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ABSTRACT

A one vear study of the eflects of prescribed fires on the surface-active litter invertebrates was carried out using
pitfall trapping in the forests of the Watpole-Nornalup National Park. Approximately 40,000 specimens were
collected during the four scasons of sampling. The sample abundance and richness were determined for spring
1996 samples at the taxonomic fevet of order. The 16,000 specimens of the spring 1996 sampies were also sorted to
morphospecics [or all invertebrate orders to provide a markedly greater depth of biogeographical and ccological
information.

Within the forest litter invertebrate community of the Waipole-Nornalup nationat park. the 701 morphospecics
trapped 1 spring 1996 were dominated by beetles (Coleoptera) which was the most specics rich taxen, followed by
fics (Diptera). wasps and bees (Hymenoptera), spiders (Arancac), mites {Acarina) and springtails (Cotlembola). OF
the 701 morphospecics trapped (regional alpha richness), 66 (%%) were commeon to all sites irrespective of their
fire history. another 3 [0 (44%) were only trapped from forest sites burnt tess than 12 years previously, while
another 230 (33%) were only trapped from sites unburnt for more than 29 years, the remaining 93 (14%)
warphospecies had inconsistent trapping distributions, as they were no present at all sites. afthough trapped at
both recently burnt and long unburnt sites. This trend in total richness was paralleled by a similar trend in the
richness of the unique morphospecies (local beta) exclusively captured at cach site, as there was a higher average
richness of 31.7 morphospecics for cach of the 6 forest sites burnt less than 12 years previously, while the 6 sites
usnburat for more than 29 vears had a lower unique richness of 38.3 morphospecics per site.

[ the Walpole-Nornalup national park. the survey of cach of the 12 forest sites resulted in the capture of an
average of 38.4 morphospecies per site (alpha richness). of these morphospecies, an average of only 3.3 specics
were commoen to all 12 forest sites. The remainder of morphospecics were unique to a sub-sct of forest sites with a
specific fire history or plant compesition. The jarrah ferest sites unburnt for 30 vears had the greatest number of
unique morphospecics at 38.0 per additional site (beta richness), alse jarrali lorest sites burnt less than 1 year
previously had a high wukque richness of 43.0 unique morphospecies per site. Karet forest hud the lowest average of
335 unique merphospecies per site, with a lower richness of unique morphospecies in more recently burnt
compared to fong unburnt sites. The Tingle forest sites had a average unique richness that was higher thai the
Raert forest sifes, but lower than that of the Jarrah forest sites. The highest unique richness in Tingle Torest was
+4.0 morphospecies, at the creck line sites burnt 9 vears previously, while the lowest unique richness of 29,0
morphospecies occurred at both the ridge top sites burnt 9 years previously and 61 vears previously, [n the
Wilpole-Nornalop national park the (loristic richuess of Jarrah forest is higher than that of Karri forest. while the
floristic richness of the Tingle forest is intermediate and dependent on the plant composition of the adjacent forest
tvpe. either Jarraly or Karri, Floristic and invertebrate richness appear to be related. as unigue richness of
invertebrates was highest in Jarrah forest and lowest tn Karri forest.

The taxonomic composition of the litter invertebrale communities in the forests of the Walpole-Nornalup National
Park. i commaon with the unique richaess, varied between sites witly different fire histories and plant
compostlions. Long unburnt (30vrs.) Jarrah forest sites. in comparison to the other forest sites, had the highest
average vigue richness of wasps. bees and ants (Fornucidaey. The highest unique richness of spiders (Arancac)
and beetles (Coleoptera) were also collected at the Jarrah forest site burnt U month previousls. Karri forest had the
highest unique richness of snails (Gastropoda) and bugs (Hemiptera) at sites 30 years post-firc and 11 years post-
fire. respectively. Incomparison, the Tingle forest had the highest average unique richness of springtails
(Collembola), mites (Acarinay and flics (Diptera). In the Tingle forest the springtails reached their maximum
piigue richness at a creckline site burnt 61 vears previeusly, The miles reached their maximum unique richuess at
a creckline site burnt 9 previousty. while the flics reached their maximum unique richness at a creekline sile burnt
3 vears previously. The uaique richness of spiders and beetles was also high in Tingle forest. althougl lower than
both fong unburnt and recently burnt Jarrah forest sites. Tingle forest sites with the highest unique richness of
spiders were creckline sites burnt eather 3 or Y vears previously. The unique richness ol beetles in Tingic lorest was
highest at the ricge site burnt 9 vears previously.
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This invertebrate fauna had a large component of Gondwanan relict taxa and showed strong affinities to the faunas
of forests in south east Australia that had past associations with Mothofagus forests. The distribution of the
morphospecics of relict taxa, between the study sites in the Walpole-Narnalup fosests. st rongly suggests that forest
sites with different plant coinpasitions and fire ages cach have their own unique relict invertebrate comnuinifics.

The unique invertcbrale communitics of the different microhabitats. landscapes and fire ages of cach [orest (ype
indicate that a complele regional invertebrate biodiversity should be conserved by maintaining a mosaic of [ire
regimes ranging from [requently burnt to fong unburnt, Each fire regime should contain represenfative arcas of the
Jess commion refuge microhabitats of the vegetation communities of the Walpole-Nernalup National Park.
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RECOMMENDATIONS

OBJECTIVES
(sec Walpole-Nornalup National Park, Management Plan 1992-2002, 8.0 Fauna, pg. 25)

Protect all native specics. particularly those that are threatened or vuinerable to disturbance.

ACTIONS
1) - &) (see Management Plan),

5) Detlermine the species composition of selected groups ol inverstebrates likely to include species that are
vulnerable and of high conservation value (for example, molluscs and spiders) in the full range of community
ypes.

RECOMMENDATION

The 1996 survey (Van Heurck, Burbidge and Wheeler 2000) of the litter invertebrates of the forest types of the
Walpoie-Nornalup National Park determined that Jarrah, Karri and Tingle forest siles of a wide range of fire ages.
cach bad a community of unigue invertebrate morphospecics. To conserve the biodiversity of the litter invertebrate
(axa. a4 mosaic of recently burnt. intermediately burnt and long unburnt arcas should be maintzined in the full
range of vegelation community types (see Management Plan. 10.0 Fire, Map 4).

6) Determine the ecology, laxonomic status, manmagement and climate requirenients of endenice relictual
invericbrates species of narrow habital requirements.

RECOMMENDATION

The survey (Van Heurek, Burbidge and Wheeler 2000) of the litter invertebrates of the forest types of the Walpole-
Nornalup National Park determined that relict Goadwanan taxa cecurred in Jarrah, Karri and Tingle forest types at
a wide range of firc ages. A number of relict taxa. not trapped in this survey, are known Lo favour microhabitats
such as unburnt litter patches. decaying logs. moss swards, tree butt bark. the deep litter of tree butts and the banks
af the major rivers. To conserve the biodiversity of Gondwanan relict invertebrate specics, a mosaic of a wide range
of lire ayes should be maintained i the full range of vegetation communitics. This fire age mosaic should
mamtan the full diversity of the fess common microhabilais by preserving unburnt patches within each prescribed
fire. A range of vegetation cotmunity types. [ire ages and fire regimes shouid conlinue to be surveyed 1o further
determine the continued preservation. ccology and microhabitat requirements of the relict taxa. particularly those
trapped from a single forest site or known to have a restricted distribution (See Table | & Discussion, Van Heurek.
Burbidge and Wheeler 20007,



INTRODUCTION
Historical environment:

Australia is recognized as onc of Earth's 12 megadiverse countrics. The South-West region of Australia is one of
the most diverse areas ot carth. The rich biodiversity and high level of endemism of the South-West biota is
highlighted by the relatively welt cotlected vascular plants which arc estimated to number approximately 8000
specics. of which at feast 75% arc endemic to the South-West region. The rich biodiversity and the high level of
cndemism of the South-West biota appear to have evolved as a result of a unique combination of geological and
climatic conditions. The coexistence of ancient Gondwanan relict taxa and taxa of recently evolved speciose genera
was [avourcd by three conditions. First. the geological separation of the Australian coatinent from Antarctica.
approximately 63 million years ago. was loliowed by its slow nortlward drift, resulting in a gradual change o the
South-West climate from a cool humnid climate to a more seasonal Mediterrancan climate with susnmer drought,
Tae relatively gradual climatic change favoured the persistence of relict taxa in wwoist refugia. Sccond. the South-
West region has remained free of glaciation and above sca level for more than the last 200 million years, again
Lavouring the persistence of many relict taxa. Third, during the Miocene about 30 millien years ago very mild
mountain building led to the uplift of the Darting Scarp and the Ravensthorpe Ramp. This uplift diverted the
Tertiary cast-flowing river systems to the west and soutfs. througl the High Rainfall Zone, possibly favouring the
continued existence of the moist habitats of relict Gondwanan taxa. In the late Tertiary about 5 million vears ago
the formation of lateritic landforms indicates that the forested High Rainfall Zone bordered by the west and south
coasts remained as a favourable wetter refuge for many taxa of the ancient Gondwanan rainforests, In contrast. in
the Transitional Rainfall Zone, east of the wetter forested zonc, active crosion of the Tertiary lateritic soil profiles
led to the formation of a comples mosaic of soils. This soil moszic and the possible differentiaf impact of
Quatcraary climatic fluctuations facilitated the explosive speciation of recently evoived., arid-adapted sclerophyll
genera that now characierize the biodiversity of the Transitioral Rainfall Zone (Hopper et al. 1990).

During the last 6,000 years, within the cucalypt forests of the High Rainfall Zone, there have been large
alternations and distributional changes of the dominant cucalypt species (Churchill 19673 as a result of niarked
clianges in clanate and the frequency of fire. These recent climatic fluctuations have continued 1o favour a more
seasonatly adapted biola in south-west Australia, with a high level of endemism (Kemp 1981, White 1990, Hopper
ctal. 1996). Evidence of an inerease in fire frequency in the recent past suggests that Aboriginal burning practices
were 4 mijor factor i 1he persistence of the sclerophyll vegetation in Australia (Singh etal. 1979). The current
chimate of those parts of southern Australia with cool wet winters followed by hot diy summers with [requent
thunderstorus has led to a particularly fire-prone environment with numerous lightning-tgnited wildfires
accurring annually (Colletter ef. 1993, CALM 1994, The high biodiversity of the biota of the South-West region
has persisted 1 this fire prone environment and is largely represented by two groups of taxa. the Gondwanan
relicts. tn moist refugia and the recently evolved arid and fire adapted taxa in the drier more seasonal arcas. This
wide spectrum of biodiversity. besides representing an immense wealth of genctic technology 1o future society. also
represents a unique scientific epportunily 1o compare the ecological characteristics of both relict taxa and recently
evolved taxa o adapting to differing rates of historical environmental change. The slow rate of morphological
change of the Gondwanan relict taxa over vast periods of geological time, notwithstanding the presence of refuge
habitals. suggests a high level of adaptability in these remaining extant relict taxa. The greater understanding of
these adaptive genetic technologics and ceological tolerances of Gondwanan relicts would be extremely valuable to
the sustainable development and conservation of the South-West region in the unpredictable future,

Gondwanan relict invertebrate research to-date:

Recent research on spiders and other inverichrate groups has indicated that ancient invertebrates of the Cretaceous
and Tertiary periods. relicts of the continent Gondwana. have survived and evolved in high rainfall. moist and
Lunic remmant forests i South America. South Africa, New Zealand and cooler mieist refuge arcas of Australia
such as the mounlain peaks of the Daintree rainforest, Otway Ranges, Stirling Range. Porongurup Range and the
cool temperate forests of Tasmania and remnant mixed Karri-Tingle forests of South-West Australia (sce Table 1.
adapted from Mopper clal. 1996). In the forests of Seuth West Australia many of these relict taxa occur in habitats
such a8 swamps, granite rocks and stream zones. arcas that may need special conservation management. The relicl
tasa i the geographically resiricted south-coastal tingle forests, such as spiders, are largely undescribed and small
and they appear to pre-deminantly occur fn moist microhabitas such as deep Hiter, moss, under bark and tree butls
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and in fire-created hollow butts and overhanging fallen togs. These microhabitats are usually smali scale, difficult
10 map and may be casily overlooked in large-scale conservation reserve design and future fire managemeat.

Also, the tingle forest may be a successor of the cool icmperate Gondwanan Nethofagus forests, and therefore less
able to cope with fire than the surrounding karri and jarrah forests (Main 1987). The post-fire regeneration
strategics of the three species of tingle, Red Tingle {Evcalyvptus jacksonii), Yellow Tingle (5. guilfovled) and Rate’s
Tingle (2. brevistvlisy are currently not fully understood. Yellow Tingle, however, is regarded to be the most fire
hardy, while Yate’s Tingle and Red Tingle are vulnerable to “hollow butting”™ caused by firc citering the tree at the
interface between the trunk and roots {(Smith 1996). Yate's Tingle and Red Tingle's sporadic flowering appears 10
be an adaptation to regencration in gaps caused by fallen trees, although “pulses™ in the stand structure of Red
Tingle forests may be evidence of regeneration afler catastrophic fires. Yellow Tingle appears well adapted to fire
with rapid post-fire refoliation aad prelific flowering and scedling regencration,

Represenfative arcas of these south west forests. such as the high rainfall Jarrab and Karri forests and the remnant
Tingle {orests, are preserved within the Walpole-Nornalup National Park. This park is becomning a locally and
internationally renowned tourist destination, with the need to manage the inercasing demand for recreation and 1o
protect the local community from intense wildftres. In addition, the major goals of the current management plan
{CALM 1992} for this national park arc to conserve the ecological and acsthctic values of the natural communities.
This need to protect both human and naturat communitics from intense witdlires has necessitated the use of
prescribed fire to reduce the fammable fucls within buffer arcas of the park. When the management plan was
formulated, the impact of the frequency of prescribed burning on the Gondwanan relict invertehrate taxa within the
park was not well understood.

i the winter of 1996 a stady of the forest [leor invertebrates of the ancient remnant Tingle Forests of the Walpole-
Nornalup National Park was cstablished. This study of the impact of fire management operations on the forest floor
wvertchrates hias a two pronged approach. The first is 10 compare the biodiversity of common forest {loor
tnvertebrates in the dominant high rainfall Jarrah, Karri and Tingle forests and determine cach species preferences
for a number of habitats, such as creeklines: hill fops and slopes, that ranged from recenily burni to unburmt for
more than 60 vears. Sceendly the study surveved the preferences of unique Gondwanan relict species for a varicty
ol microbabitats, such as the litter of the forest floor and the deep Hitter piled against the tree bultresses.

Objectives of the project
a) To survey the comon terrestrial invertebrate fauna of the Jarrah, Karri and Tingle forests of the
Walpole-Nornalup National Park and compare and compile differences in the biodiversily of these forest
(ypes.
by To survey and compile possible diflerences in the biodiversity of the terrestrial invertebrate G, at

varying times after prescribed fire. o these forest types.

¢} To survey and compile information on the microhabitat preferences of uncommon or relict invertcbrates
at dilterent Mire ages in the Watpole-Nornalup forests.



MATERIALS AND METHODS
Study design

The study area was located in the Walpote-Nornalup National Park (18,390 ha), which surrounds the sinait town of
Walpole on the south coust of Western Austratia. The climate is sub-Mediterrancan characterized by cold wet
winters and mild summers (Genltilti 1979). The mean annual rainfall is 1324 mun. Rain fails on an average of 185
days spread over a leagthy growing season of 10 months. The major forests types of the Walpole-Nornalup
National Park are the jarrah (Eucalyptus marginata) forest which dominates on the coastal winter flooded
sandplains. while karri (. diversicolor) forest and tingle forests dominate on the more fertile and gravelly soils of
the slopes and hitltops. The unique Tingle forest is a remnant of Quaternary vegetation and maybe a recent
successor of the southern beech (Nothofagus sp.) which dominated in the south-west when climatic conditions were
moist. humid and less scasonal during the Tertiary.

Three Torest communitics, characterized partially by the presence of one of the three tingle species (Red tingle
Eucalvptus jacksonii, Yellow tingle £. guilfovlei and Rate's tingle £, brevistylis) which were defined by a survey of
the “tingle mosaic™( Wardell-Johnson et. al. 1995}, only occur en the remnant Tertiary lateritic brown gravelly
soils of the uplands of the south coast and are restricted to about 40,000 ha in arca. The JarralVMarri {(Corvmbia
calophyila)! Raie’s Tingle open forest community occurs on brown gravelly freely drained upland soifs in the
medium rainfall zone (1130-1200 mny/yr). Both the Jarrab/Marri/ Yeltow Tingle open forest and the Karri/Red
Tingle tall open forest community-lypes occur in upland arcas with an average annual rainfall of 1275-1330 mum
and brown gravelly soils. however the Karri/Red Tingle community-type tends to occur in upland arcas with more
fertile soil. This survey of the “tingle mosaic™ also determined that the overall woody piant species conposition of
the three tingle community-types is similar o that of the adjacent common forest communily-types. The specics
composition of Karri/Red Tingle tall open forcst is similar to one of the Karri tall open forest conununity-types.
while the JarralyMarri/Yellow Tingle forest is closc o the JarralvMarri open forest on the same seil tvpe. The
Jarral/Marri/Rate’s Tingle open forest is similar in species composition Lo adjacent Jarrab/Marri/Yellow Tingle
lorest and Jarrab/Marst forest on the same soils.

A “space [or time™ survey approach was used which allowed the study of a wide range of fire historics (see Figure
1), Twehe siles, ranging fromt recenily burat to unburnt since 1937 (see Figures 2.3.4 &5). were sampled four
times over one year {once in winter 1996, spring 1996, summer 1997 and autuma 1997). Eight of the twelve sites
were established in tingle forest as four paired sites (ridge and valley Qoor near streams). The remaining [our sites
consisted of two jurral forest sites (one recently burnt and one long unburnl) and two karri forest sites (one
recently burnt and one long unburnt), established as close as possible to tingle sites of similar fire history.



Sample collection

Invertebrates were sampled using pitfall teaps, beginning in August 1996 at all 12 sites. These sites were sampled
at least once per season between winter 1996 and autumn 1997, resulting in + sample periods up to April 1997,

Each sampling site comprised a transect ol £ pitfall traps. Each pitfall trap was a cup 90miu diameter and 110
min deep, placed inside a skeeve of PVC piping (permancently established), with the top levet with the surface of the
A soil horizan, so as to minimize disturbance 1o the soil. Each pitfall trap was surrounded by a litter exclusion
mesh-tube (10aun x 10mm mesh) with four macro-invertebrate access holes {(30mm wide x 301 high). The
dizmeter of these cups was chosen to be larger than the largest inverlebrate specics that were expected to be
collected during this study (i.c. orthopterans. carabid beetics and mygalomorph spiders). This method avoided any
possible sampiing bias that may occur when pitfalf traps with smaller diameters are used.

Four co-dominant cucalypt trees were sclected per site and lour pitfall traps were established around each tree. Two
of these pitlalls were situated in the deep litter near the tree butt and the other two pitfalls were situated 10 away
in the shatlower litter of the forest floor (sec Figure 6). Traps were opened for a 10 day period in each of the four
seasons and each trap was 3/4 fitled with Galt's sotution preservative (5% sodium chloride, 1% potassiwm nitrate,
1% chloral hvdrate, a trace of glycerine and 93% water) (Friend and Williams 1996). At the end of cach trapping
period the contents of cach trap was fine sieved (0.2 mm x 0.2 mm mesh size) to collect atl meso and macro-
invertebrates, These were then transferred (o a solution of 70% cthanol for transportation to the laboratory. The
four traps [rom the butts of two trees were then bulked info one sample. The four forest floor traps [rom two trees
were similarly bulked into a single sample. The collection of the 16 traps around the four trees at cach site resulted
in four samples, two butt litter samples and two forest floor litter samples. A sampling session of the twelve sites
produced 48 samples. Traps were closed by removing the trapping cups from the PVC tubes and replacing them
with cups [illed with soil and surface litter to allow nermal surface activity of the fitter inveriebrates bebween
Lrapping scssions.

Sorting and identification of invertebrates

Inverlebrate samples were sorted using a binocular microscope, usually using the 6.3 x [0 objectives. Al macro
and meso-inverichrate specimens {those greater than 02w body dimensions) were identilied and separated to
order level using the keys of Harvey and Yen (1989). For cach invertebrate order the number of individuaks and the
aumber of different morphospecies were counted within cach sample 1o estimate sample richiness.

All orders were identified to morphospecics using the methads of Oliver and Beattic (1992). Both adult and fanval
morphospecies were distingnished and compared to the morphospecies reference collection 1o estimale total
richiness at cach sile and between all sites within the study arca. Morphospecies were assigned a specics code and
the number of individuals of cach was counted. Each morphespecics was further identified to fasily levet using the
kevs of CSIRO (199 1.

Otiver and Beattic (1942, 1996) have shown that surveys of beetle, spider and ant worphospecies have strong
concordances wilh conventional beetle, spider and ant species surveys. They afso demonstrated that morphospecies
inventorics are @ rapid cost-effective method of determining both richness (alpha-diversity) and turnover between
different samples and sites (beta~diversity) ol sclect invertebrate taxa (particularly ants and beetles),

The serting was commenced en the spring 1996 samples, for the following reasons. Firstly the richness of liter
invertebrates in soutl west forests uscally reaches an annual higly in the spring season (Vaa Heurck et al 1998y
Secondly it was considered that the spring samples would contain a greater number of trophic groups, ranging
from decomposers Lo pollinators and predaters. all Tavoured by the co-occurrence of moist soif and litier with
warmer air wemperaturces. However, due to the unexpecled high richness of the spring samples and the resulting
time constraints, we did not procced with the sorting of the sumumer, antumn and winter samples. All samples will
be lodged in the Western Australian Muscin 1o make them available for [etere study.
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RESULTS
Total richness and ahundance in forest types

A total ol approximately 40,000 litter invertebrates were cotlected in the four seasons of trapping. This paper
summarizes the resulis of sorting approximately 16,000 specimens from the spring (November) 1996 trapping
season oy, due to limited time. Previous studics indicate that inverlebrate richness and abundance in south-west
forests varics greatly across diflerent scasons and different years, although spring richness is usually twice that of
ke other seasons in most years (Van Heurck elal. 1998). Also. the statistical analysis and prediction of long-term
biodiversity trends based on a short trapping period in a single scason is highly unrcliable (Underwood 1991,
Fricnd and Williams 1996). Therefore. the results of this single scason are swnmarized by compiling site
morpliospecics lists to highlight cach site’s taxonomic uniqueness (beta richness) and then simply comparing sites
by ranking the gross diflerences in total (alphat and unique (beta) site richness. This descriptive sumnmary
identificd the preferences of a large number of unique or rehict taxa for specific microhabitats and fire ages and was
a major abjective of this study,

The total sample richness (alpha richness) in spring 1996 of hilltop forests in the Walpole-Nornalup National Park
was highest at the buit of trees in Jarrah forest 30 years post-fire, This was closcly approximated by the sample
richness at trec butts in Jarrah forest 2 months post-fire (see Figure 7 & Table 2}. In Jarrah forest the sample
richness in the litter close to the butt of trees always ranked higher than that from the litter on the forest floor of
the same firc age. The next highest sample richness occurred in the forest floor titter of the Karri forest 30 years
post-fire, This was 7 morphospecies higher than the floor litter of Karrt forest 11 years pest-fire and 2
morphospecics higher (turnover or beta richness) than the most species rich hilltop tingle forest site at the butt of
trecs 60 vears alter fire. In Karri forest the mean richness of forest floor samples was alwavs higher than those
close to the tree butts. Iy addition, the sample abundance of spring 1996 liller invertebrates from slope and hifitop
lorests largely conlinus the patterns tn sample richness. with 30 year post-fire Jarrah forest having the onc of the
highest sample abandances. Jarrah butt abundance always higher than Jarral forest fleor, Karri forest floor
abundance always higher than Karri butt abundance (Figure 8 & Table 2).

The sample richness of the majority of tingle forest sites was lower than both the Jarrah and Karri forest sites. [n
hilltop tingle forest the highest richaess occurred in the deep litter of the tree butts in forest 60 vears post-fire. with
the next highest sample richness occurring also n the litter of tree butts in tingle forest 3 vears post-firg (sce Fignre
7& Table 2). A similar pattern of richness occurred at Tingie forest sttes near crecklines with aipha richiness
reaching a high peak by 3 vears post-fire, then declining to a low richness at Y vears post-fire and then reaching
another high peak tn richness by 6t vears post-fire (see Figure 9 & Table 2). In the mujority of Tingle forest sites
the butt Hter richness was higher than the floor litter richness. irrespective of the post-fire period. This trend was
also confirmed by the smnple abundance at Tingle forest sites.(Figures .10 & Table 2),



The unique taxonomic composition in forest types

Within the forest litter invertebrate community of the Walpole-Nornalup National Park, the 701 morphospecics
trapped in spring 1996 were dominated by beetles (Coleaptera) whicl was the most species rich taxon, followed by
flics (Diptera). wasps and bees (Mymenoplera, except Formicidac), spiders (Araneac). wites {Acarina) and
springtails (Collembola) (Table 3 & 4). Of the 701 morphospecics trapped (regional alpha richness). 66 were
common 1o alf sites irrespective of their {ire history, another 310 were trapped only from forest sites burnt less thar
12 years previously, while another 230 were onty trapped from siles unburnt for more than 29 vears. The survey,
on average captured, 31.7 new worphospecies per site for the 6 forest sites burnt less than 12 years previously and
38.3 new morphospecics per site at the 6 sites unburnt for more than 29 years.

[n the Walpole-Nornatup national park, the survey of each of the 12 forest sites resulted in the capture of an
average of 38.4 new and unique morphospeeics per site. Of these new morphospecics. an average of only 5.3
species was corumon Lo onie o more of the 12 forest sites (Table 3). The remainder of these new morphospecics
were unique Lo a sub-set of forest sites with specific fire history or plant composition. The Jarrah forest sites had
the highest average of 35.5 unique morphospecics per site, with Jarrah forest sites unburnt for 30 years having the
greatest number of unique morphospecies at 38.0 (local bela richness) per sile. while sites burnt less than 12 years
previeusly had 43.0 unique morphospecies per site. Karri forest had the lowest average o 33.5 unique
morphospecies per site, with a fower richness of unique morphospecies in more recently burnt sites compared 1o
iong unburnt sites. The Tingle forest sites had a average unique richness of 46.2 marphospecies which was Jower
than the Jarral forest sites. but markedly higher than the Karri forest sites. The highest unique richness in the
Tingle forest was +4.0 morphospecies. at the creekline sites burnt 9 years previously. followed by creekline sites
burnt 3 vears previously and also creckline sites unburnt for 61 years, both with simitar unique richness ol 38.0
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and 37.5 morphospecics per site, respectively.

The laxonomic composition of the litter invertcbrale communities of the forests of the Walpole-Nornalup National
Park. in conumon with the anique richiness. varied between sites with different fire historics and plant composition.
Loug unburns (30vrs) Jarrah forest sites. in comparison (o the other forest sites. had the highest average unique
richness of wasps. bees and ants (Formicidac). The highest anique richness of beeties (Coleoptera) and spiders
(Arancacy was collected at the Jarrah forest site burnt | menth previously. Karri forest had the highest nnique
richness of snails (Gastropoda) at sites 30 vears post-fire and bugs (Hemipteray U1 vears post-lire. Tingle forest had
the highest average unique richness of springtaits (Collembola), miles (Acarina) and Gics (Diptera). These were
respectively trapped at a creckline site 61 years post-fire. a creckling site 9 vears post-fire and a creckline site 3
vears post-lire. The usuique richness of spiders was also high in Tingle forest and similar to that of both Jarrah
forest sites. Tingle forest sites with the highest unique richness of spiders were creckline sites burnt cither 3 or Y
veirs previously {Table 3 & 4).

The taxonemic composition of the litler invertebrates in the Walpole-Nornalup forests showed some dilferences in
the average unigue richness (beta richness) between recently burnt and long unburnt sites. The 6 recently burnt
sites (fess than 12 vears post-fire) included unigue richnesses that were more than three times richer for wasps and
bees; and approximately tvice as rich for spiders, ants and bugs. The 6 fong unburnt sites (unburnt for mare than
29 vears) included unigue richnesses that were more than three times richer for Lepidoptera (caterpiflars), while
other taxa with higher unique richnesses included snails (Gastropoda), cockroaches (Blatlodea) and centipedes
{Chilopoda) (Table 3 & 3}



DISCUSSION

Total richness and abundance in forest types

Cowmpared with the spring richiness of other forest sites in south-west Australia, the spring 1996 richness (local
alpha, Table 2) at forest sites in the Walpole-Nornalup National Park was comparable but generally fower. In the
Central Jarrah forest. east of the town of Collic about 20¢ kitometers to the north, a previous study using the same
trapping techniques, monitored the litter invertebrate richness for 14 sites in the upland Jarrah forest from
November 1992 to March 1997 (Van Heurck, Friend and Williams 1998). Over the three springs of this study
period the average richness for sites 10 years usburnt was 89.9 morphospecies compared to summer, autwmn and
winter seasons whose richness ranged from 54,0 to 53,1 morphospecies. [n comparison the southern forest sites in
the Walpole-Nornalup National Park had a comparable but fower spring richness that ranged from 83.5
morphospecics at the butt of trees in Jarrah forest burnt 30 years previously to 46,5 morphospecies on the tloor of
Tingle forest burnt 61 vears previousiy. These biogeographic patterns of forest floor invertebrate communitics in
south-west forests indicate that the general magnitude of their biodiversity is determined and stabitized by factors
operating at a large scasonal and regional scale. Local oscillations in the magnitude of this targe-scale invericbrate
biodiversity appear to be relaled to local differences in the taxonoimic composition and past-fire structure of the
vegetation in these forests. Futere regional comparisons between studics will only be possible if the smne trapping
techinicues are used.

Ty these southern forests the oscillations in the richness and composition of the forest floor invertebrate
communitics al sites with different post-lire ages parallel those found previousty in the central Jarrah forest
communities. Several months after spring fires, in the central Jarrah forest, the richness (focal alphay at 3 sites
narkedly increased due to the capture of a large number of ant (Foricidac) and beetle (Colcopiera)
worphospecies in these central Jarrah forest communities. As in the southern forest sites the post-fire central
Jarrah forest sites had a short-terin 3 o 4 vear dectine in site richness, which mereascd above the richness in
unburnt sites by 4 vears. Also siitilarly to the southern sites the taxonomic composition of the forest floor
ivertcbrate communitics was unigue to different ages of post-fire sites resulung m an increase in reglonal richness
and biodiversity across all sites. For cxample the beetle (Coleoptera) faunas captured in the central Jarrah forest
were unigue to sites burnt at differcus times and difTerent scasons. The nunber of unique beetle morphospecics
captured per fire type were 29 specics [rom sites burnt 10 vears previously, 18 specics [rom sites burnt in autuimn
1993 (3.9 years post-fire). 39 species fron: sites burnt inspring 1994 {2 vears post-fire), while 63 specics were
common io two or more of the different post-fire site types. [n the central Jarrah forest, the beetle faunas unigue to
cach of the post-fire sites resulted in u regional beetle richness totaling 149 specics,

Aunother common biediversity trend between the southern Jarrah forest sites and the central Jarrah forest sites was
a higher richness of ants (Formicidae). wasps and bees (Hymenoptera) compared o the Karri and Tingle forests.
The resulting differences in total (regicnal alpha, Tabie 3) invertebrate richness between the forest types of Karri
and Tingle whenr compared to Jarrah may be partly explained by the higher plant richucss of open forests such o
Jarrah and Marvi (Hopper et al.. 1992, pg. 3) favouring seed harvesting and pollinalor invertebrate specics.
However, differences in the litter invericbrate composition of sites within the same forest tvpe appear to be related
to post-lire changes in the vegetation and microhabitat structure.

fn the Tingle lorest, the total richness trend appears to be closely retated to changes in the post-fire vegelation and
nucrohabitat structure. At the 3 vear post-fire tingle sites the “Early Post-fire Structure”™ of the forest appears to
contain fallen and burnt logs that are rapidly celonized by mosses and may act as future fire refuges and obligate
microbabitals for many relict invertebrates (Taylor 1990). These recently burnt sites appear to be characierized by
the rapid increase in height of the initially low and dense understorey vegetation (Fig. 2 & 3). At 9 vears post-fire
the “Mid Post-fire Structure” of forest appears (o be characterized by the underslorey vegetation reaching a
maximun height, becoming scunescent, dving, collapsing and opening up (Fig. 43, This stage is related 1o the
fowest sample richacss of litter invertebrates which may be the result of this (ransitional forest structure being
unsnilable for both "Early & Latc”™ hitler invertebrates o the hilltop tingle forests. At 61 years post-fire the “Late
Posi-fire Structure”™ of Tingle forest appears to be characterized by a very Moristically simplificd aond open
understorey, farge moss swards on old legs and the lower butt of tingle trees and the maximum depth of litter built-
up agatnst tingle tree butts (Fig. $). These 3 structural stages may contain the majority of the habitat diversity 1
the tingle forests.



Composition of unique velict taxa in forest types

In the Walpole-Nornalup national park. the survey of the 12 forest sites resulted in the capture of many
morpliospecies which were ugique to a sub-sel of forest siles with a specific fire history or plant couposition or
steucture. The taxonomic composition of the litter invertebrates in the Walpole-Nornalup forests also showed some
differences in the average unique richness (beta richness) between recently burnt and long unburnt sites. The
recently burnt sites included unique richness that were more than three times richer for wasps and bees; and
approximately twice as rich for spiders, ants and bugs. The long unburnt sites included unique richness that were
more than three times richer for Lepidoptera (caterpiliars). while other taxa with higher unique richness included
snails (Gastropoda). cockroaches (Blattodea) and centipedes (Chilopoday (Table 3 & 5). These invertebrate
biodiversity pallerns again appear to be related to the post-fire composition and struclure ol the forest vegetation,
Al recently burut sites the greater foristic richness would favour the trophic guilds of seed harvesters and flower
pollinaters suck as ants, wasps and bees. While the sap-feeding bugs would be favoured by the nutrient rich
regenerating folinge and the predatory spiders would be favoured by an increase in forest floor active prey, at these
recently burni sites. In contrast. at the long unburnt sites the deep litter layer appeared to favour unique
invertebrate taxa in the detritivore guild such as snails and cockroaches and taxa in the sub-surface predatory guild
such as centipedes,

The jarrah forest type had the highest average unique richness per sile, with Jarrah forest sites unburnt for 30 years
having the greatest number of unique morphospecics. Long unburnt (30yrs.) Jarrah forest siles, in comparison ¢
the other lorest sites, had the highest average unique richness of wasps, bees and ants (Formicidag). The highest
unique richness of spiders was also collected at the Jarrah forest site burnt 1 mouth previously, The higher average
unique richness of these laxa at Jarrab forest sites may be partiy explained by the high plant richness of this open
Forest type. possibly favouring a grealer number of invertebrate pollinator (wasps and bees) species (Christensen
and Annels 1985, Hopper ct, al. 1996). However. small-scale changes in the microhabitats al these sites appear to
have large effects on richness. For example. at the Jarrah sites the sample rickness (local alpla) of the butt litter
was always higher than that of the forest floor, possibly due to greater litter depth or the channeled movement of
invertebrates up the trunks ol Jarrab trecs, irrespective of fire age.

Although jarrah forest sites had the highest unigue richness of wasps and bees. morphospecics of relict tamilies of
these taxa were trapped in al three forest types. Five of these famities had Gondwanan aftinitics (Table 6). The
refict wasp family Diapriidac was trapped {rom both recently burnt and long unburnt Tingle lorest. In Jarrah and
Karri forest. specics of this family were only trapped in forest patches at least UL years post fire. The relict
Gondwanan fimilies Mulillidae, Pergidae and Tiphiidac were trapped [rom tingle forest 9 vears post-{ire or Icss.
The lchneumonidae also has Gondwanan affinitics and were only trapped o jarrab forest wore than 3¢ years post-
firc. This current survey trapped 7 of the 10 familics trapped by Aliern and Yen in the Otway Ranges of southern
Victori, suggesting strong similaritics in the relict invertebrate faunas of these two regions of wet sclerophyll
forest, both of which had past affinitics with Southern Beeeh (Nethofagus) Torests.

Although the average unique richness of spiders was highest at the recently burnt Jarrah Torest site, it was closely
approximated by the unique richness of spider species at the 3 year and 9 year post-fire Tingle lorest sites. A total
ol 88 morphospecics from 21 spider (Arancace) familics were trapped from all forest types (Table 7). Spider
familics trapped. that had Gondwanan alTinitics included the Micropheolcommatidae, Newesiidae, Actinopodidac.
Pararchacidac and Orsolebidac. The [irst three relict Funilies bad merphospecics that were unigue to both recently
burnt and long unburnt forest sites. white the species of the last two relict familics were restricted to Tingle or
Karri forest unburnt for at least nine years or 30 years, respectively. A number of relict spider taxa, including these
last two familics and other families not trapped in this survey. have been postulated (o be sensitive 1o fire and 10
accur more atbuadantly in long unburnt moist microhabitats such as deep titter. moss, under bark of frec butls, in
holiows. under logs and along creck banks (Main 1987, Hopper et al. 1996) (see Tabic 1). To conserve the
biodiversity of these relict taxa a mosaic of diverse [ire ages of all the plant communitics and all the refuge
microhabitats of cach forest tvpe, should be maintained. Populations of a small munber of relict taxa, including
Gondwanan spiders. that were nol canght by the pitfall trapping methed of this survey. need to be located and
viabic populations protecied in unburnt scctions of their favoured microhabitais (Table 1}

Karri forest had (he lowest average unigue richness per site, with the richness of unique morphospecics beiag littie

different beaween, cither the more recentiv burit or the tong unburng sites. The low unique richness of fitter
inverichrates in Karri forest paraltels the lower richness recorded for the plant communities in this forest type
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(Wardell-Johnson ct. al. 1989). However. Karri forest. of the three [orest types. had the highest unique richness of
snails {Gastropoda), which occurred at the Karri site burnt 30 years previously. In the past severat snail species of
the relict genus Bothriembryon have been collected from both Karri and Tingle forest, and may be restricted to
tong unburnt and riparian arcas along the rivers in these forest types (Table 1). Other infrequently collected snal
specics of the carnivorous family Rhytididae may also occur in these forest types and are only krown from very wel
situations in deeply-shaded and heavily-wooded gullies, in the Stirling Range, Pemberton and Albany arcas
(Hopper et. al. 1996). Species of the Rhytididac and Charopidac arc also known from the wet sclerophyli [orests of
the Otway Ranges and rainforests aleng the cast and south-cast coasls (Ahern and Yen 1977, Main 1993). The
Karri forest, aiso. had the highest unique richness of bugs (Hemiptera} occurring at the more recently burnt, 11
years post-fire, site. Little is known of the distributions of relict Hemipteran taxa in the forests of the Walpole-
Nornalup area. however the relict taxa of the familics Delphacidac, Cicadellidac, Psyllidac and Lygaeidae are
known to occur in the Otway Ranges and cool forests of south-cast Australia and these may also occur in the
Walpole-Norpatup forests. Other Gondwanan relict hemipteran taxa, which may occur in the Walpole-Norratup
forests included species of the familics Peloridiidae, Arididae, Schizopteridae, Tingidac and Mesoveliidae which
have been collected from cool moist castern Australian forest microhabitals such as mossces, logs, leaf litter and on
monocot plants such as sedges (Cyperaceaci(sce Table 1)

The Tingle forest 1ype had a lower average unique richness than the Jarrah forest type. The highest unique richaess
in the Tingle forest was at the creekline sites burnt 9 years previously fottowed by creckline sites burnt 3 years
previously and also creekline sites unburnt for 61 years with similar unique richaess. The Tingle forest had the
bighest average unique richness of springtails (Cotiembola), mites (Acarina) and flics (Dipicra) which were
trapped respeetively as a creckline site 61 years post-fire. at a creckling site 9 years post-lire and at a creckline site
3 vears post-fire. The unique richness of spiders was also high in Tingle torest and similar to that of both Jarrah
forest sites. Tingle forest sites with the highest unigue richness of spiders were ¢reckling sites burnt cither 3 or 9
vears previousiy.,

The unique richness of the Tingle forest was more similar to that in the Jarrah forest. although intermediate
between the lower Karri forest richniess and bigher Jarrah forest richuess. The intermediale unique richness of
fitter invertebrates in the Tingle forest may be partly explained by the similarity of Tingle forest vegetation
composition 10 adjacent forest types. A survey of the “tingle mosaic™ indicated that the vegelation composition of
the Jarrah/Marri/Yeliow Tingle forest was siilar to that in Jarrah/Marri forest, while Karri/ Red Tingle forest
specics composition were most similar (o that in a Karri forest type {Wardell-Johnson ¢t al. 1993). The dilfering
imvertebrate taxononyic composition at $he different post-fire ages in Tingle forest may be related to the structure
and availability of microhabitats and food resources at these sites. The high unique richness of springtails at the
long unburnt Tingle sites may be explained by these detritivorous specics being favoured by the large accumulation
of the Teaf litter resource in Karr/Red Tingle forest {22 tornes/ha. at 48 years post-fire. Wardell-Jelngon [996b).

Different springtail (Collembolay specics appear to favour particular periods in time aller burning in cach forest
tvpe (Table 8). The unique richness of collembolan specics was cqually spread between recently burnt forest sies
and fong unburnt forest sites {Table 3} This resuit demonstrates the importance of concurrently maintaining i
sequence of different seral Torest structures, ranging from less than | vear post-lire Lo 61 years post-[ire in cach
farcst tvpe. The richness of collembolian species in Tingle forest suggests that further taxonomic and ecological
studies may reveal some interesting redict taxa and clarify their assoctations with {ire created microlabitats such as
decaving logs. moss swards and also foug unburnt microhabitats such as the deep litter built-np around tree buits.
Taxa possibly to be found in tingle forests may include the ancient subfamily Uchidanurinae (Neanuridacy which
are large specics of biogeographic and phylogenctic inportance. The specics of this taxon arc associated with
decaving logs and moss in temperate and subtropical rainforests. The funily Brachystemellidac includes the genus
Keapoportella thal is known only {row a species on Kangaroo Island and several specics from the Americas. The
family Oncopoduridac are rare cave and soil dwelling forms and onc specics of Oneopaodura is known frem leaf
Litter and rotting logs in Nothofagus rainforest in southern Victoria and Tasmania. Another rehet taxon that may
occur in the tingle forests is the subfamily Katianninac (Sminthuridac). This subfamily is well developed in the
cool hunid southern parts of Aunstralia and contains many undescribed specics. A species of Adelphoderia is
kaown from Nothofagzus forests in southern Australia (see Table 1).

The mites (Acaring) may include Gondwanan taxa in the Walpole-Nornalup forests but Hitte is known at the
present lime (see Table 1), [t is bighly probable that relict mite taxa with Gondwanan eriging are present in the
Walpole-Nornalup forests based on the high number of other Gendwanan arachuid taxa. such as the spider
familics, captured during this survey.



The distribution patterns of {ly (Diptera) morphospecics appear to parallel those of the springtails, with higher
utiique richness in the Tingle forest. The dipteran morphospecics pattern of simitar unique richness in recently
burnt and long unburnt Tingle forest reinforces the need to maintain a diversity of post-fire forest structures (Table
3). The dipteran fauna of Walpole-Nornalup National Park was largely dominated by families with Gondwanan
aflinitics. which is markedly different from the Australia-wide dipteran fauna (Table 9). Of the 20 dipteran
familics trapped in this study 16 were from the Gondwanan taxa in sub-order Nematocera or division
Orthorrhapha and < familics were from the cosmopolitan taxa in the division Cyclorrhapha. I comparison the
Australia wide fauna contains 36 famitics in the Gondwanan taxa and 61 families in the more cosmopolitan
Cyclorrhapha. A nummber of Gondwanan [amilies were trapped in ali forest types. one of these famitics the
Psychodidac (Moth [lics) is an ancieat relict taxa containing the rare genera Nemopalpus, Sveerax and
Trichomyia. Another particutarly ancicot family of Gondwanan origin was the Perissomatidae containing only one
genus with 3 species which was trapped in karri forest of all post-fire ages. Several other relict Gondwanan taxa
were only trapped from a specific forest site: these were Thereviidae from fa rrah forest 30 years after fire:
Agromyzidae and Dolichopodidae from Tingle forest 3 ycars after fire; and Bibionidae and Scatopsidae from
Tingle forest, 61 years after fire.

The unusually high proportion of Gondwanan families in the dipteran fauna of these south-west forests is
consistent with the Otway Ranges of south-cast Australia (Ahern and Yen 1977). Ahern and Yen trapped a number
of relict invertebrates in these wet sclerophyll eucalypt forests, and of the 13 adult dipteran families captured, 10
had Gondwanan affinitics suggesting a marked domination of the dipteran fauna. Of the 13 Otway Range dipteran
families, 10 were also trapped in the wel sclerophyll forests of the current survey of the Walpole-Nornatup
National Park. This suggests that strong aflinitics in the invertebrate fauna may exist between these relict forests of
south-west and south-cast Australia, both of which had past assoctations with Scuthern Beech (Nothofiagus) forests.
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CONCLUSIONS:

The species richness of the litter invertebrate communitics in the [orests of the Walpole-Nornalup National Park
shows clear trends that appear 10 be related to the richness of the ptant communitics of cach forest type and the
post-fire age of these forest communities. ft is not known if the 701 morphospecics trapped in Noveber 1996
represent a significant proportion of the total regional richness of litter invericbrate conmumunitics of the Walpole-
Nornalup forests. This invertebrate fauna has a large component of Gorndwanan relict taxa and shows strong,
affinitics to the [nunas of forests in south cast Australia that had past associations with Nethofagus forest, The
distribution of the morphospecies between the study sites in the Walpole-Norualup forests demonstrates that forest
sites with dilTerent plant compositions and fire ages cach have their own unique invertebrate commuaities which
include many relict species. Wasp, bee, ant, spider and bug taxa had higher unique richness in forest sites burnt
less than i2 years previously, while Lepidoptera. snails, cockroaches and centipede taxa had higher unique
richness in forest sites unburnt for more than 29 years,

[n the Walpole-Nornalup National Park, distinct and unique forest floor litter invertebrate communitics appear to
favour both different forest types and different post-fire forest structurcs, Yen and Butcher (1997), in their
extensive overvicw of the conservation of non-marine Australian invertebrates, infer from our current mited
knowledge that the use of the structure of large-scale plant communitics as a basis for conscrvation decistons is the
most effective way of adequately conserving most inverticbhrate taxa. Usher and Jelferson (19921), in another recent
review ol insect conservation, pointed out that a number of distinctive invertebrale communitics were associated
with particular successional stages of plant comununities. Active manageient of these successions was required to
maintain local populations of invertcbrate specics within these comununitics. In order to consenve the complele
biodiversity ol the litter invertebrate conununities withtn the Walpole-Nornalup National Park, based on our
current incomplete knowledge of the inveriebrate fauna of this region. it is necessary 1o maximize the rnge of
microhabitals by maintaining a wide range of lorest compositions and struclures.

Fleterogeneity in the forest composition and structure can be achieved by erealing and maintaining a mosaic of
post-fire ages. Such a lire age mosaic is one of the objectives of the Walpole-Noraalup National Park management
plan (1992-2002). The strategics of this management plan are to create a fire age mosaic made-up of a system of
three [ire regimes. These three fire regimes are 1) Fuel Reduction Regime with a high fire frequency of 6 1o 8 years
to act as buffer arcas between the park and high risk arcas such as private property: 2) Vegetalion Management
Regine with a fire frequency of 10 to 20 vears, largely to contribute to the habitat diversity ol vegelation
connmnunitics and prolect regenerating plant species: and 3) No Planned Burn Regime which contains a mmber of
large central areas of the park which will have maximum protection (rom fire for prolonged periods (= 30 vrs.) of
time.

Relevant actions iteiized in the fire management plan included locating populations of threatened fauna and
burnicg or not burning basced on the requircments of the particular specics: and meuniloring and determining the
fire response and association of relict invertebrates with each post-fire scral stage. In addition the association of
relict tnvertebrates with uncommen refuge microhabitats should continue to be monitored at different fire ages and
fire regimes. The prescribed burning of cach vegetation community should create a diverse range of nicrohabilats
including burnt arcas containing fire-felled logs and log ashbeds, while retaining unburnt patches of forest ltoor,
stream and riverbanks. Unburnt patches should contain viable populations of relict invertebrates in signilicant
arcas of microhabitats such as deep floor litter, decayving togs, mnoss swards. deep tree butt litter and tree butts with
thick unburnt bark in alf forest vegelation comauunilics.

These actions will ensure that the tong-term consernvation of the forest floor invertebrate communitics is well
supported by the Walpole-Nornatup Natienal Park management plan (1992-2002).
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Figures
Fig. 1: The vegetation communitics and post-fire age of the 12 study sites in the Walpole-Nornalup National Park.
Fig. 2: Site TA. Hilt top Tingle forest 3 years alter a preseribed fire. Note the dense Acacia regeneration following
the firc.

Fig. 3: Sitc 7A. a rcfuge microhabitat protected under a decaying log, the scorched upper surfaces are extensively
colonized by mosses 3 years after the prescribed fire.

Fig. 4: Site 8B. creck tine Tingle forest 9 years after a wildfire. The understorey has reached maximum height. and
compelitions appears Lo be causing death and thinning of the dense Adcacia stems.

Fig. 5: Site 11A. another hill top Tingle forest, 60 years after a wildfire. A deep litter layer covers the forest floor.
the understorey is very open with large clumps of sedges. while extensive moss swards are present on decaving logs
and tree butls.

Fig. 6: An operational pitfall trap with litter exclusion mesh tube, near the butl of co-dominant tingle tree at site
7A. approximately three years afler a prescribed fire,

Fig. 7: The specics richness of litter invertebrates on the forest floor and around the butts of forest trees occurring
on upper stopes and hill tops in November 1996

Fig. 8 The abundance of titter invertebrates on the forest loor and around the butts of forest trees occurring on the
upper slepes and hill tops i November 1996.

Fig. 91 The species richness of litter invertebrates on the forest Mloor and around the butts of Tingle trees occurring
along crecklines in November 1996,

Fig. 10: The abundance of fitter tnvertebrates on the forest floor and around the butts of Tingle trees occurring
along crecklines in November 1996,
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Table 1, A selected review of fauna with Gondwanan affinities found in the Southern
Forest Region (SFR). Adapted trom CSIRO 1991, Hopper et. al. 1996, which was
partly validated by field observations by Main and Main (1991). *indicates taxon

found outside SER.

Taxonomic group Geographic affinities | Habitat Status within SFR
PHYLUM

PLATYHELMINTHES

(flatworms)

Temnocephalidae

Australia, New
Zealand, South
America

Temnaocephala sp.

Parasites of
freshwater crayfish

Widespread in
freshwater streams

PHYLUM
MOLLUSCA

Order Pelecypoda

Mutehdae
(freshwater musscls)

Australia, South
America

Westralunio cariei

Freshwater

Widespread, southern
rivers

Class Gastropoda

Order Sigmurethra

Bulimulidae
(land snails)

Australia, South
America

Buthricimbryon brazieri

Terrestrial

Widespread, high
areas and south coast

L glanerti

| Terrestrial

Widespread, Stirling
Range, rocks in damp
aullies

Bothriembryon melo*

Terrestrial

Widespread in
coastal, calcareous
sandy heaths

B, kingii* Terrestrial Coastal sands
B. jacksonii Terrestriat Restricted, Karri,

tingle forests
B.revectus Terrestrial Restricted, Boco and |

Deep rivers
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Taxonomic group

Geographic affinities
graj

Habitat

Status within SFR

Charopidae Australia, South
America
sp. f Litter and rocks of Restricted, Stirling
scree slopes Ranges
sp. 2 Litter and rocks of Restricted, Stirling
scree slopes Ranges
sp. 3 Litter and rocks of Restricted, Stirling

scree slopes

Ranges

Qther spp. aff. ? South coastal areas
Rhytididae Australia, South
America
sp.f Deeply shaded, Restricted, Stirling
heavily-wooded Ranges
aullies
i Other spp. aff. moist gullies ? Widespread,
Pemberton, Albany,
south-east coastal
rainforests
PHYLUM
ANNELIDA
Class Olizochaeta
Order Lumbricina
{earthworms)
Megascolecoldea Gondwanan
Mugrascolex Australia, southern
India
M. swarbrickii moist shaded soils : Unknown,

Porongurup Range,
south coastal

M. syadeioporus

maoist shaded soils

Unknown

PHYLUM

| ONYCHOPHORA

{velvet worms)

Australia. New
Zealand, South
America, South
Africa

Oceiperipatoides
occlidenialis

Terrestrial

Widespread but
patchy, Stirling Range
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Taxonomic group Geographic affinities | Habifat E Status within SFR
PHYLUM
CHELICERATA B

Class Arachnida

Order Scorpionida

{(scorpions)
Bothriuridae Australia, South
America
(lercophonius Under rotten logs and | Widespread
sulcatus™® stones

Order Acarina
(ticks and mites)

Ameronthiidae
(water mites)

South Africa,
Australia

Ealobosiy

Chudalupia Freshwater Restricted, Mt.

meridionalis Chudalup

Order

Pseudoscorpionida x

(pseudoscorpions)

Garypidae

Synsphyronus™® New Zealand,

Australia

S apimelus Scree slope Restricted,
Toolbrunup Peak

S henisenii ® Terrestrial Restricted, also in
southeastern Australia

Chernetidae

Conicochernes Gondwanan Under eucalypt bark

Porongurup Range

Restricted, |
|
and south coast. |

Sundocheries®

South America, south-
east Asia, Australia

S, australiensis Terrestrial Restricted B
Order Opiliones
(harvest spiders)
Megalopsalididae South America, South
Africa, Australia,
E New Zealand
CSpindcras mininins Terrestrial 7
Triaenonychidae Gondwanan E |
Dingupa glaierti ? Lo ﬁ“;




Taxonomic group

Geographic affinities

Habitat

Status within SFR

Order Araneae
(spiders)

Infraorder
Mygalomorphae
{trapdoor spiders)

Migidac

South America, South
Africa, Madagascar,
Australia, New
Zealand, New

Caledonia
Moggridgea™ South Africa,
Australia

M. tingle

Stream banks and
tingle tree butts

Restricted, south
coastal forests

M. sp Wet gullies Restricted, Stirling
Range

Actinopodidae South America,

Australia
Missulenea hogai® Terrestrial Widespread
Missulena sp.* Terrestrial Widespread
[diopidae
Agenippe* Gondwanan
A. spp Different species in Restricted, Stirling

guliies or higher
slopes

Range

Arbanifis®

New Zealand,
Australia

Terrestrial

Widespread

Lneyrtops

south-west Australia

Lospp

Different species in
gullies or higher
slopes

Restricted, Stirling
Range

Neohomaogona

south-west Austrahia

N.ostirlingi

Burrows in sandy and
loamy soils

Restricted, Stirling
and Porongurup
Ranges




Taxonomic group Geographic affinities | Habitat Status within SFR

Nemesiidae

Ancme® Gondwanan

A spp Damp shaded habitats | Restricted, Stirling
Range

Chenisionia® Gondwanan

(" spp Damp shaded habitats | Restricted, Stirling
Range

Starnwvellia* New Zealand,

Australia

S.sp moist gullies Restricted. Stirling
and Porongurup
Range, south coastal
forests

Tevi* Gondwanan

1 sp swamps and gullies Restricted, Stirling

Range

Infraorder
Araneomorphae
(true spiders)

Orslobidae

South America, South
Africa, Australia,
New Zealand

Tasmuanoonops™

17 austrefis

Litter and humus

Widespread. southern
forests

Anapidae

South America,
Australia, New
Zealand, New
Caledonia

Chasmocephalon
neglectum™

wet gullies

Restricted, Windy
Harbour

" pemberton™

falien logs and hollow
butts

Widespread, southern
forests

(" Hmcders®

moist micrchabitats

(" tingle

faflen logs and hollow
butts

Restricted, south
coastal forests.

Ilassoctenus®
(—1dictllonins?)

South India

i

Flassoctenus spp.

Terrestrial




Taxonomic group Geographic affinities | Habitat Status within SFR
Linyphiidae
Laciesia® New Zealand, ?
Australia
Laperousea* New Zealand,
Australia
Laperousea Terrestrial ?
quindecimpunctata
Micropholcommatida | Gondwanan

e

iy undescribed
spp. ¥

litter and moss swards

southern forests and
cool mountain peaks
of eastern rainforests

PHYLUM
CRUSTACEA

Class Malacostraca

Order Decapoda

Parastacidae
(craytish)

Australia, New
Zealand, South
America

Cherax feriinicries *
(metrreon)

Permanent freshwater
streams

| Widespread

O quinguecarinaties™ Freshwater permanent | Widespread
(gilgic) streams to semi-

permanent swamps
(" preissii® Headwaters of Widespread

tkoonac)

freshwater rivers

O crassintanns™

Freshwater rivers. but |
not headwaters |

South coast to Hay
River

(" plebejus? Freshwater swamps Widespread
sy (. preissii
[ngaewa subcoerulea Freshwater Restricted

(burrowing crayfish)




Taxonomic group Geographic affinities | Habitat Status within SFR
Order Isopoda
Phreatoicoidea Australia, New g
Zealand, South !
Africa, southern India

Amphisopus lintoni* Freshwater Coastal seeps, peaty

{shrimps) swamps, headwater
runnels along south
coast

Paramphisopus Freshwater Temporary runnels of

palusiris* Karri forest

Order Amphipoda

Neoniphargidae Australia, Madagascar

Neoniphargus Freshwater Coastal tempory

hranchialis swamps

(shrimyp}

Order Cladocera
(water fleas)

Daphina Gondwanan
D). vccidentalis Freshwater Restricted
PHYLUM
UNIRAMIA
Class Collemboia
Neanuridae Cosmopolitan
Uchidanurinae Cosmopolitan Terrestrial, decaying | 7. 3 endemic genera.
fogs & moss.
Brachystomeilidae Cosmopolitan Terrestrial, leat litter | 2, Rupoportella sp.
& grasses from Kangaroo j
- Island,
| Entomobryidae Cosmopolitan Terrestrial, leaf litter |7, Australotomuris
endemic to southern
Australia.
| Paronetlidae Australia. New Terrestrial, leaf litter 17, Paronellic many
? Zealand | undescribed species in
Tasmania.
Oncopoduridae Cosmaopolitan Terrestrial, leaf litter | 7. Oncopodura from
& rotting logs. Nothofagus forests.
Tomoceridae Cosmopolitan Terrestrial, leaf litter | 2, an undescribed
genus from Tasmania.
Sminthuridac Cosmopolitan
Katianninae Scuthern Australia Terrestrial, leaf litter | 7, Adelphoderia from

- Nothofagus forest




Taxonomic group

Geographic affinities

Habitat

Status within SFR

Class Insecta

Order Odonata
(dragon flies)

Megapodagrionidae

Australia, South
America, South
Africa, Madagascar

Agriolesies minimus™*

Freshwater (larvae)

Widespread, swamps
and streams

A, pusillus*

Freshwater (larvae)

Widespread, streams

A pusillisinies

Freshwater {larvae)

Widespread, streams

Gomphidae

Gomphinae Gondwanan

Armegomphis Freshwater (larvae) Permanent rapid

armiger® streams

Austrogomphis Freshwater (larvac) Permanent rapid

collaris® streams

A lerteralis® Freshwater (larvae) Permanent rapid
streams

Cordulidae

Gomphomacromiinae | Gondwanan

Svnthemistinae

Hesperocordila
berthoudi*

Freshwater (larvae)

Permanent rapid
streams

Lathrocordide Freshwater (larvae) Permanent rapid
metallica® streams
Svuthemis Freshwater (larvae) Permanent rapid

CyaHolincta ®

streams

Order Plecoptera
(stone flies)

Griptopterngidae

Australia, New
Zealand, South
America

Leptoperta australica

Freshwater (larvae)

Restricted

L Neysmanoperla exigua

Freshwater (larvae)

Restricted




Taxonomic group Geographic affinities | Habitat Status within SFR
QOrder Hemiptera
Psylloidea Australia Terrestrial Pendemic species on
endemic plant hosts.
Aphididae
Drepanosiphinae circumantarctic
Neophyllaphis spp. Australia, New Terrestrial L'l species on
Zealand, New Guinea Podocarpus spp.
Taiwanaphis spp. Australia, New Terrestrial 6 Aust. species on
Zealand, New Guinea Nothofagus &
Melaleuca spp.
Coccoldea Cosmopelitan Terrestria Pendemic species on
[oucalyptus,
Leptospernium,
Allocasuarina.
Cicadellidae
Cephalelini Australia, South Terrestrial ?endemic species on
Africa, New Zealand Restionaceae
Eurymelidae Australia Terrestrial 7endemic species on

foucalyptus &
Casharine.

Delphacidae

Cosmopolitan

Terrestrial

Tmostly feed on
nQnocots.

Notuchus spp.

K

Peloridiidae Australia, New Terrestrial among moss in cool
Zealand, South rainforests and
America Nothofagus forest.
Schizopteridae Cosmopolitan Terrestrial, leaf litter, 1 ? many undescribed
logs, bogs and endemic species in
ponerine ant nests. wet eastern forests.
Mesoveliidae cosmopolitan

Austrovelia

North Queensland

Terrestrial, teaf litter
at high altitudes.

Miridae Cosmopolitan

Cylapine Australia Terrestrial, ? many undescribed
mycetophagous. species.

Tingidae Cosmopoiitan

Tinginae Australia Terrestrial, on woody | ? endemic species on

shrubs, leaf litter,
moss and ant nests,

[ucalypius,
Cersucrine, Cireviliea
& Thryptoniene.

Thaumastocoridae

Australia, India, South
America

Thaumastocrinae

Australia, India.

Terrestrial,
phytophagus

? endemic species on
Fucalyptus, Acacia,
Banksia & Melaleuca,




Taxonomic group Geographic affinities | Habitat Status within SFR

Aradidae cosmopolitan 7, high diversity of
endemic species in
cool rainforests,

Isoderminae Australia, New Terrestrial, 7, endemic species in

Zealand, South

mycetophagus on

sotith west,

America dead or dying wood.
Chinamyersiinae Australia, Terrestrial, ?. relict Kumaressa
New Zealand, New mycetophagus on spp. in eastern
Caledonia dead ordying wood. | Australia.
Mezirinae Cosmopolitan Terrestrial, termites Aspisocoris sp. in

nests

south west,

ldiostolidae Australia, South Terrestrial, habits and | 7, all species in
America food unknown. Nothofaguy forests.
Lygaeidae Cosmopolitan
Rhyparochrominae Australia, New Terrestrial, feed on 7, several endemic
(Cleradini) Zealand, SE Asia blood of small genera.
marsupials.
! Blissinae Australia Terrestrial. sap of 7. endemic genus
grasses & sedges. Archacodenis
Acanthosomatidae Cosmopolitan Terrestrial 7. many genera in

motist southern
Australia.

Order Megaloptera
(alder flies)

Corydalidae

Archicanliodes

Australia, New
Zealand, South
America

A cervulus*

Freshwater (larvace)

Order Trichoptera
(caddis tlies)

Hydrobiosidea

Australia Neotropical

Apsilochoreme
nrderlun

Freshwater (larvae)

Taschoreme
pallescens

Freshwater (larvae)

Phiforheithridae

Australia Neotropical

L Kosrheithrus
i hoorarus

Freshwater (larvae)

Restricted

Order Lepidoptera
(moths and
butterflies)

Castnndae

Gondwanan

Synemon direcia

Larvaec in
Lepidosperma and
other sedge swamps

Widespread




Table 2: Mean sample richness (focal alpha) and abundance of litter invertebrates in the forests

of the Walpole-Nornalup National Park trapped in November 1996.

Site 2, 0.2 Bult
Floor

Site 1, 30 Butt
Floor

Site 4, 11 Butt
Floor

Site 3, 30 Butt
Fioor

Site 7, 3 Butt
Floor

Site 8, 9 Butt
Floor

Site 10,60 Butt
Floor

= Site 11,60 Butt
: Floar

161.5(11

91.5(22)
89.5(23)
169.5(8)
173(7)
101(21)
112(19)

158.5(13)
103(20)
129.5(16)
103(20)
145.5(14)
209(2)
166.5(10)
160.5(12)




Table 3: Total vichness (regional alpha) and unigque richness of morphospecies (focal beta) exclusively
trapped from cach of the forest sites in the Walpole-Novoatup National Park in November 1996. J =
jarrah sites, K = karri, T = tingle sites; Time gince five = 0.2 year, = 03 years, =09 years, =11 years, =
30 years and = 61 years. » = vidge sites and ¢ = creek sites. Tree butt = b and forest floor =F.

sDermaplera;
Heinipte b3
: SColcopiori 708 1011l
Orthoptera:; Pro (0 10 10
Hymienoplera 50012 15 (14110
“Foemicidae: 0 i1 {0 1 {0
Herlijvores
Tepidopte T 0 10 12 2
- Thysanopiorg 0 {0 [0 i1 10
“Predators:

CArghcas 39 3009 |3 8 14
- Trichiopicris 3 oo [t fo |1
Cliiopada i il RENEEERE
Pseudoscorpiomdy | 4 12 oojo o jo (o
- Opitionida’ w0 12 o o [t e [0
hraple 2 O |t jo [o |1
70% 6 |44 |29 [ TS5 |58
58.4 36 [ 44 129 37|29




Table 4: Mean abundance and site richuess (local alpha) of the morphospecics of litter
invertehrate taxa trapped from specific sites in the forests of the Nornalup-Walpole National
Park in November 1996. J = jarrah, K = karri, T = tingle sites: Time since fire = .2 year, = 03
years, = 09 years, =11 years, = 30 years and = 61 years. r= ridge sites and ¢ = creek sites. Tree
butt = b and forest floor = £
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Table 5: Mean abundance and total richness of Lepidoptera morphospecies
trapped from specific sites in the forests of the Nornalup-Walpole National Park
in November 1996. J = jarrah , K = karri, T = tingle sites; Time since fire = 0,2
year, = 03 years, = 09 years, =11 years, = 30 years and = 61 years. r = ridge sites
and ¢ = creek sites. Tree butt = b and forest floor =,
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1 1
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Table 6: Wasp and bee (Hymenoptera, except Formicidae) morphospecies
trapped from 12 sites in the forests of the Nornalup-Walpole National Park in
November 1996. J = jarrah sites, K = karri, T = tingle sites; Time since fire = 0.2
year, = 03 years, = 09 years, =11 years, = 30 years and = 61 years. R = ridge sites
and C = creek sites. Tree butt = b and forest floor = .

Families trapped only at this forest type = **.

Parasitoids of the eggs of Ortheplera,jCosmopelitan, endemic genera
‘{Heteroptera, Coleoptera and spiders. Jarabambius, Neoscelic, Mirobaeoides,
Parasitoids of the eggs of Orthoplera,jCosmopolitan, endemic genera Crama,
Heteroptera, Coleoptera and spiders. Jarabarnbius, Neoscelio, Mirobaecides.

Parasitoids of lthe eggs of Orthaptera, |[Cosmopolitan, endemic genera Crama.
Heteroptera, Coleoptera and spiders. Jarabambius, Meoscelio, Mirobaeoides.

arious guilds Many endemic genera in moist lemperate forests

Various guilds Many endemic genera in moist temperale forests

Parasitoids of insects or in plant galls.  |Cosmopolilan, endemic genera Thrasorus.

Biclogy unknown Australian species occur in moist forest regions.

!Many endemic genera in moist temperate forests

IMany endemic genera in moist temperate foresls

Many endemic genera in moist temperate forests

Many endemic genera in moist temperate forests

IMany endemic genera in moist temperate forests

Many endemic genera in moist temperate forests

Biology unknown Australian species occur in maeist forest regrons.

Parasitoids of the eggs of Orthoptera, [Cosmopolitan, endemic genera Crama.
Heteroplera, Coleoptera and spiders. Jarabambius, Neoscelio, Mirobaecides.

Mostly solitary predators of|Larringe, Crabroninae and Nyssoninas are sub-
leploparasites of various insect taxa families which include endemic genera

Parasitise eggs of Phasmatodea and{76 Australian species with cosmopoltan and
nesis of Vespidae orientat affinities
Vanous guilds Many endemic genera in moist temperate forests

Parasitoids of most insect larvae Four sub-families endemic with only 10 described
species
Parasitoids af Diptera and{40 species in Australia associated with primitive

hyperparasiloids of Braconids diptera families




Various guilds Many endemic genera in moist temperate forests

Parasitoids of most insect larvae Four sub-families endemic with only 10 described
species

Eggs of  Hemiptera, Pscoptera,|Cosmopolitan, Stethynium  contains many
Curculionidae and Tettigoniidae, Australian species.

Various guilds Many endemic genera in moist temperate forests

Various guilds Many endemic genera in moist temperate forests

Various guilds Many endemic genera in moist temperate forests

Adults construct and provision scil or{Eurygicssinae endemic with distinclive arid fauna
wood burrows with Myrtacecus pollen

and honey.
Various guilds Many endemic genera in moist temperate forests

Gallformers or parasiticds of gall insects. [ Several endemic genera including Xenostigmus

Various guilds Many endemic genera in moist temperate (oresls

Various guilds Many endemic genera in moist temperate forests

Various guilds Many endemic genera in moist temperate forests

Most endoparasitic in prepupal or pupaljAmbostrinae  have a Gondwanan  distribution,
Diptera. several undescribed endemic genera

Various guilds Many endemic genera in moist temperate forests

Parasitoids of larval insects, spiders and|Endemic and Gondwanan genera in southern
spider egqg sacs Australia

Parasitoids of eggs, larvae and pupae of{Many endemic genera asscciated with galls of
many insect orders Eucalypts and Acacras

Varicus guilds Many endemic genera in moist temperate forests

Various guilds Many endemic genera in moist temperate forests

Various guilds Many endemic genera in moist temperate forests

Vanous guilds Many endemic genera in moist temperate forests

Most endoparasitic In prepupal or pupal|lAmbostrinae have a Gondwanan  distribution.
Diptera séveral undescribed endemic genera

Many endemic genera in moist temperate forests

Many endemic genera in meist temperate forests

1)



Various guilds

Many endemic genera in moist temperate forests

Parasitoids of the eggs of Orthoptera,
Heteroptera, Coleoptera and spiders.

Cosmopolitan, endemic genera Crama,
Jarabambius, Neoscelio, Mirobaeoides,

Parasitise eggs of Phasmatodea and
nests of Vespidae

76 Australian species with cosmopolitan and
oriental affinities

Many endemic genera in moist temperate forests l

Various guiids

Many endemic genera in moist temperate forests

Parasitiods of Mostly solitary predators or
cleptoparasites of various insect taxa ,
Vespidae and Apoidea

Endemic genera with affinities to South American
genera

Various guilds

Many endemic genera in meist ternperate forests

{Parasitoids of Diptera and
hyperparasitoids of Braconids

40 species in Australia associated with primitive
diptera families

Various guiids

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Endoparasitic on farvae of Lepidoptera

Cosmopolitan

Phytophagus and leafmining larvae of
moslly Myrtaceae

Many endemic genera in southern Auslralia wih
South American affinities

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Parasitoids of most insect larvae

Fouwr sub-families endemic with only 10 described
species

Various guilds

Many endemic genera in moist temperate forests

Varjous guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endenuc genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

tMost endoparasitic in prepupal or pupal
Diptara.

Ambostrinae  have a Gondwanan distribution,
several undescribed endemic genera

Most endoparasitic in prepupal or pupal
Diptera.

Ambostrinae have a Gondwanan distrnbution,
several undescribed endemic genera

Parasitoids of Diptera and
hyperparasitoids of Braconids

40 species in Australia associated with primitive
diptera families

Parasitoids of Diptera and
hyperparasitoids of Braconids

40 species in Australia associated with primitive
Diptera

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Parasitoids of Diptera and
hyperparasitoids of Braconids

40 species n Australia associated with primitive
diptera families

Ll



Various guilds

Many endemic genera in moist temperate forests

Parasitoids of most insect larvae

Four sub-families endemic with only 10 described
Species

Various guilds

Many endemic genera in moist temperate forests

Parasilise eggs of Phasmatodea and
nests of Vespidae

76 Australian species with cosmopolitan and
oriental affinities

Various guilds

Many endemic genera in moist temperate forests

Parasilise sublerranean Colecplera and
Orthoptera

Subfamily largely in Australia and South America
with many endemic genera

Parasitise subterranean Colesplera and
Orthaptera

Subfamily largely in Australia and South America
ith ndemic gener

Various guilds

Many endemic genera in moist lemperate forests

Various guilds

Many endemic genera in maoist lemperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Varicus guilds

Many endemic genera in moist temperale forests

Parasitoids of most insect larvae

Feour sub-families endemic with only 10 described
species

Parasitoids of Diptera and

hyperparasitoids of Braconids

40 species in Australia associaled with primitive
diptera families

Various guilds

Many endemic genera in maist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in maist temperate forests

Various guitds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist temperate forests

Various guilds

Many endemic genera in moist lemperate forests

Parasiteids of the eggs of Orthoptera, |[Cosmopoiitan, endemic genera Crama,
Heteroptera. Coleoptera and spiders Jarabambius. Neoscelio, Mirobaeoides.
Solitary parasitoids of oothecae of blatti|Cosmopclitan family more diverse in warmer

and blattelid cockroaches

reglons

Various guilds

Many endemic genera in moist termperate forests

Various guilds

Many endemic genera in moist temperate forests

Most endoparasitic in prepupal or pupal

Diptera.

Ambostringe have a Gondwanan distribution,
several undescribed endemic genera

Parasitoids of the eggs of Orthoplera,
Heteroptera, Coleoptera and spiders.

Cosmopolitan, endemic genera Crama,

Jarabambius, Neoscelio, Mirobagoides,

Various guilds

Many endemic genera in moist temperate foresls

Various guilds

Many endemic genera in moist temperate foresis

Parasitoids of insects or in plant galls.

Cosmopaolitan, endemic genera Thrasorus.

Parasitoids of insects or in plant galls.

Cosmoepolitan, endemic genera Thrasorus.

Parasitoids of the eggs of Ortheptera,
Heleroptera, Colecptera and spiders

Cosmopolitan, endemic genera Crama,

Jarabambius, Neoscelio, Mirobaeoides

RN




Table 7: Spider (Araneae) morphospecies trapped from 12 sites in the forests of
the Nornalup-Walpole National Park in November 1996. J = jarrah sites, K =
karri, T = tingle sites; Time since fire = 0.2 year, = 03 years, = 09 years, =11
years, = 30 years and = 61 years. R = ridge sites and C = creek sites. Tree butt =

b and forest floor =1,
Families trapped only at this forest type = **,

Medium nomadic
predators

Cosmopolitan, ey wmlescribed species,

Yery small web
predators

Cool tempernte forests of southern Austealin, in damp litter and
moss on tree trunks, Gondwanan, many wndescribed species.

Mediwn nomadic
prediators

Cosmuopolitan, many undeseribed specics,

Medium web predators

Seuthern Austealia, vestricted  Binmi species in W,

Medinm nomadic
predators

Cosmopotitan, many undeseribed species.

Very stall weh
S prediators

Cool temperate forests of sunthern Austeabin

Aboreal normadic
predators

Closmapolitan, many undescribed species

Nontudic & burrowing
predaturs

Widesproead arid species and restricted species in wet forests.

Medinm nomadic
proedators

Cloastal Austesiba wide & Tasmanis.

JAhoreal nomadic
predators

Cosmopolitan, naay undescribed species

Muedium to sinall
nonyutic predators

Cosmopotitan, many undescribed species.

A raneae

Araneae

A tedimn to small
A nontudic predators

Cuosmopolitan, many undescribed species.

SArancae

Arapeae

Muedium weh predators

Southern Austeidia, restricted spectes in SW,

Aboreal nomadic
predators

Cosmapolitan, many sndescribed species

Yery small nomadic
predator

Species of Pararelmen in SV & SE cool temperate forests & at
high altitudes in NE Austealia

A Moedivm nenulic

Southern terests in moss, litter & togs,
Tasmannonops australly




i Aboreal nomadic

Closmo politan, many undescribed species

predators

Nomadic & burrowing | Widespread arid species and restricted species in wet forvests.
predators

Arianeie Arancac

Araneae Araneae

Nuomadic & burrowing
predators

Widespread arid species and restricted species in wet forests,

Medinm nomadic
predators

Closmopolitan, nuny undescribed species.

Aboreal nomadic
predators

Closmopolitan, many uedeseribed species

Abareal nomadic

pl‘(‘d:ltu Is

Cosmopolitan, mary undescribed species

Medium to smail

nomadic predators

Cosmopolitan, many undeseribed species,

Maditrn to smakk
nomadic predatory

Closmupolitan, many undescribed species.

Moedinm nomadic

predators

Widespread, many wodescribed species,

Aboreit nomadic
predators

Closmopulitan, many undescribed speeies

Araneae

Aruheat

Medium to simall
nonuidic predators

Cosmogpolitan, many undescribed species.

Medinm nomudic
predators

Widespread, many wndescribed species,

Medium nomadic
predators

Widespread, many andeseribed speeies,

Medium nomadic
fredators

Clostmuopolitan, wany undescribed species.

Moedium to smadt
nonudic predators

Closmogolitan, nany undescribed species

Very small web
predators

Cloud temperate furests ol southern Australia

Very small sedentary
webl predators

Closmopolitan, coastal Australie

Arnneae

Araneae

Very Smadl web
predators

Southern Australin, relict speeies in S¥W.in logs and tree
hollows,

Medium web predators

Southern Australis, pestvicted species i 3W.

Medinm to small
nonutukic predators

Cosmapolitan, any undeseribed species,

Large open burrow
predatars

Undeseribed endenmic species of Chenistonia, Anaeeee, Stanwellia
andd Tevi possible in dimp stunded gullies.

Medium sedentary wehb

Closmopualitan, endesic species in caves and raparisn

predators vegetation,
Arancac Aranecac
Arancae Arancae




Meditnm nomadic

: predators

Widespread in semi-arid areas, nany undescrilied speeies.

Medinm sedentary

| predators.

Austealia wide, species possibly vestricted to particular Bower

specics,

Yery smabh web

predators

Cool temperate tovests of sonthern Australia

1 Large solitary

nrrowing predators

Condwanan distribution, 7 well kuown geacea Missulena,

Medium to small

Lnomadic predators

Closmopolitan, many undescribed species,

Mediom nomadie
predators

Widesprend in semi-arid aveas, many undescribed species.

1M edinm sedentary web

predators

Found in raparian vegetation,

Medinm tomadic
predators

Cosmopolitan, many undeseribed species,

1 Abored nomadic
Jpredators

Cosmapolitan, many undexcribed species

1 ¥ery small web Cool temperate Forests ot southern Austrabia
| predators

A Medium nomadic Cosmopulitin, wamy undeseribed species,

| predators

Medium web predutors

Soathern Australin, restricted species in SY,

Medium nomeadic

| predators

Cosmuopolitan, many undescribed species.

Medium sedentary web

| predaters

Cusmopolitan, many undescribed species.

{ Medium sedentary web

predators

Cosmopolitan, many undescribed species.

Medium nosadic
predators

Cosmuopolitan, many undeseribed species,

1A rancae

Armnenwe

Medinm nunnutic
predators

Cosmapotitan, many wedescribed species,

M edlie to sooal
Tnonsdic predators

Cosmopelitan, many undescribed species.

Mk nomadic
predators

Coastal Austeaila wiske & Taseania,

Moudtiune wels predators

Southern Australia, restricted species in SAY,

Aboreal nomadic
predators

Cosmeopotitio, maey wndescrilied species

| Very small web
| predators

Cual temperate torests of southern Australin

Araheae

Arancae

Medinm nomadic

| predators

Cosmopolitan, nny undescribed species,

Medium nomadic
predators

Closnropolitan, many unteseribed species.

Medinm nomadic
predators

Cosmopolitan, nuany undescribed species,

A Medivm sedentary weh

predators

Austrain wide, Nicodamas has imany undeseribed species,

Nicodamidas

Medinm sesdbentary web
predators

Aunstralin wide, Nicodumus has nay undeseribed species.




Medium sedentary web
predators

osmupolitan, cndemic specie
vegetntion.

Arancac

Araneae

Araneae

Avraneac

Aruncae

Araneae

Medium sedentary web
predators

Widespread, niny undeseribed species

Earge open burrowed
predatory

Undeseribed species of Chenistonia, Aname, Stanwellia & Tevl
vestricted to dianp habitats,

Medium nomadic
predators

Closmuopolitan, many undescribed species.

Very small weh
predators

Clool temperate forests of southern Australia

Medinm sedentary web
preshataes

Casmopolitan, restricted spectes in [Ludrotarsine &
Ihoroncidia

Aboreal nonudic
preditors

Closmuopolitien, many wndescribed species

Mediom sedentary web
predutors

Cosmopetitan, endemic species in caves and vaparian

vegetation,

Larae open burcowed
predators

Endexeribed specles of Chenistonia, Aname, Steawellin & Tevi
restricted to damp habitats.

tedivm noamadic
presdators

Cosmopuolitun, many tndeseribed species.




Table 8: Mean abundance of Coliembola morphospecics trapped from specific sites in the forests
of the Nornalup-Walpole National Park in November 1996, J = jarcah sites, K = karri, T =
tingle sites; Time since fire = 0.2 year, = 03 years, = 09 years, =11 years, = 30 years and = 61
years. R = ridge and slope sites and € = creek sites. Tree butt = b and forest floor = f.
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Table 9: Fly (Diptera) morphospecies trapped from 12 sites in the forests of the
Nornalup-Walpole National Park in November 1996. J = jarrah sites, K = karri,
T = tingle sites; Time since fire = 0.2 year, = 03 years, = 09 years, =11 years, = 30
years and = 61 years. R = ridge sites and C = creek sites. Tree butt = b and forest

floor = {,

Families trapped only at this forest type = **.

—_

Litter predators & aguatic

Cosmopolfitan, 3 genera  with
Gondwanan affinities

—_

Aguatic & rotting litter

1 endemic genus

Stem & shoot borers of
aquatic & land plants.

Cosmopolitan, Cosmopolitan, found in
or near water

21Soil predators All but 2 geners endemic, origins
unclear.
4
Plant gall Cosmepolitan,
herbivores 1 endemic genus
2|Fungivores Perissormma only known genus with 5
species, Gondwanan origin
Piant gall Casmopolitan,
herbivores 1 endemic genus
Fungivores 10 Endemic genera, including
Panagean & Gondwanan groups.
3iMoist  soil & rotting[Cosmopolitan, 14 endemic genera

vegetation, possible[some with Gendwanan affinilies
e decomposars
Ceratopogonidag Moist & retting litter 1 endemic genus
Ephydridag Stem & shoot herbivores | Cosmopoiitan, found in or near water

( : 3|Decomposers, Cosmopoiitan
saprophages & ant
parasitoids
8

Aqualic bottom feeders

Cosmopeclitan, 12 endemic genera,
Archaeochius from WA, and S
Africa

Cecomposers,
saprophages & ant
parasitoids

Cosmapolitan

Leaf- or stem-miners & gall
makers

Cosmopolitan, 13 genera present in
Australia, 80% of species endemic

possible decomposers

Decomposers, Cosmaopolitan
saprophages & ant
parasitoids
Sclaridag 6|Found in rolting vegetation,|Cosmopolitan, Australian fauna not

well known

Chironorridae’

Aquatic bottom feeders

Cosmopolitan, 12 endemic genera,
Archaeochius from WA, and S
Africa

Dolichopodidae’!

Mastly predators

Cosmopdlitan, species of Sympychus
with Gondwanan affinities.

Litter predators

Cosmopolitan, 3 genera  with
Gondwanan affinities

Fungivores

10 Endemic genera, including

Panagean & Gondwanan groups




Table 9: continued from pg

Decomposers,
saprophages
parasitoids

Cosmopolitan

Found in rotting vegetation,
possible decomposers

Cosmopolitan, Australian fauna not
well known

12

Plant gall herbivores

Cosmopalitan, 1 endemic genus

Decomposers,
saprophages & ant
parasitoids

Cosmopolitan

Found in rotting vegetation,
possible decomposers

Cosmopolitan, Australian fauna nol
well knewn

Moist  soil &  rotling

Cosmopolitan, 14 endemic genera

vegetation, possible|some with Gondwanan affinities
decemposers
7
Stem & shoot herbivores Cosmopolitan, found in or near water
2{Fungivores 10 Endemic  genera, inciuding

Panagean & Gondwanan groups.

Found in rotting vegetation,
possible decomposers

Cosmopolitan, Australian fauna not
well known

Found in rotting vegetation.
possible decomposers

Cosmopoalitan.  Australian fauna not
vrell known

Unident. Larva

Unident. Larva

Plant gall
herbivores

Cosmopdiitan. 1 endemic genus

Moist & rolting litter

1 endemic genus

Aquatic bottom feeders

Cosmopolitan, 12 endemic genera,
Archaeochlus from WA and 5.
Africa

Oecomposers,
saprophages & ant
parasitoids

Cosmopoiitan

Found in rotting vegetation,
possible decomposers

Cosmopolitan, Australian fauna not
wel known

Unident. Larva

Urident. Larva

Fungivores 10 Endemic  genera, including
Panagean & Gondwanan groups.

Cecomposers, Cosmopolitan

saprophages & ant

parasitoids

Found in rotting vegetalion,
possible decomposears

Cosmopolitan, Australian fauna not
well known

Tingle Sites:

41




Table 9: continued from pg 2.

Bip

Plant gall Cosmopolitan,
herbivores 1 endemic genus
Deccemposers, Cosmopolitan

saprophages & ant
parasifoids

3{Decomposers & predators ;Cosmopclitan
Plant gall Cosmopoiitan,
herbiveres 1 endemic genus

Moeist & rotting litter

1 endemnic genus

Litter predators

Cosmopelitan, 3 genera  with
Gondwanan affinities

Decomposers,
saprophages & ant
parasitoids

Cosmopolitan

Found in rotting vegetation,
possible decomposers

Cosmogpolitan, Australian fauna not
well known

21

ad
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Table 9
Dipter

continued from pg 3.

&|Largely Gondwanan distribution, with

Decomposers in  soit

rofting vegetation some tropical genera.

Plant gall Cosmopelitan,

herbivores 1 endemic genus

Aquatic bottom feeders Cosmopelitan, 12 endemic genera,
Archasochius from WA, and S.
Africa

Stem & shoot herbivores Cosmapolitan, found in or near water

Decomposers, Cosmopeiitan
saprophages & ant
parasitoids

Scatopsidae™ Found in dung & rotting{Cosmopolitan,  Austrocleming &
Gt vegelation Hawomersleya endemic
Seiaridae Found in rotting vegetation, [Cosmopclitan, Australian faunz not
----- i nossible decomposers weill Known
Found in moist scil and{Cosmopelitan, including Gondwanan
rotting vegetation qroup
Moist  soil &  rotting|Cosmopolitan, 14 endemic genera
vegetation, possible|some with Gondwanan affinities
decomposers
14
38




Table 9: continued from pg 4.

Aguatic bottom feeders

Cosmopelitan, 12 endemic genera,
Archaeochlus frem WA, and S
Africa

Stem & shoot herbivores

Cosmopalitan, found in or near water

Decomposers,
saprophages & ant
parasiloids

Cosmapolitan

Decomposers in dung &
rotting vegetation

Cosmopolitan, rare genera
Nemopalpus, Sycorax & Trichomyia

Found in rofting vegetation,
possible decomposers

Cosmopdiitan, Australian fauna not
well known

Host specific endo-

Cosmopolitan, may reflect uncommon

parasitoids of insecthost distributions
herbivores.
Moist  soif &  rolting{Cosmopolitan, 14 endemic genera
vegetation, possible{some with Gondwanan affinities
decomposers
23
: 20
Total Species at All Site 118




Table 10: The mean abundance of Trichoptera morphospecies trapped from
specific sites in the forests of the Nornalup-Walpole National Park in November
1996, J = jarrah sites, K = karri, T = tingle sites; Time since fire = 0.2 year, = 03
years, = 09 years, =11 years, = 30 years and = 61 years. r = ridge sites and ¢ =
creek sites. Tree butt = b and forest floor = f.
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Table 11: Beetle (Coleoptera) morphospecies trapped from 12 sites in the forests of the
Nornalup-Walpole National Park in November 1996. J = jarrah sites, K = karri, T =
tingle sites; Time since fire = 0.2 year, = 03 years, = 09 years, =11 years, = 30 ycars and
=61 years. R = ridge sites and C = creek sites. Tree butt = b and forest floor = f.
Families trapped only at this forest type = **,
#adapted from Insects of Australia, CSIRO (1991).

Most predators with afew fungal feeders

900 known Austratian species, Tiracerus ant
specialists

Mostly predatory

Migadepini rare in Australia with southern temperate
affinities

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
VWA .

Live in soil and feed on underground
stems of Poaceae and Liliaceae

All species endemic to Australia

Carabidae

Mostly predatory

Migadopini rare in Australia with southern temperate
affinities

T Chirysomelidae

All known species are plant feeders

About 3000 known Australian species, specialized
Cryptocephalinae and Chrysomelinae species that
feed on Nothofagus, Eucalyptus and Acacia leaves

and flowers

585

586

T Coryiophidas

281

Some species feed on fungal spores in
leaf litter, dead grass and rotten logs

3 subfamilies in Austratia containing about 60
known species

Crirgulianidas

578

Below greund or internal feeders on plant
parls

6000 Australian species, many species specific to
refic plant groups such as cycads, Araucana and
Xanthorrhcea

SB0LE:

-1 Scydmasnides

185

Predators which caplure small litter
organisms. such as miles. using an
adhesive organ

Represented in Australia by about 300 known
species, Scydmaenids found in leaf litter, rotten
wood, moss, tree holes, sawdust piles and ant
nests.

583

Most predatery or fungat feeders

Oxypius peckorum flightless relict from south-west
WAL

584

J=02bf years

402

Both predators and plant feeders

About 300 spectes known for Australia, some found
i cones of relic plants such as cycads and
Araucaria, others found in leaf litter, rotten frunts
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insecls
(Coccoidea).

301

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
WA,

S years




5134

Live in soif and feed on underground
stemns of Poaceae and Liliaceas

All species endemic {o Australia

592

588

All known species are plant feeders

About 300C known Australian species, specialized
Cryptocephalinae and Chrysomelinae species that
feed on Nothofagus, Eucalyptus and Acacia leaves

and flowers

587

[as]

efow ground or internal feeders on plant
parts

6000 Australian species, many species specific to
refic plant groups such as cycads, Araucaria and
Xantharrhoea

583

593

594

590

Qecur under tree bark or in leaf axils and
dead fronds of monaocotyledenous plants

20 known species in Australia, species of
Hemipeplinae breed in the axils of monocols such
as Lomandra. Species of Lacconotinae have
gondwanan affinities with species in Chile,

472

Most predatory or fungal feeders

Oxypius peckorum fiightless relict from south-west
WAL

S72

Both predators and plant feeders

About 300 species known for Australia, some found
in cones of relic plants such as cycads and
Araucaria, others found in leaf litter, rotten fruits
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insects
{Coccoidea).

266[

Mostly predatory

Migadopini rare in Australia with southern temperate
affinties

T3 years,

= Ceyplocephialinae

52814

Unusual chrysomelid subfamily as larvae
live in a portable case constructed of
faeces and debris and feed on dead

leaves in the litter layer

Extensive species radiation, possibly host plard;
spectific, with 500 known Australian species, the
adult beeties primarily feed on Eucalyptus and
Acacia foliage

515}

Saprophagous species on reften wood,
phytophagous species on plant roots and
predalious species on wood boring

beetles

800 known Australian species, Crepidomenus is a
farge genera with a2 Bassian distribution;

595

Some species feed on fungal spores in
leaf litter, dead grass and rotten logs

3 subfamilies in Australia containing about 6G
known species

Myctefidas

248

Occur under tree bark or in leaf axils and
dead fronds of monocotyledonous plants

20 known species in Australia, species of
Hemipeplinae breed in the axils of monacols such
as Lomandra. Species of Lacconctinae have
gondwanan affinities with species in Chile,

568

Both predators and plant feeders

Aboul 300 species known for Ausiralia, some found
in cones of relic plants such as cycads and
Araucaria, others found in leaf litter, rotten fruits
and tree wounds. Cychramptodes and;
Cybocephalus prey on Austrafian scale insecls)
(Coccoidea).;

T30 years

o _P.slgi_a_p!]jicjae

250

Most predators with afew fungal feeders

900 known Australian species, Tiracerus ant
specialists

BRI JKfad-:y.ears

1-J



607 [

Live in soil and feed on underground
stems of Poaceae and Liliaceae

All species endemic to Australia

520

Mostiy predatory

Migadopini rare in Australia with southern temperate
affinities

606

Below ground or internai feeders on plant
parts

8000 Australian species, many species specific to
relic plant groups such as cycads, Araucaria and
Xanthorrhoea

85091

Both predators and plant feeders

About 300 species known for Australia, some found
in cones of relic plants such as cycads and
Araucaria. others found in leaf litter, rotten fruits
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insects

: ‘ (Cocceidea).
6101 Most predators with afew fungal feeders 900 known Australian species, Tiracerus ant
specialists

£08|! Mast predatory or fungal feeders] Oxypius peckorum flightless refict from south-west
: WA

500

Below ground or internat feeders on piant
parts

6000 Australian species, many species specilic to
refic plant groups such as cycads, Araucaria and
Xantherrhoea

535

6011

602

All known species are plant feeders

About 3000 known Australian species, specialized

Cryptecephalinae and Chrysomelinae species that

feed on Nothofagus, Eucalyptus and Acacia leaves
and flowers

BO3{K:

5251

Below ground cr internal feeders on plant
parts

6000 Australian species, many species specific to
refic plant groups such as cycads, Araucaria and
Xanthorrhoea

5971

598 =301

60411

Most predators with afew funga! feaders

800 known Australian species, Tiracerus ant
specialisls

596

Live in concealed habitats, feeding on
roots, dung or decaying vegelable matter

3000 known Australian species, extensive radiation
with habital specific species on endemic plants,

599

Marsupial dung and rotten wood

141

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
WA

481

RS

Scavengers and fungal feeders,
ahundant in decaying organic matter,
carrion, dung and fungat fruiting bodies

13% known Australian species

: Mycefophagidae

448

Fungal feeders in rotten wood or fungal
fruiting bodies

10 known Australian species, Litargus inciudes
several endemic species

e KT:S.;'.I 1-yaar:s_

560

Mostly predatory

Migadopini rare In Australia with southern temperate
alfinities

¥ - _K_T;!i»ﬂﬁ years

1

J




499

Faund under fermenting bark or leaf
bases and in fungal fruiting bodies

35 known Auslralian species

254

Unusual chrysomelid subfamily as farvae
live in a portable case constructed of
faeces and debris and feed on dead

feaves in the litter layer

Extensive species radiaticn, possibly host plant
specific, with 500 known Australian species, the
adult beetles primarily feed on Eucalypius and
Acacia foliage

49311

Below ground or internal feeders on plant
parts

600G Australian species, many species specific to
relic plant groups such as cycads, Araucaria and
Xanthorrhoea

S301K,

Most species feed on plant roots and
decaying matier. Adults have a
synchronised emergence from the soil
pupation celi following rain

Speciose subfamily of the Scarabaeidae, possibly
as a result of extensive radiation due to
synchronised aduil emmergence and congregation
on flowering trees to feed and mate

2821K

Both predators and plant feeders

Abeul 300 species known for Australia, some found
in cones of relic plants such as cycads and
Araucaria, others found in leaf litter, rotten fruits;
and tree wounds. Cychramptodes and|
Cybocephalus prey on Australian scale insects!

(Coccoldea). :

611}

Below ground or internal feeders on plant
parts

6000 Auslralian species, many species specific lo
reiic plant groups such as cycads, Araucaria and
Xanthorrhoea

521

Live in burrow dug by adults and
provisioned with hypogean fungi,
decaying organic matter or dung

140 known Australian species

570|KT

Most predatory or fungat feeders

Oxypius peckorum flightless relict from south-west
WAL

50511

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
WA

o



S45ETF

Moslly predatary|Migadopini rare in Australia with southern temperate

affinities;

548

Al known species are plant feeders

About 3000 known Australian species, speciaiized
Cryptocephalinae and Chrysomelinae species that
feed on Nothofagus, Eucalyptus and Acacia leaves

and flowers

549LL

555

Most species fungal feeders under bark,
in rotten wood and in leaf litter

120 known Australian species, some associated
with moss or iichens

552

Below ground or internal feeders on plant
parts

8000 Australian species, many species specific to
relic plant groups such as cycads, Araucaria and
Xanthorrhoea

557

561

551

Some species stem-bores, others pollen
and spore feeders in leaf fitter and
decaying vegetation

30 known Australian species, some feed on the
pollen of ¢cycads

554

Possible fungai feeders

50 knewn Australian species, found in dead wood
or durable fruiting bodies of Basidiomycetes

392

Both predators and piant feeders

Abaut 300 species known for Australia, some found
in cones of relic plants such as cycads and
Araucaria, others found in feaf litter, rotten fruits
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insects
(Coccoidea).

559

such as dead birds and fish

Scavengers, along coastlines on carrion|3 knawn Australian species, Phycesecis ammaphila

on west coast, P littoralis along south and south-
easl coast and P. hilli north-east Queensland coast

553

Most species fungal feeders

75 known Auslralian species, found in decaying
organic matter, seaweed, leaf litter, dung, rotten
logs and tree holes

5504

Live in concealed habitats, feeding on
roots, dung or decaying vegetable matter

3000 known Australian species, extensive radiation
with habitat specilic species on endemic plants,
Marsupial dung and rotten wood

546G

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
WA

5474 =

562(T

55617=

Feed on the spores of slime moulds;8 known Australian species, an undescribed genus
(Myxomyceles) occurs in Tasmania and Victoria

2521

Predacious in decaying vegeteabie
matter, dung. carrion and damp soil

175 known Auslralian species, the endemic genus
Notocercyon includes species which are abundant
in forest litter

T Z'T:G.E‘!: ye_arg

C‘a‘mbﬁg‘

SO0}

Mostly predatoryMigadopini rare in Australia with southern temperate

affinities

500} T

SATITC

ey

All known species are plant feeders

About 3000 known Australian species, specialized
Cryptocephalinae and Chrysomelinae species that
feed on Nothofagus, Eucalyptus and Acacia eaves

and flowers

: _C(foo;ﬁ?n'qﬁihée

494FTF

Many species feed on the seed pods of
Acacia

AJarge subfamily of the Curculionidae, possible
exiensive species radiation with their hosts the;
Acacta

494} ﬁ”

495/ Th=

4953

538

Betow ground or internal feeders on plant
pars

t

6000 Australian species, many species specific to
relic plant groups such as cycads, Araucaria and
Xanthorrhoea!




479

Predacious in decaying vegeteable
matter, dung, carrion and damp soil

175 known Australian species, the endemic genus
Notocercyon includes species which are abundant
in forest litter

540

S73E

Scavengers or predators of insect eggs

300 known Auslralian species, possible habitat or
host specificity dug to Australia wide distribution
and adult habit of feeding on potlen

573

5743]

Fungal feeders in rotten wood or fungal
fruiting bodies

10 known Australian species, Litargus includes
several endemic species

574

31

Most predatory or fungal feeders

Oxypius peckorum flightless relict from south-west
WA,

53917

FETH

Mostly predatory

Migadopiri rare in Australia with southern temperate
affinities

514

375

Both predators and plant feeders

About 300 species known for Australia, some found
in cones of refic plants such as cycads and
Araucaria, others found in leaf litter, rolten fruits
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insects
(Coccoidea).

496

497

G



364

Mostly predatory

Migadopini rare in Australia with southern temperate
affinities

8634

613

Most species are predators of insects
associated with bark or wood

350 known Australian species, littie known of the
biotogy of many species

421

Below ground or internal feeders on plant
parts

6000 Australian species, many species specific o
relic plant groups such as cycads, Araucaria and
Xanthorrhoea

565

567

571

612}

B15LT

618E

2794

Saprophagous species on rotten wood,
phytophagous species on plant roots and
predatious species on wood boring
heetles

800 known Australian species, Crepidomenus is a
large genera with a Bassian distribution

363

Fungal feeders in rotten wood or fungal
fruiting bodies

10 known Australian species, Litargus includes
several endemic species

Nitidulidue

56417

Both predators and plant feeders

Abaut 300 species known for Australia, some found
in cones of relic plants such as cycads and
Araucaria, others found in leaf litter, rotten fruils
and tree wounds. Cychramptodes and
Cybocephalus prey on Australian scale insecls
{Coccoidea). |

5691 =

$3aiTC =6

Most predators with afew fungai feeders

900 known Auslralian species, Tiracerus ant
specialists

§1TL

621TR

566¢

Maost species fungal feeders

75 known Australian species, found in decaying
organic matter, seaweed. leaf litter. dung. rotlen
logs and tree holes

E26ITR

409

Most predatory or fungal feeders

Oxypius peckorum flightiess relict from south-weslt
WA,

B1GIT

522{TCH61b
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{LASSIFICATION SCHEME

THE VEGETATION COMMUNITIES

OF

THE 12 STUDY SITES:

i§

SOILS UNIT

O
THOMPSON
CavE

£

Site No.

1) 1x Jarrah

2) 1x Jarrah

3) 1x Karri

4) 1x Karri

7A) 1 xTingle(Upland)
7B) 1 xTingle(Creek)
8A) 1 x Tingle(Upland)
8B) 1 x Tingle(Creek)
10A) 1 x Tingle (Upland)
10B) 1 x Tingle (Creek)
11A) 1 x Tingle(Upland)
11B) 1 x Tingle(Upland)

Fig. 1: The vegetation communities and post-fire age of the 12 study sites in the Walpole-Nornalup National Park.
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EARLY POST-FIRE VEGETATION STRUCTURE

Fig. 2: Site 7A, Hill top Tingle forest 3 years after a prescribed fire. Note the dense Acacia regeneration following
the fire.



FIRE REFUGES AT EARLY POST-FIRE SITE

Fig. 3: Site 7A, Refuge microhabitat protected under decaying log, the scorched upper surfaces are extensively
colonised by mosses 3 years after the prescribed fire.



MID POST-FIRE VEGETATION STRUCTURE

Fig. 4: Site 8B, Creek line Tingle forest 9 years after a wildfire. The understorey has reached maximum height,
and competition appears to be causing death and thinning of the dense Acacia stems.
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LATE POST-FIRE VEGETATION STRUCTURE

Fig. 5: Site 1A, Another hill top Tingle forest 60 years after a wildfire. A deep litter layer covers the forest floor,
the understorey is very open with large clumps of sedges, while extensive moss swards are present on decaying logs
and tree butts.



A DEEP LITTER PITFALL TRAP AT THE BUTT OF A TINGLE TREE

Figure 6. An operational pitfall trap with litter exclusion mesh tube, near the butt of a co-dominant tingle

tree at site 7A approximately three years after a prescribed fire.



Mean Richness per 4 Traps

Fig.7: The Species Richness of Litter Invertebrates on the Forest Floor and around the Butts of Forest Trees occurring on Slopes an
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Mean Abundance per 4 Traps

Fig.8: The Abundance of Litter Invertebrates on the Forest Floor (F) and around the Butts of Forest Trees occurring on

S S S S i B Amphipoda

__Slopes or Hill Tops, Nov.86.
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Mean Richness per 4 Traps

Fig.9: Richness of Litter Invertebrates on the Forest Floor and around the Butts of Tingle Trees occurring along Creeklines, Nov. §
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Fig.10: Abundance of Litter Invertebrates on the Forest Floor and around the Butts of Tingle Trees occurring along Creeklines,
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