
EROSIO 3-E.4STEKN RUAHINE 
RANGE : ITS IRU'LICATIONS FOR DOWNSTREAM 

RIVER CONTROL 

Abstract 

Erosion rates in the south-eastern Ruakine Range are esti- 
mated, by three different methods, to be about 20 m3/ha/yr.  
Erosion has heen periodic in nature; a perrod of above-average 
erosion was apparently initiated in lhe late 1930s as a result 
of a period of increased storminess, resulting erosion rates 
being no  more than double the long-term average. Deteriora- 
tion of the forest cover, which appears to be fundamentally 
natural but  perhaps exacerbated by  introduced animals, may 
have been a factor; the introduced animals have probably 
been responsible primarily for prolonging the period of ubove- 
average erosion by retarding recovery of the forest covler. 

Past discussions of the impact o f  mountainland erosion 
upon dov7nstream values have tended to overlook thr fact that 
sediment supply rates to the lower calchments are generally 
less than rafes  of erosion in f he  upper cotckments, because of 
sediment storage in the channel systems. Sediment supply and 
storage rates may zary over time, and may therefore affect 
dolwnstream values. 

Sediment supply rates to the piedmont stream channels 
have probably been substantially increased by removal of the 
forest cover from the valley throats and alluvial funs ut the 
foot of the range. This  has permitted sireaw channel entrench- 
ment and bunk erosion, which have provided an additional 
major source of sediment and have removed the natural 
"throttling" effect upon sediment transport from tke range. 
I n  addition, removal of the forest from the banks of the pied- 
mont streams has increased bank erosion and channel instabil- 
ity. 

The stream catchments are integrated systems which can 
be managed at several different locations, using different tech- 
niques, t o  achieve ihe ultimate objective of ensuring stability 
of the piedmont stream channels. I t  is therefore necessary to  
view specific techniques, such as mountainland revegetation, 
in a wider content, and to choose the most effective and ckeap- 
est combination of available colntrol options. 

*Forest Research Jnstitute, P.O. Box 31-011, Christchurch. This study 
was carried out while the author was employed by the Manawatu Catch- 
ment Board, Palmerston North. 



INTRODUCTION 

In recent years, there has been grcat concern that increased 
erosion and a deteriolratioa in the condition of the protec- 
tion forest cover in the R~iahine Range threaten agricultural 
lands and urban areas in several major river catchments. 
In  1973, A. L. Poole, then Chairman of the Soil Conservation 
and Rivers Control Council, was quoted1 as saying: 

The Ruahine Range typifies thc problcms of upper catchments 
tl~roughout the country. The depleted forest cover is acccntvating 
erosion, and with every rainfall large amounts of shingle and other 
debris are brought down to choke the river bed. Combined with 
increased silting. these conditions are endangering the established 
works that protect the 60-70 000 acres ol fertile, flood-free plains 
of the Manawatu. 
In this context, preservation of thc Ruahincs is far more important 
than "saving" Lake Manapouri. 

There has been much discussion regarding thc causes ol 
the observed erosion and deterioration in forest condition in 
the south-eastern Ruahines during recent decades. It has 
been widely assumed that introduced animals have been largely 
responsible; for example, Cunningham and Stribling (1975, 
p. 5 )  stated that: 

Throughout the range landslides and screes are ahundant and large 
quantities of shingle are accumulating in the river headwaters. 
Gullying is common in side channels and deep-seated slumping of 
greywaclte rock has recently been describzd. All this can be as- 
sociated, subjectively at least, with modification by animals of the 
vegetation. soil, and water patterns. 

Because of the immediacy of the perceived threat to the 
farmlands and towns oif the middle and lower Manawatu 
catchment, attention has been concentrated upon the scluth- 
eastern flank of the Ruahine Range. The Soil Conservation 
and Rivers Control Council made available to the Manawatu 
Catchment Board a grant to cover the cost of an investigatioln 
of the factors relevant to a consideration of the river control 
problem in the Manawatu River catchment; this repsrt pre- 
sents information regarding the causes, rates, and conse- 
quences of erosion and sedimentation in the south-eastern 
Ruahine Range and in the piedmont area at the foot of the 
range. A motre detailed presentation has been provided by 
Mosley ( 1977). Although rhe conclusions are specific to the 
study area, the general principles involved and questions 

' Soil and Water, 9 (4) : 27. 
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raised are more widely applicable, and s,hould lead t o  a re- 
consideration of the role of a number of mountainland man- 
agement techniques. 

THE STUDY AREA 

The study area colmprises the south-eastern flank of the 
P-uahine Range, and the piedmont (mountain f m t )  region 
between the range and the Manawatu River (Fig. 1). Fifteen 
streams of varying size rise in the range and flotw across the 
piedmont to the Manawatu; the majority of these present 
river control problems of one sort or another. The whole 
piedmont was originally part of the Seventy Mile Bush; saw- 
milling started in 1885, and the forest had been cleared to the 
foiot of the range by about 1920 in most places. The region 
is now a prosperous dairying and intensive sheeplcattle farm- 
ing area; a forest cover persists only in the range itself. 

- 

FIG.  1: Location and geology of the sfzrdy area. 
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Geology 

The Ruahine Range is a horst (block mountain) bounded 
and crossed lengthwise by a number of active faults; it is 
considered (Stevens, 1974) to have been uplifted to its present 
height during the last 1.5 to 2 million years, although it has 
recently been suggested that the range may be only 0.5 
million years old. Mean rates of uplift have been estimated 
to be between 0.8 and 2.5 mm/yr; this implies a mean annual 
addition of rock material of 8 to 25 m3 to each hectare of 
ground. Uplift is probably periodic (Stevens, 1974). 

The range is composed of Wakarara and Ruahine grey- 
wackes, of Jurassic age; the argillites, sandstolnes and spilites 
are intensely follded and faulted, and hence are in places 

FIG.  2: Headwater gully and scree, Mangateivainui catchment. 
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nighly shattered and erodible. The piedmont zont: is itnder- 
lain by young sedimentary rocks (predominantly siltlstone 
and sandstone) of Pliocene and1 Pleistocene age, with in place5 
extenslve spreads of Holocene alluvium. Much of this material 
was derived from the range itself; active deposition occurs 
only in limited areas at the present day. 

Geomovphology 
The south-eastern flank of the range rises from abour 350 m 

elevation at the foot to! a maximum olf 1260 m on Takapari. 
The summit crest of the range is remarkably even north of 
Wharite, apart from the peaks of Maharahara and Takapari, 
and in places forms a broad plateau which may be a Tertiary 
planation surface. Streams are eating headward into the flank 
of the range, and are accordingly very steep (Fig. 2). Valley- 
side slopes are also steep; Stephens (1975, p. 39) round mean 
slope angles in the Raparapawai catchment, which is gener- 
ally representative, to be 30". Maximum angles are much 
greater; vertical cliffs occur, anld slopes with inclinations of 
45 to 50" are frequent. Valley-in-valley forms, with an inner 
valley having side slopes up to 50" contained within an older 
valley whose 25 to 30" slopes extend up to the ridge crests, 
are common. In many places, slopes are clolse to the maximum 
stable angles identified in Wellington greywacke (Grant-Tay- 
lor, 1964) or under similar topographic conditions in south- 
east Alaska ( Swanston, 1974). 

The piedmont zone is characterised by broad, dissected ter- 
races. Topography m the maturely dissected Pleistocene and 
Pliocene sediments is best described as rolling, whereas the 
topography of the Holocene sediments is very subdued. In 
the centre of the area the land surface is almost a tilted plane, 
sloping away to the south-east; around Wooldville the land- 
scape is made up olf low river terraces and bias, and is 
essentially a product of deposition by the Manawatu and 
Manga-atua behind the bottleneck of the Manawatu Gorge. 

In mo~st places, the streams flowing frolm the range across 
the piedmont terrace are incised in valleys whose depths 
reach 20 tot 30 in; only in places do they flow at the level of 
the terrace surface. Four streams were actively constructing 
fans at the foiot of the range at the turn of the century, but 
all have been affected by forest clearance or channel control 
works. 

Finally, almost every stream that rises in the range has a 
broad, flat-flolored valIey throat just upstream olf the point at 
which it passes on to the piedmont. 

The preceding components of the Ruahine stream systems 
may be co'mbined into a general model olf an idealised system 
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TABLE 1: RELATIVE IMPORTANCE OF EROSION, SEDIMENT 
TRANSPORT, AND DEPOSITION, SOIJTH-EASTERN RUAHINE 

STREAM SYSTEMS 

Order of Upper Valley Entrenched 
lmportance Catchment Throat Fan Terrace Stream 

1 Erosion Transport Deposition Transport Transport 
2 Transport Deposition Transport Deposition Erosion 
3 Deposition Erosion - Erosion Deposition 

- - - -. -- - - . 

(Fig. 3 ) .  In each coimponent part, the relative importance of, 
or  balance between erosion, sediment transport, a.ld deposi- 
tion differs, as in Table 1. 

Soils 

The soils of the area are described in reports on natural 
resources by the Department of Lands and Survey (1974, 
p. 21-41) and Ministry of Works (1971, p. 35-57). The soils 
developed on the greywacke bedrock of the range are classi- 
fied as Ruahine and Rimutaka steepland soils. They both oc- 
cur on steep to very steep slopes; are shallow (300 mm and 
75 mm deep, respectively); are moderately to well drained; 
are strongly leached; and are low to very low in fertility. 

F I G .  3 :  Idealisecl model oj thc sorrlh-eastern Ruahine streams. 
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There are few climate data for the range itself; Wharitc 
climate station (elevatioln 914 m)  has been operational for 
only a decade, and otherwise there are only scattered >torage 
raingauges and four recently installed recording raingauges. 
The 1966-75 mean annual precipitation at Wharite was 
2129 mm, in comparison with a figure of 1089 mm fo'r Dannc- 
virke (1941-70), which is considered representative of the pied- 
mont. Variability in the annual totals for Wharite is doublc 
that for Dannevirke (frofm 1772 mm in 1969 to 2555 mm in 
1971 ). Figures for twelve raingauges throughout the area give 
an equation relating mean annual precipitation (P)  in mm 
to elevation (E) in metres: 

During 1972-5, Wharite climate station reported fog (that 
is, cloud whose base was below the station) on an average 
245 days per year. Mean (wind speed at Wharite is 22.5 kmlh, 
and the maximum recorded to date was 148.1 km/h; high 
winds for lolng periods are characteristic of the whole south- 
eastern flank of the range. 

Grant (1966, 1968, 1969) has adduced evidence for periods 
oI' drought and above-average storminess that might have 
affected) the vegetation and hydrology of the Ruahine Range. 
In the absence of adequate data, it is impossible to confirm 
this for the south-eastern part of the range, although the re- 
cord of floold flows on the Manawatu at Palmerstoln North 
(Fig. 4) certainly suggests a period olf increased storminess 
in the 1940s. Perhaps the most significant aspect of the 
climatic data available is their indication of extreme variabil- 
ity in weather colnditions, whether or not this variability is 
superin~posed upon a periodic trend. 

Vegetation 

The reports written about the forest cover of the south- 
eastern Ruahine Range all stress its instability (Elder, 1958, 
1965; Cunningham, 1966; James and Beaumont, 1971). Elder 
(1965, p. 21), regarded the Ruahine Range as an ecoltone be- 
tween the central North Island and Cook Strait botanical 
areas, but in detail the vegetation pattern is rather complex. 
Vegetation character changes progressively northwards from 
the Manawatu Gorge, possibly in response to decreasing fre- 
quency olf cloudiness and high winds (Elder, 1956). Alti- 
tudinal effects are very pronounced, especially because of thc 
steep slopes in the south-eastern Ruahines, and Elder (1965) 
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FLG. 4:  Flood f!ow data for Manawalu River at Fitzherberl Bridge. A. 
Maxinzuin annual discharge. B. N~i lnber  01 flows > 800 m3/s for each year 

of record. 

rccognised five altitudinal belts. Most have been very sub- 
stantially moidlified in recent years. 

The character of the original podocarp-lzardwood belt (365 
to1 700 m) has changed because of the almost complete death 
of rata (Metrosideros robusta); James and Beaumont (1971, 
p. 5)  now consider it to be best described as grassland-scrub- 
land, dominated by pepperwood (Psezldowintera colorata), 
treefern, exotic weeds, sad grasses. Befojre 1950, kamahi 
(Weinmannia racemosa) was dominant in the kamahi forest 
below 900 m; tolday the dominant species are pepperwood, 
treefern, and scrub hardwoods, with much toetoe (Cortaderia 
spp.) and grass present. The first two belts identified by 
Elder (1965) have generally been referred to  jointly as the 
karnahi-rata forest belt. The Libocedrus-Docrydlium forest 
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above 900 m was stated by Elder (1965, p. 43) to be only "a 
ghost of a formation" that was in the final stages of replace- 
ment at its upper and lower margins by leatherwo~od (Olearia 
colensoi) and pepperwood. The crest of the range is above 
tree line, and is covered by an almost impenetrable thicket of 
leafherwood scrub. This zone covers about 20% 04 the whole 
scluth-eastern Ruahine Range, and is apparently extending 
downslope. Finally, snowgrass tussock grassland is found on 

F I G .  5:  I<umeti Stream about 1 kin upstream from Runhine Sfnfe Foresf 
Park boundary, looking upstream. Top: 1936, offer cloudburst; Bottom: 

1977. 
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Takapari, at about 1220 m elevation, and on exposed ridge\ 
near Maharahara trig, at about 975 1-n elevation. 

The three northern catchments also show an altitudinal 
mnation, but red beech (Nothofagus fusca) becomes im- 
portant. Kamahi and other broad-leaved hardwoods, together 
with beech and rimu (DacvycZiz4nz cupressinzinz), are abundant 
at lower altitudes, red beech with a dense understory ol 
pepperwood and ferns at medium altitudes, and peppenvoo:f, 
fuchsia (Fuchsia excorticata), and broadlesf (Gviselinia lit- 
tovalis) at higher altitudes. Some leatherwood is found on 
the ridge crests; considerable areas of Pcrn, grass, and bare 
rack exist on the steep slopes of the valley heads. Conversion 
to  pasture has extended some distance into the range, but 
much is reverting to fern and scrub. 

There is good evidence for deteriolratioa in the Eorcst cover 
before introiduced animals could have become a major factor. 
H. S. Gibbs (1977, pers. comrn.) noted that the con,dition 
of the forest was already poor in the 1930s, when he was en- 
gaged in soil survey work in the south-eastern Ruahine area 
(Fig. 5).  More specifically, Elder (1965) stressed the unstablc 
nature of the forest at about 900 m elevation; that deer use is 
presently intense in this zone is quite possibly because of its 
already open nature consequent upon natural tree mortality. 
He also noted (Elder, 1958) that "the early and complete 
death of kamahi on exposed ridges and steep faces suggests 
that the effects of drought, in particular the 1946 drough:, 
ought not to be dismissed as negligible. . . ." I t  might also 
be noted that much of the dead and dying kamahi fofrest was 
old and even-aged. Elder also considered the effects of gales 
and cloudiness on forest condition; the effects of white scalc 
and insect attack were stressed by Logan (1971) and Pracy 
(1971). 

The 1946 aerial photographs show a marked rcsponse oi the 
forest canopy to topography, erosion processes, and slope 
aspect; the patchiness seen in Fig. 6 was quite clearly not 
of recent origin, and therefore could not have been a function 
of animal browsing. Figure 6 strongly indicates that moisture 
stress is probably a more severe limiting factor than is gener- 
ally realised; shallow soils, steep slopes and rapid drainage, 
and strong desiccating winds would imply considerable tem- 
polral variation in soil moisture, even without the periodic 
droughts for which there is evidence. 

The geographic, topographic, and climatic setting of the 
south-eastern Ruahines, totgether with the altitu~dinal zona- 
tion of the vegetation, imply that ?he forest cover is probably 
extremely sensitive to climatic change ((whether progressive 
or periodic) and variabilitv 1ri weather patterns. The evidence 
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FIG. 6 :  Vertical aerial photographs of part of the Kumeti catchment in 
(top) 1946 and (bottom) 1974. Most slips visible on the 1974 photograph 
existed in 19146, but have since enlarged; most were probably initiated in 
the 1936 storm. Note the apparent eflect of topography and aspect (N is 

at the top of the photos) on forest cover. 
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indicates (Mosley, 1977, pp. 16-8, 20-6) that the lorest cover 
was unhealthy well before animals became a significant in- 
fluence, and that severe weather conditions in the 1930s and 
1940s may have triggered a dramatic collapse whose eventual 
occurrence was nevertheless only a matter of time. 

I t  appears that introduced animals, particularly opossums 
and deer, were becoming sufficiently numerous and widely 
distributed by the mid-1940s to be a significant influence: 
nevertheless, population densities were evidently still highly 
kariable. Holloway et al. (1963) suggested that animals had 
primarily an "overbalancing" effect in the Tararua Range; A. 
Cunningham (1977, pers. comm.) believes that animals may 
act as a "catalyst" by opening up the forest canopy sufficiently 
to permit disease, insects, changed micro-climate, and gales 
to cause the collapse oif the remainder. (Windthrow or  ran- 
do~m death of individual old trees would have a similar effect, 
of course). 

The writer doubts that introduced animals had a major 
role in initiating erolsion in the south-eastern Ruahines, but 
considers that, by preventing or retarding regeneration of 
the forest cover, they have probably prolonged the period of 
above-average erosion rates initiated in the late 1930s. - 

At present, there are in many places definite signs of re- 
covery of the forest. A dense cover of s c ~ u b  hardwoods such 
as mahoe (Melicytus ramiflort~s) now clothes many valley 
sides, and few landslide scars do not have a cover of co~loais- 
ing species present: the major scars in the headwater gullies 
are the prime exceptions. The major present-dhy effect of 
introduced animals (primarily deer) may be to retard this 
recovery; the abundance of pepperwood, treefern, toetoe, 
and grasses in many localities suggests that revegetation may 
have been arrested at an earlv stage in the succession. 

EROSION I N  THE RANGE 

It  is axiolmatic that the effects of long-continued erosion 
and sedimentation, superimposed upon tectonic movement, 
are responsible for the topography of the Ruahine Range. 
Without erosion in the range, the deeply incised, steep-sideld 
valleys would not exist; without deposition on the piedmont, 
there would not now be wide stretches of gently sloping 
alluvial soils. 

Calculation of the volume of material that was removed 
to create the valley systems on the flank olf the range pro- 
vides a means to obtain a rough, minimum estimate of ero- 
sion rates. The flank olf the range presently drained by the 
Raparapawai, Oruakeretaki, and Otamaraho catchments and 
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their tributaries was selected because reconstruction of its 
undissected form, by projecting contours from ridge to ridge 
across the valleys, is relatively simple. The minimum vollume 
of rock removed by valley incision is 2.567 x 10lC m3, or an 
average of 6.513 x 106 m3/ha. (Lowering olf the ridge crests 
during valley incision would ofbviously imply a greater rz- 
moval of material.) Assuming that ( i )  uplift of the range 
was accomplished over 1.5 x 106 years and (ii) erosion rates 
increased linearly over time in proportioin to elevation and 
slope, present erosion rates should be, on average, 8.68 m3/ha/ 
yr. As this is a minimum figure, 10 m3/ha/yr may be adopteid~." 

An alternative method is an extension of that used by 
James (1973) to estimate change in area of erosion scars 
left by mass movement (landslides) on hillsides. By measur- 
ing the areas of erosion scars on aerial photographs taken 
in 1946 and 1974, the mean annual increase in area has been 
measured for each catchment {with some exceptions due to 
non-availability of photography). To calculate erosion rates, 
an estimate of mean depths of material removed from the 
scars is necessary. Normally, measurement of depths in a 
random sample would be desirable, but this procedure ignores 
difficulties of access, substantial variability in depths (both 
within and between scars), and the fact that the significaxe 
for sediment production oif each scar is not equal. In area, 
shallow soil slildks (0.5 m to 1 m in depth) are predominant, 
but the smaller number of deep-seated slumps and head- 
water gullies, with depths or' tens of metres, supply a large 
proportion of the sediment in stream  channel^.^ Accordingly, 
a mean depth of 3 m was adopted on the basis of field observa- 
tion. Mean values folr hillslope erosion rates due to land- 
sliding were estimated for each catchment for the period 
1946-1974 (Table 2); the mean overall value, weighted for 
catchment area, is 28 m3/ha/yr. Thic figure is predicted on 
several assumptions, and many factors (such as storage ot 
sediment in valley bottoms, revegetation of scars) are ignored. 
The writer has considered all these, and believes that the 

'If the range had been uplifted only in the last 0.5 million years, present 
erosion rates would be 26 m3/ha/yr. 

'For example, as one walks upstream along Dry Creek, in the Tamalci 
River catchment, it is easy to pinpoint the major debris source, as 
side valleys and gullies are blocked off by deep gravel deposits in the 
main valley. The main track of moving gravel leads directly to three 
major sediment sources, all within close proximity of each other; the 
valley bottom deposits downstream indicate that there is little addition 
of material to that from the three sediment sources at the head of the 
valley systems. 



TABLE 2: COI\.IPUTATION OF MEAN ANNUAL EROSION RATES, 1946-1974, SOUTH-EASTERN RUAHINE 
RANGE 

Catchment* 

Area in Actively Eroding 
Slips (kin2)  

1946 l974 

Annual 
Increase in 
Eroded Area 
(in2/yr/km2) 

Kaparapawai 
Oruakeretaki 
Mangapukakakahu 
Otamarahu 
Kumeti 
Otamaraho 
Rokaiwhana 
Tamaki 
Mangatewaiiti 
Mangatewainui 

Annual ? Erosion N 

Rate 
(m3/halyr) g 
-- 

*Catchments south of Raparapawai omitted because of non-availibity of suitable aerial photographs. Manawatu head- 
waters omitted because substantially cleared of forest. 

TI966 figure used to eliminate effects of NZFS revegetation work. 
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figures give an acceptable order-of-magnitude estimate of cur- 
rent erosion rates. This belief is in some degree supported 
by the relation between erosion rate and mean main channel 
slops (Fig. 7), which would be expected (Schumrn, 1955). 

A major assumption of the estimating procedure is1 that 
landsliding is the major erosion process supplying sediment 
to the stream channels. Many other processes - deflation, 
raindrop impact, overland flow, rilling, gullying, soil and rock 
creep, solution, etc. - are active in the range, but on the basis 
of field observation the writer doubts that any are quanti- 
tatively significant in comparison with rapid mass movement. 
In general, research shows that erosion prolcesses act very 
slowly on vegetated surfaces, but at wolrst only about 5% of 
the ground surface in the south-eastern Ruahines has not 
had a conitinuous vegetation, cover during recent decades. 
Even where a landslide has broken the vegetation cover, pro- 
cesses operatinlg on the bare regolith ( eg. ,  raindrop impact, 
rilling) seem to1 remove little sediment relative to that sup- 
plied to the stream by the original landslide. I t  should be 
noted, however, that enlargement of a landslide scar at its 
margins, subsequent to its initiation, will be a continuing 
major source of sediment for many years. 

Finally, data on sediment deposition upstream of; a dam 
on the Kumeti, and in a waoded area downstream, give a 
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F I G .  7: Regression between estimated erosion rate and mean upper cafch. 
meni channel slope, south-eastern Ruahine Range streams ( r  ='0.54). 
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short-term figure for erosion rates. Between August 1975 and 
October 1976, 21 000 m3 hald been deposited, or 16 900 m3/yr. 
This is equivalent to) a supply rate of 17 m3/ha/yr of rock from 
the upper catchment (assuming a change in density from 
2.65 to 2.0 g/m3 for the depolsited material). The figure is a 
minimum, as the quantity of material carried past the dam 
is unknolwn. Much fine material was depolsited in the wooded 
area downstream, and the writer considers that perhaps 90% 
of the sediment in transport was trapped. 

TABLE 3: EROSION RATES IN AREAS GEOLOGICALLY 
COMPARABLE TO SOUTH-EASTERN RUAHINE RANGE 

Location Erosion 
Rate 

(m3/halyr) Data Source 

.Average maximum denudation, 
catchments > 3800 km2 

Papua-New Guinea 
Taiwan 
I-Iimalaya 
Alps 
Tanzawa Mts, Japan 
Eel River, California 
'Tuki Tuki River, N. Ruahines 

(above Folgers Lalte) 

Lalte Tutira, North Island, N.Z. 
Mangahao River, Tararua Range 
Waipaoa River, N. Ruahines 
Roxburgh Lake, New Zealand 
Otaki River, Tararua Range 

Hapuakohe Range, New Zealand 
Shotover River, New Zealand 

(upstream of 16 Mile Creek) 

Schumm (1963) 
Pain and Bowler (1973) 
Li (1976) 
Gurray anc! Moore (1971) 
Clark and Jager (1970) 
Tanaka (1976) 
Brown and Ritter (1971) 

P. R. de Leon (1976) unpubl. 
data 
Grant (1963) 
Thompson (1976) 
Thompson ( 1976) 
Thompson (1976) 
Manawatu Catchment Board, 
report in preparation 
Selby (1976) 

Min. of Works (1975), un- 
publ. report. 

Table 3 presents data on erosion rates elsewhere with which 
the estimated rates in the south-eastern Ruahines may be 
compared. It is significant that the figures for the Tuki Tuki, 
Otaki, and Mangahao Rivers, which have settings very similar 
to1 the south-eastern Ruahines, are very close. Worldwide, the 
south-eastern Ruahines have erolsion rates comparable with 
the highest almost anywhere except Taiwan; oaly data folr 
y o u g ,  tectonically active mountain ranges similar to the 
Ruahines have been included. 

I t  should be pointed out that establishment of a mean value 
for erosion implies solme degree of variation about that mean; 
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rates will in some years be higher, and in some years be lower, 
than the mean. I t  is coming to be accepted as axioinlatic thar 
geomorphic proccsses operate discontinuously, and at rates 
or  intensities that vary considerably olver time (Melhorn and 
Flemal, 1975). Many studies (e.g., Cunningham and Arnott, 
1963; Rapp, 1975; Bogucki, 1976; Selby, 1976) indicate that, 
in places where mass movement processes are the dominant 
geomorphic and erosiolnal agent, erosion is highly perio~dic, 
of short duration, and generally related to extreme climatic 
events. In  the Ruahines, much of the erosion and landscape 
change that has occurred in recent decades has been in re- 
sponse to individual high magnitude storm events with low 
return period. Eolr example, storms in 1936, 1965 and 1975 
had dramatic consequences in the Kumeti, Manga-atua, and 
Mangatewainui catchments (Mosley, 1977). 

There is abundlant evidence provided by alluvial fan and 
terrace deposits in the upper catchment valleys that episodes 
of increased erosion have occurred in the past, before Euro- 
peans influenced the mountain catchments. For example, in 
the upper Tamaki catchment, one of its tributaries has built 
out into the main valley a fan upon which there is a striking 
stand of red beech, the most southerly stand in the south- 
eastern Ruahines. The oldest trees have ages, determined 
by tree ring count, of 86 to 90 years, and the stand clearly 
indicates a new cycle of forest regeneration on the fan which 
commenceld perhaps 100 vears ago. I t  appears that a catas- 
trophic storm in about 1880 spread fresh sediment, tot a depth 
of 1 m in places, over much of the fan surface, killing the 
existing vegetation. Some stumps are still visible, rooted about 
1 m below the present surface, but broken off and now decay- 
ing. 

River control problems downstream from the range have 
been almost universally ascribed to accelerated erosion in 
the range (which in turn is seen as a function of vegetation 
deterioratioln due to  introduced animals); the preceding 
figures for erosion rates are therefore of considerable signifi- 
cance. I t  would zippear that erosion rates during the last 
three decades are little higher than one might expect in this 
type 01 tectonic setting; furthermore, recent erosion rates are 
at most no more than double the mean erosion rates predicted 
on the basis of valley incision. A period o~f increased erosion 
dating froim the late 1930s cannot, again, be regarded as un- 
usual, when both general theory and the evidence of alluvial 
deposits in the south-eastern Ruahine Range clearly imply 
periods of increased erosioln in the past. 

Because disturbance of the natural vegetation cover has 
been shown in many studies to trigger ten or one hundredfold 
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increases in erosion rates, one is forced to conclude that the 
geomorphic-erosiolnal system of the south-eastern Ruahines 
has largely absorbed the effects of changes in the controlling 
factors. In  other words, the deterioratcd rolrest cover and 
increased animal populations o~f the 1930s and 1940s havc 
apparently had a rather small effect on erosion rates. 

SEDIMENT SUPPLY TO THE PIEDMONT STREAMS 

One should not overlook the difference between gross 
erosioa and sediment yield, formalised in the concept of sedl- 
ment delivery ratio1 (Maner, 1958). In many catchments, only 
a small percentage olf the sediment eroded from hillsides 
(measured by erosion plots, for example) actually reaches 
the stream channels and is removed frolm the watershed. 
There is good evidence in the south-eastern Ruahine Range 
that under natural colnditions only a part of the material 
removed frolm the upper catchment valleyside slopes by mass 
movements during intense rainstorms actually reaches the 
piedmont strcarn channels. 

The upper catchment valleys [unction as highly effective 
sediment stotrage areas, modulating the flow of sediment in a 
downstream direction. For example, a landslide in August 
1976 in the Manga-atua catchment (Mosley and Blakely, 1977) 
supplied 35 000 m3 of material to the stream channel at its 
base; 23 000 m3 remained at the foot of the landslid~e scar, and 
the remainder moved as a debris flow for up to! 600 m down- 
valley. Stream channel incisioln into the debris flow deposit 
has moved only 5 000 m3 since the landslide; ot the material 
carried further downstream, much has been redeposited in 
the upper catchment, and very little (almost all of it silt 
and clay) has reached the piedmont. 

A local resident, G. Miller, has provided an even more strik- 
ing example of long-term sediment storage. During the 
February 1936 storm, a debris "wave" 4 to 5 m high was de- 
polsited in the upper Otamaraho catchment, about 1.5 km up- 
stream olf the folot of the range. The material was supplied 
by riparian slips and major landslides at the head of the 
catchment. The debris wave remained intact and in the same 
place until the late 1950s, and it began to be significantly 
dkpleted only in a storm in 1965. By 1977, much of the material 
still remained in the original deposit, and a considerable por- 
tion of the material that has moved has been redeposited 
within the upper catchment valley. 

The temporary storage function of the upper catchments 
is enhanced by the supply ol logs and other vegetative debris 
to the streams There are many examples throughout the area 
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of large quantities of gavel being held back by log jams; 
recent studies (Heede, 1972; Megahan and Nowlin, 1976) have 
shown that these features, together with boulder steps, etc., 
are an integral part of the morphology of mountainland1 
streams. They colntribute ro energy dissipation, and help the 
streams to achieve equilibrium with controlling f-actolrs. 

The quantities of gravel estimated, with the aid of seismic 
refraction surveys, to be in storage in the upper catchments 
of the south-eastcrn Ruahines appear to be in the olrder olf 
ten to forty times the annual supply rate. There is golold 
evidence that much gravel was in storage even before the 
inferred increase in hillslope erosioln in the late 1930s; there 
is thereforz some question as to how much gravel in storage 
is of recent origin. At present, there is a clear tendency folr 
depletion of the gravel store, as material is removed by small 
to moderate runoff events; because of a recent lack of large 
storms in most catchments, there has been limited replace- 
ment olf the gravel bv rencwed mass movements. Majolr ex- 
ceptions are the Tamaki and Mangatewainui catchments, 
which werz both considerably affected by Cyclone Allison in 
1975. 

The broad valley throats (Fig. 3) just upstream of the foot 
of the range represent a major control on sediment supply 
rates to the piedmont. Under natural conditions, the forested 
flats behaved as a 'throttle" on both water and sediment 
discharge; the streams flolwed close to the surface o f  the 
valley floor, and. during major runoff events overflowed and 
dropped thcir seldliment load amoing the trees. In subsequent 
small to moderate events, the streams would be underloladed 
with sediment, and would incise into the valley flats1 and 
erode back their banks. Under natural conditiolns, then, the 
forested vallev flats evened out the flolw of water and sedi- 
ment to the piedmont. 

Clearing of the forest from the valley throats in the first 
two decades olf this century has induced trenching of the de- 
posits, and removal of large volumes of sediment an to the 
piedmont. Foir example, olf the 240 000 m3 of gravel estimatecl 
to be in storage in the Otamarahu valley thrlolat in 1900, 
96 000 m3 has been removed since 1920, and the stream channel 
is now up to 3 m deep and 60 m wide. The removal represents 
an average 04 1700 m3/yr, in camparison with the estimated 
mean erosion rate in the upper catchment of 6 400 m3/yr. 

Perhaps more important is that the cutting of wide, straight 
channels across all the valley throats now permits rapid pas- 
sage of water and sediment from upper catchments to  pied- 
mont. In other words, the "throttle" effect has been lost, 
with a major effect on sediment delivery ratios. One catch- 
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inent that has in recent years been significantly afkcted by 
a lack of forest cover in the valley throat is the Manga-atua 
(Coppermine Creek branch). In 1965 a severe storm caused 
major landsliding in the upper catchment, and debris was 
carried right out on to the piedmont during the flood. River 
control problems were, according to local larmers, considcr- 
ably exacerbatcd as a result; had the valley throat rcmained 
under forest, problems would have been much reduced, not- 
withstanding the storm-induced erosion in the range. 

Folur streams have constructed alluvial lans where thev 
pass from the range on to the piedmont. Landowners on two 
of these have for many years complained about gravel deposi- 
tion on the fan surfaces, apparently not realising that such be- 
haviour is entirely natural and predictable on an alluvial fan. 
Before forest clearance, sediment comirig from the uppci 
catchments travelled no further than the fans; watcr seeped 
into the fan surfaces and reappeared in springs at the foot. 
The streams that were fed by these springs were completely 
unadjusted to carry the type of sediment passing from the 
upper catchments and being deposited on the fan. As a result 
of the construction of a drsin at the foot of the Kumeti 
Stream fan, a large channel was scoured back through the fan, 
particularly during the 1936 storm. The material eroded from 
the course of the drain (estimated as 100 000 m3 between 
1920 and 1930) and from the fan caused severe aggradation in 
the channel downstream, which was not adjusted to carry 
large quantities of coarse sediment. Development of a channel 
across thc fan naturally permitted sediment to pass straight 
from the upper catchment into the piedmont stream channel. 
Almost as much has been spent oln river control work on the 
Kumeti as on all the other south-eastern Ruahine streams 
colmbined; the problem has been almost entirely induced by 
drainage manipulation on the alluvial fan. 

STREAM CHANNEL INSTABILITY - ALTERNATIVE 
CAIJSES 

River systems are very finely adjusted to the environmental 
conditions under which they function. Schumm (1969) has 
stated that "the dimensions, shape, gradient, and pattern of 
stable alluvial rivers should be controlled by the quantity of 
water and quantity and type of sediment moved through 
their channels". Schumm and Lichty (1965) suggested that, 
in turn, discharge of water and sediment lrom a system is 
dependent, during a period of years, upon geo~lo~gy, climate, 
vegetation (and land use), relief, and hydrology (runoff and 
sediment yield per unit area) within a system. It is implicit 
in the concept of a stable alluvial river that the channel 
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normally achieves a dynamic equilibrium condition in which 
its mo~rphology shows considerable temporal variatioln about 
a mean. Change is usually episodic, in response to moderate 
and large flood events (Wolixan and Miller, 1960).  

It has been shown that the quantity of sediment supplied 
to the strcam channels olf Ihe south-eastern Ruahine piedmont 
during flolods has proibably increased during the period of 
European occupation, particularly because of the effects of 
folrest clearance in the valley throats and on the fans at the 
foot of the range. Other factors identified by Mol- 
lard ( 1 9 7 3 )  as controlling stream stability - bed material 
load as a proportion of total sediment load, stream gradient, 
texture olf floodplain sediments and hydrograph peakedness 
- havc probably not changed significantly. However, a further 
factor, streambrtnli vegetation, which strongly controls chan- 
nel stability through its effect on bank erodibility, has 
changed very significantly during European occupation. 

I t  is accepted that a dense cover of woody vegetation on 
streambanks controls bank erosion, because of the binding 
cffect of the tree roots. This is, oP course, thc basis for con- 
ventional techniques of river control that employ willows, 
poplars, and olhcr tree species (Acheson, 1968). The banks 
of the streams flowing rcross the south-eastern Ruahine pied- 
molnt were originally clothed in native forest, but in most 
places this had, by 1920, been replaced by grassland. 

The effect is exemplified bv the Tamaki River in the first 
2.5 km downstream from the foot of the range. In many 
places, the stream was only 5 to 10 m wide in the early 1920s, 
only a Few years after forest clearance and before the tree 
roots would have had time to dkcay. Up to 1942, the channel 
widened very substantially, especially during flooid events in 
1923 and 1936, and was an average of 54 m wide by 1942. 
Between 1942 and 1976 (almost twice as long as the earlier 
period), the channel width increased by an average of only 
6.4 m (0.19 m/yr); again, much of the widening o~ccurred dur- 
ing moderate and large floold events. A rough calculation sug- 
gests that the bank erosion between 1920 and 1976 in this 
reach supplied in the order of 3.00 000 m3 to the channel down- 
stream. 

A more recent example of the effects of forest clearance 
on channel stability is provided by a section of the middle 
Oruakeretaki Stream, which flows in a flat-floored valley 
incised 10 to  20 m below the general piedmont terrace sur- 
face, and with a mean width oif about 100 m. A section off the 
valley floolr was left in native forest, mainly totara, until 
1972, when the forest was cleared For grazing. Befolre 1972, 
the Oruakeretaki Stream had a narrow, stable channel in 
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this area, although serious bank erosion had olccurred in 
many other places. By 1976, however, the whole valley floor 
in this hitherto stable section was covered with bare gravel, 
and the stream channel was braided and highly unstable. 
There seems little reason to doubt that the change was a 
result of the removal of the forest cover. 

There are a number of other reasons for stream channel 
instability in the south-eastern Ruahine piedmont, including 
polorly designed road and railway bridges and embankments, 
ill-advised attempts to straighten meandering channels, and 
so on. Apart from the constricting influence oif the Manawatu 
Gorge upon stream channels in the Wooidville area, as water 
ponded back behind the golrge during flood events overflows 
its banks and deposits sediment on floodplains, these factors 
are generally the result of human activity. 

DISCUSSION AND IMPLICATIONS 
As already noted, the river control problem in the south- 

eastern Ruahine area has been seen primarily as a result 
of inc~eased erosion caused by vegetation deterioration and 
intmdh~ced animals in the Ruahine State Forest Park. There 
has been a long debate on the relative merits of animal control 
and artificial revegetation in the range, but the general opinion 
has been that some combination of these management tech- 
niques would go a long way towards solving the river control 
problem downstream. 

The present study indicates, however, that both these man- 
agement techniques may be of rather less value in the context 
of the south-eastern Ruahine Range and piedmont than has 
hitherto been suggested. First, it is no~t clear that erosion pates 
during recent decades have been unusually high, especially 
when one realises that under natural conditions erosion is 
highly periodic in nature. Although the vegetation appears to 
have been deteriorating d ~ ~ r i n g  this century, the effects of 
this deterioration have been less dramatic than generally 
claimed. Brown arid Sheu (1975) and O'Loughlin (1974) have 
pointed out that loss of the binding effect of tree roots may 
accelerate erosion by mass movements, but their discussions 
considered downslope creep and shallow mass movement in 
the soil. In  contrast, much of the sediment supplied to the 
ullper ca tchme~t  stream clzannels in the south-eastern Rua- 
hines comes from major, deepseated landslides and gullies 
in the valley heads, where the streams are vigorously cutting 
back into1 the summit plateau. These high-altituld'e sediment 
sources are admittedly located in the unstable Liboceduus- 
Dacrydium forest zone, but their characteristics are such that 
tree root strength and density would be largely irrelevant to 
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the occurrence of mass movement events. Riparian slips at 
lower altitudes may well have occurred motre frequently in 
recent decades because vegetation deterioration has lowered 
the threshold of stability of the slopes, but, although numer- 
ous, the riparian slips are generallv restricted to the shallow 
regolith, and hence are relatively less important as a source 
of sediment. 

Clearly, if one disputes the effect of vegetation deterioration 
upon the incidence of mass movements in the range, then 
one must also dispute the indirect effect of introduced ani- 
mals upon erosion rates. Furthermolre, there is convincing 
evidence that the forest cover in the south-eastern Ruahines 
was in poor condition, and deteriorating, before any oE the 
species of animals that eventually became established were 
present in any number. I t  appears, also, that erosion in re- 
cent decades dates from the February 1936 storm in at least 
some catchments; that was before introduced animals were 
anything more than localised. 

The writer has suggested that increased sediment loads in 
the piedmont stream channels are due more to bank erosion 
and to the loss of the sediment storage capacity of the valley 
throats and alluvial fans at the foot of the range. These effects 
are due, oP course, to  forest removal in the course of Euro- 
pean settlement This is not to deny that eroision rates in the 
south-eastern Ruahines are high by any standards, but to 
point out that gross upland erosion rates are but one aspect 
of the overall problem. Net rates of sediment supply to the 
lower catchments are olf more immediate concern, and are 
not necessarily equal to  upland erosion rates. 

All this must have considerable implications for manage- 
ment techniques. The assumption that high erosion rates are, 
indirectly, man-induced, because olf the influence of intro- 
duced animals, implies that removal olf the animals will solve 
the problem. If erolsioln rates are naturally high, because of 
geologic and climatic conditions, and were affected to only 
a minor extent by introduced animals, then a major animal 
control effolrt may t u r ~  out to be ineffective. 

Similarly, vegetatioln deteriolration, which has been funda- 
mentally natural but may to some extent have been hastened 
by animals, appears to1 have affected1 erosion rates to a minor 
degree. The major sediment sources are high-altitude, deep- 
seated gullies and slumps which present severe (at present 
levels of technology, perhaps insuperable) problems for arti- 
ficial revegetation practices. The lolwer-altitude, shallow 
riparian slips can be treated, but do not represent the major 
sediment source. In any case, practice to date has been to 
treat slips that have already occurred, which is akin to 
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"shutting the stable door after the horse has bolted". Quanti- 
ties of sediment eroded from a bare landlslide scar are prolb- 
ably small relative to the volume originally moved, and the 
displaced slump mass is automatically morc stable after the 
mass movement has occurred. Establishment of exotic trees 
on a hitherto) stable slope may help to ensure its future stabil- 
ity, although the relative values of different species - exotic 
pines, kamahi, scrub hardwoods, etc. - are as yet unknown. 
Again, then, a major revegetation programme on the valley- 
side slopes in the range may be hard to justify. 

On the other hand, it seems fairly clear that removal olf the 
forest from the valley throats, fans, and piedmoint streain 
banks has contributed very substantially to river control prob- 
lems. I t  folloiws that replacement of the forest cover in 
strategic locations would be the most effective response to 
the problem presented by channel instability; this approach 
is already being adopted by the Manawatu Catchment Board. 
Substantial lengths of streambank have been stabilised by 
planting of willows and poplars. while a small forest reserve 
has been established at the head olf the Kumeti Stream fan 
to provide storage for sediment coming from the upper catch- 
ment. 

In many locations, forestry would appear to be the most 
promising way of utilising riparian lands, as well as having 
a major contribution to make to channel stabilisatioa. It is 
entirely natural for an alluvial channel to overflow its banks 
once every year or two, on average. A belt of trees would 
probably withstand thc periodic flooding and deposition of 
fine silt and gravel molre readily than pastureland, and with 
no loss of production. At present, large areas of the valley 
Cats, especially in the Tamaki-Rokaiwhana system, are 
virtually useless for grazing purposes, and a belt of woodland 
along the stream would represent a substantial gain in pro- 
duction. In view olf present-day trends in energy prices, such 
a belt may well present a major resource, as a source of fuel 
for the nearby residents of Dannevirke. 

CONCLUSIONS 

The study of erosioln in the south-eastern Ruahine Kmge 
and stream channel stability in the pie,dmont area at the 
Coot of the range suggests that: 

(1) Natural, geologic rates OIL erosion are, by wolrld standards, 
high. 

(2 )  Erosion in the range is highly periodic, in response to the 
occurrence of storms and groups elf storms; and hence 
erosion rates are highly variable. 
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(3) There was a period of above-average erosion commenc- 
ing about 1936, which was associated with, but not neces- 
sarily caused by, vegetation deterioration and a build-up 
of the animal population. A period of increased stormi- 
ness was more probably responsible; its effects were 
enhanced by vegetation condition. 

( 4 )  Sediment supply rates from the range to the piedln~ont 
stream channels have probably increased this century, 
because of the rcn~oval of the forest cover from the 
valley throats and alluvial fans at the foot ojf the range. 
This has induced stream channel trenching, which has 
itself supplied large volumes of sediment, and has per- 
mitted water and sediment to pass readily from upper 
to lower catchments. 

( 5 )  Bank erosion along and instability olf the piedmont stream 
channels has been much increased because o~f iemoval of 
the forest from their banks. 

These results suggest that maizagement tecl~niques used 
to control channel instability require re-evaluation. rhere has 
been much emphasis upon mountainland revegetation work 
using exotic species; it would appear that, in terms ol con- 
trolling channel instability on the piedmont, this management 
tool ma): have disappointing results in the south-eastern Rua- 
hines. Instead, the revcgetation effort might be more usefully 
concentrated on the valley throats and fans. where climatic 
conditions are less harsh than in the range itself. It should 
not be forgotten that the streams draining from the range are 
natural, integrated systems which may be managed at several 
points; although the ultimate source of the sediment in the 
streams is the upper catchment hillsides, the sediment may 
be more effectively and cheaply controlled elsewhere, by utilis- 
ing and enhancing the natural storage functions of the existing 
channel system. 

The study has suggested that introduced animals were prob- 
ably not responsible for initiating erosion in the southeastern 
Ruahines, although they may have exacerbated and also pro- 
longed it. Because introduced animals are a novel component 
of the moluntain ecosystem, and one to1 which the geomorphic- 
erosional system is not adjusted, one must accept that, in 
principle, their presence is undesirable. Although periods of 
above-average erosion are to be expected under co~mpletely 
natural conditions, their prolongation and intensification by 
introduced animals must decrease the stability of the pied- 
mont stream channels, and delay a return to a stable coadi- 
tion after a period of instability. 



46 N.Z. JOURNAL O F  FORESTRY 

Overall, the study emphasises that the important factor in 
river control work is not gross erosion rates in the mountain 
ranges, but the rates at which sediment is supplied tot the 
piedmont stream channels, and the character of the stream 
channels themselves. This requires the land manager to take 
a broadcr view of his task; several control options, applic- 
able at different locations in the river system, may serve the 
same ultimate purpose, and it is necessary to select the com- 
bination olf techniques which achieves the management ob- 
jective most cheaply and effectively. 
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