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PREFACE

This is the first attempi to assemble in one place all of the
information about Continuous Cover Foresory (CCF)
which is applicable 0 New Zealand conditions. It has
drawn heavily on the sitsation in continental Europe and
particularly the United Kingdom, where the history of
forest management has some striking similarities o New

Zealand,

After the First World War the forests of Britain were in
a sorry state, having been almost destroyed because of
wartime requirements; in Mew Zealand we had, in less than
100 years almost destroved the unique forests with which
the country was covered. Both countries faced uncerrain
forestry furures and, as this coincided with the beginning
of the new plantation age in forestry, decisions were made
tor re-forest using fast-growing exotic species — in Brirain
mainly with Sitka spruce and in New Zealand mainly with
Piras raeliaza. One hundred years ago even-aged plantation
forests were also becoming the norm through much of
Evrope, so in Mew Zealand we wene with the tide!

More recently some of the disadvantages of even-aged
forestry have become apparent, especially in Europe, and
a swing back 1o more natural forest systems has begun. In
Mew Zealand the lase 20 years have seen a considerable
change in forestry policy with the ownership of even-aged
plantations largely privatised and the management of
Stare indigenous forests placed under the conrrol of the
Conservation Department. This, and the 1993 amendment
to the Forests Act, has Increased the interest in managing
private indigenous forests for timber production. Ar the
samee time 3 few Farm Foresters have been secking betrer
ways (o manage their exotic woodlots and another group
of people, led by Tine's Tree Trust, is seeking to establish
new indigenous forest on previously un-forested land.
Most recenily the Government is proposing to allow forest
owners 1o acquire carbon sequestration rights if chey plane
forests and manage them wsing CCFE IF this proposal, the
Permanent Forest Sinks Initiative, goes ahead then this
manual could be very weeful.

MNow seems to be the right time to assemble in one place as
miuch information as possible abour more narural methods
of managing forests. And whar is more natural than CCF,
which by definition means thar the forest is managed as
naturally as possible by keeping the canopy of the forest,
which is so important for protecting the soil beneath, as
intact as possible.

The wriring of this manual has been complicared by the
need 1o provide background mareral while, at the same
time, coherently covering the practical aspects. This has
been overcome vo some extent by highlighting the practical
aspects throughour the publication.

Mare difficult has been deciding how to deal with the
separate, but at the same time closely interwoven, issue of
i.nd'rg-:nuu.; species verms exotic. One option would have
been to write separate secrions for each bur this would
have necessitated considerable repetition. Management
of existing indigenous forests is separate in thar they are
dealt with under Part 3A of the Forests Act 1949; however,
the issue is not simple when we come to deal with exoric
species or planted indigenous forests, or even mixed forests
of indigenous and exotic species.

While the main interest of Tane's Tree Truse is the
establishment of new forests of native species by planting,
much ofwhar we do Hows into the management of existing
indigenous foreses, and the requirements pertaining
planting and management apply also to exotic species.
And there is no doubt that exotic species are imporant in
MNew Zealand because, unlike most other countries in the
world, we are unique in having a very large component of
exotic trees in our parks, gardens, and forests.

Another problem which has complicated the writing is
Mew Zealand’s lack of an inclusive Forest Law. While forese
management in Mew Zealand is theoretically divided into
separate indjgcnuus and exotic areas, in reality it is more
of a continuum from completely protecred indigenous
forest, thmugl:l indigenous forest managed under the
Forests Act 1949, woodlots of planted and mostly
exotic species, to exoric forestory on land which has no
protection from exploitarion. Thercfore, it is difficult 1o
try to deal with exoric and indigenous forests separately
when considering the introducrion of continuous cover
systems, Consequently the decision was made thar, in
this publication, indigenous and exotic would be treated
together, although dealt with separarely where required.

Finally the author acceprs that, along with the above
complications, there ks still a considerable knowledge gap
relating to the pracrice of CCF in New Zealand. This
publication will hopefully be the first of many on the
subject as a grear deal more remains o be learnt.
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CHAPTER 1: INTRODUCTION

The objective of this handbook is 1o collate
information about Continuous Cover Forestry
(CCF) from a wide range of sources, It secks
o define the concepe, outline its history, and
explain how it might be adapred o New
Zrealand requirements. In order o explain
more clearly how CCF might work in New
Zealand, four case studies are presented as appendices.
Because some of the terms used are new o New Zealand
forest practice, a full glosary is included (Appendix 4).

ZCF has been dehned as "the use of silviculoural systems
whereby the forest canopy is maintained at one or more
levels without clearfelling” (Mason eral, 1999). To achieve
this, telling is carried out continually or imegularly through
the whale of the forest area followed by regeneration, and
there is no clearfelling of stands when trees reach some
pre-determined age (Helliwell, 1999). As a general rule the
cleartelling of areas wider than two tree heights is avoided

and this means that felling coupes are, in practice, less

than 3,25 ha in area.

A more suitable definition for Mew Zealand condirions is:
the management of forests by following narural processes so
thar the forest canopy is always maintained at one or more
levels and the forest will largely self repenerate. Harvest
remiovals will be undertaken as single tree or small coupe
fellings so thar biodiversity, soil and water values, and the
landscape are not compromised. However, it must be noted
that some natural processes are quite large, sometimes

cataclysmic, as with areas of beech forest several hectares
in extent being blown down.

Sustainability is at the hearmr of CCF and in a timber-
producing forest this means that the annual or periodic cut
does not exceed the annual or periodic increment, Widh
CCF the abiliry o maintain the forest canopy and protect,
to a much greater extent than with dearfelling, the ecology
and biodiversity of the site means that CCF is a system
which is almaost ecologically sustainable.

There are many alternative names for CCF; for example,
Daverwald (lit. constant forest), ecological forestry,
selective cutting, close to nature, near-natural foresery,
positive impact forestry, low-impact forestry, and holistic
forestry (Benecke, 1998a.b; Helliwell, 1997; Pammerening
& Murphy, 2004; McEvoy, 2004). Basic to all of these
terms is the concept of maintaining forest cover as complete
as possible. It must be understood that CCF is not a
silvicultural system, but rather a method of management
which can be based around one or more silvicultural
systems, These can be arranged along a gradient, depending
upon the degree of stand interference, viz

Single tree selection < group selection
< shelterwood « clearfell

An important part of the process is the selection and
maintenance of frame rees around which the srands
are buile. As well as ensuring the appropriare size-class
dizteiburion of mrees, selection concentrates on the beer
timbser species, berter quality rrees, and those more suired o
CCF practice; the reverse *[" curve is a guide o achievi
this. Possible systems are outlined by Matthews (1989) and
are illustrared in Figure 1.1 (also see Glossary).

FIGURE 1.1: Classification of the main silvicaltural systems (adapred from Kerr, 1999}
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One of the most important aspeces of CCF is thar it
can include a wide range of forest uses with minimum
compromise and without needlessly affecting the health
of the forest, Management of the forest for EIJCEI impaortant
environmental and social Fctors as bio-diversity, natural
mlﬂglca] pmn,]indmpf protection, recreational use,
and soil and water values is as important a part of CCF
as economic viability (Benecke, 1997, 1999; Matthews,
1989),

In aworld becoming increasingly conscious of envirenmental
degradation, CCF must be regarded as a viable option for
forest management. This especially applies to the growing
of high-quality timbers as opposed to fibre wood growing
— which, because fst-growing light-demanding species
are used, will remain the province of cdearfell forestry.

1.1 OBJECTIVES AND PRINCIPLES OF CCF

The overriding objective is ro maximise the forest benefirs
outlined in the definirions above, while letting narural
processes do as much work as possible; thar is, basing
the whole process upon the ecology of the natural forest
(Helliwell, 1999; Machews, 1989 {Plare 2 Mo.G). Thus
narural regenerarion is preferred o planting, single tree or
small coupe felling o clearfelling; unproducrive thinning
is minimised, there is no age-based rotation, and species
natural to the site are preferred (Helliwell, 1999; Benecke,
1999).

Principles 1 wo 4 have been adapred from those defined
by the CCF Group of Grear Brivain as outlined by
Helliwell (1%99). Principle 5 is included ro cover the
special circumstances relaring to the ma ent of Mew
Lealand’s indigenous foreses. More thar Pare T1IA of the
Foreses Acr 1949 embaodies all of the principles.

Principle 1: Adapt the forest to the site

Work with the sice and its inherent variations rather than
artl_-mp-tin? tor impose some form of artificial uniformity.
In particular, species must either on the site or be
known to be suited to the site; for example, kahikatea
could be sited in wetter areas and tomra in drier. When
establishing a new forest on bare ground, work within the
ecological patterns that are expected to occur locally, Or if
attempting to establish a species outside its normal mange
(which would include all exotics), but on a site which
is in other ways compatible for that species, adapt the
process of establishment o the ecological processes in its
natural habitas, IF creating a mixed forest, species should
hrhnul: only site compatible but also compatible with each
aiher,

Principle 2: Adopt a holistic approach to forest
management

Instead of concentraring upon the growing of ees for
timber, CCF operations are intended to create, mainrain,
and enhance the funcrioning ecosystem. Although one
of the main aims of the system is o produce timber, the

Forest must retain features of the wild forest (for existing
indigenous forest this is covered by Part ITIA of the Forests
Act). Because the silviculmural sysrem used is based upon
ecosystern management, higher values for factors such
as biodiversity, landscape protection, and soil and warer
benchis can be obtained, For example, an exoric forest
in New Zealand will rapidly become home to a range of
indigenous species, carried in by wind and birds,

Principle 3: Maintain forest conditions and avoid
clearfelling

The maintenance of forest conditions is an essential
tool in achieving the aims of CCE Clearfelling and
excessively large felling coupes modify the forest foor
to an unacceprable extent unless, as with Nowbofagus,
the species regenerating is likely to be subjected to large-
scale natural processes such as windthrow (Plate 1 No.4).
CCF harvesting processes, with single tree or small coupe
remaval, ensure that the forest floor and the soil structure
are maintained in a condition as natural as possible for

that ecosystem,

In New Zealand the natural regeneration processes are
dicrated, ar least in pare, by narral disourbances — wsually
wind bur sometimes snow, lood, vuleanizsm, or fire. Several
species, notably the beeches, have evolved survival straregies
to accommodare this and are able 1o rapidly regenerate
dismurbed aress,

CCF processes must maintain the vertical structure of
the forest. Although beech forest may have only two or
three strata, other Mew Zealand indigenous foreses usually
have four faidy clearly definable strata {dominant, sub-
dominant, shrub, and ground). Because the plants in
each stratum are important parts of the ecosystem, their
individual integrity is vital to the ecological integrity of
the forest,

A wvital factor in maintaining forest conditions is the
method of harvesting. This must be built around low-
impact methods such as helicoprer extraction and small-
scale ground haulers (cable, wheeled and tracked); even
horses may have a role here, OF grear importance is the
planning and layour of the forest road nerwork. %When re-
creating a forest on bare ground, planning for exrraction
should be done before planting,

Principle 4: Management of the growing stock.

Stand improvement is concentrated upon the development
of individual trees rather than stands or compartments
of wees, Therefore the manager will usually select for
retention father than remeval. The main characteristie of
the approach is thar yield conrrol is based on regeneration
and increment (stem diamerer and height) rather than
rotation, stand volume, and area (Hawley 8 Smith,
1954). Thus CCF is nor of itself a silviculoural sysrem;
rather iv uses char silviculrural sysrem which is best suired
to the site ecology of the species ar the fime. Ar different
stages of growth or conversion w CCF from another



management system, different silviculoural systems may
be required (for a more derailed explanation refer w
Chaprer 3).

Principle 5: Indigenous forests

The ecological approach implicit in Principles 1-4
forms the comnerstone of CCF; additionally, and as
far as the management of Mew Zealand indigenous
forest is concerned, the Foresc manager requires a good
understanding of the ecology of individual species and
the forest types where these are found.

1.2 HISTORICAL BACKGROUND
European

One of the most important components of CCF s
sustainability, the forestry concept of which probably
originared with the German forester von Carlowitz in
1713, It was his countryman Gayer who first developed
sustainability into a sibviculoural system. In France and
Switzerland, foresters Gurnard and Biolley began o
develop selection systems and the Swiss forest Couvet has
been managed in this way since 1889, But it was another
German forester, Maller, who inl 922 wok Gayers deas
and developed them into the modern concepr of CCF
(Moller, 1923). To Miller the forest is an organism
where cautious management follows narural successional
processes (Benecke, 1996, 1999], in contrast to the wood
factory that many modern forests have become. Forests
managed using CCF principles continue o function in
Europe, although there was a decline in interest afier
Maller’s death as critics of the system succeeded in
discrediting it in favour of plantation forestry, To meet i
growing wood demands, Europe had opted for plantations
with clearfelling. In this the Europeans were lollowed by
countries like Mew Zealand which had rapidly deplesing
wood supplies from natural foreses, while others — for
example, ULS.A., Canada, Brazil — continued 1o exploit
their natural forests, often unsustainably (Pommerening
& Murphy, 2004).

In the 19805 the incidence of forest decline, following the
phenomenan of acid rain, revived the debate on CCE The
discussion was given impetus by the severe storm events
in Europe during the late 19805, which damaged large
areas of forest, and by severe flooding. Since the Rio de
Janeiro summit of 1992 the climate warming smdrome
has further forced governments and forest managers 1o

rethink their overall forest strategies (Pammerening 8
Murphy, 2004),

In Europe today the movement from clearfelling and
uniform conifer plantations to CCF gathers momenmum
and has strong support from small private owners (Benecke,
1998a; Mason er al., 2004). However, this change is
taking place largely with species indigenous to Europe
(the main exception being Sicka sproce ( Pleea sirchensis)),
ix supported in most countries by cohesive forest law, and
is underpinned by subsidies (1. Plare, pers comm.).

Early Mew Zealand

As early as 1874, management concepts similar 1o those
current in Furope were placed before the New Lealand
Government with the suggestion thar these methods be
applied 10 MNew Zealand’s indigenous forests (Benecke,
1996). The move o betrer urilise New Zealand s indigenous
forests began in 1868 when T. H. Pous, dhe man widely
regarded as New Zealand's first conservationist, suppored
by Major Charles Heaphy, proposed the following motion
in the House of Representatives: “Thar it is desirable
povernment should rake steps 1o ascernain the present
condition of the forests of the Colony with a view 1o their
better conservation” (N,Z2.BD,, 1868).

Several years later this was followed by the first survey of
Mew Zealand forests when the Government requested the
Provincial Governments to provide details of the forests in
their regions. The report duly appeared [Hﬂ:mr. 1874) with
the quality of the Provincial response varying considerably.
Aunckland claimed that its forests were “generally valueless
except for firewood and fencing, with occasional parches
of kauri”. On the other hand Orago’s report was complete
and reasoned.

Included with the provincial reports were several

written by Captain Inches Campbell Walker, at the time
Deputy Conservator of Forests, Madras {(India), whom it
was proposed o make New Zealand’s first Conservaror

of Forests.

Campbell Walker had come to New Zealand at the
invitation of the Premier, Julius Vogel, to investigare and
report on the forests, In his report Campbell Walker re-
emphasised the issues mised in his publications, and in
earlier publications by others. While he advocated the
supplementation of timber supplies from indigenous
forests by the establishment of planmtion forests, he was
also strongly supportive of acmgmdlg:nnus forests under
sustainable management for wood production,

I his reports he wrore about the pracrice of forestry in the
United Kingdom and Germany and owtlined some of the
farest management methods then current in Europe. In his

summary Campbell Walker urged mking steps w:

e

.. improve our ‘Plenter-betrich’ or selection of single
trees o be felled so as w gradually arrive ar groups
of trees of the same age, descriprion and class and
evenmually at blocks worked in roration, and containing
abways a sufficient stock of crop coming on o meer
the requirements of furure years. To arrive ar all this
the most careful observations and experiments will
have 1o be made as o the rate of growth and yield per
acte of each descriprion of foresr, the condirion under
which trees grow best and form the most fimber, some
requiring close and some open planting, some nurses
and some not, some, like the oak, requiring a great
deal of light, while others, like the beech, do well for
many years in shade” (Campbell Walker, 1877).



Campbell Walker was not received with great Favour by
the colony of New Zealand; in fact, he was denigrated
by newspapers and politicians alike — usually with
false calumnies. 5o he left New Zealand and we lost the
opportunity to retain the services of an extremely well-
qualified and experienced forester {Brown & McKinnon,
1 W)

Unfortunarely Mew Zealand not only lost the services of
Campbell Walker but the proposals he recommended fell
on deaf ears, as have subsequent urgings to bemer manage
Mew Zealand's indigenous forests, In fact, apart from
brief spasms of interest in sustainable forest management,

Governments of more recent years have demonstrated a
similar lack of knowledge and interest in this subject,

MNew Zealand — the last 100 years

By the carly 1900 forestry in New Zealand had begun o
go down the even-aged, exoric plantarion wrack, Marthews
{1905) explained rthat natives were disregarded because
their slow growth rare meant thar cheir management
would not pay. This hypothesis was based upon the
minimal growth rare information of the time, gleaned
fargely from slowly growing narral forests. According
to Marthews, the rime required o produce millable
timber ranged from 130 years for red beech vo GO0 years
for kauri. However, it was still mainmined thar existing
indigenous forests could be managed in perpetuity using
group selection systems, Hurching® proposing single-tres
and group selection systems for kauri (Hurchins, 1919).

While the era of the Forest Service (1919-87) saw
considerable effort made 1 sustainably manage indigenous
forests for timber production, eary efforts were spasmaodic
and rended to concentrate on mature stands instead of the
more amenable regenerating forests,

Ensor (1954), reviewing the situarion pertaining ro beech,
stated that harvesting up to thar time had been confined
mainly to high gr&dging which often left the forest in a
derelict condition. He recommended that beech forest,
depending upon the age class and stocking present, could
be managed either by a selection or a uniform system,
This approach was supported by others (Conway, 1952;
Gleason, 1982). "H"ardE]': {1984) contrasted single-tree
remaval with conversion of beech forest 1o even-aged
forest plantation and rejected both, opting instead for a
management system which imitated natural processes (see
Appendix 3a). The ohjective was to manipulate the beech
canopy in order to increase the light reaching the forest
Aoor (Plate 1 No.2). This is best achieved by creating gaps
of a size sufficient 1o encourage repeneration of desirable
species. Recommended gap size was 20 to 30 m (320-700
m?), or not greater than the height of surrounding trees.
Since 1998 the 11 580-ha Rowallan Forest in Southland
ilu.'; breen nl;‘lJ‘l:ge:! 1% A CONEINUoLE cover ﬁ.‘rmt. a]l:n:i.l: 'I'.I'|l‘|'|

coupes to 0,5 ha, by Lindsay & Dixon Led (B May, pers.
COMmm. )}, ir management system has evolved o one
based on “Tree Selection Areas™ as the basic management
tsol, Forest management is based upon a custom-built
digital forest management and record system which
includes a gmgnph:ical information system (GIS), and
has been operating since 2005,

Studies on rimu centred mainly around the apparentdy
even-aged, almost pure stands in Westland, Taupo, and
Whirinaki. An early study (Chavasse & Travers, 1966)
concluded that selection management of these stands
would be rwice as productive as attempring to manage
them as even-aged srands. Attempts were made to test
this by strip felling and selectively logging — using
patch felling (Plare 2 MNo.8), group felling, and single-
tree removal — and searifying to increase regeneration
(Gowver, 1972). Later examination of these trials and the
establishment of new ones concluded thar losses of frees
post harvest, by windchrow and death, were too high and
thar if they continued the stands would either Gil or ke
ar least 60 years wo return o pre-logging volumes (James
& Frank, 1977; Herberr 8¢ Beveridge, 1977; Herbert,
1980; Six Diijkstra er al, 1985). More recently the use of
helicoprers for single-tree extraction has enabled a sustained
management approach of minimum intervention 1o be
used (Hammond & Richards, 1995). Unformnarely the
recent untimely cessation of this management process
in Government-owned forests of Westland has meant
curtailment of work in this area. Anocher lzsue is the lack
of data from helicoprer-logged areas; we cannot yer say
with confidence that the minimal disturbance caused by
helicoprer logging will be sufficient ro induce regeneration,
especially podocarp (1. Plary, pers. comm. ).

Kauri management studies originally concentrated on
the extraction of mature trees, but the large size, ofien
dense stands, and poor seils involved proved unsuitable
for sustainable management. The emphasis has moved 1o
second-growth stands which can be successfully mana
using single-tree and group selection (Halkerr, 1983;
Barton, 1999} (Plare 1 No,3). Recent investigation has
revealed that one man, Rudolf Hohneck, managing his
own forest at Mangatawhir in the Franklin Discrict
between 1926 and 1956, succeeded in developing workable
principles for the management of regenerating and cutover
leaniri forest, The secret of his success was to fully utilise all
rnaterial froan firewood to kauri poles down to 15 cm small-
end diameter, and o encourage regencration and growth
by manipulating the forest canopy (Barton, 2007).
Today the practice of CCF in New Zealand is beginning
to gather momentum. Udo Benecke has written several
articles and papers abour s use with indigenous forests
and some farm foresters are beginning to consider the
adoption of these principles (Caims, 2001). Ar least one
district council, Franklin, has inclhuded a definitian of CCF

i irs rural planning proposals.

* Sir David Hutching was 2 British forester with 2 successful career in India, Souch Africa, East Africa, Auseralia, and Mew Zealand,
and was the first British-boen forester knighted For services mo his profession,



1.3 CCF COMPARED WITH OTHER FOREST
MANAGEMENT 5YSTEMS

One of the most important advantages of CCF s that a
much larger proportion of the growing stock is in large,
high-value trees. Small crees ocoupy relatively lictle space
in the system compared o plantation foresiry. This is
because, as far as possible, the size-class distribution is
maintained vertically instead of horizontally, and so the
site is urilised more efficientdy (Figure 1.2) (Plate 1 No. 1;
Plate 2 No.7). What follows is that a greater volume of
wood in’ any one stand is conmined in large-diameter,
high-quality saw and veneer logs than would be the case
in clearfell syseems. The silvicultural process periodically
removes appropriate numbers of large trees, less vigorous
trees, and poor-quality crees with minimal damage to
the stand. This enables che bulk of volume increment to
accrue on the best trees by giving them space to grow, Cher
time the standing volume of timber can be considerably
higher than for plantarion systems. For example, mature
kauri srands can carry up o 3000 m® wood'ha, while
regenerating stands can exceed 1500 m*/ha (Silvester &
Orchard, 1999). By comparison, Pinns sediata scldom
exceeds 900 m*/ha on a 40-year roration (Weston, 1 957),
although Wardle (see Appendix 3a) expects to produce up
to 1200 m* from his original crop of 7 mediars. However,
it may not be possible 1o achieve high volumes of timber
per hectare from New Zealand podocarp/breadleaved
forests because of the relatively high number of non-
productive species found within these forests. Removal of
this non-productive wood (e.g., scrub hardwoods and tree
ferng) could mean thart the composition and structure of
the forest are considerably modified, which is in conflice
with the third CCF principle (1. Mlatt, pers. comm. ).

Continuous cover provides continuous and high-quality
soil protection, especially on steep slopes. The constant
forest cover reduces both soil exposure and loss from
erosion. Such conditions provide a good germinarion
medium for the seed of many forest species and the soil
surface conditions, along with ground and shrub strara
plants, provide protection from sunlight and drying winds.
While conditions such as these are ideal for species such
as tawa, kohekohe, and purir, other species are adapred
to regenerate on bared ground — the beeches are an
example. They are thus more suited o a shelter-wood
system. A further group of species {e.g., kauri, rorara,
rimu) are intermediate, While they will germinare under
low light conditions, they require the increased light levels
occasioned by the removal of canopy trees o grow ar their
bull potential.

In CCF there is berter rerention of namral biodiversicy,
species composition, and a tiered stand structure, A much
wider range of biodiversity can be accommodated in the
varied habirar of the forest strata than in monoculriral
clearfell systems. This diversity is also considered 1o make

thie forests more disease registane (OECDY, 1996 Knechone,
2000; PCE, 2002 Pacterson & Cole, 19949,

As far as the landscape is concermed, CCF systems have
liethe visual impace because, o the casual observer, the
forests never seem to change. In fact, it is considered thar
well-managed selection forests can be more attractive than
unmanaged forest or monoculiures and this can bring
benefits to the ownes, the region, and the general public.
This is largely because within the forest the landscape is
usually more varied in appearance with a mosaic of thickets
and tall trees which is attractive o wallers and riders.

The main disadvantages with CCF are higher cost and
the need for a high level of skill and experience. In
effect the process involves higher costs and lower yiclds
at each harvest than even-aged forestry. More complex
management requires skilled personnel who would be paid
at a higher rate than most workers in even-aged forests.
This is especially imporrant in the selection of trees o
temaln, the selection and marking of trees for remowval,
felling those trees, and extracting them with minimal
damage 1o the forest. Associared with this are the higher
coats and skill levels required to carry our planning and
inventory, and harvesting costs which are increased by
thie scarered disrriburion of mrees 1o be harvested and cose
of access construction and maintenance. If helicoprers
are used for extracrion, costs are usually higher than for
ground operations although roading costs should be less.
It should be noted, however, that higher energy costs in
the furure may result in helicoprer harvesting becoming
U NECHFmIC.

Because many of the species which can be used in CCF
systems have high quality and high-value timber, the higher
costs and lower yields of sach harvest event are offset by the
higher value of the wood being harvested. It is expected thay,
aver time, the value of the wood extracted will be higher
than for even-aged forestry (Benecke, 1996), However
when i;ndig:nuus Forests, ﬁpl;‘l,:l-l":r' those dominated h}l‘
beech or mawa, are brought under management, the yield
of high-quality wood at the rst harvest is likely to be low
because of the higher proportion of poer-qualicy logs and
heart rot (1. Platt, pers. comm. ).

The differences berween CCF management systems and
clearfell forestry are many and varied. The adva:nng:s that
CCF has are mainly related to dmber quality and better
environmental ourcomes, while the disadvantages are
concerned with higher operational costs and the need for
much higher skill levels. A full coverage of advantages andd
disadvanrages is set out in Appendix 1.

Finally, consideration needs to be given to the porenrial
pn:ﬂ:lkms caused by changing ownership over an extended
time span, These may require land use planning or forest
laws which rake account of longer growrh cycles. This
matter is dealt with in detall in Chaprer 4.



GROUP SELECTION

SINGLE TREE SELECTION

Continuous cover forestry systems: Vertically arranged growing stock
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Plantation clearcut system: Horizontally arranged growing stock

FIGURE 1.2: Uneven-struotured selection forest (OCF) with vertical integration of species and size-
classes, compared with horizontally arranged growing stock of the plantation clearcut system (adapted
from Benecke 1996 and Matthews 1989)



Depending upon the age and condition of the
existing vegeration there are five possible courses
of action when establishing a continuwous cover
forest.

(13  Establish a new forest on bare land or
grassland;

{2} Convert a young, even-aged forest or scrubland wo
CCF;

(3} Convert cutover indigenous or under-stocked exoric
forest to CCF;

(4) Convert a mature, even-aged plantation o CCF;

(5) Commence production from an indigenous forest
reasonably stocked with marure trees.

The first option, creating a new forest from bare ground,
initially requires determinarion of desired stand strucrure
follovwed by site and species selection, tree establishment,
and animal contral,

The other four options invelve the trearment of existing
vegetation and fall under the heading of conversion, This
means changing from one management system to another,
or the upgrading of a poor quality forest or scrubland area,
These situarions are considered later, and require a detailed
inventory of the stand which is o be converred. Mason &
Kert (2004) propose that conversion be done in three stages
and, while proposals described here follow their outline,
they have been adapred for New Zealand condirions.

2.1 PLANTING A NEW FOREST

This approach, similar 1o thar employed in establishing
an even-aged forest, would be used on sites from which a
forest crop has recently been removed by cleartelling, or
which are currently in grass or other low non-brushwood
vegetation, Theformer, depending uponwhichunderstorey
species were present in the original forest and whether the
removed crop or its understorey is able to regenerate from
seed, may rapidly grow a plant cover. It it does then it
should be treated as for serubland conversion.

Treatment required will vary, depending upon species and
the type of continuous cover forest proposed. Four major
aspects must be considered before any work 1s done (e
bain).

Once a decision has been made abour the form of the
new forest, the following general principles will need w
be adapred as required.

Tree species

In selecting suitable species to establish new foress or
upgrade existing ones, it s necessary 1o have a good
knowledge of the requirements of those species — in
particular, their shade tolerance and their tolerance

CHAPTER 2: CREATING THE CONTINUOUS COVER FOREST

CCF Establishment — Initial Considerations

(1] Site conditlonss These are Bacrors such assoil moisoure,
light requirements, wind, remperamre (both means
and extremes able 1o be woberaced), It may be possible
to musdify these to some extent {e.g.. the effect of
wind can be reduced by planting sheleerbelis) bue
madificarion s usually expensive and often difficulr.,

(2] Forest composition: This will depend upon whar is
required and able o be achieved bur care needs to he
taken 1o locare species according to their individual
needs, [f the site 0 be planted is sub-oprimal for
the speches 1o be used, then nurse species should be
chosen o ameliorare the growing environment (2.2,
use Avacia  melanocplon, Chamrecpting . palmensis
{tagasasre), or Alwar species as a nurse species to
provide nitrogen),

{3)Growth conditions: These are aspects such as
competition from weeds and adjacent trees, the
presence or absence of esential mycorthizas, and
the nutrient bevels of the soil, Most such factors are
reasonably easy m control or adjust and noe oo
cxpensive,

{ﬂ Caost: The mpl;l]irlg: ol soose IFEEiﬂ ang I|.|u|.tt -I‘:IHI'J]'.
and effecrive establishment may require dlose gpacing.
Using cheap filler plants which can abo perform a
nurse function can offset cose. However, with some
species wide spacing may be possible. Tt s necessary
w thomughly understand the requirements of the
species to be used; for example does it require the
competition of adjacent plants to encourage straight,
leghedy branched, stems?

of other species. For example, Pimwr nadiaee is a lighe-
demanding pioneer species which cannot wsually be
grown under other species, nor is it generally a good nurse
because of the heavy shade cast and aggressive maokstiire
uprake (however, P mediats can be managed using CCF
principles, the main determining factors being the siee
of the felling coupes and the overall stocking — see
Appendix 3a). Another species, black walnug {fuglans
migra) has allelopathic tendencies in that the secretion
of the chemical juglone from its mots will prevent
other specics from growing under its canopy or cdose by
{Johnson, 1973).

As a general rule species best suired to CCF are those that
are more shade-tolerant and the management systems
adopted will depend on the shade rolerance of particular
species, For example, more light-demanding species such
as Dwouglas fir or torara might best be managed under
i shelrerwood system while those that are more shade-
tolerant {e.g., blackwood or kauri) could be managed



with single-trec or small-group selection. Exceprions o
this rule are those species which, while stongly light-
demanding, can be used as short-term nurse plants when
a new forest is being established, those which will function
as scatrered dominants over shorter species, or those which
are deciduous and will associnte easily with shade-tolerant
species. Examples of short-term nurse species are the many
chort-lived leguminous plants like tagasaste [ Chamaecysig
palrmensts), mycarchizal species such as Piwns allionii which
has a beneficial relationship when planted with kauri, and
species like Betuls pewdula which is a common nurse plant
in the Northern Hemisphere,

Species most likely to be suited for CCF in New Zealand
are listed in Table 2.1 and grouped according to their light
and shade tolerances as currently understood. This eable is
a simplification because many intermediate species grow
well in full light while light-demanding species require
protection from strong winds. Detailed information
on each of these species is conrained in Appendix 2A;
Appendix 2B lises limited informarion on a range of other
species which could be considered for CCE

Indigenous species appear to offer very good potential for
CCE This is bocause their growth processes mean thar
many of them, e.g., kauri, are shade tolerant when juveniles
{and will in facr survive ar very low light levels for many
years) bur become light demanders as they grow older,
and need high light levels in order 1o grow and mature, It
should be possible to plant new forests of sngle or mixed
indigenous species, and manage them as continuous cover
forests. Alternatively, mixtures of exotic and indigenous

species could be used, with the exotic sometimes being
used as a nurse (and possibly first harvested crop plant)
enabling the indigenous species to become established
more rapidly, With further research it is predicred thae
mixed exotic and indigenous continuous cover forests will
be passible, However, if exorics are to be used for CCF in
MNew Zealand, cognisance should be raken of the guidelines
belew, as set out by Pro Silva, to be applied when using
exatic species in a CCF situation with indigenous ones

{Helliwell, 1 999},
i Daonotintroduce exotics which will reduce or prevent

growth of appropriate indigenous species;

i Exotic species should not be so aggressive thar they
suppress or climinate indigenous species;

il Exotic species should be suited to the local dimare
and soils;

iv Exotics must not spread disease or destabilise
ECOSYSTEMmS;

v Exotics must ot run the dsk of being seriously
affecred by pests, disease, or climare;

vi Exotic species should be able to merge reasonably with
ineligenous species without excluding indigenous Aora
and fBuna,

When developing a continuous cover forest using a
range of species, and especially when mixing exotic with
indigenous species, the overall rule is “Be pragmatic
but be careful.” Thar is, learn whar you can about the
species betorehand and avoid using species which might
be considered agpressive in the particular siwation, For

TABLE 2.1 Provisional grouping of species by shade tolerance

Light-demanding species sulable
as dominant emergents,

Lighs-demanding bur will grow as

co-dominants in assaciarion
with acher species

Intermediane :IPu:nﬂ which ralerae shade
a8 juveniles bur generally requine Full lighs

FDTITI].'I'.IFJU.I.I'E

Shade-tolerant bue will grow in full light

Shede species which do not grow well in full light

radiata pine {Pans i)

Chinese fir ( Crmminghrnnda Svorodir)
Douglas Br ([ Freadoting meneivild)
Funn { Kitex: .ﬂmm::l

red alder {Adrns rafnah

i | e ¢ farra

ealbow wwnud[ﬁ' wm'fmw]ﬂl
tanckaha | drichaananaidei)
totara (Fadorarpur o)

black beech E.I"l'l:l.l'.ﬁ:ﬁgm solarmalrd)
eastern whine PII'IE [ Mimer ool
Japanese cedar { Crppeomeria j rmr]
kahikatea (Dwerpearpos =

kaura {Apeaiis arentredis)

Mexican cypress (Cwpressas fusitarica)
Chvens cypress (3 Cha I R}
red beech (Voshofapas

recwood {Saqunie seorperairens)
blackwsod [(Arweia mrhmt}ﬁhu:l

g [Pravis dwium)

glver beech [ Morbafepus rmeweierii)

tawe | Besfichmredia o)
weestern bod oodar [ Niwgie plisare)




example, some pines and other conifers can aggressively
invade indigenous vegetation types because they produce
copious seed at a very carly age, and Robinia, potentially
a very uselul nurse species as well as timber producer, has
a widespread room system which can sucker many metres
from the parent plant.

MNurse plants

Murse crops can be either native or exotic and have a range
of funcrions (Anon, 1998). The ideal nurse species should
preferably be short lived bur inirially grow faster than the
crop species although not so fast as to suppress ic.

If a short-term nurse species is to be used it should
(depending upon rate of growth) be planted 1 w3 years
ahead of the crop species. 1f all of the species to be used
grow at a reasonably similar rate, then they can be planted
at the same time. Information on possible numse species is

given in Appendix 2C.

Much more rescarch inro the use of nurse plants is required;
e.g., further trials should be conducted with kauri, using
2 ellioreii, A. melanmeplon, and Al species vo determine
viable procedures, With £ elfiorrii this should include roral
removil of the pines when they are quite young — probably
not more than 9 years old (sce side bar) (Plare 3 No. 10).

Trials with other nurse plants are also required, especially
using native species with which indigenous timber trees
are naturally asociated. Also needed are trials with other
exotic leguminous trees and shrubs, using a wide range
of mixtures to ascertain the compatibility of nurse and
nursed species.

MNurse species may provide some or all of the

fallowing values:

%= Shelter and enhanced stem form,

3= Help with weed suppression.

> Especially if broadleaf, should hasien the
formation and breakdown of liner.

3= Can be used to provide nitrogen.

%= Some can provide an intermediave timber or
hrewood crop.

% Fruiting and fowering nurse plans should
encourage native birds,

== Uksing a cheap nurse will reduce tree costs.

¥ Can reduce frost damage to the seedlings of
susceprible species such as kauri and puriri, or
winter desiccation, wind damage, and cambium
scald in beech species.

3= With nurse species, it may be possible o use
smaller-grade crop tree seedlings.

Results from a kauri nurse plant trial

A rrial in-ml'.ling a range of murse 'FJ:.nr_l for kauri was
exizhlished in the Hunua R:.ngu in 1974, Thiz involved
the ]:||=.r|.|:ir|.g af 10 % 10-m plul:l with 36 nurse pl:nu at
1emi sp:l:ing. W’h:n!'thm had estabilished {ower 2-3 ].'ar:}
25 kauri mdlinp werne Fﬂ:nl‘:'rl between the nurse r.l|=|1t:
in each plot. Alchough not adequately maintained in laer
years, the trial Fl'm!:il:]:d. sufficient data o enable useful
conclusions o be drawn. Afeer 28 yoarEs medn survival
and height growth of kaur with the varous nurse species
were as fllows.

Plean survival

Asicta miekvvacylon | Pinns ellionii mizmure  71%
Alsad fncana G
P effiarid SR
Acvcla melanaxylon 55%
Pisrars parsarlss 5%
Control {no nurse) 46T
Robinia prevdloacaria 45%
Alviaes glurinai 3%
Kanuka 401%
Phaenes varefiertet 25%

Mean height growth

Conirnl I:nn nurss, agen pl:nl:ir:g'} S0 m (rmax. VO m)

Alrwns incana 4.3 m (max. 7.9 m)
Rﬂ&inhpmmda 4.2 m I:_m.a-:l: B3 m)
Alvpr gﬂn’h’nmﬂ' 4.1 m {max. 8.3 m)
Pinus elliorsii 4.1 m {max: 110 m)
Acareia mr.fu'.u'm:rbm 145 m {m.:.h: 82 m:l

Acrcia melanexplon § Pirns elfiotis 2.9 m {max, 6.8 m)

Eanulka 2.8 m (max. 7.5 m)
Pinus patula 2.7 m (max. 4.8 m)
Pinus radiata 1.7 m {max. 2.6 m)

Growth in the conreol plots was best because the nurse
plants in adjacent plots gave side shelver bur full light was
able 1o penerrare from above, probably the ideal sicuation
fir kaurd growdh,

FI:".'HHE ol the niadn sitem uszuri. wam bad i the 1.*1.1|:|I:|'u|.
Abrrs, and Robinm piur_!- This was almost E'rl'l:Lh'}' dus
tor Frost ﬂ:m:ﬁ: as the site in an enclosed 'r.i]l-:jr is mb]r.'\'.‘l
o quite heavy frosts and these species are deciduous.
It was obvious thae P elltairid, the Al species, Acacia
melgnoplon, and Robinia had some effect on kaur
growth but kanuka, usally acoepred as the narural nurse
for kauri, performed poordy.

Az 3 nuorse 7 rrdiris was a ﬁgniﬁn.rll: Failure, ]:lml:uhl:p
becase it extracts =0 much moisture from the upper soil

Ji?‘E\-I'E- T]'III EIEI:DI.' :rnn.:r Il.'HJ I1=.'I'|E -IZILI.'ETJ. th! FIE.H'.H' m
IJI!dEI h’.lﬂl]l’.l_

Kobinia should not be used in future because it has a very
high prﬂp:miqr o sucker irmg distances from the parent
plant,




Site preparation

Some basic operations may be required.

3= Cultivation loosens the soil to permit easier planting,
breaks up hard layers to allow decp penctration of
roots, controls weed regrowth, and releases soil
nutrients to plants, Cultivation can be done by hand
or machine, and may be shallow or deep depending
upon bath soil structure and the requirements of the
trees to be planted. Root penetration into compacted
soll can be achieved by deep ripping of the soil,
down 1o ar least 1 m if possible, Criss-cross ripping
with two or three tines about (L5 m apart is best in
most situations. Ripping of clay soils should be done
only when the site is dry. Do not dp parallel o the
direction of strong winds.,

3= Weed control can be achieved by cultivation (e.g.,
discing and harrowing of bracken sites when the fern
is dormant, and after it is burnt off, prevents rapid

for up to 2 years), by pre-plant spraying
with a suitable herbicide — eg. Glyphosate,
Terbuthylazine, or Gallant NF (grasses only), or
by the use of a mulch in the form of chipped bark
or weed mats around trees. Hand weeding is not
recommended as it is costly, time consuming, and not
very effective, In some areas blackberry and pampas
grass can be major weeds and must be controlled with
appropriate chemicals, So too gorse and broom —
note, however, that they can be managed as effective

nurse species,

== Soil im ent — for example, the addition of
lime will raise pH; application of gypsum w hard
compacted clay soils will improve texture, drainage,
and aerarion; and rrace elements or major elements
may be required. However, it is important to ascerrain
the nutrient requirements of the species being planred
before applying fertilizer. Many species, for example,

thrive better in acid sails.

== Animal control — control of any animals which will
injure young seedlings is imperative and can be done
pre- or post-planting. Methods include shooting,
poisoning, spraying scedlings with animal repellents,
of protecting seedlings with physical structures,
On some sites insects (e.g., grass grub) could be a
problem.

Planting

In arcas of milder climate the planting of most species
is best done in the autumn, as soon as the ground is
moist enough. Early planting gives scedlings a chance
to cstablish before the ground becomes woo dry the
following summer. Losses from drought® can be quire

severe if seedlings are planted late in winter and have not
properly established before the next summer. However,
best planting times will vary in different paris of the
country; for example, heavy winter froses will kill newly
planted seedings and spring planting is preferred in this
situation, The best approach is to plant when scedlings
are well hardened oft and at the time when they will gex
the longest possible period with reasonable soil moisture
bevels and lowest risk of damaging frost.

In most soils a hole one spade deep and one spacde wide
should be dug and well cultivared before the tree is planted.
However, when planring in poor or compacted soils a pitar
least 30 cm square and deep should be dug and filled with
cultivared soil. A useful vip is ro make a dight depression
in the soil around the ree base so thar when rain does
Fall moisture will collect around the rree; the reverse may

apply in areas of poor soil drainage.

Releasing

It is vital to ensure thar seedlings do not have to compete
with weed growth, especially during the first 2 years. [F
a pre-plant herbicide spray has been done, sives should
be checked again in late November and sprayed again
if regrowth appears. I pre-plant weed control is not
done, treatment will be required early in spring before
the weeds overtop the tree, Even if mulches and weed
mats are weed, there can be regrowth and this is best
controlled by spraying with the appropriate herbicide.
Apply carcfully to grass and weeds without damaging the
seedlings by using a guard on the tip of the spray wand.
It is impertant to spray a good area around cach seedling,
at least 1 m in diameter and preferably 1.5 m, in order
to ensure that no moisture is taken from the seedling by
grass and weed regrowth, The same distances also apply
to mulch and weed mats. Respray as required for up o 2
years or until the plant begins to shade the arca beneath
it and so gain control of its site.

Muoisture

To ensure good seedling establishment, for both CCF and
even-aged plantings, the single most important factor is
adequate moisture. In high minfall areas this should not
be a problem but in many parts of the country periodic
water deficits will slow plant growth, Keeping weeds
clear of plants and leaving a depression around seedlings
at planting will help minimise this bur in some places
it may be necessary to consider irrgation or the use of
water-retaining crystals.

" A drou

a peri
aceount sofl type, wind, and sunshine levels.

t gl be assumed o exist when there iz itnmufhicient soil moisture to sustzin |:||.n.r|.|: En.w.rlh Thiz could be after az shorr
as 15 days without rain, However, the |n1.3|!i1 ol the F-:riud nfdmusht helore irrigation is rzl:]uirud should alsn mke into



2.2 CONVERSION OF AN EXISTING FOREST

When converting a plantation or land covered in any
sort of forest 1o CCF the work required falls into chree

sTages:
(1} Appraisal.

(2) Deciding the strucure, silvicultural system, and
species 1o be used. Bur note thar for narural indigenous
Forest the process must comply with Part 111 A of the
Forests Act  (Anon, 2007) and some of the points
outlined below may nor be required.

(3} Conversion process.

Stage 1: Appraisal of the existing stand
Preliminary work
1. Species choice

Throughout the appraisal process, the species 1o be grown
in the new forest must be considered. The choice of species
could be sparked by some which are already regenerating;
or it may come later when the removal of unwanted stems
triggers regeneration. But it may also require the planting
of some completely different species. The final decision
must be made at the end of the appraisal process.

2. Site appraisal

Soil and site informarion is essential for areas under
consideration for transformation o CCF because many of
the species which might be used are sensitive 1o micro-site
conditions. For some areas, forest rype maps and derailed
soil maps may be available bug, if site-specific informarion
is not obtainable, the best guidance ar present is from
the Mew Zealand Land Resource Inventory Worksheets
which are based upon smandard topographical maps
(Anon, 1970s). In additdon to soll data, these contain
information on geology, slope, erosion types and degree,
and vegetation,

3. Risk of windtbyow
Wind creates problems for forestry in New Zealand
causing windrhrow, desiccarion, physical damage, and salc
burn. However, it has not been recorded in a way which
is useful in determining a sites vulnerability. 5ome dara
on wind are available on Wmﬂiﬂ:ﬂnﬁ
, selecr “Learning cenwre” @ “climare data” :
“summary of climare ohservations™. As a rule, because
MNew Zealand rerrain is very variable, wind dara of use

to foresters and landowners are not available (% Reid,

MIWA, pers. comm.) and people need to make their own
assessments based upon local knowledge, Some evidence
of wind impact may be available from ohservation of
existing forests, by noting the direction indicated by
overthrown trees or by wind shear, If wind is likely to be
a problem, choose specics that are known to be wind-firm
or, as indicated in Table 2.2, do not convert vo CCE

., Clinnate data

Reasonably good data are available in New Zealand for
ather climartic facrors and can be found by consulting the
Matlonal Institute of Water and Atmospheric Research
(NI'WA) or cardier publications of the Meteorological
Service (Hickman, 1980: Anon, 1983, 1984a,b, 1985a,b,
1986). More up-to-date but more generalized data can be
found on the NI'WA website werw, niwa.cri. oz,

5. Sodl fertiliey and potential vegetation competition

Since natural regeneration will generally be the preferred
method of restocking COCF stands, sites must be chosen
where conditions for this are favourable. Achieving
successtul matural regeneration s sometimes  more
difficult on fertile than on infertile soils because of greater
vegetation competition, and because very fertile soils
sometimes produce unwanted growth characreristics in
some tree species, Adequate fertility levels For individual
specics may vary and some information abour this ean
be found in the sEe:m sheets (Appendix 2). In general,

the best forest soils will be those in the medium fertiliny
range.
6. Switability for conversion

The current vegetation on the site has w be suited w
conversion. It should also be realised that on many sites
species from neighbouring stands may also regenerare,
seed being bird or wind-diseribured.

7. Preliminary site ranking

Windrthrow risk and site ferrility are the two maost
important factors to consider at the beginning of site
assessment. When combined as outlined in Table 2.2,
they can be used to rule out obviously unsuitable sives
and to assist with preliminary assessment of others. This
assessment is not precise because it is usually only able
to be derived from the owner’s knowledge of the site,
although some soil informarion is available for individual

areas from published sources.

Detailed stand appraisal

Once the initial selection has been completed, the
potential CCF stands should be inspected in the feld,
with particular attention to the following features,

1. Stand structure and quality

Examine the structure and composition of the candidate
stand. Points to consider include:

= Are those tree species to be resained dearly suited w
the site and of good genetic quality?

5= Are there sufficient trees with well-developed crowns
that can act as potential frame trees, seed bearers, and
nurse plants for the new crop; or, when poor trees are
felled, is there potential for coppice regrowrh which
can be retained and managed to form a new crop?
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TABLE 2.2: SIlil'ih-llil}' bfﬂl.ll.ll'lg forest ityjres for conversion bo confinuons cover

Score Windthrow Soil Fertility
Risk of sire and depth
1 Law wind risk Medium fertility. FOREST TYPE PREOR TO CONVERSION
RECE deep soils Crood quality indigenous foses
et ids s
2 Moderye wind High fertlity and i e
risk areas f o shallow soils Mized exoticlindigenows farest
Reverting indi i bslamd
3 High wind risk Low fervility 8 g i o
areas Sheallonw sails
Wind Sail fertilicy
BCOre & depth score
1 1 Alll Forese rypes very well suited for conversion o CCF
1 183 All forese rypes moderstely suited 1o conversion o CCF
2 182 All Forese types poorly 1o moderarely sulted for conversion o CCF
3 182 Exotic monocultures not suiced for conversion to CCE
Oither forest eypes bow suimbilicy for conversion
3 3 Mo Forese aypes sulted for conversion o CCF
[Bazed upon Mason & Kerr, 2004}

3= ls there evidence of recent windthrow to suggest that
stand stability may already be ar risk? IF windthrow
has occurred, is it confined o small wer areas of
inherently low stability or exposed edges which do nor
compromise the rest of the stand?

% Are the stems o be rerained of adequare quality? For
example, stems damaged by bark siripping may be ae
risk of timber degrade if retained.

> Are you confident of obtaining natural regeneration
or coppice regrowth of the desired species, or will
planting be required?

2. Advance regenevation

The presence of advance regeneration (i.e., seedlings and
salj:llings present henearh the canopy) is a good indicator
of the success of narural regenerarion because it shows that
conditions within the stand are favourable for seedling
germination and growth. I ir is present, is it acceprable
— consider the density and size of seedlings present, as
well as the species concerned and their form? (Table 2.3)
A low to moderate, even a high density of small scedlings
does not guarantee likely regeneration success since these
seedlings may be lost through browsing, insufficient ligh,
mnisture stress, or physical damage when the stand is
opened wp. In many cases, further scedling recruitment
during the transformation period will be necessary w
ensure adequate stocking,

If there is no advance regeneration, try to assess what
factors are responsible. These may include the age of
the stand (because srands less than 20-25 years of apge
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TABLE 2.3 Criteria for assessment of stocking and size of
advance regeneratisn

Mean Suocking (seedlings'ha)

height  Low (1) Moderate (2)  High (3)
< Mem Unacceprable  Unacoeptable Marginal
»20cm  Unacceprable  Marginal Acceptable

I« 10D :nead.l.lm&a

2 In range DOD- 1000 weedliigi'ha depending upon age of scand,
site, desired Funare sraemiee, and spacing of seedlings.

3 In mnge 10002000 seedlinga'ha depending upon age of stand.
site, desired Funuie stractire, and spacing of wedlings.

may have low sced production and limited porential for
regeneration), the regeneration processes of the species
concerned, the light environment within the stand, the
degree of browsing pressure and vegeration competition.
These factors can change over time and may respond to
appropriate management so thar conditions become more
faveurable, Consider also whether coppice regrowth is
possible and can be utilized, or whether some planting
may be required.

3. Grownd and sfrub ffora
The type and quantity of ground vegetation present vary

with site and depend on Factors such a3 soil struciure and
fertility, moisture availability, ree species, and canopy
cover, Natural regeneration will be favoured where
competitive weeds such as bracken, blackberry, grasses, or



native ground and shrub species such as kiokio (Slachmum
nopie-sealivdiag), tree ferns, and dense broadleaved
shrubs, are either absent or sparse. Where such vegetarion
dominares the sive, cultivation combined with weed
control will be essential for any chance of natural
regeneration. In such situarions, it may be more sensible
to consider planting, especially on moist fertile sites.

4. Litter

A l:lﬂ:p litver layer (=5 cm thick) can present a barrier to
rcgcm:u[iun.S-md,upu;iajhrifmall, will aften germinare
in such marerial but is unlikely o survive unless mors
can quickly penctrate into mineral soil to access the water
and nutrients required for growth, A thick liver layer will
require disruption through scarificarion for regeneration
10 OCCUL.

5. Auiweals

Dieer, goats, rabbits, hares, and possums will all browse
advance regeneration, while possums, rats, mice, and birds
will eat seed on the tree and/or on the ground. Each of
these facrors must be carefully assessed by observation and
inspection. As a general rule in Europe, ungulate densities
are acceprable when there are fewer than 510 animals
per 100 ha otherwise they must be excluded from areas by
fencing. Even lower animal densities will be necessary if
the tree species being used are preferentially browsed (e.g.,
Drouglas fir, most broadleaves, and natives). Other Fctors
affecring the impact of animals are having preferred non-
timber species {e.g., mahoe) to attract animals away from
wrees, o the preferences of some animals for particular

Sites, €8, SUNNY aspects.

6. Access and topograply

Access o the stand for harvesting and ongoing
management must be considered. In general, CCF
stands require a regular nerwork of within-stand tracks
linked to extraction roads so char damage to regenerating,
seedlings by harvesting machinery is limited. These tracks
need to be robust and well constructed o ensure long-
term machinery access o the stands. The layout of chis
extraction network must be considered before any stand
management to favour CCE

7. Swmmary

Use the above features to adjust the inltial ranking of the
site and decide on the likelihood of success with CCE
Although varying with the silviculiural system used, the
most suitable sites are likely vo be those with liule or no
browsing, the presence of desirable advance regeneration,
an appropriate stand structure (Le., adequate numbers
of desimble trees in each stratum), and ground fora
and litter conditions conducive 1o seed germination and
seedling survival, The ropography must be amenable
easy access unless helicopters can be used. If any of these
conditions are not met, then the decision o proceed must
be influenced by the remedial acrions required, as well as
feasibility and likely cost,

Stage 2: Structure and Silviculture

The next issue to decide is an appropriate silvicultural
system, based upon the presence or absence of suitable
cover-building or frame trees, the shade rolerance of the
species concerned, and a stand structure chat will achieve
the management objectives (however, refer to Section 2.2
for comments on natural indigenous forest), In essence, a
decision must be made betwesn:

(1) A simple structure in which there will be ar least rwa
strata, and no more than three species in toral.

(2) A complex strucrure with three or more strata
comprising several species.

The decision will also depend o some extent on the
species involved and the intended harvest method. Group
shelterwood systems are generally more appropriate w
simple structures with one or two species invelved (eg.,
Picea species and I madiata). Complex systems, like kauri
with associated podocarps, are probably berter managed
using single-tree selection,

If possible, find stands within the forest, or on neighbouring
properties, thar embody the desired structure. These can be
used as reference points for furure management. It may be
that, at a landscape scale, more than one structure is needed
tor promate greater visual and habitar diversity. Once the
target strucrure for a given stand has been decided, choose
the most appropriate silvicultural system.  Figure 1.1
(adapred from Mason er al, 1999) illustrares the differences
between the main silviculoural systems, and more detail
may be found in the glossary. MNote, however, that a
forest area conraining several different stands may require
more than one silviculrural system. A simple structure is
produced by the uniform and group shelterwood systems,
whereas 2 complex strucrure will resule from an irregular
shelterwood or a selection system. The chosen system can
be modified 1o allow for the shade wlerance of the species
concerned (Mason e al, 1999). For example, use of group
shelterwood with larger gap sizes (up o 0.2 ha) will be
more suitable for light-demanding species.

Stage 3: Beginning the Transformation

Omnce the desired structure and silvicultural system have
been derermined, decide how to begin transforming the
chosen forest area. The course of action will depend upon
the current age of the forest and it lite expectancy, bur it
must be accepred thar it may not be possible o complete
the transformarion process within the life of the existing
trees in the forest. For example, if a complex structure
is desired bur the trees now present are mature, the best
that can be anticipated within 30 years is for a simple
structure to develop, with repeneration establishing uncler
a few surviving overstorey trees, Further development
roward a complex structure would be accomplished by

the management of the regencrated successor stand.
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The presumprion is always that natural regeneration
will be favoured wherever possible in order to minimise
establishment costs. However, under-planting can also be
used if it is necessary o introduce desired species that are
absent from the site, or to introduce improved genotypes,
or to speed the process. For example, the planting of
kauri into a scrubland site which would eventually have
regenerated naturally ro kauri will shorten the time o
harvest size by ar least 20 years. Altemnarively, planting a
smaller number of trees from selected parents and allowing
natural regeneration o provide the bulk of the wees in
the stand can reduce the coss of introducing improved
stocl.

As outlined ar the beginning of this chapter, there are four
possible courses of action, the choice depending upon the
origin, age, and complexity of the forest,

CONVERSION OF YOUMNG, EVEM-AGED FOREST OR
SCRUBLAND TO CCF

Here there is already a vegeration cover of young, usually
even-aged plants which can be in one of three sub-
categories

% Indigenous scrubland regenerating after clearance,
usually by fire and perhaps with an intervening
grassland cover; there could be some incipient
indiEmnm LeE FERENETarion.

% Fxote  sorubland regenerating from grassland or
cleared exotic forest. Gorse and broom are the usual
species but this category can also include species such

as willow or woolly nightshade,

3= Mantation of exotic species less than 10 years old.

As a general rule an initial inventory of the site will not be
reqquired unless there is marked variation in cover type, or
parts of the area already have regeneration present.

An example of the first caregory, from northern Mew
Zealand, would be a site which has been cleared of bush,
probably by fire, and which has regenerated 1o kanuka.
Scattered chrough this are small kauri poles, which became
established fairly early in the kanuka succession. These are
now seeding our into the kanuka bur development is slow
because the kanuka is roo dense, and the site probably
oo dry, for the rapid regeneration of kauri (Plate 3 No.9;
Plate 4 No. 15 & 16).

A second category example could be a stand of gorse which
can be used as a nurse o enable successful establishment
of a species like torara which, unless there are seed trees

present, would have to be planted.

Into the chird category falls the conversion of a young
Pinus radiata stand to another species. Opening gaps in
the pine, underplanting with the desired species in groups,
and then thinning our the 2 rediata nurse in stages would
be the best method to follow.
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The choice of silvicultural system for these stands depends
upan whether one or several species will be involved,
and on the pattern of any natural regeneration. If the
resultant crop of desired seedlings is regular, abundant, and
consistent then a uniform shelterwood may be appropriare
le.g- NVothefagus species). IF sporadic and in groups, such as
patches of young kauri, then the single tree or small group
selection approach could be more appropriate. IF several
species are planted or regeneraring, s:ingl:-tm: selection or
group shelterwood is the preferred silvicultural method.
During this phase thinning is done to release advance
regeneration but does not usually rake place in anriciparion
of regeneration. IF natural regeneration is not successful,
planting may be required, using the overstorey to shelter
the newly planted rees,

Thinningcrml:ti.cl:js based upon that used in conventional
even-aged forests bur done lightly and frequently o
encourage the gradual development of the crowns of trees
selecied as frame and seed trees. It will be helpful o mark
these trees so that there is continuity in the partern of
thinning. Depending upon specics, natural regeneration
could occur as early as 10 years of age which is abour the
time it takes for a fast-growing native tree 1o begin seed
production,

CONVERSION OF CUTOVER INDIGENOUS OR
UNDER-STOCKED EXOTIC FOREST TO CCF
(PLATE 7 MO. 24 & 25)

Because forest areas of this type will be quite varied, an
inventory is the first requirement. Two inventory methods,
fixed area plots and variable area plots, are outlined in
Appendices 3b and 3¢, although more trials are required
before either system is perfected for New Zealand
conditions. Their main advantages are ease and speed of
establishment. During the inventory, frame and seed rrees
locared on plors should be selected and marked and a plan
prepared showing their location as well as the locations of
different srands of trees.

In cutover indigenous forest, Section [11A of the Forests

Act 1949 will apply but it is likely thar the area can be

demarcated into different stand types, for example:

3= Stands of larger, marure and semi-marure orees;

= Stands of advanced regenerarion;

%= Stands with advanced seedling regeneration or where
planting is desired;

5 Srands where desired regenerarion is limied by factors
which can be controlled — e, the grubbing of
ground ferns in a beech forest:

3= Smands conmaining tree ferns and woody shrubs with
no potential commercial value.

However, if the Forest is a degenerated exoric area,
regeneration is likely to be poor or non-existent and
planting will be needed. 1T a species such as blackwood is
present, coppice regrowth can be utilized.



The first step is to devise the appropriate trearment for
each stand type, with the encouragement of regeneration
as the main objective, An important task is the removal of
peor quality trees, unless they are required as nurse trees
to reduce potential wind damage or for animal habirar,
and the clearing of such sites 1o allow for regeneration
and the faster growth of any seedlings already establiched.
If regeneration is not possible or it is desired to introduce
species not currently growing in the stands, planting will
be required, as will effective weed control. The later aspect
is one of the most important tisks and ene most frequently
overlooked. To ensure that does not happen, a programme
should be implemented which provides for releasing over
a S-year period. In kauri and pedocarp | broadleaved
forest areas the control of tree ferns i probably the mosr
important aspect of this; in beech forest it is the control
of ground ferns,

The inirial aim should be the development of at least three
forest strara: the canopy of dominant residual forest trees,
the esmablishment of a well-distributed sapling strata,
and scedlings becoming, established on the forest Hoor.
As some of the saplings grow 1o sub-dominant status, a
process thar could take up o 50 years, a full forest structure
will be in place. At this stage, the forest has completed
irs rransformarion and will have developed rhe reverse
I structure radivionally identified with classical selection

LL LIS FE LS

CONVERSION OF A MATURE, EVEN-AGELD
PLANTATION TO CCF:

One methed is gradual chinning from above {Le, by
removing larger trees — see Appendix 3a) thus creating a
shefterwood unril lighe conditions increase sufficiently e
allow regeneration. Another method would be 1o divide
the block into equal areas (group or srip) and fell one area
every year or so, replacing the trees with an appropriare
mixture of species for CCE If the species being felled is 1o
be the only one in the new forese, the felling coupes should
be as large as required 1o encourage regeneration (Plate 2
Mo.8) and care must be taken to select and rerain suitable
frame rrees. IF it is to be only one of several species, then
it should be allowed 1o regenerate with the other species
in the mixture planted as required. IF the original species
is to be completely replaced with others, then it must be
prevented from regenerating,

Helliwell (1999} quores the example of the conversion
of a Douglas fir planmation 10 ha in area and 35 years
old. The conversion process envisaged regenerating small
groups every five years for 35 years, i.e., 12.5% of the arca
to be felled each time. If the average group siee were set
at 1500 m?, then cight of these groups would be felled
every § years.

COMMENCE PRODUCTION FROM A MIXED
INDIGENOUS FOREST REASOMABLY STOCKED
WITH MATURE TREES:

{More that this is usually the sitnation for those who wish
to manage their existing indigenous forese, and Section
1A of the Forests Act 1949 will apply — Anan, 2007.)

As with cutover conversion the firse requirement here is
for an inventory, Once this is done, o plan showing the
different stand rypes is prepared. From this peint the steps
are very similar o those dealing with the curover forest
described above. The bulk of the sands should conain
large, mature trees with the next largest srand caregory
likely to be non-productive areas of ree ferns and woody
shrubs. Stands of advanced regeneration and seedling
regeneration will be less common.

Forest work docs not involve just removing trees, Thoughe
and planning must be pur in o decide how individual
stands will be manipulared to achieve the best results. For
example, o induce the regeneration of silver beech only
limired canopy removal (one or two trees) is required.
However, red beech will only regenerare when a reasonably
large coupe size — up o 0.25 ha — is used. On the other
hand, kauri regeneration is continual throughour kauri
stands bur seedlings will not grow withour removal of
ewverhead canopy. This means removal of heavy shade plants
like tree ferns as well as the felling of selected timber trees to
provide small gaps (Plare 3 No.11). With beech, kauri, and
most other regenerating rimber sp:cm:. perindic thinning
of young plants is viral to ensure continuous even

As a rule of thumb, the crowns of saplings and poles must
be free of competition from other plants, both o the side
and above, and the creation of light wells is vital in this
respect. MNote also thar where species are mived (e.g., red
and silver beech) the size of the gap will favour one species
over the other — larger gaps favour red

Management will consist of harvesting the appropriate
volume of timber from the stands as large trees and
encouraging regencration after tree removal, Again, the
selection and retention of suitable frame trees must be
part of the process. First define the stands and determine
their simber volumes and growth rares, as explained in
Chaprer 3. Harvesting to remove the assessed annual
increment is then done on an annual or periodic basis,
with regeneration encouragement and releasing following
as required. At the same time, work in stands which have
few or no timber trees to encourage regeneration where
appropriate,

Stands are scheduled for harvest over a predetermined
perind of ime. For example, if the total area of forest being
managed is 100 ha and the work is 1o be done on an annual
basis over a 25-year period, then 4.0 ha will be treated each
year (a8 individual srands will almost certainly vary in area
and volume, this will be an annual average area).
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Where harvesting is by group selection the diamesers of
individual coupes should not be greater than two tree
heights; in practice, the maximum size should not exceed
2500 m? for moar species, and preferably should be less
than this. Again, coupe size is dictated by the ecology of
the species, with most podocarps, silver beech, kauri, and
tawa being managed in single or two o three tree groups
(L., very small coupes) and red beech in large coupes.
Determining the oprimal requirements for each species
does need more research.

Individual tree selection, group selection, or irregular
shelterwood systems can be used, depending upon refative
shade wolerance of the species concerned. The aim is o
develop greater structural diversity within the forest by
encouraging the growth of better-quality trees using
the criteria of roor stability, good form and vigour, and
appropriate spacing. At the point where these trees emerge
through the serub canopy there should be 200 to 300
dominant and sub-dominant trees per hectare for narrow-
crowned rrees like kaurd and totar, fewer for those with
spreading crowns. Higher stockings than chis, risk reducing
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the quantity and quality of following regeneration and
long-term productivity (sec Table 3.0).

As the forest ages, natural eration {seedlings grown
from seed off the crop tmﬁmﬂ@t in by l:linrﬁi. wind,
ete.) will begin 1o colonise the understorey. Thinning the
canopy of nurse or non-crop species, progressively opens
up gaps to favour the more rapid growth of regenerating
seedlings. Because of the differing light levels within the
stand, these seedlings will have variable height growth,
with more favoured trees beginning to grow towards the
canopy and so establishing the two- to three-tiered can
structure, Up o 50 years may be required to reach tnl!u?s
point (Plate 1 No.4).

An example of Option 4 conversion is given in Appendix
3L This invalved a kauri area which was pardially logged
about 1910, and then leht unattended uniil 1982 when a
single harvest of dominant and sub-dominant trees was
undertaken aver part of it and unstocked arcas were planted
with seedlings or naturally regenerated. It is now par of
a regional reserve.
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Continuous cover forest management systems
are patterned on natural forest processes,
sometimes referred toas mimicking, Silviculural
work essentially involves the speeding up of
natural processes by the removal of some of the
plants that are present, but not essential to the
. 50 that the desired species will grow
faster. At any one time different parts of the Forest will be at
different stages which means thar a number of silviculrural
rreatments may be undertaken simultaneously.

3.1 SIWVICULTURE
Inventory

Effective inventory is essential, for in each part of a tue
continuous cover forest there must be a continuous series
of size classes from seedling to tree, and continual addirion
to the growing stock by natural regenerarion (or planting).
The best way to determine size class distribution is o
calculate the reverse *1" curve for the stand or compartment
of the forest (see Glossary), Also important are the
selection and maintenance of frame trees around which
the stands are built. Ax well as ensuring the appropriare
size-class distribution of trees, selection will concentrae
upon favouring the better rimber species, berer qualiry
trees, and those more suited to CCF practice; the reverse
"T" curve is a guide to achieving this {Halkewr, 1984).
Inventories should initially be done every 5 years but the
timing and intensity can be varied as the desired system
of management evolves.

Currently there is no "best” monitoring inventory system
for Mew Zealand indigenous forest although rwo methods
are used, mainly in more southern forests (Allan, 1992;
Handford, 2000). Whar is needed is a rapid, low cost,
system. One of the earliest and best methods devised for
inventory and yield checking is thar of Biolley, who set out
te obitain maximum increment from the smallest possible
growing stock (see next Section). The concept is to have
guite small srands and 1o underrake an inventory every 5
to 10 years, just before each felling cycle.

The British Forestry Commission has recently developed
software to support an inventory system to monitor the
change from even-aged to continuous cover stands (Kerr
et al, 2002), This system is now being rrialled in MNew
Zealand and, if modified for our conditions, could prove
to be a usehul monitoring and rapid inventory process (see
Appendix 3b). Alse under test is 2 method for indigenous
forests, devised over many years by the author of rhis
handbook (Appendix 3c).,

Yield control

Inventory, which is used to determine the basic structure
of the forest or stand, must be done ar least every 5 years;
vield control can be less frequent but more information on

CHAPTER 3: MANAGING THE CONTINUOUS COVER FOREST

potential crop trees must be obtained. Yield lation in
selection forests can be underiaken by using Biolley's check
method (Biolley, 1920; Matthews, 1989; Benecke, 1998h).
J. I, Marthews explains the basic principle as applying the
principle of gaining maximum increment from the smallest
passible growing stock, and Knuchel (1953) and Spurr
(1952} describe the method in deil. The forest needs w
be divided into stands and measurements are made of the
growing stock in three size classes (large, medium, small,
commencing from about 10 em dbh) every 10 years. This
enables the forest manager to determine the growth rates
of species by size class, fix the yield for the next period, and
plan fellings in order to work toward a normal distribution
of size classes. As an alternative to the check method, one
of the manitoring systems currently being rested might also
be modified to give the volumetric data required.

Using the dara obrained from forest inventory the
following rules should be followed:

%= Try to maintain the various tree size classes ar the
correct levels (reverse “]" curve). This is best done
by forest compartment or sub-compartment since
stands are oo small and do not always contain
wrees in all size classes,

3= [f the continuous cover forest is a mixture of wee
species, Ty to maintain an appropriate percentage
mix of species in each size class (see below).

3= Free young saplings from suppression.

%= Remove defective stems of any size whenever they
hamper better ones, unless they are imporane
for habitat or protection of regeneraring srock
(Matthews, 1989), ot are required o provide
stability on sites affected by wind and snow,
or o protect crop trees (beech) against wineer
desiccation (], Wardle, pers. comm.).

To calculate annual increment the following formula is
used (Helliwell, 1999,

Current valume + valume remeved in chinnings®+ valume

af trees which have died - previous volume
NIRRT = e s nnaas
{mha) Mumber of years berween measurements

* Thinnings = any sems somaved begwesn measurements

In determining yield the focus should be on size rather
than age, although occasionally the larter may have a
bearing (Mason ef af, 1999). Targer diameters should be
adopred for the forest; in Europe these are sometimes as
high as 60-70 cm but for Mew Zealand they have yet to e
determined and will probably vary by species. However,
note that for indigenous species, Section [T1A of the Forests
Act 1949 requires thar the forest structure be maintained
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s individual sives will derermine ultimate diamerers and it
is lii{tl}r that there will be a rang:.;lFthmfmm differens size
classes (see Figure 3.2 where the curve indicates the need
for removal of seme stems between 20 and 40 cm dbh).

Determination of targer diamerers is based upon several

factors, induding the following:

% The requirements of Section 1T A of the Forests Act;

3 Economic considerations, ic., the size of log giving
maximum return or the size at which volume m.a.i
begins wo decrease;

¥ Maximum size acceprable vo sawmills or cur by
portable mill;

3= Size restrictions imposed by harvesting, i.e., helicopters
are more efficient if lifing logs close o their life
Capacicy;

¥ Climatic or susceptibility factors such as the onser of
heart rot aver 45 cm diameter in the beeches.

Chther parameters used are quality and distribution of
frame trees, residual basal area, stem size distribution, and
reverse “]" curve, Using the latrer as a guide the objective
is, over time, to bring the seedling and rree sive distribution
curve of individual compartments as near as possible o

the ideal one.

The mix of species and size classes will vary with species
and this infermation is not yet available for most species,
becoming more apparent as stands marure and as managers
become more skilled. ‘The provisional figures in Table 3
(based upon the work of David Bergin and lan Barton)
are suggested for totara and lkaurd and must suffice until
betrer dara become available.

TABLE 3.0: Preliminary stocking levels for two indigenous

species

Sime class Tarara Kauri
Seedlings and saplings 1500 1450
Small podes (15-25 cm dbh} 500 480
Large poles (26-45 cm dbh) 200 170
Samall trees (4 60 cm dbb) 70 40
Ll.rg;: trees [:-lﬁﬂ I |:||:||'|_Il ] 25
TOTALS (stemafhal 2500 2185

Frame trees

Frame trees (Mason & Kerr, 2004) or furure crees {Pla,
2002) provide the framework upon which the forest is
constructed (see Glossary). A good continuous cover
forest will have 40 to B0 dominant trees per hectare which
are selecred as frame trees because they are well formed,
vigorous, stable, have high timber value, and are reasonably
evenly distributed. The number of frame trees per hectare

may vary with species and has yet to be determined (For
example, species with spreading crowns like beech will
have fewer frame trees per hectare than more conical trees
like kauri). They should be identified at a relatively carly
stage, (abour 12 m top beight) as trees which show a natural
ability vo dominare the stands where they occur,

Tree removal in the harvest process is underraken by
thinning from above, with competing rrees being removed
from around the selected frame trees. In the United States
a system called crop tree management achieves much the
same purpose (McEvoy, 2004). Frame trees will rend
to remain and should ideally do so uniil they reach a
predetermined target diameter. When their time comes
for removal 4 nearby subdominant is chosen o take their
place, During eardy thinning (about once every 5 years) and
later harvesting, astention must be paid to the removal of
unwanted competition in order to encourage growth on
the frame trees and to open the stand for regeneration 1o
begin, lerespective of the management system used, the
principle of frame trees should be applicd, with the frame
rrees being the last ones felled.

Silvicultural processes

In managing indigenous forests using CCF principles,
silviculture is based upon the ecology of the narural
indigenous forest (Marthews, 1989). This means thar the
process will nor be confined to cerrain pans of the forest
but will be taking place over all of the forest ar the same
time*. Harvesting will normally be by single-tree or group
selection depending upon the shade tolerance and seedling
regeneration characreristics of the ee (Benecke, 1996).
Other methods might be employed in cerrin sinations
— for example, beech forest often narurally follows what
is virtually a shelterwood pattern and harvesting should
be based upan thar (], Wardle, pers. comm.). Felling will
not always be confined to older trees because frame trees
are left 1o grow o their fullest potential while others are
left for habitat purposes (Peterkin, 1997). However, the
main selection criteria should be to (a) remove trees with
impaired health and vigour or which are malformed or
damaged, and {b) thin to reduce density. The remaoval
of dominant trees and eventually frame wees will allow
subdominants o increase their growth rare.

Because continuous cover forests are not completely natural
farests there may be some diversion from normal natural
processes. For example, they may be single-species lorests
le.g., Mothafagns) or could be mixoures of species from
MNew Zealand and overseas. IF species which are inferrile
(eg., ¥l rir apensit) are used, the planting of
replacement mEE will be required. In chis ﬂtpli::imtlﬁtlu
ecological requirements of the various species used will

* For example, with kauri, an aleernative 1o reruming oo each compartment every 20-30 years could be ro divide the forest into
very small srands averaging say 1000 m?. Each stand would be revisited at approximarely 10-pearly intervals so that at the same as
time a5 harvestable trees were removed, new scarification, planting, releasing, thinning, fertiliser aplication, erc. could be done, [t
s necessary o have ar least one intermediate visit i release tiny seedlings. Stand centres can be defined by 2 Global Pasitioning

system (LPS).



need o be comparible and it is likely that a good deal of
trial and error will be needed before a suitable silvicul tural
rocess can be devised (Plate 4 No. 14). However,
re species are included in a mixture it is necessary to
understand something of their ecology, in particular their
light requirements, Depending upon the requirements
of their seedlings for |ig||::t. trees fall along a gradient but
can be gmupcfintn three broad classes (Mason e al,
[999) — |i.5|'1.t=l:|l:mann:|ing, intermediate, and shade-
tolerant. Thus a suirable mixiure might include red alder
as light-demanding, Cupresss fusitamics and % C averesii as
intermediate species, and Aatcia melenmcplon as relagively
shade-talerant,

Following harvesting of individual trecs or groups, growth
at all levels in the continuous cover forest needs o be
encouraged, New rree establishment can be obtained
by encouraging seed germination and coppice regrowth
but if these are not possible planting will be requined.
Existing seedlings and saplings will require releasing
from competition and excessive numbers will need w
be thinned our. Depending upon species, it s likely
thar repear releasing will be needed, in particular newly
planted or germinated seedlings may need o be freed from
competition several times during the first 5 years after
establishment. To encourage regeneration it is important
to take advanrage of seasonal seed supply by manipulating
light levels, competition, and predation of both seed and
sl seedlings (Helliwell, 1999).

Rotation

The concepr of crop rotation has no place in CCF because
an ideal forest will have trees of all ages and size classes
growing in an intimare mixture {Marchews, 1989).
Howewver, there is likely to be an average age which trees
will arrain when reaching minimum harvesr size.

Management plans

The essence of management is yield control — thar is,
aiming to keep the annual harvest volume ar the same
level as new growth: the annual increment. The forest
must therefore be managed with a good knowledge of
the dynamics of the system based on sound ecological
principles. To achieve chis, regular inventory surveys need
to be made, usually every 5 years,

It is necessary o have a good operating plan, the basics
of which are conrained in Schedule 2 of the Foresrs Act
1949 which clearly specifies the requirements for existing
indigenous forest (see box in next section for summuary]
{Anon, 2007). OF course it is not mandarory w follow
this for planted indigenous or exoric forest but the basic
principles remain the same. Where ground-hauling
methods are po be used, a well-planned nerworle of skidder
tracks spaced according to the harvest syscem being used
must be specified (Plate 5 No. 1982 20). To achieve this, all
main ridge and valley systems should be accurarely mapped
and contour plans should be drawn.

Initially the forest needs o be mapped by forest type
{normally dictated by the dominant species) and chis will
be required whether the forest is narural or planted, exoric
or indigenous. This is the first step in making the inventory
and the forest plan becomes more refined as more dara are
obrained.

The level of inventory will depend upon the economic
viability of the forest. ldeally enumeration of the entire
stand should be carried our, as was formerly done in
some European countries, but is now often impracrical
for economic reasons. Realistically, sampling will be
undertaken, the intensity of which will be determined
by costs relative to benefits. In pracrice in is expected that
management plans will have individual vegetation units, or
stands, mapped by GIPS and this arrangement will become
the basis of the completed plan. Using GPS, individual
stands can easily be relocared for silvicultural work, frame
erees can be noted, and inventory points recorded and, if
m:ad:d. .'ih'lﬁﬂd. lin '.I.d:‘li[k}l!l Iﬁr_'h'_: :ll:d ixl hhri:ﬁfmlrw:tun:’
and landscape features can be plorted with reasonable
accuracy.

Maonitoring

Monitoring of the whole system has already been discussed
in the sections on inventory and yield control, and it is
essential thar this be done effecrively for allowable yield can
be compromised if it is not. In addition, Aora and fauna
populations must be maintained ar appropriare levels. Ieis
very easy for the forest to become degraded through any of
the following failures of procedure (Marthews, 1989).

= Uncontrolled fellings, especially removing only the
best trees;

%= Decline in value of the growing stock because of

market changes;
%= Severe damage by fire, wind, disease, or war;
% Uncontrolled grazing by domestic or feral animals;

3 Outhreak of disease or  explosion of insecr
popularions;

%= Agricultural practices such as litter rermoval.

All management plans must have good monivoring systems
in place. Ar this stage it is recommended thar one of the
systems discussed under Inventory (page 17) be wsed.

Reserve areas

When indigenous forest is being managed using
continuous cover principles it is important to have
reserves of non-harvest forest to serve as reference points,
particularly for the monitoring of ecological processes and
bindiversity. This is especially so if the area being managed
is natural forest (20% of the total forest area covered by
the plan must be set aside and not logred — see Clause
10 of the second schedule of the Forests Act summarised
on next page) but not so vital if the forest has been created
h}r‘ J.'lhl'll!il‘l.g PIEW TSRS G0 G ng:'HIILId. Reserve areas conld



and that sediment eroded from skid rails is direcred, as
far as is possible, away from all warerways. Location of
skid trails should be planned and trails re-used wherever
possible. Small branches used ro corduroy skid orail and
track surfaces acr as shock absorbers and lessen ground
impaction. When determining which harvest method
will least damage rthe environment, access parvern is the
first consideration. On sreep or very wet sites, oading
is difficulr and may need ro be avoided apart from the
major access route. [t is importane thar protection of
environmental values is considered as well as che sconomics
of the operation.

Land use consents

Prior to construction of roads over a certain length, or to
the clearing of vegetation from an area above a certain skee,
a land use consent will be reguired from most Regional
Councils, However, in some Councll areas this will not
apply providing trees felled do not exceed a certain height
and industry standards are adhered to (). Wardle pers.
camm.), In most arcas, because CCF should not require
the felling of areas of trees exceeding 0.25 ha, a clearing
permit should not be needed.

Rules vary berween Councils but roading consent will be
classified under one of the following; -

3= Permirted activiry
3= Controlled activity

Mo consent needed,

Consent will be granted subject
to specific conditions.

= Discretionary activity Consent may be granted or
ﬂ:ﬁ.m:d.. [:DIII;.I.“‘IIIJ!:IE jppl.}r.

3= Mon-complying Activity is contrary ro plan but
may be consented subjecr o
conditions. Public notfcation

required.

3= Prohibited activicy  Prohibited in plan and no

consent may be applied for.

The above are covered by Sections 2 and 88 of the Resource
Manapement Act, 1991,

When granting consent, the Council must take notice of
Section 17 of the Resource Management Act which states
that every person has a duty to avoid, remedy, or mitigare
adverse effects on the environment.

Ground harvest methods will involve extraction of logs
for shore distances by hauling through the trees 1o the
road. Oh steep country this method can be used if ridges
and spurs are casily racked; otherwise aerial extraction
may be required. An alternative on steeper country is o
construct roading following the site contours and use
ground extraction methods. This technique was used by
Rudolf Hohneck berween 1930 and 1956 in his kauri
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forest ar Mangatawhiri (Barton, 2007) (Plare 5 No.17).
However, this practice is not recommended for country
which is unsrable. Today the rechniques of digiral verrain
modelling and GP5S mapping can replace the “rule of
thumb” methods of the past and enable good road
construcrion with minimal damage.

Continuous Cover forests on easy country generally require
a denser track network than forests which are clearfelled,
although the permanent reading system need be no more
intensive than that required for the management of clearcut
forests, The more intensive internal track system, at 80- to
1 00-m intervals, should be planned well in advance (Yorke,
2001). An effective road, rrack, and skid erail system will
occupy berween 6% and 8% of the total forest area,

Good access to and within the forest is a key factor in
ensuring easy harvesting ar minimal cost, However, because
roads can be a major source of adverse environmental
impacts they must be carchully designed. To do chis it is
necessary to understand the geology, soils, wpegraphy, and
drainage patterns of the forest bcfEU}:r construction begins.
Areas of unstable soils, stcep slopes, and poor drainage are
maore susceptible to damage and roading should avoid such
arcas. Where possible locate major roads on stable and well
drained sites, with preference given to ridge and contour
layouts (see Table 3.2 for d:raiil:l.

In mew Forest areas main roads and tracks should be formed
before planting, if ar all possible.

Harvest methods

11 i% e itl.[n'ldnd fLE] wdlcadcﬁuiti’m ::-'.]J[an.:tll:_rn nrhmﬂ'r
methods and procedures here but rather to discuss the basic

principles and the pros and cons of possible methods.

As o general rule, for flat and rolling country up w 20°
slope, skidder excraction is possible, Tracked machines can
operate up o 35% slope but on country steeper than this
aerial extraction, although more costly, is betrer. Small
haulers may also have a role in some places. Different
methods are compared in Table 3.1 which shows that
ground harvesting methods which have small impact
on the environment (horse and mini skidder) also have
low production potential. They will be applicable only
in small-scale operations where the value of the timber
is moderately high. Skidders will be applicable only on
Hat and easy country, although they can operate very well
on steeper country off contour roads up t 100 m apart.
Ground and hauler systems have high productivity bue
greater impact on the environment. Their use in CCF
is therefore restricted. Haulers may not be possible ar all
because of the high cost of moving ropes and the resultane
damage 1o the forest but, because they generally haul
.i:n'u."].'. sk}rlim: SYALEMS My have a |!|]I;.'l,'.. There is livele
doube thas |'|E|.|i.':|n]:|t:r extraction causes least ri:rrug:: (i1 ]

the forese, because it not nlll],f iminimises :la.ma.-gl: to other
planes and the soil bue also greatly reduces the need for road
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4.1 ESTABLISHMENT AND
MANAGEMENT

Economic considerations, at least in the more
developed narions, are no longer the sole mison
d"éwre driving forest management (Benecke,
1997). In fact many now challenge the conce
thar clearcur plantation systems are more economic
viable than CCF because the later’s other advantages
miean that this system is now becoming accepted as equally
walid (Rooney, 2000). The reason for chis is an increasing
acceptance that the various multi-use activities associated
with forestry also have economic values, even though these
may at times be difficulr o quantify wsing conventional
economic analysis.

Research to dlarify the direct costs of CCE, especially the
cost of conversion from plantation forest 1o CCF, has been
under way in Europe for some time. Management costs
per unit area are higher, with a significant component of
this being cost of inventory (Mason e &, 199%). However,
there are savings in the greatly reduced coses of planting
and silviculture, although if seedling densities are very
high — e.g., with beech and totara — thinning costs can
be higher than planting. In 1996 the cost per hecrare for

eration and tending in Swiss CCF forests was NZ§21
(this increases if the size of areas being rended is gmall

Harves!

Establishment

Roading and
Other Cosle

CHAPTER 4: FINANCIAL ASPECTS

{Benecke, 1996)) compared o NZ5152 for clearcut forests.
In German forests the situation is similar (Fig. 4.1), but

variation berween individual forests is likely to be large.

4.2 HARVESTING

Costs of harvesting do vary widely but what does not
change much is cost relativity berween the different
methods:

Horses<mini skidder<ground skidding<haulers< helicopter

It is also important to consider the hidden cost of each type
of operation. The two cheapest options and helicopters
hawe far less impact on the environment and do much
less damage to the residual crop, The latver is particularly
applicable 1o helicoprers which also require much lower
mading density and can be used when volumes per hecrare
are low,

Road construction coses vary enormously depending upon
terrain, the length of road needed per hecrare, and the
roading standard required. On easy country, gravelled roads
will cost From $15,000 ro 320,000 per kilomerre, which
adds $0.80 to $10.00/m" to the cost of wood exrracred
— depending upen road leagth and wood volumes, On
difhcule country the cost rises considerably o berween
$4.00 and $30.00/m? {Murphy, 1993). On the beneht

FIGURE 4. 1: Relarive management and production costs in even-aged plantation forest and uneven-aged “near natural” forest,
over a 10-year period, in two German provinces (from Benele, 1996)

i



side, onoe a road is built it can be maintained at Rirly low
cost, provided there is no non-production heavy usage,
and it will be available for subsequent rending and harvest
operations, The cost of mainmining such a road should be
less than $500/km annually. Although difficule vo quantify,
the cost of wood extracted in subsequent harvests should
be under $5.00/m?, even on the most difficult counery.

Helicoprer costs do net vary to the same extent, ranging
from £35.00 ro 50.00/m* depending upon haul distance
and picce size. These costs will be relatively constant from
harvest to harvest; however, possible fuel shortages in the
furure may result in helicopter harvesting becoming less
coonomic.

Depending upon circumstances at each site, induding
slvicultural systems and timber picce sizes, it may be thar
when all costs are considered helicopters will deliver the
best service if large volumes of logs have to be moved,
especially in difficulr terrain, and horses or mini skidders
the best with low-volume operations on casier country.

4.3 POTENTIAL AND COMPARATIVE TIMBER
VALUES

Pre-1981 net returns for Switzerland’s Couver Forest,
managed under continuous cover since 1881, were up
to NZ3150/m? but they have dropped more recentdly
averaging only $38/m? between 1984 and 1991, However,
nearby clearcur regimes suffered even more because they
had a high proportion of industrial wood and sawlogs of
lower grade than Couver, where virmally all trees felled
yielded high-grade sawlogs (Benecke, 1996),

Few dara are available for New Zealand. However,
calculations based upon the best available information
suggest that the netr return from a planted but self-
regenerating kauri forest when the first harvest of
approximately 300 m* is made ar age 80 would be about
3100000/ ha (discounted return <5%), 15 blaclwood were
used as a nurse crop and these rees were all harvested
berween 25 and 45 years of age, yielding abour 390 m?,
the return would be close o $200,000/ha {discounted
return £%). Succeeding harvests of kaurd, because of the
loow management costs incurred by not having o replant,
will have a discounted return of abour 18% (G.PHargan
& I.Barton unpubl. dara).

Another aspect affecting financial yield is the ax regime
imposed, Hellvwell reports (1999) thar in Britain prior
ta 1985 the system of taxation favoured clearfelling bur
that the Budget of that year swung the balance in favour
of CCE

Many countries also provide Government grants o
encaiirage tree planting. More recent grans in Brirain have
favoured CCF over clearcur forestry.

It should also be noted that a continuous cover farest of say
150 ha would be under more or less constant management
(although harvesting might not be done annually). There

would always be work going on such as scarifying; planting;
releasing; non-productive thinning; fertilizing; weed and
nancicas animal control; fence, road and track maintenance;
inventory; planning; erc. Harvesting could be intermietent;
it may ccour annually but during drier rimes with aurumn
and early winter preferred because the sap is down, or
it could be biennially or even irregulady, selling mainly
when prices are good, More thar periodic or intermirtent
harvesting enables income to be spread over previous non-
income years for tax purposes.

4.4 ESTATE PLANNING AND MANAGEMENT

In New Zealand forest ownership is currendy in a state
of Hux. Seme 20 years ago the State owned most of
the indigenous protection forest and abour 60% of the
production forest. Divestment of State asscts saw most of
the productive exotic forest land pass into private hands,
since when it has often been re-sold and considerable areas
have been converted to other wses. The Stare has also ceased
production from Crown-owned indigenous forest while
amending the Forests Act to control harvesting from privare
indigenous forest. These events and the ambivalent artinsde
of Government toward forestry, cause practitioners and
investors to be very wary and the uncertain state of affairs
works against the long time-periods required for CCF o
prosper. Conrrast this situation with the Stare of Baden
Wiirttemberg in Germany. Here 1.4 million ha of forest
are 24% owned by the Sware, 39% by local government
organizations, and 37% by private owners. Underpinning
this is the requirement of both Federal and Stare forest
law, thar forested land must be retained as forest (Plate,
2002},

In New Zealand today, should any forest owner wish
o practice CCF it is important that initial planning be
accompanied by consideration of how the ownership of the
forest is structured to ensure that CCF will continue long
into the hature. These long-term planning considerarions
must take three basic factors into account:

= Long-range planning must extend far beyond the 10-
to Ml-year J:-I;mn[ng ﬂ}'rﬂu COAUMON B0 my0st Current
forest planning;

%= Forestowners need o understand that rruly sustainable
forests are measured in terms of centuries and not

decades (McEvoy, 2004);

= Subscribing to the concepts of CCF means being
willing o forcgo some current income opportunities
in uniﬁrr to create a lasting legacy for the furure,

This section therefore deals with ownership vehicles
appropriate o managing a forest which has a life of
considerable length (probably 100 years minimum).
The issue is o provide a2 mechanism which will ensure
perpetuarion of the forest rather than protvect the righes of
the owner. Thus individual private ownership is probably
a poor vehicle because there is a high risk chat if a forest is
sold, especially if it is immanure, the rrees could be cleared



to permit an alternative land wse. [t is assumed here that
anyone who creates a continuous cover forest will seek an
awnership vehicle which will enable the forest 1o operate
for a long period. Described below are several mechanisms
which could be considered. Anyone contemplating setting
up an estate management system for CCF is advised o
first put all of their requirements on paper and then seek
]l.-g.ﬂ addvice,

Possible ownership types which could be used in MNew
Zealand are:

3= Private

3= Trusts

= Company

= Maori customary ritde land

3= Government and local government

3= Use of the Forestry Rights Registration Act
3= Use of land covenants

= Special legislation wo protect forestry land use.

Private ownership

“This implies ownership by a single individual, partnesship,
or family company and would be land held as freehold or
very long-term leaschold, With no protective instruments
in place the owners have no way of controlling furure use
of the land once it passes from their ownership unless some
mechanism is devised 1o ensure future management of the
trees {see Forestry Rights Registration Act 1983).

Trusl ownership

There are many different types of Trust but only certain
types may be suited to a long-term operation such as
foresery. With the exception of charitable trusts which
are not considered here, the maximum life of a Trust is
80 years {Brown, 2000). This length of time is probably
mot sufficient for a continuous cover forest operation, so
being able to resertle a Trust is vieal, Since resettlement of
a Trust cannot breach the rule against perpetuities it is not
possible to do this by simply creating a new Trust; however,
distribution of the Trust assets to a beneficiary which is a
company, with shares in that company held by a Trust is a
passible alternarive. Essentially four types of Trust could
be considered and these are covered briefy below.

With a discretionary trust trustees have the discretion
o dispose of the benchis as they see hr, although all

beneficiaries have the right to impartial consideration by
trustees and have their rights protected by the courrs. The
trust deed would need to be ser up to dearly define the
CCF objectives and outcomes required.

A fized trust sees the rights of benehciaries fixed by the
trust deed, and trust income must be distributed acconding
tor this specificarion. This rype of trust will probably anly
work in the long term if the benehciaries are also Trusts
glnce it is not possible o specify individual benehclaries
50 or 80 years ahead.

Unit trusts are principally used for investment where
benefits are allocated according to predetermined fracrions
or "units”, As with fxed trusts, they will probably only
be effective in the long term if the beneficiaries are also
Trusts. For rax purposes unit rrusts are deemed o be
COMPanics.

The purpose af a i is to use Trust assets to
carry on a business and such Trusts have tax advantages.
Omnice again it will funcrion better in the long rerm if the
heneficiaries are also rrusts.

Company ownership

Unlike Trusts, companies have an indefinite life span so
could be an ideal mechanism for retaining land ownership
providing the company objectives are specifically CCF and
cleardy outlined in the operating agreement of the company,
so that although shareholders might change the objecrives
would not (McEvoy, 2004). However, companies have
several disadvantages as estate management structures,
especially:

5 fragmentation of share holding amongst succeeding

generations,

5= are more disadvantageous than Trusts as regards

raALion,

3 and are less Hexible because of greaer regulation and
control.

Maori customary title land

Although Maori land can be frecholded and sold, this is a
difficult process due firstly to the provisions in the Te Ture
Whenua Act, which prevent alienation of Maori land, and
secondly the constraints of multiple ownership, Equally,
the Maor way of thinking about land is a factor which
restricts easy sabe, It being regarded by them as an important
component of whanau, hapu, and iwi identity. Most Maori
land therefore is held in group ownership, sometimes in a
whanau trust, and is likely ro remain so. Activity on that
land is decided by group consensus and management is
usually entrusted to a Trust or Incorporation. It should be
noted that Trusts under Te Turi Whenua Act are not subject
tor the rule against perperuitics and can therefore exist in

perpetuity. Because Maori land ownership is continuous
it is an ideal vehicle for CCE

Public ownership by Government and local
government

As discussed above, this type of ownership would once
have been d as especially secure in New Zealand,
and much forest land was owned by Governmental
agencies. Although this remains the case in many parts of
the world, recent Mew Fealand Governments have seen fie
to divest ownership of the trees on their productive forest
lands to private enterprise with the inevitable result that
management is now dicrared by the borrom line. Such a
situarion is inimical to CCF until the forest becomes fully
productive so, at least for the foreseeable furure, publicly
owned land would not be suirable for OCF unless che long-



term objectives are clearly fixed. A process for this might
be establishment of such forests under the protection of
the Forestry Rights Registration Act 1983,

Use of the Forestry Rights Registration Act {1983}

Under this legislation the landowner enters into an
agreernent, registered by transfer under the Land Transfer
Act, 1952, with another person or entity which allows
the second parry, sometimes in conjunction with the
landowner, o establish forestry an the land (Ministry of
Forestry, 1994). The endry could for example be a Trust
set up by the land owner so that the forest was protecred in
the evenr of him/her selling the property. Once the wansfer
(which is binding on the heirs, execurors, administrarors,
and assignees of the landowner) is established, the forestry
right may specify the management system, in this case
continuous cover, 1o be used. The time period of the
Forestry Right is often ser at only one or two rotarions bur
may exist in perpetuiry.

Land covenants

In Mew Zealand these are already in use 1o ot forested
land; that is, the Queen Elizabech IT Marional Teust
which enables rural landowners to protect areas of bush
and wetland using the provisions of a QE 11 covenant.
The use of a similar covenant registered by the owner
to provide protection for a continuous cover forest is
therefore possible, being an alternarive approach o both
a Queen Elizabeth 1T covenant and the Foresory Rights
Regiseration Act, However, the latter Acr, being a precise
legal ool designed for forestry, probably provides berter
protecrisn.,

Special legislation to protect forestry land use

In the long term it is possible that betrer protective
processes than those described above will be required
to protect the practice of CCF in New Fealand. Most
countries thar are longer established than New Zealand
have laws which specifically protect forest land as parr of
the natural environment and laws clearly prescribe what
activities are possible on forest land. For example, in
Switzerland CCF is encouraged by a ban on clearcutring
swhich is permitred only in exceprional circumstances
{(Herman et i, 2000). New Zealand by comparison has no
national restrictions, although some local councils protec
indigenous forest arcas through cheir districe plans, Here,
as land use pressure grows and environmental protection
becomes increasingly important, it s expected thar law to
prevent deforestation (both exotic and indigenous) and
enhance the impact of forests and forest practice on the
environment will be required.

Processes to protect forests, especially those managed under
continuous cover, are available, with a combination of Trust
and/or Company with the Forestry Righes Registration Act
being currently the best option. In the future the legislarive
process might give simpler and more robust possibilitics.



COVER FORESTRY

Several Acts of Parliament, and their asssoclated
regulations, have implications for CCE
Secveral of these impact on District, Regional,
and Mational Plans, and the major impacts are
listed below (sce also Sections 3.2)

3.1 ENVIRONMENT ACT 1986

Section 17 requires the Government 1o be involved in the
maintenance and restoration of ecosystems and habiars.
Activities to be taken into account at this level fall into the
following caregories. These activities, especially 3 and 4,
could have an impact upon the practice of CCE

1. Increase of pollution

2 Increase of namaral hazards or substances

3. Introduction of species not previously present in New
Fealand

4. Peatures with unknown environmental effects
5. Causing depletion of natural resources.

5.2 THE FORESTS ACT 1949

This Act, which has been considerably modified since 1949
(especially in 1993 by part A which created a framework
for the sustainable management of indigenous forests), has
several deficiencies, It does not cover the management of
planted indigenous forest and applies only peripherally to
forests managed by the Deparement of Conservarion and
forests allocared under the Souch lsland Landless Matives
Act 1906,

The Act also tends to be over-preseriptive, not allowing for
sufficient variation in management which would permic
a betrer fit with the specific ecological requirements of a
particular species. For example, single-rree selecrion in
podocarpdtawa forest favours the replacement of podocarps
with tawa, which is very shade-tolerant. If the podocarps
are to regencrate, grearer levels of disturbance are required,
i.e., larger coupe sizes, which are not currently allowed by
the Act (see side bar page 207,

The essence of the Act is that natural forests used for timber
production must be managed under the provisions laid
down in Sections 64 and 67a—67v which cover the use of
Sustainable Forest Management permirs and Sustainable
Forest Management plans.

Eventually the Act will require amendment vo allow better
operation of CCF. A recent regulation (February 2007,
which will benefit planted indigenous forestry by providing
for the registration of planted indigenous forest, is a move
in the right direction. It should be nored, however, that
because Sustainable Forest Management Plans under Part
3A of the Forests Act are subjected to a rigerous ansdit
process by Dol for conservation/historic/ecological issues,
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there is a measure of quality control and assurance to the
general public which is purported to be driving the move to
berter environmental management of all natural resources
(L.Plarc pers. comm.)

It is also important to note Secrions 70 (1 and 2c) and
70a of the Act which state thar regulations must be made
to prevent the spread of or eradicate disease which may
affect forests, or forest products, on both public and privare
land. Such regulations also restrict the movement of plant
material, which may be infected, from one area of New
Zealand o another. Compensation may be paid o cthe
owners of trees that are destroyed, This act may prevent the
importation into New Zealand of plant material required
for propagation {e.g., oak species, or the movement within
the country of plant material (e.g., elm species).

5.3 FOREST AND RURAL FIRES ACT 1977 &
REGULATIONS 1979

Section 10 states that terditorial local authorities are
responsible for fire control in their areas unless a specific
Rural Fire Authority exists. Fire protection for foreses
managed under CCF principles s therefore usually the
responsibility of the District Council where the forest is
located,

In high risk areas the provisions of Section 18 of the
regulations, Application for Forest Areas to be r-:g,irtl:red.
should be followed. However, it should be noted thar
CCF systems using indigenous trees and comprising a
range of species and mixoures, will usually be less prone to
destruction by fire than even-aged monocultures,

5.4 FORESTRY RIGHTS REGISTRATION ACT
As indicated in Chaprer 4.3, covenants under this Act could
be entered inro in order to undertake CCF with indigenous

or exotic specics or a mixture of bath,

5.5 RESERVES ACT 1977

This Act covers publicly owned land, which is designared
as a reserve. Section 75 of the Act specifies that recreation
and local purpose reserves may be used for afforestation if
they arc not for the time being required for the purpose
for which they are intended (usually for physical activity or
similar). The local boady will ussally enter into a contract to
afforest the area and the proposed activity must be publicly
notified. The public normally continue 1o have the right
to enter the reserve.

5.6 RESOURCE MANAGEMENT ACT 1991

Section 9 (I & 3) Restrictions on the use af land: Stares
thar no land may be used in a manner which contravenes
arule in a District Plan or Regional Plan unless the activity
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is expressly allowed. Therefore anyone who wishes o
undertalee CCF needs first o checle if the local Diseric
Man conrains anything which may inhibir planting and
managing a forest. Such restrictions may apply more
indigenous than exotic species. For example some Mans,
mainly urban, prohibic the felling of indigenous rrees.
This rule is already impacring on people wishing to plan
native trees for future timber supply in the rural pares of
some cities. Previously the only way to overcome this was
o apply to the Council concerned to register the property
as a production forest. The recent regulation in the Forests
Act (Section 5.2) provides for registration of plantings of
native trees on non-forest land and will go part way roward
addressing this problem.

Section B{de): Sraves that no land may be used in a way
which would cause damage or disturbance of the habitats
of plants or animals in, on or under the land concerned.

Section 17 Stares that every person has a duty w avoid,
remedy, or mitigate adverse effects on the environment.
As the planting of rrees, especially indigenous species,
will have a beneficial effect on the land there should be
no reserictions under the Act. However, the harvesting of
trees could have an adverse effect, especially if felling coupes
are large, The clearing of an area larger than aboue 0.5 ha
usually requires a permit from the Regional Council bur
continuous cover harvesting should not be affected because
eoupes will alimest always be smaller than this; if in doubt a
check should be made with the local Regional Coundil,

Section 30 Frnctions of Regional Conncils under the Actz
Listed here are soil conservarion {1c) and the inrroducrtion
of plants for soil conservation, which may have an impace
on the bed of any warter bady (1 g).

Section 31 Functions of tevritorial local anthorities
nnder the Aet: Requires that Councils shall be invalved
in the establishment, implementation and review of
objectives, policies, and methods o manage the effects
of use, development, and provection of land. This ties
in closely with the functions of Regional Councils in

controlling impacts on soil and warer.

Section 8T Types of resonrce consents: This section lists
those previous dlauses which require a resource consent
before any activity is undertaken which might contravene
the contents of that sectbon, These are;

Section D Resrrictions on use of land — see Section 9
absove,

Feceion I Pesorictions on subdivision of land.

Section [2 Restrictions on use of coastal marine
areas,

Sectfon I3 Restnictions on certain uses of beds of
lakes and rivers.

Section 14 Restrictions relating to water
Secriom I5 Discharge of conaminants into the

ENVIFONIMEnT.

¥z

Care should be taken ro obrain a resource consent if the
activity is likely to contravene any of the above, In this
context, Sections 9, 11, and 15 are the maost imporrant.

Regional and District Plans

These are the documents which will have the most
immediare impact on people involved in CCR especially if
indigenous species are used. These plans are administered
within the conrext of the Resource Management Act.

Begional Plans contain rules relating to the impact on soil,
air, and water of various human activities. OF parricular
importance to foresters are restrictions on mad construction
and the area of vegetation that may be felled during harvest
operations. Because the maximum coupe size required for
CCF is usually srmall enough to fall within the requirements
of Regional Plans, no problems should arise.

District Plans relate to the use and management of land. In
rural areas some land may be zoned, or otherwise defined
to place restrictions en the practice of forestry. However,
mast Districe Plans seck only to define indigenous and
plantation forests, albeit in a varicty of ways. Some plans
are now taking account of CCF

There are usually considerable differences between the
plans of various local bodies. Because there are no national
puidelines on most of the issues thar have 1o be covered,
individual councils make local rules vo swie their diseelees,
For example, the recent Rural Plan Change in Franklin
District sees the Districe divided invo Managemene Areas.
All of these have as an objective, “To encourage the planting
of indigenous forestry and sustainable farm forestry in
appropriate locations™. In retum for a subdivision righe,
provision is also made for bush protection and the planting
of both indigenous and exotic species on Class V11T land
which is retired from farming. The plan is, however,
silent as to the possibility of productively managing the
latter using continuous cover. Finally, the Plan provides
definitions for “production forestry™, "conservation
forestry”, and “CCF",



NEW ZEALAND
Continuous Cover Forestry nts people
involved in MNew Zealand forestry with a

very different approach to that with which
maost are familiar — the growing of an even-

monoculiure which is harvested by
clearfelling, For various reasons it is likely that
in future years more and more of our timber will need o
be grown and harvested by methods which do not require
the baring of large areas of soil. These methods can be
maore costly and complicared than dearcur foresery so will
probably be wsed for production of high-value dmber
rather than low-value wood fibre,

In the UK a number of factors, including the Rio-
Helsinki process, the requirements of certification, and
an internarional movement favouring more natural forest
management, have seen a shifr from dearcurting wowards
continuous cover. In the early 1990s the UK had abour
3000 ha of forest under continuous cover management
but since then there has been a steady move o convert
more clearcur forests. The strongest movement has been
in Wales where the Welsh woodland strategy aims o have
50 of public forest transformed o continuous cover by
2020, Similar moves are afoot in Scotdand (Mason e al,
W04,

Whar then is the future of CCF in Mew Zealand? Because it
is & management system which offers considerable benefits
over and above timber production it is prediceed char it
will become more common over time. Continuous cover
produces not just timber but also the associated benefirs
of what used to be known as “multiple-use forestry”. From
forests managed in this way we can achieve a wide range
of environmental and social benehes such as improved
hicdiversity, protection of soil and water values, landscape
enhancement, and more effective carbon sequestration.
Exotic continuous cover forests will be maore “natural” than
the plantation forests with which we are more Familiar;
bt it is with indigenous forestry that the major gaing will
be made,

It is becoming increasingly evident thar the management
of most, if not all, indigenous species can be successfully
undertaken only by using continuous cover principles,
although the beeches and rorara can be managed as even-
aged stands. This approach, under a variery of names, has
long been that of most Mew Zealand foresters involved
with indigenous species and has evolved, with fits and
starts over the past 100 years. Prior o 1979 it often came
under atrack from environmental groups because foresrers
usually arrempred to implement it by commencing
with the harvest of large, over-mature trees, especially
kauri and the . While this is possible in some
circumstances (for example with Nothafagus species) it may
not be desirable and can only work if combined with a
halistic approach to forest management. That is, all Aspects
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of the forest enviconment must be considered |:|.],.- u.n'ng,
af mgli;gil:.\l i]‘lpn'h:r.'l'l. Lo MANGAPEMEnt — hH“E- inEo
account all parts of the forest, from mature trees down o
the smallest living creatures,

The forest owner who practices CCF provides a number
of services such as carbon sequestration, landscape
enhancement, protection of soil and water values, and
increased biodiversity, which are real contributions o the
well-being and economics of the nation. This protecrion of
other forest benefits is a distincr advanrage thar CCF has
over clearcurting and perhaps the future will see in place
a mechanism to materially compensate the providers of

these public goods.

Much remains 1o be done to ensure that CCF will have
a furure place in New Zealand foresery and some of the
issues are outlined in the following sections.

6.1 RESEARCH

One thing which will have become clear from the
preceding chaprers is thar, in New Zealand, there i sill a
Lot wee dov ot kenow abour CCE First, and probably mose
important, is the lack in our depth of knowledge abour
the ecology of many of the species with which we wish w
work, particularly so for our indigenous forests, OF the
beech species and kauri we do have reasonable knowledge,
informarion about torara s now much more advanced
(Bergin, 2003), bur of the others there is still a lot to learn.
And knowledge of individual species is not the end of the
issue, [Fwe wish to establish and manage forests containing
a range of species, a great deal of investigation is needed
— in particular, abour the ecological processes involved
if we wish 1o have mixed stands of exoric and indigenous
trees (refer 1o Appendix 2 for species derails).

Also significant is the matter of biodiversity — not only
of the plant population bur also of associared animals and
invertebrates, The latter are of considerable importance
because invertebrates, with fungi, play a major role in the
breakdown of forest litter and contribute considerably
the health of the forest {Peterkin, 1997).

The possibilities for contriburing useful research are
many and varied, and are grouped into main categories

as Follows:

Genetic and provenance studies

Apart from some work on the selection and grafring of
superior kaurd seed trees in the 1950s (Morrison, 1955;
Morrison 8¢ Lloyd, 1972) there has been little if any research
done in this area, yet it is one which would definitely result
in important gains being made — if the early kauri results
are any indication. A project being undertaken by Janssen
“A pilot inventory of elite native timber trees as seed-
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sources for native afforestation silviculture from lowland
enviranmental domaing”, should provide valuable data on
a range of species (Jansen, 2006). However, care must be
taken to ensure that we do not reduce genetic diversity,

Establishment

This is an important area requiring a signihcant research
input because solving problems here will enable a major
leap forward in the establishment of new indigenous forests,
Much is already known abour the production of seedlings
through the work of Morrison with kauri, and several
podocarp species by D.Preest. Although the lacter did noc
publish any results his work was recorded in unpublished
Forest Research reports and picked up and improved upon
by a large number of nurseries currently producing native
free lings (A.E.Beveridge, pers. comm. ).

Once seedlings are grown there are several areas where
research is urgentdy needed — in particular the use of nurse
species, sitefspecies interactions, and the shade wlerance
levels of key species. While some work has been done in
these arcas with kauri (Morrison & Lloyd, 1972; Barton,
19949}, the surface has hardly been scrarched for most
other specics.

The natural regeneration processes of many species is

ressonably well understood, particularly for kaur and beech
(Wardle, 1984; Morrison & Lloyd, 1972; Barton, 1999),
and recent studies show that totara has grear potential
(Bergin, 2003). But more information is urgendy needed,
especially on the moisture requirements necessary 1o obiain
rapid initial growth, scarification 1o induce regeneration,
and releasing in the first few years of growth,

Silviculture and management

The references given show cthar there is reasonable
information available relating to the silviculoure of kauri,
beech, and rotara but litde on other species, In particular,
we need to apply the ecolopical knowledge that we have
to devise methods to permic rapid establishment and
growth over the first 10 years or so, since this is the key to
reducing the time needed to produce utilizable trees,

Feral animals are more of a problem than in plantation
forests and can cause serious damage o younger rrees
in particular, because of the very favourable habirar
provided by continuous cover. Berver control methods
are required for most sineations and species. The same
applies to weed species because many {such as blackberry,
woolly nightshade, and pampas) can Hourich ar lower
light levels.

Besearch 1s needed an imptﬁv::t economics and
methodology of ground extraction methods for harvesting
in forests where the trees are often scavered, Felling and
extraction must be done with minimal damage to the forest
and this includes issues such as oprimum log length and

time of harvesting. On the wilization and management
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side, markets for timbers once routinely used need to be
re-established and research into improved sawing, drying,
and marketing is required,

Conversion to COCF

This handbook outlines the processes involved, bur in
many cases the approach is somewhar theorerical since,
apart from specific trials with kauri and some podocarps
and more extensive work with beech, this has nor been
previously done in New Lealand. It is essential vo vest the
processes proposed to ensure that they will work in this
COLMLTY.

Inventory, monitoring, and yield control:

This handbook provides some informarion on moniroring
and inventory systems and yield control, but considerable
further development is required to perfect these systems
for New Fealand conditions, The ideal inventory system
will be rapid, easy to carry out and analyse, and provide
accurate data,

Wind research

Surprisingly, for such a windy country we know licde
abour the measurement of wind and the selection of
planting sites suirable for species which are not as wind-
resistant a5 Piwns medinta, We know thar wind can cause
serious losses of trees, both in narive bush and plantarions,
yer, unlike the Brirish who have a range of sophisticated
wind-prediction models (Mason 8¢ Kerr, 2004), we have
done little 1w oy o understand the impact of wind on
famn']r pracrice, apart from some trials o ameliorate wind
damage in naturally established beech foresr (].Wardle,
pers. comm, ),

6.2 PLAMNNING

To achieve success in establishing continuous cover as an
important management toal in New Zealand forestry we
must plan ahead by setting effective @rgess through the
use of sustainable management plans and the monitoring
of these plans in order o measure the degree of success in
reaching the margets set. The minimum requirements of
such plans are contained in Schedule 2 of the Forests Act
1949 (see page 19).

It can be argued thar this will be achieved via the adoprion
of certification schemes such as that promoted by the
Forest Stewardship Council (F5C). However, given the
almost insurmountable difficulties being encountered by
those currently involved in artempting vo set up such a
system in Mew Zealand, it may be that a simplified and
pragmatic approach is more likely to succeed than one

ased on very specific rules and limitations. This can
be done by working via ecologically based suseainable
management plans, which are produced to a standard ser
by national or international guidelines and monitered
by a Government-appointed organisarion. Despite some



limirarions, Schedule 2 of the Forests Ace 1949 already
provides this service. In addition, it is felt by some that the
F5C approach does not necessarily mean berter planning
and forest management, and is somewhar of a dead end;

this is particularly so in view of its high cost relative to
small individual forest areas,

It must be emphasised that having good monitoring and
inventory systems in place is viral 1o successful planning
Until suitable methods for continuous cover forests are
developed, existing procedures for exotic and indigenous
species, or those described in Chaprer 3, can be wsed.

6.3 FINANCE AND TAXATION ISSUES
The economics of indigenous forestry

Uneil quite recently indigenous forest management in
Mew Fealand has been an extractive industry, That means
that the forest owner paid for the extraction, transport,
and milling of a product which cost him nothing to grow.
However, to properly implement CCF, pﬂrtil:ularhr it new
forests are to be established, additional costs must obviously
be met. Economic studies are essential to ascertain the
viability of such operarions, as are comparisons berween
management of natural forest and planted forests. The
only such study so far undertaken is for kauri; this showed
that kauri grown as a plantation specics would not make
even a 2% return on the investment (Barton & Horgan,
1980). A recent update of this (unpubl.), using Acscia
melanexylon as a nurse and intermediare crop, as well as
better growth dara, shows that the potential is much better
than originally thought.

This situation with kauri highlights one of the main
impediments to investment in non-rowational forests which
can take up o 100 years w produce harvestable timber.
This impediment is the whole area of forest valuarion
with its complete emphasis on plantation foresry. In
Mew Fealand we are tied o various methods, all of which
include the discounting of forest value o ke account
of time. This creates problems for the uneven-aged forest
because discounting is not really feasible, although in some
form it must be used when CCF forests are sold. The logical

proach is to adopt the procedure of writing off all of the
establishment and tending costs of a new forest {including
naturally regenerating stands) and, once production begins,
adopt the practice of balancing costs and returns in any one
year, Then, if the forest is 1o be sold, it would be valued
on its current stocking, wood volume, erc., withour any
application of discount raves.

Taxation and legislative impediments

Initial work done in this area (Barvon er af, 2005) has
clearly shown that those wishing 1o grow native trees
for productive purposes are not only discriminared
against by the mxation laws bur are also affecred by the
Resource Management Act. [n the larter case it is mainly

the interpretation of the Aa by some units of Local

Government which is the problem. Further research can
help make a better case for growing native trees bur the
main issue here is persuading the Government and people
generally thar law changes to encourage the establishment
of productive indigenous forests will be beneficial to New
Fealand, However, the overriding issue is thar all forests
— gxotic and indigenous, nararal and planted — should
be treated the same as regards raxation and environmental
insLEs.

The non-timber values of conlinuous cover forests

There is good evidence sugpesting that forests managed
under continuous cover produce higher values For carbon
sequestration, landscape, biodiversity, soil, and warer than
do clearcur forests or farmland. Apart from carbon there
have only been minimal attempts to value these factors or
1o consider how such valuation might provide a benehi
to the owner; there is good reason to undertake research
ini this area.

6.4 TRAINING

As outlined in Appendix, 1 the lack of skills in the area
of CCF Is a major impediment w its successful practice,
Tane's Tree Trust has begun running workshops which are
aimed ar improving the skills required o grow native trees,
The intention is o upgrade and expand this rraining and
put it on w4 more formal basis. In addition to teaching
the silvicultural and harvesring skills needed in the forest,
the organizational and mensuration skills required w
manage continuous cover will also need o be raught w
tertiary level.

6.5 LEGISLATIVE

Taxation

As noted in 6.3 it does appear thar some modification of
the raxarion law, especially in the LR.D's i.FPI'DiG"I i the
lack of tax revenue over the long period from planting o
first harvest, will be needed 1o ensure equal treacment for
those managing indigenous as opposed 1o exotic forests,
There may also be some raxation impediments which

apply to contineous cover management but these are not
immediately obvious.

Review of Lhe Forests Act

The Forests Act 1949 and ies 1993 amendment which is
now Part ITLA of the Forests Act 1949 have been drafred 1o
cover issues relating to exotic farests and the management of
naturally established indigenous forest, The isue of planted
indigenous forest is not deals with excepa for the "Foress
(Planted Indigenous Forest Certificate) Regulations 20077
which will enable people planting indigenous forests to
register their forest with the Ministry of Agriculrure and
Forestry. Other aspects which would require arention,
should CCF become more common, are the conflices
between prescriptive sections of the Act and the ecology
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af individual species (see 5.2), and problems which might
arlse with mixed planting of indigenous and exotic species.
In fact, the major Gult with the Porests Act is probably
the existing dichotomy of indigenous and exotic species
which, from both legal and management perspectives, is

unnecessary and counterproductive.

However it will probably be necessary to allow problems
associated with planted and managed forests, exotic and
indigenous forests, and mixtures of the two, some time 1o
become evident, before a thorough overhaul of the Act is
undertaken,

Although the silviculrural systems upon which it is hased
have been known for considerable time, COCF in MNew
Zealand is a very new concepr, lintle understood by most
except for the few involved in timber production from
existing indigenous forests. There 18 no doubt that some

of this manual will be our of dare aleost as soom as it
is published bur that is all to the good for, if it encourages
some forest owners to make the leap 1o more economically
and environmenrally sustainable systems, it will have
succeeded. Furure publications on the subject will keep
thase foresters and the ones who follow them, up o dare
with the rapid growth of continuous cover procedures
world wide.



APPEMDIX 1

ADVANTAGES AND DISADVANTAGES OF CONTINUOUS COVER FORESTRY

ADVANTAGES

DISADVANTAGES

CCF produces a greater percentage of wood as large-
diameter, high-gualiey saw and veneer lops than
clearfell systems do, s value per cubic metre s
higher. Thie standing volwme of timber can be
considerabdy higher than plantation systems where
trees are often felled before thqr reach economic al:t

horizonally (see Fig | 1}

CCF requires k-ng—l:fm mrtglr.', objecrives and Reoxible
working plans with emphasis on foress ecology and
d:r.luml:a

Ofren lower wood voleme in hardwood and
mized sramds.

tn.un.n'w:

nn:||.1i|'|.-|:| in the foresi.

d-u:i:lnrl—m:iht! =

Small wrees occupy refatively lisre space in the system
compared 1o plancation forestry, because the age-class
distriburion is maincalned vertically instead of

Becaume crivans of dominant crees (ie., those
available for next harvest) are well deveboped amd
often emergent, increment continues at an cven rate
on all d-umll:llrlt trees.

Because crowne are free, upper bogs often bear
large branches and vherefore barge kniors, There is
also mvode taper,

" There is increased within-stand structural and ipocies
diversity.

The potential 1o undertake endchment plantdog s
available which meins that the genetic qualiny of
Futwre crops can be improved by planting superior
provenances and cultivars,

.Fr;r;:ﬁ.hmpgun need an halistic ﬂ.F'FI'DII:l'l o
frureay ManAgement amd muse have iu-d-:prﬂ1
understanading of the environmental and ecological
requirements of the forest.

It is aften possible to widen the range of produce from
the forest — for example, the production of handles
fram saplings and the wse of small poles for a variety
of purposes. With small scands ix is often possible

1o mill and dry small quantities of wood on site.

Carbon sequestration i often higher in the matune
conifersus continous cover forest becawse che
biomass can average 1000 rannes compared with
P radiass ar v 600 conmestha.

Notbalagrer and other indipenoas and exotic
hardwoods may lave lower carbon sequestration
potential with bicmass as low as 500 wonnes,

[-.larreninﬁ can be regular of intermittent because
timing is not tied to roation length.

Many speckes are more difficuly o emablish and

manage than planvation species such as Pinar
raelire and Douglas fir,

Protection of site vabuwes.

Continuous and good soil protecrion, especially on
sveep dlopes, The constant forest cover redusces bach
soil exposure and erosion,

The humus provides 2 good germination medium
fior many species and the soil surface conditions
provide profecrion from sunlight snd drying winds,
therefore enhancing natural regeneration. (Howeve

this may nos apply to all species; e.g.. ﬁdp:ﬁq,ﬁ;gwmd
e Tegenente well an mineral soils.)

Dring harvest there can be more damage on
heavy soils because there is less slash to prevent
soil compaction.

In group Felling systems, if the soil dries our
after extraction there will be heavy mortality of
germinating seedlings. Shallow-rooted scedlings
{e.gpes b} are more vulnerable than deeper
raoting ones (g, wawal.

Damage by wind and snow is generally less than
with even-aged monsoultures.

Flexibility of system

Flexibiliry of the symem gives good scope o a skilled
manzger and the sysem s well suited o small

Forests where intensive working and close
supervision sre possible (e.g., the family forest
slouarion,)

Unskilled managers can wreck the prooss,

Thie best possible use can be made of cach site and
the productive capacity of the swil can be priserved.
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ADVANTAGES

DISADVANTAGES

Ecological and
biodiversity aspects

Shkill levels required

Trees do nov have to be felbed merely becavse they
have reached a certaln age b pood form trees can
be resained for as lang as they are making valuable

increment,

It is o sccammiodare a wide range nFjPﬂ;iﬁ
from rJ'hr.n'm.r‘ Ii!;hlad-nmnnﬂm l'l!l'ﬂl.lﬁh T vEry
shade-toderant.

i of narural regeneration, direct sceding,
coppicing. and enrbchnsent planting mean thas the
establishinent prooes is usually less costly than in
plantation forests, Where planting is required, stock
rist be sturdy, vigorous, and wniferm.

"ﬂ'hmrqulmd mixtures can be construcred
to mare chasely march local site variarions,

There are rospects for the bng-term
sustainabilivy of all forest values,

Hepenerarion cooars under the shelver of the stand
and, with parents being components of thar srand,
juveniles are well adapred o the site, the young
crop developing in & more nataral way. An
over-abundance of seedlings from namiral
regeneration can form a seedling bank oo be
wtilized i Fu;lq'.mﬂl years,

The microclimate near the will e mare
Fvourable ko the needs of newly germinated
soedlings as there is less disturbance of the

ecosyitem guarantecing shelrer for regenerating

socdlings. All secd years are available for regeneration,

The system tends ro favour shade-bearers agains
light-demanders unless action ks mken o
encourage the lacter. Depending upon the
gilvicultural system used, conginuous cover i not
usually suited oo scrong light-demanders (e.g.,

1 ravliwsa). However, if gap sives are larger some
strang, light-demanding species can be used in
ros systems.

There is resention of narural biodiversioy, specles
compasition and & tiered sand structure, A wider
range of bindiversicy can be sccommadared in the
waried habicar of the forest soraa.,

Microclimates in continsous cover systemms will

usally be mwsre humid and sable than with clearfell.

Tanes and anlmals which thebve under forest
conditions are consereed,

Some invertebrate and fungal species increase in
number becanse enviranmensal conditicns remain
e constant, and some trees reach grester heighie

Species which ane well ad.ipl:;d te @ particular
coodogical niche may still be difficule o manage
frsimn a sibviculmral Fl:n]:-ﬂ:hﬂ — gy the 'Lrnpll:r

: Ef_!n_n"r__'lting_upun indigenous fauna.

A preponderance of undedrable species can
become established unless care is taken.

It Is eany 0o beave cead and fallen dead trees for
wildlife enhancement.

 Because there is less overall disurbance, blodiversiny
will be enhanced by the practice of CCF

Higher pay and greaver interest for skilled workers
aid im skifl retention,

More complex mansgement requiring skilled
persannel. This is especially s in che carly
selection of trees to remain, the mosy effecrive
introducion -nfpluﬂ siock, the salection of trees
for remueal, Felling, thase trees and extracring them
with minimal damage ra the forest.




ADVANTAGES

DISADVANTAGES

“Threass 1o the forest
and failure of
natural processes

Lamdscape and
recreation values

Becrer job satisfaction because of the Ein_h-:r afeilll
levels required

Yield prediction and regulation are more difficuls
than for dearfelling, especially when regeneration
oentnes ane small and scarvered. Greater skill
reqpuired to open gaps to let in sufficient lighe (but
net tod much] for regencration and groweh and,
where regeneration is insufficient, planting the
right number of trees o esswre maxiemim futare
tirmber volume.

There & currently a lack of contractors with
sufficient skillsin CCF.
Complex harvesting systems with the need for
accuraely locared access mracks.

Sernctaral dl.m:.il.]- and Enhll'll:ﬂ;l ﬂlmiul:.bi]ll‘}'-

Sands are miore resiszanc 1o disease.

Animal control is difficul in fvrests with tened
understorey, and damage done by browsing
animals can be severe because of the combination
nfu.qr dcoess o YOLg trocs and abundai, depse
cover. Wherever . destructive animals must
be excluded from the forest.

provide resilience against windthrow,

There i risk of windthmow when cransforming
regular sands, particularly on unstable sies, and
wind damage I3 possible especially on marging of
amall gaps.

CCF stands are usually kﬂmp:ib; m;aisnr
weed Invasion than clearfell syseenns,

Some wesds which are r:l.n.riltl]' shade-tolerant,
Ef hl:..:ﬁ:lun}' and privet, hizvee che pu':uuil] 1w
CINIEE BETiRUS th[mu and che wide rnng.:-nﬂj#l
conditions creates habimrs for a wider variery of
weeds,

":"i:ﬁhm a prablem whenever they can estallish,
whereas with monaculres they are
trouldesome only during che establishment phase.

Abde vo planit erecs H-'dmhu;tml b0 Emp e
proportions of mone desirable species.

With amall gaps, che young crop gains from side
profeceion combined with overhead lighe

It is rare not wo have wo ald the process of nagural
regeneration by planting ar direct seeding in arder
e pedisce tlsk of failure, corect deficlencies in
stocking, of shonen duratkon of imdividuasl
OpErasiE
Where gaps are too lange and soil is a dry type,
there can be hesvy seedling mamality — especially
on south side of gaps.

Srem distortion, caussd by plancs growing roward
whe light, is likely ar gap edges.

Less visual impact than dearfelling and no

sadden or drastic changes o the landscape.
Conrineous cover forest is considerad more
agrractive than monoculmres and this can bring
benehis o che owner, the region and the general
public. The forest is wsually varied and Ineresting in
i.l'lll]ﬂ.l’ﬂﬂ!'iﬂd the minxzic of apen !h.du. thickers,
amd tall frees is arrracrive o walkers ard riders.
Prowides a subthy vasied invernal landscape in which
o undertake & variety of recreational acrivities,

IF regeneration is suocessful, establshment costs
are reduced,

Regeneration and felling are usually scamvered and
a dense sysemn of extraction rouses Is requined

to offset the effect of scamered working,
Harvesting costs are Inceeissd by scarmersd nanre
and cost of sccess for comstruction and
malneenance,
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ADVANTAGES

DMSADVANTAGES

Marketing

Forest vwnership

IF helicopaers used for extraction, costs are usually
higher than for grounsd operations.

Maintenance and rending costs can be reduced
because stands are “self-rending” 1o a considerable

degree.

Toral management costs depend upon the initial
conditlon of s forest, Endchment planting can

be expensive,

Ohccasionally, a5 can happen with the heeches and
some exotic conifers, regeneration is too sucoessful,
thus increasing thinning coss

Caost effective because average pece ghee is larger.

Caosts of planniing and imenbory are high.

There are higher coss o exchude animals —
especially if fencing is required {e.g., deer),

More costly an fertile sites because of increased
weed competition and for where there is heavy

browsing pressure,
Cour af skilled manpower is expensive,

Because environmenmal benefies are higher, the
beneht : cost ratio i usually bevrer than for
cearfel]l monoculires.

Muceess tracks can be narmower and constructed e
a lower standard chan those requined for dearded]
exiraction.

Overall costs likely to be higher than in a
camgarable area of clearfell foresr,

Unless using a helicopter, extraction will require 2
higher density of of access tracks than for clearfell
and these trackes will rn-cru.im nn-'p]u]
madintenance.

Easier i gt ES.C ar similar centibcation with
CCE

With rmixtures there is more lexiblity in mecting
marhet needs,

Dviffculty marketing small quantities of a range of
sperier.

Wich high-value species the yield from rhinmings
of poles and saplings may find & marker,

Unable o supply large quantites of low-grade
fibare,

Mot suited to Trust ownership because of mlbe
lpirul: FI'EI'PH'I.I.I'IJ-EI

CCF is bener adapeed rooa palitical climare which
has spme Form of Srace invelvement and direoion
ii.e.. Foresr Law).

Posalble m:n.i';h: changes with privace
ewniership, or rapld staff changes with Sgare
ownership can mean variable qualiy of

FANEAEEITENL,

:.n:]i.’u:lr 20 Pmrik better MAREFEMENAL £
Forests which have good long-term patential.

Lnus_pﬂind-nflim: mquirn:l far p-h.nmd fraresrx or
Forests converred frmm ponr qunlirr grnwl:h mw
reach managemene equilibrium,

Long growth cycles of mdividual trees mean that
several generations of foresiers will be invalved in

ML,

This rable Is based upon che work of the following:
Bencke (1996, 1998), Calens (2001), Heath (2001}, Helliwell (1999), Masan er af {1999), Mathews (1989), Peterkin (1997).



APPENDHX 2a

SPECIES FOR CONTINUOUS COVER FORESTRY IN NEW ZEALAND

Dietails of the species included have been assembled from a wide
range of references, supplemented from personal experience.
Thase comsidercd o have greatese porential ar this stage are
described in more dewail on the pages following, Orther species,
whaose potential is lower or abour which we have liccle knowledge,
are listed in Appendix 2b; porential nurse species are listed in
Appendix 2c.

Scores for cach species included in” Appendix 2b are t:‘lsl[h‘thl'
subjective and based on five major factors: thmber wusality, shade
molerance, Erm“h rate, climate tolerance, anel sodl polerance. The
mﬁl. sCTINES, cabculated in the smame WAy, are alse Ein‘.‘ll. Eul: lj'ht
q;rcciﬂin.ﬁ.mmﬂix 2a. hm:lbq)edz:rnmmtﬂinlhnﬂ 213 o
andl the reasoins For their non-inclusion in 23 ase usually noved in
2h. Az a E:nur.ll rule, species with bower scores but Included in
2a are thought to ke particulary suited w CCF or they perform
Funcriens swch as nitrogen Azation which are important Fios
associared species,

The rankings given for shade wlerance should not be considered
a3 the final word an the issue, They are conrained in parentheses
under “Shade Tolerance” on each species sheet. It is not possible
to give good data on these factors ar present and miore research
i needed for most of them. Ar this stage in is berter o use them
in a comparative fashion, For example Thugie plicrta with a 2-3
rating is more tolesant of shade than Cigpresis fusitamics with
a 3-5 rating. The classification of shade wlerance into juvenile
and mamure is also a renrarive one and if 2 species tolerance is
given withour division inte juvenile end mamre it is beoese at
this tme there appears w be lirde differentiation berween the
phases of growth,

SHADE TOLERAMCE RAMNKINGS

1 Wil establish and grow in dense shade
Will establish and grow in moderare shade
Wil establish and grow in light shade
Carows on edges of stands and in gaps
Requires high light levels.

Wb W b

COMPETITION TOLERAMNCE LEVELS

These relate to competition from sssoclated species and wesd
growth for light, soil medoure, and nutrients, a5 well as the
competitive abilities of different species, There is much less
information available o the subject of comperition than on
shade rolerance, although the rwo aspocts are linked. There i not
enough information to assign tolerance levels ar this rime.

The species for which full details are included in the following
papes are listed bebow.

Avacia melamoxylen
Nothofagns menzienti
..-'!Sir.l'f:lr': awrireliE
ﬁwﬁa'ﬁgm senladicdri
Alrrer rubna
Plpllociadus irivhonianordes
Beilichmiedia v
Firnir Frrodnas
Crpprameria japanicd

[ el ra
If'unnr'n:.h:'m.iﬂ dsrceolara
Prremaer avinem
ﬁl]bmm Iresitaivical
Peeaedotruga miensiesii
Dacryearpres dacrpdiotdes
Sequeaia sempervivens
Dacrpdinm cupresinm
Thrafer plicra
Encnlypires microcory
Visex fverns
Nothofagas fscs
® Crpreviocypiris overii

The Reference number ar the bottom of each specics sheet
refers 1o the number w the lefi of each |:|-I|.|l:r|i.|=.ti|:||:| in the list
of references.
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SPECIES:  Acacia melanacylon COMMON NAME:  Blackwood SCORE: 28

Altitndinal limits: 0-1500 m
Latitudinal limits: 16" o 43" &
Indigenous location: East and SE coast of Australia. Queensland o Tasmania and South Australia

General site requirements: A tough and adaprable species surviving over a wide range of sires but only growing well
when correctly sited; ideally sheltered valleys and lower valley slopes. .

Climate: Soil:
Climare rype:  Cool 8 warm humid zones Optimum and  Fertile, moist, well-drained soils best.
X[ ACE! Taleraves clays and peats,
Rainfall: H]E}l rainfall besr, = 1346} mum,
Wl growr Bld-1 800 .
FI.-nl:'ui.ru = 150 rain 'Fl-l}"-i-
Temperature: Mean hoeeest month 23-26%C Soil moisture;  Tolerant of wet conditions bug will nos
Mean coldest month 1-10°C Brow i etagnant water.
Muoksture must be adequare chrough
Frost / Snow: Withstands frose bt seeclings in open growing seison
can be damaged,
Some provenances more telermnt. pl'l: ¥
Eu.n.'_zplil:ﬂz b snaow |:|=.|1:|=EL
Wind: Moderate tolerance bur poor foerm in Ferriliry: Reasonable soll fereility requined
exprosed places, Early shelter essential
for good form. Sail hardness:  Grows poorly on hard soils
Diraugh: Withstands occasional drought
Shade toleramnee®: Rmuu]:]}' tolesant { 3-—4) when young, bt less tolerant from Pp!r. si®e an H—S}I

Competition tolerance:  Relarively low
Form, habit, and shape: Poor form unless there is strong side competition when trees are young
E[linunni.ﬂ: Minimal

Coppice ability: Coppices very well. Also root suckers,
Rﬂtﬂﬂﬁﬂﬂi: Mlure |il:=|].' from -:uppin: and suckers than seed,
Maturally associared
species: Euvcalypras vegraams, E. obligua, E viminalis, Motbafogus cunnimghamii, N, moorei, Dickrenia ansarciies
Mitrogen fcing;: Yes
urse pnuul:lnl: 'HEr:.rEnmI
Pests: Maximuom Growth: MLALL Range:
Animals:  Goars and deer Height: 45 m Height: 0.3=1,1 m
[nseces:  Payllicds
blsckwood tortoise Diameter: 1.5m Diameter: L.0-25 ¢m
bectle
lemon tree baorer Waolume: 5m* Volwme: =1.0-21 m
paineed apple moth
Fungi:  Fust fungus
Oiher: Time o urilization: 2540 years
Oprimum log dizmener: &I ¢

MOTES: Possibly the most usehsl exoic for CCF in New Fealand beciuse it is one of the few which Aes well inmindi.g:nnm froirest,
Preliminary work supgests that indigenous species repenerate suocessfully under blackwond.

* Provisional shade lerance raring in parentheses. See explanation on page 41.

Referenees: 10, 26, 78, 92, 04, 95, /08, 113, 116










































































































































































































