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ABSTRACT 

Regoliths (mantle of soil and weathered rock) on hilly and 
steep land in the Marlborough Sounds were rated as sources of 
fine sediment based on texture, thickness and erodibility. Erodi- 
bility was assessed by comparing measurements of macroaggre- 
gate and microaggregate stability with very highly erodible soils 
from the Wither Hills near Blenheim, and Kaiteriteri near 
Motueka. The potential impacts o f  alternative forest rnanage- 
ment practices on site dislurbance were also assessed in relation 
fo major slope classes. For steep slopes, ratings of potential im- 
pacts on fine sediment production were then made in relation 
to ratings of sources of fine sediment for the main regolith types. 

Erosion of thick ( 3 1 m )  regoliths occurring below 200 m is 
likely to yield the most fine sediment. Ratings of potential im- 
pacts resulting from forest management practices are also greater 
on these regoliths, particularly for management practices which 
cause most site ddslurbance. Such practices include access tracks, 
firebreaks, scrub-raking, and line-dozing during forest establish- 
ment, and tractor-skidding and cable-skidding mefhods of forest 
harvesting. To minimise impacts from harvesting operations on 
hilly and steep land in the region it is recommended that alterna- 
tive methods of log extraction such as skyline, balloon and heli- 
copter logging be investigated. 

INTRODUCTION 

Land use practices on hilly and steep land often disturb and 
scar the ground surface, and expose material that is vulnerable I 

bo erosion. Mlaterials transported from these sources by fluvial 
I - 

*N.Z. Soil Bureau, Department of Scientific and Industrial Research, 
Lower Hutt 
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erosion and/or mass movement, are deposited to form sediments 
in the Marlborough Sounds. 

The history of land use in the Marlborough Sounds has been 
outlined briefly in Part 1 (Laffan and Daly, 1985). The clear- 
ance of the original indigenous forest over large areas of the 
region undoubtedly caused significant site disturbance and sedi- 
ment production, mainly from mass movement and channel 
e ros io~ .  Forest cover is widely acknowledged as a stabilising 
influence on the soil but stability can be lost in production for- 
ests by site disturbances resulting from managelllent practices. 
Renewed site disturbance and increased sediment production 
resulting from exotic afforestation have already been recorded 
at some localities in the Marlborough Sounds. Elsewhere in New 
Zealand and overseas the impact of production forestry in caus- 
ing increased soil erosion and decreased water quality has been 
well documented (Montgomery, 1976; O'Lougldin, 1979; Hauge 
et a?., 1979); Swanston, 1981). 

Recent investigations of the marine environment near Farnham 
Forest in the Marlborough Sounds indicate that logging of the 
forest has caused increased soil erosion and accumulation on the 
near-shore seabed with mainly silt- and clay-sized sed'ments 
(Johnston et a!., 1981). Studies of sediment concentration adja- 
cent to Farnham Forest and of laboratory flocculation processes 
in sea water (O'Loughlin, 1980) suggest that sedimentation of 
suspended particles is likely to proceed rapidly in near-shore 
environments iil the Marlborough Sounds. This has important 
implications for water quality and accumulation of sediments 
on the seabed. Although any impact of decreased water quality 
from suspended sediments may therefore only be short term, the 
impact on sedimentation may be long term, particularly in regard 
to marine life and navigation in shallow inlets. 

The Marlborough Sounds region is particularly sensitive to 
land use changes because of its unique physical features. The 
partly drowned landscape is characterised by steep slopes which 
commonly extend below sea level. Even small catchments fre- 
quently discharge directly into the sea, while floodplains and 
other channel features capable of significant sediment storage are 
confined mainly to the heads of the larger bays. Consequently, 
over much of the region the marine environment is highly sensi- 
tive to changes in catchment hydrology and soil erosion. 

Proposals for exotic forestry over large parts of the region 
make it important to assess the potential impacts of forestry on 



7 2  N.Z.  J O U R N A L  OF FORESTRY 

the producbion of fine sad~iments (i.e., < 2 mlm) . Clay ( < 2 'pm) - 
and silt ( < 6 3  pm)-sized piarticles and slmall aggregates com- 
posed of them are particularly easily transported by fluvial action 
and are thereby added to the sediment in the Sounds. Awareness 
of the potential impacts from various management practices will 
be of oonsiderable value in the planning and execution of forest 
activities in the region, especially where used in conjunction 
with soil information. 

METHODS 
Soil erosion is a complex process depending on the interaction 

of many factors including climate, topography, vegetation and 
land use in addition to inherent soil properties. In the Marlbor- 
ough Sounds the production of fine sediment from forest man- 
agement practices is expected to occur mainly from sheet, rill 
and subsequent stream erosion of exposed regoliths on slteep 
slopes during moderate and heavy rainfall events. The fine sedi- 
ments deposited on the seabed adjacent to Farnham forest are 
attributed mainly to these kinds of erosion of bare ground formed 
by tracks, cable-skidding of logs, and yarding areas (Johnston 
et al., 1981) .  The amount of sediment movement depends on 
the erosivity of raindrops and running water, and the erodibility 
of the regolith (mantle of soil and weathered rock) material. 
Most of the inidices of erodibility that h~ave been developed are 
based on properties affecting soil dispersion, aggregate stability 
and the transmission of water (Gerrard, 1981) .  

For this study ratings of regolith erodibility were derived from 
tests of macroaggregate and microaggregate stability carried out 
on representative soils from the Marlborough Sounds and from 
the Wither Hills near Blenheim and Kaiteriteri near Motueka. 
Wither hill soil and Kaiteriteri hill soils (N.Z. Soil Bureau, 1968) 
are known to be relatively very highly erodible (Gibbs, 1945; 
Laffan and Cutler, 1977) and they were sampled for compara- 
tive purposes. The soils from the Marlborough Sounds were 
sampled from saprolites (rocks weathered in situ) and thick 
slope deposits derived from greywacke and schistose greywacke 
parent rocks. The s l o ~ e  deposits were sampled from three alti- 
tudinal zoneis - < 200 m, > 200 m < 550 m and > 550 m - 
which coincide with major climatic and weathering zones rewg- 
nised in the Marlborough Sounds (Laffan and Daly, 1985).  Be- 
cause of their limited distribution in the region, regoliths from 
basic volcilnic rocks and serpentine were not sampled. The soils 
from the Wither Hills and Kaiteriteri are formed from greywacke 
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loess and derived dope deposits and from granitic saprolite, 
respectively. 

The main regolith types in the Marlborough Sounds were 
rated qualitatively as sources of fine sediment based on thickness, 
texture and relative erodibility. The potential impacts of various 
forest management practices on site disturbance and fine sedi- 
ment production were then assessed qualitatively in relation to 
the major regolith types. 

Macroaggregate stability was measured by wet sieving (Grad- 
well and Birrell, 1979). Air-dry aggregates 3.3-2.0 mm in dia- 
meter were tested on a rack of sieves with mesh diameters 2.0, 
1.0 land 0.5 rnm. Results were expressed as a wei,ghted mean 
diameter of water-stable aggregates. Aggregates with larger mean 
diameter are more water stable than those with smaller mean 
diameter. 

Microaggregate stability was measured using mechanical shak- 
ing of the soil in suspension in water for 15 minutes followed 
by size analysis using a combina$ion of a mild wet sieving method 
(Russell and Tamhane, 1g40), for aggregates and particles 
>63  pm, and an X-ray sedigraph method (Hendrix and Orr, 
1970). for finer entities. In order to assess the relaitive contribu- 
tion of aggregates and particles to each size fraction, a size analy- 
sis of the same sample was carried out following chemical treat- 
ments to destroy botlh organic and inorganic aggregating agents. 
The results were expressed as a dispersion ratio (Middleton, 
1930) measitred at the silt/sand bowdary (63 pm) and the 
clay/& boundary (2 run). These ratios give the degree of ag- 
g~egation of d t  and clay narticles (into sfand and larger dze ag- 
gregates r D ( 6 3  u m ) l  and of the degree of coaqulation or floc- 
cula tion of clay ~lvt ic le~s i17 to 4l t  and larger enti5ies rD (21~m) 1. 

Maximum possible degree of aggregation is given by D values 
of 0.0, while the absence of any aggregation or flocculation is 
given by D= 1.0. Because agqregate stability is strongly influ- 
enced bv orqanic carbon content (Luk, 1 9 7 9 ,  samples were 
measured for orgavic C% by the method of Blakemore et al. 
(1981). 

RESULTS AND DISCUSSION 

Regoliths as Sources of Fine Sediment 

Sources of fine sediment ( < 2 mm) are determined primarily 
by the texture, thickness and erodibility of regoliths. Thick de- 
posits of fine materials which are highly erodible comprise major 
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sources of sediment. Conversely, thin deposits of fine materials 
or thick, very stony materials with low erodibility comprise rela- 
tively minor sources of fine sediments. 

Texture and Thickness of Regoliths 

Regolith is defined as the cover of unconsolidated mlaterial on 
the surface of the earth's crust (Fairbridge, 1968). It includes 
the soil profile as well as any unconsolidated material below. In 
the Marlborough Sounds regoliths consist of residual materials, 
some of which are very strongly weathered to saprolite, and 
various kinds of transported materials grouped broadly as slope 
delposits. The main regolith types and their relative abundances 
are given in Table 1. 

TABLE 1: MAIN REGOLITH TYPES AND THEIR RELATIVE 
ABUNDANCE 
- -- - 

Type* Thickness A bundance 

- - -- -- -- 

A. Saprolite > I  in 
B. Thick slope deposits with B 1 m 

< 35% stones throughout. 
C. Thick slope deposits with > 1 m 

<35% stones in upper 1 m 
and >35% stones below 1 m. 

D. Moderately thick slope 50 a - 1  m 
deposits with <35% stones 
throughout. 

E. Thin slope deposits with 6 5 0 c m  
<35% stones throughout. 

F. Thick slope deposits with B 1 m 
> 35% stones throughout. 

. p- 

*Derived from greywacke or schist only. 

- -- 

minor 
abundant 

common 

common 

minor 

minor 

- 

Alfitudinal 
Distribulion 
- - 

<200 m 
all altitudes 

all altitudw 

all altitudes 

mainly > 200 m 

At altitudes below about 200 m, regoliths are formed mainly 
from strongly and very strongly weathered rocks, while at alti- 
tudes above 200 m regoliths are derived from weakly or moder- 
ately weathered rocks. The degree of weathering is clearly shown 
by the type and content of clay minerals. At altitudes below 
200 m, regoliths are dominated by kaolinitic clay minerals, in- 
dicative of sltrong weathering, and at higher altitudes by micace- 
ous clay minerals, indicative of relatively weak weathering 
(Laffan et al., in press). 

Regolith thickness is highly variable, particularly for slope 
deposits at altitudes above about 200 m, but it is related partly 
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to landform position and rock type. Thicknesses up to 10 m have 
been observed in relict periglacial deposits (Laffan, 1980) which 
occur on side slopes or concave depressions. Shallow regoliths 
(<50  cm thick) commonly occur on ridge and spur crests in 
association with rock outcrops, and occur extensively on ultra- 
mafic rocks. Elsewhere, regolith thicknesses > I m occur widely. 

Thickness of topsoil is also highly variable. The mean topsoil 
thickness at 318 sites under scrub or grassland was 13 cm with 
a range of 0-52 cm. At 55 of the sites (17% of total) there was 
no topsoil present, while only 7 sites (2% of total) had topsoil 
thickness >25 cm. Topsoil thicknesses < 10 cm occur mainly 
under scrub. 

The particle size of the regolith is variable, particularly at 
depths below 1 m. Stone (or gravel) content in the upper 1 m 
of slope deposits varies mainly from few ( < 5 %  stones by vol- 
ume) to abundant (35-75% stones by volume), but on average 
few to many ( < 35%) stones occur. At depths below I m stone 
content varies from few ( < 5 % )  to profuse (> 75%).  Slope 
deposits with stone content <35% at depths below 1 m occur 
widely at all altitudes in the region. Stone content >35% at 
depths below 1 m are generally associated with stratilied relict 
periglacial deposits (Laffan, 1980) which occur relatively exten- 
sively at altitudes above 200 m throughout the region. Regoliths 
with abundant or profuse stones throughout their total thickness 
are associated with some relict periglacial deposits and deposits 
adjacent to drainage channels, but their overall occurrence is 
relatively minor. Saprolites generally have only few ( < 5 % )  
stones throughout and, though their total area is small, they 
occur commonly at altitudes below about 200 m. 

Throughout the Marlborough Sounds the fine earth fraction 
( < 2  mm) in the upper 1 m is dominated by silt (0.05-0.002 mm) 
and clay (<0.002 mm). Particle size analysis of 36 profiles 
from hilly and steep land predominantly gave silt values in the 
35-55% range and clay values in the 25-45% range in the upper 
1 m. 

Erodibility of  Regoliths in Relation to Aggregate Stability 
Although aggregate stability tests do not make allowance for 

soil materials already disaggregated by natural or human distur- 
bances, or for entrainment of soil materials during slope wash, 
they can give an indication of relative erodibility of soils (e.g., 
Bryan 1976; De Vleeschauwer et al., 1978; Chhetri, 1971; Sum- 
mer, 1982) . 



TABLE 2: RESULTS OF MACROAGGREGATE AND MICROAGGREGATE STABILITY TESTS AND RATINGS 
O F  ERODIBILITY FOR SOILS FROM THE MARLBOROUGH SOUNDS. WITHER HILLS AND KAITERITERI 

- 
Sample Regolith Location ~l t i tude-  
Site Type Grid (m)  
No. Ref. 

1 Saprolite Tennyson Inlet 30 
( > I  m) S15 060468 

2 Saprolite Port Underwood 30 
( > l  d S22 411258 

3 Saprolite Port Underwood 35 
( > l  m) S22 428266 

4 Thick (1 m) Port Underwood 150 
slope deposits S22 431262 
with <35%stones 

5 Thick (> 1 m) Port Underwood 380 
slope deposits S22 435269 
with <35% stones 

6 Thick (> 1 m) Port Underwood 580 
slope deposits S22 442272 
with <35% stones 

7 Thick (> 1 m) Tennyson Inlet 400 
slope deposits S15 053451 
with <35% stones 

8 Thick (> 1 m) Wither Hills 75 
loess plus S28 227944 
derived slope 
deposits 

9 Saprolite Kaiteriteri 300 
( > l  m) S14 365576 

Samule Organic Macroag. Stab. Microag. Stab. Rating 
C% Ave. Aggre. diam. Dispersion Ratios of  

(n%) D (63 i m )  D (2  ym) ~rod;:bility* 

M N - 
H 0 
L-M c 
L-M E 

M 
L 

r 

% 
?f 
0 
?3 

L-M g 
1 

M hr 
VH 

4 

H 
H 
VH 
M 
M-H 
VH 
VH 

- 

* Erodibility ratings based on: Low (L) : >2.0 mm average diameter and D (63 ym) ratio 0.0-0.4 
Medium (M) : 1.6-2.0 mm average diameter and D (63 pm) ratio 0.5-0.7 
High (H) : 1.2-1.5 mm average diameter and D (63 ym) ratio 0.8-0.9 

Very High (VH): <1.2 mm average diameter and D(63 pm) ratio 1.0 
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Table 2 gives organic carbon (%C)  values and the results of 
macro- and microaggregate stability tests for soils from the Marl- 
borough Sounds, Wither Hills and Kaiteriteri. The results of 
macro- and microaggregate stability tests show similar trends. 
Both tests show that the subsoils from the Wither Hills and 
K~aiteriteri have significantly lower stability ratios than subsoils 
from the Marlborough Sounds. Comparison of all samples shows 
that topsoils are generally more stable than subsoils, and prob- 
ably reflects the higher organic carbon content of topsoils rela- 
tive to subsoils. Results for the Marlborough Sounds indioate 
that subsoils from altitudes below 200 m generally have lower 
aggregate stability than subsoils from higher altitudes. The lower 
stability at lower altitudes is at least partly attributable to the 
reliatively low organic C%.  However, purely kaolinitic flakes 
have been shown to exhibit severe slaking (Emerson, 1964), so 
it is possible that the high kaolinite contents of samples from 
lower ailtitudes (Laffan et al., in press) oould have affected the 
observed decrease in aggregate stability of these samples. Con- 
versely, subsoils at altitudes above 200 m in the Marlborough 
Sounds have relatively high organic C% and low contents of 
kaolinite. Further work at the New Zealand Soil Bureau aims 
to provide an explanation of the relative stabilities of the soils 
in terms of their constituents. Relevant constituents probably 
include clay minerals and organic matter and also iron oxides. 
iron oxides exist as dliscrelte piarticles and la high dispersibility 
means of strong association with clay minerals such as kaolinite 
(e.g., Krishnia Murti ef al., 1977). Nevertheless well crystallised 
iron oxides exist as discrete particles and a high dispersability 
results from the unassociated mixture of oxides and clay minerals 
(e.g., Deshpande et al., 1968). Clearly, then, the crystallinity of 
the iron oxides in these soils merits further study. 

The high values of D(2 pm) for the subsoils from the Wither 
Hills show that they are highly dispersed and lack any effective 
aggregation of clay particles into larger units. In  contrast, sub- 
soils from Kaiteriteri and from altitudes above 200 m in the 
Marlborough Sounds have low to very low values of D ( 2  pm) 
ind~ioabing tihlat tihe clays are aggregated into silt-sized or larger 
units. The intermediate values of D(2 pm) for subsoils from 
altitudes below 200m in the Marlborough Sounds suggest that 
dispersion of clay particles is significant in these samples. 

Overall assessment of the macro- and microaggregate stability 
studies suggests that subsoils from the Marlborough Sounds are 
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more highly aggregated after being wet-sieved and hence less 
likely to be eroded than subsoils from tbc Wither Hills or Kai- 
teriteri. However, within the Marlborough Sounds, subsoils from 
altitudes below 200 m are less aggregated after being wet-sieved 
and hence more erodible than subsoils from higher altitudes. The 
microaggregate stability tests also suggest that in the Marlborough 
Sounds there is a tendency for the clay sized parlicles to floc- 
culate into sil!-sized particles in water, particularly in subsoils 
from altitudes abovc 200111. Altl-rough regoliths in the Marl- 
borough Sounds have been sampled only to 1.2 m, it is likely 
that materials at greater depths would have similar aggregate 
stability to overlying materials, particularly for rego!iths with 
(35% stones throughout. It is also considered that the results 
for the Marlborough Sounds samples are representative of most 
regoliths in the region formed from greywackc or schist with 
(35% stones. 

In Table 2 all the samples have been qualitatively rated for 
degree of erodibility based on !he results of aggregate stability. 
They havc been assessed relative to a very high rating of erodibil- 
ity for the deepest soil horizons from the Wither Elills and Kai- 
tcriteri. Their erodibilities are rated low, inedivm or high on 

TABLE 3 :  RATING OF MAIN REGOLITH TYPES IN THE 
MARLBOROUGH SOUNDS AS SOURCES OF FINE SEDIMENT 
IN RELATION TO THICI<NESS, TEXTURE AND ERODIBILITY 
- - -- - - - -- -- -- - 

Pegolith Type* Altitudinnl Rating of Rating for 
Zone (m)  Erodibility? Sources of 

Fine 
Sediments 

- - - - -- . - - - -- - - - - - 

S~prolite (> 1 m) <200 High High 
Thick (3 1 in) slope deposits <200 High High 
with <35% stones >200 Low-Medium Medium 
Thick (> 1 in) slope deposits > 200 Low-Medium Medium-Low 
with <35% stones in upper in upper I m 
1 m and >35% stones below 1 m probably low 

below 1 m 
Moderately thick (5 1-99 cm) < 200 High Medium-I-Iigh 
slope deposits with <35% >200 Low-Medium Low-Medium 
stones 
Thin (<50 cm) slope deposits <200 High Low-Medium 
with <35% stones >200 Low-Medium Low 
Thick (3 1 m) slope deposit >200 Not determined Low 
with >35% stones but probably 

Low 
-- -.- -- - - -- - - -- - - 
* Derived from greywacke or schist only. t Based on mean subsoil ratings. 
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this basis only and might be rated differently in relation to other, 
less erodible soils. On this basis topsoils all have low to medium 
or medium erodibility ratings while subsoils of regoliths occurr- 
ing at altitudes below 200 m have been rated as highly erodible. 
At altitudes above 200 m, subsoils have low, low to medium, or 
medium ratings of erodibility. 

In Table 3 the main regolith types formed from greywacke 
or schist in the Marlborough Sounds have been rated as sources 
of fine sediment based on thickness, texture, altitudinal zone 
and erodibility. The slope deposits outlined in Table 3 also in- 
clude residual regoliths formed mainly on ridge and spur crests 
by weathering of rock in siiu. The erodibility rating is based on 
mean subsoil values from Table 2. Thick regoliths with <35% 
stones and high ratings of erodibility were given the highest rat- 
ing as sources of fine sediment. Very thick ( > 5  m) saprolites 
have been observed in some road cuttings and they are likely 
to be greater sources of fine sediment than shallower regoliths. 
Conversely, thin ( < 50 cm) regoliths with < 35% stones and 
thick legoliths wilh >35% stones and low or low to medium 
ratings of erodibility were given low ratings as sources of fine 
sediment. The results in Table 3 show that sources of fine sedi- 
ment in the region are determined primarily by altitude, with 
major sources of fine sediment occurring at altitudes below 200 m 
and minor or medium sources occurring at higher altitudes. 

Assessment of Potmiid Impacts of Forest Management Practices 
on Site Disturbance and Fine Sediment Production 

Exotic production forestry includes a wide variety of man- 
agement practices in the establishment, maintenance and har- 
vesting of forests, whish have varying impacts on site disturb- 
ance. For most management practices slope angle is a significant 
factor determining relative impacts on site disturbance. Manage- 
ment practices such as track or yard construction generally cause 
much greater site disturbance on steep slopes than on flat or 
rolling slopes. Impacts from other practices such as skyline or 
helicopter logging are probably largely independent of slope 
angle. 

The greatest impact occurs from management practices which 
penetrate or remove topsoils and expose underlying materials. 
Such practices include excavations for roads and access tracks, 
firebreaks, yarding areas and tractor-logging tracks. Forest tracks, 
in particular, often cover a significant proportion of total for- 



TABLE 4: POTENTIAL IMPACTS ON SITE DISTURBANCE OF SOME ALTERNATIVE FOREST MANAGE- 
MENT PRACTICES IN RELATION TO MAJOR SLOPE CLASSES IN THE MARLBOROUGH SOUNDS 

-- -- -- 

Potential Impacts on Site Disturbance* 
Slope Class ~stablishment Practices Harvesting Practices 

- 
Access Burning- Scrub- Line- Tractor- Cable- Skyline Helicopter, 
tracks, o f f  raking dozing skidding skidding balloon 2 

firebreaks - 
Undulating to M L L M  M M L-M L L V L  o 
rolling (3-12") !a 
Moderately steep Z 
and moderately steep M-H L M M-H M-H M L L V L  * P 
to steep (13-30") 

H H H 
0 

Steep (31-38") L M-H M-H L G V L  ?I 

Very steep (>38") VH L t I. t H L L V L  a 
Relative time Medium- o !a 
period of impacts Long Short Short Short Long Short Short Shopt tn 

V1 
term term term term term term term term 1 

.- !a 
* VH =Very high impact M-H =Medium to high impact 4 

H =High impact L-M = Low to medium impact 
M =Medium impact L V L  =Low to very Iow impact 
L =Low impact 

VL .=Very low impact 
t Slopes are generally too st- for safe or practicable opcretion. 
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ested area and intercept a relatively wide drainage area. Sedi- 
ment sources arise from batters, track surfaces, and side castings. 
The importance of !racks or roads as sources of sediment is 
highlighted by the numerous studies showing high sediment 
yields from forest tracks (Swanston and Swanson, 1976; 
O'Loughlin, 1979; Graynoth, 1979). Other management prac- 
tices which cause significant site disturbance include scrub- 
raking and line-dozing operations during forest establishment, 
and cable-skidding of logs during forest harvesting. 

Management practices which cause minimal disturbance to 
the regolith include scrub-crushing and burning-off operations 
in the establishment phase, and skyline, balloon and helicopter- 
logging techniques during forest harvesting. Whereas in cable- 
skidding methods logs are partially lifted by a cable and dragged 
either wholly or partly along the ground surface, in skyline, bal- 
loon and helicopter methods, logs are lifted and transported clear 
of the ground surface thus minimising disturbance to the regolith. 

Table 4 outlines a qualitative assessment of the potential im- 
pacts on site disturbance resulting from some typical manage- 
ment practices used in establishment and harvesting. Not all of 
the practices are used during a forest rotation as many are man- 
agement options. The potential impacts have been assessed for 
sloping land (>3")  in relation to major slope classes 3-12", 13- 
30", 31-38", > 38") used during the soil survey of the region. The 
assessments are based mainly on results of soil disturbance from 
various logging techniques (Rice, 1979; Schwab and Watt, 1981; 
Laffan, 1979). An estimate is also made of the relative time 
period over which the impacts on site disturbance are likely to 
occur ( T ~ b l e  4).  For example, practices such as scrub-raking 
or line-dozing have impacts which are relatively short term be- 
cause, once the forest is established, it eventually provides ade- 
quate ground cover to minirnise the effects of site disturbance. 
On the other hand, practices such as access tracks and fire breaks 
are normally kept free of any vegetative cover and thus expose 
bare rcgolith materials over a relatively long term. 

The potential impacts on fine sediment production from al- 
ternative forest management practices may be assessed from 
Tables 3 and 4. In Table 5 the potential impacts on fine sediment 
production have been assessed from the potential impacts on 
site disturbance on steep slopes modified according to regolith 
types and ratings as sources of fine sediment. The potential im- 
pacts shown in Table 5 have been assessed for slopes of 31-38" 
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only, and they need to be reduced for gentler slopes and increased 
for very steep slopes. 

Table 5 shows that greatest impacts on fine sediment produc- 
tion occur from forest management practices on thick regoliths 
at altitudes below 200 m. At altitudes above 200 rn such prac- 
tices have smaller impacts, particularly on thin or very stony 
regoliths. If the relative time period of impaots is also considered, 
then practices with long-term effects such as access tracks, fire- 
breaks and tractor-skidding methods of logging will have the 
greatest overall impacts on fine sediment production. 

Forest tracking and harvesting pmctices have often been 
linked with the initiation of mass movement erosion (O'Loughlin 
and Gage, 1975; Zeimer, 1981; Swanston, 1% 1). Evidence 
from New Zealand and overseas indicates that, to m~inimise land- 
sliding under production forestry regimes, forest re-establishment 
should closely follow harvesting, and roads need to be carefully 
planned and constructed. Depending on size, landslides can 
cause significant site disturbance and production of fine sedi- 
ments. 

The incidence of both deep-seated and superficial forms of 
landslides in the Marlborough Sounds together with site factors 
invollved in their initiation have been oultllined (Laffan, 1980; 
Laffan and Daly, 1985). Exotic iafforelstation in 'the region slhould 
decrcase the incidence of superficial landslides on natural slopes 
undisturbed by tracks or other excavations, provided that forest 
re-establishment follows closely after harvesting;. Afforestation 
should also help stabilise land affected by deep-seated landslides. 
However, the impact of forest management practices on poten- 
tial landslide incidence is likely to be significant where tracks 
or other excavations are constructed in saprolites, thick slope 
deposits with <35% stones, or where the bedrock is strongly 
shattered. Landsliding of batters in these materials is relatively 
common, particularly on steep slopes where batters are high, 
very steep and unbenched. Unconsolidated sidecastings from 
tracks and other excavations are also susceptible to mass move- 
ment and suoh track failures often produce large quantities of 
fine sediment. 

CONCLUSIONS 

The assessment of potential impacts of forest management 
practices on site disturbance and fine sediment production from 
different regolith types have important implications for exotic 
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forestry in the region. Comparison of the different impacts will 
aid selection of appropriate management practices to minimise 
the overall environmental effects of exotic production forestry. 

The results show that in the Marlborough Sounds the greatest 
impacts from forest management practices are likely to occur 
on thick regoliths at altitudes below 200 m. Particular care is 
therefore required in planning essential management practices 
such as access tracks and firebreaks on these regoliths, especially 
on very thick saprolites. Although the impacts are likely to be 
less on regoliths at altitudes above 200 m, it is important that 
management practices are used which minimise site disturbance 
at all altitudes. Management practices with minimal impact in- 
clude burning-off during site preparation, and skyline, balloon 
and helicopter methods of log extraction. Although burning-off 
is used widely, the current preferred method of log extraction 
is oable-skidding. To minimise impacts from harvesting operations 
it is recommended that skyline, balloon and helicopter methods 
of log extraction be fully investigated. 

Reduced site disturbance and fine sediment production will 
help preserve water quality and prevent adverse sedimentation 
of the seabed in the Marlborough Sounds. 

R E F E R E N C E S  

Blakemore, L. C.; Searle, P. L.; Daly, B. K., 1981. Methods for chemical 
analysis of soils. N.Z. Soi,! Bur. Sci. Rep. 10A. 

Bryan, R. B., 1976. Considerations on soil erodibility indices and sheet 
wash. Catena, 3: 99-1 11. 

Chhetri, T. B. I<., 1971. "Relative Erodibility of Soils". Unpublished 
M.Ag.Sc. thesis, University of Canterbury, Lincoln College. 

Deshpande, T. L.; Greenland, D. J.; Quirk, J. P., 1968. Changes in soil 
properties associated with the removal of iron and aluminium oxides. 
J.  So? Sci., 19: 108-22. 

De Vleeschauwer, D.; Lal, R.; De Boodt, M., 1978. Comparison of de- 
tachability indices in relation to soil erodibility for some important 
Nigerian soils. Pedologie, 28: 5-20. 

Emerson, W. W., 1964. The slaking of soil crumbs as influenced by clay 
mineral composition. Aust. 1. Soil Res., 2: 211-7. 

Fairbridge, R. W., 1968. The Encyclopedia of Geomorphology. Encyclo- 
pedia of Earth Sciences Series, Volume 111. Reinhold, New York, 
Amsterdam, London. 1295 pp. 

Gerrard, A. J., 1981. Soils and Landforms. Allen and Unwin. 219 pp. 
Gibbs, H. S., 1945. Tunnel-gully erosion in the Wither Hills, Marlborough. 

N.Z. 11 Sci. Technol., 27A: 135-46. 
Gradwell, M. W.; Birrell, K. S., 1979. Methods of physical analysis of 

soils. N.Z. Soil Bur. Sci. Rep. 10C. 
Graynoth, E., 1979. Effects of logging on stream environments and faunas 

in Nelson. N.Z. 11 Marine & Freshwater Res., 13 (1): 79-109. 



SOIL RESOURCES OF MARLBOROUGH SOUNDS 85 

Hauge, C. J.; Furniss, M. J.; Euphrat, F. D., 1979. Soil erosion in Cali- 
fornia's Coast Forest District. Calif. Geol., 32 (6): 120-9. 

Hendrix, W. P.; Orr, C., 1970. Automatic sedimentation size analysis 
instrument. In M. J. Groves and J. L. Wyatt-Sargent (Ed.), Particle 
Size Analysis, 1970. Proceedings of a conference organized by the 
Society for Analytical Chemistry. Society for Analytical Chemistry, 
London. 

Krishna Murti, G. S. R.; Singh, G.; Rengasamy, P., 1977. The nature of 
soil clays and the stability of microaggregates. Aust. J.  Soil Res., 15: 
115-9. 

Johnston, A. D.; Mace, J.; Laffan, M. D., 1981. The saw, the soil and 
the Sounds. Soil and Water, 17 (3-4) : 4-8. 

Laffan, M. D., 1979. Slope stability in the Charleston-Punakaiki region, 
South Island, New Zealand. 2. Soil disturbance by windthrow and 
podocarp logging on steepland soils formed from Miocene silty sand- 
stone. N.Z. Jl Sci., 22: 193-201. 

1980. Some observations of regoliths and landslides in the Marl- 
borough Sounds. Soil News, 28 ( 2 )  : 96-102. 

Laffan, M. D.; Cutler, E. J. B., 1977. Landscapes, soils and erosion of a 
catchment in the Wither Hills, Marlborough. 2. Mechanism of tunnel- 
gully erosion in Wither Hills soils from loessial drift and comparison 
with other loessial soils in the South Island. N.Z. Jl Sci., 20: 279-89. 

Laffan, M. D.; Daly, B. K., 1985. Soil resources of the Marlborough 
Sounds and implications for exotic production forestry. 1. Soil re 
sources and limitations to exotic forest growth. N.Z. Jl For., 30: 
54-69. 

Laffan, M. D.; Daly, B. K.; Whitton, J. S., in press. Podzolised soils on 
hilly and steep land near Tennyson Inlet, Marlborough Sounds, New 
Zealand: Classification and relation to landform, slope and altitude. 
Aust. J. Soil Res. 

Luk, S. H., 1979. Effect of soil properties on erosion by wash and splash. 
Earth Surface Processes, 4 :  241-55. 

Middleton, H. E., 1930. Properties of soils which influence soil erosion. 
U S .  Dept. Agric. Tech. Bull. 178: 16 pp. 

Montgomery, J. M., 1976. Forest harvest, residue treatment, reforestation 
and protection of water quality. U.S. Dept Commerce, Nut. Tech. 
Inf. Serv. PB- 253-393. 

New Zealand Soil Bureau, 1968. General survey of the soils of South 
Island, New Zealand. N.Z. Soil Bur. Bull. 27: 404 pp. 

O'Lougblin, C., 1979. Water quality and sediment yield consequences of 
forest practices in North Westland and Nelson. In Proceedings oJ 
Seminar: Land Use in Relation to Water Quality and Quantity. 
Nelson Catchment and Regional Water Board. 259 pp. 

, 1980. Resume: Near-shore sea water quality, Marlborough 
Sounds. N.Z. Jl Ecol., 3: 151. 

O'Loughlin, C.; Gage, M., 1975. A report on the status of slope erosion 
on selected steep areas, West Coast beech project area. Unpublished 
N.Z. Forest Service (FRI) Report. 

Rice, R. M., 1979. Sources of erosion during timber harvest. In R. J. 
Laacke (comp.), California Forest Soils: A Guide for Professional 
Foresters, Resource Managers and Planners, University of California, 
pp. 59-68. 



86 N.Z. JOURNAL OF FORESTRY 

Russell E. W.; Tamhane, R. V., 1940. The determination of the size dis- 
tribution of soil clods and crumbs. J. Agric. Sci., 30: 210-34. 

Schwab, J. W.; Watt, W. j., 1981: Logging and soil disturbance on steep 
slopes in the Quesnel Highlands, Cariboo Forest Region. Research 
notel Province o f  British Columbia, Ministry of Forests, Research 
Branch, ISSN 0226=9368; No. 88. 

Summer, R. M., 1982. Field and laboratory studies on alpine soil erodi- 
bility, Southern Rocky Mountains, Colorado. Earfh Surface Processes 
and Landjorms, 7: 253-66. 

Swanston, D. N.; Swanson, F. J., 1976. Timber harvesting, mass erosion 
and steepland forcst geomorphology in the Pacific Northwest. In D. 
R. Coates (Ed.), Geomorphology and Engineering, Dowden, Hutch- 
inson and Ross, Stroudsbury, Pa., pp. 199-221. 

Swanston, D. N., 1981. Creep and earthflow erosion from undisturbed 
and management impacted slopes in the Coast and Cascade Ranges 
of the Pacific Northwest, U.S.A. In Proceedings of Chr~stchurch 
Symposium: Erosion and Sediment Transport in Pacific Riin Steep- 
lands. I.A.H.S. Pub. No. 132: pp. 76-94. 

Zeimer, P. R., 1981. Roots and the stability of forested slopes. In Proceed- 
ings of Christchurch Symposium: Erosion and Sediment Transport 
in Pacific Rim Steeplands. I.A.H.S. Pub. No. 132: pp. 343-61. 


