














EFFECTS OF DEFORESTATION

The slopes of the study areas were covered with a dense forest of
evergreen trees of which the principal genera were Podocarpus and
Dacrydium (Holloway, 1959). Towards the end of the 19th century these
were cleared and European pasture grasses and clover were established
in many areas. The forest which remains has been affected by introduced
animals—deer, goats, pigs and opossums—so that it no longer gives as
complete a protection to the slopes as formerly. In areas where pasture
and forest are contiguous it is notable that recent intense rainfalls have
had far less effect upon forest-covered than upon grassed slopes. Debris
slides do occur in the forest both in the study areas and elsewhere (Cun-
ningham and Arnott, 1964), but they occupy a much smaller area than
those in the grasslands.

The erosion-inhibiting effects which forests have on soils and slopes
can be summarised as:

(1) Tree roots keep the water table lower than do grasses and so
prevent loss of cohesion in the soil.

(2) Deep roots give structural strength to the soil and resist soil
movement.

(8) Tree roots produce a soil structure with more macropores, and
hence greater permeability, than grass roots.

(4) Forest soils have a higher humus content to bind the clay
micelles and mineral grains.

(5) Forest soils do not dry out so readily, or suffer as much
volume change as grassland soils.

(6) Cracks do not form in the permanently moist soils of forests.

(7) Forest trees intercept precipitation and prevent the rapid rise
of pore-water pressures.

(8) Water is detained in the forest litter, so that runoff and
stream erosion is reduced.

(9) Stream banks are protected by tree roots.

(10) Tree roots do not compact the soil like grass roots, and the
lack of grazing animals further reduces soil compaction.

The changes of soil structure after deforestation become more pro-
nounced with time; soil develops grassland structures; tree roots rot; and
animal treading causes terracettes and compaction. The maximum effect
of deforestation reaches a peak, then, some years after the initial clear-
ance.

The changes in soil characteristics can be illustrated by a comparison
between compaction, infiltration rates and organic matter content (as
measured by loss on ignition). Samples were taken from each of the three
study areas along the boundary between forest and pasture. One set of
samples was taken from the forest and one set from the pasture. The
infiltration rates were obtained from six replications on each site after the
ground had been pre-wetted by heavy rain. The length of time is that
taken for 500 ml. of water to infiltrate the soil within a four-inch ring
inserted to a depth of one inch. The unconfined compressive strength was
obtained from twenty penetrometer readings at each site, and the per-
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centage loss of weight on ignition was calculated after heating ten dried
samples, from each site, of the top two inches of soil, at 600° C. for six
hours. Litter was removed from the forest samples and green vegetable
matter from the pasture samples. The pasture samples have a high
organic matter content because of the presence of roots, so that the per-
centage of humus in the forest soils is proportionally higher than the
figures suggest.

Table 2 : SOIL PHYSICAL CHARACTERISTICS

Pasture Forest

Mean Unconfined Compressive

Strength, Tons/sq. ft. 3.04 1.46

(Kg./sq. cm.)
Mean Infiltration Time for 500 ml.

of Water (minutes) 14.60 3.05
Mean Percentage Loss of Weight : 8.70 10.90

on Ignition

It is clear from Table 2 that the pasture soils are more compacted,
are less permeable and have lower humus contents than the forest soils.
Each of these factors will increase their liability to erosion.

CONCLUSIONS

The dominant geomorphic process on the slopes of the South Auck-
land greywacke ranges, at present, is the formation of debris slides. These
are largely confined to areas of pasture although they can occur in the
forests. Deep slumping from an earlier period has fretted the edges of all
wide interfluves but it can no longer occur because the deep regolith
materials have already been removed. It is not yet clear whether the phase
of slumping occurred during a period of different climate from that of the
present or whether it was solely the result of unstable slope conditions
soon after the deposition of the ash. Floors of order one and two channels
are infilled by colluvium derived from the mass movement, and stream
erosion seems to be confined to channels of order three or larger.

The concept of drainage basins whose geometry is adjusted to the
forces acting upon them may be expressed in terms of a steady state in
an open system. “For a given intensity of erosion processes, acting on a
mass of given physical properties, the conditions of surface relief, slope
and channel configuration reach a time-independent state in which the
morphology is adjusted to transmit through the system just the quantity
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of sediment and runoff characteristically produced under the controlling
regime.” (Strahler, 1964). If one factor, such as vegetation, is varied, it is
probable that a period of relatively-rapid adjustment of basin geometry
must occur until a new steady state is achieved.

~ A dynamic equilibrium of energy and forms appears to be directly
applicable to the landforms of the greywacke ranges. Under forest the
slopes were nicely adjusted to precipitation and runoff conditions so that
channels could carry the material moved during a flood with a medium
return period. Between such events erosion was largely by the slow and
minor processes of creep and surface wash with streams transporting the
debris. Major events with long return periods—of several hundred years—
could do catastrophic damage (Grant, 1965), and resulting from such
damage there would be increased runoff on mass movement scars so that
erosion as a whole would be accelerated. With the regrowth of vegetation
and renewed soil formation there would be a return to earlier equilibrium
conditions and slow eradication of the forms left by the catastrophic
event.

After deforestation by man equilibrium conditions would be changed
permanently. Runoff would increase and channel scouring and deposition
would change. Slope forms and drainage basin geometry would not neces-
sarily be seen to respond immediately to the disequilibrium. When next
an -event with a medium return period occurred, however—such as the
intense rainstorm of 28th February, 1966, with a frequency—i.e. return
period—of 20 years there would be a rapid readjustment within the drain-
age basin, but in the forested areas adjustments would be small. This
accords with the small number of slides seen in the forested areas and the
large number in the pastured ranges. The medium return period event has
now caused a change of drainage basin geometry towards a state of finer-
textured relief in accordance with the need for more channels to receive
the runoff. A further step has occurred towards the attainment of new
equilibrium conditions adjusted to pasture grass vegetation. Until that new
equilibrium state is fully achieved—and the presence of infilled valleys
suggests that it is not—it must be expected that medium return period
events will cause damage in grassland areas, while forested land will be
largely unaffected.
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