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FIG URES

1. Brush Harvest ing Study Si tes:  Locat ion Map.
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Deta i l s  o f  S tua l y  S i tes .

Numbers of  species recorded. in each quadrat
and at each study si te.
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harvest ing pract ice on the nat ive vegetat ion- Effects of
cutt ing i"a patterns of  regenerat ion were examined in
relat ion to species biology and for three regimes of
harves t  ing .

II STT'DY SITES

At  the  t ime  o f  t he  f i e ld  work  fo r  t h i s  s tudy  (26 .10 .78  -

2 .LL .78 )  t h ree  a reas  ahead  o f  Lhe  m in ing  pa ths  to ta l l i ng
ca. 7 ha hai l  been harvested for brush. AI l  three areas
w6re studiecl .  Detai l -s of  the harvest ing regimes are shown
in Table 1;  locat ions of  stui ly s i tes are shown in Figure l .

AfI  three study si tes were located within areas already
descr ibed in c lelai l  by Lamont (1976')  ,  Hnat iuk c t iopkins ( in
p ress  )  and  Hopk ins  &  Hna t iuk  (1981  ) -  The  l and  su r face
i l ope r  gen t l y  w i t t r  a  wes te r l y  aspec t  f rom la te r i t i c  h i l l s
easl  of  the mining tenements to aeolean dunes adjacent to
the rai lway 1ine. The soi ls were predominant ly grey sani ls
over ly ing mott led, deep, yel low sandy-clay anal - .wi th
tater i t ic gravel  var iously disposed throughout the prof i le.

The vegetat ion at  the stui ly s i tes was low closed- to Iow
open-hdath with occasional emergent lg4lg _ at tgnuaFa'
cievillea eriostachya, .Ig!!!9II!99 ler1q<a. .'d +11949+4
anqus t i f o l i um.  ta rge r  dense  c lumps  o f  Banks ia  cando l l ! : ana ,
e. greEEe and mal lee eucaIYPts Eu. 

- 
tetraqo-e--=;a E.

macrocarpa were also consplcuous.
-'.:-.-.----a---

ST-tes nave be6n
cTaEEITGA- according to both schemes describecl by Hopkins &
Hnat iuk  (198 I )  as  de ta i l ed  i n  Tab le  1 .

The area experiences a Mediterranean-type cl imate (Thermo-
mecl i terranein accentuated, UNESco FAo 1963) anal has an
annual rainfal f  of  about 550 mm (Bureau of l " leteorology
1 9 6 8 ,  1 9 7 5  )  .

The brush was harvested using a Grasslands 600 Forage
Harvester towed by a smaff  rubber tyred tractor.  This
harvester hacl  f la i l  type cutters arranged in three rows and
attached by chains al-ong a hor izontal ,  rotat ing tube. Th9
brush \,iras cut and flung upwarals into a cage above and
behind the cutters as the harvester was drawn through the
vege ta t i on  (P ta te  l ) .  The  cu t t i ng  he igh t  was  ad jusLab le -

This type of harvester was pr imari ly designed for use on
agricul tural  crops ancl  provecl  to be insuff ic ient ly robust
t6 cut heavier woody vegetat ion. consequent ly,  lenses of
uncut vegetat ion werl  l -e i t  arouncl  the larger woody. species
such as Eucalyptus macrocarPa-' E. tet-ragona, rylbgglgeq
ref lexa and xvlomefum angustr to-Lrum. some or lnese tenses
were ut i I ised----In-th-1;---sE[dy as examples of precut
veqe ta t i on .

1 0
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present was noted and assigned a cover-abund.ance value
using the Braun-Blanquet scores given in Muel ler-Dombois &
E l l e n b e r g  ( I 9 7 4 ,  p . 6 2 )  -

At each
ga thered
pr es ence
ev id.ence
counts of

A t  each
est imated; these resul ts are
were also macle on regenerat ion
an est imate of  percent bare
were made of species observecl

of  the uncut quadrats addit ional  informat ion
included average height and habit  of  each species;

and abundance of seeds, f rui ts,  f lowers or
of recent f lowering; percent bare ground; and
seecl l ings ani l  dead plants.

o f  t he  cu t  quadra ts , the height of  the cut was
included in Table l .  Notes
and mortal i ty of  species and

ground. Aaldi t ional  records
within the harvested areas

but outside the quaclrats,  their  reproaluct ive status and any
regenera t ron .

Plant specimens hrere col lected at  each si te and later
determined and cross checked at the Western Austral ian
Herbar ium (PERTH). A set of  voucher specimens from this
study is lodged at the Herbar ium whi le a f ie ld set of
voucher seedl ing specimens is lodged at the Western
Austral ian Wildl i fe Research Centre.  A11 nomenclature is
consistent wi th that in Appencl ix IV of  Hopkins & Hnat iuk
( 1 9 8 1 ) .

The data were assessed in terms of ef fects on the plant
community and on j .ndiv idual  species. Community features
examined. included numbers of  species in quadrats and within
each study area by treatment,  the numbers of  species in
each cover-abundance class by treatment and by study area,
ancl  amounts of  bare grouncl .  The effects of  cutt ing on
individual  species $/ere assessed by presence or absence in
treatments,  mortal i ty,  their  relat ive frequency and
cover-abundance and regenerat ion strategies. Comparisons
of ef fects of  the three di f ferent harvest ing regimes were
f imited to measures on the communitv ani l  of  seedl inq
regenera t i on .

rV RESIILTS

A. Effects on Corununity

A sunmary of  the numbers of  species occurr ing in each
quad.rat ,  each quadrat pair  and at each study si te,  is
presented in Tab1e 2. A mean of 53.8 species were recorded
for each 4m x 4m quaalrat .  The data for species r ichness
separated by treatment (Table 2) show Lhat the uncut
quadrats,  on average, contained 7.3 species more than the
cu t  quadra ts  and  th i s  c l i f f e rence  i s  s ign i f i can t  ( t  =  2 .76 ,
d f = I 2 r 0 . 0 1  < p < 0 . 0 5 ) .

A total-  of  l -48 species erere encountered dur ing the study

T2
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with l -39 anct 126 species being present in the uncut and cut
quaclrats respect ively.  Thir ty species (21* of  the'  total)
were encounterei l  onty in quadrats of  one of the treatment
types. Signi f icant ly more gpecies occurred only in the
u n l u t  q u a d r a t s  ( 2 1  v s .  9 ,  X ' =  4 . 8 ,  c l f  =  f ,  0 - 0 1  <  p  <
0 . 0 5 ) .

Table 3 shows the average number of species for each
cover-abundance class by treatment for each study si te.
Overall the average number of species with cover-abunilance
values of  2 ot  1 was signi f icant ly greater in the uncut
quadrats than in the cut quadrats (37.2 and 25.6 respect ively,
€  =  s . 8 9 ,  d f  =  L 2 ,  P  <  0 . 0 0 1 ) .  N u m b e r  o f  - s p e c i e s  w i t h  l o w
cover (cover abunalance values of + or l) in cut and uncut
quadrats were not s igni f icant ly di f ferent.

Data on average percentage bare ground are included in
Table 3 to piovide s ome measure of the impact of tlt"
vegetat ion removal and the subsequent regenerat ion on the
overal l  p lant cover.

B. Effects on Indiv idual  SPecies

(1) Pres ence/Absence.

Tabte 4 l ists the 30 species which were found exclusively
in the cut or uncut quaclrats together with their frequency
of occurrence, annotat ions on l i fe form (Raunkiaer 1934)
and mode of regenerat ion. Seven of the species which
occurred only in.  uncut quadrats were observed (elsewhere)
to regenerate af ter cutt ing by resprout ing. These were al l
ta1lei  shrubs (phanerophytes, meristems > 25 cm above
qround).  Six of  the remaining phanerophytes hat l  an erect
hab i t  w i th  a  s ing le  th in  s tem a t  t he  base .  S i x  spec ies
were geophytes, hemicryptophytes or chamaephytes '

(2 ' )  Mortal  i  ty

I t  was only possibfe to observe mortal i ty of  indiv iduals
with apparent ly intact root systems. No observat ions could
be recordecl for individuals which hatt been conpletel-y
removed by the harvester.  Also'  indiv iduals of  species
with very slender stems may have been overlooked.

A total  of  80 indiv idual  ptants compris ing 27 perennial
plant species plus two indeterminate taxa htere noted to-have 

diei l  in the 26 quadrats.  (Table 5).  Forty indiv iduals
(I9 species) were observecl  to be dead in the uncut
quadrals,  and 40 (20 species) were recor i led for the cut
duadrats.  I t  was di f f icul t  to assign a cause of death for
f iost  of  indiv iduals observed, whether normal mortal i ty
(senescence),  an ef fect  of  the recent drought (Hnat iuk &
iopkins 1980) or an ef fect  of  the cutt ing. S ome indiv iduals
of three species (Adenanthos gfgg*g!q!!r Hakqa cinefg-a'- and
p"tr"ptrir.' media ) .-were consiiGrEl to trave b--eei-kiltea by
----=--._
the harvescJ.ng.

T 4
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TABLE 5. SPECIES
THE 13 QUADRATS OF

AND NUII{BERS OF PLANTS RECORDED DEAD
EACE TREATIV1ENT TYPE

TREATMENT

Uncut

Adenanthos drummondir

Beaufort ia bracteosa

Beaufort ia eleqans

Calothamnus torulosus

Conospermum triplinervum

Daviesia divar icata

Dav ies ia  nud i f l o ra

5

I

2

2

4

I

I

I

z

6

I

I

1

3

4

Cut

'I

'I

'I

3

2

10

'I

! z
'I

I

I

D ryandra

Dryanclra

Dryanilra

Dryandra

D ryandra

car l  inoides

kipp i s tiana

nivea

shuttleworthi ana

tr iden tata

Eremaea violaceae

Hakea cinerea

Hakea costata

Hakea sp. EAG 2L62

Isopogon tr idens

Leptospermum erubescens

Melaleuca acerosa

Mefaleuca tr icophyl la

Petrophi le drummondi i

Petrophi le macrostachya

Petrophi le media

S t i r l i ng ia  l a t i f o l i a

S trangea cynanchicarpa

Thysanotus spiniger

Xanthorrhoea reflexa

Unknown (2 species )

I

I

Species deacl

lnclividuals clead

1 9

40

2 0

4 0

1 6
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TABLE 6. LIST OF' SPECIES WITH PERCENT RELATIVE FREOUENCY (t RF)
OUTSIDE THE RANGE 76-124*, .  (See text  for detai ls of  the
calculat ion )  .  Figures in brackets are frequencies of  mature
incl iv iduals,  where these cl i f  fer  f rom total  f requencies because
some quadrats have only seedl ings present.

SPEC IES FREQUENCY OF OCCURRENCE

Uncut quadrats Cut quadrats

l
Species reduced by harvest ing

Astroloma sp. af f .  microdonta
Banksia candol leana
geaufort fa eleqans
Boronia coerulescens
c as s v tha-T- mI c r an th-a
eEsE EE ? pu6escens
casuarina humilis

8
-i

f,

4
8
4
3

11
5
5
6
9

1 0

9
9
5

6
z
6
6

1 0
4

T2
I
5
J

1 2

( 0 )

( 6 )

( 1 )

( 1 1  )

(11  )

J

1
.'
z
t
z
I
7

2
4
6
5
I

6
t
4

I

eonosEFfs sp. afF.
Danpiera juncea
Darwinia sanquinea
Dasypogon brome 1i  i  fo l  ius
Daviesia divar icata
Davlesla nud-TETora
5f pTollEena-f erruqinea
Drvanclra nivea
DiiEnEra'--triclentata
Eremaea acut i fo l ia
G-astroroEf ffi 

-56ovatum

c-revi rrea s nuEEIE-wor th i an a

cras s lnervr a

HEea-auricuTeEe

5

5

1
3

c

Hakea costata
Hernrandra pungens
Isopogon tr ia lens
Jacksonia f lor ibunda
@ns
Leucopogon str iatus
-Melaleuca tr icophyl la
Patersonia juncea
FetrdETTe E-rurunond i i
PeErdETIe med-Ia
Ph)4natocarpus porphyrocephalus
S t i r l i nq ia  l a t i f o l i a
Stvl ic l ium adpressum
Stvl id ium diuroides
svnapn-ea poT vmdEEa
Templetonia bi loba
Thvsanotus tr iandrus
xanthorrhoea ret  Iexa
fan-thosia hued6TfI-

Species increaseal by harvest ing

AnDhipoqon str ictus
Neurachne alopecuroialea

3
8
7
2
2

5

1
o

0 )
8 )
4 )

4
I
4
2
5
4

11
4

1 8
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I t  hras not possible to determine how each species responcled
to  the  cu t t i ng  t rea tmen t  as  no t  a l l  spec ies  p resen t  i n  t he
cut quadrats need to have been affected by the cutt ing
t rea tmen t .  Many  o f  t he  sma l l e r  p lan ts ,  espec ia l l y  t he
geophyt ic species eg. Drosera paleacea, may only have been
a f fec ted  by  the  cu t t i ng  when  the  cu t t i ng  he igh t  was  a t
g round  1eve l .

Regenerat ion, where dist inguishable from normal seasonal
growth, was pr incipal ly by resprout ing from buds associated
with swol len stem bases or root stocks (e9. lambert ia
mu l - t i f  I o ra ) .  O the r  spec ies  were  resp rou t i ng  f rom buds  i n
e6or/e-ground shoots (eg. Cal-ytr ix superba).

Seecl l ing regenerat ion at  the l ime of s ludy was relat ively
un- important,  both in terms of biomass contr ibut ion and
total  numbers of  species and incl iv iduals present.  Some
seedl ings were obviously related to adjacent,  mature plants
which had apparent ly died as a resul t  of  the drought the
p rev ious  yea r .

Seedl ings of  29 species were encountered dur ing the stucly.
O f  t hes -e ,  I 2  spec ies  (14  i nd i v idua ls )  were  obse rved  i n  the
uncu t  quadra ts  and  24  spec ies  ( f t 6  i nd i v idua ls )  were  i n  t he
cu t  qu id ra ts  (Tab Ie  8 ) .  The  spec ies  were  fa i r l y  even ly
distr- ibuteal  bet\^/een those which disperse seed when i t  is
ma tu re  and  have  a  seed  s to re  i n  t he  so i l  ( I 3  spec ies )  and
those which exhibi t  delayeal dehiscence or a bradysporous
hab i t  (16  spec ies ) .  Seed l i ngs  o f  t he  f i r s t  ca tego ry  r "e re

most abundant in the cut quadrats.  Seedl ings of  the

bradysporous species in the cut quadrats were of ten

as.o-ci i t "d with Ioose frui t ,  apparent ly dis lodged by the

cu t t i ng .

C. The Cutt ing Regrme

It  was not possible to c lear ly c l ist inguish the contr ibut ions
to  the  ove ra l l  e f f ec t  o f  cu t t i ng  made  by  the  th ree
va r iab les ,  cu t t i ng  reg ime  (he igh t  and  season  o f  cu t )  and
t ime from cutt ing to observat ion, s ince no two of the three
stui ly s i tes hai l  any feature in comrnon. However '  the
fol lowing observat ions are pert inent to any such comparison.

A t  each  s tudy  s i t e ,  more  spec ies  were  found  i n  the  uncu t
quadra ts  than  i n  cu t  quadra ts  (Tab1e  2 ) .  The  d i f f e rnces
between mean values were signi f icant at  the Al- l ied A si te
( t  =  4 . 7 3 ,  d f  =  3 ,  0 . 0 0 f  <  p  <  0 . 0 1 )  b u t  n o t  a t  t h e  o t h e r
two  s r tes .

Cut quadrats at  the western Ti  s i te contained more bare
srouncl  than those at other s i tes.

The regenerat ion at  the Al-1ied B si te
than  a t  t he  o the r  s i t es .  Fo r  examp le ,

was more ad.vanced
shoots of  Banks ia

t
I

I

I

l
I

t

2 0
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T
candof leana at that s i te srere 30-40 cm long whereas those
;t  th-e lvestern Ti  s i te were only 5 cm long. Quadrats at
Al l - ied B also containecl  greater numbers of  seedl ings
(species and indiv iduals) than those of other areas.

D .  Ava i l ab i l i t y  o f  Seed

The seed bank in the Eneabba kwongan is in two general ly
de f i nab le  f rac t i ons :  seed  s to red .  i n  t he  so i I ,  ma in l y
contr ibuted by species which l iberate seed annual ly (eg.
Ge leznow ia  ve r rucosa ,  H ibbe r t i a  c rass i fo l i a ,  ve r t i co rd ia

@)l-"nE--sEEf EtainE-donthe-Ed-[TE-prantanj ia-rel  easecf
1ater,  usualJ-y fol lowing the death of  the support ing branch
and often af ter f i re (delayed dehiscence or bradysporous
habit  as in,  for example, Eremaea viol-aceae, Lambert ia

lnul t i f  lo,ra,  _ I r{e1aleuca ace.rosa,.  le. t roplr . i le c l r-ur l lnondi i  ) .  .  I t
is  the bradysporous species which wi l l  contr ibute most to
the val-ue of  the brush mater ial  in rehabi l i tat ion pract ice
as  a  sou rce  o f  na t i ve  p lan t  p ropagu les  ( see  Append ix  1 ) .
Some of these species clevelop their  f rui ts at ,  or c lose to
the ground surface (geof lorous species) whife others
suppor t  t he  f ru i t s  i n ,  o r  c lose  to ,  t he  canopy  a t  >  0 .5  m
above ground surface.

The disposi t ion and abundance of f rui ts (or aggregat ions of
frui ts )  were recorded for most bradysporous species
encountered in uncut quadrats to provide some est imate of
the total  reservoir  of  seed, and the relat ive importance of
the two groups of bradysporous species. The resul ts of
th i s  assessmen t ,  a re  p resen ted  i n  Tab le  9 .  Da ta  on  the
regenerat ion of  these brai lysporous species af ter cutt ing
are included in Table 9 to permit  assessment of  the impact
o f  ha rves t i ns  on  the  ex i s t i nq  i nd i v idua ls .

V DISCUSSION

The totaf  of  148 species which were encountered dur ing the
study was about 21t of  species recorded for the two areas
su rveyed  by  Lamon t  (L976 \  anc l  Hopk ins  &  Hna t iuk  (1981) .
The sampl ing for th is study covered few of the habitats in
the area, and was not as exhaust ive as the other studies.
The observed high numbers of  species occurr ing in each 4 x
4  m quadra t  i n  t h i s  s tua l y  (mean  o f  53 .8 )  a re  cons i s ten t
with resul- ts of  s imi lar sanpl ing in these habitats (Hopkins
& Hnat iuk 1981 and unpubl ished i lata).  The main heavy
mineral  deposi t  underl ies a zone of habi tat  over lap between
the later i t ic plateau and the deep sant ls which is extremely
r i ch  i n  p lan t  spec ies  (up  to  74  spec ie rs  i n  a  4  x  4  m
quadra t ,  f 2 I  i n  a  re l6ve  o f  ca .  1  000  m- ) .  Fu r the r '  t he
species r ichness f igures for Eneabba kwongan general ly are
high relat ive to those for other parts of  south-western
Austral- ia and this ref lects the consi i lerable phytogeographic
impor tance  o f  t h i s  a rea  (George ,  Hopk ins  &  Marchan t  1979 '
Lamon t ,  Downes  &  Fox  1977) .
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Brush  ha rves t i ng  removed  mos t ,  and  occas iona l l y  a I I ,  above
ground  b iomass  o f  t he  kwongan  vege ta t i on .  Regenera t i on  was
c o n s o i c r r o u s  i n  a l l  a r e a s  b u t  m o s t  a d v a n c e d  a t  t h e  o f d e s t
s i t e  (A l l i ed  B ) .  Resp rou t i ng  f rom swo l - l en  s tem bases  and
roo ts tock  was  the  mos t  conmon  mode  o f  regenera t i on ,  w i th
some resp rou t i ng  f rom buds  i n  ae r ia l  s tems ,  and  regenera t i on
f r o m  s e e d s  b e i n g  i m p o r t a n t  f o r  s o m e  s p e c i e s .

C lea r l y  t he  impac t  o f  t he  ha rves t i nq  wou ld  be  reduced  w i th
L ime .  Howeve i  i t  was  no t  poss ib le ,  on  the  bas i s  o f  t h i s

l - r r . l \ 7  + . \  a e +  i m . a l - a  t h a  l ; n d r h  n f  l - r m a  t . \ r

r . n m n l  a l - a  r a r r a n a r e f  i  a n  n f  l .  h au v r u l / f e L c  r s 9 c r r e r a L f  v , r  u L  ! u r r v r : , _ I  .  I ' r ( J l r l \ r t r s  . t  n r r c t L - L u r \

(1981)  have  es t ima ted  tha t  t he  Eneabba  kwongan  may  take  i n
a f  i (  r z o r r c  f ^  r ^ ^ ^ h ^ r - ! ^  - f  { - ^ r  F i r a .  n a c { -  h r r r r a c t -u v  r  s Y E r r c r  ! r r c .  I / v r

r e g e n e r a t i o n  i s  u n f i k e l y  t o  b e  a n y  m o r e  v i g o r o u s  b e c a u s e
much  o f  t he  nu t r i en t  poo l  i s  removed  du r ing  the  ha rves t i ng
p rocess  ( see  Append ix  I I  i n  Hopk ins  &  Hna t iuk  1981) .

r T r h 6  n : r f  i - i n a  l o d  r ^  -  - i ^ ^ ;  F i ^ - ^ +  n a a r a r c a  i nu u  L  L I I Y  q  - r Y r r r l r L d r r L  q l s a q Y c

numbers  o f  spec ies  i n  t he  h ighe r  cove r -abundance  ca tego r ies
(Tahr l  e  3 ) -  The  . -hanoes  i n  numbers  i n  t he  l ower  cove r -abundance
c lasses  were  no t  s ign i f i can t .  Th ree  poss ib le  i n te rp re ta t i ons
are: that th is ref lects the actuaf removal of  abo-re-ground
b i o m a s s  d u r i n g  h a r v e s t i n g ;  t h a t  i n d i v i d u a l s  o I  s o m e  s p e c i e s
were  removed  du r ing  ha rves t i ng i  o r  t ha t  t a l l e r  spec ies  were
a f fec ted  more  than  the  sma l l e r  spec ies .  These  fac to rs
r . n r t l d  l ' r e  d i s f i n o r r i s h a d  i n  a n  a w n a r i  6 9 6 l  i n  w h i c h  L h e
vege ta t i on  i s  samp led  bo th  be fo re  and  a f te r  ha rves t i ng .

m h ^  . ] - r -  ^ h  - ^ ^ ^ i  ^ -  r  j  n h n o q q  f  r a a t t < . n t v  n €  n a n r r r r o n n a  : n nu r r  - P s L f e -  !  !  c Y u L , r u  /

m o r l - a l  i t v  i n d i r - a t e  t h a t  t h e  b r u s h  h a r v a q l -  i n r r  / - ^ r r q a q

m o r t a l i t y  i n  s o m e  s p e c i e s .  T h o s e  s p e c i e s  w h i c h  a p p e a r e d
mos t  seve re l y  a f fec ted  were  the  non - resp rou t  i ng  ,  ob l i ga te
q c e d - r e r r p n e r e j - r ) r q  I { O S t  O f  t h e S e  n O n - 1 6 q n r . \ r r i  i  n o  q n a n i a q

w a r o  c i n d  l a - c 1 . a m m a d  a 1 -  . t r ^ , r n . l  l a \ 1 6 l  a a m o  a F  f h a c a  c n a a i a c

were  no t  f ound  i n  cu t  quadra ts  (Tab Ie  4 ,  eg .  D ryandra
ca r l i no ides  and  Lys inema c i l i a tum) ,  some were  found  dead  in
cu t  quadra ts  (Tab Ie  5 ,  eg .  Adenan thos  d rummond i i  )  ,  some
o c c u r r e d  i n f r e q u e n t l y  i n  c u t  q u a d r a t s  r e l a t i v e  t o  t h e i r
occu r rence  i n  uncu t  quadra ts  (TabLe  6 ,  eg .  Hakea  cos ta ta
and  Leucopogon  s t r i a tus )  and  some were  rep resen ted  i n  cu t
quadra ts  on l y  be  seed l i ngs ,  a l f  ma tu re  i nd i v idua ls
a p p a r e n t l y  h a v i n g  b e e n  k i l l e d  b y  t h e  c u t t i n g  ( T a b f e  6 ,  e g .
R a : r r f ^ r l -  i :  o l a r r e n q  : n d  p o l - r c r n h i  l a  d r r r m m n n d i  i  \  n l - h a r
::::i:::i: :::i]:ji: i_:_:i_:-Yjjji: :i_: ji: jiY ji:i_: i .

spec ies  wh ich  appeared  to  dec l i ne  a f te r  ha rves t i ng ,  and
w i th  hab i t  cha rac te r i s t i cs  wh ich  may  have  engendered
r z , r ' l n a r r h i  l  i + r r  i n a l r r r i a A  r -  h a  n r r : c i t i a  l - l 7 i h 6 -  / l  i : n : \

Cassy tha  ?  m ic ran tha ,  and  Laxmann ia  omn i fe r t i l i s ,  a  s lender
p l a n t  o f  f i n e  s t i l t e d  r o o t s .  D r y a n d r a  n i v e a  a l s o  s e e m e d
" - " ^ . ^ r -  :  FFan rc r l  h r z  t ha  . , ' l t r  i . ' . . ' - - -F ,  ' T - - -FE i  c - : ; ; ^  i  oc  z l nac  nn fJ t / L L  f u r

exh ib i t  f ea tu res  i n  co inmon  w i th  spec ies  a l ready  l i s ted ,
be ing  a  resp rou te r  w i th  a  rep tan t  hab i t "

The kwongan at Eneabba had experienced two years of
aseasona l  d rough t  p r i o r  t o  t he  cu t t i ng  and  th i s  p roduced
no t i ceab le  a f fec ts  i n  t he  vege ta t i on  (Hna t iuk  a  uopk ins
I 9 8 0 ,  E . A .  G r i f f i n ,  u n p u b l i s h e d  d a t a ) .  C l e a r I y ,  d r o u g h t

2 4
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observa t i ons  apPear  Pe r t i nen t :

a) The vegetat ion probably takes several  weeks to
recuperate from the ef fects of  the cutt ing and to
develop new buds. This t ime may be prolonged.where
cu t t i ng  i s  c lose  to  the  g round  o r  when  so i l  mo is tu re
avai labi l i ty is low. Thus, for example '  thg
veqetat ion l t  the Al l ieal  A si te woulal  have experienced
UeJt concl i t ions for recuperat ion having been cut
relat ively high above the ground and at the t ime of
f i rst  Autumn rains (see Table l  and Fig.  6 in Hopkins
&  H n a t i u k  1 9 8 1 ) .

b) This vegetat ion type exhibi ts a phenological  pattern
where shoot elongat ion of  perennial  shrubs occurs
predominant ly over the months october -  December
lSpech t ,  Rogers  &  Hopk ins  1981) '  a l t hough  th i s  pa t te rn
c " i  be  a f fe t ted  by  d i s tu rbance  eg .  f i r e ,  Ba i rd  ) -9771-
opt imal regenerat ion by resprout ing could be
ait ic ipated when shrubs had fu11y recuperated pr ior to
the beginning of  th is growing per iocl .  Thus, the
vegetat ion at  both the A11ied si tes would have had
si ln i lar ,  near-opt imal ,  amounts of  growing t ime,
whereas the vegetat ion at  the western Ti  s i te may
st i1l  have been recuperat ing at  the beginning of
Oc tobe r .

c) observat ions of  seedl ings of  bradysporous species in
the Eneabba kwongan over the per iod L977-79 suggest
that establ ishment has been most successful  when seeds
were in the soi l -  by Autunur.  This is consistent wi th
hort icul tural  experience with species from this
general  area (eg. west Austrat ian Wilc l f lower Society
i sz :  I  .  To  a ih ieve  th i s  w i th  b rush  ha rves t i ng ,
suff ic ient t ime must be at lowed for capsules to dry
and dehisce. Excessively ear ly harvest ing may render
the seeds suscept ible to predat ion. This suggests
that harvests in the per iod March-May should provide
best regenerat ion of  bradysporous species in harvested
areas and in brushmattecl  rehabi l i tat ion areas. As a
further considerat ion, harvest ing shoulcl  be carr ied
out before seecl l ings natural ly germinate to avoid
i l i  s turbance- induced mortal i ty.  In terms of seedl ing
regenerat ion then, the Al- l ied B si te was harvested at
a good t ime and the western Ti  s i te at  a poor t ime.
Seedt ing counts at  the three si tes (TabIe 8) are
cons i s ten t  w i th  th i s .

The resul ts f rom the assessment of  the seei l  store reveal
that relat ively few species had many frui ts per plant,  wi th
some noteable except ions in the Myrtaceae. The area has
remained unburnt for about f0 years (Hopkins & Hnat iuk
1981) .  Ei ther accumulat ion of  f rui ts is s low in the
Eneabba kwongan, a process which may have been exacerbated
by the recent drought,  or th is vegetat ion only carr ied a
smal l  reservoir  of  seecl  in brai lyspores.

z o
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CONCLUS IONS AND RECOMI{ENDATIONS

In this paper we have invest igated aspects of  the Eneabba

veqe ta t i dn  re levan t  t o  i t s  use  fo r  rehab i t i t a t i on '  The

"I i . t "prty i r"""  shrub vegetat ion -  is harvested above the

" i"""al  
' t ransported, 

th5n spread over the areas to be

i " i " i l i i i d l e i , ' * r t e re '  i t  l i be r -a tes  seed  o f  t he  na t i ve  p lan t

; ; ; ; i " "  and  a l so  ac ts  as  a  so i l  s tab i l i z i ng  9gen t . '  .  w i th in

the study area'  two companres are present ly mining -  for

; ; ; " t  ml""rar sands and J number of  addi t ional  areas have

been  c lea red  fo r  g rave l  ex t rac t i on '  Rehab i l i t a t i on  o f

m ined  a reas  o " rng  
-u  

b rushmat t i ng  techn ique  commenced . . i n

lgla,  and i t  was envisaged - thal  large. areas ,  , " f  l i . ! lY:
veoe ia t i on  wou ld  be  requ i red  fo r  ha rves t rng  1n  tne  ensu rn9

"Jl i" l--- tr ' i i- i t"av ' is init iated fotlowins !he:9 9?'rv
i , i i " .= t= lo  p to" ia"  a  bas is  for  assess j 'ng the.  impl icat ions
o f  l a rge  sEa te  ha rves t i ng  on  the  vege ta t ron  rn  tn rs

botanical lY important area.

A  to ta l  o f  148  vascu la r  p lan t  spec ies  were  encoun te red  i n

the 26 study quadrats- Theie quadrats were largely

. " " r i . " " a t o o . n e . o f t h ' " e f l o r i s t i c u n i t s o f v e g e t a t i o n i n
the study area. Future harvest ing wi l l  prob-ably af fect .  the

units on- the later i t ic gravels and on the deep sands to a

; ; ; ; t . t  extent;  there is a neei l  to invest igate these

fu r the r .

The harvestrng causecl  an immediate loss of  species as wel l

; -  ; - - ."auct ion in relat ive importance of many other

specie=. Some mortal i ty,  which. could .be direct ly at t r ibuted

to the cuttrng was obse-rved -  The vegetat ion was regenerat ing

or incipal ly by resprout ing from lbove and below ground

I; ; ; ; ; ; : - - '  s"6ar inq'  resen6rat ion was important for some

;; ; ; i ; ; :  seedrinsi  occ-urred in uncut areas but thev were

*lr .  abundant in cut areas and comprised bradysporous

spec ies  as  we l l  as  spec ies  w i th  seed  s to red  Ln  tne  so r r '

A  su i te  o f  spec ies  cons i c le rec l  t o  be  mos t  sens i t i ve  to  b rush

i i . i , r"" t i . rq 
-* .= 

ident i f ie i l .  These could be grouped

g" " " i " f lV - f y  hab i t  and  regenera t i -on  s t ra tegy -and  i nc fu !9 ! -a

number of  non-resprout ing, obJ- igate seed regeneratrng

;; ; ; i ;=,  typicalJ-v 
-woody 

perenniar shrubs with a sinsle

e r e c t s t e m a E g r o u n d r e v e l . T w i n e r s ( I i a n a s ) s o m e s m a l l
perenniats wit t i  f ine st i l t  roots and some recumbent

ie renn ia l s  may  a l so  be  excess i veLy  a f fec ted '

The opt imum t ime for harvest ing (and for brushmatt ing)

"pp."t! to be around March-|4ay' rf the area to be

t i ivested is short ly to be rnined, then the vegetat lon

;; ;"1a be cut c lose 
- to 

the ground surface and the topsoi l

i i roufd be removed and respread soon after '  rn areas away

from the mining path harve-st ing should be higher (ca'  20 cm

2 8
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Grasslands Forage Harvester
vegetat ion from the western

being used to harvestPLATE 1.

i ., ,, .,1

:i:..,11 ;

fiilliitfr$il;
{li'liltth.
Mrr

PLATE 2. Subsequent
of 15 cm by
Topsoi l  so
use  o r  used

removal of topsoil to an average depth
an  e leva t i ng  sc rape r  p r i o r  t o  m in ing .

cof ]ected is ei ther stockpi led for later
immediatelv for rehabi l i tat ion.
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PI,ATE 5. Pre-harvest s i tuat ion at  Al l ied B showing the typical
fow closed-heath vegetat ion with an average height of
about 50 cm with occasionaf emergents.

PLATE 6 .  Pos t -ha rves t  vege ta t i on  i n  A l l i ed  B  a rea  i n  May ,  1979 '
l -4 rrronths af ter harvest ing, showing substant ial
regenera t i on ,  ma in l y  t h rough  resp rou t i ng .
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APPENDIX I TABLE

species

1 . SPECIES AND NUII,IBERS OF INDIVIDUALS RECORDED IN SAMPI,E QUADRATS
IN THE ALLIED ENEABBA LTD. 78D TOPSOIL, I4ULCH AND SEEPING TRIAL
IN OCTOBER 1979. Data have been sulunetl fol the 90 ltnz quaalrats

in each of the tvo treatment tlT)es listeal. lloales of seeal
storage are also int l icated, whele b = sPecies with storage
on th; ptant (in bradyspores) ' s = species vrith seeal store'l
in the ;oil, s* = species with soil storeal seeal but with some
delay in alehiscence.

Treatment

Topsoil and
brushnatting

Topsoil Seeal
only stolage

Mode

Acac ia  au?on i t ena
An igozan thos  hun i ' L i s
Adenan thoa  cA  gno lun
Ag?aa t i e  a l enacea
As t "oLona  p toe t?a tun
Banks ia  hooke rana
Bo?an i . a  ?anosa
Bur ton ia  can fe "  t a
CaEaAtha  sF , .
Casua r ' Lna  hvn iL i s
conos tUL i s  acuLea ta
Conos tgL ia  au rea
Conos tyL i s  d i ' e l s i i '
Dry andra t?identata
D?U aTrd?a sp.
Dardinia neiLd.Lana
Dd t i es ia  ud i f La "a
Dao iea ia  quad t i La te ra
Erenaea be auf or t ' i  o ' i  de s
Evenaea  pauc i f Lo?a
Evenaea  r i oLac  ea
EucaLAp tua  t e tYagona
GeLezfiolnia oe??ucoaa
e?eo  i LLea  shu t  t  Leu  o !  t h i ana
GAroE tenon  ?an tLosus
Hakea  au !1 : cu la ta
Hakea  i nc?as  6a ta
E ibbe r t i a  c "as  s i f o l i a
H ibbe r t i@ gLone?a  sa
H ibbe ! t i a  hyp  e r i eo idee
Isopogon  dub ius
Jacksonia fLol ibuTtda
Juncus  p lebe ius
Lanbe r t i a  nu l t 1 :  f Lo !a
Las iop e taLun dtunnond.i i
Laanann ia  sess iL i a
Lep idobo lus  sp .
Lep idospe lna  t e f l ue
Lep to sp e?fi4n sp; 'nes cens
Lys inena  e iL i a tum
MeLoLeuca  ae  e "oaa
MeLaLeuc  a  t " i  choph !  LL  a
Meeone laend  6 t ! g i a
Pe t?oph iLe  mac ro  s tach !  a
Pe t?aph i l e  ned i ' a
Pa  na t  a  c  a?p  u  s  p  o l ph !  t  o  c  ePh  a lus
P i L e an thu s f  i  Li  f  oZ 1:ue
Fes t i o  sphaceLa tua
SchoL tz i a  eap i t a ta
S tA Xidiun cvos a o cePhatrun
TenpLe ton ia  b i  l ' ob  a
Ih !  Eano tvs  nu l t i f La lus
Xaa thos ia  hueg l i i
Unidentified monocots
Unidenti f ied dicots
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The number of species with soi l  stored seed was sl ightly
greater in the presence of brushmatt ing than without- i t ,

i i6 .r . t"o" 2I ) .  The l imited data suggest - F-h3-t,- .at least
iot Adenanthos 9I9I9M!, Pilean9hus filifolius anCl
ili"rtZffiata,-ttre bruEffiaE€Ing provlaecl-a more
sufEEEIe env:fronnrent for germination and establishment'

The brushmatt ing is very clearly enriching the f lora. of the
r"n.Uif i t . t ion lreas with species which may otherr ' t ise not
be on those sites. For thi i  reason a1one, the practice of
spreading harvesteal vegetation is a good one.

References

All ied Eneabba (  1978 )
Inter im RePort .
September 1978.

. Environmental Management Programme
Fifteen months Period ended 30

Afl ied Eneabba PtY. t td.  '  Perth.

AIIieal Eneabba (1979). Environmental lrlan ag emen t Programme
Triennial  Report .  30 June 1976 to 30 Septembet l -979 '
Alliect Eneabba l",imited ' Perth.

134192/61-1 M-U644 wrlrraM c. anowN. Govshm.nr tdnr.., w$r..n A$t.li.




