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Abstract

Invertebrates from three rainforest canopies (tropical TRF, subtropical STR and cool temperate CTR) were sampled by insecticidal 
knockdown in order to compare biodiversity of canopy faunas in Australia; lower and higher TRF and STR were sampled separately. 
Numerous Collembola were collected, mainly in the family Entomobryidae but relative family abundance of taxa differed between 
forest types. TRF was characterised by Dicyrtomidae, STR by Entomobryidae and CTR by Isotomidae and Neanuridae. Also 
morphospecies abundances differed between forest types. The high canopy of TRF was dominated by Lepidocyrtoides sp. 3 while 
the low canopy was dominated by Lepidocyrtoides sp. 6. SRF had a high proportion (80 % of individuals) of a single species, the 
canopy specialist, Epimetrura rostrata, in both high and low canopies. In CTR, the dominant species was Entomobrya sp. cf. varia. 
Significant differences were found in either or both abundance and species composition of Collembola between trees within each 
rainforest. A significant difference was found in species abundances between lower and upper canopies in TRF and STR but not in 
species composition, also between canopies, pitfall samples and soil/leaf litter faunas. High levels of apparent rarity were found in 
all the three rainforests, being most marked on STR. Only four species occurred in all three types of rainforest indicating that beta 
diversity (i.e. species turnover between the three sites) was high. Our results are the first to compare faunal composition between 
three rainforest types and have implications for management of forests under a climate change scenario.
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 1. Introduction

Research into forest canopy faunas in order to 
understand biodiversity and to inform management was 
emphasised by Stork (2001) and, significantly, Ozanne 
et al. (2003) noted that a rainforest canopy supports 
40 % of all species in it. Insecticidal knockdown using 
sprayers that are either raised on pulleys or on canopy 
cranes have proved valuable in providing data on canopy 
faunas, in particular in tropical rainforests. Estimates of 
global arthropod biodiversity have, as a result, increased 
several fold. Relevant studies are those of Stork and his 

co-workers from Borneo and Sulawesi (Stork 1987a, b;  
Hammond 1990; Stork & Brendell 1990, 1993) and 
Erwin and his colleagues in Panamanian and Amazonian 
rainforest (Erwin & Scott 1980; Erwin 1982, 1983) who 
all sampled canopy faunas. In Australia, Basset sampled 
a single tree species in subtropical rainforest (Basset 
1990, 1991a, b, Basset & Kitching 1991), Majer and 
colleagues (Majer 1990, Heterick et al. 2001) reported 
on canopy arthropods from Northern and Western 
Australian woodland, and Kitching and his co-workers 
collected from rainforest canopies in Queensland 
(Kitching et al. 1993).
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Collembola are cosmopolitan organisms, found 
abundantly in every terrestrial habitat in the world. 
They are one of the major groups of soil detritivore 
micro-arthropods and have been shown to be one of the 
most abundant taxa in rainforest canopies (Stork 1991, 
Kitching et al. 1993, Guilbert et al. 1994, 1995, Camann 
et al. 2000, Tovar-Sánchez et al. 2003). Basset (2001) 
noted that abundance of Collembola in tropical rainforest 
canopies is ‘almost certainly seriously underestimated’. 
Even so, the Class has been ignored by some authors in 
canopy studies (Stork & Brendell 1990, Southwood et 
al. 2005). In contrast, Collembola are rare in the canopy 
of drier forest types, as shown by Majer et al. (1994) 
for eucalypt woodland (0.2 %) and Yen (1989) in mallee 
woodland (0.13 %), in both studies in southern Australia

Studies on arboreal Collembola in Australia have lagged 
behind those of soil and leaf litter and little work here 
or elsewhere have identified Collembola to species. The 
only published report of arboreal rainforest Collembola at 
species level in Australia is that of Greenslade in Coy et 
al. (1993) from Tasmanian and Rodgers & Kitching (1998 
2011) from Queensland. Yen & Lilywhite (1990) in Coy 
et al. (1993) only reported on the fauna in summary form 
but Rodgers & Kitching (1998, 2011) compared faunas of 
canopies, suspended soils and ground surface at species 
level in rainforest in north Queensland. 

Vertical stratification is said to be one of the 
characteristics of a mature rainforest (Terborgh 
1992, Park 1992, Lindo & Winchester 2013) and is 
determined by age and height of trees, presence and 
size of understorey species and emergent species. These 
variables create layered strata which may form barriers 
modifying convection air currents, resistance to lateral 
air movement, and reducing light penetration (Szujecki 
1987). Microhabitats are modified within the strata, each 
with its own microclimate, offering a range of habitats 
for climbing and epiphytic vegetation, so influencing 
the distribution and abundance of rainforest fauna. For 
instance, Nadkarni & Longino (1990) found stratal 
differences in ant faunas, Sutton & Hudson (1980) 
in small flying insects, Ashton et al. (2015) in moths 
and Rodgers & Kitching (1998, 2011) in collembolan 
assemblages between suspended soils, canopies and 
ground faunas.

The aim of the current study was to compare 
Collembola assemblages from the canopies of three 
different types of rainforests in Australia, tropical, 
subtropical and cool temperate, located along the 
coastal ranges of eastern Australia and to provide 
data to inform the conservation planning process. We 
aimed to compare beta diversity, which is likely to be 
influenced by climate change, and inform conservation 
planning (Socolar et al. 2016). The collections also 

allowed comparisons between the upper and lower strata 
of tropical and subtropical forest types and between 
ground and canopy faunas in subtropical forest.

2. Materials and methods

2.1. Study sites

Sites were selected on similarity of canopy structure, 
tree composition and accessibility to equipment. Three 
sampling methods were employed: an insecticidal 
knockdown technique to collect Collembola from high 
(6 m in height and above) and low (2‒6 m height) canopies, 
pitfall traps to collect surface active Collembola and litter 
extraction to obtain less mobile Collembola. Kitching et 
al. (1993) described the sites in detail and only a summary 
is provided here.

The tropical rainforest was located near Cape 
Tribulation (16°04’S, 145°28’E), North Queensland. 
Six sites, (each equivalent to a single tree), were fogged 
during the wet season in January 1991. Two were on the 
property, ‘Pilgrim Sands’, within 0.5 km of the coast. 
The other four sites were located approximately 4 km 
south-west and about 1 km inland. All were at less than 
100 m a.s.l. A distinct wet season occurs in February 
and March, with monthly rainfall over 600 mm. Mean 
maximum temperatures range from 27°C in July to 34°C 
in January and mean minimum temperatures from 21°C 
in July to 26°C in January. 

The vegetation is classified as complex mesophyll 
vine forest (Webb 1959, Webb et al. 1976, Tracey 1982). 
Plant species present were nearly all palms and included 
Calamus sp., Licuala ramseyi, Linospadix sp. and 
Normanbya normanbyi as dominants (Jessup & Guymer 
1985). Shrub and tree species per 10 m2 plot range from 
12 to 22, with most species only occurring on one or two 
plots. There were none in common with subtropical sites 
and little overlap between sites within the rainforest. 

The subtropical rainforest was on Green Mountain, 
near O’Reilly’s Guesthouse, Lamington National Park, 
southern Queensland (28°13’S, 153°07’E) at an altitude 
of 900 m a.s.l. Nine trees were sampled in December‒
January 1990 and two additional trees were sprayed 
and pitfall traps set in the ground and leaf litter samples 
taken beneath them in March 1991. This region, in the 
Macpherson-Macleay overlap (Cranston & Naumann 
1991), has a high level of endemism and diversity, possibly 
because it is where tropical and temperate climates 
overlap (Burbidge 1960). Cyclones and minor clearing are 
disturbing features of this site and there is a substantial 
growth of secondary species in the understorey in some 
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areas. Rainfall is distributed throughout the year, with 
a summer peak of 500 mm per month in February and 
March and a winter minimum of 100 mm per month 
in August. Mean maximum temperatures range from 
16°C in July to 25°C in January, and mean minimum 
temperatures range from 8°C in July to 16°C in January. 

The subtropical site is classified as complex notophyll 
vine forest (Webb 1959, Webb et al. 1976, McDonald & 
Thomas 1990) although Floyd (1990) describes it as a 
‘subtropical rainforest’, i.e. Agyrodendron actinophyllum 
alliance, sub-alliance 11 (Caldcluvia-Crytocarya 
erythroxylon-Orites-Melicope octandra-Acmena ingens) 
with a high species diversity and only one or two 
species dominant. Canopy height ranged from 2‒25 m, 
and the understorey cover was abundant because the 
upper stratum permitted light penetration. Seventy-four 
woody species were recorded. Dominants in the upper 
stratum were Argyrodendron actinophyllum, Ficus 
watkinsiana, Lophostemon conferta, Pseudowienmannia 
lachnocarpa, Geissois benthamii and Baloghia lucida. 
The most common understorey species were Acrademia 
eudoiiformis, Synoum glandulosum, Dysoxylon rubrum, 
Trunia youngiana and Wilkea sp.. 

Five trees in cool temperate rainforest were sampled 
in January 1991 in the Styx River State Forest (30°31’S, 
152°17’E) which is located about 53 km east of Armidale 
in northern New South Wales, 1125 m a.s.l. Rainfall is 
distributed throughout the year with no marked peak. 
Average monthly totals vary from 34.8 mm in August 
to 342.2 mm in April. Mean maximum temperatures 
range from 9.1°C in July to 22.8°C in December, and 
mean minimum temperatures range from -1.2°C in 
July to 11.4°C in January. The cool temperate rainforest 
was classified as microphyll fern forest dominated by 
Nothofagus moorei as a Nothofagus-Ceratopetalum 
suballiance with Quintinia sieberi (Webb et al. 1976, 
Floyd 1990).

2.2. Canopy sampling

A lead-weighted fishing line attached to a rope and 
pulley was catapulted over a high central branch of 
the tree to be fogged. A cats-cradle of lighter ropes 
was erected at head height beneath the canopy and ten 
circular, cotton collecting trays, each of 0.5 m2, were 
hung from it. In the centre of each tray, a collecting 
vial containing 70 % alcohol was inserted. Collembola 
were sampled by misting the canopy with a pyrethroid 
insecticide, ‘Pyrethrin 2ELTM’, delivered using Stihl 
SG-17TM backpack. The insecticide comprised natural 
pyrethrum at 20 gl-1 with piperonyl butoxide at 80 gl-1 and 
was mixed with water at the rate 1.25 l to 9 l of water. 

On the tropical and subtropical rainforest sites separate 
samples were taken from high and low canopies. The first 
spraying was delivered from the ground and focussed 
on the understorey from 2‒6 m in height (LC) and the 
second, delivered after the sprayer had been hauled into 
the canopy, was focussed on the high canopy (HC). The 
height of high canopy sprays varied according to the 
height of the tree being sprayed and the area sprayed was 
6‒8 m in diameter. Low and high sprays were separated 
by at least 24 hours. Spraying was carried out mainly in 
the early morning in windless conditions and lasted for 
about five minutes. After spraying, trays were left for 
at least three hours, to ensure that all fauna had fallen. 
Finally, the inside of each tray was brushed to ensure all 
animals fell into the vials. Specimens were stored in 70 % 
alcohol. The sampling technique used in cool temperate 
rainforest was similar to that used on the tropical and 
subtropical sites except that spraying was carried out from 
a cherry-picker and a single species of tree (Nothofagus 
moorei) was sampled. In this forest, the whole tree was 
sprayed without any separation of low and high canopies.

2.3. Pitfall traps and leaf litter samples 

In order to confirm that a suspected canopy specialist, 
only found in STR, was restricted in habitat and to 
compare species composition between canopy and leaf 
litter, twenty pitfall traps, 3 cm in diameter and 10 cm 
deep, half filled with 70 % alcohol were set on two sites 
in subtropical rainforest under each tree that was to be 
fogged. They were inserted into a hole made with a soil 
corer until the rim was level with the soil surface and 
were left in place for 48 hours. The subtropical site was 
selected for this experiment, to test the degree to which 
the canopy specialist, Epimetrura mirabilis Greenslade & 
Sutrisno, 1994 was restricted to an arboreal habitat.

Five samples of soil and leaf litter from an area 25 cm² 

to a depth of 1 cm were taken from each site (tree) in the 
subtropical forest and fauna extracted into 70 % alcohol 
using Tullgren funnels. They were heated with a 25 watt 
light bulb and extraction continued for 24 hours. 

All taxa were sorted to order and Collembola were 
sorted to family and the most abundant families, the 
Entomobryidae and Paronellidae, were identified to 
species or morphospecies. A reference collection is 
deposited in the South Australian Museum. 

2.4. Analysis

Abundance was measured as the number of individuals 
per tray (0.5 m2) for insecticidal knockdown samples, 
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number of individuals per 25 cm2 for litter extraction and 
individuals per trap for pitfall trap samples. The following 
indices were calculated from the Entomobryidae and 
Paronellidae species data: species richness (S), Shannon-
Wiener index (H) and Evenness (E). 

Differences in species composition between the three 
forest types, were analysed using multidimensional 
scaling (nMDS) based on Bray-Curtis similarity matrix 
with a fourth root transformation. This was followed by 
ANOSIM and SIMPER to examine whether there were 
significant differences between forests. MDS plots were 
used to assist with the interpretation as they provide a 
diagrammatic illustration of differences. Primer 6© 
(Primer-E, Ltd, Luton, UK) was used for multivariate 
analyses. 

To overcome unbalanced sites in the Tropical 
Rainforest and Sub tropical Rainforest, we fitted a logistic 
regression model using the GLM function in R (R Core 
Team 2015) specifying a Poisson distribution (Faraway 
2006) . Because of the different sampling methods, this 
quantitative comparison of species abundance between 
rainforest strata was only carried out for the tropical and 
subtropical rainforest sites.

3. Results

3.1. Completeness of collections

A species discovery curve (cumulative species curve) 
was drawn (Fig. 1). There is no indication that an 
asymptote is being approached in tropical rainforest. For 
subtropical forest, the curve is curvilinear and there is 
an indication that an asymptote is being approached at 
33 identified taxa. The plots for the cool temperate forest 
are more or less curvilinear with no obvious asymptote 
reached.

3.2 Percentage abundance of Collembola 
compared to all arthropods in three 
rainforests and three sampling methods

The dominant higher taxa and relative abundances 
collected from the canopy of tropical, subtropical and 
cool temperate sites are given in Table 1 and Kitching et 
al. (1993: Figs 2, 3). Out of a total of 38.280 arthropods 
collected, more than 7.900 (21 %) were Collembola. 
They were most abundant in cool temperate (at 44.9 %), 
less in subtropical forest (at 28.7 %), and least in tropical 
forests (at 5.4 %) of all invertebrates caught. Samples 
from different collecting methods contained different 

dominant arthropod groups. Litter collections were 
dominated by Acarina (33.0 %), Collembola (20.3 %) 
and Thysanoptera (21.0 %) of a total 4052 individuals. 
Here density was 1,600 ± 16.88 individuals per 25cm2. 
In the pitfall traps Acarina was the most abundant group 
(31.1 %) followed by Collembola (27.0 %) out of 480 
invertebrate individuals (Sutrisno unpublished thesis 
1994). The lowest percentage abundance of Collembola 
was found in high canopy samples (8.2 % of 1523 
individuals) of tropical and subtropical forests followed 
by the low canopy samples (16.1 % of 1571 individuals) 
of tropical and subtropical forests. 

3.3. Family composition of collections from 
different methods in subtropical forest

Combining all methods, eleven collembolan families 
were found out of a total of 19 in Australia (Greenslade 
2007) in this rainforest. The family composition of 
collections from the different field methods differ 
markedly. The Entomobryidae were the most numerically 
abundant in all methods but the relative abundance of 
other families differed between sampling methods. Fig. 
2 compares the mean relative abundance in each family 
collected from upper canopy (A), lower canopy (B), pitfall 
traps (C) and soil and leaf litter samples (D). Family 
composition differed with method with pitfall traps 
and soil/leaf litter samples collecting a greater range of 
families than the canopy samples. Canopy samples were 
dominated by entomobryids (high canopy 80.7 %, low 
canopy 90.0 %, pitfall traps 50.2 %) and the soil and leaf 
litter samples by isotomids (44.2 %). The Symphypleona 
were relatively abundant in canopies (high canopy 14.1 %, 
low canopy 6.4 %). The pitfall traps collected Paronellidae 
most abundantly after the Entomobryidae. The ground 
level samples contained a high proportion of unidentifiable 
immature Collembola (pitfall traps 18.8 %, litter 14.0 %). 

3.4. Composition of tropical rainforest 
canopies

Eighteen morphospecies were identified in the two 
target families and more than half the individuals were 
Entomobryidae followed by the Dicyrtomidae, particularly 
in the low canopy. The Neanuridae, Paronellidae and 
unidentified immature forms occurred in similar numbers 
(approximately 7 % for each). The Symphypleona, 
Isotomidae, Brachystomellidae and Odontellidae together 
comprised 7 % of the total Collembola from these sites 
and each of these families was represented by only a few 
individuals.
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Lepidocyrtoides sp. 6 was the dominant species 
(especially in the low canopy), comprising about 70 % 
of total Entomobryidae collected. Lepidocyrtoides sp. 
10, found more abundantly in the high canopy, was the 
second most abundant species comprising about 25 % 
of total Entomobryidae. Plumachaetas queenslandica 
(Schött), Acanthocyrtus sp. and Entomobrya sp. cf. varia 
Schött, were also present in relatively small numbers 
(approximately 15 %, 5 % and 4 % respectively). The 
remainder of species (5) were represented by only a few 
individuals. 

In tropical rainforest, the diversity of entomobryids 
(H) was relatively low (0.4 1 and 0.3510 for high and 
low canopies respectively). However, the evenness (E) 
indices for this area were high i. e. 0.76 and 0.69 for high 
and low canopies respectively. This indicates low species 
dominance. 

3.5. Composition of subtropical rainforest 
canopies	

On subtropical site canopies, thirty one taxa were 
collected (18 morphospecies in the two families identified) 
and the dominance of the Entomobryidae over other 
families was more marked than in the tropical rainforest. 
More than 80 % Collembola were Entomobryidae 
followed by Isotomidae, and Paronellidae. The other 
families (Brachystomellidae, Dicyrtomidae, Neanuridae, 
Odontellidae and Symphypleona) were represented 
by relatively few individuals together at 10 % of total 
Collembola (Fig. 2). 

In terms of numbers of species, the subtropical sites 
were the richest, with fifteen species in the high canopy 
and seventeen species found in the low canopy. The 
canopy specialist E. rostrata, dominated and comprised 
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Figure 1. Cumulative species curve for Entomobryidae, Paronellidae and other families recognised from tropical (TRF) (6 trees), 
subtropical (SRF) (11 trees) and temperate canopies (CRF) (5 trees), low and high canopies combined.

Table 1. Mean number of Collembola, and other arthropods per 0.5 m2 collecting tray from A – tropical (6 trees), subtropical (9 trees) 
and B – cool temperate (5 trees) rainforests.

Taxon Canopy 
height

Tropical rainforest Subtropical rainforest Cool temperate rainforest
Mean number % Mean number % Mean number %

Collembola
High 3.12 ±0.53 3.70 15.51 ±2.72 17.09

34.73 ±14.39 44.92
Low 4.14 ±1.10 8.31 46.41 ±6.46 41.88

Insecta
High 81.02 ±10.83 75.24 ±14.24

42.58 ±6.98
Low 45.71 ±3.51 64.41 ±11.75

Other Arthropoda
High 19.20 ±10.82 16.26 ±2.42

77.31 ±17.06
Low 8.84 ±0.86 23.07 ±3.64

Total Arthropoda
High 103.34 ±10.03 107.00 ±17.28

20.15 ±4.23
Low 58.68 ±3.71 133.89 ±18.85

Grand total 162.02 ±11.36 240.89 ±24.14 97.45 ±18.47
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Figure 2. Relative abundance of collembolan families in subtropical rainforest collected by different methods in different strata. (A) upper 
canopy, (B) lower canopy, (C) pitfall catches, (D) soil and leaf litter extraction. Number of trees as in Figure 1. Fogging date is expressed 
as individuals per tray, pitfall data as individuals per pitfall trap and soil/leaf litter data as individuals per 25 cm2. Vertical axis denotes 
individuals.
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Figure 3. Abundance (mean ± 1SD, n = 10 trays) and species richness (mean ± 1SD, n = 10 trays) of Collembola in each stratum within 
two rainforest types and for each site (trees) in all three rainforests. Cool temperate rainforest strata were not sampled separately. Number 
of trees as in Figure 1.
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more than 60 % of total Collembola. Other species 
present were E. varia and Lepidocyrtus sp. 5. About half 
of the total species collected were represented by a single 
individual. 

Although in subtropical rainforest the species richness 
value (S) was highest (Annex 1), the diversity and 
evenness indices were relatively low, the diversity being 
0.67 and 0.264 for high and low canopies respectively and 
the evenness 1.1461 and 1.1139 for high and low canopies 
respectively (Annex 1). This was presumably due to the 
considerable skew because of the high abundance of  
E. rostrata. 

3.6. Composition of cool temperate forest 
canopies

Eighteen morphospecies were collected comprising 
1900 individuals, where more than 50 % were 
Entomobryidae. The next most abundant families were 
Neanuridae (13.9 %) and Paronellidae (12 %). The family 
Dicyrtomidae, which was present in the other two types 
of rainforests, was absent from the cool temperate 
rainforest samples. Hypogastruridae were only found 
in samples from cool temperate rainforest, although this 
family was represented by only 1 % of total Collembola. 

The most numerically abundant species in this 
rainforest was E. sp. cf. varia (63 %), however the 
degree of dominance did not match that of E. rostrata 

in subtropical sites. Other species occurring in relatively 
large numbers in cool temperate rainforest were 
Paronellides sp. cf. dandenongensis Womersley (15 %), 
Willowsia sp. (9 %), Entomobrya sp. 2. (8 %), Entomobrya 
sp. 6 (6 %) and Lepidocyrtoides sp. 5 (4 %). Once again, 
in these samples, about half the species were represented 
by only a few individuals. 

The cool temperate rainforest sites had the highest 
diversity value (0.62). The evenness index for this area 
was also relatively high at 0.64 (Sutrisno unpublished 
thesis, 1994). 

3.7. Vertical stratification

Collembola were more abundant in the low canopy 
than in the high canopy in both tropical and subtropical 
forests (Fig. 3A, B). On tropical sites, Collembola 
comprised 3.7 % and 8.31 % of all individuals trapped 
were in the high and low canopies respectively (Table 1,  
Fig. 3C) and in the subtropical rainforest, 17.09 % of total 
individuals trapped were in the high canopy and 41.88 % 
in the low canopy (Table 1, Fig. 3E). 

The MDS plot (Fig. 4) which compares species 
abundances between upper and lower canopies of 
subtropical and tropical rainforest suggests there is no 
difference in vertical difference. Subtropical trees are 
more similar in this respect than tropical trees based on a 
tighter clustering of sites and stratification.

Figure 4. Multi Dimensional Scaling plot of vertical distribution based on species composition for subtropical and tropical rainforests, 
High canopy (▲) and Low Canopy (○) with stress value of 0.11. Number of trees as in Figure 1.
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3.8. Comparison between rainforests

The ordination of species composition (presence 
and absence) between the tropical and subtropical 
forests with upper and lower canopies combined, and 
cool temperate rainforest indicated a clear separation 
(Stress-0.09) between rainforests (Fig. 5). This is 
based on the tight clustering of each site (trees) within 
each of the three rainforest types without any overlap, 
particularly marked in the subtropical rainforest cluster. 

Table 2 provides a breakdown of the results from the 
logistic regression. It is evident that the forest as well 
as the canopy strata strongly affect species abundances 
at a significant level. The interaction of forest type and 
canopy stratum shows, also, that changes in species 
abundance between strata differ within the two 
(subtropical and tropical) forest types. An estimate of 
the usefulness of the model (R2 ~ 0.258) shows, however, 
that much of the total variance i.e. nearly 75  %, remains 
unexplained.

Table 2. General linear model (GLM) with Poisson distribution for tropical and subtropical Collembola, high and low canopies. The 
estimate of model coefficient is shown to be significant for forest and strata.

Source Estimate SE Z value P value

Intercept 6.55 0.01 541.24 <0.01

Forest -2.85 0.07 -47.78 <0.01

Stratum -1.54 0.03 -54.78 <0.01

Forest x Stratum 1.26 0.11 11.84 <0.01

Table 3. Summary of a table of means showing significant differences in collembolan variables (P < 0.05) between sites (trees) within each 
rainforest type after a Tukey test was performed. For high canopy in tropical rainforest, neither collembolan abundance nor species richness 
and in subtropical rainforest species richness were not significantly different and so are not included. 

Sites (trees) 1 2 3 4 5 6

Tropical rainforest, low canopy
Abundance   5.3ab 4.5 ab   7.3b   1.8 ab   1.0a   2.3 ab

Species richness   1.3a 1.0 ab   1.4a   0.7b   0.5b   0.6b

Subtropical rainforest, high canopy Abundance   9.8ab 16.9 ab 17.4b 17.3 ab   8.8a 23.7 b

Subtropical rainforest, low canopy Abundance 37.5ab 40.1 ab 59.8b 24.4 ab 27.0a 50.0 b

Cool temperate rainforest
Abundance 66.5a 76.0 a 14.5b   9.1 b 11.4b

Species richness   5.1ab 5.2 ab   3.4bc   2.6c   2.8bc

Figure 5. Multi Dimensional Scaling plot of species composition of Tropical rainforest (TRF) (▲), subtropical rainforest (SRF) (○) and 
cool temperate rainforest CRF (■) with stress value of 0.09. Both upper and lower strata were pooled. Each point represents data from a 
single tree (10 trays). Number of trees as in Figure 1.
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3.9. Comparison between trees (sites)

Table 3 and Figure 3 shows the differences in 
abundance and species richness of each site (tree) in 
the three rainforests. There was a significant difference 
between some trees in both the low canopy and upper 
canopy in subtropical forest but not in the high canopy. 
In cool temperate rainforest, the abundance and number 
of species of Collembola were also significantly different 
between some trees. In tropical rainforest, higher 
abundance in lower canopy compared to upper was only 
exhibited by half the tress.

3.10. Pitfall and leaf and soil samples in 
subtropical rainforest

The family composition of collections from the 
different field methods are shown to differ markedly. 
Sutrisno (unpublished thesis 1994) lists 24 taxa from 
pitfall traps and 26 from litter samples for subtropical 
forest. There was little overlap between species found 
in the surface strata compared to above the ground. 
Species that were found in all four habitats included 
Acanthocyrtus sp., E. rostrata (only low numbers), 
Pseudoparonella queenslandica, Pseudoparonella sp. 4 
and Pseudoparonella sp. 5. 

The pitfall trap samples were dominated by 
Lepidosira sp. 2 and Pseudoparonella sp. 4 at 18 % of 
total Collembola. The other abundant species in this 
sample were Pseudoparonella sp. 2 while E. rostrata, 
Lepidocyrtoides sp. 1 and Lepidocyrtoides sp. 6 occurred 
in a relatively similar abundance (0.5 ind. /trap). The most 
numerically abundant species in the litter samples were 
Lepidosira sp. 2 (12 %) followed by Lepidocyrtus sp. 32 
(1.2 %) after the family Isotomidae. 

The soil and leaf litter samples generated the highest 
level of species diversity (0.4888) as indicated by the 
Shannon-Wiener Index (H) (Annex 1). The lowest 
diversity was found in the low canopy stratum (0.26). 
The diversity index of high canopy stratum and pitfall 
traps were 0.4430 and 0.4098 respectively. A relatively 
low evenness index for each stratum indicates the uneven 
distribution of abundance of entomobryid species. 
Among these the low canopy stratum was the most 
uneven having an index of only 0.1909 (Annex 1). 

3.11. Morphospecies differences between 
rainforests

Annex 2 lists all the taxa recognised in the canopies 
of the three rainforest types. Twenty-eight species of 
Entomobryidae and seven species of Paronellidae were 
found. Six of the 18  species found in the tropical samples 
were not collected in the other rainforests. Similarly eight 
of 24 species in subtropical samples and eleven out of 
the 24 species in cool temperate samples were restricted. 
Only nine species occurred in all three rainforests (Fig. 
6). As noted above the dominant species varied between 
rainforest types also. 

4. Discussion

Our data demonstrate that the canopies of three different 
types of rainforests in Australia are significantly different 
in collembolan composition at both family and species 
level, indicating a high beta diversity, and that abundance 
and species richness is high in some families. As no other 
comparisons have been made of canopy collembolan 
from different rainforests over a latitudinal range of 15°, 
our data is new. These results should be qualified for the 
following reasons. Twenty trees in all were sampled and 
there were some significant differences in composition 
and abundance between trees within each forest which 
suggests that the sampling size was small rather than a 
bias in sampling. A species discovery curve indicated 
that the eleven subtropical trees provided an adequately 

Figure 6 
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Figure 6. Venn diagram showing distributions of all taxa recognised 
between three rainforests. Tropical rainforest (TRF), Subtropical 
rainforest (STR), and Cool Temperate rainforest (CTR). Number of 
trees as in Figure 1.
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representative sample, although this was not so for tropical 
and cool temperate rainforests. Although few of our 
species had been described, which potentially provides 
problems when comparing sites, all identifications were 
made by the same person, so potential errors would be 
minimised. 

The lower numbers of Collembola in the tropical 
rainforest collections may reflect an adverse marine 
influence, such as periodic cyclonic disturbances, high air 
salinity and/or the dominance of palms, as this vegetation 
is not a favoured habitat for Collembola. Lower numbers 
were also found on ten Tasmanian rainforest trees (Yen 
and Lilywhite in Coy et al. 1993) (3.7 % of total catch) 
than for a Nothofagus canopy in northern New South 
Wales (35 %) and differences in methods may, at least 
partly, account for this. Collembola abundance from 
147 Tasmanian rainforest tree trunks (equivalent to 
low canopy) collected using a pyrethrum knock down 
technique, comprised from 10 to 60 % of specimens of 
total catch. Numbers varied directly with the rainfall 
over the previous three days (Coy et al. 1993). Yen 
and Lilywhite’s sampling in summer (February 1990) 
may have been conducted under unfavourable weather 
conditions for Collembola while ours were all conducted 
during autumn. Significantly, Basset (2001) notes that 
variance in faunas is better explained by type of forest 
than by biogeography. 

The numerical dominance of species of Entomobryidae, 
and to a lesser extent, Paronellidae, is the most striking 
feature of the family profiles of Collembola from each 
rainforest. This degree of dominance is greater than might 
be expected as for the whole of Australia Entomobryidae 
comprise 28 % (Greenslade 2007). Our results are in 
agreement with the results of Rodgers (1999 unpublished) 
for subtropical forest canopies although both absolute 
abundance and relative abundance of Collembola of total 
arthropods, were found to be higher in the present study.

In Tasmanian rainforests, Paronellidae was the dominant 
family with 6 species, 4 species of Entomobryidae and 
14 species in 6 other families (P. Greenslade in press). 
Samples from tropical forest in Sulawesi contained 9 
species of Entomobryidae, 5 of Paronellidae and 17 
species from 5 other families (P. Greenslade unpublished 
data). This is a reflection of the epigaeic nature of this 
family, members of which are adapted to living above the 
ground as they possess long appendages (Ponge 1993).

Each rainforest was distinctive in that the most 
numerically abundant species differed and each of 
these was found in lower numbers in the other types of 
rainforests or was absent. Subdominant families also 
differed between forests which may be a reflection of 
different climatic optima for each of them. The percentage 
of rare species, here considered to be any species 

represented by no more than a single individual per site, 
was highest in the tropical rainforest (44 %) compared 
with subtropical and cool temperate rainforests (13 % and 
23 % respectively). McArdle (1990) pointed out that the 
more samples which are taken from a habitat, the lower 
the rate at which rare species appear. This may be relevant 
to results obtained in the present study, given the unequal 
sampling intensity. Indeed, Basset & Kitching (1991), 
in their study on arboreal arthropods associated with 
Agyrodendron actinophyllum, suggest that individual 
species rarity may be a sampling or sorting bias. 

Few canopy specialised species have been described 
worldwide and only one was detected here, E. rostrata 
in the subtropical rainforest. Bretfeld (2002) and 
Bretfeld & Trinklein (2000) described nearly 20 species, 
all Symphypleona, from Brazilian and Ecuadorean 
rainforest canopies but these species are in an Order 
not identified to species in our samples. There are 
indications that a number of bark and epiphyte specialists 
in Isotomidae and maybe other families, occur in 
Tasmania (Coy et al. 1993). In Europe, Vertagopus 
species (Isotomidae) and a few Entomobrya species 
(Entomobryidae) may be exclusively bark living species 
and Willowsia species (Entomobryidae) are almost 
invariably associated with trees. 

Some studies have shown a close association between 
arboreal and ground living Collembola, and documented 
movements of individuals between the ground and 
above ground habitats, depending on environmental 
conditions. For instance, Bowden et al. (1976) and 
Farrow & Greenslade (1992) showed vertical migration 
of Collembola from the ground up tree trunks into 
the canopy. Of relevance is that Stork (1991) showed 
in Borneo that Collembola were one of the groups 
that reappeared most rapidly in the canopy following 
insecticidal spraying, indicating the high mobility of 
this group.

Delamare-Deboutteville (1951) was the first to record 
an abundant collembolan fauna living on trees in tropical 
rainforest. He coined the term ‘sols suspendues’ to 
describe this habitat, pointing out that dense lianes, vines, 
orchids and other plants trap dead plant material matter 
within plant crevices, which decomposes producing 
soil which then is colonised by soil fauna. A number of 
studies, both in Australia and elsewhere, have confirmed 
and quantified the presence of a well developed arboreal 
and epiphyte collembolan fauna, including soil species, 
in rainforests (Paoletti et al. 1991, Stork 1991, Guilbert 
et al. 1995, Palacios-Vargas & Castaño-Meneses 2003, 
Palacios-Vargas et al. 1998, Keller et al. 2003, Rodgers & 
Kitching 1998, 2011, Wardhaugh et al. 2014). Yanoviak et 
al. (2003) notes that the epiphyte fauna is not efficiently 
sampled with canopy fogging. 



Penelope Greenslade et al.186

SOIL ORGANISMS 88 (3) 2016

Table 4. A comparison of Collembola species richness and relative abundance in canopies of Australian and other rainforests. Abundance 
is based on the numbers of individuals per m2. Percentage was based on the proportion of Collembola to total arthropods. 
* – Number of species is only for Entomobryidae and Paronellidae, w – winter sample, s – summer sample, + – Beating understorey 
only. 

Locality (sites=trees) Latitude Abundance (ind./m2) % of total abundance No. of species Sources

Finland 65°N NA 20 34 Laine et al. 1990

Norway  
(2 sites) 60°N NA NA 23 Thunes et al. 2004

Northern England 
(2 sites) 54°–55°N NA NA 11 Shaw et al. 2007 

Ontario, Canada 
(4 sites) 47°39’ NA 10.7 10 Martin 1966

Japan  
(6 sites) 40°39’N NA NA 18 Uchida 1969 

Japan  
(1 site) 35° NA NA 6(?+) Yoshida & Hijii 2005b

Hawaii  
(8 sites) 20°N NA NA     14 Gagné,1979

Mexico Valley  
(18 sites) 19° NA 30 11 Tovar-Sanchez 2009

Chamela, Mexico 
(7 sites) 19°30’N 15 70 19 Palacios-Vargas et al. 1998

Chajul, Mexico 
(NA) 17°N 30 9 26 Palacios-Vargas et al. 1998

Panama 9°16’N NA NA
33LC

Basset et al. 2015
16UC

Sulawesi, Indonesia  
(4 sites) 2°N NA NA  30 P. Greenslade, unpubl.

Borneo  
(NA) 4°N 3.7 3.1  22 Stork 1991, 1987 a,b

Seram, Indonesia
(‘several trees’) 6°S 18 4.1 21 Stork & Brendell 1993, 

P. Greenslade, unpubl.

Daintree, North Queensland
High canopy

16°S
 6.2 3 12* Present study

Low canopy  8 8 4*

New Caledonia 
(2 sites) 20°S  NA 18.6 32 Guilbert et al. 1995

Brazil 
(4 sites) 29°25’S NA NA 12 Ribeiro-Troian 2009

Lamington, New South Wales
High canopy

28°S NA NA
16s, 10w+ Rodgers 1999

Low canopy 26s, 13w+
Lamington, New South Wales
High canopy 28°S 31 17 15* Present study
Low canopy  93 42 17*
Styx River State Forest, NSW, Australia

Present study
30°S 70 45 16*

Tasmania
45–45°S 40 3.7 24 Coy et al. 1993

(10sites)
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In our study the epiphytic flora differed between each 
rainforest. Cool temperate rainforest was typified by the 
prominence of micro-epiphytes such as small ferns, lichens, 
mosses and algae, while the subtropical and tropical 
rainforests have a greater variety of larger epiphytes 
such as orchids. These differences would influence both 
species composition and abundance of Collembola. For 
instance, the occurrence of more numerous Neanuridae 
and Isotomidae species in samples from Nothofagus may 
indicate the influence of moss, as it is known to harbour a 
diverse fauna of Collembola of which some species may 
be specialised for living on trees (Cutz-Pool et al. 2010). 
Paoletti et al. (1991), sampling epiphytic bromeliads and 
associated root masses in Venezuelan rainforest, reported 
‘soil’ Collembola as the most abundant group of ‘soil’ 
micro-invertebrates, after Acarina, inhabiting the canopy 
in their studies in a cloud forest. 

In order to test for any latitudinal trends, we list in 
Table 4 numbers of Collembola species and percentage 
abundance of the group from 20 published papers. Data 
ranged from forests at 60oN to 40oS. There appears to be no 
latitudinal trend in species numbers or relative abundance 
except possibly lower abundance in the tropics where ants, 
a predator of Collembola are numerically predominant. 
However, different methods and expertise in collection and 
different tree species most likely also influenced results.

The most comprehensive study of vertical stratification 
in Australian subtropical rainforests was published by 
Rodgers (Rodgers 1999, Rodgers & Kitching 1998) who 
compared collembolan faunas of soil, forest floor leaf 
litter, epiphyte leaf litter, canopy foliage and bark surfaces. 
They found each habitat had a significantly different fauna 
and that the major influence on upper and lower canopies 
was season. We found significant differences in species 
abundance between low canopy and high canopy as they 
did in the subtropical and tropical rainforests but not in 
species composition. Rodgers (1999) identified all families 
to species so his data was more complete than ours. Also 
we found significant differences in abundance between 
trees which is likely to have influenced our results. The 
greater abundance of Collembola in the low canopy, as 
opposed to the high canopy, may reflect a difference in 
habitat type and the harshness of environmental conditions. 
It is well known that temperature and humidity have been 
shown to be of major importance within the life cycle 
of Collembola. Lindo & Winchester (2013) documented 
strong gradients of moisture, temperature and climatic 
stability associated with canopy height and distance 
from trunk in rainforest and showed that epiphytes also 
influence canopy microclimates. The same effects would 
be present in Australian rainforest ecosystems. 

Rodger’s study (1999) examined connections between 
the ground, sols suspendues and canopy stratification in 

subtropical rainforest but not migration events which have 
been documented by Bowden et al. (1976) in England, 
by Yoshida & Hijii (2005a, b) in Japan and Farrow & 
Greenslade (1992) in Australia. These authors suggested 
reasons for migration could be dispersal, to avoid flooding 
on the ground after rain, and/or to forage for food. If 
vertical dispersal is occurring in Australian rainforests 
then strata differences are likely to be reduced.

A major question not addressed in this study concerns 
the functional importance of Collembola in the Australian 
rainforest canopy. As Stork (1991) wrote ‘The immense 
species richness of the canopy fauna raises immediate 
questions as to what all these species are doing there and 
how they interact’. Several authors have emphasised that 
‘sols suspendues’ provide a major nutrient pool associated 
with epiphytes in the rainforest canopy and so are likely to 
contribute to maintaining integrity of the forest ecosystem 
(Nadkarni 1984, Nadkarni & Longino 1990, Rodgers & 
Kitching 1998, 2011). Another issue is the conservation 
significance of our results in the context of climate change. 
Because each rainforest carried a unique fauna, beta 
diversity is high. Forests provide a myriad of ecosystem 
services (Nahuelhual et al. 2007) and any diminution 
in our forest resource would not only mean the loss of 
these services but also the loss of a number of species of 
apparently restricted distributions. 
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Annex 1. Abundance and diversity of entomobryid species in each stratum only in subtropical rainforest. 
Note: The abundance was based on individuals/tray for fogging canopy, individuals/trap for pit-fall traps and individuals/25 cm2 for soil/
litter extraction; SE: standard error.

HIGH CANOPY LOW CANOPY PIT-FALL TRAPS SOIL/LITTER
Species MEAN SE MEAN SE MEAN SE MEAN SE

Acanthocyrtus sp. 0.09 0.095 0.05 0.05 0.07 0.5 0.3 0.122

Acrocyrtus sp. 0.09 0.091 0.09 0.091 0 0 0.3 0.3

Entomobrya sp. 1 0.95 0.447 0.41 0.202 0 0 0 0

Entomobrya sp. 2 0.05 0.05 0 0 0 0 0 0

Entomobrya sp. 3 0.27 0.157 0.05 0.05 0 0 0 0

Entomobrya sp. 4 0.27 0.157 0 0 0.1 0.08 0 0

Entomobrya sp. 5 0.09 0.095 0 0 0 0 0 0

Entomobrya sp. 6 0.23 0.152 0 0 0 0 0 0

E. termitophila Schött 0.05 0.05 0 0 0 0 0 0

E. varia Schött 1.55 0.374 0.55 0.267 0 0 0 0

Epimetrura rostrata  
Sutrisno & Greenslade 5.23 1.111 19.14 3.859 0.55 0.232 0.2 0.2

Lepidocyrtoides sp. 1 0 0 0 0 0.58 0.228 1.6 0.77

Lepidocyrtoides sp. 2 0 0 0.05 0.045 0 0 0 0

Lepidocyrtoides sp. 3 0 0 0.05 0.045 0 0 0 0

Lepidocyrtoides sp. 4 0 0 0.64 0.399 0 0 0 0

Lepidocyrtoides sp. 5 0 0 0.09 0.091 0.13 0.071 1.2 0.647

Lepidocyrtoides sp. 6 0 0 0 0 0.58 0.188 2.8 1.282

Lepidocyrtoides sp. 8 0.23 0.197 0.14 0.07 0 0 0 0

Lepidocyrtoides sp. 9 0.23 0.137 0.5 0.216 0 0 0 0

Lepidocyrtoides sp.14 0 0 0 0 0.3 0.177 6.4 1.761

Lepidocyrtoides sp.18 0 0 0 0 0.05 0.05 0 0

Lepidocyrtoides sp.19 0 0 0 0 0 0 0.1 0.1

Lepidosira sp. 2 0 0 0 0 1.03 0.206 12.7 6.09

Sinella sp. 0 0 0 0 0.05 0.05 0.3 0.3

TOTAL ABUNDANCE 9.32 21.73 3.35 25.9

NUMBERS OF SPECIES (S) 13 12 10 10

SHANNON-WIENER INDEX (H) 0.67 0.264 0.803 0.636

Hmax Log10( S + 1) 1.1461 1.1139 1.0414 1

EVENNESS (E=H/Hmax) 0.62 0.245 0.771 0.636
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Annex 2. Presence and absence of Entomobryidae and Paronellidae species and other families, high and low canopies combined. 
TRF – tropical rainforest, SRF – subtropical rainforest, CTR – cool temperate rainforest. 

TRF SRF CTR
Acanthocyrtus sp.1 x x x
Acrocyrtus sp. 0 x 0
Brachystomellidae x x x
Dicyrtomidae x x 0
Entomobrya sp.1 x x 0
Entomobrya sp.2 0 x x
Entomobrya sp.3 0 x 0
Entomobrya sp.4 0 x x
Entomobrya sp.5 x x 0
Entomobrya sp.6 0 x 0
Entomobrya sp.7 0 x 0
Entomobrya sp.8 0 0 x
Entomobrya termitophila 0 x x
Entomobrya varia x x x
Epimetrura 0 x 0
Hypogastruridae 0 0 x
Isotomidae x x x
Lepidocyrtoides sp.10 x 0 0
Lepidocyrtoides sp.11 x 0 0
Lepidocyrtoides sp.12 x 0 0
Lepidocyrtoides sp.13 0 0 0
Lepidocyrtoides sp.15 0 0 x
Lepidocyrtoides sp.2 0 0 0
Lepidocyrtoides sp.3 0 0 0
Lepidocyrtoides sp.4 0 0 0
Lepidocyrtoides sp.5 0 x 0
Lepidocyrtoides sp.6 x 0 0
Lepidocyrtoides sp.8 0 x 0
Lepidocyrtoides sp.9 0 x x
Lepidocyrtus sp.1 0 0 x
Lepidosira sp.1 0 0 x
Lepidosira sp.2 0 0 x
Lepidosira sp.2a 0 0 x
Lepidosira sp.2b 0 0 x
Neanuridae x x x
Odontellidae x x x
Paronellides mjobergi 0 0 0
Peudoparonella sp.5 0 0 x
Plumachaetas queenslandica x x x
Paronellidaesp.1 0 0 x
Paronellidaesp.4 0 x 0
Paronellidaesp.6 x x x
Paronellidaesp.7 x 0 0
Sinella sp.2 x 0 0
Sminthuridae x x x
Willowsia sp. 0 0 x


