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SUMMARY

The understorey of “seril “,' in the jarrah forest of Western Australia ha&
been recognized as an important fuel component for forest fires, Pilot studles

-have revealed considerable variations in burning rates for foliage of different

species, but as vet no guantitative method for fuel loadings has been developed.
The reported survey of scrub structure in jarrah forest near Dwellingip

_was a first step towards the development of such fuel loadings. The survey
provides a lst of the most common scrub species divided into inflammable -

and relatively non-inflammable types. This division gives a ba_si_s_ for rating
the combustibility. of particular forest areas. '

The number of scrub species was similar throughout the experiinentaliarea,

but the proportion of the forest fioor covered by serub was higher in the dry
eastern forest. There were indications that the species composition of scrub
changed with intensity of past fires. Certain species of Lefuminosae were
promoted in the environment created by intense fires. Although other species

remained, their frequency of occutrence was considerably less. On the other .
hand, mild eontrolled burning in spring suppressed these Leguminosae, wit_h

an accompanying increase in number of plants of other species.

INTRODUCTION*

For many years foresters have recoghized the important e_ffec_t _6f scrub
on the intensity of fires in the West Australian jarrah (Euc. marginqta Sm.)

ferest. Iowever, there has heen little experimental work on which to assess’
the influence of these fuels, and the effect of a change in serub structure on |

fire behaviour. - R

In this report the term “serub” mesns the understorey of shrubs grdwing
on the forest floor. In jarrah forest these shrubs vary between 0.5 (15cm)
and 6.0 feet (1.8m) in height, cover about 40 per eent. of the forest floor, and

~ include many different species. - o

There is some evidence that scrub structure 'alteré with the freéquency
and intensity of past fires. These changes have been reported for a numbér.
of eucalypt forests in Austarlia (Floyd, 1966; Mount, 1966; Van Loon, 19663,

Reasons for these changes were outlined by Sweeney (1969). who pointed-

out that some scrub species produce seed with 4 dormancy mechanism. This
mechanism is biroken by the action of fire. ) ‘

Costin_(1887) noted that frequent burning in the Australian Alps changed
ground vegetation from a herbaceous sward to fire resistant shrubs, which

increased the inflammability of the forest. The latter type of understorey is
typical of the jarrah forest which has been described as a true dry sclerophyll -

formation (Gardner, 1942),

Though not conclusive the evidence suggests fires were frequent in or close
to jarrah forest long before Europeanh settlement (Rodger, 1961; Wallace, 1965). -

These fires were probably mild, although covering large areas in summer, and

- quite -different from the intense ones which burnt through the debris left by

forest and land utilization (Harris and Wallace, 1959). : '

# Note: Metric equivalents are given in the text but hot in accompanying tables or
. appendices. . .
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The defoliation of forest trees and other environmental factors created by
intense fires promoted the growth of dense fire-weed scrubs. Scrub assessment
reported here set out to measure effects of past fires as one of its objectives.
In particular the effect of fire intensity on scrub was consldered pertinent.

The need to provide a quantitative assessment method for these fuels was
illustrated by McCormick (unpublished data 1968), who compared burning
. rates for foliage of three scrub species. Foliage cut from eight-year-old plants
was burnt in metal trays after preheating and igniting by fires burnihg in
jarrah leaf litter. The results were clear; foliage of western brickly moses
*(dcacia pulchells R. Br.) burnt twice as fast as netic (Bossigea aquifolinm
Benth.) and three times as fast as ti-tree (Lepfospermum ellipticum Endl.):

Before McCormlick’s work could be. appled in the field it was necessary to
describe the composition of serub fuels in this forest, particularly the most
common and dense species contributing to forest fuels. This was the objective
for the assessment. Since it was probable that past fires, rainfall, and site
quality “could affect species distnbutlon, these factors were considered in
designing the study.

EXPERIMENTAL AREA

Part of the forest selected for this study had been burnt. by the intense
Dwellingup fires of 1961 (Rodger, 1961; Peet and Williamson, 1968) while the
remainder had been controlled burnt with mild fires (Peet, 1965). In the
intensely burnt area dense patches of fire-weeds were observed. Generally,

serub covered 30 to 50 per cent. of the forest floor and was one (0.3m) to three
feet (0.9m) in height.

_ The rectangular study area was 20 miles (32km) in length on a north to
south ‘axis and 24 miles (39km) in width. It lay close to the town
of Dwellingup, in prime jarrah forest (Figure 1),

"~ The climate for the south-west of Western Australia is & Mediterranean
type with hot, dry summers ‘and cool, wet winters. - Rainfall decreases guite
markedly from Dwellingsup to the eastern part of the experimental area
.- (Appendix 1), Canopy cover for the forest ranged between 30 and 80 per cent.,
usually higher in the west, Topography is gently undulating and the soils are
. lateritie. This forest grows in a comparatively harsh fire environment where
".changes in scrub understorey can produce marked effects on fire intensity.

EXPERIMENTAL METHOD

The objective for this assessment was to define a broad pattern for scrub
fuels . through the experimental area, minimizing localized site differences.
Plots were purposely located on upper slopes or ridges to avoid the more com-
' plex vegetation in wetter sites such as gullies and -drainage flats.’
‘ Averages of annual rainfall and, therefore, site quality decreased regularly
from- Dwellingup eastwards (Appendix 1), The effect of this decrrace was
accounted for by dividing the area info three strata. Each stratum was
“eight miles (13km) wide in the east to west direction and twenty miles (32km)
in length. Btratum 1 covered the highest rainfall area in the west, Stratum
- 8 the eastern forest, and Stratum 2 lay in between (Figure 1).

' * Species nameg were taken from Blackall {1954) and Besard (1982),

4 .

Scrub types in each system were described on 50 systematically located
plots which covered a total of 2,000 square feet (186m?), These plots were
placed on a 1.5 miles (2.4km) grid except when it was necessary to move
them from a gully or flat to an ad:]ommg slope.

Each plot consisted of ten sampling units spaced at one chain (20m)
intervals along & line. One sampling unit covered four-square-feet (0.37Tm?) of
forest floor within which species were indentified and mapped by ocular estimate
(Figure 2). '

Lasiopetalum-
Floribundum Dryandra
Nivea

Tetratheca " Bare .Ground
Viminea
Figure 2.
Tzemple of a mapped sampling sub plot. P%rcenta.ge cover was determined by coular
estimate

Regeneration of the tree species, casuarina (Casuaring fraseriona Mig.),
bull banksia (Banksie grandis Willd.), jarrah and marri (Euc. calophylia
R. Br.), was included to compare their frequency with that for other species.

The ten sampling units in each plot were combined into forty square feet
(3.7m?) of mapped forest floor. Finally, the plots were combined in each
stratum to provide a list of scrub species, the area of forest floor covered
by each species and the number of times each species was obgerved (Appendix
2.

After the Dwellingup fires, 2 map of crown damage to the forest was

' prepared from aerial photos. Three main classes were mapped: (1) defoliation,

(ii) full scorching, and (iii) lesser damage which left the upper crowns green
{Peet and Williamson, 1868). The area of confrolled burning added a fourth
class representing mild fire intensities. These classes were compared by
assessing five to six plots in each. .

There had been little defoliation in Stratum 2, and very liftle crown
damage at all in Stratum 3. For this reasen only Stratum- 1 represented
all four intensity classes. Stratum 2 was represented by full scorching, lesser
damage and controlled burning. Stratum 3 was excluded from this part
of the study,

Serub in this forest is quite inflammable and usually consumed by fire.
The assessments took place during 1964 and 1365, when scrub in the Dwellingup
fire area was four to five years of age. Scrub in the controlled burnt area
was two to five years of age. : -




EXPERIMENTAL. RESULTS
Differences Between Sirata

Table 1 summarizes assessments in the three strata. It lists number of

families and species in each stratum, number of times the species weré ohserved,
and the area covered by serub on 2,000 square feet (186m2) of forest floor.

TABLE 1

Summary of Serub Coverage in Fach of the Three Area Strate

Area coverad
No. of No. of No. of i
Strata families species observations b(gq?of,s ;b
Stratura 1 ] 27 - 107 183 630
Stratum 2 31 105 1,058 982
Stratum 3 31 112 1,120 970

The 27 to 31 families were represented by 105 to 112 species, suggesting
there were approximately equal numbers in each stratum. These species

were observed more frequently and covered greater areas of forest floor in .

the drier Sirata, 2 and 2, than in the wetter western Stratum 1.

Scrub covered -31.5 per cent. of the forest floor in Stratum 1, 49 per cent.
in Stratum 2, and 48.5 per cent. in Stratum 3. To these percentages should
be added areas of scrub in which the species were not identified due to a lack
of flowers and fruits at the time of assessment. These covered 4.7 per cent.
of the forest floor in Stratum 1, 5.1 per cent. in Stratum 2, and 7.4 .per
cent. in Stratum 3. Combining these results provides a similar area coverage
for serub in Strata 2 and 3, with the area in Stratum’ 1 much less (54, 55
and 36 per cent. respectively).

Some species were chserved more frequently and covered a greater area
of forest floor than others (Appendix 2). Fram a fire aspect these were the
important ones for fuel c¢lassification. : ,

The most common species were listed by noting those which oeeurred
on ten or more plots in each stratum. These species contributed 69 to 92
per cent. to the total serub cover, suggesting they were the dominants.

Some of the common species were of a denser, more spreéding growth
habit than others. The list was subdivided into species covering more than
20 square feet (1.5im* of forest floor and those which covered less.

Table 2 lists species observed on more than ten plots, and covering more
than 20 square feet (0.9m». For each stratum they were divided . into
inflarumable and relatively non-inflammable types. This division was estab-
lished through a subjective assessment of burning hbehaviour during fires
observed in thls forest.

TABLE 2

Serub Species Observed on More than 10 Plots and Covermg More than
20 Square Ieet of Forest Floor

Stratum Inflammable Types Nen-Inflammable Types
Stratum I i Xanthorrkoen preissis Endl Agacio strigose Link
;. Xanthorrhoea gracilis Endl Hibbertic amplexicaulis Steud.
Loxocaryu flexnosa (R.Br.) Benth. | Bossicea ornatd {Lindl) Benth.
Dryandra niven R.Br. Adenanthos barbigera Lindl,
Stratum 2 Xanthorrhoen gracilis Hibbertia amplexicaulis
Xanthorrhoea preissii Hibbertia montena Steud.
Dryandra niveo Seqevola striaiz R.Br,
Acacia - pulchella (R.Br.) Bossiaea ornala :
Pieridium agquilinum Lasiopetalum floribundum Benth.
Macrozamia reidler (Gaud) C.A.Gardn
dcacie drummondiz Lindl.
Acacia strigosa
Trachymene compresse
Stratum 3 Lozocarya flezuosa Macrozamia reidle
Hibbersia hypericoides (DC) Benth.
Patersonia occidentalis R. Br
Hibbertia montana
Brachyachne prosirate
Boessinea ornata

Effect of Wildfires on Serub Composition .

Assessment results for four classes of crown damage in Stratum 1, and
three classes in Stratum 2, are shown in Table 3. This table provides a
summary of Appendix 3. o

TABLE 3
Serub Coverage in the Four Classes of Crown Damage

Stratum 1—200 sq. ft. of assessed area per class
Stratum 2—240 sq. ft. of assessed area per class

i ) No. of " Area of
No. of . No. of

Crown Damage Strata, ips . Obsger- . Serub

. g Famities Species vations (sq. ft.)
Defolintion ... 1 19 45 73 .. 8
Fully Browned 1 20 48 83 71
’ ’ 2 20 89 . 136 - 158
Total ... 219 285
Lesser Damage 1 15 - 50 88 62
2 22 G4 137 113.
Total ... .. 9225° 165
Controlled Burning ... 1 19 2 |- 1. 4
2 22 50 96 79
Total .. .. 172 120

7
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Differences between strata were again evident, species were observed more
frequently and covered a greater area of forest ﬂoor in Stratum 2 than in
Stratum 1.

For Stratum 1 between 42 and 50 species were observed in four classes.
They were recorded a similar number of times, but were denser and more
spreading in the defoliated and fully scorched areas than on areas which
had been lesser damaged or controlled burnt.

For Stratum 2, the area of scrub was hlgher in the fully scorched area
and species numbers were less in the controlled burnt area.

For both strata, number of observations and area coverage appeared to
rise with increasing fire intensity. Area coverage rose from a 120 square
feet (111m* total for both strata in the controlled burnt class, to 235
square feet (21.8m*) for full scorching and another increase seemed probable
Into defoliation (Table 3). Similarly, number of observations rose from 172
to 219.

‘Apparently, certain scrub spec_ies regenerated better in the environment
created by intense fires. Species within the Leguminosee covered 38 per cent.

of the area of serub for defoliation, 40 per cent. for full scorching, dropping to °

33 per cent. for lesser damage, and to 20 per cent. for controlled burning.
The species contributing most to the percentages quoted for defoliation and
full scorch were Acacie sirigose Link, Aeacza pulchella R. Br., and Bossigea
aquifolium Benth.. ’

Table 4 shows results for three ‘plots, each g 100 square foot (9.3m?2)
composite of quadrats. The forest above had been defoliated by the Dwellingup
fires four years previously. REach plot was dominated by one Leguminosae
species which contributed between 95 to 220 plants to a8 total number between
247 and 376. .

TABLE 4

Regeneration of Berub over 100 sq. ft. of Forest Floor after Defoliating
Dwellingup Fire and Following Mild Controlled Burning

Plot 1 . | Plot2 Plot 3
100 sq. ft. 100 sq. f6. 100 sq. ft.
A B A B. A | B
Number of Species Observed ... 30 31 30 27 32 53
Number of Plants of Main Spemes
Bogsiaca aquifolium . 220 12
Aewcia strigosa ... ... 210 7 .
 Aeacia puichella ... . 95 4
Number of Plants of Other Species | 825 | 308 247 160 376 303

A—Recorded 4 years after .Dwellingup Fire of 1961,
B—Recorded 2 yeors after a Spring controlled burn in 1968.

8

‘unpublished data, 1967).

-

The plots were controlled burnt in 1968 with mild fires (20 to 30 British
Thermal Units per second per foot) in spring. Two years efterwa.rds ‘the
number of fire-weed plants had dropped to 4 to 12, although total numbers
of plants were gimilar for two of the plots.

The results suggest that these three species of Legummosae were pro-

moted by intense- fires, while other species were much reduced in number-

although still present. Mild controlled burning removed the dominance of
the legumes and led to a marked increase in number of plants of other

.species.

DISCUSSION

This assessment is a broad survey of scrub composition in jarrah forest.

near Dwellingup. - It separates the important species for fuel studies and
indicates that structural changes may be related to past fire intensity. >

Rainfail decreases regularly from Dwellingup eastwards, ralsing the query

whether eight-mile (18km) wide strata were adequate controls for showing
differences in scrub structure, However, there was no evidence of a decrease
in scrub cover or number of species in the drier eastern forest. Only 62 of
the 100 or so species listed in each stratum were observed throughout the

area. The remainder may have a restricted habitat or be less frequént, requir-

ing a more intensive sampling method.

These scrub fuels arc secondary types. They require. pre-heating and
igniting by fires burning in litter before becoming available fuel (MeCormick,
To describe scrub  fuels it is' nmecessary to include
estimates of litter tonnage and age of the plants, specles differences, and
moisture content and density of the fohage

The most common species were subjectwely divided - into 1nf1a.mmable and.

relatively non-inflammable types. This provides a basis for "separating
inflammable forest areas from others, providing age and litter is considered.

Further research has suggested measures of density, height, and tonnages of .

foliage in size classes may provide a means of deriving workable. fuel loadlngs
for measuring changes in fire intensity (Sneeuwjagt, 1970)

‘This survey indicates that mild controlled burning  encoursges a. more

varied ground flora with less of the highly inflammable fire-weeds. This effeet -

exterded over most of the jarrah forest in the Dwellingup area, from prir_ne
to marginal quality forest. Wildfires, on the other hand, had a detrimental
effect on variety in the understorey. and dense fire-weeds which followed them

have proven a problem for subsequent controlled burning, and for general

access into the forest. However, there was no evidence that any species were
eliminated by wildfire and with proper controlled burning it seems that a11
species can be rehablllta.ted -
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APPENDIX 1
Annual Rainfall (inches) for Stations Hast and West of Dvua]lmgup
. Distance '
. Belght above from Annual Period of
Station . sea level ) : Rainfall
West coast s Measurement
(ft.) (miles). {inches)
Mandurah ... .. .. 15 0 345 | 1911 to 1940
Pinjarra ... 28 14 . 36.7 1811 to 1940
Dwellingup ...~ .. v 800 26 51.4 1927 to 1953
Duncan’s Mill . .. 1,000 41 40.0 1934 to 1943
Muorradong ... .. 1111 47 29.8 1911 to 1940
Wandering ... -~ .= . 1,114 61 27.0 1911 to 1940

10

-The effects of wildfires on plant -distribution in the

APPENDIX 2
. ‘].)well.i.ngup Scrub Assessment—Results Strata 1, 2 and 3

Species oBserved,

. Listing :

plots,

Number of times each was obéerved on. 50

s for 2,000 square feet of forest floor.

Area of forest floor covered by each specie
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