
On some specified research plots, estimates will need to be made of total productivity with
specified primary characteristics then being monitored on a broader basis. Yield is a
secondary character which is market dependent on productivity assessment, age,
relationship to thinning regime, mortality and yield (Figure 4). Applicability of
productivity parameters will require further research. Parameters for Direct Productivity at
present include:
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Figure 4. Hypothetical growth relationship (from Daniel, Helms and Baker 1979).

RESEARCH AND ECOLOGICALLY SUSfAINABLE FOREST MANAGEMENT 17



On some specified research plots. estimates will need to be made of total productivity with
specified primary characteristics then being monitored on a broader basis. Yield is a
secondary character which is market dependent on productivity assessment. age.
relationship to thinning regime. mortality and yield (Figure 4). Applicability of
productivity parameters will require further research. Parameters for Direct Productivity at
present include:

(1)

E
:J

o
>

Current annual gross increment .•-.••--------•.-•..••

Mean annual gross increment
Current annual net increment
Mean annual net increment

Mortality

Thinnings
_---~r

Yield

------------,-
..............

'.
Time in years

Figure 4. Hypothetical growth relationship (from Daniel, Helms and Baker 1979).

RESEARCH AND ECOLOGICAllY SUSTAINABLE FOREST MANAGEMENT 17



----------------------------_ ... -----

4. Regeneration of tree species is critical for future forest productivity and will involve
the number of stems regenerated per hectare, the abundance and distribution of
species, and subsequent estimation of growth rates. The baseline will involve the
specified average minimum number of stems regenerated per unit area, while the
species distribution will relate to specified pre-harvesting condition or a modification
thereof. Desirable or acceptable growth rates are difficult to define and will require
modelling of the future stand, however, a defined acceptable baseline can be
developed.

5. Treesize distribution and change (increment) will be based on a species, size class or
plot basis and would use regional data from permanent growth plots or an equivalent
system. The baseline would be an unmanaged system, a stated modification of this,
or a selected modified structure. An example of the type of data is shown in
Appendix ITL

6. Merchantable volume (and yield) is in part market dependent but estimates of long
term tree harvesting effects are critical in ascertaining sustainability (included in
Appendix lIT). Reporting on these should commence as soon as practicable.

7. Wood decay incidence is a secondary measure of productivity, and the methodology
and baselines are as yet unspecified.

MEASURFS OF ECOSYSTEM STATUS

Measures of ecosystem status are probably the most difficult' to estimate. Focus is on
interactive typical components of ecosystems and not on the rare or unusual components of
the system.

8. Vascular plant species richness and abundance. This will require re-assessment of a
range of permanent plots. Standards will need to be plots which are undisturbed or
infrequently disturbed or areas typical of the management area. The problem will be
the short term species shift, especially with the effects of opportunistic species and
hence results will need to be derived from intensively sampled long term study plots
or large numbers of broader based plots.

8. Abundance offauna. Assessments of vertebrate fauna will need to be on a broad
regional basis and be calculated both from summation of strata and modelling
approaches. The baseline will be a specified population level with a fluctuation
range. Invertebrate fauna are being researched, but no proposal for routine
monitoring has been developed to date.

GENERAL CONSIDERATIONS

•

•
•

•

Production forests are economically valuable ecosystems, managed on a commercial basis.
As such, long term research and monitoring cannot be undertaken either for their own sake
or just as an academic exercise. Both the process and the results of research and monitoring
must be relevant to managers. The monitoring must:

Be relevant, or potentially relevant to the ESM process.
Have high level of relevance to the management goals of the forests.
Be cost effective.
Have a relevant and interpretable reporting system.
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•

•

•

•

I•
•

Further, the research integral to ESM should:

• Provide sound and defendable scientific bases for the monitoring.
• Allow interpretation of monitored parameters.
• Provide options for change (that is provide a range of options for management) .
• Develop questions to be considered in future management.
• Integrate measurement of parameters on reasonable scales.

Considering this, the main problems are the need for:

Long term commitments to fulfil the requirements of ESM.
Short term reporting to show the value to stakeholders, in addition to the long
term value to State Forests of N.S.W.
Interpretation of parameters.
External acceptability of the process.
The lack of simultaneously gathered parameters by research for one
location!area.
Determining the most significant or sensitive parameters, for example a focus on
rare plant or animals may be a diversion from initial processes.

CONCLUSIONS

The aim of State Forests of New South Wales is to manage its forests in an ecologically
sustainable manner and monitor the undertakings to both improve forest management and
demonstrate the results of its management. ESM at this time has been defined in very
broad terms and there are few monitoring programs in place which are sensitive to specific
management practices. State Forests of N.S.W. propose to undertake monitoring,
recognising that the initiative will be both valuable and may require modifications based on
research results obtained.

Future research will need to be both long term and focussed. Some existing experiments
will provide a basis for the program, but new trials will be necessary.

Initially, a plan to demonstrate approaches to monitoring and researching ESM will be
undertaken in the short term on a case study basis for which a plan will be prepared.
Thereafter, the system will be extended to cover the entire forest estate, with an initial aim
to report on productivity and yield in relation to specific ecological parameters.
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APPENDICES

The Appendices include several possible areas of monitoring, showing types of results and
how they may be interpreted. The aim here has been to keep them simple, short and,
where possible, based on published data.

A P PEN D I X I - SOIL NUTRIENT ASSESSMENT

Soil nutrient supply is critical for maintaining long term forest productivity. However,
short term fluctuations in nutrients do not reflect long term supply while fluxes and
removals are more difficult to define (Gholz and Comerford 1991). At Manning River
National Forest, two sites have been analysed.

Results have been calculated on the assumption of an average removal of wood of
1.25 m3/halyr, predominantly blackbutt sawlog (based on Kendall Management Area).
Over 80 years, this equates to 2.4 kg P/ha and 74 kg Ca/ha removed.

Depth
(mm)

Soil 1

No.
samples

pH Total P
(kg/ha)

Ex - Calcium
(kg/ha)

Percent removal in
harvesting over

80 years
P (%) Ca (%)

0-75 mm
0-400 mm

SoilZ

0-75 mm
0-400 mm

6
6

6
6

5.18

5.51

132
496

370
1072

655
1423

1695
3560

1.8

0.65

11.0

4.3

This provides base information only, and for reasonable monitoring would include detailed
information on nutrients, depth and description.

INTERPRETATION

There is differential nutrient removals and the more sensitive nutrients for specific sites
need to be identified. We need to better refine our information on impacts and that the
focus on nutrients will be site specific, for example, Soil 1 could have experienced an 11%
decline in Ca over the last 80 years, but at this time we do not have evidence as to the
implications of that removal. The focus should be more on calcium than on phosphorus,
particularly for the poorer soils. This is supported by existing studies (Turner and Lambert
1986, Hopmans et al. 1993).
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APPENDIX 11

SOIL COMPACTION ASSESSMENT

The aim is to ascertain, on sample areas, the area disturbed and the degree to which it is
disturbed, impacts and possible amelioration. Data are based on a 1976 survey of Red Hill
plus subsequent independent studies on soil parent materials for the Soil Technical
Classification (Turner et al. 1990, Turvey et al. 1990).

1. Soil strength as measured by bulk density is the characteristic considered. Features
include the area (%) affected in the management unit (compartment), the extent of
effect and subsequent amelioration by site preparation. This last factor should be used
as an indicator of the success of our managementpractices.

2. Location: Red Hill Section, Buccleuch State Forest, Compartment 27. Pine
plantation at end of rotation, plus adjacent Eucalyptus forest both on Parent Rock
Code H. Few sites would be available for a comparison of native forests, and for
newer areas it is not applicable, but it is shown here as a base line.

3. Assessment date - from aerial photographs follow:

Compartment area 29.0
Area in snig tracks 4.6
Other soil movement 0.6

ha (from Soil Technical Classification)
ha (16%)
(2%)

4. Permanent transect assessment of bulk density in compartment plus permanent transect
in adjacent native forest to be used as baseline.

Mean B.D. Standard C.V.% No. of
glee deviation samples

l. Native eucalypt forest 1.23 0.12 9.7 15
2. Pine (non-snig track) 1.33 0.16 12.0 15
3. Pine (snig track) 1.61 0.13 8.1 6
4. Total pine (2 + 3 above) 1.36 0.31 22.8 21

INTERPRETATION AT END OF ROTATION

At the end of this rotation, there is increased compaction overall from the pine
operations with marginal increases off-snig tracks. The overall variability is greater
and 18% of the area is compacted to a level where its expected growth would be
significantly (commercially) reduced. The reduction in this parameter may be entirely
physical or include an element of soil organic matter loss.
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5. Re-assessment 2 years after re-planting

The same transects in pine assessed:

Mean B.D. Standard C.v.% No. of
glee deviation samples

1. Not afr.Plicable
2. Pine previous non-snig track) 1.21 0.12 10.0 15
3. Pine ~revious snig track) 1.30 0.14 11.0 6
4. Pine 2 + 3 above) 1.24 0.13 10.3 21

Tree growth at age 2 years from mini-plots

Mean Tree Standard
height deviation

(m)

c.v.% No. of
samples

2. Pine ~revious non-snig track) 1.8 0.41 23 8
3. Pine previous snig track) 1.5 0.54 36 8
4. Total 1.65 0.47 30 16
5. Additional non-ploughed snig track" 1.1 0.32 29 6
6. Additional non-ploughed non-snig track" 1.5 0.30 20 6

* Small areas retained untreated for purposes of assessing value of management
practices.

INTERPRETATION

The area was ploughed during site preparation, except for two small areas on and off snig
tracks, again to be used for base line areas for tree growth. The ploughing reduced bulk
density, and overall the variability Le. C.V. was reduced from 22.8 to 10.3% to be more
typical of the pre-establishment area. Growth estimates indicate the old snig tracks were
lower than non-snig tracks, but better than the non-treated areas.

It is concluded that the treatments have been beneficial. Without the ploughing it could
have been accepted that 18% of the area would have substantially reduced growth. Growth
could however, be further improved.
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APPENDIX III

FORESI' PRODUCTIVITY

An estimation of sustainable productivity has been made using long term results from I
Kendall Management Area (Home and Carter 1992).

AREA:

LOCATION:

FOREST TYPE:

KENDALL MANAGEMENT AREA

KENDALL

BLACKBUTT

Consideration for forest productivity ESM assessments on a total area basis. Aiming for
long term productivity, we need to retain growing stock intact. An approximate breakdown
of forest types needing refinement in this area is as follows:

FOREST TYPE/STRUCTURE TOTAL

History Blackbutt Blackbutt White Rainforest Other Non Total
with moist < mixed mahogany forest productive
hardwood hardwood

Unlogged 26 125 312 2548 3032

Regrowth with 147 100 247
scattered
veterans

Before 1945 1430 4705 650 1468 8253

1945-1960 3970 670 4640

1960-1990 6118 600 6718

Total 1577 14795 2020 128 1800 2548 22,865

(N.B. Areas adjusted from Management Plan)
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Growth assessment based on 336 CFI plots over 30 years. Trees greater > 10 cm.
(Table 2, Home and Carter 1992, Hoschke 1973).

Year

Volume (m3/ha)

Stocking (trees/ha)

1960

128.2
212

1990

122.0
354 Total removal over 70 years

101,836 m3

Changes over time due to logging (Table 4, Home and Carter 1992).

Stocking Area Bole Ht Volume
(trees/ha) diameter (m) (m3 ha)

(cm)

Logged plots 218 34.9 8.7 103.9
1960 495 26.8 12.7 139.0
1976 ·349 29.4 12.8 119.6
1980 355 29.3 12.2 127.9
1990

Unlogged plots
1960 204 43.5 8.8 160.1

INTERPRETATION

The structure, productivity and yield of the forests indicate it is being managed on a
sustainable basis. There is the potential to further modify the structure in the future and this
will be done in the light of the information on other values and processes.
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