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Hish qualitvianah pole stand. JABRAH FoREsr VEGETATIoN TypEs
Althoughjarrah isthe dominant overstorey component in the catchments there is also

a variety of treeswhich occupyspecific sites.

^ Wandoo.
Flooded gum.

Bulich. L

Trceless Ewamp. L
Mglalguca preissian8 suramp. V
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Managing
Jarrah Forest
Gatchments
By Dr. SYD SHEA and EUGENE HERBERT

Forests have a multiplicity of uses but in Western Australia their most
important product is fresh water. For over 80 years jarrah forest catchments
have been the major source of fresh water for the South-West and Goldfields
regions of Western Australia. Currently, over 80 per cent of the water supplied
to the metropolitan water supply system originates from jarrah forest
catchments.

Front cover

South Dandalup Catchment. The catch-
ment is 319 km2 in area and is contained
entirely in State Forest.

I ns i de  back  cove r

Although fresh water is the most impoftant
product of the jaftah forcst catchment
management must be integmted with
timber prcduction. consetuation ano
rccrcation, lPetet Kimber, Eugene Herbert,
Les Harman and DaleWatkins.)

Back cover
Salt pan formed following cleaing of forest
for agriculturc, The water flowing frcm
streams wherc this has occurcd is too
saline for human consumption. lLes
Harman.)

Despite its importance, fresh waterhas,
until recent times, been considered an
aburdant, cheap and automatic by-
product of forests, A system of forest
management which has primarily been
concerned with timber production and
prot€ction offorests from wildfire has also
ensured catchment protection.

Two important changes have occured
which have made this "passive" catch-
ment management policy inadequate:
. The demand for water is rapidly ap-

proaching the maximum capacity of
catchments and coastal plain ground-
water aquifers to supplythe south-west
of Westem Australia. Public Works
Department enginee$ have estimated
that within approximately 30 years (at
current rates of demand) the South-
West and Goldfields regions of
Western Australia will cons-ume ovcr
50 per cent of the water which can be
produced from suitable catchments rn
the Soulh-West and coastal plain
groundwater aquifers.

. The assumption that the existing
catchments will continue automatically
to supply fresh watet is no longer valid ,
Disturbance ofthe forest cove! otr these
catchments tesulting from changes io
land use practice or because ofdisease,
has the potential to cause increases in
salinity.
ln this issue the role of forests in

the hydrological cycle is explained and
progress towards the developmetrt of

an "active" jarrah forest catchment
management strategy which is aimed at
increasing fresh watet production and
preventing salination, is descdbed.

THE JARRAH FOREST
HYDROLOGICAL

CYCLE
Like many processes in natural eco-

systems the movement ofwater is cyclic. A
proportion ofthe rain falling on a forert is
intercepted by the leaves atd almost
immediately evaporated. Interception
also takes place in the shrub and litter
layers of the forest. In forested catch-
ments, flow ovel the surface of the soil
(overland flow) is rare. As water Derco-
lates through the soil a proportioo is
absorbed by the roots and conducted to
the leaves where it is evaporated (trans-
piratioh), That water which is not either
intercepted or transpired percolates
through the soil to the groundwater table
and eventually, via streams and rivers, to
the ocean. It is possible by measuriog
railfall and stteamflow to draw uD a
budget for a catchment consisting of
water income, vater consumDtion and
water lost through streamflow.-The Pub-
lic Works Department water resources
section has monitoted a trumber of iarrah
forest catchments for a number of-years.
These measurements show that t/6,
Jorested. catchmetts leld between 1 and
15 per cent ofthe total annual tainfall.
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CATCHMENTS

'1. Gnangara Water Reserve
2. Deep Glen Brook
3. Jane Brook
4. Helena River
5. Lower Helena
6. Bickley Upper and Lower
7. Victoria
8. Kangaroo Gully
L Churchman Brook

10. Neerigen
11. Wungong Brook
12. Canning
13. Serpentine
14. Lower Serpentine
15. Serpentine Pipehead
16. Dirk Brook
17. North Dandalup
18. Lit t le Dandalup
19 South Dandalup
20. lvlurray River Water Reserve
21. Waroona

23. Boddington
24 Mwtay
25. Logue Brook
26. Stir l ing
27. Hatuey
28. Coll ie R,ver
29. Well ington
30. Glen Mervyn
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f Stream gauging station. By measuring rcinfall, strcamftow and stream salinity' a hydrological

budget can be constructed for a catchment.

While the cause ofsalt accumulation is

still rlot completely unde$tood th€ effect

ofremoval ofvegetation on salt discharge
is well known. While the vegetation
remains undistutbed the slstem temalns

in eouilibrium and stream salinity ts

low-€ven when there are large quantities

of salt in the soil. But disturbance of the

vesetation results in less water consump-
tio;, greater throughflow of water and
movement of salt  into streams. C.S.l .R.O.
scientists have estimated that it would

take hundreds of years to flush the salt

that has accumulated in these soils.
The iarrah forest can therefote be

viewed is having both positive and nega-

tive effects on water quality and yield. The

forest cushions the impact of rainfall and
Drevents erosion, and in areas where salt
is stored in the soil profile it prevents the
discharge of salt into stleams. However,
in salt-free areas a dense forest consumes
large amounts of water and significantly
decreases the yield of potentially useable
watet,

One of the most deceptive characteris-
tics of the jarrah forest is its apparent

uniformity. In fact, the geomorphology,
vegetation, soils and micro-climate vary
markedly. Any change in one of these

factors can affect the hydrology of the
forest. Fortunately, the major variations
which occur have a distinct pattern and
hence, to a degree, the hYdrological
characteristics of a particular forest area

can be btoadly predicted. The key to the
unlocking of this pattern or code was the

identification of strong west-east clima-
t ic. geomorphological and vegetative
gradients.

Rainfa l l
There is a tegular decline in rainfall

with increasing distance from the Darling
Scarp, This means that in the west€rn
zone of the forest the potential for salt
to accumulate is less because the soil pro-
file is more likely to be flushed free
ofsalt.

The amount of rainfall also influences
the sensitivity of forested catchments to
disturbance.

Geomorphology
There is also a strong geomotphologi-

cal pattern which parallels the rainfall
gradient. Valleys in the western zone of
the forest are sharply incised whereas in
the eastern zone of the forest they are
broad, This has an effect on the rapidity
with which water can move through the
soil orofile and into streams. In the
western valleys water movement is more
iapid than in the easterfl valleys and
hence the time available for the vegetation
to absorb waterisless.

Vegetation
Aswould beexpected there are marked

changes in the vegetation in response to
these $adi€nts. Most noticeable is a
decrease in density and height of the
forest with increasing distance eastwards
from the Darling Scarp. However, there
are also major changes in composition of
the vegetation which occupies the valleys.

For example, in the western valleYs,
bnllich (Eucalyptus megacarpa) arrd
W.A. blackbutt (8. patens) is the pre-
dominant ttee whercas flooded gum (t.

rudisl and wandoo (8. wandoo) ate the
treespecies in the more eastem valleys. In
some eastern valleys no trees are plesedt
and the predominant vegetation is com-
posed ofdense, shrubby tea-tree species.

Wateryie ld
The amount of water which actually

reaches the streams also changes with
increased distance from the Darl ing
Scaro. This is due to bolh the decrease in
rainf;ll and the change in theshape ofthe
val leys.

In a fully forcsted western catchment
th€ percentage oftherainfall which enters
streams varies between 10 to l5 per cent,
whereas in fofested eastern catchments
the yield may be as linle as I per cent of
the incomine rainfall.

Salt  accumulat ion
The most important single factor in'

fluencing the effect of different land uses
and forest management practices on
water quality in the jarrah forest is the
Dresence or absence of salt in the soil
profrle. lnbroadterms,land use practices
;hich result in the disturbance of th€
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LAND PROFILE

VALLEY

lvlonadnock

water consumed. This is because agricul-
tural species arc shallow rooted and ate
unable to grow during late spring,
summer and early autumn when the de-
mand lbrwater is greatest.

Throughout the agricultural area on
the eastern boundary of the jarrah forest
there are numerous examples ofthe effect
ofclearing native forest on water quality.
The visible impact of clearing-the for-
mation of salt  pans in the val leys-
although serious is not as important as the
impact on streams and eventually reser-
voir salinity.

Stream salinity can increase to un-
acceptable levels without any obvious salt
pan formation,

Agricultural clearing. of course, does
not always result in salination. There are
some catchments on the western edge of
the forest where extensive clearing for
agriculture has not caused increases rn
stream salinity.

Logging. ln 1403. in an attempt to in-
crease water yield in the Mundaring
catchment, extensive areas of forest were
ring-barked (also mentioned in -Foresl
Focrs No. 2). Fol lowing the clearing
slreams became brackish and reservoir
salinity began to rise. The forest was
allowed to coppice from the ing-barked
stems and the deterioration in water
quali ty stopped.

The jarrah lbrest has been extensively
logged and there has been no recorded
example of normal logging practice
causing an increase in stream sal inity.
This probably results from the selecrive
and scattered nature of the cut and the
ability of jarrah to rcgenetate rapidly
from lignotubers and coppice from cut
stumps.

Any decrease in ttanspitation following
logging is temporary and insignif icant in
a total catchment.

Fire. The effect of fire on transpiration,
like logging, is likely only to be transient.
Even after intense wildfire, regeneration
ofthe crowns is rapid.

Jatrah dieback. The most serious poten-
t ialdistutbancetothe forest is the disease
caused by the soil-borne fungus Plyto-
p ht hora cir na n ont i-jarrah dieback.

Jarrah dieback results in the iffever-
sible destruction of the majority of the
plant species making up the jarrah forest,
Hence. in the long term without rehabili-
rarion i t  can be regarded as similar in
effect to agricultural clearing,

Fortunately, the main areas ofdiseased
fbrest have been confined to the western,

TYPES

\ ,/'

Erosional

.--\'/- -=.--'-----'-

Intermediate Depositional

L Changes in Einfall, geomoryhology and vegetation in the jarrch forcst arc brcadly
rclated to distance frcm the Da ing Scary. These, in tun, affect the hydrological
chancte stics of the forcst.

RAINFALL

WATER YIELDS (m3/hectare)

GROUND WATER SALINITY (ms/ l )

TOTAL SALT STORAGE (kg/ hectarel
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wil l  contr ibutc to a lessening ofthe impact
ol the disease in these areas. Ho$ever.
rhe re  r c \u f l i c i e t r t  exnn lp le \o l  ac t i ve  d ie
b.rck in the interf lediate and eastern
finestzone to demonsttate that thc t lngus
can destroy the vegetation.

Il the .liutgus bccontcs widall distrr
butt'ti itt this suh'prone arca it is highlr
ptthuhle thut thcrc rr i l l  be a signi l imnt
clecrLast it lh(i qtutlill ol t\utt:r fu th(

Since the t irngus causing thc disease
can be carl icd in slnal l  quatrt i t ies of soi l .
ant land use pfactice shich involves dis-
tul bance ol lhc soi lca11 tesult in spread of
the diseasc. The el lect of a part icular
actir i t-y- in the lbrest such as logging,
roading. consttuct ion of pou er l ines and
nrining is nrult ipl ied n1anttbld i f  i t  results
in the splcad ol lhe tirngus (see F{r,?rl
Focrrs No. 14, 1975).

Bauxi lc mining. Thc cl l(cl  oi '  harrr i tc
n r i n i | l g  o  \ { x l e l  quan l i l \  l 1nd  qu i r l i l \  i s
similar to agricultural cleating unti l  re-
habil i tat ion hl ls bcen achieved (see

l)ehN ). tsrur, i i tu nininq is cLtl  rc 'nl l !
locir lcd in lhc \\ 'cslern l inesl zonc rrhich
has a |e' lal ivclr lo\ !al1 stol aec ind hence
il  hrs not rcsnl lcd in incteased slteant
r ; r l i r i t r ' .  I i k r '  . i r r r l ah  d ieh : r ck .  I ' a t t r i t e
nrining in this zonc \\ ' i l l  inctease $ater
! i c l d  $  i l hou t  i nc r cas inq  s t rean r  sa l i n i tY .

I  h i r  i s  [ r ene l i c i a l p rov idcd  l ha l  e ros io r r
on thep i t su r f : l c ccanbecon t ro l l ed . l n  t he
init ial  bauxite nrining operations consl-
derableelosion occurted during high tatn-
i i l l  years and the $ater t lowing l ion1 the
nrine pits uas turbid. Curtert research
indicates that this ptoblem can be con-
r l o l l cd  by  cpp l y i ng  mu lches .  e " t eb l i sh ing
a ground cover of shtub species and
constructing t ip l ines and drains.

ln non-sal ine areas bauxite nrinirg wil l
i n c rea re  $c rc l  \ i c l d  $ i l hou t  i nc rea \ i ng
streanr srl ini ty. But in ateas $'here there
are accunrrt lat ions of salt  in the soi l
prof i le bauxitc Drir ing is l ikcly to cause
strcaln sal initv to increase.

The i |rrpact of nrining wil l  be greater
than the rrea nined because bauxite
Inining operations wil l  increase th€
spread and intcnsif icat ion ol jarrah

dieback.

ln addit ion to the unavoidable
increased distr ibution ol the t irngus
$hich $' i l l  result  l iom movenrent ofsoi l ,
the disruption ol drainage and jncreased

throughllo* of water \ \ 'hich lesults from
nrining wil l  tavour sulvival and infection
by P h1t oph t h tta c itt n a ntont i.

t

I
J

L Forest being cleared for agiculturc in the Muffay catchment. An embaryo has been placed

on forcst clearing in the Wellington catchment because of the association between clearing

\

I

f RegrcMh frcm lignotubers and cut stumps lcoppice) occurc ftpidly folowing logging

10
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L Jaffah dieback affected forcst. ln some diseased areas the rcduction in canopy rcsulting frcm
the disease has caused salination.

used for rehabil itation and the type,
structure, distribution and the density of
forest which will be necessary to rehabili-
tate catchments nhich are discharging
salt.

Match ing  spec ies
wi th  s i te

I t  i s  un l i ke l y  l ha (  any  s r rg l r ' \ pec ies  o r
rehabil i tat ion technique wil l  be appli-
cable throughout the forest. For example.
i twould be counter productive to replant a
dense forest in the western lorv-salt zone
because i t  would reduce the yield of high
quali ty water.

Tree species that wi l l  grow successful ly
in the moist val leys wil l  not necessari ly
gro$ on drought-prone r idge sites.
Similarly. a species suitable fbr use rn
forested areas may not be compatible $ith
agricultural production.

Structure,  dens i ty  and
dis t r ibut ion of
rehabi l i ta ted forest

The number of different species used
and the total number planted per unit
area wil l  also vary. I t  is possible that on
some sites a number of different tree and
shrub species could be planted ro form a
nrixed forest. The density of the forest
necessary to ptevent salt  discharge wil l  be
dependant to a large deglee on total
annr.ral rainfal l .

ln the eastern areas where rainfall is
low it  is possible that a woodland (open
forest) would consume enough water to
prevent salt  discharge. However. in the
central zone of the forest where salt is
present and rainfall relatively high, a
dense forest may be necessary to ensure
that water consumption is high.

The distr ibution of the forest within
any one micro-catchment may also efl'ect
the efficiency with llhich predisturbance
water consumption levels are achieved.
For example. in some areas trees planted
in widely spaced rows (i.e. the shelterbelt
fbrnlation) may be satislhctory.

Se lec t i ng  spec ies  w i t h
h i gh  wa te r  consu  mp -
t ion ca pac i ty

Some tree species have adapted to
survive in arid environments by mini-
nl ising water consumption. In salt-prone

< Bauxite mine. Mining is cuftently located
in the westem non-saline zone of the forcst
and has not caused strcam salinity to
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L Detailed monito ng of rcte of water loss
is being car ed out on native and intrc-
duced species to identify those with high

Y water consumption ratei.

V

Almost allofthe tree species planted on bauxite mined sites have rcot systems which arc
poorin compa sonwithjarah. Extensive t als are being caftied out, but no speces has
been found which will adequately rcplacejaftah on these sites.

It is possible to establish a dense forcst of a mixturc of trces and shtub species by dircct
seeding on to prcparcd sites. On this site over 20 differcnt trce and shrub species have
heen established.

f Prcssure bomb nEasurcment of plant
watet potential. lThis is a measurc ol planl
water s(ress,l

A Stomatal rcsistance meter estimates hte
of leaf tnnspiQtion.

G
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increased by management without dele-
terious side-effects,

ldent i f icat ion of
sa lt-f ree areas

Reduction of forest cover to increase
water yield can only be safely carried out
in areas where no salt is present in the soil.

Ring-barking in the Mundaring catch-
ment failed because it was carried out rn
areas where salt accumulation in the soil
profile had taken place. Research caried

out ovei the Iast decade has identified
forest areas where there has been no salt
accumulation.

There is not sufficient data to map the
total area offorest which is not salt-prone
but relatively detailed surveys in the
catchment of the South Dandalup, Lit t le
Dandalup, North Dandalup and Serpen-
tine have identified an area of approxr-
mately 25000 hectares adjacent to the
western scarp which is relatively salt-free.
In fact. some micro-carchments within
this zone have been markedly disturbed

SOUTH DANDALUP, 1975
GROUNDWATER SALINITY

by jarrah dieback and yet are yielding
high quality (low salt) water. Therefore,
reduction ofthe forest canopy in this area
so that Iess water is consumed will result
in increases in water yield without a
corresponding increase in salinity.

Potent ia l increases in
water y ie ld

There is noprecise data on the relation-
ship between forest density and water
production in the jarrah forest. However,
some indication can b€ obtained bv

f South Dandalup catchment estimated grcundwater salinity levels.
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The heterogenity of the catchment

means that the effect of a disturbanc€ of
the forest in one area of the catchment
may have a completely different effect on
another, For example, in one western
micro-catchment jarrah dieback has
reduced average density of the forest to
between 20-30 per cent of the original
density, Minimal salt was present in the
soil and it is estimated that the yield of
water has doubled without-an increase rn
salinity.

This micro-catchment, although it
represents only 1 6 per csnt of the total
catchment area, now contribut€s 12 per
cent ofthe total yield ofthecatchnent.

By contrast, the disturbance in a saline
eastern micro-catchment would increase
the salinitv ofthe rcservoir.

INTEGRATED
MANAGEMENT

Although water is the most impottant
product of jarrah fotest catchments,
catchment management is not concerned
only with water production, Logging,
recreation, mining and agdcultural pro-
duction all take place on catchments and
theforestis also an invaluable resource of
plant and animal life.

Reconciliation of all these uses with
water production, in a foresl which is
being attacked by a devastating disease,
presents one of the most challenging
forest management problems in the
world.
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