that the basis for any plans for nuciear power in WA within the
nex! two decadesare political rather than economic. In the case
ol the Northern Territory this conclusion iseven more apparent.
Indeed, cven in large grids the advantages of large electricity
generating units may not be as great as commuonty believed,
{Abdulkarim & Lucas, 1977). (kt can be argued that the basic
motivations behind many large-scale power projects are vested
corporate and bureaucratic interests and an unquestioning
belief in the value of any large industrial development (Saddier,
19813).)

Although nuclear power has been compared with coal in this
paper, in practice electricity supply planning should take into
account a much wider range of options, including increasing the
cfficiency of energy use, industrial co-generation, the use of
renewable power sources, load medification, and the possibility
of alternative ways of satisfying needs now served by electricity.
Such a2 wider analysis would nced to go beyond the narrow
capital and fuel-cycle costs used here and include environmental,
political and social faciors, .
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Cleartelling versus
Selective Logging
in Uneven-aged
Fucalypt Forest

J, B. Kirkpatrick and D. M. J. . Bowman
Geography Department, University of Tasmania

Uneven-aged eucatypt forests used for pulpwood extraction are
generally clearfolled. This method Is nol necessary to induce
regeneration, Although few data are avaliable to compare the effects
of clearleliing and eelective logging on these forests, it seems that
clearfelling may be less expensive in the shortterm, but wil resuliina
medlum-tenn loss of sawlog, may be unsufled to extreme sites, may
not be a more productive system than selection, and Ia likaly to have
maore gevere edaphic, aesthellc and blotic Impact than selection.
There msy be a grester poenttal loss of productivity to wild fire
with clearfelling than with selective systems.

The initistion of woodchip export industrics in several
Australian  states during the decade 1970-79 met with
considerable opposition, even to the point of sabotage, despite
the assurances given by governments and government forestry
departments as (o the social, environmenial and cconomic
effects of such schemes. Much of the criticism of woodchip
exporl schemes has related to the environmental impact of
clearfelling operations, which have been arguec to have severely
deleterious elfects on aesthetics, water quality, soils and native
biola.

Clearfeiting on a large scale has been a relatively recent
development in Australian sifviculture, and has been associated
fargely with logging operations which extract pulpwood: where
onty sawlogs are to be removed, the tendency in most states is
stitl to use selective systems. in Australia, clearfelling was bused
on the rescarch of Gitbert (1958 and Cunaingham (1960) who
showed that the baring of large areas of ground was necessary
for salisfactory regeneration of cucalypts in forests with dense
serub or rainforest understoreys. The decade following this
work saw large-aren cleasfeling, understorey felling, hot
burning ang aerial sowing being prescribed and applied to the
wetler Torests ol Tasmania (Felton, 1976). These lorests are
usually even-aged, as a result of infrequent, intense wildfire,
although often they can have two to three ages of tree where
some af the previous geacration xurvive conltagrtion,

fn the drier parts of Tasmania most ol the Torests lack dense. 131
understoreys and are dissinetly uneven-aged, usually with a
continuum of tree ages rather than with s number of distinet age
chasses. These forests are ccologically distinet Trom those
oceurring in the weller arcas,

Newvertheless, in the period 1971-72 with the granting of two
farge concessions over dry forests Tor the production of
woudchips Tor export from Tasmania, the silvicullural system
thut bad been devetoped for the wet Torests was simply
trunsposed Lo the dry forests. The regencration of eucalypts in
these forests definitely does not require clearlelling: the
Austrabian group-selection system deseribed by Jacobs (1955) is
ans adeguate and proven alternative, Regeneration folowing the
extraction ol puipwood from dry lorests no more requires
clearfelling than does that lollowing the extraction of sawlog. In
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fact, the existence of a large pulpwood market makes the
commercial upgrading of forests through selection much more
feasible than can ever be the case with justa sawn-wood market,
because sale for pulpwood eliminates the expense of disposing
of those poor trees which, if left, would produce progeny that
would downgrade the commercial quality of the forest. The
question thus arises: why use clearfelling in uneven-aged
cucalypt forests?

In this paper we critically discuss the arguments for and against
clearfelling in such forests, and in doing so contrast the
advantages and disadvantages of sclective systems. We do not
address ourselves to the important conflict between econonic
and intangible use of forests—that is, the case for no logging at
all. We feel that the question we discuss is important never-
theless, given the large arcas of our uneven-aged forest estate
now devoted to the export of pulpweod and the prospect of
further areas being added in Victoria. Qur discussion relales
mainly to Tasmania, where a significant shift from clearfelling
of dry lorests has recently been mooted by the Chief Commis-
sioner of Forests. «

There are some problems in defining clearfcliing and selective
logging, beeause although the extremes are clearly different they
are linked by a continuum of systems. Perhaps the simplest way
ol drawing a line between these two extreme silvicultural
syslems is to call a system selective if it aims at maintaining &
diversity in age and size of trees in a forest stand, and clearfeliing
if it aims 1o produce stands containing trees of one or two ages
only. In selective systems a stand is al al times recognisable asa
forest, wherecas with clearfelling forest is not present in the

structural sense for some variable proportion of the period.

between harvests.

Fconomic argements

Clearfelling is generally thought to have shori-term cost
advantages (e.g. Forwood, 1974, pp 42-3; Gilbert, 1972). We
know of no Australian studies that have verified this; American
studies guoted by Roultley and Routley (1975, p 327) draw the
opposite conclusion. However, Gilbertand Cunningham (1972)
have stated that leaving the young well-formed trees in the
sencralty degraded dry Tasmanian forests would result in higher
topping costs, and in higher rouding costs in the initial years of
the operalion.

The practice in Tasmania has been 10 leave dearfelled
compartments scparated by areas of untouched forest, with the
aim of building up a mosaic of slands of regeneration of
different ages. This practice aids fire management, reduces
acsihetic impact and evens out transport costs through time. In
the casc of sclective logging, such a separation ol logging areas
by uncut forest would not be as necessary on aesthelic grounds,
although a spread of cutting would stili be desirable for evening
out transport costs through time, and might be desirable in fire
management, The cost differential in roading would depend on
1he spatiat patterning of the selzctively cut arcas in relation to
that of the aliernative clearfelied arcas. I a high degree of
dispersion is regarded as essential for ddearfelling operations but
not for sclective logging operitions, the imital roading costs
may be very similar. If it is thought necessary 1o dispesse both
types of operation, clearfelling has a clear cconomic advantage,
The ullimate road density would probably be similar in both
CASCS.

1l scems reasonable o suppose that fogging costs would be
higher in sclective than in clearfelling operations. With
clearfelling the distance travelled in felling and snigging and the
care taken in transportation to the truck would be somewhat
less, and the movement of machinery {rom site 1o site would be
less Treguent,

Administrative costs would certainty be higher with selecine
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systems, because of the extra labour required for planning,
marking trees for cutting or retention, supervising operations
and predicting vicids. However, some of this extra work could
substitute for the work and expense involved in coilecting 4nd
aerially sowing seed after clearfelling, and some of it could be
done when other work was lacking. The relative costs of
regeneration burns following clearfelling, and of top disposal
burns—a possible option with uneven-aged management—are
net known,

Routley and Routley (1975, p 327} conclude that ‘clearcutting
may be favourcd not because it is necessary or substantially
more economical, but because it is administratively simpler {see
also Jacobs, 1975), casier to apply with unskilled labour, more
suited to the heavier equipment being introduced, preferred by
the pulp industry, and most importantly maximises volume of
wood produced’. All except the first (discussed above) and last
points seem indisputable. However, whether clearfelling
maximises growth of wood volume per unit time and areain’
uneven-aged eucalypt forests is uncertain {sec below) and clear-
felling on rotations of 40 to 50 years, as planned for much of the
Tasmanian uneven-aged forests, will not maximise sawlog
production in the long term. '

Jacobs (1955, p 186) wrote that ‘A position has arisen where
Australia cannot afford to lose the groups of regeneration and -
the stimulated trees near the gaps (which will) provide the mill
logs of the future.” Clearfelling on sites with any sawlog
potential destroys the sawlogs of the next few decades—a point
of considerable concern to sawloggers, who feel that not only is
their product more socially and economicaily beneficial to the
state than pulpwood, but also that their acceptance of past
restrainis on cutting operations in order to perpetuate the
sawlog resource will not mect with a due reward (Kemp, 1981).
In contrast, sclective systems allow the growth of trees to any
multiple of the period between cuts, thus enabling both smali
and larpe logs to be produced at the same harvest. The
modification of clearfelling that invoives the retention of pole-
sized trees that could become sawlogs at the next cut almost
necessitates the abandonment of hot regeneration burns.

FIGURE 1
Past sewlog production and estimated yheids,
Source: Forestry Commission, Tasmania,
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Quite substaniial areas of the Tasmanian uneven-aged forest
estate have Hitle or no potential to produce the relatively large
logs, of suitable specics, needed for sawing; here, pulpwood is
the only possible wood product. However, in eastern Tasmania
topographic and edaphic (soil) variation occurs at such a large
seale that *pulpwood forest” and ‘sawlog forest” are often found
within the same coupe. Much of the forest from which sawlog
has been harvested, both recently and in the past, is now
classified as short-rotation pulpwood forest because it can
produce sawlogs only at an unacceptably slow rate.

Gilbert (1972) regarded rotation times of 85-100 years as
prohibitively uneconomical, and suggested that sawlog would
have to be grown more rapidly by relatively iniense cultural
practices on the best sites. Pulp thinnings in long-rotation
_clearfelled forest and uneven-aged management of some dry
forest were suggested as options by Felton and Cunningham
(1971). At present however, the economics of thinning seem
dubious, and most of the dry forests are planned to be clearfelled
on 40-to-5¢-year rotations, There is some immediate compen-
sation for sawmillers: some sawlogs are recovered from
unlikely-looking trees in the course of pulpwood operations,
and others have been made economically extractible by the
infrastructure provided for and by the pulp companies; but
these gains are strictly temporary, in a situation where sawlog
quotas have been and will be drasticaily reduced (Walker, 1981}
and where predictions of a return to higher sawlog production
are predicated on continuing yiclds from private land
{Figure). {This latter assumption is demanstrably invalid, with
the greater proportion of felled private forests going 1o pasture
or wasteland {Everett and Gentle, 1977).)

Productivity
It is widely believed that even-aged management genesally
results in greater productivity than uneven-aged management
" (Gilbert, 1972; Felton and Cunningham, 19715 Opie, Curtis and
Incolt, 1978; Assman, 1970). Among these authors, nevertheless,
Opie, Curtis and Incoll (1978) felt that it was not proven that
uneven-aged management was less productive for cucalypt
forests: and the available evidence on a global basis is
remarkably scant f Assman, 1970}, For Australian uncven-aged
forests the question is difficult to resolve, because large-area
clearfelting is a very recent development, Gilbert {1972) stated
that even-aged management might not be appropriate for very
dry forests, and Franklin and DeBell (1973} suggest in their
review of the effects of different harvesting methods on forest
regeneration that continuous clearfelling aggravates regenera-
tion problems where environmental conditions are severe (that
is, near the tolerance limits of seedlings of the economically-
preferred tree species). In subalpine Ewcelyptus delegatensis
forests the nature of regeneration after clearfelling tends to
substantiate this suggestion. Growth check is evident on many
sites, possibly related to the increased severity of frost in the
absence of a canopy (Nunez and Sander, 1981). £ delegarensiy
uneven-aged forests which form a large proportion of the
uneven-aged Tasmanian timber resource, occur extensively on
plateau country close to the upper altitude limits of Lhe SPecies.

In forest types in which both even-aged and uneven-aged
management are practicable in the short ez, there segms litlle
doubt that uneven-aged management results in & lesser volume
per unit area in the regrowth trees (Opic. 1968; Opie, 1969
Incoll, 1979); the suppressive influence of standing canopy trees
has been cajculated as extending to three times the crown
diameter for E. sicberi and 4.6 times the crown diameter for £
obligua (Incoll, 1979). In an £ pilularis stand the greatest
volume increments were obtained when the basal arca ol the
larger trees was toe great for the recruitment of seediings into
the sapling class (Curtin, 1963). However, these findings nced Lo
be seen in the context of the overwhelming importance of the
canopy trees in volume increment. In a dense £ obliqua forest.
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Curtin (1968) found that the 519 of dominant and co-dominant
trees accounted for 96% of the total gross basal area increment,
In the *wheatfield” regeneration that can follow clearfelling very
little of the volume increment can be considered as productive in
the economic sense, as mortality consequent upon the high
density of the stand is enormous, Thus, the less-than-optimum
volume increment provided by the felling of sufficient trees to
aflow sapling recruitment (if the results of Curtin (1963) arc
relevant to Tasmanian forests) may be greater than the
ultimately usefu] volume increment that is gained in the years
after clearfelling. In the typical situation of slash-burning
followed by aerial seeding, the year or two between the initiation
of harvesting and the establishment of 2 new crop contributes
virtually nothing to the economic volume increment of the next
crop, while a less thoroughly logged forest would be making
good growth. The suppressive effect of the large remaining
individual! trees is unimportant if the increment that would
otherwise go to seedlings occurs in the targer trees as a result of
lowering of competition, and if vigorous replacement in gaps i
sufficient to maintain a desirable density in the forest, It is
important only if a large proportion of culls remain in the taliest
stratum, a situation that should be avoided in uneven-agedsilvi-
cultural management. Figures 2 and 3 in Incoll (1379} show that
basa} area per unit area differs little beyond one canopy width
from the trunk of suppressing trees, and that mean height differs
little outside of the direct influence of the canopy. Thus, a {orest
could be expected to be adequately stocked with vigerous
regrowth in all areas outside the tree canopies.

Fire

An argument based on fire requirements (Gilbert and Cunning-
harn, 1972: Mount, 1976, Felton, 1976) has been used to justify
the large size (200-400 ha) adopted for cach clearfelied coupe in
the cast of Tasmania. In its simplest form the argument is that
Jarge coupes are necessary as it would otherwise be impossible to
achieve the annual regencration target with the few suitable days
available for firing. Firing is assumed to be necessary to
climinate a hazard created by slash, and is thought to provide
the cheapest and best seed-bed. Nevertheless 1% of the total
arca of coupes in the cast coast forests have not been burned and
aerially sown (Bowman and Jackson, 1981). Where there is a
reasonable density of advanced growth and coppicing stumps,
growth on the unburned sections of coupes appears 10 be
superior to that on burned seclions, where such growth is
destroyed or severely set back. In general, however, there is no
evidence ol superiority of either type ol treatment. Adequate
stocking can be achieved in at least some Tasmanian uncven-
aged forests without slash burning (sec Felton and Cunning-
ham, 1971: Bowman and Jackson, 1981), and on many sites—as
evidenced- by the 115 of unburned coupes—also without extra
mechanical disturbance. Thus, the fire "argument apainst
uncven-aged management systems rests almost solely on the fire
harard created by logging stash and the assumed ditficubty of
hazard-reduction burning in such forests. However, it is hard to
believe that the burning of slash in uneven-aged forests is very
dilTicult; it is common practice in parts of New South Wales, and
it was also common in the northeastern highlands of Tasmania
10 burn the grounded heads in selectively logged lorests—a
practice that has been repeated in experimental areas in the last
year (E. Rolley, pers. comm.). At Lden in New South Wales the
slash on small coupes has been left unburned, because it is not
thought to be a serious problem compared with the unavoidabic
accumulation of fine Tuel Jeaves and twigs fess than 6mm thick)
that occurs under young stands which cannot be burned
(Bowman and Jackson, 1981).

1F 1 is assumed that havard-reduction burningis a necessary tool
in the management of dry Torests, a valid assessment of cven-
aged us upposed to uneven-aged management would need to
take the following factors into account:
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(@) the arrangement and duration of fire-free periods desirabic
to safeguard the crop and to prevent charcoal reducing the
vatue of the wood;

(b} ignition hazard in the period between successive harvests
(which depends on fucl drynress, arrangement and flam-
mability, and the likelihood of unprescribed fire),

{¢} Tuel loads in the period between successive harvests—iotal
fuel being taken as all ignitable matter up to wood of arm
thickness;

() the likely impact of uncontrolied fire on the wood values of
the forest;

() the costand practicability of preventing and containing wild
fire.

For the purposes of this comparison we assume that the uneven-
aged forest has been subject to a light fuel-reduction burn 1wo
years before a harvest, plus other burns deseribed below, and
witl be logged at 25-year intervals. We compare this form of
management with that outlined by Mount {1969}): ¢learfell,
slash-reduction burn, acrial sowing and subscquent f{uel-
reduction burns,”

Mount (1969) suggests that the first hazard-reduction burn in
clearfelled Forests should take place at year 15, foliowed by
burning at 10-year intervals. This prescriplion recagnises the
virtual impossibility of hazard reduction in young even-aged
stands where the production of fine fuels 1s rapid and
inflammable foliage is close to the ground. In uneven-aged
management, the regrowth in gaps created by logging would
presumably require the same fire-[ree period, although if the
gaps have been filled by advanced growth rather than newty
established seedlings the period may be less. The fuel-reduction
burn 2 years before the next logging operation could complete
the uneven-aged cycle, the maximum period beiween fuel-
reduction burns being enly 2 years greater than for the clear(cll
system, and the average period being 12.5 as opposed to 10
vears (if the disposal of heads by fire is nol counted). As the rate
of fuet accumulation declines rapidly from a peak value reached
soon after fire (McArthur, 1967; Van Loon, 1969, 1977) this
difference may not be of much practical importance.

A hot slash-reduction burn after clearfelling provides 2-to-3
years of almost absolute fire protection because flammability
and Nne fuel loads are low. Beiween 3 and 15 years afler logging
the amount of inflammable fine fucl will be Jarge, and the
cucalypts must be considered as secondary fuel (Tuel requiring
the burning of fine fuel to ignite). I a Tire oceurs in this period,
virtually all the accumulated potentialty merchantable volume
will be destroyed, The structure of regenerating forest normally
moves rom heathh to serub to forest in this period, and the two
former vegelation types are usually set back 1o ground level by
fire. The potential new recruits o the tree stratum in the uneven-
aged forest do not enjoy the same 2-3 years absolute protection
from fire after logging. but fire hazard wilt be substantially
reduced where the heads have been burned and many of the
potential recruits will bave enjoyed the law fire-hazard period
after the prelegging burn. Fuel loads on the ground are likely 1o
be higher in the uneven-aged forest than in the even-aged forest
for Lhe Mifteen years after logging. because of the lower intensity
of the preceding lire, the extra lwo vears since a burn, and the
contribution that can be expecied Irom the unlogged trees,
Howeves, the secondary fuch component is likely to be much
smaller, with uniogged trees gaining protection from fire by the
leight of their canopy above the ground fucl layer.

Gilbert and Cunningham (1972) suggested that in a seleclive
system the buildup of fuel beneath groups of regenerating trees
would be augmented by litter from standing trees, thus making
it impossible to conduct hazard reduction burks until the
regrowth was 15-20 years old. This added litter, they suggested,
would result in a fire hazard that would be impossible to handle.
There are ne data on this subject, but iis interesting to note that
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the scedling-to-sapling transition appears 10 take place in the
Eastern Ticrs forests with a 6-15 year interval between fires, and
that there are find stands of E. delegatensis in the northeastern
highlands that have resulted from selective logging foliowed
only by the burning of heads. Fires of moderate intensity in
small patches of young regrowth often have a thinning effect,
with only the tallest and most vigorous of the group retaining
foliage or resprouting from the upper branches. Also, with the
tow understoreys typical of most of the dry forests, isolated
released seedlings and saplings, typical of many gaps, seem soon
to gain immunity from hazard-reduction fires.

“The age structure and geometry of the uneven-aged forest is

such that most of the potentially merchantable wood volume
will survive all but the severest fire. Even after severe fire,
mortality is generally low, with all but the trees in the heathand
serub height classcs re-establishing their canopies. Saivage
logging is also possible. Thus, unevep-aged management may
aclas aninsurance against disaster, as it does not have the risk of
the large loss of wood volume that can occur between ages 3and
15 in even-aged stands, because a higher proportion of the
ultimately harvestable trees are beyond the susceptible age and
size classes. :

The containment of wild fire is much casier in heath and scrub
than in forest, because tali cucalypts tend to propagate fire
through the spotting mechanism, they provide much greater fuel
loads and thus temperatures, and fire break construction and
back-burning are more complex and hazardous. However, on
blow-up days fires are almost impossible to contain in
yegetation of any structure, and in other conditions most fires
are containable. In the Tasmanian situation fire protection may
be more effcetive where adjacent private land-holders (a major
source of fire) can perceive a crop, as after clearfeiling, than
when the Torest, albeit selectively-fogged, remains, However,
even with clearfelling they remain an impertant source of fire.

Browsing .

Felton and Cunningham (1971) demonstrated that sheep-
grazing was capable of inhibiting or preventing regeneration in
the dry lorests, and that the marsupial herbivores also have an
important effect. They suggested thai large coupes should
reduce the intensily of wailaby browsing, but that a total annual
clearfelling program was likely to increase the waliaby
population. Gilbert (£972) stated that control of sheep-grazing
would be difficult in uneven-aged forests, presumably because
the sheep would be more . dispersed and less casily visible,
Mowever, fencing of State Forest boundaries, careful allocation
of grazing leases and a punitive approach to illegal grazing
should be able to solve this problem, which is tackled by the
same means after clearfelling, Nevertheless the management
autharities may incur extra costs .in the prevention of sheep
prazing with selective systems.

Soils

A criticat consideration when assessing the desirabitity of
different silvicultural systems for a particular forest type is the
relative impact of the systems on the long-term productivity of
e soil. In their discussion of this topic Langford and
O'Shaughnessy (1976) conclude that soils which are relatively
infertile, poorty structured, and low in non-capillary porosity,
infitiration capacity and apgrepate stabitity are most susceptible
to deleterious effects as a result of forestry operations.

To be sustaipable in the long term, the clearfell, burn and aerial-
sow silviculral regime adopted for the majority of the
Tasmanian lorests may require fertile and erosion-resistant
soils. Regeneration burns result in a large atmosphericexport of
the above-ground nutrient capital (Harwood and Jackson,
1975), possibly followed—on poer soils—by increased losses to
streams in the form of transporied solubilised ash (Gilmour
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and Cheney, 1968). Better soils may have the ability to trap
released nutrients (Kriek and O'Shaughnessy, 1974). Until
complete nutrient input-output analyses are available we will
not be able to assess whether Raison (1980, 1981) or Turnerand
fambert (1980} and Nielson and Ellis (1981) arc correct in
relation to their implicit predictions of the future nutrient status
of soils subjected to normal Tasmanian silvicultural practice.
However, it is worth noting that none of the calculations assume
any loss to streams following burning; that all assume that the
total atmospheric input is trapped; and that norc assume any
input from weathering. Thus, at least for poor soils, the
calculations of Raison (1980) may be highly couscrvative.
However, if fire is not necessary after clearfelling, as suggested
by Grose (1961) and Bowman and Jackson (1981), or if firing is
used iri uneven-aged management, the differences in nutrient
loss between uneven-aged and even-aged management will be
reduced broadly to those associated with differences in soil
croston,

Although soil erosion can be considerably reduced by the
adoption of simple management prescriptions (Reinhart and
Eschner, 1962), the amount of soil lost per unit area, with all
else equal, is likely to be directiy refated to the proportion of
biomass removed in the harvesting operation. This variable is
closely related to the amount of soil disturbance and the
removal of surface vegetation.. The lesser the vegetation cover
and biomass, the lesser are transpiration losses, and thus the
greater is the amount of water available for runoff and erosion.
Clearfelling also creates an environment in which there are far
fewer obstacles to long-distance movement of water-trans-
ported soil particles than in the selectively logged forest
environment, where bared areas are separated by those still
vegetated and undisturbed, Gilbert {1972) suggests that the
removal of large trees in clearfelling leads 1o an increase in
_ground cover compared with no fogging, which in turn would
decrease crosion. However, there are few dry-forest types in
Tasmania where ground cover of vegetation. Htter and rocks is
not complete, and bared soil seems largely to result from burning
even in these types, most of which cannot be considered as
economically suitable for logging. Even in the few instances
where increased ground cover may result from clearfelling, the
same would presumably also result from scicctive logging. In
any case, this purported advantage has to be balanced against
the widespread mechanical disturbance and fire-baring of soil
that occurs during and after harvesting.

The significance of the likely increased accelerated erosion
associated with clearfelling undoubtediy varies with soil types
and slope. A karst geomorphologist has suggested that the
shallow soils on limestone in the Florentine Valley may not last
many clearfell rotations {A. Goede, pers. comm., [981).
Complete downslope movement of the cluvial horizons of a
podzol soil has been observed by one of us (JK) on a clearfell
and planted site in the Dazzler Range, and the scils formed on
granite in the northeast are highly susceptible to erosion
{(Pinkard, 1980). Soils formed on basait, dolerite and the
scdimcnta?y Mathinna beds scem relatively resistant toerosion,
although the tatter soils are subject te slumping. Even with these
soils, losses may stilt outweigh weathering gains on all but gentle
slopes. There are no available data as 1o whether 2 balance in
inputs and outputs is being maintained, but it scems reasonabie
to expect that soil outputs would increase as a result of
mechanical disturbance not present in the natural ecosystern.
Whether these increased losses would be compensated by a
resultant increased weathering rate is not known. However, on
most rock types soils are naturaily shaflow on even gentle siopes,
suggesting that the weathering rate has been low. Natural forest
cover provides one of the best protections against erosion
(Langford and O'Shaughnessy, 1976), but this cannot be taken
to mean that there is little or no danger of the disappearance of
soils as a result of forestry operations, as areas left under forest
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are concentrated on slopes too steep and so0ils Loo poor 1o
support agriculture and the eroston following clearfelling and
burning is more severe than for the most similar natural disaster,
witdfire.

Aesthetics

One of the major disadvantages of clearfelling is the ugliness
that persists from the inception of logging at least until the new
crop of trees forms a moderately dense canopy. In the case of
short rotaticns this ugliness may affect up to ten percent of the
area managed in (his fashion. Whether an cven-aged forest is
more or tess acsthetically attractive to the population in gencral
than an uneven-aged forest, it may be safely assumed that
sclective systems create less of an impact on scenic amenity than
ctearlelling systems, as a perceptible forest stand is constantly
present.

Nature conservation

There are few data available with which to assess the impact of
clearfelling systems on the nature conservation values of
uneven-aged forests. Duncan (1981) has shown that, on soiis
formed on sandstone near Buckland, clearfelling of vegetation
has not eliminated any of the understorey species but promises
to drastically change the composition of the dominant stratum
towards the more commerciatly-desirable tree species. The
Tasmanian Forestry Commission (1978) preseribes the propor-
tions of species in seed mixtures with a deliberate bias towards
the ash specics, and suggests that in some cases it may be
desirable or necessary to substitute non-local for local specices.
For example, the Commission recommends a twenty percent
proportion of E. tenuiramis sced for resowing stands containing
E. sieberi (Forest Commission, 1978), aithough the two specics
never naturally occur in association. The seed sown on 1o
clearfell coupes is frequently not of the local provenance, which
may have some advantage in increasing heterozygosity and thus
avoiding the possibility of inbreeding depression, but risks Lhe
adverse consequences of using unsuitable species and/or
provenances, or of using seed from alimited range of genotypes.
In conirast, selective systerns relying on natural regeneration
perpetuate the local gene-pool and species composition, and do
not require expensive collection and aerial sowing of seed.

The structural change that results {rom the conversion ol
uneven-aged {0 even-aged forests may have cffects on the forest
fauna. Those animals and birds which require the nesting sites
provided by the older, malformed trees or which fecd upon
predatars of the older trees are most likely to be deleteriousty
affected. Surveys which find no gualitative differences in the
fauna of the coupes from that in adjacent control areas cannot
be taken asconclusive unless it can be demonstrated that the full
habitat requirements of all species will be provided during the
course of the rotation,

Conclusions

The lack of relevant data and analyses on most of the questions
discussed above, and the variability of the uneven-aged forest
estale, make an overall assessment of the desirability of
clearfelling and sciective systems somewhat difficult. We
belicve. however, that such cvidence as there is suggests that:

(@) in the short erm, clearfelling may be less expensive than
selective logging.

(b} in the medium term, clearfelling could result in economic
losscs associated with the loss of present potentiat sawlogs:

(c) there may be no medium-term productivity advantage
from the use of clearfelling:

(¢} some arcas of the uncven-aged forest estate of Tasmanma
may be ecologically unsuited for clearfelling;

(¢) the potential loss of productivity to wild fire may be greater
with clearfelling than with selective logging,
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() there is no cause Lo be sanguine in regard to the effecis of
clearfelling on most soils;

(¢) aesthetic and natureconscrvation values are likely to be
least diminished by sefective systems.
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