nutrient 

availability in a system which is already low in nutrients 

(Moore and Bellamy, 1974). 
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The importance of the locking up of elements in peat differs 

among the elements. Some nutrients, for example carbon, may 

be abundant and readily available from the environment. Some 

others, for example nitrogen, may be abundant but difficult 

to utilise, whilst others, for example phosphorus, may be in 

short supply (op.c .). The effect of the peat differs 

according to the rate at which an element is incorporated 

into this unavailab reservoir in comparison to the rate at 

which a new supply of the element enters the ecosystem. 

The mobility of nitrogen and phosphorus ia influenced by 

other factors whereas th~ exchange capacity of peat demobilises 

cations. 

Photosynthesis is the process by which carbon is incorporated 

into living plants and thus enters the ecosystem. Carbon 

dioxide is converted into organic compounds; the energy for 

the process is provided by light. The passage of carbon 

dioxide into sphagnum plants is dependent on water diffusion 

and rates of photosynthesis are higher in wetter conditions 

(Johansson and Linder, 1980); overall photosynthetic rates 

in sphagnum are low (Skre and aechel, 1981). The rate of 

accumulation of organic matter in sphagnum mires is .thus 

low in comparison with most other ecosystems, for example, 

they-are less than half as productive as coniferous forests 

in examples given by Moore and Bellamy (1974). However, 

this is a factor of on-site nutrient supply and not a 

characteristic of the genus. Sphagnum production is higher 

than other vegetation on the same site, thus for example, 

Skre and cechel (1979) measured sphagnum production to be 

twice as high as corresponding annual spruce production. 

The very poor supply of nutrients other than carbon to 

sphagnum bogs is largely responsible for this low rate of 

production and rates of photosynthesis can be increased by 

the addition of nutrients such as nitrogen and phosphorus 

(op . cit. ) . 

3.5 Sph~~num - adaptations for its habitat 

Sphagnum plants are extremely well adapted to growth under 

conditions of low nutrient supply. They are able to 
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accumulate ions necessary for growth (e.g. calcium, ca 2+, 
. M 2+ t' + d d' + magnes1um, g , po ass1um, K an So 1um, Na ) from 

extremely dilute solutions and they show selectivity in the 

ions they absorb. Sphagnum plants have a high cation 

exchange capacity whereby hydrogen ions (H+) originally 

in the plants are exchanged for other cations in solution. 

Cation exchange properties of sphagnum are owed to 

unesterified polyuronic acid molecules (Clymo, 1963). 

The absorption of cations by sphagnum leads to the lowering 

of pH of their surrounds. This exchange happens very quickly 

so that experiments by Clymo (1964) placing sphagnum plants 

into rain water with a pH of approximately 5 led to a drop 

in pH within a minute or so. The creation of acid conditions 

by sphagnum produces habitat suitable for itself and thus 

these plants can control the direction of bog development 

(Vitt et ai., 1975). Sphagnu~ is thus generally found in 

highly acidic mires (pH 3.3-4.5) (Clymo, 1964). Sphagnum 

species have a greater proportion by weight of the plant in 

exchange s s than has any other recorded plant (Clymo, 

1963) and are thus ideally suited to low nutrient conditions. 

Approximately 10-25 per ceht of the dry weight, depending on 

species and vigour, is in the form of unesterified polyuronic 

acids (Clymo, 1964). Cation exchange capacities are higher 

in sphagnum species of the. group Acutifolia (which includes 

S. subnitens) than in speCies belonging to the Cuspidata 

(which includes s. falcatuium) (Puustjarvi, 1955 in Pakarinen, 

1978) • 

Sphagnum accumulates elements at different ratesi the ranking 

of ability to accumulate different elements was K>P>N>Mg>Ca 

in studies by Pakarinen (op.cit.). This is based on the 

nutrient concentration in sphagnum in comparison with that of 

the bog water and precipitation (see Table 3.1). 

Nitrogen is available to sphagnum bogs at very low levels. 

The vast majority is incorporated into the dead organic peat 

(Table 3.2); it is slowly released by microbial mineralis

ation but only a small fraction of organic nitrogen can be 

considered to be in the active pool. 



Table 3.1 Comparison of the nutrient concentrations in ombrotrophic 

hollow sphagnum species and in bog waters in southern and northern 

Finland. 

Site N P K Ca Mg 

S Finland Sphagnum (mg/g) 8.33 0.47 4.68 1.17 0.65 

S Finland Bog water (mg/l) 2.25 0.08 0.56 2.17 0.73 

N Finland Sphagnum (mg/g) 6.43 0.64 2.29 1.13 0.95 

S Finland Bog water (mg/l) - 0.05 0.32 2.17 0.35 

Source: Pakarinen (1978) 

Table 3.2 Biomass, nitrogen concentration and total nitrogen content 

in various components of an ombrotrophic mire (to 30 em depth) . 

Component g d.w.m 
-2 -2 

% N g N m 

PLANTS 
Above ground: Shrubs 130 0.9 1.4 

Herbs 18 2.0 0.36 
Graminoids 5 2.0 0.10 
Lichens 12 0.6 0.07 
Bryophytes 300 1.45 4.4 

Below ground:Roots 400 1.0 4.0 

. 
LITTER(vaseular plants 119 2.1 2.5 

ine1. attached 
dead) 

MICROORGANISMS 
Bacteria 21 4.0 0.8 

Fungi 34 4.0 1.4 

ANIMALS 1.7 10.0 0.2 

PEAT 
Organic matter 28 900 0.9-1.4 342 
Ammonium nitrogen - - 5.0 
Nitrate nitrogen - - -

Source: Sonesson et ai. (1980) 
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Nitrogen absorption by sphagnum is more complicated than the 

cycling of mineral nutrients (Pakarineri, 1978). In addition 

to the input of ammonia and nitrate ions in precipitation, 

gaseous ammonia (NH 3 ) can be absorbed directly by moist 

plant residues (Coffee and Bartholomew, 1964 in Pakarinen, 

1978). Many sphagnum species have blue:-green algae within 

the hyaline cells of the living parts of the plant (Granhall 

and Lindberg, 1978; Granhall and Selander, 1973; Granhall and 

v.Hofsten, 1976; Sonesson et al. ,. 1980). The nitrogen 

activity of these microorganisms in response to light 

(Basilier et al., 1978) produces a high level of nitrogen 

fixation in sphagnum communities (Granhall and Lindberg, 1978). 

Blue-green algae are generally acid sensitive (Basilier et al., 

1978) but sphagnum associated algae obtain some protection. 

The main importance of the sphagnum-algal association is 

this ability to fix nitrogen at low pH values (Basilier, 

1980). However, it appears that nitrogen from nitrogen 

fixation is not so important to the growth of sphagnum as 

that available in the precipitation and mire water 

(Sonesson et al., 1980). The utilisation of organic 

nitrogen by sphagnum is facilitated by its ability to use 

amino acids even when they are the only nitrogen source 

(Simola, 1975). The ratios of nitrogen in sphagnum to 

concentrations in water are less meaningful than for other 

elements. Gorham (1953) notes that the nitrogen content of 

sphagnum is very low whether growing under the influence of 

mineral soil water or not. Sphagnum species are unique 

among peat building plants in their wide carbon:nitrogen 

ratios, often between 30 and 70 (Heinselman, 1953). Rigg 

(1962) records ratios of 49.6 and 69.3 for soil analyses 

under two sphagnum communities on the West Coast. Nitrogen 

is enriched in the actively growing parts of the plant, mostly 

in the capitulum (Damman, 1978), however, Damman (op.cit.) 

does not explain the mechanism. 

As for nitrogen, only small amounts of other important 

elements, such as phosphorous, will be available in the 

ecosystem. The large number of cations stored by the sphagnum 

plant will attract anions, thus Clymo (1963) indicates that 
2-phosphate anions (P0

4 
) are taken up by sphagnum. 



Concentration of nutrients in mires is low and because 

plant roots often cannot reach the mineral soil because of 

the thickness of peat they are directly dependent on low 

nutrient release from decomposing organic matter or from 

water for their supply of essential elements. The water 

input to a mire may contain ions in solution which have 

resulted from rock weatheiing in adjacent ecosystems; an 

understanding of the hydrology is therefore important in 

an ecosystem analysis. 
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Mires can be classified by nutrient status as oligotrophic 

(low) mesotrophic (medium) and eutrophic (high). Vegetation 

complexes change with increasing fertility. The general 

trend in New Zealand is: cushion mire/sphagnum + sedges + 

.Typha (Dobson, 1979). The nutrient status of the different 

mire types can generally be correlated with the source of 

water input. Ombrotrophic mires derive their water from 

precipitation and there is no input from surrounding areas 

via seepage or surface run-off; much of the nutrient budget 

is therefore dependent on ions in solution in the rainwater 

and the mire is oligotrophic in nutrient status. Not all 

sphagnum mires are ombrotrophic, for example S. subsecundum 

is often found in areas of running water with higher nutrient 

supply (Dobson, pers.comm.). 

Calcium bicarbonate accounts for the major proportion of ions 

dissolved in mineral soil waters (Gorham, 1957) and thus 

their acidity is rarely very high. From observations by 

Gorham (1953) it appears that as long as some mineral soil 

water reaches the peat its acidity does not become very great 

and pH generally remains above 4.5. In contrast ombrotrophic 

mires are often very acidic with pH generally below 4.2 and 

sometimes below 3.0 (Gorham, 1957). Sphagnum bogs generally 

have pH values below 4.5. 

Water movement to sphagnum plants is in two directions: rain 

water infiltrates downwards and mire waters rise upwards 

between plants and along branches and the stem cortex 

(Pakarinen, 1978). Mineral ions supplying growing sphagnum 

move up the plant by capillary action but rainfall will often 

leach these ions back down the profile (Bellamy and Rie1ey, 1967). 
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It is likely that the ~ineral supply of the uppermost parts 

of the plant is entirely from rain falling on the exposed 

surface of the sphagnum carpet. The high rate of evaporation 

of sphagnum carpets also means a greater flow of water up the 

stem and therefore a greater rate of mineral supply. 

Evaporation also tends to concentrate the minerals in rain 

water which causes an increased growth rate of plants 

(Chapman, 1965). 

3.6 Sphagnum species 

There are at least six species of sphagnum in New Zealand 

(Dobson, 1975a): S. cristatum, S. australe (antarcticum), S. falcatulum,· 

S. subni tens, S. squarrosum and S. subsecundum. S. subsecundum is 

probably complex (op.cit.) and may be three of four species 

(Dobson, pers.comm.). Descriptions of the species are 

found in Sainsbury (1955) and Dobson (1975a). No species 

is endemic and some are very widespread. Spec of sphagnum 

are often very hard to identify, for example s. australe may 

often be confused for shade-growing forms of S. cristatum. 

Terasmae (1955) suggests that differences in spore morphology 

may be a good way to posi tively identify sphagnum, however, 

this involves microscopic studies of spores and is not 

practical for field observations. 

S. cristatum (Plates 1 and 4): the commonest species, plants are 

robust and reach over 30 em in length; they vary in colour 

from pale green to brown, generally orange-brown; leaves on 

the main stem are wide and rounded, branch leaves are wide, 

oval and hood-shaped at the tip; the branches have a scaled 

appearance. The hyaline cortical cells of the stems and 

branches contain fibres which are absent in all other New 

Zealand species. 

S. australe: plants are robust and resemble s. cristatum; they 

are green in colour; branch leaves are incurved sharply 

across the tips which are toothed and not hooded. 
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Plate 1. s. cristatum 

Plate 2. s. subnitens 

Plate 3. s. falcatulum 



Plate 4. S. cristatum carpet 

Plate 5. S. subnitens interspersed with a few S. 
crista tum plants 

Plate 6. S. falcatulum 



s. subnitens (Plates 2 and 5): plants are small and rather 

slender; they are green or very often reddish in colour i 

stem leaves usually have inrolled edges near the backward 

curved tip; branches are usually in clusters of three, two 

divergent and one pendant. 

s. falcatulum (Plates 3 and 6): plants are slender or rather 

robust; pale yellow to dark green in colour; leaves are 

narrow with out-turned tips giving a feathery appearance. 
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S. squarrosum: plants are robust and green or yellowish in 

colour; stem leaves are broad and rounded; it is readily 

distinguished by its spreading branches with leaves spreading 

at right angles. 

S. subsecundum: plants are small and slender; they are green, 

often tinted with purple; branches usually crowded, divergent 

ones spreading; branch leaves oval or oblong-lanceolatei stem 

leaves oblong sometimes with a broadened apex. 

Five of these species are found on the West Coast: s. cristatum, 

S. australe, S. falcatulum, s. subnitens and s. subsecundum. The 

species show different requirements with respect to water 

table I water chemistry and shade: s. falcatulum requires 

almost complete and continual immersion in water and is 

confined to hollows, shallow pools and ditches; s. cristatum 

will occur in drier areas with higher fertility and is 

usually raised above the water table, it appears to be more 

tolerant of differences in these conditions than the other 

species (Mark et al., 1979) i S. subnitens is found on drier 

margins of mires and is often well above the water table; 

s. australe is found in forested habitat and is less common than 

the other species is. Subsecundum is found in wetter areas of 

higher fertility, often in running water. This tendency for 

some species of Sphagnum in any particular local flora to be 

strictly aquatic and other spec to be less aquatic in 

varying degrees appears to be a nearly universal feature of 

Sphagnum ecology (Lane and Dubois, 1981). 

S. crista tum is the most. widespread species and is the main one 

harvested; small amounts of s. australe and S. subnitens have also 

been harvested for use. 
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S. cristatum and s. subnitens may be found on gley podzols with 

little or no peat accumulation although in these habitats 

sphagnum often does not dominate. Greater nutrient availa

bility allows other plants to grow and these will often 

outcompete sphagnum.· s. cristatum, and to a lesser extent 

S. subnitents, is often found growing in extensive carpets 

which may be an understorey to vascular plants or an exposed 

surface. Sphagnum plants will often grow to considerable 

heights underneath the canopy of various shrubs. This 

vegetation gives support to the growing moss (Boatman and 

Armstrong, 1968) and protection from drying winds (Dobson, 

1975b; Gorham, 1957; Millington, 1954). 

The ability of some sphagnum species to grow where the ground 

is not saturated is dependent on precipitation exceeding 

outputs from the system (Gorham, 1957). In regions with 

large water surpluses sphagnum can grow on sloping terrain. 

If the water surplus is only slight sphagnum needs areas 

where the topography and geology prevent runo and 

infiltration (Heinselman, 1953). Water surpluses are set 

by the balance between precipitation, inflow, evapotrans

piration and runoff (in ombrotrophic mires inflow is non 

existent). Many areas of the West Coast have surpluses 

allowing for sphagnum growth on sloping ground. Cooper (1912) 

describes sphagnum growing on slopes of 25 0
• 

3.7 Vegetation associations 

Associated vegetation is varied but can be roughly classified 

into four general types. 

(i) Open Mires 

Sphagnum grows in wet peat bogs amongst rush-like sedges, for 

example Lepidosperma and Baumea species. 

(ii) Shrubs 

Sphagnum forms an extensive understorey layer to various 

native shrubs, particularly manuka (Leptospermum scoparium) and 

Coprosma. species. In other areas the shrubs may be introduced 

species, noteably gorse (Ulex europaeus) and often with bracken 



(pteridium esculentum) • Plate 7 pictures s. cristatum growing 

under manuka with some broadleaf (Griselinea littoralis). 

(iii) Forest 
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Sphagnum will sometimes form an understorey layer within low

land bog forests. These are often dominated by to tara 

(Podocarpus totara) and rimu (Dacrydium cupressinum); kahikatea 

(Podocarpus dacrydioides) may also be present. 

(iv) Drier rushes 

In drier areas sphagnum may, grow under a reasonably open 

canopy with wire rush' (Empodisima minus) and/or umbrella (tangle) 

fern (Gleichnia circinata). Empodisima is one of the few plants 

that is able to outcompete sphagnum in conditions of low 

nutrient availability. It forms dense mats of fibrous 

roots at the ground surface (Campbell, 1964) and may behave 

in a similar manner to sphagnum by intercepting nutrients 

in the precipitation before they reach the ground (Dobson, 

pers.comm.) . 

Pakihi bogs contain a number of rare plant species, for 

example, Gahnia rigida is restricted to pakihi sites (Wildlife 

Service, 1982). 

Plate 8 pictures a typical open pakihi sphagnum mire with 

some shrubs and taller trees at the drier margins. 

3.8 Faunal component of sphagnum mires 

Animals are poorly represented in sphagnum bogs in terms of 

species richness, population numbers and total biomass. No 

extensive surveys have been conducted, in New Zealand, of 

the animals of pakihi bogs. 

Coulson and Whittaker (1978) and Pearsall (1950) list many 

of the components of some bogs they studied in Britain. 

Coulson and Whittaker (1978) record a total faunal standing 

crop for their bog site as 3.73 g.m.- 2 , which is very low in 

comparison with other ecosystems close to the site (e.g. 
-2 limestone grassland, 46.0 g.m. ). The lack of trees or tall 

shrubs means that there is little suit~ble habitat for 



Plate 7. s. cristatum as understorey to vascular Dlants 

Plate 8. Open s9hagnurn mire 

t t t t t 

Plate 9. Growth marks on s. cristatum 
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animals in these areas (op.cit.); very few vertebrates were 

recorded. 

The small biomass of invertebrates allows few vertebrates to 

colonise pakihi mire~. Th~ New Zealand Wildlife Service, 

from surveys on the West Coast do not consider pakihis to have 

very high wildlife values (Morse, 1981), although those with 

reasonably dense vegetation are of considerable importance 

to the South Island fernbird (Bowdleria punctata punctata) (Coker 

and Imboden, 1980; Morse, 1981). Best (1979) records South 

Island fernbirds from West Coast pakihis. However, there are 

few in areas with low vegetation and sphagnum as a dominant 

carpet; preferred habitat includes dense stands of reeds 

with shrubs and some trees . Even-height shrubbery, for example 

manuka or gorse, is not well inhabited (op.cit.). 

Introduced finches and native passerines (e.g. fantails, 

silvereyes, pipits and grey warblers) feed and nest on pakihis, 

however, they oft~n depend on vegetation at the periphery 

of the site (Morse, 1981). 

Some fish live in pakihis on the West Coast. Sphagnum mires 

are an important habitat for brown mudfish (Neochanna apodal 

(McDowall, 1979); they have been recorded from these and 

other wetland habitats throughout the West Coast (Eldon, 

1968). Shortfinned eels {Anguilla australis} have been recorded 

in small numbers from sphagnum mires and galaxids (Galaxias spp. ) 

may be found in water associated with these mires (op.cit.). 

Freshwater crayfish (Paranephrons planifrons) have been observed 

in other areas of pakihi {op.cit.} and may well be living 

in some sphagnum mires. 

Sphagnum mires may provide habitat for frogs; a whistling 

frog (Hyla ewingi) has been noted in association wi th a brown 

mudfish in a white pine bog on the West Coast (op.cit.). 

It is unlikely that skinks (Leiolop.isma spp.) or geckos 

(Hoplodactylus spp. and Heterophi.lis spp.) are present in these 

mires. However, drier places within and at the edge of the 

wetland may provide some habitat. 
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Pakihi areas supporting sphagnum communities may also support 

introduced mammals. It is likely that these are dependent on 

dry land and vascular plants within and nearby the mire. 

Open sphagnum mires support a low number and variety of 

animals. Mires with larger numbers of associated trees and 

shrubs support larger numbers of animals. 

3.9 Mire development 

In New Zealand many of the areas now supporting sphagnum 

vegetation were induced'by people through forest clearance. 

Many of these induced pakihis do not have peat layers, however, 

the removal of biomass has stripped the ecosystem of a major 

nutrient reservoir and left the land very depauperate. 

The clearing of forests may lead to an increase in nutrient 

leaching from increased amounts of water reaching the ground. 

Sphagnum is able to grow in the nutrient poor habitat. The 

possible rising of ground water level in itself would also 

allow sphagnum to colonise more readily (Danserau and 

Segadas-Vianna, 1952). However, a study on the West Coast 

of pakihi soil saturation in relation to deforestation 

(McDonald, 1955) suggests that forest removal does not produce 

a significant increase in soil moisture conten,t. McDonald 

(op.cit.) concludes that the reasons for forests not 

regenerating after clearance are not due to changes in soil 

moisture content or in any physical properties. 

Removal of vegetation allows for an increase in light reaching 

the surface which encourages the growth of moss (Conway, 1949). 

This may be a more significant contributor to vegetation 

change. Keller and Watterston (1962) describe the rapid 

encroachment of sphagnum species after forest cutting in 

-northern Wisconsin, U.S.A. They suggest that opening the 

canopy led to this occurrence. 

When sphagnum spec have arrived at a site after whatever 

process, the area rapidly deteriorates. The surface soil 

becomes markedly acid, soil aeration is impeded, the soil is 

improverished as sphagnum stores many elements in its 
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tissues, and sphagnum insulates the soil leaving it at a 

much lower temperature than that of the air above. Sphagnum 

thus maintains conditions suitable for its own growth (Vitt 

et al., 1975) and, if humidity is high, is likely to remain 

dominant for a long time. 

Some plants are able to persist in unfavourable habitats, that 

is, once they have colonised an area they may remain long 

after the conditions have changed making it unfavourable 

for their establishment. For example, sedges may persist 

for a. long time in sphagnum mires after the moss has estab

lished (Du Rietz, 1949 in Gorham, 1957). 

3.10 Microenvironments 

Many descriptions of sphagnum ecology list hummock, lawn 

and hollow (or pool) habitats, and species found in these 

different s will often differ also. Some sphagnum 

species in Northern Hemisphere countries grow in large 

hummocks which may extend a metre or more above the water 

table. Hollow or pool species are often completely submerged 

whereas lawn spec s are partially submerged. S. falcatulum is 

a hollow-living species; s. cristatum and s. subnitens are found 

in drier sites and will grow in small hummocks. The 

progression from wetter to drier habitat requirements is: 

s. falcatulum ~ S. cristatum ~ S. subnitens. 

The level of the water table affects the growth rate and form 

of sphagnum plants. If the water table is high, growth in 

weight is generally low although extension in length may be 

greater than in drier conditions (Clymo, 1973; Clymo and 

Reddaway, 1971; Green, 1968; Sones son et al., 1980). Shading 

similarly, may produce a straggling form of moss. Reduction 

in growth may be due partly to the increased liquid diffusion 

path for Carbon dioxide and to a reduction in the incident 

radiation flux (Clymo, 1973). 

Water chemistry affects the growth of sphagnum. Most sphagnum 

spec s are intolerant of the combination of high pH and high 

Ca 2+ concentrations (R.S. Clymo, pers. corom.). In addition, 
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under these conditions associated vascular plants grow larger 

(or are taxa with larger growth forms) and shading is thus 

also increased (Clymo l 1973),. 

Dry matter and length increments in sphagnum show diurnal 

and season fluctuations. Clymo (1970, 1978) suggests that 

the productivity of sphagnum is much affected by water table 

which fluctuates during the year. In un shaded conditions 

growth in weight is greater at lower water table levels; 

water table has little effect the plants are shaded. 

Wind affects the growth of sphagnum and hummocks form in the 

shelter of various shrubs, for example Coprosma species, gorse 

and manuka. Millington (1954) notes a similar growth form 

in New South Wales, Australia. Once the hummocks are moved 

away from the shelter of the shrub they suffer from exposure 

and may stop growing or even decay unless new shrubs become 

established. In denser shelter Millington (op.cit.) notes 

sphagnum growing best at the edge of the canopy, but under 

continuous shrub cover hummocks do not form and the surface 

is a smooth and even sphagnum carpet. On the West Coast 

carpets such as this are found under extensive areas of 

shrubs such as gorse. At high altitudes in New Zealand where 

conditions are otherwise suitable for the growth of sphagnum, 

it is probable that high winds have prevented its establish

ment. 

Sonesson et ale (1980) suggest the importance of nutrient 

availability as a limiting factor on the growth of Sphagnum 

riparium where a simple comparison is made between the measured 

growth and the quantity of nutrient available for growth. 

s. riparium grows in very wet conditions with only the capitulum 

above the water table which is similar to the growth of 

s. falcatulum in New Zealand. 

The experiments of Sonesson et al. (op.cit.) controlled for 

the effects of light, temperature and nutrients, and not water 

supply. Water chemistry (pH and conductivity) accounted for 

the largest variations in growth; temperature was next in 

importance. Light was not limiting down to a fifty rcent 

reduction in radiation. The variations in water 



chemistry can be accounted for by growth and consequent 

uptake and exudation of ions in the water. 
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Paton and Goodman (1955) note that increased light intensity 

appears to correlate positively with increased growth. Skre 

and Oechel (1981) found that one sphagnum species, s. subsecundum, 

had the highest values of light required for saturation of 

all the 1l\osses they studied. They suggest that full sunlight 

would produce the highest rates of photosynthesis. This 

contrasts with the suggestion of Sonesson et ale (1980) that 

a fifty percent reduction in incident light is not limiting 

on the growth of sphagnum and with Johansson and Linder's 

(1980) suggestion that continuous sunlight may have been one 

reason for lower photosynthetic rates of sphagnum in Sweden 

in June and July in comparison with those in August. High 

light intensity has a detrimental effect on many other mosses 

but Kallio and Karenlampi (1975) suggest damage is probably 

not so significant in nature as is seen in laboratory 

experiments. 

Optimum temperatures for photosynthesis changed during the 

year in experiments with s. subsecundum by Skre and Oechel 

(1981) in Alaska. The optimum temperatures were between 

100 and lSoC in late June and between 200 and 26 0 C in mid 

August. The low optimum temperature at the beginning of the 

year was explained by relatively high respiration rates 

related to growth and restoration of damaged tissue; rates 

of photosynthesis were also low at this time because of 

the absence of new photosynthetic tissue. The effects of 

temperature increases are often not distinguishable from 

those of light; a problem noted by Ryden (1973) and Johansson 

and Linder (1980). Sones son et al., (1980) also did not 

clearly control for correlations between these two variables. 

The temperature experiments of Skre and Oechel (1981) were 

all with light saturation. 

Pakarinen (1978) measured growth rates of Sphagnum fuscum, 

S. balticum and S. majus by volumetric density, a combination 

of weight and length increments per unit area. Annual 

production was measured as a product of volumetric den ty 

and increment length. Growth in length was much higher in 
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species of wetter site~ but the looser structure of their 

carpets resulted in small differences in production per unit 

area between wetter and drier sites. Pakarinen (op.cit.) 

found a great variability in moss production within small 

distances in particular areas, especially in hununocks. The 

factors regulating growth were height above water table, 

degree of shrub cover, presence of lichens or hepatics, 

occasional trampling by animals, depth and duration of snow 

cover and degree of exposure to wind and solar radiation. 

Concentrations of nitrogen and phosphorus are often higher 

in wetter sites but the differences are not statistically 

significant (op.cit.). Owing to the greater primary 

production, the annual averages for the consumption of various 

nutrients (N, P, K and Mg) are greater in sphagnum of wetter 

sites. 

Pakarinen (op.cit) remains uncertain regarding the extent to 

which higher nutrient concentrations are linked with a higher 

rate of production or growth. No relation between growth rate 

and nutrient content was discerned in the within species 

variation of the material studied. However, the addition of 

animal dung produced a flush of green colour. 

3.11 Colouring of Sphagnum 

The colour of sphagnum ranges widely from dark green to red. 

Green is the normal colour of all plants and is caused by 

chlorophyll. The red colouring of sphagnum can be divided 

into three fractions: red, brown and violet (Bendz et al., 

1967), and the range of colours is produced by different 

combinations of these fractions and chlorophyll. Brown 

colouring is from a lignin fraction relea from the cell 

wall by hydrolytic cleavage of carbohydrate phenol bonds. 

Red is similarly a lignin substance. Goodman and Paton (1954, 

and Paton and Goodman, 1955) suggest that the differences in 

colour of sphagnum plants are a natural indicator of pH. 

They divide sphagnum species into two groups based on work by 

Herz lder (1921, in Paton and Goodman, 1955). These are 

red species which are red in acids and blue in alkali, and 
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brown species which are yellow in acids and brown in alkali. 

Sphagnum in wet conditions is usually green; Spatt and Miller 

(1981) note that chlorophyll levels are highest in sphagnum 

species with highest water contents. 

3.12 Sphagnum production 

Some estimates of sphagnum production have been made in the 

literature, some of the data are presented in Table 3.3. 

variations in growth rate are seen due to differences in 

habitat and species; for example, the growth in length in 

wetter habitats is greater than that in drier areas. Thus 

Clymo and Reddaway (1971) measured the growth rates of four. 

species under conditions of pool, lawn and hummock. 

(Table 3.4). 

It is not possible to produce a single growth rate figure fOr 

a species as so much depends on the particular environmental 

conditions of water table, water chemistry and shading. 

Many of the apparent variations in rates within and between 

species may also be due to differences in the measuring 

techniques. Clyrno (1970) outlined ten methods for measuring 

sphagnum growth; these techniques have been used by other 

authors. His methods were divided into four groups: the use 

of innate time markers, the use of reference marks outside 

the plant, the use of plants cut to known length, and direct 

estimates of changes in weight. To the author's knowledge 

no measurements of growth rates have been made in New Zealand 

using any of the above methods. 

The use of innate time markers is a relatively simple method. 

At the boundary between two years (growing seasons) branching 

is often denser and the growth direction of the stems changes 

regularly (Pakarinen, 1978). In some cases "the cyclic change 

is of pigment density (Clyrno, 1970). The red pigment, related 

to anthocyanins, is an aglycone and production is increased 

at low temperatures (Paton and Goodman, 1955; Rudolph, 1964, 

1965 in Clymo, 1970). Paton and Goodman (1955) suggest a 

mechanism for the changes in pigmentation: 
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Table 3.3 Comparison of selected data on the production and 

growth of sphagnum species. 

Species Production Growth Reference 
g dm- 2yr-1 cm yr-1 

S. rubellum 4.3 1.8-3.0 C1ymo(1970) 
1.8 0.8 C1ymo and Reddaway(1971) 
1.3 C1ymo and Reddaway(1974) 

1.6-2.4 Forrest and Smith(1975) 
2.1-2.6 3.3 Pakarinen (1978) 

S. cuspidatum 7.9 4.0-4.8 C1ymo (1970) 
4.4 12.1 C1ymo and Reddaway(1971) 
2.6 11.9 Pedersen(1975) in 

Pakarinen (1978) 
4.0 Forrest and Smith (1975) 

S. papillosum 4.0 Clymo(1970) 
3.4 4.3 Clymo and Reddaway(1971) 
2.1 Jones and Gore(1978) 

3.0-3.9 Forrest and Smith(1975) 

S. recurvum 4.8-5.4 C1ymo(1970) 
2.4-3.3 Forrest and Smith (1975) 
4.9-6.7 11.6 Overbech and Happach 

(1957)in Pakarinen 
-

(1978) 
8.8 Rie1ey et al. (1979) 

S. magellanicum 0.7 1.0 Pedersen (1975) in 
Pakarinen(1978) 

2.3 1.4-1. 5 Forrest and Smith (1975) 
1.0 0.8 Damman (1978) 

S. fuscum 2.7 Bellamy and Rieley (1967) 
0.6 0.2 Sonesson(1973) 
0.9 1.0 Damman (1978) 

S. acutifolium 0.5 Jones and Gore (1978) 

S. balticum 1.1 0.9 Sonesson(1973) 

S. lindbergii 2.9 4.7 Sonesson (1973) 

S. riparium 14.5 Sonesson(1973) 



"Seasonal over production of photosynthesized 
material in times of growth retardation 
'saturate' the plant. The excess material 
is firmly combined with tannins on the cell 
walls I and the. plant comas redden. The 
onset of conditions favourable to growth 
releases the plant from its dormancy, and a 
green shoot develops. This grows until 
retardation occurs again.1I 

Banded sphagnum plants appear to be quite universal in 

distribution. 

Table 3.4 Growth of four sphagnum species in various habitats 

Species Habitat 

Pool Lawn Hummock 

S. recurvum 23~9 12.3 21.0 3.4 7.5 -- -- --
S. papillosum 10.7 3.6 16.8 4.3 11.9 -- -- --
S. rubel1um 5.6 4.2 5.2 1.7 5.7 -- -- --

S. cuspidatum 16.5 12.1 18.1 6.9 -- --

Underlined figures are mg plant-I, other figures are em plant-I. 
Source: Clymo and Reddaway(197l) 
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2.8 

0.9 

0.8 

Clymo (1970) used innate time markers with limited success, 

largely due to the environmental conditions present in 

England not producing the necessary marks. Pakarinen (1978) 

measured annual growth increments principally on the basis 

of innate markers. It is not certain that these cyclic 

patterns are annual but it has been assumed by various authors 

(Clyrno, 1970) and growth rate estimates made using this 

method are consistent with those using other methods. 

Sphagnum cristatum shows changes in pigmentation (Plate 9) and 

in some cases in branch density. Assuming that these are 

annual cyclical changes, estimates of annual growth rates 

may be made using these markers. 



3.12.1 Experimental work 

Five samples of S. cristatum plants were taken from 1 dm2 

quadrats placed on sphagnum carpets. The site used was 

Kakapotahi, State Forest 49, an area in which sphagnum is 

being harvested commercially. The plants were pulled from 

the ground in the same manner as that used by sphagnum 

pickers (see Section 4.3.1). 

A subsamp1e of sphagnum plants was taken (n=150) and the 

annual growth rate calculated using pigmented innate time 

markers. The average distance between markers was 7.65 cm 

and'this represents the average annual length increment. 
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To convert this to an area-weight increment each strand was 

cut to a known length. The top 1 cm (i.e. 0-1 cm along the 

stem) was cut off to remove the capitulum which is more 

densely branched,and thus heavier, than a section of stem 

the same length. The next 3 cm (i.e. 1-4 em along the stem) 

was cut off and used in the analysis. 

The 3 em sections from each plant in the 1 dm2 sample were 
-1 

dried and weighed and the 7.65 cm.yr figure was used to 

convert this to an area weight gain. The results are 

recorded in Table 3.5. 

Table 3.5 Production of Sphagnum cristatum 

Production 

Sample 
-2 -1 

(g.dm .yr ) n 

1 6.67 191 

2 7.82 166 

3 7.34 201 

4 6.21 219 

5 8.31 184 

Average 7.27 192 
....... -
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Growth rates of S. cristatum from this site on the West Coast 

are quite high in comparison with other species in other 

count~ies (Table 3.3). It is possible that growth rates of 

sphagnum throughout the region are similarly high. 

3.13 Summary 

The wetness of many pakihi sites generally reduces decompo

sitional processes and much organic matter is stored in a 

passive pool in the ecosystem. Nutrients tied up in this 

organic matter are not available for use by the growing 

plants. Sphagnum is well adapted to life in wet nutrient 

poor habitats. It has various adaptations enabling it to 

take up nutrients from solutions with low concentrations. 

Sphagnum is able to live in different habitats, however, it 

does not compete well with other plants when nutrient levels 

are anything but low. Higher nutrient levels may produce 

higher growth rates of sphagnum but also of associated plants. 

Five species of sphagnum are recorded from the West Coast; 

two of these are uncommon. The species grow in different 

microenvironments according to wetness and nutrient status. 

The harvested species, S. cristatum, is most common. 

Sphagnum reproduction is predominantly be vegetative means 

and regrowth could occur from very small fragments remaining 

after harvesting. Growth rates on the West Coast are 

probably higher than in many other areas and countries. 

Sphagnum mires do not provide habitat for many species of 

plant or animal. However, some rare and uncommon species 

are present in these ecosystems. Of special note is the 

importance of West Coast pakihis as habitat for uncommon 

South Island fernbirds. 
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4 THE SPHAGNUM INDUSTRY 

4.1 Introduction 

Sphagnum has been used for many years throughout the world. 

At different times in history different uses of sphagnum 

have predominated and pressures on the resource have 

fluctuated with a changing demand for the particular product. 

On the West Coast the sphagnum resource is being harve 
',,-....... -~~--- --~.~- ~-------- ---------

largely to supply a recently expanded market in the form 0 

Japanese horticultural companies. I This market has made 

sphagrrumharvesting a profitable venture for many peop and 

may give the industry considerable potential as a sustainable 

land use. 

4.2 A hi of use 

The hyaline cells of sphagnum leaves and branches a 

coiled strengthening device which enable them to maintain 

their shape, and consequently their water holding capacity, 

even when the plant is dried and dead. This lity of 

sphagnum plants has led to their use by people over many 

hundreds of years. Dried sphagnum has been us for 

surgical dressings, infants' diapers, bedding, stable litter, 

packing material for plants and live aquatic animals, and 

for a variety of uses in horticulture. 

The earliest references to sphagnum use are as wound dressings. 

A skeleton from the Bronze Age, found in Scotland showed 

evidence of a chest wound and appli'ed to it was a large pad 

of sphagnum (Williams, 1982). Tribes fighting in Ireland 

used it around A.D. 1000 (op.cit.). A Gaelic Chronicle of 

1014 ates that the wounded in the battle of Chontaly 

'stuffed their wounds with moss', and the Scots after the 

battle of Flodden in 1513 staunched the bleeding wounds by 

lling them with sphagnum and soft grass (Grieve, 1974). 

Country people in Britain have long us sphagnum in the 

treatment of boils and discharging wounds (Nichols, 19l8b), 
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and Alaskan Indians make a salve for cuts by mixing sphagnum 

with tallow or grease (Bland, 1971). The Lapps used sphagnum 

for surgical purposes and it has been used in Newfoundland as 

a dressing for wounds and sores from the earliest times 

(Grieve, 1974). Even stricken deer have been known to drag 

wounded limbs to beds of sphagnum (op.cit.}. Sphagnum was 

recommended for use by army surgeons in the Napoleonic and 

Franco-Prussian wars (Bland, 1971) and was used by the 

Japanese in the Russian-Japanese war (Nichols, 1918c). It 

was said to have been used in the Crimean war (Williams, 1982) 

and was used extensively as a wound dressing in World War I 

(Hotson, 1918, 1919, 1921; Nichols, 1918a, 1918b, 1918c) at 

which time sphagnum dressings were refined considerably. 

Much of the development in use of sphagnum is owed to an 

accident that occurred in Germany in the late nineteenth 

century from which general acceptance by the medical profession 

was established (Hotson, 1921; Nichols, 1918b). A worker at 

a mire in northern Germany sustained a severe wound of the 

fo~earm and fellow workers wrapped up his wound with fragments 

of peat. When the wound was inspected by a surgeon ten days 

later it had almost completely healed. This discovery led 

to a research programme in Germany to look at the properties 

of both peat and sphagnum. The outcome of the inquiry was 

that dried sphagnum plants were found to have the greatest 

propensity for water absorption and therefore use for 

surgical dressings (Hotson, 1921). 

During World War I it was feared that supplies of cotton for 

wound dressings would run out so experiments were conducted 

in England with various naturally occurring alternatives 

including sphagnum. Dressings made of sphagnum proved to 

be most satisfactory and were formally accepted by the British 

War Office in September 1915 (Nichols, 1918b). Although 

cotton supplies did not reach such low levels across the 

Atlantic, sphagnum pads were adopted near the end of the war 

by the Canadian and American Red Cross. The German Red Cross 

also used sphagnum pads extensively and certain allied 

prisoners of war reported that part of their work while in 

German hands was to gather sphagnum from bogs (Hotson, 1918). 

Civilians, especially children, collected sphagnum as part of 

their war effort in Britain (Williams, 1982). 
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According to Porter (1917, in Nichols,1918c) sphagnum pads 

surpass cotton pads in the following particulars: (1) they 

absorb liquids much more rapidly, about three times as fast; 

(2) they take up liquids in much greater amounts (a cotton pad 

will absorb five or six times its weight of water as compared 

to as high as twenty two times for a sphagnum pad); (3) they 

retain liquids much better so that the dressings need be 

changed less frequently; (4) they distribute the absorbed 

liquids more uniformly throughout their mass; (5) they are 

cooler, less irritating and just as soft as cottoni (6) they 

can be produced at much ss expense. 

Sphagnum was wrapped in qauze and non-absorbent cotton and 

pads were made in various sizes. At the time the armistice 

was signed the British were making over a million pads per 

month, the Canadian Red Cross were making between two and 

three hundred thousand a month, and the American Red Cross 

has just started an order of a million pads (Nichols, 1918c). 

The Germans were also very active in using sphagnum for 

dressings (Hotson, 1921). It is estimated that the use of 

sphagnum pads rather than cotton resulted in a saving of 

$200 000 per year for the British (Thieret, 1956); equally 

important was the release of scarce cotton for use in 

explosives. 

Large thick pads of loose sphagnum were also used for invalids 

who were suffering from diarrhoea or involuntary discharge of 

urine (Hotson, 1921). Pillows were made of sphagnum for the 

use of sick and wounded people. After World War I it was 

thought that sphagnum may have continued to be used in a 

lesser degree based on its many advantages over cotton 

(Hotson, 1919). However, it appears that sphagnum dressings 

did not continue. 

During World War II attention was again called to sphagnum as 

a suitable material for wound dressing (Dachnowski-Stokes, 

1942) but apparently the need for a cotton substitute never 

became critical. 

Sphagnol, an alcohol chemically akin to phenol, can 

synthesised from sphagnum; it is somewhat effective as an 
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antiseptic. Sphagnol also recognised as a useful appli-

cation in eczema, psoriasis, pruritus, haemorrhoids, 

chi11b1ains, scabies, acne and other skin diseases; it also 

relieves irritation from insect bites (Grieve, 1974). 

The p~esence of one species of Penicillium has been shown 

to be in sphagnum (Wil1iams,1982); its presence may account 

for sphagnum's healing properties. 

Shiu-ying (1945) visited herb shops and herbalists in the 

city of Chengtu, China, and found sphagnum was one of 385 

plants used as medicinal drugs. The whole sphagnum plant 

was boiled in. water and the decoction used to cure acute 

haemorrhage and eye diseases. 

The Kashmiri and Eskimos have used sphagnum from the earliest 

times (Grieve, 1974). Laplanders would dry it and lay it in 

their children's cradles as a mattress, boIs and covering; 

it was changed night and morning and was said that it keeps 

infants remarkably clean, dry and warm (op.cit.). Maoris, 

in the past, used sphagnum to keep babies and infants warm; 

they also used it for diapers (Macdonald, 1973), as did 

American indians (Bland r 1971). 

Laplanders have been known to use sphagnum as an ingredient 

in bread making (op.cit.) and it was included in a list of 

famine foods published in China (Read, 1946 in Thieret, 1956). 

However, it is described elsewhere as "a wretched food in 

barbarous countries" (Lindley, 1856 in Theiret, 1956). 

Use has been made of sphagnum as stable litter in the place 

of straw (Grieve, 1974), it has been stuffed between the 

timbers of houses to deaden sound, and from ancient times 

has been used to caulk ships (Tripp, 1874 in Theiret, 1956). 

In cold countries it has been used as a warm lining for boots 

(Welch, 1948) and is still used to make shoe and boat insoles; 

German-made sphagnum insoles are advertised in the U.S.A. as 

giving one "cool, dry feet and forest-scented shoes"! (Early 

Winters, Ltd., 1982). 
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Live aquatic animals may be transported using sphagnum as a 

packing material, for example fish (op.cit.). Bland (1971) 

notes that laboratory frogs are often kept in a tank with a 

layer of damp sphagnum; the slight amount of iodine in the 

moss apparently prevents red-leg and other infections 

(Thieret, 1956). It has also been used as a packing material 

for crockery (Bland, 1971), fruit and vegetables (Welch, 1948). 

Sphagnum supplemented by egg yolk has been used to rear 

several species of anuran tadpoles (Ting, 1950). It is used 

by anglers in the U.S.A. for storing live bait such as earth

worms; in sphagnum they are kept active and clean (E.F. Vlach, 

pers.comm.) . 

The major use of sphagnum in recent years has been in horti

culture. Sphagnum has been used as a packing material around 

the roots of plants for shipping; wrapped in wire mesh for 

use in floral wreaths or other displays; for seed germination; 

as potting medium for indoor plants, garden plants and shrubs; 

for grafting; lining of plant baskets; as a moisture retaining 

layer over seedbeds and the soil of pot plants and for many 

other uses. 

Sphagnum is used in horticulture throughout the world, however, 

for many uses it has been replaced by artificial substitutes. 

For example, floral wreaths are now often made with poly

styrene. Japan is probably the world's largest user of 

sphagnum and for many uses the Japanese people have not 

changed to artificial commodities. 

Iwatsuki and Kodama (1961) list Sphagnum palustre as being one 

of the bryophyte species growing in the. garden of Saihoji 

Temple (Moss Temple). Various mosses have been used for 

centuries in Japanese gardens for their aesthetic appeal, and 

some gardens in Kyoto may have been established a thousand 

or more years ago (Steere, 1968). It seems that garden art 

in Japan flourished when the Zen sect of Buddhism reached 

Japan during the period 1186-1335 (Avery, 1967) and the 

aesthetic appeal offered by these gardens has been something 

greatly valued by the Japanese. In modern times natural 

products have continued to be used extensively in Japanese 
) 

houses and ci es. Owing to the population density, gardens 
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such as that of Saihoji Temple are not widespread, however, 

many houses have indoor sunken gardens and many of these use 

sphagnum as a moisture retainer. 

The most extensive users of sphagnum in Japan are probably 

orchid growers. Sphagnum has been used as an orchid 

substrate ever since orchids were brought into cultivation, 

probably in the seventeenth century (K. Tsutsui, Hokkaido 

University, pers.comm.). Other uses in Japan include plant

ing media for foliage plants and ferns, seeding bed for fine 

seeds (moss is cut into small pieces) and wrapping plant 

roots for transporting. 

McKee (pers.comm.) makes the following comments regarding the 

horticultural use of sphagnum: 

"Gardeners and nurserymen who grow acid-loving 
plants like azaleas, add sphagnum to the soil 
with superb results. The moss provides necessary 
acidity and also improves the soil structure by 
keeping the earth loose and porous and helping 
it r~tain water ••• it often replaces soil 
altogether. Cuttings from many herbaceous plants 
take root quickly and easily in a mixture of 
sphagnum and sand. The moss keeps the roots damp, 
but also lets plenty of air reach them - require
ments for good rooting. Sphagnum is also invaluable· 
for a kind of vegetative reproduction called 'air 
layering'. Here the top of the plant is encouraged 
to produce roots when a cut is made in the stem and 
the wound is covered with sphagnum. The moss 
establishes the proper environment for root form-

·ation by keeping the developing roots moist and 
disease free. It is an equally fine medium for 
germinating seeds . .... Many nurseries wrap their 
plants in damp sphagnum after digging them up ..• 
plants shipped in sphagnum arrive in better shape 
than their counterparts in plastic bags." 

Sphagnum is used in horticulture to a lesser extent in 

·numerous other countries. In New Zealand present domestic 

use of sphagnum is in the lining of hanging baskets, as an 

ingredient of potting mixes, and as a moisture retaining 

layer over the soil surface of indoor plants. It has been 

replaced in many of its other uses, for example mossing 

seedling roots for transportation (see photographs in Mathews, 

1905) . 
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4.3 The Industry in New Zealand 

Originally horticulturalists and florists in New Zealand would 

either collect their own sphagnum or purchase it from various 

people and groups. For example, some sports clubs and 

service organisations have collected sphagnum as a fund-raising 

venture. Some of the domestic market is still supplied in 

this way although some large companies, such as Arthur Yates 

and Co., now distribute quantities throughout New Zealand. 

The New Zealand market is entirely supplied with sphagnum 

from domestic sources. However, the sphagnum industry in 

New Zealand is largely concerned with the supply of moss to 

Japan where the market is greater than the extent of domestic 

supplies. 

The first exports of New Zealand sphagnum to Japan were in 

about 1970. At least one individual has exported regular 

shipments of moss from the West Coast to Japanese companies 

since this time. One company, Arthur Yates and Co., has 

exported sphagnum since about 1973, originally with supplies 

from the North Island. Sphagnum from New Zealand was always 

of high quality but the market was at first almost fully 

supplied with shipments from the U.S.A., Canada, North 

Korea, the Republic of Korea and Taiwan. The loss of the 

North Korean supply for political reasons in the late 1970s, 

meant that many Japanese companies had to find another 

supplier of sphagnum to meet domestic needs. Approaches were 

made to people in New Zealand who had been supplying moss for 

a number of years. It was not long before one of these 

individuals associated himself with a horticultural company, 

Colourama Export Limited, and representatives from this 

company visited the West Coast in order to establish a regular 

supply. Colourama held meetings in Greymouth in 1979 to 

advertise their willingness to purchase sphagnum and first 

started exporting in February 1980. Since 1979, and 

s~imulated to some extent by Colourama's activities, numerous 

individuals and several other companies have been attracted 

to the industry, the West Coast has experienced the greatest 

increase in activity. Yates, which formerly received 

approximately ten Der cent of its supplies from the West Coast, 

is being supplied with ninety per cent as from the beginning 
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of 1982. Other companies receive similarly la~ge percentages 

of sphagnum from the West Coast (e.g. Colourama, 80%; Turners 

and Growers, 80%; Wilson Neill, 100%). It is likely that 

percentages will increase further as the industry develops in 

the region. 

4.3.1 Harvesting methods 

Harvesting of sphagnum has changed very little over the years 

and hand picking has been the norm since ancient times. A 

few operators in New Zealand use forks or rakes, and I slashers' 

or burners may be used to remove associated vegetation, 

especially if this is gorse. Sphagnum pickers take hold of 

a bunch of sphagnum plants with both hands and pull (Plate 

10). The strand breaks at a point where the plant has begun 

to decay. All of the plant that comes away usable. 

The moss when picked may be placed in sacks or wool packs 

to be dragged from the mire, piled up (Plate 11) and removed 

from the area using a vehicle with cleated tracks (Plate 12), 

or piled straight onto a lorry or trailer. Sphagnum may be 

pulled to the edge of the mire using a flat board of some 

description pulled by a vehicle at the end of a long rope. 

Sphagnum is very heavy when wet so pickers without vehicles 

suited to the very wet conditions are restricted to 

collecting close to roads or tracks. 

Harvesting methods are probably similar to those used in all 

other countries. Descriptions of activi s in Wisconsin, 

USA, {Pratt and Strozewski, 1969; E.F. Vlach, pers.comm.} are 

very similar. 

Sphagnum is removed from mire to be dried before packing 

for export. Some pickers sell wet sphagnum to companies with 

drying facilities but many dry their own moss before selling. 



Plate 10. Hand harvesting sphagnum 

Plate 11. Sphagnum piled up after harvesting 

facilities 
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4.3.2 Drying systems 

The simplest drying facilities are racks constructed out of 

wire mesh stretched over a wooden frame (Plate 13). The 

wet moss is left outside on these racks to dry in the wind 

and sun. It generally takes a whole day to reduce the 

sphagnum water content to an acceptable level of between 15 

and 30 percent. The sphagnum is turned periodically and 

when dry assumes a bleached yellow-white colour, occasionally 

with a greenish tinge. These drying racks may be more 

elaborate: one person is using racks with corregated iron 

lids which can be lowered during inclement weather, another 

places moss between two layers of wire mesh and it is tilted 

to take full advantage of wind and sun. 

Larger companies have artificial drying facilities (Plate 15), 

either of their own manufacture or are using converted 

tobacco kilns. Information regarding these facilities is 

closely guarded by the operators. They are powered by 

coal, oil, or electricity and vary considerably in size and 

throughput. 

Hotson (1919) describes in some detail the drying facilities 

used by the American Red Cross near the end of World War I. 

Their most elaborate drier was 2 m wide and over 20 m long, 

it held 396 trays which were approximately 6 m2 in size and 

each with a capacity of 227 g of dry s. ustre or 340 g of 

dry s. imbricatum. In total the drier produced between 91 and 

136 kg of dry moss per day. The drier was run by a two 

horse power motor and the air was heated to 900 F (32.2oC); 

temperatures above l050
F (40. 6o C) were considered to be 

deleterious to the moss. 

Sphagnum dried artificially is often very brittle and will 

crumble easily. This is due to excessive drying in which 

not only the water in the hyaline cells is removed, but also 

that in the chlorophyllose cells and walls of the plant 

(op.cit.). Hotson Cop.cit.) suggests ways whereby this can 

be overcome: sphagnum may be dried in drying rooms for part 

of the drying process and then air dried for the final 

dessication, or the humidity can be maintained. One 



Plate 13. Simple drying rack for sphagnum near Kumara 

Drying factory at 
for wet sphagnum 

I' 

Plate 15. Drying factory near Runanga 
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experimental plant used a pot of boiling water to maintain 

the humidity of the drying room. A relative humidity of 

60 percent was used until the moss was half dry and it was 

lowered to 30 percent to finish the drying. 
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The desired moisture level of dried sphagnum for export is 

generally between 15 and 30 percent. There is a "trade-off" 

involved in finding an acceptable level as a minimum weight 

is wanted without inducing dessication in the plant to the 

point where it is brittle. On a practical basis one should 

be able to squeeze the moss without it feeling wet and 

without it crumbling. 

Sphagnum from drying rooms often retains a brown colour which 

is not so well accepted by the Japanese as the pale green or 

whitish product resulting from air drying. Artificial drying 

is not used in Japan (K. Tsutsui, pers.comm.). 

Sphagnum is cleaned by removing tree leaves, weeds, twigs 

and other foreign matters while the moss is still moist. 

Handling dried moss for this purpose would result in much 

crumbling and consequent loss of product. 

Sphagnum sometimes may be sorted into 'A' and 'B' grades, 

however, most companies are now trying to supply consistently 

a high quality product. 

4.3.3 Packing 

Sphagnum is packed for export into bales or plastic bags, 

depending on the end use. Generally plastic bags are used 

for supplies to retail shops and bales to garden centres and 

horticultural wholesalers. Packages exported range from 

plastic bags weighing 1 kg to bales weighing up to 30 kg. 

Sphagnum is usually sold in bales by those drying it on the 

West Coast. If the export order is for baled sphagnum no 

repacking is required, however, orders for sphagnum in 

plastic bags require further packing by the exporter. This 

will occur at depots owned by the company. 
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4.3.4 Transporting and Shipping 

Sphagnum when wet is very heavy and therefore is carried very 

short distances before being dried. Small trucks or cars 

and trailers are used to transport wet sphagnum to drying 

facilities. 

Exporting companies will generally use the railway network 

to transport dried sphagnum to export ports or depots for 

repacking. Sphagnum has been exported from Port Chalmers, 

Tirnaru, Lyttelton, Tauranga and Auckland. Shipping 

containers used to export sphagnum can hold 48 bales. 

4.3.5 The Product 

The quality of moss desired by the Japanese is characterised 

by length, thickness, colour and lack of contamination. 

Generally long, thick strands are preferred but specific 

length of strand differs according to end use. For 

oriental orchids (mainly Cymbidium species, native to Japan 

and 9hina) sphagnum longer than 30 cm is usedi for the 

other orchids, such as Cattelya, 15-20 cm strands are prefer

red; for some other uses shorter strands are used (K. Tsutsui, 

pers.corom.). Most New Zealand companies stipulate a minimum 

length of 15 cm but much sphagnum exported is longer. 

water holding capacity is dependent on the density of side 

branches as the hyaline cells are mainly in the leaves and 

branches. Strands which are thick due to densely packed 

branches are of higher quality. 

High quality sphagnum is pale green or whitish in colour. 

Brown or orange sphagnum is of inferior quality. High 

quality sphagnum must also be free of foreign matters such 

as tree leaves, weeds and soil. Contamination lowers the 

aesthetic appeali it is also thought to accelerate the 

decomposition of sphagnum in potting work (K. Tsutsui, pers. 

carom.). Sphagnum should keep its texture in good condition 

for more than two or three years under the cultivating 

conditions in pots. 
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Much of the sphagnum first exported to Japan was packed 

tightly into bales as shipping costs are according to space 

filled and not weight. The tightly packed moss would often 

crumble, especially if it was derived from artificial drying 

facilities. Originally bales of 45 kg were shipped, these 

have now been reduced to between 20 and 30 kg. 

4.3.6 The Resource 

Exports of sphagnum from New Zealand are predominantly of 

s. cristatum, however, very small quantities of S. subnitens and 

S. australe have been included. S. cristatum is the most common 

species in New Zealand and is the species most suitable for 

use, being larger than the others and with a greater water 

holding capacity. 

Sphagnum is widespread on West Coast pakihis which total an 

estimated 200 000 hectares. Sphagnum grows wherever the 

microenvironmental conditions are suitable (Section 3.10), 

thus areas will range in size from less than a square metre 

to several hundred hectares of more or less uninterrupted 

cover. No survey of the resource has been undertaken and 

the total resource size is unknown. 

Sphagnum cristatum is relatively common on the West Coast and 

S. falcatulum is reasonably widespread. The extent of S. 

subnitens occurrence is more limited but small amounts are 

almost always found wherever S. cristatum is growing. 

S. australe and S. subsecundum are quite uncommon. 

4.3.7 Companies 

Approximately ten companies or individuals have exported, or 

are exporting, sphagnum from the West Coast. The largest 

exporters either buy dried sphagnum, which they transport 

from the West Coast to various ports for export (for example 

TNL, Turners and Growers), or they buy wet sphagnum, dry it 

in their own drying facilities, before transporting it to 

export ports (for example, Moss Processors Ltd., New Zealand 
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Moss/Colourama Export/Southbrook Horticultural Products) . 

One company with drying facilities had hoped that it could be 

provided with large supplies of wet sphagnum but is only able 

to secure regular supplies of dried moss. Those companies 

with drying facilities have regular suppliers closely 

associated with the exporting company. For example, Hunt 

and Harris employ several people to pick wet moss which 

ensures a regular supply to Moss Processors Ltd., an Arthur 

Yates/Hunt and Harris venture. 

Numerous individuals work part time picking sphagnum. Those 

selling wet moss transport it themselves to drying plants, 

mainly ·those of Moss Processors Ltd. and New Zealand Moss 

Ltd. of Coal Creek and Runanga respectively. Many part time 

pickers also have simple drying facilities. Dried moss is 

often sold "at the gate" to an exporting company which 

regularly visits these suppliers. 

Some companies perform all tasks: they pick their own sphagnum 

then dry, pack and export it. 

4.3.8 The Market 

1.. Japan 

Japanese companies require sphagnum for various end uses; 

these different end uses require different qualities of moss. 

For example, long strands are required for some orchid work, 

and sphagnum which is to be more visibly obvious has certain 

colour requirements. 

New Zealand sphagnum is of high quality and has been ranked 

as second only to the domestic products of Japan (K. Hata, 

pers.comm.). Sphagnum from New Zealand is also more 

expensive that most of the moss imported (Table 4.1). 

Canada, the Republic of Korea and the USA supply sphagnum 

at approximately half the price of the New Zealand product 

and in October 1981 sphagnum was imported from China at 

approximately one third of the New Zealand price. other 

suppl rs include Taiwan, Australia, Chile and the USSR. 



Table 4.1 Average prices at whichcommerical growers are 

purchasing sphagnum 

Source Price (yen per kg) 

Domestic 2 500 - 2 600 

Taiwan 2 200 - 2 300 

New Zealand 2 000 

USA/Canada/Republic of Korea 1 000 

Source: J.M. Hundleby, N.Z. Embassy, Tokyo (pers.comm.). 

Imports of sphagnum from New Zealand have been steadily 

increasing over the last few years (Figure 4.1) and in 

January 1982 New Zealand was supplying between 20 and 30 
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per cent of the demand in Japan. In 1982 the sphagnum 

industry in New Zealand suffered a slight decline. It 

appears that Japan was oversupplied with low quality 

sphagnum, and those New Zealand companies which were not 

consistently supplying high quality moss lost large orders. 

Quality control in some exporting companies was virtually 

non-existent and shipments therefore varied greatly. 

Complaints from Japanese companies were with respect to 

unwanted foreign matter being included with supplies and the 

amount of dark coloured moss. 

On the West Coast, many people who had been picking sphagnum 

were unable to sell their moss as those companies which were 

still buying became very choosy with respect to the quality 

of product purchased. Some people discontinued picking 

during 1982. 

During 1982,exporting companies appear to have greatly 

improved their quality control and most are ab to consis

tently supply moss of very high quality. This has meant 

orders from Japan have increased. 

The quanti ty of sphagnum imported by Japan from New Zealand 

totalled 125 tonnes in 1981, the total for 1982 is likely to 
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be less than 100 tonnes. Yates have announced firm orders 

worth approximately $500 000 for 1982/83 and other exporting 

companies have increased orders. Based on current orders, 

Japan may import as much as 150-200 tonnes of sphagnum from 

New Zealand in 1983. The total amount may be worth over 

$1.2 million (f.o.b.) 

Figure 4.1. Japanese Imports of New Zealand Sphagnum 
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If sphagnum exporting companies continue to supply a high 

quality product the market is likely to maintain its current 

increased demand for supplies from New Zealand. However, the 

market is limited and attempts to further increase export 

volumes may result in a reduced price paid to New Zealand 

companies. 

2. Domestic 

The domestic market for sphagnum is presently very small and 

is generally supplied with low quality moss unsuitable for 

export. Much of the moss is dark-coloured and with short 

strands. 



Florists and garden suppliers sell small packages and the 

sphagnum is used as a moisture retainer over the soil of 

pot plantsi other uses are minimal. 
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Arthur Yates and Co. is the largest supplier within New Zealand 

and probably sells between three and four tonnes annually. 

Some retailers have their own supplies from individual pickers 

or other companies. The total domestic market is probably 

using less than five tonnes per annum. 

3. New Markets 

Small quantities of sphagnum have been exported from New 

Zealand to New Caledonia, Tahiti, Papua New Guinea and Fiji. 

Annual shipments to each of these countries probably amounts 

to less than one tonne. Other small markets may be found and 

New Zealand companies are seeking new purchasers of sphagnum. 

Large markets are unlikely to develop and Japan will probably 

remain the major destination of sphagnum exports for present 

uses. 

4. New Uses 

Over the centuries sphagnum has had many uses. The present 

industry is based solely on horticultural use and research 

by companies is aimed at finding new horticultural markets. 

It is possible that sphagnum could be used, and marketed 

economically, for some of its former uses, such as a packing 

material for fruit, vegetables, crockery, live plants or 

animals. The Mississippi Forestry Commission still uses 

sphagnum for packing pine seedlings (Powell, et ai., 1978). 

Williams (1982) suggests that further research on the medical 

use of sphagnum be undertaken as satisfactory treatment of 

wounds using synthetic materials still present difficulties. 
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4.4 Sphagnum economics 

The sphagnum industry can b~ assessed at various levels with 

respect to economic returns. 

Individuals involved are concerned with monetary returns to 

capital invested and also returns to their labour. The 

companies can be analysed with respect to returns to capital; 

positive returns are necessary for these operators to remain 

active and for the industry to have a useful input to the 

regional economy. 

Sphagnum economics can be analysed as a return to the nation. 

In this case total costs incurred at all levels of the 

industry are weighed against the eventual benefits to the 

nation from money received from overseas. 

In analysing the net returns to an individual and company, 

two case studies have been used. These companies are selling 

sphagnum on the West Coast and are used to analyse harvesting 

and drying operations. Further analysis is done be general

ising these costs and benefits to the whole industry and 

making various assumptions regarding exporting companies. 

The prices of sphagnum are outlined in Tables 4.2 and 4.3. 

Table 4.2 Prices at which companies are purchasing sphagnum 

on the West Coast. 

State Moisture percentage price/kg 

Wet 91 20.0¢ 

92 17 .8¢ 

93 15.5¢ 

94 13.3¢ 

95 11.1¢ 

96 8.9¢ 

97 6.7¢ 

untested 1S.0¢ 

Dry untested $4.00 
.. -~.-~-



Table 4.3 Prices which exporting companies received from 

Japanese companies for dry sphagnum 

N.Z. $/kg 

F.O.B~ 
a 

5.00 - 6.50 
b 

7.00 9.40 C.I.F. -

a. free on board 

b. cost, insurance and freight 

1. Case Study 1: Small-sized operation, output 6.5 
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tonnes/annum. The company is operated by two people working 

part time (approximately 29 hours per week) with sphagnum. 

They pick moss from private and state-owned land close to 

their homes where the moss is dried. The moss is picked by 

hand and transported by tractor, truck and occasionally car 

and trailer, to the drying facilities. These include wire 

netting racks for air drying moss and a small artificial 

system using forced in a drying shed. Various people 

have been employed to help pick sphagnum for a few hours 

(approximately 3.5) per week. Sphagnum is sold "at the gate" 

to an exporting company. 

The various costs and benefits are outlined in Table 4.4. 

The variable costs and hours worked are an annual estimation. 

The figures for sphagnum sold are for the period mid-May 1981 

to mid-May 1982. 



Table 4.4 Costs and revenues of a small sized sphagnum company 

$ 

Capital costs Wool presses (2) 140 

Drying racksa 1 368 

2 (5) 350 

3(9) 250 

4 110 

Shed
a 5 000 

Motors ( 2) 1 000 

Miscellaneous 64 

Sub total 7 282 

Variable costs Roading 240 

(annual) Travel 4 680 

Bales 235 

Rope 170 

Electricity 1 631 

Motor maintenance 150 

Royalties 
b 653 

Employees 
c 728 

Miscellaneous 61 

Sub total 8 548 

Labour 3016 hours @ 58 hours/week 

Sphagnum sold 6 527 kg @ $4/kg == $26 108 

a includes labour @ $5/hour 

b lO¢/dry kg payable to land owner (private person or 

NZFS, see Section 4.8) 

c Various people employed at average of $4/hour, 3.5 hours/week 

66 
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2. Case Study 2: Medium-sized operation, potential 

output 60 tonnes/annum. This is a much larger operation 

based on the purchase of wet sphagnum which is dried 

artificially. Dried moss is sold to an exporting company 

closely associated with this factory. The company has a 

manager and four wage workers; two 8 hour shifts are worked 

daily. Because of the close association of this company to 

the export company the costs and benefits are not all borne 

by this operation. For the sake of simplicity this sphagnum 

drying operation has been assumed to be one definable unit. 

Only some of the information regarding this operation is 

based on actual costs, some is based on assumption. The 

various costs and benefits are outlined in Table 4.5. 

Table 4.5 Costs and revenues of a medium sized sphagnum company 

Capital costs Drying machine 75 

Variable costs Fue1
a 

(weekly) 
b 

Labour 1 

Bales c 

Transport d 

Machine maintenance 
e 

Wet sphagnum 
f 

2 

Sub total 4 

Sphagnum sold
g 1 190 kg @ h 

$5 $4.50/kg = 355 

a 96 hours @ $1.85/hour 

b . 192 hours @ $5. 47/hour, 48 hours @ $6.00/hour 

c 48 bales (25 kg each), $4.70/wool pack 

d Assumption not based on any data 

e Assume approximately $5 OOO/annum 

f 17 000 kg @ 15 cents/kg 

g Assume dry sphagnum = 7% of wet weight (e.g. 95% 

moisture wet, 28.5% dry) 

$ 

000 

178 

338 

226 

50 

100 

550 

442 

h Price negotiated between this company and export company 



4.4.1 Analysis - return to capital and return to labour 

1. Analysis Method - return to labour 

The costs and revenues are used to produce ~net return to 

labour. In order to include the capital costs in this 

analysis, payment of the capital is spready equally over a 

number of years. An ammortization formula is used so that 
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the annual cost will pay interest and recover the investment 

in a set number of years at a given rate of interest. This is 

equivalent to saying that the capital outlay involves an 

additional opportunity cost as the money could have been 

invested at interest over the period of the project. The 

ammortization formula is: 

Where A = uniform cash payment at the end of each time period 
p = present value of principal 

i = interest rate per time period as decimal fraction 

n = number of time periods 

2. Small-sized operation 

It was estimated that the drying racks used by this company 

have a life span of four years and it would be reasonable to 

spread their cost over this time. Also for a small operation 

such as this it is unlikely that the people concerned would 

be prepared to view the venture over a longer time span, with 

respect to returns to their investment. The shed housing the 

artificial drying facilities was built in the knowledge that 

it could be used for many other things if sphagnum harvesting 

did not prove to be a lasting venture. The cost of the shed 

is therefore ammortized over a longer time period; ten years 

has been chosen arbitrarily. 

Using the ammortization formula costs on an annual basis are 

presented in Table 4.6. 
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Table 4.6 Annual payments of small-sized operation in dollars 

Interest Rate Annuity (racks etc) Annuity (shed) Total 
(%) ($) ($) . ($) 

0 571 500 1 071 

5 644 648 1 292 

10 720 814 1 534 

12 751 885 1 636 

15 799 996 1 795 

(i) Return to labour 

All the costs of the operation are added except the labour 

costs of management. The net revenue is the return to labour. 

Using different interest rates in the ammortization formula 

the return to labour from case study 1 is: 

0% $5.47/hour 

5% $5. 39/hour 

10% $5.3l/hour 

12% $5.28/hour 

15% $5. 23/hour 

(for calculations see Appendix 3.1). The return to labour 

is quite insensitive to changes in interest rate. Capital 

costs are low relative to annual variable costs and labour 

is a substantial input. 

(ii) Return to Capital 

If one assesses the economic return to capital invested, the 

labour involved is imputed as a cost. The opportunity cost 

of labour is equal to the maximum return to labour from 

similar work elsewhere. All the variable costs are added 

and the net revenue is the return to capital expressed as a 

percentage of the total capital invested. 

Workers at a sphagnum drying plant near Greymouth receive 

$5.47 per hour. However, this is some distance from the 

location of this case study operation and the transport 

costs involved would result in a reduced net return to labour. 



An opportunity cost of labour is involved only if work is 

available in Greymouth or Hokitika at a rate greater than 

$6.31 per hour or if the return to labour of the sphagnum 

operation was lower than $4.44 per hour (Appendix 3.2). 
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The return to capital will vary according to the amount the 

workers pay themselves as wages. Using different figures 

for return to labour the returns to capital for case study 

1 are: 

$4.75 44.4% 

$5.00 34.1% 

$5.25 23.7% 

$5.50 13.3% 

$5.75 3.0% 

Labour inputs are substantial whereby the return to capital is 

sensitive to changes in wage costs. The amount of capital 

invested is relatively small. 

3. Medium-sized operation 

The return to capital for this operation is dependent on the 

amount processed annually. Present weekly production would 

result in an annual production of close to 62 tonnes if 

assumed for the whole year. It is possible that this rate 

will not be maintained. Using different rates of annual 

production the return to capital for case study 2 would be: 

30 tonnes 15.7% 

40 tonnes 23.9% 

50 tonnes 32.0% 

60 tonnes 58.3% 

(for calculations see Appendix 3.3). 

4.4.2 Analysis - net revenues (per kilogram basis) 

Total costs throughout the industry, from harvesting to 

exporting can be calculated to calculate the net revenue. 

This is expressed per dry kilogram. 
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(i) Harvesting 

Using the data of case study 1 the total cost associated with 

harvesting is $11 709 (Appendix 3.4). Thus the total cost 

per dry kilogram equivalent of sphagnum is $1. 79 (i.e. 

$11 709/6 527 kg). 

The major costs of harvesting are travel and labour. Sphagnum 

when picked is very wet and heavy and it is therefore worth

while transporting it as short a distance as possible before 

drying. Picking rates differ amongst workers. An estimated 

potential. rate is one wet tonne per eight hour day; one 

person believed he could pick two tonnes in this time. 

The sphagnum harvesters of case study 1 are drying moss 

reasonably close to the picking site. If they were to sell 

moss in its wet state they would receive approximately 

15 cents per kilogram ($150/tonne) (Table 4.3) from drying 

plants close to Greymouth. Assuming dried sphagnum weighs 

7 per cent of the wet weight, 1 tonne of wet moss would 

reduce to 70 kg when dried. Thus the equivalent price per 

dry kilogram from moss sold while wet is $2.14 (i.e. 

$150/70 kg). 

For this company to maintain a return to labour of $5.28/hour 

(if a 12% interest rate is assumed) they can afford to 

transport the moss a distance costing the equivalent of 

35 cents per dry kilogram (i.e. $2.l4-$1.79) or 2.45 cents 

per wet kilogram (i.e. 7% of 35 cents). Assuming a trans

portation cost of 40 cents per kilometre for a heavy vehicle 

carrying two tonnes of moss, the break-even distance travelled 

would be 122.5 kilometres. This represents a one way trip 

distance of 61.25 kilometres. If they were closer than this 

distance to the drying plant, net revenues could be increased 

by selling sphagnum in its wet state. 

Most people harvesting and selling wet sphagnum pay all net 

revenues to themselves as wages. If wages are imputed as a 

cost then the net annual revenue associated with harvesting 

is zero as long as labour has a zero opportunity cost. If 

one generalises from the case study used, the opportunity 

cost of labour is zero unless a distance greater than 
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165 kilometres (i.e. one way trip of 82.5 km) is involved 

(Appendix 3.4). Few sphagnum harvesters are transporting 

wet moss further than this ,therefore a generalised maximum 

harvesting cost per dry ki1ogr~m of final product is $2.14. 

At least one company employs people to collect sphagnum. 

The area harvested is close to a drying plant and although· 

limited financial data were obtained regarding this company, 

it is estimated that the gross costs are as low as $1.35 

per dry kilogram equivalent harvested. 

The range of costs at the harvesting stage is between $1.35 

and $2.14 per dry kilogram. 

(ii) Drying 

Using the data from case study 2 (Table 4.5) the costs 

associated with the drying process, and not the purchase 

of raw materia~ are added. . The cost per dry kilogram is 

estimated to be $1.80 (Appendix 3.4). 

Using the data from case study 1 the cost per dry kilogram 

is estimated to be $2.21 (Appendix 3.4). 

If a simpler drying process was established using only air 

drying then the costs would be greatly reduced. Data from 

case study 1 are used as 75 per cent of total output 

(i.e. 4 985 kg) is dried on racks with no artificial drying 

system. The cost per dry kilogram of this simple drying 

method is estimated to be $1.77 (Appendix 3.4). 

The range of costs at the drying stage is between $1.77 and 

$2.21 per dry kilogram. 

(iii) Transporting and Packing 

Most companies exporting sphagnum buy dried moss on the West 

Coast and transport it to ports for shipment to Japan. The 

major costs for the exporter are transport from the West 

Coast and repacking. 

The railway network is used by many exporting companies to 

transport sphagnum. For example, bales of moss are packed 
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into covered wagons in GreyInouthand shipped to Christchurch; 

this costs up to 30 cents per kilogram. 

Two types of packing are used for exported sphagnum. It is 

probable that approximately equal amounts are packed into 

bales and plastic bags. Bales cost approximately $4.70 

each and typically hold 25 kilograms of sphagnum; or 19 cents 

per kilogram. Plastic bags which can hold 1 kilogram of 

sphagnum cost'21 cents each. 

Sphagnum sold in plastic bags requires that material trans

ported. from the west Coast is repacked before export, as it 

is generally purchased in bales. Costs of repacking are 

largely for labour and if it is assumed that the time involved 

is 5 minutes per 1 kilogram pack and that labour costs $5.47 

per hour, then the labour cost per kilogram is 46 cents. 

There are further transport costs involved for shipment to 

the railway station in Greyrnouth and, for example, from 

Christchurch railway station to repacking depots and from 

there to Lyttelton. These costs are likely to be very small. 

For example, if a vehicle transports 1 tonne of dried 

sphagnum 100 kilometres, both on the west Coast and in 

Christchurch, at a cost of 50 cents per kilometre, the total 

cost would be $50. For 1 tonne of sphagnum this is 

equivalent to 5 cents per kilograrn~ 

The estimated costs of transporting and packing sphagnum for 

export are summarised in Table 4.7. 

Table 4.7 Costs of transporting (Greymouth-Christchurch) and 

packing sphagnum for export 

Source cost ($/dry kg) 

, bales plastic bags 

Road transport 0.05 0.05 

Rail transport 0.30 0.30 

Packs 0.19 0.21 

Repacking 0.46 
--
Total cost 0.54 1.02 



74 

Not all companies export from Lyttelton and costs. will differ 

with increased distances to ports. Costs for some companies 

may well total $1.50 per kilogram. 

The range of costs at the transporting and packing stage is 

between $0.54 and $1.50 per dry kilogram. 

(iv) Shipping 

Some companies are selling sphagnum in Japan and incur the 

costs of shipping themselves. Estimates from exporting 

companies are of approximately $1.50 per dry kilogram 

although costs may sometimes be as low as $1.00. 

(v) Total costs 

Costs incurred at all sections of the industry are outlined 

in Table 4.8. 

Table 4.8 costs of sphagnum industry 

Source cost ($/dry kg) 

Harvesting 1. 35-2 .14 

Drying 1. 77-2.21 

Transporting and 0.54-1. 50 
Packing 

Shipping 1.00-1. 50 

Total (Potential 5.10-7.35 
range) 

2. Net revenues from industry 

The amount paid to exporters (c. i. f.) depends on the type of 

pack used. Bales receive a low rate ($7.00-$7.55 per dry kg) 

and plastic bags a higher rate ($8.20-$9.40 per dry kg). 

A hypothetical example includes an artificial drying plant 

purchasing wet sphagnum and exporting from Christchurch. 

Costs could be: 



Harvesting 

Drying 

Transport and packing 

Shipping 

Total 

· · 
" · 

$1.35 

$1. 80 

$0.78 

.$.1 • .50 

$5.43 
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Assuming an average gross revenue of $7.75 per kilogram the 

net revenue per kilogram exported would be: 

$7.75 - $5.43 

= $2.32 

This is from an efficient system and net revenues are higher 

than most of the industry experiences. 

An estimated average costing for the West Coast industry if 

selling c.i.f. is: 

Harvesting 

Drying 

Transport and packing 

Shipping 

Total 

$1.88 

$1.83 

$1.02 

$1. 40 

.$6.13 

(the assumptions behind these figures are outlined in 

Appendix 3. 5) . 

Using the gross return figure of $7.75 per kilogram the 

average net revenue per kilogram exported is: 

$7.75 - $6.13 

= $1. 62 

If this is assumed for the whole industry then the net revenue 

for 1981 was: 

125 008 kg x $1.62/kg 

= $202 512.96 

Many exporters are selling sphagnum f.o.b. in New Zealand. 

Prices range between $5.00 and $6.50 per dry kilogram with 
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$6.,00 a reasonable average. Using the previous two examples 

th~ ~et return of the hypothetical system is: 

$6.00 - $3.93 

= $2.07 per dry kilogram 

and the ~verage net reveriue for the West Coast industry if 

selling f.o.b. is: 

$6.00 - $4.73 

= $1.27 per dry kilogram 

If this is assumed for the whole industry then the net revenue 

for 1981 was: 

125 008 x $1.27 

= $158 760.16 

Table 4.9 Net revenues from exporting sphagnum 

Net revenues ($/dry kg) 

selling f.o.h. 1. 27 

selling c.Lf. 1. 62 

4.4.3 Net returns on capital 

The return on capital can be calculated for the whole sphagnum 

industry from harvesting to exporting. The capital input is 

relatively small as the only requirement for new equipment 

is at the drying stage. The return on capital for the 

sphagnum industry using different processing options could 

be (Appendix 3.6): 

1. ideal 188.1% 

2. case study 1 112.0% 

3. case study 2 97.3% 

4. inefficient 35.2% 
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Returns on capital are high for the sphagnum industry. Net 

returns are high even if capital costs are included in the 

analysis. Capital inputs are small relative to the 

substantial costs of labour, transport and other variable 

costs. 

These figures are with an f.o.b. price 6f $6.00 per dry 

kilogram exported. If this price is changed the return on 

capital varies as follows: 

$5.00 5.50 6.50 7.00 

1. 105.6% 146.9% ·229.4% 270.6% 

2. 22.4% 67.2% 156.9% 201. 7%· 

3. 30.7% 64.0% 130.7% 164.0% 

4. -4.8% 15.2% 55.2% 75.2% 

The return on capital is quite sensitive to changes in the 

export price. High net returns to the nation are dependent 

on the maintenance of a high export price. 

4.4.4 Analysis - net revenues (per hectare basis) 

To the author's knowledge no studies have been undertaken in 

New Zealand of total sphagnum harvests from measured areas. 

Estimates from sphagnum harvesters of total amounts taken 

from specific sites range between 1 and 5 tonnes of dried 

sphagnum per hectare.. One site with substantial sphagnum 

cover produced a harvest of 2.5 tonnes from approximately 

1 hectare in 1980/81; this figure probably represents a 

good average. 

Sites on the West Coast differ greatly and measuring potential 

harvests from one specific site has limited applicability to 

other sites. Table 4.10 therefore offers a range of potential 

net revenues on a per hectare basis using a net return of 

$1.27 per dry kilogram selling f.o.b. at a price of $6.00 per 

dry kilogram. 
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Table 4.10 Net revenues per hectare from sphagnum industry 

Harvest (dry tonnes/ Net returns ($/ha, 
hectare) selling f.o,b.) 

1 1 .270 

2 2 540 

2.5 3 175 

4 5 080 

6 7 620 

4.5 Return rates 

Sphagnum reproduces largely by vegetative means and regrowth 

will occur if some live material is left during harvesting. 

Usually this occurs as an inevitable consequence of harvest

ing and requires no extra effort from the harvester. 

Sphagnum will regrow from very small amounts, such as a 

single branch, and some of these will drop off when the 

plants are handled. 

It is not possible to produce a single figure representing 

the time taken for Sphagnum cristatum to regrow after harvesting. 

Exporters specify a length requirement of 15 cm, however, 

much sphagnum harvested is in excess of 20 cm. Long-stranded 

moss is of higher quality than short-stranded and may fetch 

a higher price. 

Annual growth increments were measured using innate time 

markers, as described in Section 3.12. Assuming markers are 

from annual cyclical events the annual length increments of 

sphagnum from three sites were measured: 

Haast 3.29 -1 (n= 30) cm.yr 

Kakapotahi 1 7.65 -1 (n=150) cm.yr 

Kakapotahi 2 9.36 -1 (n=lOO) cm.yr 

The sphagnum from Haast was obtained from a picker working in 

the area. The sample was of very high quality with long thick 
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strands, pale colour and a green tip. The sphagnum from the 

Kakapotahi s was of lesser quality, being less densely 

branched and darker coloured. The two Kakapotahi collection 

sites were within 100 metres of each other. Based on these 

annual increments, strands of harvestable length (15 ern) 

would require 4.6 years growth for the sphagnum from Haast, 

and 2.0 years and 1.6 years for the sphagnum from the two 

Kakapotahi sites. 

Regrowth rates are not as high as implied by the annual growth 

increment. Sphagnum when harvested will often be in an 

equilibrium situation whereby the annual growth increment is 

equalled by an annual loss to the peat substrate. This loss 

is also occurring while the sphagnum is regrowing after a 

harvest. Sphagnum is able to reestablish as growth rates 

are increased due to the reduced competition from other 

strands for water, light, space and essential nutrients. 

Clyrno (1970) found that a sample of S. papillosum which had 

taken seven years to establish to a density of 18.2 g.dm- 2 

-2 had an annual growth rate of 7 g.dm . The annual growth 

increment implies that this length of sphagnum could have 

established in 2.6 years. Similarly s. recurvum established 

22.4 g.dm- 2 after seven years but with an annual growth 
-2 increment of 9 g.dm • The annual growth increment implies 

s. with an average 

growth time to 

a possible establishment time of 2.5 

of 2.55 years the average ratio of actual 

that estimated is 2.75 (i.e. 7/2.55). 

If Clyrno's findings are generalised to all sphagnum growth, 

and the ratio of actual establishment time to annual growth 

increment (i.e. 2.75) used to calculate regrowth periods, 

very different rates can be derived. Using the three samples, 

establishment periods may have been: 

Haast 4.6 x 2.75 ::::: 12.7 years 

Kakapotahi 1 2.0 x 2.75 = 5.5 years 

Kakapotahi 2 1.6 x 2.75 ::::: 4.4 years 

Sphagnum quality may sometimes be higher from sites with 

slower growth rates where length increment has not occurred 

at the expense of increments in branch density and weight gain. 



80 

However, some slow growing moss may be largely dark pigmented 

and consequently of reduced quality. In sites which have 

high rates of photosynthe~is, being humid,relatively open 

and with sufficient nutrients, high quality sphagnum may 

grow relatively quickly. One site near Hokitika has been 

harvested at least twice with a three year interval; the 

sphagnum from each harvest was evidently of high quality. 

One harvester has suggested a regrowth period of two years 

(Broad, 1982). 

Information from Wisconsin, USA is that sphagnum can be 

harvested at four to eight year intervals (E.F. Vlach, pers. 

comm.) • 

Clymo (pers.comm.) suggests that it may take many years for 

a large capitulum to re-develop after harvesting. This has 

not been an obvious problem but it may well be that subsequent 

harvests are consequently of reduced yields. 

Regrowth rates of sphagnum are very specific to the individual 

microenvironmental conditions of a particular site and no 

single figure can be derived. The time of sphagnun regrowth 

to harvestable length probably ranges between two and 13 years 

on West Coast sites. Some high quality sphagnum may regrow 

within three to five years; a typical range is from three to 

seven years. 

As the nutrient ecology of sphagnum mires is such that those 

elements required for growth can be very largely obtained from 

precipitation,repeated harvests will not reduce substantially 

future productivity. Rainwater' will provide the nutrients 

necessary for regrowth after harvesting and return rates are 

. sustainable. 

4.6 Other Implications 

4.6.1 Employment 

The total number of people harvesting and drying sphagnum on 

the West Coast is unknown. A large number are working part 
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time and there are a few employed full time by the sphagnum 

industry. 

Those "exporting companies buying dried moss support a number 

of regular suppliers, most of whom are picking and drying 

sphagnum as a secondary income. An example of this type of 

employment is given in Case Study 1 in Section 4.3. 

Harvesters range from those spending a few hours during the 

weekend to those spending upwards of forty hours per week, 

for some of the latter, sphagnum harvesting is their primary 

income source. Other companies with artificial drying 

facilities aresuppli~d with wet moss by various pickers. 

An example of this type of company is given in Case Study 2 

in Section 4.3. 

Those people selling wet sphagnum range from weekend pickers 

to those picking full time. One company with an artificial 

drying plant now has an associated company employing several 

full time pickers to provide a regular supply to the factory. 

The total number employed full time in harvesting and 

processing sphagnum on the West Coast is probably between 

20 and 25 people. Most of these are'men, however, some 

women are employed by two companies with drying plants at 

Runanga and Coal Creek. The com~anies employing women are 

large, established processing operations with wage workers. 

The proportion of men and women working for wages is 

probably approximately equal whereas men dominate as self

employed company owners and entrepeneurs. 

The potential number of full time employees under two 

industry size scenarios is given in Table 4.11. 
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Table 4.11 Potential full time employment in sphagnum industry 

Position 100 tonnes/annum 200 tonnes/annum 

Harvesting 9 18 

Drying and Packing 9 18 

Shipping and Administration 2 4 

Total 20 40 

These figures are based on assumptions detailed in Appendix 

3.7. 

4.6.2 Health 

Sphagnum harvesters work in very wet and sometimes cold 

conditionsi drying moss in artificial facilities is, in 

contrast, hot and dusty work. Sphagnum when dried breaks 

up easily into fine particles which may be inhaled by workers. 

No specific diseases or medical complaints have been attrib

uted to sphagnum harvesting, processing or use in New Zealand. 

In the USA,cutaneous sporotrichosis is commonly associated 

with exposure to sphagnum (Powell et al., 1978). 

"Sporotrichosis is a chronic subcutaneous 
lymphatic mycosis which may remain localised, 
but which can become generalised and involve 
bones, joints, lungs and the central nervous 
system" (Dion, 1982). 

Following an epidemic amongst forestry workers in Mississippi 

in 1976 an investigation found contaminated sphagnum used in 

packing pine seedlings was the cause (Powell et al., 1978). 

The point of contamination of sphagnum, whether in the bogs 

or in storage sheds, is uncertain. As a preventive measure 

the Mississippi Forestry Commission now stores all moss 

indoors and monthly scrubs all storage and packing buildings 

with disinfectant. Recently received and stored moss is 

regularly monitored for Sporothrix schenkii, the bacterium 

responsible for cutaneous sporotrichosis. 
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A young. girl in Canada required plastic surgery after contact

ing sporotrichosis from sphagnum used to make a Christmas 

wreath (Dion, 1982). There have been numerous other cases 

in Canada and the USA directly traced to handling sphagnum 

(op.cit.) • 

4.6.3 Ecological implications 

Sphagnum has been harvested for a number of years on the 

West Coast without any assessment of ecological implications. 

The activity has the potential to induce major changes to 

local ecosystems as a large proportion of the living material 

in any area harvested is removed from the site. 

In l!l~~t.instances Sphagnum cristatum regrows after harvesting 

(Section 4.5). However, it is possible that removal of the 

non-disintegrated sphagnum layer of some sites results in 

the peat substrate drying out somewhat. In such areas the 

microenvironment may change making it unsuitable for the 
~- -,---
reestablishment of sphagnum. Sphagnum may take a long time 

-------~""--'-... ,- ''--.. --

to reestablish if harvesting is very thorough and the ground 
r~ .. 
!.s~t!X_g.is_tuJ:::Qecl; this may occur if vehicles are used 

extensively in bogs during harvesting. Sphagnum may have to 

recolonise from adjacent areas via spore dispersal, rather 

than by vegetative reproduction. 

The regrowth potential of other sphagnum species which may be 

disturbed by harvesting, particularly s. falcatulum and 

s. subnitens, are unknown. These species may be more sensitive 

to the effect of harvesting than s. cristatum and both are 

less common. 

Sphagnum harvesting is likely to result in the displacement of 

more sensitive associated species, both plants and animals. 

No biological survey is undertaken before the issue of a 

sphagnum harvesting licence, some areas harvested support 

uncommon elements. Harvesters will often need to cut back 

or remove larger bushes and shrubs in order to collect sphagnum 

more easily. These larger vascular plants often give 

protection and habitat requirements for smaller plants and for 
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some animals, for example, uncommon South Island fernbirds 

(Bowdleria p"unctata punctata). Removing sphagnum will often also 

remove plant seeds and small plants. growing through the 

sphagnum layer, for example, Thelgmitra venosa. 

Some fish are likely to be displaced, for example, brown 

mudfish (Neochanna apoda). It is not known what species use 

sphagnum mires for part of their life cycle while spending 

much of their time in other habitats. 

Sphagnum bogs, and wetlands in general, have not been valued 

greatly in ways typically used to assign worth to natural 

systems. These ecosystem~ have not been widely regarded as 

having particular visual appeal, nor as sites for 

recreation; any economic worth has been presumed to be 

dependent on land development via draining. There are many 

other values which are attributable to all natural ecosystems 

but not formally recognised in land use planning (Section 

2.2.3). Recognising the many values and combined quality 

of these natural ecosystems, the loss of S. cristatum 

vegetation for a period of up to thirteen years and the loss 

of other more sensitive ecosystems components, possibly for 

much longer time periods, and in some instances permanently, 

reduces the values of the site harvested. These costs are 

greater when rare or uncommon species or uncommon community 

types are involved. 

It is not known how much sphagnum is in reserves on the West 

Coast. Small amounts are found in Kawhaka Creek, Lake 

Mahinapua, Lake Kaniere, Lake Arthur, Waitaha and Poerua 

River Scenic Reserves according to vegetation listings for 

these reserves in North and South Westland (Loh, 1981; 

Wardle, 1980), it is probable that sphagnum is found in other 

scenic reserves and other types of reserve, including 

ecological reserves administered by the New Zealand Forest 

Service. 

Few areas are known against which the long-term impacts of 

sphagnum harvesting could be compared or in which some of 

the uncommon elements of the mire ecosystems could be preserved. 

Some sphagnum is being harvested in reserves, for example, the 
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Burmeister Ecological Reserve (P.S. Grant, pers.comm.). 

Sphagnum collecting has been: allowed in nature reserves in 

the Netherlands (Gorter et al., 1962). This was in recog

nition of sphagnum's regrowth potential and that harvesting 

helped in maintaining the open character of mires by 

simultaneously removing some seedplants. It was not allowed 

in areas containing vegetation of special botanical value 

(op.cit.). However, reserves which are being harvested are 

of no use as a baseline for the comparison of impacts, also 

at the time of harvesting they are not truly representative 

of any natural system and therefore have greatly reduced 

scientific and other values. 

Sphagnum mires are very sensitive to human impact, for 

example,trampling may induce small pools to form in the 

peat (Moore, 1980), and the sphagnum may take up to 30 months 

to recover to a condition close to its original state (Slater 

and Agnew, 1977). 

4.7 Prospects for Sphagnum Cultivation 

4.7.1 Ecological requirements for growth 

Sphagnum cristatum differs widely in quality and producti vi ty 

from different areas on the West Coast. To the author's 

knowledge no experimental studies have been undertaken in 

New Zealand of the specific environmental conditions 

producing high quality sphagnum or high growth rates. Based 

on the analysis of literature concerned with sphagnum ecology, 

largely of overseas origin, presented in Chapter 3, it is 

possible to make some suggestions regarding these likely 

conditions. 

1. General habitat characteristics 

Land supporting sphagnum usually has permanently saturated 

soil but, when precipitation levels are very high, sphagnum 

may grow on unsaturated soils. Nutrient levels are generally 

very low as a consequence of leaching from high precipitation 

levels and the usual absence of ground water flows supplying 
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decompositional processes are severely restricted. 
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Sphagnum is able to grow under these conditions with little 

competition from vascular plants. Most other plants are 

unable to survive and sphagnum is able to further affect 

the environment, making it less suitable for other plants; 

pH is reduced and soil tempenature is lowered. 

Sphagnum species are very successful under these conditions 

and are able to accumulate nutrients from solutions at 

very low concentrations. In many instances precipitation 

is the major nutrient supply_ 

2. Water table 

In very wet conditions s. falcatulum usually dominates over 

s. cristatum. Growth of S. cristatum is often straggly; 

photosynthetic rates are high, evidenced by the dark green 

colouration, but length increments are often fast and weight 

increments slow. 

s. cristatum is probably of highest quality in areas with 

sufficient humidity allm.,ring it to protrude 15 cm or more 

above the water table. Water is raised to the growing parts 

of the plant by capillary action and also comes from 

precipitation. 

3. Light and temperature 

It is probable that maximum light intensity produces the 

highest rate of photosynthesis in sphagnum, providing the 

temperature is not too high. High light intensity will 

often cause high rates of evaporation from associated high 

tempera1Fres, and photosynthesis rates are reduced with 

water limited in this way. S. cristatum will generally be 

orange in drier conditions. 

High degrees of shading will tend to produce a straggling 

form of sphagnum with high rates of length increment but 

weight increments low. S. cristatum growing in shaded 
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conditions will tend to be. green in colour. If the shading 

causes a reduction in temperature, yet without limiting light 
intensity to too great an extent, sphagnum may be of very 

high quality with good le!lgth and weight increments and green 
colour. 

The optimum temperature for photosynthesis in s. cristatum has 

been estimated as approximately 250 C (K. Thompson, pers.comm.), 

but this may vary seasonally. 

4. Wind 

Wind will cause dessication of the growing parts of the plant 

and shelter from wind will favour the growth of sphagnum. If 

the site is humid enough this will not be a limiting factor. 

Shelter from wind may sometimes be associated with shading. 

5. Nutrient supply 

It appears that increased nutrient supply will increase 

photosynthesis and favour the growth of sphagnum, however, 

it will also favour the growth of other plants. Sphagnum 

is able to compete well at low nutrient levels but if these 

are raised sufficiently, vascular plants will dominate. 

Gorham (1957) writes: 

"It is certainly clear that individuals of 
many species characteristic of raised and 
blanket bogs grow there and compete success
fully, at starvation level. If protected 
from excessive competition in richer sites, 
or if fertilised with the deficient nutrients, 
they frequently grow much more luxuriantly 

'than in their normal habitats where their 
success is probably due to a capacity for 
withstanding conditions of extreme nutrient 
scarcity." 

The high cation exchange capacity of sphagnum enables it to 

accumulate many elements from solution at low concentrations; 

K, Nat Mg and Ca are accumulated in this way. Nand P may 

be limiting as sphagnum is not able to store these in the 

same was as the cationic elements. 
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The response of sphagnum to increased nutrient supply appears 

to be limited. Skreand OecheT's (1981) experiments failed 

to get a higher growth rate than that achieved through 

raising nutrient levels by 50 per cent. Gordeyeva(1979) 

conducted fertilisation experiments in Russia over a seven 

year period. N, P205 and K
2

0 were added to bogs at rates 

of 100 kg per hectare (Gordeyeva, pers.comm.). At the end 

of the experimental period there was no increase in the 

. growth of sphagnum but grasses had increased to the detriment 

of the moss. However, the response may have been different 

in the absence of grasses, for example, if the site was 

actively managed by removing grasses. 

4.7.2 Techniques encouraging growth 

1. Method 

Optimal conditions for growth of high quality sphagnum are 

likely to be found in humid sites with high levels of light 

intensity without inducing dessication (i.e. humidity 

maintained), shelter from drying winds, nutrient levels 

slightly higher than normal and free from competition from 

other plants. Sites can be actively managed to produce 

conditions favourable for growth. 

Removal of associated vegetation can reduce competition but 

may also increase windiness or cause excessive dessication 

through increased incident sunlight. If vegetation is 

removed from very humid sites, or humidity is maintained by 

irrigating, a more even and complete carpet of sphagnum may 

result, conditions for harvesting would be easier, and sort

ing would be simpler as a consequence of less foreign material. 

Observations in Wisconsin, USA s):~-ggest that sphagnum regrowth 

is faster in areas cleared of vegetation (E.F. Vlach, pers. 

comm.) • 

Irrigation, by maintaining humidity and keeping the growing 

portions of sphagnum plants moist, ensures the continuation 

of photosynthetic activity. Water is necessary for diffusion 

of carbon dioxide. If water is applied in large amounts the 

water table may be very high, thus flooding the plants and 
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encouraging straggly, growth. Areas could be irrigated by a 

trickle of water running onto a site or via spray irrigators. 

Fertilisation of sphagnum can produce increased growth rates' • 

Best results would probably be achieved by adding low 

concentrations of essential minerals, especially nitrogeri 

and phosphorus, continuously. The minerals could be added 

to irrigation water. As sphagnum cannot store theseelemerits 

if unused, th~ addition of large concentrations of nitrogen 

and phosphorus would likely produce little more than a flush 

of. green colour. The minerals not used immediately by the 

plants would be quickly washed away and leached from the 

site. Gordeyeva (pers.comm.) suggests that the application 

of mineral fertilisers in high rates causes the death of 

sphagnum. 

2. Practical application - sphagnum farming 

One landowner in Northland, New Zealand has devised trials, 

for establishing the optimum conditions for growth in 

sphagnum and plans for a sphagnum farm. Using 4.5 hectares 

cleared of other vegetation, spray irrigated and fertilised, 

he hopes to harvest 10 tonnes of dried sphagnum per hectare 

on a three year rotation, using 1.5 hectares per annum. 

Some sphagnum would be introduced to areas cleared of other 

vegetation. 

In a preliminary financial analysis he estimates the total cost 

of bringing 4.5 hectares into production together with the 

necessary machinery to maintain ~~e sphagnum until first 

harvest to be approximately $25 000. Gross returns from 

1.5 hectares yielding 10 tonnes per hectare would be $90 000 

at a f.o.b. price of $6.00 per kilogram. Harvesting and 

processing costs are uncertain. 

If, through intensive management, sphagnum production can be 

increased to rates as high as suggested then sphagnum farming 

has tremendous potential as a land use. However, the size 

of the export market is such that very few farms would be 

needed to fully support present requirements. The total amount 

of sphagnum exported in 1981 (i.e. 125 008 kg) could have been 
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produced from 8.3 farms with this level of production. This 

export total could be maintained indefinitely from 37.5 

hectares of similar land. 

4.7.3 Prospects on th~ west Coast 

On the West Coast there is some interest amongst people 

working full time in the sphagnum industry in investigating 

methods for increasing yields. Fertiliser. experiments and 

land preparation, such as via the removal of much vegetation 

associated with sphagnum mires, are techniques of interest 

to some workers. The eventuation of these suggestions 

depends on people obtaining exclusive rights to suitable 

pieces of land for extended periods of time. 

4.8 Present Resource Management Control 

The extent of government land ownership on the West Coast 

(approximately 85 per cent) leads to the involvement of 

government departments in virtually all activities concerned 

with land use. Sphagnum has been harvested from Crown land 

for many years but it was not until the boom in the industry 

in 1980-81 that conflicts started to appear and government 

departments became aware of their responsibility to control 

harvesting operations on Crown land. 

4.8.1 New Zealand Forest Servic~ 

During the 1970s sphagnum was harvested from State Forest 

areas without the permission of the New Zealand Forest 

Service. The Forest Service did not attempt to stop these 

activities or control them in any way. In March 1981 a 

policy statement was issued by the Forest Service concerning 

the issue of sphagnum moss permits. The following system was 

to be used for the issue of all sphagnum moss permits in 

Northern, Central and Southern Conservancy districts: 



"I. Area to be IIlaid off" by district staff. 
Each area should be small erioughto be 
worked within 90 day maximum over which 
permit will be issued. 

2. District to prepare advertisement of 
areas available for tender. 

3. All tenders to be handled by District 
Ranger who will notify successful and 
un~uccessful tenderers. 

4. Contract for Sale and Purchase of State 
Forest Produce to be completed in 
duplicate and signed by successful 
tenderer then forwarded to Conservancy 
Office for signature by Conservator. 

5. A lump sum payment is obviously the best 
and will not involve the sending of 
invoices or preparation of extra A/65 ' s 
by District. One A/65 only will be 
required for lump sum charge." 

(Gilbertson, pers.comm.). 

District Rangers in all districts were not in complete 

agreement with this policy and when the first permit was 

issued by the District Ranger, Central Conservancy, a 

different system was used. There are therefore two 

sphagnum moss permit systems used by the Forest Service. 

1. Central Conservancy, Hokitika 
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A permit is issued under the Forest Act 1949. Originally 

issued for one year, but now for six months, they allow for 

the removal of sphagnum from the area defined by an attached 

map. The permit costs $10 and/a royalty is payable for 

sphagnum removed of $10 per wet tonne or 10 cents per dry 

kilogram. Entry to the area is from 7 am to 7 pm. The 

permit is not transferable; it has a right of renewal. 

Suitable areas are found by the sphagnum picker and a permit 

is issued on application to the Forest Service if the person 

agrees to the conditions of the permit. Payment of the 

royalty is dependent on the honesty of the permit holder 

and there is no check on the actual amounts removed. The 

size of permitted areas range from under 10 ha to over 

200 ha. 
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There has been some dishonesty in royalty returns and at 

least one harvester "beat thesystem" by piling up sphagnum 

after it was pickedi after sitting for several weeks above 

the water table much of the water had evaporated. The "wet 

weight" of sphagnum was therefore substantially lower than 

when first picked. 

2. Reef ton and Hari Hari Districts 

An area is put up for tender and the licence to remove 

sphagnum goes to the highest bidder. The licence is for 

90 days and the blocks offered are usually small (under 10 

hal. In the Reef ton district sphagnum pickers find an area 

which, when applied for, is put up for tender by the Forest 

SerVice. In the Hari Hari district the Forest Service both 

finds and tenders blocks. 

Tenders have ranged from $35 for a 10.5 ha block near Haast 

to $450 for a smaller area in Hochstetter State Forest, 

S.F. 26, near Ahaura. 

There have been problems in policing these blocks, especially 

in South Westland. People have harvested sphagnum from 

some areas set aside for tendering without obtaining a 

licence. 

4.8.2 Department of Lands and Survey 

The department issues a licence to remove under Section 165 

of the Land Act 1948. An annual fee of $100 is generally 

imposed for whatever the size of the block. However, some 

licences have been issued with a $10 per wet tonne royalty. 

Areas under licence have ranged in size from 2 ha to close to 

5 000 has The areas licenced are found by sphagnum pickers 

and issued after application is made to the Department in 

Hokitika. 

A declaration showing the quantity of sphagnum removed is to 

be furnished every three months. The licence has no right of 

renewal. 
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4.8.3 Private manage~ent 

Many people allow others to harvest sphagnum from their land. 

Commonly a royalty is charged using the Forest Service 

syste~ (i.e. $10 per wet tonne or 10 cents per dry kilogram). 

4.8.4 Problems of present management 

The management systems used have not been totally satisfactory. 

Blocks' put up for tender have been harvested without permits 

being issued. Potentially persons who are working full time 

in the sphagnum industry, and who have spent time looking 

for areas of sphagnum, may have to compete for blocks on an 

equal footing with part time weekend pickers. The efficiency 

with which the resource is used by these users is very 

different. Tenders do have the advantage of lump sum payment 

and administration costs are thus reduced. 

Permits with royalties payable have the disadvantage that 

"cheaters" are not easily detectable. The system relies on 

the honesty of permit holders and some have not been totally 

trustworthy. To check on the actual amounts harvested would 

necessitate a complicated and costly administrative machinery. 

The lump sum permit system orig}nally used by the Department 

of Lands and Survey is very simple and effective. The major 

drawback of this system is that the value of sphagnum has 

been largely unknown and therefore the cost of permits has 

been uniform at $100 per annum for whatever sized block. 

Higher revenues could be obtained however a suitable fee 

has not been calculated. 

Many people harvesting favour systems in which permits are 

issued for at least 12 months and some expressed a desire 

to have rights to land for extended periods of time. Some 

people harvesting from private land have Ie sphagnum 

unpicked in anticipation of increased future yields. 

state-owned land was set aside for long periods of time such 

management techniques, encouraging efficient use of the 

sphagnum resource, could be employed. Some people have 



expressed interest in site preparation efforts, ,such as 

vegetation removal, and, fertilisation experiments; if land 

was available over extended periods there ~ould b~ greater 

incentives to make such attempts. Any attempts to farm 

sphagnum, or artificially cultivate it, would neCessitate 

longer time periods with exclusive rights over an area. 

4.9 Sustainability of Industry 
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Sphagnum aristatum is a renewable source. It will' generally 

regrow after harvesting by vegetative reproduction from small 

fragments of living plant material remaining or, if a site' 

is cleared very thoroughly, sphagnum may have to recolonise 

via spore disperal. As sphagnum is ideally suited to the 

wet, nutrient poor habitat other plants are unlikely to 

outcompete sphagnum in recolonising the mire. Regrowth times 

vary according to the specific microenvironmental conditions 

of a particular site. However, some have been harvested more 

than once and sustainable yield harvesting is definitely 

possible from many areas of west Coast pakihis. 

Non-renewable resources are used in the sphagnum industry 

in the form of transport fuels for vehicles, fuel for drying 

facilities and material for capital equipment; fertilisers 

are not used by current operatdrs. Diminishing stocks of 

these resources could make shipping costs to Japan prohibit

ively high; transportation of sphagnum in New Zealand would 

have to change whereby it is carried only very short distances 

in a wet state; drying facilities using wind and sun would 

probably be favoured over artificial systems, these systems 

would have relatively low capital costs. 

An economic analysis of the industry, under current costs and 

returns, suggests that large net revenues can be received by 

people and companies involved. An increasing number of full 

time workers is being attracted to the industry. The 

maintenance of high net revenues will sustain current interest. 

The Japanese demand for sphagnum is based on a long tradition 

of interest in natural products. This demand is likely to 
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continue for many of the present uses in horticulture as 

the value of sphagnum as a packing material, plant growth 

substrate and for other uses', is widely recognised in Japan. 

However, Japan imports sphagnum from several countries and 

companies in New Zealand must compete within the market. 

Although high prices are received for sphagnum sold to 

Japanese companies, the market has not been completely 

stable or reliable. Problems associated with quality 

control within the New Zealand industry led to the loss of 

some orders during 1982. The market is dependent on the 

continued supply of sphagnum of a higher quality than that 

imported by Japanese companies from other countries. Small 

companies that are predominantly exporting sphagnum, rather 

than being involved with other products, are most dependent 

on the sustained market and their quality control appears 

to be more stringent than in other companies. Large companies 

dealing in sphagnum as a subsidiary to other products were 

the ones that lost orders. If the New Zealand product 

continues to be of very high quality it is likely that the 

present Japanese market will be sustained. If small West 

Coast companies with high quality standards, such as New 

Zealand Moss Ltd, expand and supply an increasing percentage 

of total New Zealand sphagnum exports, it is likely that the 

market will stabilise at a high level. 

As so much of the sphagnum resource is located on government 

owned land the policies of the Department of Lands and Survey 

and New Zealand Forest Service influence the future of the 

industry. Ultimately sustainable use of the sphagnum resource 

on this land is dependent on the continued issuing of harvest

ing licences. 

4.10 Conclusion 

The sphagnum industry on the West Coast has increased in size 

rapidly since late 1979. Numerous individuals and several 

large companies are currently involved in harvesting, 

processing and exporting sphagnum. 
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The economic returns to the industry are excellent with 

achievabTereturns on capital of approximately 100 percent; 

total net' revenues in 1981 were probably $150-200000. 

Individuals are abTeto receive a living wage from work with 

sphagnum at all divisions of the industry. However, high net 

revenues are dependent on the maintenance of a high export 

price. 

The industry is small with a likely employment potential of 

little more than 40 people. This is dependent on an increase 

in the 'size of the export market, however, this seems very 

possible on the basis of current marketing efforts. There 

were some problems with the Japanese market in 1982 and it 

appears to be very sensitive to the quality of the exported 

product. Recent improvements in quality control should 

ensure a substantial future market for west Coast sphagnum. 

Limited possibilities exist for new markets and new uses. 

Sphagnum harvesting, and subsequent processing, can give high 

economic returns per hectare from pakihi land and could be 

suitably assessed for its potential as a long term land use 

on the west Coast. 

Harvesting of sphagnum disturbs and displaces some sensitive 

ecosystem components which may be permanently lost from the 

mire. The sphagnum itself will generally regrow allowing 

further harvests after a few years. 

It is possible that net returns per land area may be increased 

substantially through intensive management or cultivation of 

sphagnum. 
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5 EVALUATION OF LAND USE ALTERNATIVES 

5.1 Introduction 

Management of the sphagnum resource has implications directly 

attributable to sphagnum use but also use of the land. There 

are several options for use of the land on which sphagnum 

grows; choosing to follow one option may foreclose other 

uses. 

The two major land use options for pakihi are forestry and 

farming. Other land uses, including reservation and 

do-nothing, exist but do not involve major land development 

so can be considered as management options for the sphagnum 

resource. 

The land resource was described with respect to the current 

vegetation in Chapter 3; Appendix 1 describes the climatic 

features and Appendix 2 the soils. 

Land supporting sphagnum is owned by private people and the 

government. Government owned land includes unoccupied Crown 

land and land .under the authority of the New Zealand Forest 

Service and the Department of Lands and Survey. 

Criteria for land evaluation were outlined in Chapter 2. Much 

of the information concerning sphagnum harvesting as a land 

use is detailed in Chapter 4. Similar information regarding 

the alternative land uses of farming and forestry are briefly 

detailed in this chapter. 

The method chosen for economic comparison is cost-benefit 

analysis from a national stance. All costs and benefits 

associated with each land use project are discounted to 

yield a net present value. For all analyses a project life

time of 30 whole years is chosen as this is the growth cycle 

estimated for forest management on pakihi sites, the longest 

of the three options. 

Ideally cost-benefit analysis should incorporate also those 
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costs not directly associated with the specific project. 

These costs are rather uncertain and are therefore exoressed 
-" 

in a written rather than numeric form. 

The evaluation assumes that the land being considered for 

development supports sphagnum vegetation and that there is 

potential for three land uses: sphagnum harvesting, farming 

or forestry. 

The evaluation uses an area basis for comparison and considers 

the use of single hectare blocks which could be added to areas 

currently managed for various resource uses. For farming and 

forestry options capital costs are largely excluded from 

the analysis. Those of land development, such as fencing 

and fertiliser capital, are included but equipment and 

building costs are not calculated. The addition of small 

areas would require very little or no further inputs of 

this nature to the present industry. The gross costs and 

revenues per hectare used for sphagnum harvesting are 

substantial and all capital costs are included. 

5.2 Sphagnum harvesting 

5.2.1 Description 

The industry is described in some detail in Chapter 4. The 

assumptions used in evaluating sphagnum harvesting as a land 

use are based on information detailed in that chapter. 

5.2.2 Economics of sphagnum industry 

The data used for analysis are those of an assumed average 

West Coast operation, they are detailed in Appendix 3.8. 

It is assumed that sphagnum is harvested from the site 

during the year immediately prior to the start of the analysis. 

This assumes that whatever land use option is chosen for a 

particular site it is reasonable to first harvest the sphagnum. 

This analysis starts after this has been undertaken. 
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Regrowth rates ranging between 2 and 10 years .are· used. A 

regrowth rate of three years would allow for harvesting in 

years 2, 5,8 and so on. 

The results of the analysis are in Table 5.1. 

Table 5.1 Net present value in dollars of sphagnum harvesting 

'per hectare at a 10 per.cent discount rate. 

Harvest 
Regrowth eriod (years) 

tonnes/ha 2 3 4 5 6 7 8 9 10 

1 6 271 3 979 2 801 2 157 1 707 1 370 1 098 950 826 

2 12 542 7 957 5 603 4 314 3 414 2 741 2 195 1 901 1 653 

2.5 15 678 9 947 7 003 5 393 4 267 3 426 2 744 2 376 2 066 

5 31 356 19 893 14 007 10 786 8 534 6 852 5 488 4 751 4 132 

The cost-benefit stream was not suitable for analysis to 

produce internal rates of return. As there is no year in 

which there is a net cost no unique internal rate of return 

exists. 

The analysis . is varied to include an annual land rental. 

This is imputed for each year, whether the area is harvested 

or not; the results are shown. in Table 5.2. Attempts to 

.derive internal rates of return result in unusually high_ 

figures which are considered erroneous. 

Table 5.2 Net present value in dollars of sphagnum harvesting per 

hectare at a 10 peLcent discount rate and with land rentals. 

Harvest (tonnes)/ 
Land rental ($/annum) 

regrowth (years) a 10 50 100 

1/7 1 370 1 266 984 328 

2/5 4 314 4 210 3 793 3 272 

2.5/3 9 947 9 843 9 425 8 904 
.. __ . 
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All examples analysed produce posi ti ve net present values. 

The sphagnum resource grows naturally with no human inputs 

and the major costs are those of harvesting, processing and 

transporting; no costs are imputed for natural inputs 

responsible for growth. 

5.2.3 Sustainable resource use 

As outlined in Section 4.9, sphagnum is a renewable resource 

and sustainable yi5"!ld harvesting is possible. Non-renewable 

resources are used in the form of transport fuels and fuels 

to power drying facilities; fertilisers are not used currently. 

The sphagnum industry provides high rates of return on capital 

for companies investing and individuals are able to receive 

a living wage from harvesting sphagnum. People and companies 

are likely to maintain their interest in and attraction to 

the industry if current potential revenues are sustained. 

The sustained export market for sphagnum is dependent on the 

supply of a high quality product. The total size of the 

market for high priced, high quality sphagnum is unknown. 

Establishment of new companies and increasing export volumes 

cannot be sustained indefinitely. Attempts to greatly 

increase export volumes may result in a reduced price paid 

to New Zealand companies. Prices paid to harvesters and 

those drying sphagnum would have to be lowered; the drop 

in net revenues may make working in the industry unprofitable 

for many people. To sustain the industry in its present 

form it is imperative that New Zealand companies continue to 

receive a high price for shipments sold. 

Sphagnum harvesting has tremendous potential as a small-scale 

sustainable land use and current profitability can be main

tained if export quality remains high. 
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5.2.4 Impacts on environmental quality 

The ecological implications of sphagnum harves.ting are detailed 

in Sedtion 4.6.3. Harve~ting results in the loss of some 

sensitive ecosystem components, however, s. cristatum will in 

most instances regrow after removal. 

The loss of various species reduces the value of the site in 

terms of many parameters not measured in economic terms 

(Section 2.2.3). Some plant and animal species lost from 

specific sites are rare or uncommon. 

The value of the site is lowered through human interference 

in the form of sphagnum harvesting. Parameters which can be 

used to assess the many values of an ecosystem or habitat 

include naturalness (Centre for Resource Management, in prep.). 

Some historical or scientific significance is lost as a 

consequence of harvesting and the intrinsic value of the area 

is reduced. Many areas supporting sphagnum do so as a 

result of human interference earlier this century, namely 

forest felling. Although these areas cannot be strictly 

considered natural they have some historical and scientific 

interest such as examples of successional processes; these 

values would be lost. 

5.2.5 Sphagnum harvesting and people 

People have been attracted to the sphagnum industry by its 

profitability. Many harvest sphagnum as a second income 

although an increasing number are employed full time both 

harvesting and drying moss (Section 4.6.1.). 

As a land use sphagnum harvesting is labour intensive and as 

little as 4.5 hectares may be sufficient to profitably support 

a person indefinitely if managed intensively (Section 4.7.2). 

Under current practices a more likely figure is 12.5 hectares 

(Appendix 3.9). 

Little capital outlay is needed by workers as sphagnum can 

be harvested and sold wet to drying factories. People willing 
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to invest their labour: in harvesting can produce high net 

revenues'.' The conditions have been described asllprimitive" 

(Broad I' 1982), however, ,the work has other attractions. 

People can set up business relatively simply and work for 

themselves. It thus enables workers to be relatively 

independent and the industry is uncomplicated by rules and 

regulations. 

The industry is comparable as a land use with those favoured 

by the West Coast people, namely farming and forestry 

(Appendix 6) being a renewable resource use of a living 

product. It involves small-scale development and thus does 

not noticeably affect the life styles of present residents of 

the 'region. 

The group of people on the West Coast that are most in need 

of employment is school leavers and especially young women 

(Appendix 6). Some young women are employed harvesting and 

drying sphagnum on the West Coast. 

5.3 Farming 

5.3.1 Description 

Development of pakihi for farming is considered to be the 

most important advance for agriculture in Westland (Commis

sioner of Crown Lands, 1980). However, very little of the 

estimated 200 000 hectares of pakihi soils have been developed. 

Although there has been some private development of this land, 

the Department of Lands and Survey has been the major 

innovator. 

1. Department of Lands and Survey - policy and activity 

The Department of Lands and Survey does not publish any form 

of planning document outlining its policies for specific 

regions. The policies and activities of the Department with 

significance for the West Coast are extracted from booklets 

relating to their land development schemes (Department of 

Lands and Survey; 1979, 1980, 1981). 
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The Department of Lands and Survey is involved in large scale 

land development in various parts of New Zealand. Areas of 

unoccupied Crown Land are developed and subdivided into one 

manager farms. The Land Settlement Board, working through 

the Department, makes finance available for landless farmers 

and thus helps and encourages their settlement on these farms. 

The farms are settled after they have been fenced and stocked 

and brought into a productive capacity which makes the unit 

economically viable, providing a reasonable living standard, 

maintenance of the farm and freedom from debt within thirty 

years. 

The Department encourages appropriate use of the land they 

control. In areas supporting such values as recreational 

opportunity, scenic quality, historic sites, scientific 

interest and wildlife habitat, emphasis is given to mainten

ance of these values, although farming may be the dominant 

use. Social and aesthetic benefits are thus provided for in 

addition to economic ones. 

The original purpose of the land development scheme was to 

bring idle Crown Land into production, it has since been 

extended to include the purchase of privately owned farm land 

capable of further development and" subdivision. 

The type of property normally acquired is land with potential 

for conversion, development, and settlement to sheep or dairy 

units. These can be large areas with potential, under a 

minimum of development, to be subdivided into two or more 

productive units, or large undeveloped or underdeveloped 

properties which have the capacity for increased production. 

Successful development has been achieved on a wide variety 

of land types as technical knowledge in developing particular 

types has improved. 

There are fifteen farm settlements on the West Coast, thus 

the land development activity of the region plays a major role 

in the Department's activities nationally. within the region, 

the scale and distribution of blocks enables the Department of 

Lands and Survey to make an important contribution to the 

economy (Marsh, 1982). 
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The activities of the Department are enabling a greater amount 

of land to be brought into production than would be possible 

thro~ghthe efforts of private persons. This is because 

much of the development work is on land which requires large 

inputs to bring it to a satisfactory level of production. 

The majority of land development projects within the West 

Coast region have been on pakihi soils. Development on this 

type of land is difficult and the land requires a long period 

of time before being suitable for settlement. Although it 

is possible that land development is not very profitable 

(Havill, 1981), the value of. the development activities in 

serving other social objectives may be high. 

2. History of pakihi development for farming 

Ploughing of ground with a suitable contour has been the 

typical method of land development in New Zealand. This was 

therefore the first method tried on pakihi soils and approx

imately 100 hectares were ploughed from 1960 to 1963 near 

Westport. However, for long periods during the year the 

soil was too wet to cultivate so efforts were made to create 

artificial drainage. Various .methods were at first used 

including: "humping and hollowing" which was time consuming, 

costly and had limited success; blasting to break the 

impervious iron pan which was also time consuming and costly 

with limited success as water only drained away until it 

reached another, deeper iron pan; and oversowing which has 

been used successfully. 

The methods currently used by private individuals are usually 

similar to those of the Department of Lands and Survey 

(M.J. Ellis, pers.comm.). 

3. Present management 

(i) Land preparation 

If pakihi areas are reasonably open with no gorse or timber, 

lime, fertiliser and seed is applied without prior land 

preparation. Burning may be required if ferns are growing 

thickly. If areas have. gorse or thick scrubby vegetation 

spraying with 2,45T or 2,45T plus picloram prior to a spring 
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oversow, .and then spot spraying, is the common practice. 

Gorser~growth may need to be further supressed in succeeding 

years. In areas which have standing timber, fallen timber 

or stumps, root raking is necessary and is generally done 

after some initial drainage and consolidation. 

Drainage ,is implemented by opening up existi~g water courses 

or digging new drains. Sub-surface water will be removed by 

evapotranspiration after 

(ii) Oversowing 

Applications of lime, 

ture has established. 

liser and seed are normally made. 

Lime raises the pH of the soils which are acidic, especially 

under sphagnum coverj this effectively kills sphagnum. 

Pakihi soils are nutrient deficient (Appendix 2) and feiti~_ 

liser is needed both for initial establishment and to maintain 

pastures. The composition of standard development fertiliser 

mix and suggested seed mixes are outlined by the Ministry of 

Agriculture and F~sheries (1980). Initial fertiliser 

applications are 1 000 kg per hectare, thereafter rates may 

differ according to the type of stock carried but are 

generally approximately 500 kg per hectare per annum. Lime 

is applied in the development phase at a rate of 5 tonnes 

per hectare, thereafter 2.5 tonnes are applied every three 

years. 

(iii) Stocking 

Sheep are recommended to graze oversown pasture in early 

stages of development in preference to cattle because they 

cause less pugging damage, consolidate the surface and 

return dung and urine more evenly (op.cit.). 

Sheep stocking rates on the pakihi demonstration farm of the 

Department of Lands and Survey have ranged between 10.5 and 

13 stock units per hectare; one farm under private management 

had an estimated stocking rate on pakihi of 14 stock units per 

hectare (M.J. Ellis, per.comm.). Stocking rates may be 

higher if cattle are farmed rather than sheep. At 17.5 s.u./ 

ha cow demand will only exceed feed, grown in April and May; 
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at the. same stocking rate ewe demand will exceed feed grown 

from April to October inclusively. At 18.5 s.u./ha cow 

demand exceeds feed grown through the April-July period but 

there 'is only a wide discrepancy in May (op.cit.). 

Stocking policy on pakihi sites is changing from a dominance 

of cattle up to a 70:30 sheep to cattle ratio in stock units. 

The change to sheep has also seen a change from the Romney 

to thePerendale breed. 

Stocking rate increases are usually along the following lines: 

Year 1 1 stock unit per hectare 

Year 2 3 s.u./ha 

Year 3 5 s.u./ha 

Year 4 8 s.u./ha 

Year 5 10 s.u./ha 

however ideally stocking rates can be built up to 10-12.5 

stock units per hectare by the third year after sowing 

(Ministry of Agriculture and Fisheries, 1980). 

5.3.2 Economics of farm development 

The economics of various forms of agriculture can be analysed 

in order to compare with that of the sphagnum industry. A 

national economic stance is taken and a cost-benefit analysis 

method used. 

The calculations and their assumptions are given in Appendix 

4. Results of the costs-benefit analysis for sheep farming 

are in Table 5.3, beef cattle farming in Table 5.4 and dairy 

farming in Table 5.5. The various stocking regimes used are 

based on variations in the rate of build up and the total 

number of stock carried. They are: 

l. Slow build up to 10s.u./ha (1,3,5,8,10 •... ) 

2. Fast build up to 10 s.u./ha (5,8,10 ••.. ) 

3. Slow build up to 12.5 s.u./ha (1,3,5,8~10,12.5 .... ) 

4. Fast build up to 12.5 s.u./ha (5,10,12.5 .... ) 

5. Slow build up to 14 s.u./ha (1,3,5,8,10,12.5,14 .... ) 

6. Fast build up to 14 s.u./ha (5,10,14 .... ) 
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7. Slow build up to 18.5 s.u./ha (1,3,5,8,10,12.5,15, 
17, 18.5 ••.. ) 

8. Fast build up to 18.5 s.u./ha (5,10,15,18.5 •.•. ) 

The analysis uses a project duration of 30 whole 

is to allow comparison with forestry development 

Regimes 7 and 8 only apply for cattle farming. 

years; this 

projects. 
In the 

tables, the bottom figure of each box represents a situation 

in which no root raking is involved in farm development; 

this will be so for many open areas supporting sphagnum. A 

discount rate of 10 per cent is used. 

Table 5.3 Net present value and internal rate of return for 

pakihi sheep farms under various stocking regimes 

and a 10% discount rate. 

Stocking regime Net present IRR (%) 
value ($) 

1 -1 153 -
- 971 -

2 -1 031 -
- 850 -

3 -1 028 -
- 847 -

4 - 843 0.1 

- 661 1.1 

5 - 961 0.3 

- 779 1.1 

6 - 738 2.1 

- 556 3.2 



Table 5.4 Net present value and internal rate of return for 

pakihi beef cattle farms under various stocking 

regimes and a 10% discount rate. 

Stocking regime Net present IRR (%) 
value ($) 

1 -1 529 -
-1 347 -

2 -1 472 -
-1 290 -

3 -1 475 -
-1 293 -

4 -1 418 -
-1. 236 -

5 -1 446 -
-1 264 -

6 -1 345 -
-1 163 -

7 -1 371 -
-1 189 -

8 -1 214 -
-1 033 -
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Table 5.5 Net present value and internal rate of return for 

pakihi dairy cattle farms under various stocking 

regimes and a 10% discount rate. 

Stocking regime Net present IRR (%) 
value ($) 

1 696 14.8 

878 16.9 

2 1 064 18.1 

1 246 21.1 

3 1 166 17.1 

1 348 19.3 

4 1 751 22.1 

1 933 25.5 

5 1 427 18.1 

1 609 20.4 

6 2 148 24.0 

2 330 27.6 

7 2 111 20.3 

2 292 22.6 

8 3 232 28.1 

3 414 31.9 
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Economic analysis of sheep and beef cattle farming does not 

appear to favour these land uses. Net present values, at a 

10 p.ercerit discount rate, are negative in all situations 

examined. Dairy cattle farming appears to be a far more 

favourable land use option with high net present values at 

high stocking rates. Internal rates of return are above 

10 per cent for all development options examined. 

5.3.3 Sustainable resource use 

Farming is based on sustainable yield harvesting of livestock 

and th~ir various products. 'On pakihi land sustained produc

tion is dependent on the input of various non-renewable 

resources. Fertilisers are applied annually and lime eveL¥ 

three years. Transport fuels are required for farm maintenance 

activities and transporting farm products to markets. Other 

non-renewable resource inputs include fencing material. 

Land development blocks of the Department of Lands and Survey 

aim to produce economic farm units manageable by one person. 

There are many applicants for blocks ready for settlement. 

When settled, farm profitability can be sustained with current 

costs and revenues. 

Export markets for agricultural products are not so certain 

as in previous times. Although there has been some develop

ment of new markets for lamb, for example the Lamb for Oil 

deals with Iran, declining oil revenues add to difficulties 

in penetrating these markets (Ministry of Agriculture and 

Fisheries, 1982b). Mutton sales have been affected by 

fluctuations in the exchange rate between the Japanese yen 

and the US dollar (Ministry of Agriculture and Fisheries, 

1982a). The outlook for beef is expected to improve with an 

anticipated recovery in the United States economy (op.cit.). 

Wool ordering on the world market was lower in 1982 than in 

1981 (op.cit.), whether this trend will continue is uncertain. 
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5.3.4 Impacts on environmental quality 

Land development for farming induces a complete change in the 

ecosystem. Drainage allows. the establishment of non-wetland 

species; grasses are able to be planted. Standing trees and 

shrubs are removed and many faunal components are lost. 

The lowered water table enables oxygen to reach the organic 

matter and decomposition rates are greatly increased. 

Rare plant and animal species are lost from some sites. Of 

particular significance is the loss of habitat of the South 

Island fernbird (Bowdleria punctata punctata) as pakihi is 

considered its last stronghold (Wildlife Service, 1982). 

Land development activities affect areas ambient to the 

specific site. Drainage may affect the water table over a 

large area through lateral flow of water. Aerial appli

cations of lime may spread to nearby areas, the pH of the 

soil and water is thus lowered, and consequently sphagnum is 

quickly displaced. Other plants may also be unsuited to the 

change in chemical conditions. 

The value of sites developed is lowered through the permanent 

loss of many species and habitats, some of which may be rar.e 

or uncommon, and the loss of an areas naturalness in some 

instances (cf. Section 5.2.4). 

5.3.5 Farming and people 

The agricultural industry is one of the largest employers in 

the west Coast region (Appendix 6). However, very little 

pakihi land has been developed and therefore few people are 

employed farming pakihi. 

Farm development operations by the Department of Lands and 

Survey aim to establish single manager farm units. The size 

of holding varies with the type of farm established whether 

sheep, beef or dairying. Many dairy farms are under 100 ha, 

sheep and beef farms are larger, often over 1 000 ha. 
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Employment in farming has been traditionally male dominated. 

Land settlement schemes offer employment opportunities for 

people with previous farming experience who are over 25 years 

of age "(Department of Lands and Survey, 1980). There are 

few opportunities for school leavers and especially young 

women. 

Employment is also provided in various services associated 

with farming. Contractors are employed in land development 

activities and shearing; work is required in the processing 

and shipping of meat, wool and dairy products; administration, 

research and advisory services are associated with farming 

activities. It is not easy to relate these employment 

opportunities directly to increases in developed farm~land. 

Sheep and beef cattle farms are "Qften over 1 000 hectares in 

size and these may be managed by one person. The number of 

people employed in associated services and farm product 

processing industries is uncertain but likely to be small 

on a per hectare basis. Dairy cattle farms are much smaller, 

often 100 hectares per person. with associated services and 

processing industries the employment rate may be 50 hectares 

per person. 

Farming is favoured by most people of the West Coast as being 

the most important industry for the future of the region 

(Appendix 6). 

5.4 Forestry 

5.4.1 Description 

Areas of pakihi have been bypassed for development for many 

years. However, these areas generally have very gentle slopes 

and therefore are easier to work on than hill country. The 

New Zealand Forest Service has conducted some trials and, 

based on results from these, exotic afforestation of pakihi 

is occurring on an operational scale. 
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1. New Zealand Forest Service - policy and activity 

The 'policies for the West Coast region are extracted from 

the Regional Management Plans and draft forms thereof for 

the three 'regions into which the Forest Service divides the 

West Coast, namely North Westland, South Westland and 

Buller (Ne~ Zealand Fore~t Service, 1980a, 1980b, 1981). 

The Forest Service philosophy with respect to management of 

the land is that it must meet a multiplicity of needs. These 

can be broadly categorised as economic, social, philosophical 

and biological. In this way forest resources on the West 

Coast are managed for production purposes, to provide employ

ment, and as economic ventures; reserved forests for the 

maintenance of biological systems, the protection of wildlife 

and for scientific data; recreation forests for aesthetic 

and recreational purposes; and protection forests to maintain 

steep country and downstream values. 

The policy of the Forest Service for the region is set out 

in the West Coast Forest Policy (New Zealand Forest Service, 

1978). The basis of the policies expressed are that forest 

resources should be managed for sustainable yields, so as 

to provide steady supplies of sawlogs to forest industries 

in the long term; that the protection of forests and soil 

mantles to prevent movement of debris into stream systems 

should be of primary importance; and, that forests should 

support other uses, such as recreation, scientific and 

educational study, and cultural value. 

State Forests on the West Coast are assigned protection

recreation or production status, other areas are proposed 

as ecological areas, reserves and additions to National Parks 

and are, or will be, under logging moratoria until the social, 

economic and environmental impact of reservation is investi

gated in relation to the total land use pattern. Strong 

emphasis is given to social criteria and satisfying legal 

commitments in assigning areas of indigenous or exotic timber 
for production purposes. 

Production forest policy aims at the eventual replacement of 

most of the indigenous cut by locally grown exotics. It is 



114 

proposed that exotic planting continues in the Buller region 

at a rate of 120-130 ha/year with possible planting fluctu

ations due to the varied requirements of site preparation, 

and in North Westland at the present rate of about 1 000 hal 

year. These allocations are proposed for the full term of: 

present Forest Service plans. In South Westland exotic 

affore~tation remains in the trial stage. 

Forestry now plays a major part in the regional economy and 

the planting programme is designed to provide sufficient 

employment in forests and mills to maintain this present role. 

The commitment to maintain forest yields at a level able to 

sustain the forest industry of the West Coast requires no 

) extensive further additions to the present estate and 

additional plantations in the region must be thought of as 

potentially for export. During the term of present plans 

future establishment rates for the West Coast will be examined 

in the light of future likely demand in the region, profita

bility relative to other investment options and the likelihood 

of other avenues of employment becoming available. Critical 

factors affecting establishment are likely to be the possible 

establishment of a deepwater port on the West Coast and the 

development of a significant industry based on beech. 

The factors important in identifying areas for exotic planting 

are location with regard to labour sources, processing points 

and transport infrastructure; the need for consolidation of 

present fragmented exotic areas to provide a more concentrated 

and manageable resource; soil type; topography; stability, 

and ground cover. Under these evaluation criteria attention 

has focused on the use of pakihis. There is some doubt about 

the wind firmness of trees planted on these sites and no 

pakihi plantations have reached maturity as yet so as to test 

this problem. For this reason the present allocation of land 

for exotic plantation has emphasised hill country sites as 

opposed to the pakihi sites which show the distinct advantage 

of lower management costs, more dependable occurrence of 

conditions suitable for burning or require no burning prior 

to planting. This means that in the Buller region,pakihi 

soils are not regarded at this stage as part of the core land 

resource, in North Westland allocation is 50/50 between 
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two site types, and in South Westland trials are occurring 

on both types. 

Indigenous forests are presently managed to meet present 

timber sale commitments and to ensure future supplies under 

sustainable yield techniques. Other areas are in reserve 

assigned land or under lo~ging moratoria. 

In assigning land to State Forest areas for other uses such 

as mining, grazing and hydro electric power, emphasis is 

given to the maintenance of the same potential for th~ 

primary use of that forest as first gazetted. Thus land 

restoration after mining should ensure there is little 

disturbance to the forest management programme. 

Production activity is not permitted in protection forests for 

reasons of slope, altitude or stability, in order to protect 

the soil and water values. This restriction on production 

includes other uses in addition to timber production. 

Ecological reserves have the purposes of baselines for the 

measurement of change in comparable areas, the maintenance 

of genetic diversity, the study of natural ecological 

processes and the protection of rare organisms. The 

Scientific Co-ordinating Committee compiled a set of accept

able uses for ecological reserves at the Hokitika seminar in 

1977, these were approved by the Minister of Forests in 

December 1977. Public access is permitted by this report 

but most production activities are excluded. Amenity 

reserves have been set aside to preserve scenic and recreational 

values, particularly along highways and rivers and around 

lakes. Permissible use is considered separately for each 

reserve and included in the Gazette notice at the time of 

reservation. In general, logging is excluded and public 

access is unrestricted. 

2. History of pakihi development for forestry 

Some Pinus radiata seedlings were planted on a pakihi site in 

Mahinapua State Forest in 1926 (New Zealand Forest Service, 

1977). The first exotic forest establishment trial on West 
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Coast pakihis was in 1956 on Craigieburn Pakihi in Paparoa 

State Forest. Three types of preparation were used (blade 

mounding, turf planting and direct planting) and various 

fertilise~s Cop.cit.). The trial had limited success, 

however, it gave some ideas regarding the type of treatment 

that would be needed to achieve successful establishment of 

exotic trees on pakihi (Jackson, 1981). These were that 

mounding, drainage and some fertiliser treatment is necessary. 

A further trial was established in 1962-63; trees were planted 

in 1965 and fertiliser treatments were imposed. Trees planted 

on the mounds grew much better than those on flat areas 

between drains. Fertilisation improved survival and growth; 

there was a marked response to nitrogen and phosphorus but 

potassium had little effect (New Zealand Forest Service, 1977). 

By 1973-74 it was felt that sufficient information had been 

gained to justify establishing pakihi sites on an operational 

scale (Jackson, 1981). 

Although there are still some doubts regarding the wind

firmness of trees in these areas, development of pakihi for 

forestry has increased rapidly. 

3. Present management 

The techniques mentioned are derived from Jackson (op~cit.). 

(i) Land preparation 

Areas to be planted are prepared, using a V-blade or bedding

plough, by creating mounds and drains. A hydraulic excavator 

may sometimes be used to open up existing waterways or create 

new ones if the other equipment does not produce adequate 

drainage. Rows are spaced 4 and 5 metres apart. If soil 

conditions are very soft and deep a hydraulic excavator is 

used to dig drains at about 18 metre centres and the spoil 

used to create individual planting mounds; there are 2.4-3 

metres between rows. 

(ii) Planting and fertilising 

Sites are usually left for 2-6 months before planting; this 
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allows·the soils to weather and partially dry. Trees are 

planted at 1.8 metre intervals along the mounds, and one tree 

per mound if created by the excavator. 

Nitrogen and phosphorus fertiliser is applied to individual 

trees in the early spring following planting. Fertilisers 

used areDAP (diammonium phosphate) or DAP/serpentine reverted 

super phosphate (50/50). 

(iii) Silviculture 

Pinus radiata and P. muricata appear to be the most suitable 

species, but others such as eucalypts, western red cedar and 

Lawsons cypress may be suitable for small areas (New Zealand 

Forest Service, 1977). 

Silvicultural requirements will differ between species with' 

respect to timing and between different desired end products 

with respect to the extent of tending. A silvicultural 

scheme suggested for P. radiata on pakihi sites (C. Gleason, 

pers.comm.) is: 

Year a 
Year 1 

Year 5 

Year 6 

Year 8 

Year 9 

Year 10 

Year 30 

Land development 

Planting 

Fertilising 

Releasing 

Fertilising 

Pruning 

Thinning 

Pruning 

Thinning 

Fertilising 

Pruning 

Harvest (439 m3/ha) 

No pakihi plantations are old enough to have been harvested 

commercially. Silvicultural requirements may be different 

from those suggested, for example, it is possible that a 

further application of fertiliser is needed at approximately 

Year 25. This will be determined as current plantations 

approach this age. Harvests after a 30 year rotation are 

assumed to be 439 m3 per hectare. 
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5.4.2 Economics of forestry development 

Calculating net benefits to the nation is not simple for 

forestry. Wood products can be exported in so many different 

forms that the costs of processing and gross revenues vary 

widely. For this analysis it is assumed that wood is exported 

as. green sawn logs. 

Saw log.output is approximately 60percent by volume of that 

originally harvested. The top price for green sawn timber 

sold f.o.b. Lyttelton was Aus$170 per m3 (NZ$226.79) in 

December 1982. The costs used in the analysis are outlined 

in Appendix 5 and the results are given in Table 5.6. 

Table 5.6 Net present value and internal rate of return for 

pakihi forestry development at a 10% discount rate. 

F.D.B. Price Net present IRR 
NZ$!m3 value ($ ) (%) 

150 -1 275 -
160 -1 124 2.7 

180 - 822 6.1 

200 - 520 8.0 

220 - 219 9.3 

226.79 - 116 9.6 

240 84 10.3 

250 235 10.7 

Under current costs and revenues (i.e. maximum revenue of 

$226.79/m3 ) the net present values of forestry projects are 

negative. An increase in revenues for exported saw logs is 

required for positive values. 
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5.4.3 Sustainable resource use 

Exotic production forestry involves the sustainable use of a 

renewable resource. Non.;..renewable resources are required, iIi 

the form of fertilisers, to maintain productivity of the 

forest. Maintenance activities associated with the crop are 

negligible and resource inputs are low. There are some 

doubts regarding the wind firmness of plantations on wet 

pakihi sites and some areas may not be able to support trees 

until maturity. 

Economic analysis of forestry development on West Coast pakihis 

implies internal rates of return under 10 per cent and negative 

net present values. Under conventional criteria, plantations 

cannot be considered particularly attractive from a national 

economic stance. However, forest developments provide employ

ment for people at various stages of the industry. Government 

investment in West Coast forest projects may continue based 

on social criteria. 

Markets for timber are very uncertain as the product is not 

saleable tintil 30 years after planting. Accurate predictions 

regarding the sustainability of export sales are impossible. 

5.4.4 Impacts on environmental quality 

As for land development for farming, afforestation completely 

changes the ecosystem in terms of both structure and function. 

The total biomass is increased as supported by artificial 

inputs such as maintenance fertilisers. Rates of decomposition 

are greatly increased due to the water table being lowered 

allowing aerobic microbial activity. 

The vegetation undergoes a complete change from predominantly 

bryophytes, rushes and shrubs,to a dominant canopy of 

coniferous forest. Some wetland plant species may continue to 

grow in the drains between the mounds. Rare plant speCies 

will be lost from some sites (Wildlife Services, 1982). 



120 

Exotic forests are monocultures and support a low richriess and 

diversity of animal life. Sphagnum mires also have low 

representation under these criteria, however,those species 

present will change. 'For example, uncommon South Island 

fernbirds (Bowdleria punctata punctata) will be lost from some 

areas; exotic forests arelik~ly to largely support ubiquitous 

introduced species. 

5.4.5 Forestry and people 

The forest industry provides employment in land preparation, 

planting, silviculture, harvesting and processing. Individual 

forested sites do not provide permanent employment for people 

as management is required only at certain intervals during 

th~growth cycle. Employment is provided by the industry in 

managing a large number of sites which are at various stages 

of growth. 

Development of additional areas of land providing incremental 

increases in the total forest resource size will not provide 

many new jobs, unless such development is on a large scale. 

However, the maintenance of present numbers of employees is 

dependent on bringing new areas into production. 

Using data from the Development Finance Corporation of New 

Zealand (1980) for employment associated with an export 

oriented sawmill it is estimated that one person can be 

permanently employed by the forest industry per 65 hectares 

of forest land (Appendix 5.2). 

The forest industry employs over 11 percent of workers in the 

west Coast region (Table A6.l, Appendix 6) and is thus one of 

the major employers. Work throughout the industry has been 

predominantly male dominated; some women are employed and 

there are opportunities for increased numbers. 

Forestry is considered an important future prospect by most 

people of the region (Houghton, 1979). 
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The addition of new plantations to the total forest crop on 

the West Coast is not likely to have very noticeable effects 

on people unless such an addition is very large. Infra

structure of the present industry can likely absorb consider

able f~rther increases in the total crop; influxes of people 

or money to the region would be low per hectare developed. 

5.5 'Comparison. of land use options 

Using the criteria under which the separate land uses were 

described, comparison can be made between these options for 

their potential over the long term. 

5.5.1 Economics 

From a national economic stance,sphagnum harvesting appears 

to be a very favourable land use on a per hectare basis. 

Table 5.7 shows possible net present values of the land use 

projects, under different levels of productivity in the case 

of sphagnum harvesting, different farm stocking regimes, or 

different product prices for forestry. Sphagnum gives 

greater net returns than the other land uses; only dairy 

cattle farming has similarly high returns. However, simple 

comparison in this way is not a reasonable way to evaluate 

the separate options. Development of land for farming and 

forestry can use virtually all the land of a specific site; 

sphagnum may only grow on a small percentage of an area set 

aside for sphagnum harvesting. In decision making regarding 

a particular area which profitably supports sphagnum harvesting 

it must be realised that setting it aside for this land use 

over the long term will preclude other uses of surrounding land 

which may not have sphagnum vegetation. If farming was under

taken on this land,drainage would possibly affect the water 

table of the nearby sphagnum mire and necessary lime appli

cations may not be strictly confined leading to a reduction in 

mire pH and death of sphagnum. Therefore,it would be necessary 

to leave an area of undeveloped land surrounding that used for 

sphagnum harvesting. If 100 metres was chosen as the required 

barrier then one square hectare of sphagnum mire would require 
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7.l~ hectares of surrounding undeveloped land. Thus the net 

benefits of one hectare is spread over 8.14 heCtares. 

Table 5.7 Net present values of land use projects under different 

levels of productivity, stocking regimes or product 

price and using a 10% discount rate. 

low a d' b highC me l.um 

Sphagnum harvesting $1 370 $4 314 $9 947 

Sheep farming -$ 971 -$ 847 -$ 556 

Beef cattle farming -$1 347 -$1 293 -$1 163 

Dairy cattle farming $ 878- $1 348 $2 330 

Forestry -$1 124 -$ 520 U6 

a. Sphagnum harvesting: 1 tonne/ha, 7 years regrowth period. 
Farming: stocking regime 1. Forestry: $160/m3 Lo.b. price. 

b. Sphagnum harvesting: 2 tonnes/ha, 5 years rejrowth period. 
Farming: stocking regime 2. Forestry: $200/m f.o.b. price. 

c. Sphagnum harvesting: 2.5 tonnes/ha, 3 years regrowth period. 
Farming: stocking regime 6. Forestry: $226.79/m3 f.D.b. 
price. 

The effects of forestry development activities on water table 

are uncertain, but drainage, road construction and so on are 

likely to have some effect. Forest trees growing close to 

sphagnum would increase the amount of unwanted foreign matter 

in the form of pine needles; these would reduce the quality 

of the sphagnum and increase required processing time. A 

similar boundary strip to that of farming would be required 

if'sphagnum harvesting occurred close to forested sites. 

If one assesses opportunity costs, one hectare of sphagnum 

harvesting land involves a cost equivalent to 8.14 hectares 

used for the most favourable option, that is, dairy farming. 

Under such an analysis sphagnum harvesting would have a nega

tive net present value (e.g. from Table 5.7: $4 314-8.14 x 

$1 348 -$6 658. This is more favourable than the other options 

if the net present value of one hectare used for sphagnum 
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harvesting is taken as the opportunity cost of land develop

ment over the same area. 

Sphagnum harvesting as a land use does not foreclose other 

options over the long term as there is always the possibility 

of draining the land and developing it in the future. 

Opportunity costs in terms of potential for preservation are 

also small as this option is largely retained. The ecosystem 

is not changed very substantially and may revert to a 

condition approaching its former state, in terms of biological 

composition, within a few years. Areas already harvested may 

still be reserved. 

In practice many development activities would be complicated 

by having to retain areas surrounding sphagnum mires to the 

extent that it is perceived an unreasonable option. If 

a site profitably supports sphagnum harvesting,a much larger 

area may be excluded from development to farming or forestry 

than the immediate surrounding land. Unless an area was 

managed for multiple use,it is unlikely that small blocks 

would be set aside for specific land uses over the long term. 

Conventionally, decisions are made regarding larger blocks, 

many of which may have sphagnum on less than 5 percent of 

their area. However, based on the economic analysis under

taken, even if using one hectare for sphagnum harvesting 

precluded the use of 1 000 hectares or more of surrounding 

land from development for farming or forestry, it would give 

a greater benefit to the nation than this total area used for 
~ 

sheep farming, beef cattle farming or forestry under current 

costs and revenues. Dairy farming may provide greater net 

benefits than sphagnum harvesting, even for small areas, 

because of the necessity for leaving undeveloped land. 

Economic analysis may not be particularly important for decis

ions made regarding the development of land for forestry or 

farming as such development may be to meet other criteria, such 

as employment. However, development of land which is capable 

of supporting sphagnum harvesting involves an opportunity 

cost which can be measured in economic terms. This cost is 

greater for those areas wi th larger percentages of sphagnum 

cover. 
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5.5.2 Sustainable ~esource use 

All thieeindustries usereriewable resources and sustainable 

yield harvesting is possible. The industries require non

renewable resources in differing amounts. Such requirements 

by the sphagnum industry are largely for transport fuels and 

for some operations, fuel for drying plants. Farming requires 

annual applications of maintenance fertilisers, and lime at 

three yearly intervals. Forestry has low requirements for 

non-renewable resources with fertiliser applications only 

during three years of the 30 year project lifetime. 

Non-renewab resources used may be either imported to the 

region or locally produced. If locally produced it is 

probable that costs will be lower, but also their use will be 

beneficial to the regions' economic system. Transport fuels 

and fertilisers must be imported whereas coal for drying plants 

is produced locally. 

All three land uses provide reasonable net revenues for those 

working in the industry. Workers are likely to continue to be 

attracted to the industries; companies are likely to keep harvest

ing in the sphagnum industry if current costs and revenues 

maintain relativity; government involvement in farming and 

forestry will probably be maintained on the basis of soc I 

criteria .. 

Markets for all three industries are to some extent uncertain. 

That for sphagnum has fluctuated in recent years and forest 

product markets are unpredictable. Markets for agricultural 

products are relatively stable as a consequence of active 

marketing efforts, however, traditional markets are more 

uncertain than in the past. 

As the sphagnum industry is small and marketing efforts are 

minimal it is possible that fluctuations in market size will 

continue. Without rigid standards on sphagnum export quality, 

the problems of companies losing orders through shipping a 

low quality product may be repeated. Quality standards are 

currently high and, if maintained, the market size will likely 

stabilise at a relatively high level. 
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5.5.3 Impacts on environmental quality 

All three land uses cause the loss of some values of the site. 

Land development for farming or forestry involves a complete 

change "in ecosystem structure and function. Floral and 

faunal components are almost completely changed. Sphagnum 

can be harvested while still retaining the basic ecosystem 

structure. Sphagnum will regrow after harvesting but many 

more sensitive elements will be lost. The necessity to 

leave some land undeveloped ambient to the sphagnum mire 

allows the retention of some natural ecosystems. 

All three land uses ma~ in some sites, cause the loss of rare 

or uncommon plant and animal species. Some of these may be " 

retained on undeveloped land surrounding harvested sphagnum 

mires. For example, pakihi with reasonably dense vegetation 

may provide habitat for uncommon south Island fernbirds. 

Much of this land may not have sphagnum vegetation but may 

be within a total area set aside for sphagnum harvesting; as 

such there may be little disturbance from harvesting activities. 

However, the increased pressure on pakihi habitats as a result 

of sphagnum harvesting, in addition to that of farming and 

forestry development, will cause a further reduction in 

sui~able habitats for these birds and other rare or uncommon 

plant and animal species. Some uncommon community types and 

associations may also be lost. 

5.5.4 The different land uses and people 

Sphagnum harvesting is more labour intensive than farming or 

forestry and, if managed intensively, may be able to ,support 

one person indefinitely with as little as 4.5 hectares of 

suitable land. Under current practices an estimated 12.5 

hectares would .be required per person. This does not take 

into account the probability that some land set aside under 

permits for sphagnum harvesting will not have harvestable 

quantities (i.e. 1-4 tonnes/ha). Small areas under permits 

may have 50 per cent of the land capable of supporting sphagnum 

harvesting and therefore at an intensity of 25 hectares per 

person (Appendix 3.9) ; some large areas may only have 20 per cent 
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or 62.5 hectares per person. 

Dairy cattle farming probably has similar area requirements 

pe~ person employed whereas sheep and beef cattle farms 

require much larger areas. Forestry projects do not provide 

much employment until the forest matures and work is needed 

in harve~ting and processing. If large forests are managed 

for sustainable yields the number of people permanently 

employed per hectare is similar to that of sphagnum harvesting 

from large blocks,although probably fewer than from small 

blocks. 

5.6 Land uses and management agencies 

One major problem of sectoral decision making regarding the 

use of land is that invariably one department is responsible 

for one major land use type. Thus the Department of Lands 

and Survey is largely responsible for developing farm land and 

the Forest Service for developing forests. Land use decision 

making becomes an exercise in finding the best land for a 

particular use rather than testing options to find the most 

appropriate use of a particular piece of land. Thereby 

sphagnum harvesting may be considered a suitable land use for 

areas ~estined for eventual land development while the land 

still retains its primary designation. Sphagnum harvesting is 

generally not considered a land use in its own right. Manag

erial effort is therefore little and the emphasis of management 

techniques is cost minimisation. 

The management procedures used reflect this emphasis. The 

Forest Service issues short term permits for 90 days or 6 

months; the tendering system in particular emphasises maximum 

revenue from minimum management input. The Department of 

Lands and Survey has minimised management input and licence 

revenues have been low. In contrast, the emphasis of land 

development for farming is to settle people on the land in 

economic farm units; this will often involve considerable 

managerial costs for the Department of Lands and Survey. The 

emphasis of forestry development is often a social objective 

rather than economic, for example, recent exotic plantation 
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plans for Buller (Salmon, 1982). Considerable managerial costs 

may be involved in developing these land uses by the depart

ments; management inputs are high and net revenues often very 

low. 

Under present policies, regardless of whether sphagnum 

harvesting is the most appropriate use of certain areas of 

land or that development is in the public interest, it 

is not encouraged as a land use because it is not conventional 

farming or forestry. 

For sphagnum harvesting to develop as a long term land use 

on state-owned land, it is imperative that government depart

ments responsible for management of the resource establish 

mechanisms whereby land can be designated for this u~e. If 

these are not establishe~ private land may be emphasised as 

some people using large amounts of sphagnum are looking for 

areas in which the resource can be managed more intensively. 

It is necessary that exclusive rights over sites be given for 

extended periods for such changes in the industry to be 

possible. This is dependent on policies and mechanisms 

favouring those using the resource, rather than emphasising 

minimum managerial input. 

5.7 Conclusion 

Sphagnum harvesting compares very favourably with farming 

and forestry as a potential land use for pakihi sites. The 

economic returns to the nation are high; although in setting 

an area aside for sphagnum harvesting some land will be 

removed from any productive use, on a per hectare basis 

sphagnum harvesting still provides higher net returns than 

sheep farming, beef cattle farming or forestry. Dairy cattle 

farming is possibly the favoured option from a national 

economic stance, however little pakihi is developed for this 

land use, rather, alluvial soils are favoured. 

High net revenues can be obtained by individuals and companies; 

people are likely to continue to be attracted to the industry 

if costs and revenues retain their current relativity. 
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The Japanese market for sphagnum has fluctuated in recent 

years. This has been a consequence of ineffective quality 

control and it is probable that as companies necessarily 

increase the consistency with which they supply high quality 

sphagnum, the market will stabilise. Markets for agricultural 

products are no longer as certain as in the past and predict~ 

ing markets for forest products thirty years or more in the 

future is virtually impossible. 

The costs of the land use options in terms of reduced environ

mental quality are probably least for the sphagnum harvesting 

option. All three land uses may cause the loss of rare and 

uncommon plant and animal species, or community types, from 

some sites. 

Sphagnum harvesting is more labour intensive than sheep and 

beef cattle farming and probably forestry, but is similar to 

dairy cattle farming; a higher percentage of workers are 

female and there are some opportunities for school leavers. 

The industry is small and currently most people are working 

on a part time basis but an increasing number are being 

employed full time. Farming 0 full time employment to 

those with some previous experience and traditionally women 

have not been employed. Some work is available to women and 

school leavers in associated services, howeve~ the numbers are 

low per hectare developed. An increasing number of jobs is 

available in the forest industry as the forest matures; few 

jobs are availab immediately. Although, traditionally, 

few women have been employed in forestry, employment patterns 

may change in the future. 

Farming and forestry are rated highly by the people of the 

West Coast as favourable land uses for the future of the 

region (Houghton, 1979). Sphagnum harvesting was not 

assessed by Houghton's (op.cit.) study, however, it is 

similar to the other land uses; not being a large-scale, rapid 

development but a small-scale, sustained use of a natural 

renewable resource. 

Sphagnum harvesting has tremendous potential as a sustainable 

land use on pakihi sites. Dairy farming is a highly rated 
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option but only small amounts of pakihi are likely to be 

developed for this land use. Sphagnum harvesting should be . 

considered the most appropriate use of land supporting 

substantial amounts of sphagnum,especially when distribution 

is relatively continuous over a wide area. The opportunity 

cost of developing this land for farming or forestry is 

high. 

Current policies of government departments responsible for 

managing the sphagnum resource emphasise land development 

for farming or forestry. In order that state-owned land is 

used in the development of an efficient sphagnum industry, 

sphagnum harvesting must be regarded as a land use in its 

own right. Policies whereby land can be designated for 

sphagnum harvesting over the long term are important for 

these developments in the industry. 
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6 SUMMARY AND CONCLUSIONS 

6.1 S'urnm:ary 

Sphagnum species are well adapted to wet, nutrient poor 

habitats. Within a narrow range of microenvironmental 

conditions, sphagnum is able to thrive and outcompete other 

plants. 

On the West Coast of the South Island, habitat for sphagnum 

is provided by pakihis; these are naturally occurring and 

human-induced ecosystems, generally with gley podzol soils, 

low in nutrients. Small areas of this land have recently 

been developed for productive use as farmland and exotic 

production forests. 

OWing to the unique cellular structure of sphagnum plants, 

they are able to retain large quantities of water. Conse

quently,people have used sphagnum for various purposes for 

hundred of years. On the West Coast,sphagnum is harvested 

from pakihis and dried for use in horticulture, largely in 

Japan. The Japanese market has changed in recent years 

whereby, since late 1979,the demand for sphagnum supplies from 

New Zealand has greatly increased. Sphagnum harvesting is now 

a widespread use of pakihis on the West Coast. 

Five species of sphagnum are found in the region but harvesting 

is very largely restricted to one species, s. cristatum. 

Sphagnum is harvested by hand, except by a few people using 

hand held rakes or forks. After removal from the growing 

sites, foreign material, in the form of twigs, leaves and 

small amounts of peat, is removed from the sphagnum which is 

dried before packing for sale. Drying systems include simple 

wire netting racks on which sphagnum is left in the wind and 

sun, and artificial systems using forced air, in some cases 

heated. Numerous individuals and several large companies are 

harvesting, drying or exporting sphagnum. The great majority 

of people are working part time but an increasing number of 

full time workers are employed. 
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Financial analysis of the industry shows that reasonable net 

revenues -can be received by individuals working in the industry 

with returns to labour of over $5.00 per hour. Many companies 

investing in the industry may be receiving close to 100 per cent 

return on capital before tax. 

dry kilogram exported ($1.27 at 

harvested (generally $1-4 000) 

Net revenues before tax per 

f.o.b.) and per hectare 

are relatively high. 

s. crist;atum generally regrows after harvesting via vegetative 

reproduction. Further harvests are therefore possible from 

sites used. The time for regrowth to harvestable length 

varies widely with the specific microenvironmental conditions 

of the particular site, between three and seven years is 

probably typical. Sphagnum production varies between sites 

also and between 1 and 4 tonnes per hectare is a typical 

harvest; most sites yield under 2.5 tonnes. 

The potential exists for increasing yields of sphagnum through 

intensive management. Fertilisation probably has some 

potential, as does manipulating water table levels and water 

input via irrigation; manipulating the amount of incident 

sunlight and windiness may also lead to increased yields. 

Much of the land currently supporting sphagnum harvesting is 

state-owned and under the jurisdiction of the Department of 

Lands and Surveyor Forest Service. The emphasis of their 

activities with respect to pakihis is land development for 

farming and forestry. As a long term land use,sphagnum 

harvesting compares very favourably with these options. 

Cost-benefit analyses of the three land uses show sphagnum 

harvesting to have the greatest economic value to the nation 

per hectare used. Analys per hectare harvested is not a 

totally suitable way to compare these land uses as setting 

land aside for sphagnum harvesting will render some land 

unavailable for any productive use, although only for the 

present time. If this land is included in analysis as a cost 

of the sphagnum industry, the economic value of sphagnum 

harvesting is similar to, or possibly lower than, that of 

dairy cattle farming, however, it is still greater than sheep 

farming, beef cattle farming or forestry. 
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Land development for farming or forestry via land drainage 

will, in most situations, foreclose some·land use options over 

the very long term. Sphagnum harvesting as a land use.retains 

the basic eCosystem structure, .and drainage options for land 

developmerit are ~etained. 

From a regional perspective sphagnum harvesting as a land use 

is a means whereby the economy can diversify. A mixture of 

agriculture, forestry, sphagnum harvesting and other land 

uses in the region provides for a more resilient economic 

system. All three land use options analysed have elements of 

uncertainty with regards future prospects. A regional economy 

with inputs from sphagnum harvesting, in addition to those from 

other sectors,has a greater ability to withstand perturbations. 

Sphagnum harvesting is a renewable resource and sustainable 

yield harvesting is possible. Farming and forestry require 

maintenance fertiliser inputs in order for sustainable yields 

to be harvested. Non-renewable resource use in the sphagnum 

industry includes dependence on transport fuels and, for some 

operations, fuels for drying facilities. In contrast to the 

other industries, the sphagnum {~dustry does not depend on 

fertiliser inputs; farming especially requires substantial 

amounts. 

Transport fuels and fertilisers must be imported to the region. 

Coal, which is emphasised as a fuel for artificial drying of 

sphagnum,is found locally. Using local resources further 

stimUlates the regional economy. 

The market for sphagnum has fluctuated but is likely to stabil

ise as quality control efforts increase. Markets for 

agricultural and forest products are similarly uncertain. 

Ecological effects and implications for environmental quality 

of sphagnum harvesting include the loss of some sensitive 

elements from mires. The ecosystem is likely to retain its 

basic structure and function. Some rare and uncommon plant 

and animal species and community types may be lost. Of 

particular note is the possible reduction in numbers of South 

Island nbirds through the loss of suitable habitats. In 



133 

contrast farming and forestry involves a complete change in 

the ecosystem, affecting structure,function and virtually 

all components. The cost in terms of environmental quality 

is greater in association with 'these two land uses. The 

possible need to leave some undeveloped land surrounding 

harvested mires may retain some natural ecosystems. 

Sphagnum harvesting, in not destroying the basic ecosystem 

structure and function of mires, has value through retaining 

options for future use of the land resource. Draining the 

land for forestry or farming considerably reduces this 

option value. 

The sphagnum industry is relatively small and few people are 

employed. Full time employment is potentially available fur 

women and school leavers;. these persons are little provided 

for by other West Coast industries. Sphagnum harvesting is 

more labour intensive per hectare used than sheep and beef 

cattle farming and probably forestry; labour intensity is 

similar to that of dairy cattle farming. 

No diseases or medical complaints have been attributed to 

sphagnum harvesting, processing or use in New Zealand, however, 

in the USA, cutaneous sporotrichosis has been associated with 

exposUre to sphagnum. There is no obvious cause for concern 

in New Zealand at present. 

Table 6.1 summarises the evaluation of land use options 

analysed. Sphagnum harvesting appears to be the favoured land 

use for areas supporting harvestable quantities of this 

resource. Which ever criterion may be stressed in any partic

ular land use decision,sphagnum harvesting is ranked highest 

or equal highest. It can be most equally compared with dairy 

cattle farming but if environmental quality is stressed as 

a criterion for decision-making, sphagnum harvesting is 

favoured. In comparison with forestry,sphagnum harvesting 

also shows higher economic returns, and employment potential 

is greater than that of sheep and beef cattle farming. 

Sustainability of all industries analysed is ranked as medium, 

largely because of market uncertainty. Agricultural markets 

are probably more certain than that for sphagnum, however, 



there is a greater dependence on non-renewable resources, 

espedially fertilisers. 

Table 6.1 Ranking of land use options under various evaluation 

criteria. 
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Land use Economic Sustainability Environmental Employment 
Returns Quality 

Sphagnum . 
harvesting 

High Medium Medium Medium 

Forestry Medium Medium Low 
I 

Medium 

Sheep Low Medium Low Low farming 
-

Beef Cattle Low Medium Low Low 
farming 

Dairy Cattle High Medium Low Medium farming 

Currently, sphagnum harvesting on state-owned land is control

led via a licencing system. The Department of Lands and 

Survey issues 12 month permits to remove sphagnum; originally 

these had a single fee of $100 for whatever sized block the 

permit covered but some are now being issued with a royalty 

fee. The New Zealand Forest Service uses two systems. Under 

one, sphagnum bearing sites are tendered and 90 day permits 

to remove issued to highest bidders. The alternative system 

is a permit, originally issued for 12 months but now only for 

six months, which costs $10, in addition there is a royalty 

payable of $10 per wet tonne removed or 10 cents per dry 

kilogram. 

The management procedures employed have not been completely 

satisfactory and there has been some disagreement within 

government departments concerning the systems used. Many 

people working in the industry have favoured the issuing of 

permits over longer time periods and some people would value 

the opportunity to experiment with methods to increase yields 

of sphagnum 
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6 • 2 Resource management 

A very large proportion of land on the West Coast is state

owned and the greater percentage ~f the sphagnum re~ource is 

on this land. Policies of government departments concerning 

land use influence the development of the sphagnum industry. 

If it is recognised that sphagnum harvesting has potential 

as a long term land use and that its development is in the 

public interest, policies should be developed which encourage 

the industry. 

In Chapter 2 of this study, four criteria were outlined against 

which to evaluate resource use options. Industries were 

evaluated in Chapter 5 according to the extent to which they 

met these criteria of economic efficiency, sustainability, 

planning and management for people, and environmental quality. 

These criteria can also be considered generalised objectives 

of management and government departments can aim to ful 1 

these objectives while managing the sphagnum resource. 

Current management appears to stress simplicity and minimum 

time and effort from those responsible for management, rather 

than encouraging resource use which appears to be in the 

public interest. 

Maximising economic efficiency, and returns to workers and 

companies, within the whole industry is dependent on many 

factors external to land management. However, at the harvest

ing stage, the specific details of management techniques affect 

the profitability of operations. From the industries pers

pective,the lower the land rental fee(the larger the net 

revenue at the harvesting stage. From the perspective of the 

government departments, there are various transactional costs 

involved in managing the resource, such as in surveying and 

mapping areas, and these costs must be met from somewhere. 

Land rentals for sphagnum producing land have been relatively 

low thus encouraging use of state-owned land. Revenues 

currently received may not be sufficient to recoup the costs 

of management. Licence costs could be increased in order to 

meet the costs involved or further, to enable government 

departments to receive a net profit. Whereas the industry 

could sustain some increase in costs at the harvesting stage, 
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ther'earelimits to the', amount that could be supported. Any 

increase 'in costs deCreases the' net return to labour of most 

harves'ters i very few people are harvesting as wage workers and 

, theivast majority are self employed. Too large an increase in 

fees will make sphagnum harvesting on state-owned land unattra

ctive. Licence fees must be a compromise between the financial 

needs of management agencies and those using the resource. 

Licences issued with lump sum payments are most simple for 

both government departments and sphagnum harvesters. The 

Department of Lands and Survey has used this teChnique with 

small fees payable, that is $100 for any sized area. Obviously 

larger revenues could 'be received as suggested by a tender of 

$450 offered for a Forest Service block smaller than ten 

hectares. Methods to correlate the size of block licenced 

with an appropriate fee are complicated as the consistency 

of sphagnum cover varies widely, whereby a large area may be 

licenced which contains only a few hectares of sphagnum in 

harvestable densities (i.e. greater than I dry tonne per_ 

hectare). The effort involved in delineating the extent of 

the harvestable resource would be, most likely, not worth

while. Royalties solve this problem if they are returned 

honestly, however, they may involve greater administrative 

time and effort. Suitable systems may be derived involving 

a tiered system of lump sum payments with small amounts 

payable per hectare with increased total size of block 

licenced. 

Higher net revenues may be achievable from the sphagnum industry 

if the resource is managed more intensively. Simple preliminary 

financial analysis of a proposed sphagnum farm suggests high 

net revenues are achievable (Section 4.7.2.). Developments 

in the industry of this nature in which workers are encouraged 

to invest time and money in site preparation, and develop 

techniques encouraging sphagnum growth, necessitate exclusive 

rights over areas for extenped periods of time. Provisions 

for long term licences allowing more than one harvest from a 

site, for example, five years or more, could enable a far 

more efficient use of the resource and higher net revenues per 

hectare used. 
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Sustainable use of the sphagnum resource.is dependent on 

natural characteristics of sphagnum and other resources used 

in th~industry, on the nature ~f the market, and profita-: 

bility attracting people and compani~~ to the industry. Land 

management policies are limited in the extent to which they 

affect the sustainability of resource use. Higher licence 

fees may discourage some people from harvesting; long term 

licences and the. potential for farming sphagnum may attract 

more people to the industry. 

It is likely that those operations which use the land more 

efficiently, such as by maximising net revenues per hectare 

use~will be more resilient to changes in the industry 

affecting sustainability, for example, fluctuations in market 

price. Having exclusive rights over areas for longer periods 

of time encourages the use of techniques to increase yields 

of sphagnum, thereby increasing land use efficiency. 

Needs and desires of people related to land use are largely 

of employment. People have specific needs and desires regard

ing the nature of such employment and revenues received. 

People are harvesting sphagnum and thus one can assume the 

work is attractive, if only from an economic motive. As 

already stated, raising licence fees may discourage some 

people from harvesting sphagnum on state-owned land and 

long term licences may attract people to the industry. 

Specific employment needs of West Coast people are for school 

leavers, and particularly young women. Most women employed 

full time in the industry are wage workers at drying plants 

and for a company employing people to harvest sphagnum. The 

percentage of women working full time in the sphagnum industry 

is greater than that working part time. Most people are only 

working part time and are provided for by short term licences 

allowing them to obtain relatively high net revenues. It is those 

people working full time that have expressed a desire to 

intensify management techniques. Long term licences encourag

ing intensification may lead to an increased number of full 

time workers and increased number of jobs for women. 

Sphagnum species and pakihi mires have many values which 

comprise the total quality of these plants and their habitats. 
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Land development via drainage destroys these values and 

sph~gnum harvesting affects, considerably, the quality of sites. 

In order that some of the qualities of these natural ecosys

tems are retained in the West Coast region, areas of sphagnum 

mire should be preserved in appropriate reserves. These 

would serve as baselines against which to compare the effects 

of harvesting and retain many of the values of these habitats 

independent of productive benefits (Section 2.2~3). 

The Reserves Act 1977 establishes the need for 

If the preservation of representative samples 
of all classes of natural ecosystems a-nd 
landscapes". 

This includes both functioning systems and assemblages of 

component species. 

The extent and distribution of sphagnum mires and species on 

the west Coast is unknown. It is important that areas are 

reserved which together contain representatives of all five 

sphagnum species. Of species associated with sphagnum, South 

Island fernbirds have been singled out as needing particular 

attention. in terms of preservation. Areas providing good 

fernbird habitat are listed in reports of the Wildlife Service 

(Coker and Imboden, 1980; Morse, 1981). Some rare and uncommon 

plant species are found in mires. Ideally reserves could be 

established protecting a large diversity of plant and animal 

species within one area. 

Suitable reserves could be established as Scientific Reserves 

under the Reserves Act 1977 or Ecological Areas under the 

Forests Amendment Act 1973. 

6.3 Recommendations 

1. That policies enabling the issue of long term licences 

over areas suitable for sphagnum harve~ting be designed. 

2. That licences are issued with either lump sum payments 

based on a tiered correlation between area and fee or 

a royalty payable. 



3. That reserves are established to preserve sphagnum 

species and associated plant and animal species 

and communities. 
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APPENDIX I Climate 

The' 'West Coast region has a mild and humid climate. Tempera

tures are generally warm; precipitation and relative humidity 

is high., Various climatological observations for five 

stations in the region over periods up to 1970 are listed in 

Table AI.I, as derived from New Zealand Meteorological Service 

(1973) • 

Table Al.I Climatological observations to 1970. 

Parameter Station 

westport Greymouth Hokitika Franz Josef Haast 

Rainfall {rnrnf 
highest annual total 2 616 2 998 3 923 7 500 4 564 
normal annual total 2 152 2 488 2 775 5 130 3 470 
lowest annual total 1 686 2 005 2 046 3 508 2 725 

Temperature (oC) 
mean annual maximum 24.8 25.6 24.5. 26.7 24.9 
normal 11.9 12.1 10.9 10.8 10;9 
mean annual minimum -0.2 -0.9 -2.5 -2.2 -2.0 

Days with ground frost 
annual average 43.7 32.2 60.9 74.8 59.1 

Relative humidity 
average at 9 am 80 83 87 86 83 

Sunshine hours 
average 1 941 1 694 1 863 1 844 
% of possible 45 39 43 43 

, 
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APPENDIX 2: Soils 

Pakihi soils vary in parent material, degree of podzolisation, 

age, climate and relief, however, _-they all have certain features 

in common (M.J. Ellis, pers.comm.): 

(a) deficiencies of most essential plant nutrients, 

the natural results of leaching under conditions 

of high annual rainfall. 

(b) Lack of vertical drainage caused by compact, 

structureless, impervious subsoils, often with 

iron-humus pans overlying cemented gravels which" 

occur from 15 to 120 cm below the surface. Thus, 

much of the water movement occurs laterally on or 

near the surface. 

Pakihi soil types 

Pakihi soils and various characteristics are listed in Table 

A2.l. More detailed information on these soils, plus their 

limitations for productive uses, are found in soil survey 

reports: Adams and Mew (1976a, b), Laffan and Adams (1977), 

Mew (1980), Mew et al. (1975) and New Zealand Soil Bureau 

(1968). 
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Table A2.1 Pakihi soils 

Soil set Physiographic area surface nutrient C : N 
position (ha) pH status ratio 

Oamanu Low glacial 1 000 4.6 low 
outwash terraces 

Kumara Low glacial 33 000 4.3 low 24 
outwash terraces 

Okarito Intermediate and 84 300 3.9 very low 37 
high glacial 
outwash terraces 

Waiuta Intermediate and 57 400 4.2 low 23 
high glacial 
outwash terraces 

Kini Intermediate and 13 800 3.7 very low 27 
high glacial 
outwash terraces 

Kongahu Coastal marine 5 000 4.4 very low 25 
benches 

Charleston Coastal marine 2 400 4.3 very low 26 
benches 

Addison Coastal marine 6 700 3.8 very low 
benches 

Utopia Coastal marine 6 400 4.4 low 
benches 

Waita Coastal marine 7 200 very low 
benches 



APPENDIX 3 Economics and employment in the sphagnum 

industry 

3.1 Case Study 1 - return to labour 

Using the 12 per cent interest rate as an example a total 

annual cost would be: 

Total annual cost = total annuity + variable cost 

= $ 1 636 

=$10 184 

+ $8 548 
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Gross returns for one year from the sale of sphagnum 

were: 

$26 108 

Net returns for this period were: 

$15 924 

For this amount the two men worked 29 hours each, on average, 

throughout the year, totalling 3 016 hours. The return to 

labour throughout the year ending mid-May 1982 was: 

$15 924/3 016 = $5.28/hour 

Varying the total annuity gives the different returns to 

labour as listed in the text. 

3.2 Case Study 2 - Opportunity cost of labour 

In order to secure alternative employment it is assumed 

the workers will have to travel to nearby Greymouth or 

Hokitika. The distance to the closest of these would be 

that 

approximately 25 kilometres. If a travel cost of 24 cents 

per km is assumed (based on public service vehicle allowance 

rates: 1351 - 2000 cc, 10 400 km annually) then the daily 

return trip costs $12, or $6 each. And if it is assumed that 

their 29 hours of work per week was divided amongst 5 days 

with an average of 5.8 hours per day, the additional cost per 

hour employed would be $1.03. An opportunity cost of labour 

is involved if work is available at a rate greater than $6.31 

per hour (i.e. $5.28 + $1.03), or if the returns to labour 

dropped to $4.44 per hour (i.e. $5.47 - $1.03). 
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3.3 Case Study 2 - return to capital 

It is assumed that the variable costs of fuel, bales, trans

port and wet sphagnum vary in direct proportion to the amount 

processed (i.e. $2 524.37 per dry tonne). There is a fixed' 

weekly cost of $100 for machine maintenance ($5 200 annuallY) 

and the number of wage workers is reduced in steps. One 

manager at an assumed $6 per hour ($14 976 annually) is a 

fixed annual cost. The net revenues are calculated in 

Table A3.l. 

Table A3.1 Variable costa and benefits of case study 2 

Annual Number of Total variable Total revenue Net revenue 
Production Wage costs ($ ) ($) ($) 
(tonnes) Workers 

30 2 123 213 135 000 11 787 

40 3 162 110 180 000 17 890 

50 4 201 007 225 000 23 993 

60 4 226 251 270 000 43 749 

The return to capi tal the net revenue as a percentage of 

total capital cost and various examples are listed in the 

text. 

3.4 Gross cost of industry 

(i) Harvesting 

Table A3.2 Harvesting costs of small-sized sphagnum company 

Source Costs ($ ) 

Roading 240 
Travel 4 680 
Bales 235 
Rope 170 
Royalties 653 
Employees 728 
Labour 1 4 942 
Miscellaneous 61 

Total 11 709 

1. 936 hours @ $5.28/hour 
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Distance wet sphagnum transported to introduce opportunity 

cost of labour: 

Break e~eri point: total costs =$13968 

i.e. $13 968/6527 kg = $2.14/kg (th~e~uivalerit 

price per dry kg for sphagnum sold wet). 

This represerits an annual increase in costs from present 

of $2 250 (i.e. $13 968 - $11 708) and is the cost of 

transporting wet moss 122.5 kilometres. 

An opportunity cost of labour is involved if the return 

to labour drops to $4.44/hour. 

Present labour cost = $4 942 

Labour cost @ $4.44/hour = $4 156 (936 hours) 

Return to labour drops to $4.44/hour if other costs 

increase by $786 (i.e. $4 942 - $4 145) Distance 

travelled that would equal this amount is: 

$786 x travel cost rate (km/$) 

= $786 x 122.5/2 250 

= 42.6 kilometres 

Total distance travelled to introduce opportunity cost 

= 42.6 + 122.5 

= 165.1 kilometres 

(ii) Drying 

Case Study 1 

The total costs of case study 2 include the variable costs 

plus the capital costs. Using the ammortization formula 

(Section 4.4.l) an annuity is calculated for the capital cost 

of $75 000. 

Table A3.3 Annual payments of medium-sized operation in dollars. 

Interest Annuity Annuity Annuity 
rate (over 5 years) (over 10 years) (over 15 years) 

0 15 000 7 500 5 000 

5 17 323 9 713 7 226 

10 19 785 12 506 9 861 

12 20 806 13 274 11 012 

15 22 374 14 944 12 826 
--
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The purchase of raw material is not part of the: cost of the: 

drying process and is therefore left out. Using the data 

from Tahle4.5 the costs are as follows: 

Total annual variable cost: 4 442 x 52 = $230 984 

raw material cost: 2 550 x 52 .- $132 600 

Costs of drying process = variable cost + annuity - raw mater-

ial costs 

Costs of dry kilogram 

Case Study 1 

Capital costs 

Variable costs 

Labour costs 

Total annual costs 

Costs per dry kilogram 

Simple rack drying (data 

Capital costs 

Labour costs 

Total annual costs 

Costs per dry kilogram 

= $230 984 + $13 274 - $132 600 

=$111 658 

= $111 658 / (1 190 x 52) 

= $1. 80 

= $1 636 (annuity of $7 282, Table 

= $1 781 (electricity and motor 

maintenance) 

=$10 982 (2080 hours @ $5. 28/hour) 

=$14 399 

=$14 399/6 527 

= $2.21 

from case study 1) 

$ 422 (annuity on $1 282 - four 

year pay back period and 

12% interest rate; costs 

wool presses, racks and 

miscellaneous) 

8 237 

$8 659 

= $8 659/4 895 

= $1. 77 

3.5 Average costing for West coast industry selling 

c.i.f. - assumptions. 

4.6) 

of 

Assumes that most sphagnum harvesters receive no net returns 

after paying wages if selling wet moss. One company is 

employing workers to pick sphagnum and experiences a net 

return. Assuming that this company supplies one third of 
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West coast supplies the average costs are reduced to an 

estimated $1.88 per dry kilogram. Many people drying sphagnum 

are self-employed and pay all net revenues from selling moss 

to themselves as wages. Under this system the total costs 

up to the drying stage would be equal to the gross revenues, 

that is $4.00 per dry kilogram. Assuming a gross cost to 

the harvesting stage of $2.14 per dry kilogram a break-even 

cost at the drying stage is $1.86 (i.e. 4.00-2.14). Some 

companies drying costs are as low as $1.80 (e.g. case study 

2); averaging these two costs gives a figure of $1.83 per 

dry kilogram. A transporting and packing cost of $1.02 per 

dry kilogram is an average of $0.54 and $1.50. A shipping 

cost of $1.40 per dry kilogram is assumed based on a typical 

figure of $1.50 but with some shipments having costs as low 

as $1.00. 

3.6 Net returns on capital for sphagnum industry 

The capital input is a small proportion of total costs and 

is only incurred at the drying stage. 

Case Study 1 (from Appendix 3.4): for a cost per dry kilogram 

of $2.21 the annuity assumed for capital costs was $1 636. 

This is a cost of $0.25 per dry kilogram (i.e. 1 636/6 527). 

The cost per dry kilogram without capital costs is thus $1.96 

(i.e. $1.21-$0.25). 

Case Study 2 (from Appendix 3.4): for a cost per dry kilogram 

of $1.80 the annuity assumed for capital costs was $13 274. 

This is a cast of $0.21 per dry kilogram. (i.e .. $13 274/(1 190 x 

52». The cost per dry kilogram without capital costs is thus 

$1.59. This depends on a high rate of throughput and, using 

this same method plus the data in Table A3.1, the cost per 

dry kilogram without capital costs for different levels of ' 

throughput would be: 

30 tonnes = $1. 96 per dry kg 

40 tonnes = $1. 91 per dry kg 

50 tonnes = $1. 88 per dry kg 

60 tonnes = $1. 63 per dry kg 

If these drying costs are added to the other costs throughout 

the industry the total cost without capital is derived for the 



whole industry. 

In an ideal system the costs could be as follows: 

harvesting 

drying 

transport and 

packing 

$1.35 

$1.59 

$0.78 

$3.72 
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At an export price of $6.00 f.o.b. the net return is $2.28. 

If this was a system involving the drying plant of case study 

2 with the high rate of production (61 880 kg per annum) the· 

return on capital would be: 

$2.28 x 61 880/75 000 

= $188.1% 

For case study 1 the costs are assumed to be: 

harvesting 

drying 

t & p 

$1.77 

$1.96 

$1.02 

$4.75 

The net return is $1.25 per dry kilogram and the return on 

capital would be: 

$1.25 x 6 527/7 282 

= 112.0% 

For case study 2 an annual throughput of 50 tonnes is assumed. 

Costs could therefore be: 

harvesting 

drying 

t & p 

$1.88 

$1.88 

$0.78 

$4.54 

The net return is $1.46 per dry kilogram and the return on 

capital would be: 

$1.46 x 50 000/75 000 

= 97.3% 

For an inefficient system using the drying plant of case study 

2 working well below capacity (30 tonnes per annum) the costs 

could be: 

harvesting 

drying 

t & P 

$2.14 

$1.96 

$1.02 

$5.12 
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The net return is $0.88 per dry kilogram and the return on 

capital would be: 

$0.88 x 30 000/75 000 

= 35.2%. 

3.7 Assumptions for potential employment in sphagnum 

industry 

The harvesters in case study 1 had an output of 6 527 dried 

kilograms in one year based on 936 hours harvesting and 

transporting wet sphagnum, a rate of 7.0 kg per hour. This 

was lowered to 6.0 kg per hour as many sphagnum sites require 

further travelling before reaching drying facilities. To 

produce 100 tonnes would require nine people working 40 hours 

each with a 49 week year. 

The company of case study 2 is employing five people in 

producing an amount equivalent to 58 tonnes if a 49 week is 

assumed. To produce 100 tonnes would require nine people. 

It is assumed that two people are required for shipping and 

administration. 

3.8 Sphagnum cost-benefit analysis 

A project evaluation package stored on computer at the Centre 

for Resource Management, University of Canterbury, was used 

to analyse the economics of sphagnum harvesting and proc~ssing. 

The analysis was undertaken on a per hectare basis and various 

regrowth rates and levels of production were used. Selling 

f.o.b. was assumed. 

The costs assumed were: 

harvesting 

drying 

t & p 

$1.88 

$1.83 

$1.02 

$4.73 per dry kilogram 

Various production figures and regrowth rates were analysed. 

For example, ifan achievable harvest of 2 tonnes per hectare 



and a regrowth rate of three years was assumed the cost

benefit flow would look like this: 

Year Industry cost Revenue Net benefits 

0 

1 

2 9 460 12 000 2 540 

3 

4 

5 9 460 12 000 2 540 

6 

7 

8 9 460 12 000 2 540 

9 

10 

11 9 460 12 000 2 540 

12 

13 

14 9 460 12 000 2 540 

15 

etc tf year 30 

3.9 Employment 
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Table 4.11 in Section 4.6.1 assumes that 20 people would be 

employed in the sphagnum industry per 100 tonnes exported. 

If 2 tonnes per hectare is the average harvest then this 

amount could be produced from 50 hectares. If a five year 

regrowth rate is assumed 20 people could be permanently 

employed on 250 hectares of sphagnum bearing land. This 

respresents 12.5 hectares per person. 

with 50 per cent of the land capable of supporting sphagnum 

harvesting the labour intensity would be one person per 25 

hectares and so on. 



APPENDIX 4 Farming economics 

4.1 Sheep farming - cost and income assumptions 

Table A4.1 Farm development costs - pakihi 

Year Activity $/ha 

1 Draining 40 

2 Root raking 200 
Gorse control 190 

3 Fencing 180 
Lime (5 tonnes) 200 
Grass seeda 60 
Fertiliserb (1 tonne) 180 

4 •••• Fertiliserc (500 kg) 90 

6,9,12 ... Limed (2.5 tonnes) 100 

a. 20 kg Nui, 5 kg Huia 
b. 500 kg 22% potash sulphur superphosphate, 

500 kg pakihi starter mix 

c. 500 kg 22% potash sulphur superphosphate 
- annual maintenance 

d. maintenance lime application every three 
years 

Source: M.J. Ellis (pers.comm.). 

Variable costs and income 
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The following costs and revenues are assumed for a flock of 

1 000 ewes and replacements totalling 1 178 stock units 

(Source: M.J. Ellis, pers.comm.). They are weighted for 

overseas exchange. 

Production: 

Lambing percentage 

Deaths - ewes 

- hoggets 

Wool weights 

-95% survival to sale or stock 

5% 

4% 

4.5 kg per stock unit 

Average of five lambings per ewe, retaining own replacements 
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and fattening 40 per cent of surplus lambs with the balance 

being sold store on the block. All cull ewes sent to the 

works. Two per cent of rams used for mating. 

Income: 

200 cull ewes ($30.90 x 1.0859) = $ 6 710.00 

275 fat lambs ($36.60 x 1.0853) = $10 923.00 

405 store lambs ($16.40 x 1.0853) = $ 7 208.56 

Wool, 5 418.8 kg ($ 3.69 x 1.088 ) = $21 754.96 

Total, income = $46 596.52 

= $39.56/s.u. 

costs, freezing works to f.c.b. 

Wool - 5 418.8 kg @ $0.49 == $ 2 655.21 

Freezing works 

- ewes, 200 @ $18.70 = $ 3 740.00 

- fat lambs, 275 @ $14.80 == $ 4 070.00 

Animal health 

- 1 178 stock units @ $0.60 = $ 706.80 

Shearing 

- 1 178 stock units @ $3.05 = $ 3 592.90 

Ram purchases 

- 5 @ ($160 x 1.0859) = $ 868.72 

Cartage 

- 200 ewes @ $2.70 = $ 540.00 

- 275 fat lambs @ $2.00 = $ 550.00 

- 5 rams @ $5.00 = $ 25.00 

Commission on store sheep sales = $ 365.31 

{$6 642 x 0.055} 

Total = $17 113.94 

= $14.53/s.u. 
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Farmip.g costs were assessed on a per stock unit basis: 

Farming costs: 

a Wages and allowances 

Freight (not elsewhere included) 

Repairs and maintenance 

Vehicles 

Electricity 

Wintering 

Farm stores 

Administration 

$ per 

Years 0-8 

4.56 

0.16 

1.79 

1.14 

0.07 

2.25 

0.20 

0.26 

10.43 

stock unit 

Year 9 onwards 

4.56 

0.20 

1.79 

1.25 

0.07 

2.00 

0.18 

0.50 

10.55 

a. Wages and allowances actually paid in the post settlement 
period (Year 9 onwards) will be much lower than $4.56. 
However, this figure includes the managerial reward and 
is used in order to be consistent with costs assessed for 
the sphagnum industry. 

An additional cost is incurred at the beginning of farm devel

opment for the purchase of stock; a cost of $34.90 per stock 

unit is assumed - this is the mean price of cull ewes at 

works (Ministry of Agriculture and Fisheries, 1982c). 



4.2 Beef cattle farming - cost and income assumptions 

Farm development costs are assumed to be the same as for 

sheep farming, Table A4.1. 

Variable costs and income 
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The following costs and revenues are assumed for a herd of 

7810 stock units (Source: M.J. Ellis, pers.comm.). The 

estimates are weighted for overseas exchange. 

Producti·on: 

Calving 

Deaths 

85% s~rvival to sale or herd 

2% in all classes 

An average of five calvings per cow. All weaner steers and 

surplus weaner heifers sold in the autumn. Cull cows sold 

to the meat works. 

Income: 

180 Cows @ ($342 x 1. 0866) 

8 Bulls @($580 x 1.0866) 

215 Heifer calves @($150 x 1.0866) 

425 Steer calves @ ($204 x 1.0866) 

Total income 

Costs, freezing works to f.o.b. 

Freezing works 

- cows, 180 @ $114 

- bulls, 8 @ $140 

Animal health 

- 7 810 stock units @ $0.70 

Bull purchases - 8 @ ($884 x 1. 0866) 

Cartage - 640 calves @ $5.00 

8 bulls@ $50.00 

Commission ($118 950 @ $0.055) 

Total 

= $66 891.10 

= $ 5 041.82 

= $35 042.85 

= $94 208.22 

=$201 183.99 

= $25.76/s.u. 

= $20 520.00 

= $ 1 120.00 

= $ 5 467.00 

= $ 7 684.44 

= $ 3 200.00 

= $ 400.00 

= $ 6 542.25 

= $44 933.69 

= $5.75/s.u. 
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Farming costs are assumed to be the same as for sheep 

farming, that is $10.43 per stock unit in years 0 to 8 and 

$10.55 per stock unit thereafter. 

A cost of $278 per head is assumed for the purchase of stock; 

this corresponds to $46.33 per stock unlt. 



4.3 Dairy cattle farming - cost and income assumptions 

Farm development costs are assumed to be the same as for 

sheep farming (Table A4.1) and beef cattle farming. 

Variable costs and income (M.J. Ellis, pers.comrn.). 
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Assume 100 cow herd running at 12 stock units per hectare, 

retaining 25 yearling' heifers; death rate 3 per centi calving 

90 per cent survival to sale or herd. Two bulls for following 

up on herd after artificial insemination and mating heifers. 

Jersey or small framed jersed x fries ian herd producing 110 kg 

per cow' in the first year from 95 effective milkers (10 450 

kg of milkfat) increasing to 120 kg per cow (11 400 kg) in' 

the second year, 130 kg per cow (12 350 kg) in the third year, 

135 kg per cow (12 825 kg) in the fourth year and averaging 

140 kg per cow per year thereafter (13 300 kg). Stocking 

rate 12 stock units per hectare; 860 stock units total. 

Income- first year: 

10 450 kg milkfat @ ($4.36 x 1.0851) = $49 440 

Cull cows, 21 @ ($325 x 1.0866) = $ 7 416 

Bobby calves, 65 @ ( $54 x 1.0866) = $ 3 814 

Bull, 0.5 @ ($580 x 1.0866) = $ 315 

Total income = $60 985 

= $70.9l/s.u. 

Costs - first year: 

10 450 kg milkfat @ $0.95 = $ 9 928 

21 cull cows @ $112 = $ 2 352 

65 bobby calves @ $24 = $ 1 560 

0.5 bull @ $140 = $ 70 

Purchases, 0.5 bull @ ($540 x 1.0866) = $ 293 

Farm working expenses = $11 700 

Repairs and maintenance = $ 3 500 

Administration = 1 800 

Total = $31 203 

= $36.28/s.u. 
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Income - succeeding years: 

second year = $76.14/s.u. 

1;:hird year = .$81. 37 /s. u. 
fourth year = $83.98/s.u. 
fifth year = $86.S9/s.u. 

Costs - succeeding years: 

second year == $37.33/s.u. 

third year = $38.38/s.u. 

fourth year = $38.91/s.u. 

fifth year == $39.43/s.u. 

A cost of $308 per head is assumed for the purchase of stock; 

this corresponds to$S1.33 per stock unit. 



APPENDIX 5 Forestry economics and employment 

5.1 Economics 

1. Cost assumptions 

Table AS.l Forestry costs - pakihi 

Year Activity $/ha 

0 Land development 420 

1 Planting 172 
Fertilising 130 
Releasinga 20 

5 Fertilising 200 

6 Pruning 260 
Thinning 120 

'8 Pruning 230 
Thinning llO 

9 Fertilising 200 

10 Pruning 140 

30 . b 
Harvest~ng 29 000 

a. Actual cost is $200/ha however only 
approximately 10 per cent of land 
planted will require releasing. 

b. Includes logging, loading and sawing. 

Source: C. Gleason (pers.comm.). 

The production from one hectare is estimated to be 439 m3 

round logs; this reduces to 263.4 m3 sawn output. 

Transport costs West Coast to Lyttelton are assumed to be 

$35/m3 or $9 2l9/ha. 

2.. Revenues 
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Production. from thinnings would be very small and is suitably 

ignored in the economic analysis (Jackson, pers.comm.). 

The top f. o. b. pr ice for No. 1 green sawn boards in December 

1982 was AUs$170/m3 or NZ$226.79/m3 • Other prices were 

analysed in addition to this. 
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5.2 Employment 

The number employed by a medium sized, export oriented saw

mill (input 200 000 m
3

) was 225 in an example given by the 

Development Finance Corporation of New Zealand (1980). This 

employment was broken up as follows: 

Processing 140 

Harvest/Transport 70 

Planting and . 15 

Pruning 

225 

The plantation example used in this study produced 439 m3/ha 

on a 30 year cycle. Therefore to give permanent employment 

to these people would require: 

200 000 ~ 439 x 30 = 13 667 hectares. 

This assumes that a total forest of 13 667 hectares has 

455.6 hectares (i.e. 200 000 ~ 439) planted and harvested 

annually. Such a forest would require some additional land 

for riparian strips, roads and so oni 1 000 hectares is 

assumed. Therefore a total forest size of 14 667 hectares 

would support 225 people permanently after a 30 year growth 

period. This represents 65 hectares per person. 



173. 

APPENDIX 6 :' West Coast 'peopTeand planning 

The source~ for this brief description are analyse~ of West 

Coast communities by social science researchers (Bennet, 1980; 

Houghton, 1979; Simpson-Housely, 1980). 

6.1 People 

The West Coast of the South Island supports a population of 

close to 35 400, approximately one per cent of the total 

population of New Zealand, on an area of land which is 8.7 

per cent of the New Zealand total; the region could thus be 

considered to be sparsely populated. Three quarters of the 

region is largely uninhabited due to the mountainous terrain, 

and the majority of the small population lives in the urban 

centres of Westport, Greymouth and Hokitika. The population 

on the West Coast reached a peak of nearly 40 000 in the 1951 

census, the decline since then was interrupted by an increase 

between the censuses of 1971 and 1976. 

The population decrease in the region has been due to the 

outward movement of people as opposed to a low natural 

increase. Many young people leave the region because of the 

lack of employment and other opportunities; older people 

are also leaving the region for reasons of redundancy. Most 

people who are permanently on lithe Coast ll enjoy living there 

and many would prefer to stay there rather than move with or 

to jobs in other areas of the country. 

Agriculture and forestry are the two industries employing 

the most people on the West Coast; of secondary importance are 

coal mining and tourism. Fishing, hunting and cement manu

facture are of lesser significance regionally. A large 

proportion of the total population is employed in service 

activities. Transport, communications and health employ 

considerable numbers of people, largely due to the isolation 

of the region. Manufacturing is not a large employer but 

the numbers so employed are on the increase. Table A6.1 lists 

employment figures for West Coast industries. 



Table A6~'1 Employment in the" West Coast region 

Basic Labour % Total 
Activities units Labour 

Units. 

Agric/Farm Proc. 1 491. 5 11. 7 
Forestry/Wood 

Processing 1 404.5 11.1 
Coal Mining 664.0 5.2 
Visitor Accom/ 

Services 422.0 3.3 
Clothing Manu. 330.5 2.6 
Cement Manu. 293.5 2.3 
Fishing/Processing 188.5 1.5 
Hunting/Processing 110.0 0.9 
Plastics Manu. 54.0 0.4 
Gold Mining 45.0 0.4 
Greenston Manu. 39.0 0.3 
Glass/Stone Manu. 13 .0 0.1 

TOTAL 5 055.5 39.8 

Service Labour % Total 
Activities Units Labour 

Units 

Construction 1 320.0 10.4 
Wholesale/Retail 1 047.0 8.2 
Health 848.0 6.7 
Transport Services 663.5 5.2 
Education 429.0 3.4 
Communication 414.0 3.2 
Motor Garages 391.5 3.1 
Hotel/Meals 388.0 3.1 
PubliC/LA Admin 375.0 3.0 
Business/Finance 313.0 2.4 
Trans. Eqpt. Manu. 301.0 2.4 
General Manu. 276.0 2.2 
Electricity/Water 225.0 1.8 
Food Manufacture 188.0 1.5 
Miscellaneous 462.5 3.6 

TOTAL 7 641.5 60.2 

I GRAND TOTAL 
1 12 697.0 100.0 

1. Total employment: 11 693 full time and 
2 008 part time (12 697 labour units) 

Source: Bennet (1980) 
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Throughout its history the West Coast has supported its 

people with primary resource based employment. Many resources 

have left the region in an unprocessed form. The West Coast 

has consequently exported much of its resource wealth and 

this history of exploitation has been to the detriment of 

the region, leaving it economically somewhat depressed. 

Employment in natural resource based industries has decreased 

because of the diminishing stocks of some resources and 

government policies aimed at resource protection. Feelings 

are widespread in some areas that the Government has paid 

too much attention to "conservati~Qnists" in deciding on West 

Coast policy and that non-West Coasters have been responsible 

for the reduction in employment opportunities. 

Local opinion appears to favour farming as being the most 

important industry for the future of the West Coast. 

Forestry is also seen as an important future prospect. Land 

use in general on the West Coast is a very important issue 

for the people of the region and decisions made with respect 

to land use have the potential to help towards boosting the 

region's economy and population size. Central government 

or government agencies control approximately 85 per cent of 

the land area of the region. This responsibility has meant 

decisions regarding the West Coast must be made wisely in 

view of the potential effects on the social and economic 

state of the region. Decision making with respect to resource 

development is complicated by the presence orithe West Coast 

of natural resources valued by many New Zealanders, including 

the West Coasters, in their undeveloped state. A large 

percentage of New Zealand's lowland indigenous forest resource 

is located on the West Coast. This resource has values. 

recognised by many people (Section 2.2.3); the fact that it is 

undeveloped gives it further intrinsic value. Conflicts 

have arisen regarding preservation of much of what remains of 

this resource and its use for timber production. Fears have 

also been expressed that there may soon be very few areas 

left of undeveloped sphagnum mire. 

Most people of the region appear to be averse to ideas of 

large scale developments which would interrupt their 
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lifestyle and introduce large numbers of people into areas 

presently supporting few. Some however, see the need for 

economic expansion as overriding the need to. maintain community 

size and structure. The most widespread opinion is that small 

scale development is more appropriate for the region. 

There are different opinions regarding the preferred direction 

of future developments in the different regions of the West 

Coast. Simpson-Housley (1980) analysed the attitudes of 

peeple in Karamea, Reef ton, Hokitika and Hari Hari. Each 

of the feur communities decisively favoured the continued 

growth of farming, fishing, forestry, mining, tourism and 

manufacturing. Reef ton residents favoured increases in 

industrialisation of the area and showed a desire for 

increased population size. Residents of Hokitika and Hari 

Hari were satisfied with their present community size. A 

vast majerity of people in all areas favoured changes in 

develepment that went towards increasing the processing of 

natural resources on the West Ceast. Gevernment financial 

assistance was thought to. be the best way to achieve this ; the 

greater private ownership of West Coast industries was also 

stressed. 

6.2 West Coast Regional Planning 

The West Coast Regional Planning Scheme - Proposed Section 

One (West Coast United Council, 1981) gives some understanding 

of the desired future of the region as perceived by the West 

Ceast United Council. The document is secially based and 

leoks at the leng term interests of the people ef the region 

in aiming to. previde some sort of security in the future of 

the West Coast. 

The prepesed scheme stresses the need to. provide adequately 

for these who. wish to live on the West Coast in view of the 

fact-that the populatien at present is diminishing. It is 

viewed as important that these who. live there are pleased 

with the life-style available to. them and that there is 

prevision for more people to. move to the region and enjoy 

this life-style. 
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The employment policies are aimed at increasing the number of 

people employed and. providing for those groups which do not 

find jobs very readily; young women are mentioned specific

ally. Processing industries are viewed as contribtiting 

positively to the objectives desired for the region. 

The environmental policies stress the aesthetic values of 

the physical environment as perceived by both the locals and 

those living outside the region. The maintenance of these 

values is seen as desirable, but so also is the increase in 

employment in avenues of resource development and management. 

The resource development policies aim at achieving regional 

social objectives with the minimum of adverse effects on the 

physical environment. Local processing of resources is 

preferred to exporting while in the unprocessed form. 

Preference will be given to the development of renewable 

resources when in conflict with non-renewable resource devel

opment. The past experiences of boom and bust industries 

are viewed as unwanted in. the future as. long term community 

viability must be provided for. 
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