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INTRCDUGTORY NOTE B
311018

This paper is & preliminary report on research work into
the ecological effects of kearri forest management, It 1s
incomplete in that there is no statistical treatment of those
data which are suitable, and the section on insects has yet to
be written due to difficulties in the identification of the
insects collected., Nevertheless the report 4in its present
form will be a valuable research contribution in the field of
environeental effects of forest management practices,

The report will be issued in its complete form later in
1976.

Although two names appear on the title page, the study
represents contributions from the entire staff of the ManJimup
Research Station, ¥Mr., Po. Christensen designed the memmal
studies, The work on insects was planned and supervised by
Mre. 8¢ Curry, Entomologist, Department of Agriculture. Soil

fauna inférmation was derived exclusively from the work of

Wombss

|\-71-76

Dre JeA« Springett,



INTRODUUT.ION

1.1 This study was initiated by the Research Station at
Kanjimup to gain basic information on indigenous fauna and
flora populations of the karri forest, which coculd be used
to predict the environmentel impact of integrated harvesting
of the forest for sawlog and chipwood,

The introduction of chipwooed production into karri forest
harvesting is expected to have little overall impact per se.
However the chipwood project has coincided with the near
exhaustion of merchantable materiel in pure stands of karri,
Future cutting will be mainly in mixtures of ksrri end marri,
and a larger area than before will be cut over annually to
harvest a similar volume of karri logs. This increase in
the area of forest cut each year has prompted the present
investigation,

Past use of the uniform system of managing karri was
conducted rather differently from present procedures in that
there was no 1limit to coupe (= cutting unit) esize, there was
no direct attempt at dispersion of coupes, and cutting
proceeded on & face throughout the coupe, Under present
prescription coupe sigze is 1imited to a maximum of 200
heétares, coupes are dispersed as widely as possible, and
strips of forest are left uncut bordering major roads and
streams, Within a coupe an average of 20 percent of the
area now remains uncut,

This study wes dane in arees operated without these
constraints and the recorded changes, particularly in fauna
populations, may be more radical than can be expected in the
future,

The period of the study extended from April 1974 to
October 4975,



1.2 The Karrl Forest
Karri is confined to the extreme south of the State,

1ost stands occur in the 1000mm + rainfall region and the
species is confined to areas where the mean rainfall of the
driest months exceeds 16mm (Churchill 1968) « The distribu-
tion of karri within its climatic 1imits is adephically
controlled. Pure karri stands are most frequently found
on red earths, while mixtures with marri (Es_calophylla)
end to a lesser extent jarrah (E. merginata) are the norm
on podsolic solls, A generalised catenary series follows
the trend of karri/marri on the alluvisl valley floors,
pure kaerri on lower and mid slopes grading to karri/marri
mixtures on upper podsolic slopes. Ridge tops are
frequently lateritic carrying jarrah/marri mixtures and
karri is absent.

The virgin forest 1s distinctly storeyed in structure,
as the upper canopy of karri crowns is remote from the dense
ghrub layers An understorey of karri oak (Casuarina
decussata) on some sites extends the shrub canopy to a
higl:t»level, but the tree crowns remain remote. The shrub
layer is typically very dense and dominated by legumes where
rggular burning is practised.

The karri forest has been variously describeq as a wet
sclerophyll type and as a temperate rain forest type.
Sclerophyllic and mesophyllic characteristics are about
evenly represented for the rirst few years of succession
following fire. Exclusion of fire from the forest for a
long period results in a distinctly mesophyllic shrub layer.

Regenerated stande are protected from fire for 415 years.

Stands older than this are burnt under prescription on a 7

to 8 year rotation.,



1¢3 Forest masnagement - history and practice
_ Clear felling, followed by uniform (even-aged)
regeneration was practised in the karri (Eucalyptus
diversicolor) foreste 30 to LO years agoe. In the 1940's
the management system was changed to one of selection
cutting where generally more than 50 percent of the originsal
crop was left and only the gaps created by felling were
regenerateds In 1968 clear felling wae reintroduced and
this system has been followed in pure karri stands since.
The areas of forest treated by clear felling &and uniform

regeneration over the years are ghown in Figure 1,.,1.

FIGURE 141

Areas _of karrl forest clear-felled

(uniform regeneration)

Year Area (hectares) Present Age of reprowth (years)
1930-34 2752 4o = 45
1935-39 1896 35 = 40
1940-L4 - -
1945~49 - -
1950=54 - -
1955-59 - -
1960-64 192 10 - 15
1965~69 2035 5« 10

1970-714 2100 O« 5

1.4 Management Practice

Four well gpaced, mature trees are left standing on
each hectare as a source of seed at felling. The felled
eérea is left until the seed trees are bearing an adequate
sced crop; this may be a period of up to four years.
During thie time the shrub layer may recover and grow
vigorously. If it does 1t 1s flattened by bulldozer prior

to the regeneration burn,



The Pregeneration burn 1s carried out in the autumn or
spring of the yesar in which the seed treces are carrying
-ripe sced, The fire is intense, the heat opens the
capsules and the seced falls onto the freshly burnt ground
within a few days of burning. Germination takes place in
April, May end June. The seed trees are cut and removed

q

88 soon &8 adguate regeneration is apparent, within two

yeare of the burns

15 Flora and Fauna

The karri forest is low in fauna species diversity
compared with more open dry sclerophyll forest type of the
South tiest, Sixty-eix species of land birds have been
recorded:(compare 87 in the Jarrah forest), and 11 species
of native mammals excluding bats (19 in the jJarrah forest).
However, in terms of population levels, the karri forest is
rich in numbers, particularly with regard to birds. A
number of surveys done in both forest types have resulted
in & mean number of bird sightings per kilometre of survey

of 126 in karri forest and 46 in Jarreh,
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2

STUDY AREAS
2.1 The study was contained in pure karrli stands to the
west and south-west of anjimup, as shown in fige 2.1
Arcas were chosen to represent different stages in the
development of the karri forest and ranged from cutover,
unregenerated stands, through to virgin forest. All the
experimental areas were governed by similar edaphic and
climatic conditions, and most were disaected by a stream,
Studies in the virglin and forty-five ycar old stand were
duplicated to sample areas within and outside the prescribed
burning programme to isolate the effect of a prescribed
mild burne.

The size of each study area ranged from 6.9 to 190
hectares (fig. 2.2). The detailed location of etudy areas
and the forest types adjoining them are shown in figure 2.3.

Flgure 2.2
Summary of Study Areas
site No. Year logged Location Area Date of
or regenerated (Forest Block) (ha) 1last burn

1 Logged 1972 Beavis 531 1967
2 Regene 1974 Warren 6.9 1974
3 Regenes 1972 VWarren 190.0 1972
L Regen, {1969 Beavis 20.8 1969
5A Regen, 1930 Big Brook 20,6 1972
5B Regen. 1930 Big Brook 5668 1930
6A Virgin Strickland 5065 1967

6B Virgin Viarren 512 ca.1950



FIGURE 2-3 Study Areas
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€ o2 Sité 1. Logged but not yet regenerated

Four seed trees per hectare had been left standing when
the area was logged in 1672, Regeneration is scheduled to
take place in Autumn 1976. The erea was dissected by Pine
Creek, a perenniel streem, Heavy accumulations of logging

debris were present on the ground,



2,3 S5ite 2. Regenerated in 1974 (one year old)

This was the smallest of all the study areas, 2.6

hectares in extent, The method of regeneration was not
as normally practised in the karri forest., The area had
been totally felled and the logging debris burnt in March
1974« The area was then seeded with karri by hand,
Subsequent seedling counts showed the area to be fully
stocked with karri.



2.4 25ite 3. kegencrated in 1972 (3 years o0ld)

This, the largest study area of 260 hectares, borders
Site 2. Two semsonal streams dissect the area and the
shrub vegetation bordering the streams was not burnt 4in
the regeneration burn. All seced trees had been removed

by 1974,



2.5 Site L. Regenerated in 1969 (6 years old)

This area adjoins Site 1, It is 21 hectares in area
and is dissected by the perennial Pine Creek. Vegetation
bordering the creek was burnt as part of the regeneration

burne



Regenerated in 1930 (45 years old)

2.6 Site 5e

The site was divided into two parts and each formed a

Both sitee formed part of an

separate part of the studye.

extensive block of forest of more than 1000 hectares which

was regenerated in the same year,

An area subjected to prescribed burning

Site 5A.

246 o1

Only one prescribed

and extending to 20.6 hectares.

hazard reduction burn had been made since the original

The site

regeneration burn, and that was in Spring 1973.



is bordercd by Houge Brook, a perennisl stream, and the

~vegctation bordering the brook was also burnt in 1973.

2.6.2 ©Site 5B, 57 hectares adjacent to the area described
in section 2.5¢1¢ The area had not been subjected to fire

since the regeneration burn of 1930,



2e7 Site 6. Virgin forest

Two virgin areas were studied in separate locations.

2.7¢1 Site 6A Virgin forest subjected to reguler
prescribed burning. The area was last burnt in 1967 so
the shrub and ground vegefation were 7 to 8 years old.

The site is located close to the Donnelly River and extends
to 50.5 hectarcs.

24702 Site 6B - 1s gituated in the scuthern part of

Warren National Parke The fire history of this erea was

unknown, but ring counts on understorey species suggested



that it hed not experienced firc forat leasgt 25 years.
The study area was Gissected by a seasonally flowing

stream,

2.8 An arca of forest heavily cut on the selection system
and regenerated 22 years ago was among the study areas.
/lthough the majority of the arca was 22 year old reéener—
ation, it was decided to confine investigations in this

area to the mammals, and to the gpess vegetation structure

only.
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FLORA STUDIZS
3e1 liethod

Differences in the flora of different aged karri stands
were assessed on the besis of gross structure and composition.
Structure is particularly important as changes in feuna
populations are likely to be associated with changes in

the wegetation structure.

3e1s1 Structure

Data was collected in a form which allowed the con-
struction of profile diagrams to demonstrate structure.
A plot 100 metres x 20 metres was located in each experi-
mental area crossing the contours. Within this plot tree
measurements of top height, height to first branching,
diameter at 143 metres and crovn shape were taken and the
positions of the trees were mapped as offsets from the hundred
metre boundarye.

Heesurements of meximum shrub height were taken at
10 metre intervals flong the one hundred metre boundary
line, At each sample point three rcadings were taken at
five metre spacing across the plot. The mean of these
thgee readings was taken as maximum shrub height at that

sample point.

30102 Specieg presence

A l1list of all species present in each area was compiled
during the course of the study period, At the end of this
preriod a eearch was carried out in each area to complete

and check the list.

3e1e3 Species dominance within the shrub leyer

Dominance was mecasured as the percentage cover by



specles in a metre square quadrat. Quadrats were located
~at ten metre intervales along four parallel lines, thrce
hundred metres long and one hundrecd metres apart. These

lines ran across the contour.

3e2 Results
3¢2e1 Structure of the vegetation,

Profile disgrams for tree and shrub canoples in virgin,
and 6, 22 and 45 year old forest are shown in figures 3.2
to 3.5

Reference to the dlagram for 6 year old regeneration
will show the general emergence of the crowns of the tree
saplings above the shrub layer, although the live canoples
of both strata form a continuous canopy. In the 22 year
old stand (figure 3.4) seperation hes largely taken place
between tree and live shrub canoples. The lower shrubdb
layer at this stage consisted of wainly deed materisl. In
both the virgin end. 45 year cld stands the live shrub layer
extends to ground level because both stands had been burnt
under prescription within the previous 7 years.

The number of trees per hectare (stocking) decreased
rapidly with increasing age and height of the stand
(figure 3.1). Hortality was high in the younger stands

due to intense conpetition.

Figure 3.1 Stocking levels and helghts of karri standg
Age of stand (years) | 6 22 45 vVirgin
Stems per hectare 44,870 13,170 2,900 675 20
Upper canopy height (m) 75 1644 36 60

Note 1 -~ measured outside the study areas,



- FIGURE 3-2—3-5
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A true forest structure, with stratification of the

ghrub and trce canoples, was evident in the 22 year old

stand and had probably developed earlier, but no stands

of intermediate eage were available to confirm this.

Although no measures of the density of the tree canopy

were made as such, the profile diagrams illustrate a much

denser tree canopy of the stand in the pole stage (22 and

L45 years) than in virgin forest.

The ground cover is shown in filpure 3.6

Figure 3.6 Percentage cover of the shrub layer

Regeneration stage

Logzed, not burnt

1 year old
2 year old
6 year old
45 year old burnt

s " " unburnt
Virgin burnt

Virgin unburnt

Ground cover present

278

3Le5
91 .7
51.0
66.7

L0.6
349

6045

Eemarkg

Burnt 2 years
previously

Burnt 7 years
previously

The logged area had been cut 2 years prior to the study

and some recovery of the ground vegetation had t aken place.

Lence the fipgure of 278 percent ground cover is not

necessarily representative of the site immediately after

logging.

Recovery following the regeneration burn was epparently

rapid and the vegetation cover pesked at 91 percent after

two years. The decline in cover percent in older stands

can be accounted for by two factors,

Flrgtly conpetition

from the tree stratum would influence the shrub layer,



Secondly, and applying particularly to the long unburnt,
older stands, the live canopy exceeded the height of

measgurement and had started to form an understorey,

3922 Composition of the vegetation

3e2e2¢1 All species
The number of plent speciee increased markedly after

felling and within 2 years of the regeneration burn

(figure 3.7) 50 species were found in the logged ares prior
to burning, 60 in one year old regeneration, and 60 in the
two yesar old, Part of this increase weas attribufable to
the appearance of exotic species.

In 6 year old regeneration the number of rlant specles
declined to 44 but rose to 53 in the recently burnt (2 years
previously) forty-five year old stande A decline in numbers
wag found in the forty-five year old and virgin stande which
had not been burned for many years.

These results are echoed in the diversity index which
takes into account both species number and cover (Shannon
and Weaver 1949, Plelou 1966). The diversi ty index is
highest in the one and two year old regeneration and lowest
in the forty-five year old unburnt.

Figure 3.7 Characteristics of the ghrub specieg in
karri forest at yarious stages of

regeperation
Age of regeneration | Logged 1 2 6 L5 Virgin
(years) not burnt (a) (b) | (a) (b)
Number of species 50 60 | 60 | 44 | 19 53| 34 46
Diversiw index 207 3 07 30“ 2 06 22 2 H |2 07 2 J.}

Rote (a) Not burnt for 25 to 45 years
(b) Burnt 2 years prior to study
(c) Burnt 7 years prior to the study



Figure 3.8

of various ages

( (1) - denotes exotic species)

Shrub species rccorded in karri forest

Forest Age

‘species

Logged

L5

burnt
L5

unburnt
Virgin

burnt

Virgin
unburnq

CASUARINACEAE
Casuarina decussata

COMPOSITAE

(i) Erdgeron banariensis
Gnaphalium 8p.
Helichrysum ramosum
Hypocheris radiata
Senecio ramosissimus

- CYCADACEAE
Macrozamia reidled

CYPERACEAE

Lepidosperma augustatum
Lepidosperma effusum

Lepidosperma leptostachyum
Lepidosperma tetraquestrum

DILLENIACEAE

Hibbertie amplexicaulis
Hibbertia cuneiformis
Hibbertia inconspicua
Hibbertia montana

DROSERACEAR
Drosera pallida

EPACRIDACEAE

Andersonia caerulea
Leucopogon concinnus
Leucopogon propinquus
Leucopogon revolutus
Leucopogon verticillatus
Leucopogon spe.

EUPHORBIACEAE
Ricinocarpus glaucus

GENTIANACEAER

Centaurium minus
Villarsia sp.
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Forcst Age

Specics

Logged

L5

DRTOL
45

| unburnd

Virgin
burnt

Virgin

binburnt

GERANIAGLAE

Pelargonium ep.

GOCDENIACEAR

Damnpiera gp.
Scaevola ep.

GIAVINEAE

Grasees

HALORRIAGAGEAE

Ealorrhagis rotundifoclia

IRIDACEAE

Orthrosanthus laxus
Fateresonia occidentalis
Patersonia xanthina

JURACEAE

Juncus gpe

LEGUMINOSAR

(1)

Acacla cyanophylia
Acacia decipiens
Acaciae hastulata
Acacie pulchelia
Acacla ayrtifalia
Acacla scapelliformis
Acacla strigose
Acacia urophylle
Alblzzia distachya
Boselaca laidlawiana
Bossiaea linophylla
Chorigema ilicirfclium
llerdenbergia comptonians
Hovea elliptica
Xennedya coocinea
Cxylobium lanceoclatum
Trifolium subterraneun
Vininaria denudata

LILIACEAE

Liliaceae sp.
Lomandra spe.
Thyaanotus sp.
Xanthorrhoea nana

LOGORIACEAE

Logania serpyllifolia
Logania veginalip
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Foresl age

Specles

Logged

L5
burnt

finburnt

Virgin
burnt

Virgin
unburnt

MYRTACEAE
Agonis flexuosa
Agonies linearifolia
Agonis parviceps
Astartea fasicularis
Eucalyptus calophylla
Eucalyptus diversicolor
ORCHIDACEAE

Corybas dilatsetus

OXALIDACEAE
() 0xalie corniculata

PITTOSPORACEAE

Billardiera floribunda
Marianthus spe

PLANTAGINACEAE
() Plantago lanceolata

PODOCARPACEAE
Podocarpus drouyniana

POLYPODIACEAE
Pteridium esculentum

PROTEACEAE

Banksla grandis
Personia longifolia

RANUNG ULACEAE

Clematis eristata
Ranunculug lappaceus

RHAMNACEAE
Trymalium spathulatum

ROSACEAE
(1) Rubus fruticosus

RUBIACEAE
Opercularis hispidula

RUTACEAE

Boronia fastigata
Chorilasna quercifolia
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Forect Age

Species

Logged

Virgin'

burnt

¥irgin
unburnt

RUTACEAE entnd

Crowea dentata
ypocalyma cordifdium

EAPIRDACEAE
Dodonasca cacspitosa
SCLARACEAL

(1) Fhysalls peruviana
(1) Selanum nigrun

STACRRIOUSIACEAR
Stackhousiacese
STHERCULIACEAE
Laglopetelum floribundum
Thouasla pauciflore
Theouasia quercifolia
STYLIDIAGEAE
Stylidiunm gepe

TRENANDRACEAR
Tremandra stelligra

TLRYMELAFCEAR
Pinclia clevata

UUBILELI FERAK
Deucus glochidiatus
Xenthosin huegelid

VIOLACTAR
Hybanthus floribunda

Rumber of Species
Kumber of Faxilileg

Years gince lest fire

o

50
28

o2

26

L 3 N 4

Y

19
17
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The -trend in the number of plant specles appeared
to follow more closely the fire history of the area than
the stage of regeneration of the karrl stand. That is,
the greater the period since the last fire, the fewer the
plant species that were founde.

Reference to figure 3.8 shows that all species present

in the virgin forest were also found in one or more of the

regenerated areas,

3e26242s Exotic specles
Exotic species were evident in the early stages of the

puccession following the regeneration burn, but were not

found in the 6 year old and 45 year old regeneration
(figure 3.9)

Figure 3.9 Characterigtics of exotic plant specles in

karri forest in various stages of
regeneration

Age of regeneration | Logged, 112 (6| 45 | Virgin

(years) not burnt (a):(b) | (a)! c)
Number of species 1 715 ol o, ol 1|1
Percentage of total 0.72 4s00[{0,88/0 | O | O [0e14{0e43
plant cover [

Exotic speciles were largely confined to disturbed and
compacted areas such as roadsides, tracks, and log landings.
Their contribution to the total plant cover was generally
small except when their population levels peaked one year
after the regeneration burn. At this stage they contributed
L ﬁercent of the.cover.

Some exotics, such as 0Oxelis cornuta were found along
road verges throughout the forest and were recorded in one
of the virgin karri stands studied. The occasional indi-

genous specles was faund to have been carried to en 'off-site’



location during forest operations. Thus Andersonia caerula

normally confined to Jarrah forest, was recorded on &

roadside sand dump in the six year old karri regeneratione

3e2e3 Dominance

Plant species have been grouped by life—=forms and
regencration mechenism in order to promote clarity in
describing the changes in dominance that were found to take
pleace, The plants contributing to each group are listed

in Appendix 1 and their characteristics are summarised below.

a) Annuzls and biennials - live from one to two years.

Are killed by fire and regenerate either from seed stored
in the ground or by windblown seced.

b) Long=lived soft herbs — small plants which do not develop
into a woody form but live considersbly more than two
years, Most are not killed by fire but regenerate from
some form of bulb or rcot structure (e.gs Drosera spp.
and orchids)

c) Fire weeds - woody plants whose degree of develo-ment
depends on the age to which s particular species lives.
Acacias pulchella with a life-span of 8 to 10 years reaches
2 metres in height, while Trymalium athulatum, & species
living 40 years or more, will develop into a small tree
exceeding 10 metres in height.

The majority of species in this group are legumes, end
produce seed prolificelly. The seed 1s hard coated and
survives in the soil for long periocds. It requires

heat to promote germination, hence strong germination
generally follows fires The group has been sub-divided into
short, medium, and long lived species.

All fireweeds are killed by fire.



e)

Rootstock species -~ All arc long-lived and none Bre
killed by fire. Shoots burnt off during & fire are
regenerated from a woody rootstock (e.ge Hibbertis spp.)
a rhizome (e.ge bracken and Dryandra nivea) or a sub-
terranean meristem (e.gs nany monocotyledons) Most
rootstock species grow to one metre or less in height.
A few develop into large bushes up to 5 metres high in

the aebsence of fire (e.gs Podocarpus dgouxgiana)

Tree seedlings
The changes in dominance are recorded in figure 3,10

as the percentage contribution of life form groups to the

total vegetation cover. Absolute values for cover are

shown in figure 3.11

a)

Annuals and biennials.

This group achieved & high level of dominance 4 year
after the regeneration burn. (20 percent of the vegetation
cover)., Ite contribution to the vegetation cover had
~declined to 845 percent in 2 year old regeneration.

In 7 year old regeneration the level of dominance had
declined to that of older stande. In older forests

the contribution wes particularly low in the absence

of burning, but was higher in both the 45 year old

and virgin stands which had been subjected to prescribed
burning & few years prior to the study. The highest
contribution in the older forestes was 3.4 percent of

the cover in the burnt virgin stand.

Long~lived herbs

Long-1ived herbs followed a similar pattern of change

to annuals end bienniels. However, they contributed
considerably more to the vegetation cover in all the

study areas, The highest level of contribution was



Lpmy © oy 0% Jotad samal g juang

BIBSL G2 *vd J07 juUIng 430N

Lpma o 03 aotad eawal 2 jumg

eJeaf Gft JO¥ juIng 0N (9) sanoN

€°2 g9°0 2°2 c°i 0°9 con2 o°€ g°G REUTTPI0O3 &
Goen 6°0l fh*oc¢ 2°lG | G°i€ 0° 62 b°9S 9°g§ gotoede w00 8y
f*ot 9°gs et | (P)1el2 | 0°Gt L°% g°0 g*64 IDOSBAITF POAT L=
€*0 o*h 992 €°6 gehe try 0 o*ol FPOSMOITT POATT=EMT)
FAL Y/ t°0 G°h o f*n 6°L4 G0 1*0 DPISNIITI DIAT T
< o*h 9* 1L b°G el 2°GL 9*64 €°9 eQI9 POATT=
e e e o] 6°0 Gep 0°o2 hey 8TETUUSTq PUV GTEW
(e) (> Q) (e juIng jo0u WIOZ=-3JITT (S

ur3IgA ) ( sh ) 9 g 2 PafBoq uoTjexsusdad um |

(seae juetd TB307 9y} 0% VOTINGIIIUDD s¥evquso.rad

JTAQD

9y3 58 possoadys 8T oouBUTWO(])

UOTIBIOUOESI JO S898el8 SnOTJIBA UT 186J0F TJJIEY JO JofeT qnays oy3} Ul ooUeRUTWOQ 0i*C san



“igure 31
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Shrub  Cover Percent (0 —2 meters) by life—farms in

Karri Forest at Various Stages of Regeneration
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agai;x rcached one year after the regeneration burn at
19,6 percent, and the lowest in long unburnt virgin
forest at L+0 percents

Fireweeds

All three groups of fireweeds contributed to the
vegetation cover to a large degree at all s tages of
development in the forest stand with the exception of
1 year old regenerations The period of peak contri-
bution varied with age in the younger, developing
stands where short-lived fireweeds reached & maximum
contribution of 17.9 percent of the vegetation cover
in 2 year o0ld regeneration. Yedium=lived members of
the group peaked in the 7 year old regeneration at
3448 percent, and the long-lived fircweceds reached
their maximum contribution in the unburnt 45 year old
stand at 27.1 percent.

The figures for fireweeds in those stands vhere fire

- had been excluded for long periods are artificiaelly
low (figure 3,10) due to plants frequently having
exceeded the 2 metre height 1imit of assessment. In
long unburnt stands fireweeds form a dense, continuous
low understorey canopy (see figure 3.4) below which the
fireweed foliage is mostly dead.

Viithin the 45 year old and virgin e tands the contri-
bution of fireweeds as 8 group was related to the time
tbat had elapsed since the last prescribed burn.
Rootetock species

This group tended to dominate the vegetation cover
below 2 metres at all stages except within 2 to 7 years
of a fire (either a regeneration burn or a fuel hazard

reduction burn), Speciecs within this group are



persistent and the maintained a high dominance level
following logging end for one year after the regen-
eration burn, Their decline between 2 and 7 years
coincided with the ascendancy of fireweeds. The
re-assertion of dominance by rootstock specles in the
lower shrub layers (up to 2 metres) in the later

stages of stand development was due to the fireweed
canopy rising to above 2 metres with increasing age.
The maximum development of rootstock species was found
in long unburnt 45 year o0ld and virgin stands where
their contribution to cover below 2 metres was 57.2 amd
709 percent respectively. The long lived fireweeds
at this s tage had reached the dimensione of small trees.
Tree seedlings

The contribution of tree eeedlings to the shrub cover
peaked in the two year old regeneration area. By
seven years the majority of seedlings hed developed a

low canopy above the level of measurement and the 6.0

percent contribution 4in the 7 year old stand represented
suppressed and dying individualse.

The low contribution of tree seedlings in the 45 year
old and virgin stands characterizes the inebility of
karri to regenerate to any degree beneath a foresgt and
shrub canopy. Slight increases in the dominance of
karri seedlings were evident in those older stands that
had been burnt within the past 2 to 7 years.

3e3 Discussion.

3.5.1

General
The foreet system 18 in a Qynemic state where growth

senescence, death, and regeneration are continually taking

place, Forest manegement merely systematises this chain



of events, and timber harvesting truncates the process
by removing mature trees before senescence begines to sot
‘ in. The changes in vegetation structure and composition
assoclated with the life processes have been observed in
the past and are precdictable. The present study has
served to record these changes on a qguantitative basis.
Forest regeneration by clear felling is undoubtedly
traumatic to the ecosystems However the relationship
between successful regenceration of karri and fire, end the
inability of karri seedlings to estaeblish within the
undisturbed ecosystem leaves open the possibility of
catastrophic fire as the natural agent of karri regeneration.
In this respect the present system of clear felling, intense
regeneration burn and uniform regeneration probably simulates
the natural regeneration processes of past centuries.
Further evidence for thie hypothesis can be found from the
preeent study where the recovery and vegetation succession
following clear felling end regeneration parallels that
following prescribed burning in the forest (see Christensen
and Kimber, 1975).
3e3¢2 Structure

The structure of the karri forest is made up of two
basic strata, the upper stratum, or tree canopy end the
lower stratun or shrub vegetatione.

It 1e necessary to examine the devélopment of the two
strata seperately as the factors which influence the
characteristics of each strata are quite different,

Until the stand reaches fifteen years old the influences
on both the canopy and shrub vegetation are similar, After
this the stand is subjected to mild prescribed burns which
temove the shrub vegetation and 1litter layers but have



1ittle eficct on the canopye  Thun uftor the age of
fifteen the characteristics of the cuncpy strate arc
detoerained by the scount and type of trees regenersted,
the age of tht otund, the eite wnd climatlc factors,
ahilel the ehaoructerliptics of the shrub wvegctatlon are
depondent largcly oa time since the last fire

In thz first oix yeare fcllovwing regeneration both
tree ssplings &nd shrudb forkz « slnglg ctnopyYe. After about
siz years the tree sapling crowns begln to emerge sbove the
shrube, wnd separution of tree and shrub canoples is coxpleted
by £2 yearz or ¢srliers, Iy age LS the tree canopy 18
separated fros t:¢ ehrub cenopy by an intcrval of arcund
20 pmetres in heighta.

“he recevery of & shrub canopy fellowing the regeneration
burn 4s rapid, und {s coznrlete in the second yesr. Ilhereafter
the depth of tue shrub canopy incresses with inereasing
helght of the shrube, A single canoyy strstux then renains

unti; the tree saplinges emerge sbove e ghrubs.

3:3e% UGiecles conjosition,

211 e specics found in the virgin aress were alsc
found in one or zore of the regencrated arcass Thie would
inply thut no sptolcs wup lost in the logsing and regencration
processes.

The mLpearance of exotic specles in young regenerution
sppeared to be u transitory phenczenone The numbsrs
dwindled rapridly once 8 cancpy of indigenous ghrubs had
developed, when they becase largely reséricted to sites

shere £oil corpuction was greatest on roods and log landings.

3e¢3s4 Doxinance
The pottern and succeselon cf dozinance by the vurious

life~fora groups wae found to be so nearly identicsl with



that follovwing prescribed burning in uncut forecat tasat

logging end regeneration coculd not have slgnificantly
affected tis peramster,
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APPENDIX I

Shrub species classified by life-form

and regeneration mechanism

ANNUALS AND BIANNUALS

Erigeron bonariensis
Compositae
Helichrysum 8p.
Hybanthus floribundus
Ranunculaease 8D
Stylidium spe.

LONG LIVED HERBS

Corybag dilatatus
Orosera pallida

Grasses

Halorrhagis rotundifolia
Logania serpyllifolie
Orchidaceae

Scaevola spe

Xanthosia huegelii

SHORT LIVED FIREWEEDS

Acacia decipiens
Acacla nyrtifalia
Acacia pulchella
Acacia scapelliformis

. Acacia strigosa

Acacia urophylla
Kennedya cocclnea

MEDIUM LIVED FIREWEEDS

Agonis parviceps
Boronia fastigiata
Bosslaea laidlawiana
Crowea dentata
Dodonaea caespitosa
Ricinocarpus glaucus
Thomasia pauciflora
Thonasia quercifolia

LONG LIVED FIREWEEDS

Albizzia distachya

Chorilaena quercifolia
Oxylobium lanceolatum
Trymalium spathulatum



Fe

LORG LIVED LIGNOTUBEROUS

Agonis flexuosa

A. parviceps
Billardiera floribunda
Chorizema ilicifolium
Clematis aristata
Dampiers Bfo
Hardenbergla comptoniana
Hibbertia amplexicaulis
Hibbertia cuneiformis
Hibbertie inconspicua
Hibbertie montana

Hovea elliptica
Hypocalymma cordifoliunm
Lepidosperna engustatunm
Lepidosperma leptostachyum
Lepidosperma tetraguetrum
Leucopogon propinquus
Leucopogon revolutus
Leucopogon verticillatus
Lilium

Hacrozamia reidlei
Opercularid -hispidula
Oxalis 8p»

Patersonia xanthins
Pimelea clavata
Podocarpus drouyniana
Pteridium esculentum
Tremandra stelligera
Xantherrhoea nana
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Vamnnal studies were based on & survey technique which
allowed comparison between the species present in the various

study arease

‘4.1 Methods
Four technigues were used to locate enimalse Two of

them, trapping and counting feecal scats, allowed some
estimates of relative population densities to be made.
Observation and searching, including using spotlights at
night, gave information on the presence of a particular

species in an area.

Le.41e¢1 Trapping
Treps suitable for cetching smell mammals were used in

all the study areas., They were leid on an l-ghaped transect
one arm of which was close to a stream, and the other run
up a slope away from the streame Three types of trap were
used. Breakback rat traps provided the majority supple-~
mented by Elliot and possum trapse Elliot traps mre amall
collepsible aluminium traps with epring loaded doors and
are suitable for animals up to the size of a rate. Possum
traps are wire cages with a spring loaded door and are
suiteble for catching animals up to the size of & quokkae.
Both trap types are illustrated in fige U4et. The distri-
bution of traps and the trapping effort in each area are
listed in £ige Le2.

Each enimal trapped was identified and sexed . Those
caught in Elliot and possum iraps were set free.

Liele2 Scat counts and analysis
seat counts of the grey kangaroo (Macropusg fuliginosus),
fox (Vulpes wvulpes), and rabblt (oryctolagus cuniculus) were
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Figure 4.3 .

Mammal species recorded in different ages of

karri forest

<

Species

)

B

e
~.Study Aresa

Logged

1 year

2 years
6 years
22 years
45 years
(burnt)
L5 years
(unburnt)
Virgin
(burnt)
Virgin
(unburnt)

(1) Houee mouse

Bush rat

(Mus _musculus)

(Rattus fuscipes) *

Mardo

1) Ship rat
Rattus rattus)

(Antechinus flavipes) o

Water rat
(Hydromys chrysogaster)

Wambenger
(Phascogale tapoatafa)

Pygmy possum
(Cercartetus concinnus)

Grey Kangaroo

uokka
Setonix brachyurus)

(Macropus fuliginosus) *

(
E

1) Rabbit

oryetolagus cuniculus) ®

1) Fox

Vulpes vulpes) *

*

®
*

Number of specles 5

(1) - non native specles




carried out in some of the study arecas. The counts were
- made on traverses following old tracks within the arecas.
Both kangaroo and rabbit ecats occurred as groups of pellets.
They were counted by groups for the rabbit, and by individual
pellets for the kangeroo.

Fox scats were anslysed in the leboratory for the
identification of heir and bones so that the diet of the

foxes could be assessed,

Le1e3 Spotlight surveys

Spotlighting runs were made in all study arees except
the one year old regeneration, Two spotlights were used
fron a vehicle travelling at 10 kph. Sightings of animels

were mapped,

L4.1s4 Observation and searching.
Animal sightings which resulted fromhcaeual observation

and from deliberate searching were recorded,

Le2 'Resul ts
'Eleven species of mammals were located by all methods

within the study areass The records for each of the arecas
are shown in fige L4e3

The technique of spotlighting proved very unproductive
1n'th19 study probably due to the dense lower vegelation in
nearly all the study areas. However, it di1d provide some
negative result in demonstrating the scarcity of the ring-
tailed possum (Pseudocheirus peregrinus) and the brush-
tailed possum (Trichosurus vulpeculs) in the Karri forest.

WVhere two species are frequent they ere very easily detected
by spotlight. Two hours of spotlighting failed to reveal
an individual of either species.



Figure Lol

Trapping results froa different ages of karri forest

(Trapped from 6 to 24th May 197L)

memwwwmwmv Wwww Gyze) WMMWum m Catch rate uowombm (1)
Rattus Antechinus | Lllus Rattus | Fhascogale | All
| fuscipes | flavipesg musculus rattus specles
|
virgin 7 384 . 949 0.2 0 042 0 10.3
Virgin ca 25 U6 | L3 1.2 0 0.2 0 547
45 2 440 346 0.5 02 Oe5 o 4.8
L5 L5 208 14 8e6 0 0 0 1040
22 22 Ley Le2 Ouly 0 0 0.5 5e1
6 6 468 660 0.2 0 Ot 0] 6.8
2 2 L22 6e9 0 0.5 0 0 yn
1 1 208 244 o 96 o 0] 12.0
Logged 13 399 542 2.3 (0] 0 o] 7«5
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Nampal data collected from trapping suggested that
animel numbere (using the catchrate percent as an index
of numbers) were more closely related to the period since
the last fire than they were to the age of the forest
(fig. Le4). The relative abundance of the various mamnmal
specles were likewise epparently related prinarily to the
fire history of the area and fcllowed a distinct successional
patterne This phenomencn will be described further under

individuael species headings.

;241 House mouse (Mus musculusg)

The house mouse appeared es a colonesing species shortly
efter fire, It was present in an area three to four months
after a regeneration burn but population levels dropped
fairly soon after the return of thick vegetation cover and
this species was not captured in the two year old regeneration.

It appeared again in the forty-five year old stand two years
after a prescribed mild burn. Fige. 4.5 shows the relation-
ship between the house mouse and the burning history for an
area.

These resulte closely followed tiat of Christensen and
Kimber (4975) in the karri, and Newsome et al (1975) in the

forests of sauath eastern Australia,

4.2,2 Southern Bush Rat (Rattus fuscipes)

This species is confined to areas of dense ground
vegetation, scuth of a line Joining Bunbury and Katanning.
It is commonly fcuhd in the karri forest and was represented
in all study areas,

Trapping results (see Fige. L4¢6) show that the bush rat
was present in the one year old arca four months after

burning, but the population was restricted to a band of
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undiuturbéd vegetation twenty metris wide and vordering
. 8 slrcaie lio bush rats were caught within thc burnt area,

In the two ycar o0ld regeneration trap success was ab
6.9 porcent and by the seventh year after a prescribed burn
tiie populetion sppegrs at a waximu: (trep success 949
peraent) .

As thc denwe shrudb leyer attsius o heigat of fifteen
to twenty feet, light 4is prevented froz reuching the forest
floor end ground covcr becoxce sparsse. In these ercas there
wap @ resultant drop in captures. Trap succesz in the
twenty year o©l14 undburnt, the forty year old unburnt{ and the
virgin unburnt were ell very low if compered to that of the
nore recently burnt areas (fig. Le6)

Pecause very f'ew bushrats survive rore than onc sgeazom
in thce wild, the maintenance of & local pojulation is
dependent on the recruitiwent of younge This in turn is
dependent on the sex ratios of the resident population.

Frevious studies {Christensen and Kincber, 1975) have
ghown that recolonization following fire was initiated by
transient malese As the population stebiliscsd the propor—
tion of femaleg in the ropulation grer until they eventually
outnurbered maless

Results frem this study (figure L4.7) show & preponderance
of fennles ac early as 2 years after the regeneration turn

end sugrest a very eerly etabilisation of the population,



Figure Le7 Yopulation characteristics of the bushrat in

kurri forest cf various ages

Forest age | Last Sex ratio | Kumber Nean Wt
fire captured (em)
(ycars) | F 16 T M
Logged 13 18 3 1 26 65.0 85.0
2 2 11 ¢ 14 29 870 9345
7 7 12 ¢ 4 28 95 111.0
22 22 3¢5 ¢ 1 9 84,0 82.0
45 (burnt) 2 1¢7 ¢ 1 16 87,0 8640
45 (unburnt) us 3 10 3 8545 =
Virgin (burnt) 7 165 ¢ 14 38 9345 9640
(unburnt) | ca 25 06 & 1 17 9640 92,0

The logged area typifies & habitat subject to disturbance
in the absence of fire, Here population level was relatively
high and largely restricted to the s tream margins, where
vegetation density was greatest. The sex ratio favoured
females and was similar to the one obtained in virgin forest.

However mean weight of animals trapped in this area was low.

u.2_.3 The Mardo (Antechinus flavipeg)

The detalle of mardos trapped in the study areas are
shown in figure L.8. The largest numbers were taken in
recently logged forest and in the unburnt forty year old
sfand, aml the least in the young regeneration and the virgin
forest which was subjected to regular prescribed buminge
The data sucgests that the mardo is insensitive to changes
in the forest structure occasioned by felling or due to
different stand ages, Little relationship was found between
the age of the forest and the mardo population., Its
relationship with fire history however, followed the distinct
trends shown in figure 4.8. Thie species was found to reach
its highest population levels in the study ercas which had
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been protected from fire for the longest perlods. It
appeared.to favour a dense owerhead cover, with at least
the lower few centimetres consisting of dead material.
In the forty year old unburnt stand slmost the entire
lower cover consisted of dead materisl, and a similar
situation existed in the logred ereca vhere the dead crowns
of the cut trees provided most of the cover.

Evidence of repopulation following forest regeneration
first appeared in the seven year old stand. However, as
the specles is difficult to trap when population levels are

very low, 1i may be present in younger stands than thise.

Le2s4 Phascogale tapoatefa (Wambenger)

This species occurs in much of the forest area south
of Perth. During the course of the etudy only cne individual
was captured in a twenty~two year 0ld karri regrowth stand.
The failure to trap individuals in other areas was likely to
be due to dAifficulty ih trapping this species and would not
indicate its absence,

Forests Department records for the species in the
¥anjimup Shire are tabled in figure 4.9.

Figare 4e9 Records of Phascogale tapoatafa in Manjimup Shire.

Location type Jarrah Xarri Farms Residential areas
: forest forest

No, of individuals 6 6 3 3

recorded

These records indicate that the specles is adapted to
a wide range of envircnmental conditions.

Records from the northern Jarrah forest have shown the
species is present in dense small stands of trees bordering
streams, a vegetation type structurally skin to the twenty-two
year old karrl regrowth s tend, If it hses o rreference for



this type of environment, then it is possible that the
advent of greater arcas of karri regrowth arecas may
result in an increase in its population size in the karri
forests A method to trap this enimal is now being

researched so that population studies can be made,

Le2e5 Gercartetus concinnus (Pyemy possum)

The pygmy possum is found in the coastal flats and
the forest areas south of Perth, Gould notes that "they
become very active at night in the flowering branches of
shrubby low treces in seerch of insects and swecets".

Only one individual was caeptured in a forty-five year
old karri stand. The karri was flowering at the time of

capture,

Le2.6 Macropus fuliginogus (Grey Kangaroo)
The grey kangaroo is widely distributed throughout

the southwest forest, but 1t occurs at relatively low

population densities in the karri forest (Christensen 1970).
-1t was recorded in all study arecas, eithcr by sightings

or by scats. Scat counts were made on this species and

are shown in fige. 4.10s They indicated the existence of

high populatlion levels in 6 and B year 0ld regeneration

when canpared with 22 year old and virgin forest.

Pigure L.10 Scat counts of liacropus fulipinosus

Forest age (yrs) Logged 1 2 €& 8(a) 22 Virgin

Scats (pellets 224 115 15.0 684 42,0 2.9 1645
rer 100 metres)

(2) An additional area was used for this part of the study
(b) 45 year old forest was not assessed because there
were no tracks in the study areas.

The scat counts in logged, and one year old forest



arcas were lower than expected. The low counts may be

an artifact due to the relatively open nature of the forest
at this stage of regeneration, and the porbability that the
kengaroo ranged widely under these conditions. In the
older, denser stands kangaroo movements were likely to have
been more restricted to the trackse The scat survey was

confined to these trackse

L.2.7 Oryctolagus cuniculus (Rabbit)

Rabbits appeared to be present in very low nuubers in

the karri forest. Scat counts indicated ab uild-«up in
rabbit populations following regeneration of karri, resaching
a pesk at age 6., By the apge of 22 the population had
declined to a lcvel comparable with that of virgin forest
(rig. L.41)

Figure L.11 Scat counts of Q, cuniculus taken elong roads
and tracks in different eged karri forest.

Age of forest (years) 1 2 6 22 45 Virgin
Scats/100 metres 0O 63 He2 042 0 0

LLe248 Vulpes ¥Yulpes (Fox)

Foxes appeared to occur in uncut forest in wery low
numberss Once these erecas were logged and regenerated
there appeared to be én increase in numbers as estimated
from scat countse. The population then returned to a very
low level in the older regeneration stends, and no fox
scats were rcund. in forty=-rfive year o0ld regeneratione.
Resul ts of scat counte are shown in fig. 412 and the resul ts
of scat analysis are tabled in fige. Le13.



Fioure Le12 Scat counts Tor YV, vilues taken elong roads
and tracks in different aged karri forcst
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Flgure L.13 Mammals identified in fox scats from different
ages of karrl forest

T

Forent age (years) 1 ! 2 6 ; 10(1) f Virgin

— 5 —— . —— Pt . it i iyt e R

i

Species _ |
Mus musculus I ©

Rattus f'sucipes

Re rattus

e ‘ o

Lt

Iscodon obesulus | o* A "
Oryctolagus cuniculus SR
Hacropus fuliginosus i ; ' s

(1) scats were collected from an additional
study arca.

It is of interest %o note that analysis of fox scats
from a particular arca reflccted the expected snimal
ropulations in thoze areag,. 4 good cxample of this would
be seen in the one yeur cld regenciralion vhere the hair of
the licuse mouse, tiie ghiip rat, znd the soutlicrn bush rat
were identif'ied in fox scats. These eniusels would be
expected tc occur within the one year ¢ld regcneration and
its adjacent undisturbed strcamcide vegetation,

Le249 Oticr species
Species which would be expected in karri forest but

which were anot in the study, or which wcre caught or

observed in very low nunvers are discussed in this section.



I;ydromys chrysozaster (i.ater rat)

One individual wag captured and a second one seen

on the stream pascsing through the two year o0ld regeneration,.

Rattus rattus (Ship rat)

Individuals were captured in the moister sltes adjacent

to streams in 6 year old, 45 ycar old and virgin forest.

Igoodon obesulus (Short-nosed bandicoot)

Neone were captured and experlence has shown the specles
to be shy of the types of trap used in this study. Evldence
of their presence was found from the analysis of fox scats,
but this avenue of identification did not define the precise

locality of capture by the fox.
The distinctive diggings of the bandicoot were observed

in regeneration areas of dll1 ages.

Setonix brachyurus (Quokka)

This swall wallaby was located at two points in the
area of two year old regeneration, but no sign of it could
be found in the other study areas, The species is of wvery
localised distribution within the karri forest.

Sminthopeis_murina (iMouse dunnart)

- No specimens were located in this study. Ae it is
nornally easily found by searching it was assumed tobe

absent or present in very low numbers.

Irichosurus vulpeculug and Pseudocheirus peregrinus
Brush~tailed possum and Ring-talled possunm.
Neithcr specles is known to be directly associatead
with karri trees, but both occur in adjecent forest types.

None were located in this studye



Dlscugsion

The study was conducted on a sarvey basis and thus leacked
depth of dctail for most species. The resgults however, can
be taken as indicative of the broad effects of clear felling
and regenerating karri on the manmals of the forest. Reference
to ri.ure 4.3 suggests that 1little change occurs in the number
of cpecies represented in forest of different ages. Slight
increases in the number of species in young regeneration (two
and six year old) are mainly due to the appearance of the fox
and the rabbit,

A slightly larger number of specles were found in the
burnt samples of L5 year old and virgin forest, than in the
unburnt samplese

The relative abundance of various specles was found to
change following regeneration, but the pattern of change was
identical to that following fire in uncut forest,

It 1s concluded that the severe disturbance the animal
population must suffer during the cutting of the forest and
during the regeneration burn is transient. Repopulation of

trcated areas was found to occur very rapidlye.



Se

DILDS
5e¢1 Study Aress

Studies of bird populations were carried out in four
of the areas selected for vegetation study (see section 3).
The areas with descriptions of some of their vegetation
characterietics which were likely to affect bird populations
are described below.

Aree 1+ Virgin karri foreste Hag been subjected to
regular prescribed burning for a numbcr of years and was
lést burnt eight y=ars prior to the study. The shrub leyer
was very dense end dominated by legumese.

Arca 2. Mature karri logred 3 years prior to the
study leaving four large trees per hectare. The area
included a stream. Structural characteristics were a sparse
overstorey, no understorey, and a shrub layer which was dense
but wvery patchye. There were heavy accunulations of logging
debris (dead tree crowns) on the ground.,

Area 3, Two ycar o0ld karri regeneratione The study
area incorporated a stream. Fifty percent of the study areca was
dense swamp type vegetation and was structurally typiecal of
five to six year old regeneration rather than two year old.

_ Arca L. Forty-five year old karri regrowthe The
study area had not been subject to prescribed burning since
Torest regeneration L5 years previously. Consequently the
ghrub layer was sparse and the accumulation of ground litter

was very thiek,

He2 MNethod.
As thils study was largely exploratory and time was

linited, no attempt was made to determine absolute population

levels. The aim of data collection was rather to obtain



e comparative index of the abundance of each species

(Lack and Venables, 1933) in each of the four study

-areas. The method of strip acssessment that was used
would be adcquate for estimating total populations provided
some index of conspicuousness {Colquhoun, 1940) could be
determined for each speciess This was not possible in
the time availsble for the study,

The method used was one of successive surveys, recording
all visual and audltory observations of birde along perma-
nently marked lines. There were three such 1ines in each
of the four arecase Each line was 300 metres long and lines
wvere slted 4100 metres apart.

Four surveys vere done in each area between 1 October
and L4 December 1974, During the survey the observers
stopped for up to 10 minutes at points 50 metres apart along
the lines. An Audubon bird call was used to attract the
passerines of the shrub layer to within sight of the
observerse.

'Surveys were confducted quring the breeding season when
the territorial bond was strongest and there was therefore
the minimum likelihood of encountering wandering feeding
apsociations of birdee According to Kendeigh (1544), four
surveys of this type would establish 90% of the population
levels of each species within the observetion range of the
survey line. However, it was realizecd that the relative
consplcuousness, and hence the distance of observation would
vary greatly between species. Thue the data could not be
used for a total population estimate per unit area., The
figures must be regarded as comparative index only. We
di1d not consider that this approach in any way invalidated



the ecalculution of o Giverpity index:, provided the index

> uped Tor coujerative purposcs.

=
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53 kegults

Totol censusce by epceies are shown in fipure 5.9
end a pum.ary of cbssrvations by niche occupancy in
Timurc 5,2

shie nominal 2 yeor old regencrated arce wab probably
the nost disturbed hebitat end thie wao reflceted by the
most murked changes in the composition of bird populetions
ccnslidered on the bapis of niche oCCUPLNCy o Speclen
occupying tie upper canopy, lower canopy und understorey
were nueh reduced as gloc were thie two cucalypt Llover
Tcedersy the iled wattle bird and the rurple-crowned lorikect.
Lpecles occupying the ghrudb layer hevwever, were grsutly
inercased yielding twice s many observatione as in the
virgin forest,

“he nunber of hole-=ncsting species in the 2 ycar old
regencretion was high, indicating thet some of the spcciece
involved probably feed et a low level (ceze the vontern
roselle 1is frequently scen on the ground)e. Cther specics
nor:ally cxpected in the urver canopy adapted to sone depree
to u different Labitat level. Thus the Red-tipped pardsiote
was frequently obgerved, The presence of relatively hirh
nutbers ef nole-nceters in the youns regencraticn, whers
holes were virtually unavaileble, ip attributed to sn edgc
eficets Thesc species verc presurned to have been necting
in adjacent uncut forest. Theé low number of hole=nesterc
Tcund in 4O yeur old forcaot vas presuned to be due to a
luack of nesting sitep, "he 45 year old study srea formed

purt of a large block which was orizinslly cleared for



Figure 5.1 . lumbers of birds observed in four surveys

Species Niche Forest age (ycars)
(1) (number of observations)
Logged 2 45| Virgin
| |

Whistling kite L6 0 ol 1 0
Purple-crowned lorikeet 5.H 50 5! 46 17
Lhite-talled black cockatoo 3.H 12 1 3 14
liestern rosella 1.4 5 18 | 16 13
Red-capped parrot 3.H 3 0 0] 0
Twentyeight parrot | 3.k 13 5 0 18
Fan~talled cuckoo 6 12 14 | 17 33
Golden bronze cuckoo 6 1 0 (o}
Kookaburra €.H 11 0 2 0]
Saered Kingfisher 6.1 o | 1 0 | o
Tree martin L .H 67 54 8 | 70
Black=~faced cuckoo-shrike 6 11 1 0 | 0
ihite-browed babbler 1 0 8 3 | 0
Splendid wren 1 9 0 0 | 2
Red=winged wren 1 0 L 6 ! 18
tiestern warbler 2 13 18 | 24 ] 25
Broad=tailed thornbill 1 23 25 | 11 14
Spotted scrub~wren 1 25 b | 26| 24
white=breasted robin 1 2 51 5
Grey fantaill 2 Lz 18 19 | 50
Golden whistler 2 30 27 | 35 | 58
Vestern shrike-thrush 2 1 1) 4 . 5
Rufous tree~creeper 6 1 o! o 2
Spotted pardaloie 3 o) 1: 19 | 14
Striated pardslote 3.H 36 | 25 47 @ 46
Silvereye . 1 3 1. 0, 0
Vhite-naped honeyeater 3 5 16 | 34 2L
WWhite=eyed honeyeatep 1 53 4 | 49 12
Red wattle~bird 5 16 1 11 ] 33 9
Red~eared firctail 1 o ! 2 0 0
Dusky wood-swallow L 24 11 0o 27
Raven 6 0 3 0 1
Total observations L68 | 389 |L06 | 499
Total number of species 25 27 | 21 | 23
Diversity index 2476 2479 12.56 2e72

Note (1) = The niche is the vegetation level at which the
bird was most frequently observed. The levels
were

1+« Low = Shrub layer

2+ Understorey and lower trece canopy

3« Upper tree canopy

L. Bawking insects within op above upper canopy
5¢ Feeding on eucalypt flowers



6. Othere - lcvel of activity very wide or indefinable

H. Species ncsting in holes in trees.

Figure 5,2 Bird survey resul ts swumarized by niche occupation
(Some specles appear in more than one
category)
Forcst age Total number of observations in four surveys
(number of species in parenthesis)
Niche Logged 2 y.0 i UG ye0 i Virgin
1+ Shrub layer 120 (7) | 176 (9) | 1L (7) | 88 (7)
2. Understorey end 86 (L) 64 (L) | 82 (u) | 136 (L)
lower tree canopy i i
3« Upper canopy 69 (5) 48 (5) | 103 (4) | 116 (5)
li. Hewking near 91 (2) 65 (2) | 8 (1) ¢ 97 (2)
upper canopy :
5« Feeding on - 66 (2) 16 (2) | 79 (2) 26 (2)
eucalypt flowers ;
6. Uthers 36 (5) 20 (5) i 20 (3) | 36 (3)
7« Tree-hole 47 (7) 104 (6) 76 (5) | 161 (5)
nesters (4) i | :

Note (1) - The purple-crowned lorikeet is excluded
because of its strong associetion with karri

flowers,.

hence lorikeet nunbers were low.

The virgin forest was not flowering,



farming; .very few large trces with holes remained. Asg
such the area ie not comparable with present day and
projected forest practice where strips of large timber are
lef't bordering major roads and water-courses.

Specles normally seen hawking insects in the region
of the tree canopy were in low numbers in the 45 year old
stnad. The absence of the Dusky wood swallew coculd be
attributed to the dense nature of the canopye However,
the presence of Tree martins in such loy nunibers we
attributed to the lack of nesting hollows. However, the
effect of the dense canopy of this forest in reducing
visibility may account for at least rart of the reduced
sightings.

Understorey and lower tree canopy species were observed
in fifty percent greater numbers in virgin forest than in
the other three forest types. Their reduction in the
looged and the two year old regeneration areas could be
accounted for by the reduction and complete removal respectively
of tﬁeir habitat levelss The 45 year old stand was apparently
sultaeble but in fact we suspect that the dense upper canopy

made the habitat untenable,
The specles diversity index was remarkably similar

fof all the study areas excepting the 45 year o0ld stand where
& small but significant reduction occurred in diversity.
Specles representation was greatest in the logged and two
year old study areas, perhaps reflecting the development of

a8 wider habitat diversity than occurs in uncut foreste.

5e4 Discussion.
S5¢4e1 Species representation

No species was found in the virgin forest that was not

represented in one of the three other study erease ¥e



belicve the conclucion that no species is eliminated by

the practice of clear-felling and regenerating karri to
be a valld one froa this study. It is also apparent
fron the study that the earlier stages in the life-cycle
of an even aged karri stand support a sglightly lerger
number of speclies than doec mature forest, The period of
least number of bird specles appears to be in the pole
stage when the tree c anopy reaches its densest stage. That
this study was dane in an atypical 45 year old stand in
that it had not been burnt for 40 years, snd hence the shrub
layer was sparse, did not affect populations of sepccies
normally inhabiting the shrub layer. The populations most
affected were the undergtorey flower canopy inhabitants and
the hole nesters.

Specles representation at any particular stagé in the
forest succession was, in broad terms, related to the
existence of a range of habitat levels. However, not all
spec;es ehowed sensitivity to habitat disturbance, Sonme
adapted to a different level when their usual habitat was
destroyed (e.g. the Red-tipped pardalote), while others
may have a wider habltat acceptance than was recognized by
use
5eL4e2 Rumbers of Individuals

The greatest number of individuels of all specles
combined was observed in the virgin forest, and the least
in two year old regeneration where numbers viere 80 percent
of those in the virgin foreste. Differences of this order
in numbers of individuels and in numbers of sepecles are
less than the fluctuations that occur following prescribed
burning (Christensen and Kimber, 41975).



5eie3 Ldge effects

Both the logged and two year old study arecas were
bordered in part by lightly cut or uncut forest, thus some
edge effect was introduced. The 45 year old study areca
was part of a large enough block to virtually eliminate
edge effects.

The most pronounced effect was likely in the logged
area wvhich was only 53 hectares in extent. The two year
old block was part of a larger unit than the clear felling
units currently in use (maximum size 200 hectares), hence
any edge effect that may have occurred in the study area
will be repeated on units clear felled and regenerated in
the Mature., The study can be regarded ss a representative
sanple of bird populations for regeneration of this age and
typee.

Selel4 Species showing large diff'erences in nuubers.

1+ Purple-crowned lorikeet numbers were very low in
two year 0ld regeneration end low in the virgin forest.
This specles is closely associated with eucalypt flowers
as a food source (Christensen 1971) and their low numbers
ere indicative of a paucity of karri flower. The high
numbers in the logged and L5 year old areas was due to
heavy flowering.

2+ VWhite-tailed black cockatoo, Twenty eight parrot,
and Tree martin numbers were all lower in two and forty
year old stands than in cutover and virgin stands. The
lack of nesting hollows ie assumed to be partly the reasan.
However, as the liestern rosella, another hole nesting species,
wapg seen frequently in the two ycar old regeneration, other

factors could have affected the species under discussion.



3e The Fookburra was frequently scen in the cutover

etand, but rare or sbeent in the othercs The open nature,

| including significant arcas of exposed grouni, of the
logred stand wae presumcd to fovour the hunting habits of
tlis speciea.

L. The Spottied pardalote was infrequently reconied
in the logred md two year old areas, and wag therefore
assuncd to be eensitive to the height and density of the
troe canopye

5« +ihite-naped honeyeatcr nucbers were very low in
the logzed stand due, presumably, to the severe reduction
in trec canopye NKumbers increansed merkedly in the two
year old regeneration indicating thzat this species is not

//////’ﬂﬁ\:;;ﬁdtgve to the height of the canopye

6« The Dusky wood-swallow wus ebsent in the forty
five year old stand due, presumebly, to ite inability to
havwk ingeets in the dense canopy development of this ame

of foreste

5125 The choice of study arcas.

The question of the representativeness of the study
arcas should be considered in an investipation of this
naturc, Bird surveys are time consuming, hence the number
cf differont stages of forest development that could be
included in the project was limited by this factor. e
would like to have included certain other forest development
stages, but sultedble study arces were not availeble. of
particulur interest would be stande of around 40 years of
age when a foreot structure beging to develop, and stands
o< between UO end 80 yeare old where the dence canopy
development of pole stands declines end epproaches the

cendition of the virgin forest,

v



ihe "areas chosen for this investigation were thoss
viiere nmaXimug changes in forest structure, wiilen coapared
with the virgin forect, have teken plaece following timber
harvesting. Ve cun aspume, tisrefore, lunut the changes
in bird nunbers end cpecles which we have rcconded are

the greotest that cen bhe cxpected to occur.

6. COCLUSILIS

The greatest number of birds was found in virgin or mature
kar,i forcst,. However, the number of species was higher in
forcst logged to seed trees and in two yecar old regencration
than in the virgin forest, and slightly less in a dense forty
I'ive year old pole stand.

The study showed that changes in bird populations were
transient and that once a particular habitat level or niche
developed following forest regeneraticn, it was occupied by the
species noranally found in tuat niche. some srecies were able
to apparently adapt to a change in habitat level.

No bird species was @liminated by the forest eperations
of' harvesting and regeneration, aliliough some species vere
epparently ebsent from s fortyfive year 0ld pole stand, presumably

due to its dense canopye
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CLIL FAUNA
6«1 Introduction

The knowledge of forest soll fauna in uestern Australia
is sparse and until recently no work had been done relating
their populations to forest operationse. Dr. Jd.A. Springett
was ccmmiessioned to work on soil fauna by the Forests
Department for a period of three yecars, and some of her
studiecs were conducted in karri forest of various a ges and
varlous burning histories. (See Springett, 1973). The
dccount that follows draws cxcluslvely from her data and
from her couments on tie distribution of specles. However,
ile present authors are responsible for the conclusions

drawn from these data with regard to forest operations.

6e2 Some charucteristics of Karri soil fauna

Karri soil fauna were found to be similar in structure
(with regard to Tacily or sub=family and where identification
was possible to genus and species) to rich forest sites
throughout the high raintall area of the scuthwest. The
similar sites included jarrah forest near Dwellingup, and

further north a bullich (Eucalxptus megacarpa) swamp,
blackbutt (li. patens) forest on & rich alluvial soil, and

marri in & fairly moiet habitat,

Aniwals typically present in this wide group of sites
were Amphipoda, Unychophora, land plenariuus, and the
limpit-ghaped cockroachi Laxta. Animals limited to karri
country were (ubaris milsmorei, Styloniscus SpPes, Siphonotus sp.
khiinotusg pp., Austrosuccinea sp., Luinodiscus-spp., and

Ancselix soo.

The wetter forests tended to have a less diverse ant

fauna than was observed in the poorer and drier forest sites,



and they were also typleally lacking in the genera

antichicoous, [iturgs, Otoptigmus and Scolopendra, These

four genera arc typical of the wandoo (Eucalyntqg vandoo)

savannah country, although a speclee of Antichiropus was
&lso fcund in the north east of the karri Torest, and

Iliturga in the Xerri outlier in the Yorongorupse.
flriurga

Ge> ILinitations of the dsta

l'any of the aninals collected by springett vwersc new
ppecies and heve yet to be nanied, The level of taxoncmie
discrirination is therefore not {inc enough for wreeise
cutinates of divirpity. Algo within the species l1list shown
in Tigure Ge3 tlicre is the peesgibility that more than one
spyecles ceccurs vwilthin a gereric or fawmily namc purcriing
te represent oné specicse.
64 Resul is

“he nunbers ol enimels per square metre in karri forest
undcer various manageuent conditions is suhown in figure 6.1.

There were large differences in the numbers of animals
in the tiirce virgin forest sites saupled (compare eites 19,
27 w6 29)e  A11 had a comparable fire history, and the
diff'erences could perhaps be ascribed to undetected differences
1n~éite, or to the level of sampling. The highest nuubers
were found in L4O year old regeneration which had not been
subjected to fire since its inception, however a similap
number was found in one of the virgin sites (1ioe 27) which
had bcen burnt 6 or 11 years prior to being sumplede.

The lowest nuibers of animals were found in the most
recently burnt sites, Wos. 18 ana 25, Site Woe 48 was 4
year old regeneration and the last fire on this site had been

the very intense regeneration burn.



Pigure 6.1

2

Numbers of Animals per m“ in Karri forest. Results of Hand Sorting Turves

Sample size L x 0.1 m® (After Springett 1973)
® . State of the forest ! Cy m _ g | __ Total Numbers
& | @ i - _. PR | of Animals
B SE 0 8 0 e a1
_ ‘o N m _.l _ _a“ 0! a _ |
Q 0 a N T ! i | P! o ! i
-l =E _ . 8iej : (K giwiae| oo
L3 | B> '8!/ d of ‘ol A A 5§18 8| d
8 ‘g 8RBl E 3w ol o & -1
55 ! o & = o . o~ o' &' ~ o o m
I i 3 B el 38l e BidlA 5] A
B 4 | 1Eigla%la BiziolElg
v | A m H O SH,W__I = o | = ' m_ A
18 . Regeneration, _"F 10 | - m _ 5: 8120 18 . 8 | 40 = | = _“ 87
. 4 years old ! i ! _ | E : | _ |
15 | Virgin 9 120 {5 43 (10 =] (50) | 3| 20} -| - | 121
21 ' Selectively cut 7 13 - 18 125 1318 20, - 18 20| 3 m 148
2L | Regeneraticn | m _ | m »
' LO years old L0 | 90 110 90 .25 180125 15 - 145 20 15 | 515
25 | Regeneration _ | m 4 | ! ! |
| 4O years old 1 | 2| - 15| 810 51 5/ 5,13, 3| - _ 67
27 | Virgin 6 or 11| 30 | - 133 130180| (60) | 20 | 38 103 |13 | 507
! . A _ § _ ] "
.29 | Virgin 6 or 11| 15 3 {23 |20 mmu (28) |15 | 28 73| 8 276




Figure 6.2
Site: Species lMatrix for all Species Collected
(after Springett, 1973)

Sltes are those described in figure 6Gof

Specics ' Site Number

18119 21| 21 2527 29

SUORPIUNIDAE | | o
2. Cercaphonius : > X

DITLOI’CDA | |

1+ Podykipus 6p & Atelonastex X X | X X
8D e ' |

3+ Sphaerotrichopus sp. A i ' :

L4+ Rhinotus sp. !

5« Siphonotus sp. A = X

7+ Siphonotus epe. B | i X : i

Ll

Ci: ILOI'CDA P
1. Cormacephalus sp. 5
2e¢ Cryptos Bpe P x|
3+ Dichelobius spe.

L4+ Geophilidae ~ var 1 i X
5. Geophilidae = var 2 | x
6. Geophilidae - var 3
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ISOroDA

1. Laevaphiloscia & X
Zurygastor spe
8. Styloniscus australensis | x
9. Laureola milsmorei
20, Styloniscus spe.

AIFHIPUDA
1« FParorchestin sp.

g £ X

8
™

MM

OLIGOCHAETA
2. Oligochaeta, adults L4Omm

ARANAEIDA

1¢ Lycosa spe
2+ Lycosidae
3e Uxyopidae i
L. Salticidae
5« Dipneumonomorpha |
6. Chenistoria sp. x
7« Stanwellia sp,
9« Clubiinidae x
11« Dipneumonomorpha
12. Dipneumonororpha
17. Drassidae

18. Dipneumonomorpha
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Specles

Site Rumber

181 19

21j 2L | 25

ARANALDIA cntnd
20, Dipneunonomorpha

FCRINICINAE

1. Formicinse
5« Formicinae
9+ Formicinae
12. Dolichoderminae
16, Ponerinae
20+, Formicinze
21+ Myrmiclinse

GASTEROPODA
1+ Limacldae

2. Austrosuccinea spe.
3e Pecrnagera spe

Le Luinodiscus spe.

6. Annoselix dolosa
8. Bothriembryon spe.

INSEGTA

1+ Blattodea

2+ Blattodes

35 Blattodea

6. Blattodea

7+ Laxta spe.

10, Blattodea

11. Blattodea

13+ Blattodea

14, Curculionidae
15+ Dermaptera
16. Scarabaeidse -

CITYCH OPHORA
1.

TURBELLARIA

1. Geoplana
2e Geoplensa
3. Geoplana
4+ Geoplana

FHALANGIDAE

1. Laniatores
2« Palpatores

brown)
pe (stripcad)
spe. (yellow)
(brown & Wlue)
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Lertain groups of coil suliale spicarcvd £roa e
Galu to by rore eunsltive to {ire, and slowsy to recover
efloe it “hus land plunasrians end Fhualangids vero
unlcteeted en sites burat 1 wit § yeare pricr to eamiling,
bo:cver both were found in wil: 2% burat & cr 41 yeurs
bclerca nmzhivods olosed a stinllarp geneitivity but tielr
aprarent recovery wes faster (sce flge Gel).

rurning, whethcr a ¢i1ld pre.cribed burn or an intensc
regencration bur, generally resulted in groatly reduced
nusbers of all snirzal grouys in the short tera.

she gpecles found on cachi gite, ez fur as tatonoalc

scyaralicon wae poseible, ure listed in fizure e,

G5 idccussion,

Vg eflects of fire and the effecis ef the regeneration
proces: are confounded to sore degree in the wresentution of
date in fdpure 6.1, Fovev.r tie rogeneration grocess
involves fire, wad, as so0il animal nunbers were higher in
a reigencrated site (2L) thaxn in any of the three virgin cites
it can be uspumed that tho rsgeneraticn process itself was
of minor imrortance in its long tems sficct on soil fauna.
If the vardntiens in anfwal nuibecs are thus asceribed to
rirc, tuen tisie recovery trend of eoll animals following
fire can be reprosented graphically by peellny the dsta
froa virgln, selectively cub, wnd resencrated stands. This
trend le 1llustrated in fipurc €43 ond shows a very rapid
recowwry 1n the first few years following Cire.

{reatnent of the nuubera of siecics found on each eite
in a similer manncr sugrests that the iipuct of fire ig
lizely to be less in reducins the nusber of epceies than it

ie in reducing thc absolute nusbers of animals (Sigure 6.4) .
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The reappearance of spccles which could not be detected
shortly after burning 1s also rapid and from evidence
from sites 19 and 21 complete recovery of specles represen-

tation appears possible between 7 and 9 years after fire.

Pigure 6.4

site No. Perlod since last & Number of species
fire (years) |

I

25 1 21

18 M 19
19, 21, 27 8 (6~11) ’ 27 (16=31)
29 (mean) |

2l L0 27

l

The 19 species recorded in 4 year old regenecration ie
rather lower than would be expected at this age when site
25, burnt 1 year previcusly, had 21 specles. This fact
casts an element of doubt on the assumption that the
regeneration process involving clear felling has only a
minor impact on soil fauna. Further work will be necessary
to elucidate this pointe. However, the high number of
animals and the high species count on site 24, which was
& cut and regenerated forest, demonstrated a lack of long

term effect of clear felling on the soil fauna,.
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