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Summary

This report provides an analysis of the groundvactieetles (Coleoptera) from baseline
sampling at a series of plots that have been esiiaol on the slopes of Mount Weld and
adjacent Mount Frederick in southern Tasmania. tMdbghis area lies within the Warra
Long Term Ecological Research (LTER) site, parthimtState Forest and part within the
World Heritage Area. There are 24 baseline altitaimonitoring plots (BAMPSs) and four
ecotonal plots in total, but those sampled for itelerates represent a subset of fourteen of
these, positioned on two altitudinal transects whimgether span an altitudinal range from
100 m to 1300 m. The surveys were conducted il-20M2. Summary findings presented
here facilitate comparisons with future surveys,jclwhmay be used to detect or monitor
environmental change such as climate change oomsspo fire.

This report demonstrates the value of beetles aal ftaxa for studies investigating the
potential for environmental change along altitutligeadients. While establishing such a
study involves a lot of work, it reaps dividendstamms of data quantity and quality. The
beetle assemblages appear to be finely structuety ahe full length of the altitudinal
gradient on Mount Weld, such that species turnavewvident between each successive 100
m altitudinal increment, from 100 m to 1300 m. Th& of species turnover is not constant,
however, with two zones of more rapid turnover gedaentified between 500 and 600 m and
between 800 and 900 m.

Of particular interest in the context of quantifyithe effects of climate change is that these
zones of rapid turnover in ground-active beetleadsages, and the rates of species turnover
more generally, do not neatly correspond to charngesegetation. This suggests that
focusing solely on vegetation responses to climbh#nge could prove misleading in terms of
understanding net primary production (NPP).

Most ground-active beetles are not herbivorous,ssndo not impact the ‘production’ aspect
of NPP. Future analyses of Malaise-trapped beeatkeg shed more light on the relationships
between herbivory and NPP. Ground-active beetl®g pnove useful in detecting impacts of
climate change on the decomposition component @? KNP litter and dead wood turnover),
since many of the commonest species are mycophagous



1 Introduction

1.1 Project rationale

This report describes aspects of a joint projedcivinas been established between Forestry
Tasmania, the Nature Conservation Branch of theaRemnt of Primary Industries and
Water (DPIW) and the Zoology Department of the @nsity of Tasmania. A fuller account
is presented in Grove (2004). The aim of the divgraject is to record baseline inventory
and distributional biodiversity data against whiagture changes in the altitudinal distribution
of flora and fauna can be measured (Brogtnal. 2001) in relation to climate change,
succession due to fire or its absence, and othanaeh events. The Warra Long Term
Ecological Research (LTER) site is a core site witlthe International Biodiversity
Observation Year (IBOY) global long term monitorimgtwork. The altitudinal transect
surveys have been supported by IBOY as an assdci&@atellite Project (see
http://www.nrel.colostate.edu/ibgdy/ The analysis of baseline Coleoptera data ha be
supported by the Australian Greenhouse Office (AGO)

The effects of future climate change are predid¢tednclude dramatic change in rainfall

patterns, change in temperature and fire risk,es®es in the frequency and severity of
extreme climatic events such as storms, droughtisflands, and a rise in sea level. The
future adequacy of existing reserves and manageimehérefore a critical issue, as climate
change may reduce or alter the distribution ofafl@nd fauna within and beyond the
geographic or altitudinal boundaries in which thase currently protected (Hughes &

Westoby 1994, Parmesan 1996, Gassioal. 2000).

The immediate effects of climate change in foresegions are likely to produce changes in
ecosystem function and processes governing comyncoiposition and structure, followed
by shifts in tree line margins and boundaries betwi@rest types and ecotones (Luckman &
Kavanagh 2000, Hilberet al. 2001, Klasner & Fagre 2002, Kullman 2002). Change
geographic, altitudinal, and seasonal patternskedyl to accelerate, and some researchers
have indicated that future changes in biodivensifyy occur at the landscape level in as little
time as decades (Hannahal. 2002). Predictive models have indicated that latggnges in
forest distribution and extent may occur with ewainor climate change (Hilbeet al. 2001).
For instance, over three quarters of the area oh@an national parks may experience shifts
in dominant vegetation as atmospheric carbon dejedels increase (Hannah al. 2002).

As another example, the large (35-240km) northeeoggaphic shift observed in the
distribution of 63% of non-migratory European brfties alone over the last century (as
compared to 3% shifting south) illustrates the scdlpotential climate-change effects over a
broad taxonomic group (Parmesanal. 1999). Such distributional changes will not only
affect animal taxa of conservation significancet &lgo beneficial and pest species as well
(Harringtonet al.2001).

Previous workers studying Tasmanian vegetation Imated that the rate of floristic change
is not constant with change in altitude (Ogden &Eib 1979, Noble 1981, Kirkpatrick &
Brown 1987, Pyrke 1989, Bridle & Kirkpatrick 1994irkpatrick et al. 1996).
Discontinuities and narrow ecotones have been resed globally in both flora and fauna
(Rahbek 1995, Sanders 2002). Both the tree limetla@ level of the cloud/mist layer may
play an important role in some of these patternsk(iatrick et al. 1996, Poundst al. 1997,
Hilbert et al.2001).



1.2 The Warra LTER site

An overview of the Warra Long Term Ecological ResbgLTER) site is provided in Brown
et al. (2001). About half of Warra lies within State Fetremanaged by Forestry Tasmania,
while the other half lies within the Tasmanian Vildess World Heritage Area (WHA).
Note that since this project was established, mamagt of the World Heritage Area has
passed from the Department of Primary IndustrieaiéWand Environment (DPIWE) to the
Department of Environment, Parks, Heritage andAthie (DEPHA). However, the Nature
Conservation Branch remains within what is nowethIDPIW. It is also worth noting that
the high-altitude part of the project area (Moungl®l lies just beyond the borders of the
Warra LTER site, but still within the WHA.

The vegetation within the project area varies frlmwland wet forests through scrubby
subalpine woodlands to alpine heaths. The wet toreary from climax cool temperate
rainforest dominated byNothofagus cunninghamito various sclerophyllous fire sere
communities dominated bBucalyptusspp (Corbett and Balmer 2001). Overstorey and
understorey vegetation maps for Warra are giveRigres 1 and 2 in Corbett and Balmer
(2001).

2 Methods

2.2 Altitudinal transect establishment and design

The complete set of plots are located on four sgpdransects (Figure 1). Only transects A
and D were subjected to invertebrate sampling. SgeinA was established in unlogged
mature forest and covers altitudes from 100-600rmnsect D encompasses an altitudinal
range from 500 to 1300 m and extends from unloggature (but fire-affected) forest up to
well beyond the treeline. Thus between them, rliesects extend from 100 m up to 1300 m
altitude, with some replication up to 600 m. Fmgarillustrates the change in vegetation over
these transects. Appendix 1 provides summary datplots used in this study, while
Appendix 2 provides some more detailed data ormstios.

2.2 Timing and extent

Invertebrate sampling was by a combination of pitfaps and malaise traps. Sampling was
organised and primarily undertaken by DPIW (NiadrBn and Michael Driessen). Due to
funding constraints, only the plots on the two sects with the least disturbance history but
greatest altitudinal range (i.e. A and D) were us@dansect A was readily accessible from
South Weld Road. Transect D, however, was very tenio order to restrict sampling to a
manageable time-frame, helicopter transport wagl useaccess the 1200 m site, with
sampling teams (led by Niall Doran) proceeding 30@ m and then walking back down the
ridge and collecting samples on their way, dow®@0 m. Walking out from the top of the
transect generally took a full day, and sometimesseasitated completing the descent in the
dark. Sampling was therefore confined to the namev months, to take advantage of
generally better weather conditions and longer days
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Figure 1. Maps of the Warra LTER site and adjoining areas, showing the location of the altitudinal
transects and their associated baseline altitudinal monitoring and ecotonal plots. Top: location map

for all four transects. Middle and bottom: larger-scale maps showing the locations of individual plots
on transects A and D respectively.
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2.3 Pitfall traps

Six pitfall traps were established at each plothwhe exception of the 500 m site on
Transect D (omitted due to time constraints forgmarea work). Traps were arranged in a
regular pattern in each grid (Figure 5), but wika@ pitfall trap location dependant on the
availability of sufficiently deep substrate in whito set it. As described in Bashfcgt al.
(2001), standard pitfall traps consisted of a 15 length sleeve of 9 cm diameter PVC
stormwater pipe sunk vertically into augered hoteshe soil. (At the 100 m site, soil was
insufficiently deep and soil and rock needed tdbit up around the PVC sleeve). A 425 ml
plastic cup of matching diameter was fitted witleiach sleeve. To prevent rain and debris
entering the cups directly, plastic food contailis were supported 3 cm above the cups on
bamboo skewers.

Each cup was filled with 100 ml of either 33% (3%$8%) ethylene glycol for sheltered sites
(below the tree line: 100 m — 1000 m) or undiluf@@75 g 1') ethylene glycol for exposed

sites (above the tree line: 1100 m — 1300 m). I l&st two months of the study, 5%
glycerine/glycerol was added to the pitfall mix improve the condition of specimens
recovered for identification. Pitfall traps weleared by filtering the ethylene glycol through
a 0.9 x 0.3 mm mesh, and resuspending the condéribkee mesh in 70 % alcohol. Pitfalls
were then recharged with fresh ethylene glycol. wdiste ethylene glycol and alcohol was
removed from the sites.

Pitfall traps on transect A were established ie Recember 2000 but were not opened until
late January 2001, at the same time that malaéges twere established. Access issues and
costs precluded a lengthy ‘digging-in’ time forfails on Transect D. Instead, pitfalls and
malaise traps were established and opened 8n228 and 24" January 2001, shortly before
Transect A pitfalls were opened. The first samplese collected from both transects on 26-
27" February 2001, and then again on 28-3@arch and 26-27 April 2001, before traps
were closed over winter. Traps were re-set ofi @@tober 2001 (Transect D) and"30
October 2001 (Transect A). Second season samples taken on 22-23% November and
17"-18" December 2001, and on239 January, 26-27February, 25-26 March and 2%-

24" April 2002, giving an overlap between 2001 and26 the months of February, March
and April. Although collection and re-setting o&jps was nominally based on a four-week
cycle, in practice, exact sampling dates were detexd by flying conditions for the
helicopter. For this reason, sampling was drivemdgess to the higher altitude sites, with the
first day spent clearing and re-setting Transecarm the second spent clearing and resetting
Transect A.

Upon completion of the pitfall trap sampling promrae, plastic cups were removed but the
PVC sleeves were left in place, to aid relocatidntrapping sites in future sampling
programmes.



2.4 Malaise traps

The delicate nature of malaise traps made themitahée for use in the exposed conditions
above the tree line (1100 m-1300 m). A single twags installed at 100 m, 200 m, and 400 m
on Transect A, and at 600 m, 800 m and 1000 m amskct D. The standard design of
Malaise trap was used as elsewhere in Warra, caedpoka 28-gauge Terylene mesh tent
with dark central panels and a light-coloured sigproof, leading to a collection bottle
containing 70% ethanol. This design is illustrabedashfordet al. (2001). The trap was
placed roughly at the centre of the grid (Figurel®ix the precise location was dependent on
finding suitable trees to which they could be dteat while maintaining an open flight path
for insects approaching the trap. Malaise trapswérared and reset by simply replacing the
collecting bottle with a new one. Upon completidrtiee Malaise trap sampling programme,
the traps were completely removed.
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Figure 5. Generalised layout and orientation of baseline altitudinal monitoring plot (BAMP), showing
location and coding system for pitfall traps (shown as circles with text beginning P) and (for some
plots) malaise trap (square with M).

2.5 Sorting, identification and analysis

All beetles were extracted from their respectivengi@s, pinned or pointed, labelled,
identified, databased and added to the TasmaniegsFimsect Collection (TFIC) maintained
at Forestry Tasmania. Despite our best effortspyrspecimens could not be allocated to
known species; these have been given code-namessiamt with the policy for all material



added to the TFIC. For the purposes of this repniy data pertaining to pitfall trap samples
from January and February 2002 are consideredo fals the purposes of this report, the
taxonomically more intractable families Staphylaédand Scydmaenidae have been excluded
from analysis.

Analyses were performed by first aggregating tha d@ from the level of individual pitfall
traps and months to the overall plot-level. Tleisulted in fourteen data-points, one for each
plot. Multivariate analyses were conducted”i@-ORD(McCune and Mefford, 1999) and in
Fuzzy GroupingSeaby and Henderson, 2005). A range of techsigquere used. Unless
otherwise stated, the beetle data were log-trams&fdrto downweight the influence of
commoner species on the analysis in question. Ateduanalysis, performed RC-ORD
provided a way of viewing the relative similaritiés assemblage composition among the
plots, and how these were related to altitude. tha purpose, the clustering procedure
employed the Sorensen (Bray-Curtis) distance meaand the group averaging method of
group linkage.

The Fuzzy Groupingsoftware was used to explore whether the changeassemblage
composition with altitude were continuous or whettigere were ranges of altitude over
which assemblage composition remained relativelghanged, interspersed with ranges of
rapid species turnover. The first stage in thiscpss was to conduct fuzzy ordinations,
enabling one to envision the degree to which agploembership of a particular transect (A
or D) or its altitude affected its position in tbeerall ordination. Following this, fuzzy C-
means ordination was employed to explore the eftd@ctaltitude in more detall, first
examining the partition coefficient to determine thptimal number of altitude-groups into
which to group the data-set. The altitude-groupggssted as most appropriate by this
ordination technique, and by fuzzy discriminant lgsig, were then used as the basis for
indicator species analysis (ISA) RC-ORD The purpose of ISA is to identify species likely
to have particularly strong associations with atipalar altitude-group. For this analysis,
non-transformed abundance data were used.

Finally, non-metric multidimensional scaling (NM@&as performed iiPC-ORDto show the
relative location of plots with respect to eachentliin multivariate space, based on the
assemblage composition of beetles found there.rdtine was run on ‘slow and thorough,
autopilot’ mode using the Sorensen (Bray-Curtis3suhilarity metric. The groupings
determined from the above analyses were used tmicobde the data-points for ease of
interpretation.



3 Results

The beetle fauna data-set comprised 1862 indivedaall29 species. As is usual in studies
of this nature, a few species were very common evhilost species were rare. The
commonest species washoleva TFIC sp 01, comprising 19% of all individuals. By
contrast, 52 species were represented by singletdppendix 3 gives the numbers of each
species per plot.

The results of the cluster analysis are shown gufél 6. The analysis demonstrates that the
plots show degrees of similarity in beetle asseg®lomposition that are strongly related to
their relative altitude. In other words, the ordemhich the plots appear in the dendrogram
corresponds with their altitude, with the 100 mtgdeing at one end of the dendrogram and
the 1300 m plot at the other. There are two 800 m. While these are adjacent on the
dendrogram, they are on different branches. Thah fTransect A is on the same major
branch as the rest of Transect A, while that frarmn§ect B is on one of two major branches
that together comprise the whole of Transect B.is Huggests an additional influence of
transect itself on beetle assemblage compositidne of the branches of Transect B, the one
comprising the plots from 900m (B09) and abovediginct from the rest of the data-set
because it has its origins near the base of thdrdgram. This suggests that there may be a
distinctive high-altitude beetle assemblage.
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Figure 6. Dendrogram derived from a cluster analysis based on plot-level log-transformed
abundance data for beetles collected from arrays of six pitfall traps at each of fourteen altitudinal
transect plots on Mount Weld in January and February 2002. Plot names are as in Figure 1. Plots
from the two transect segments (A and D) are shown in red and blue type respectively. The clustering
procedure employed the Sorensen (Bray-Curtis) distance measure and the group averaging method
of group linkage.

Figure 7 shows the separate effects of transectlitdde. The two transects do appear to
have different beetle assemblages, but these asemaoked at their altitudinal extremes (i.e.
at the lower end of Transect A and the upper endrafsect D). Plots at intermediate
altitudes are more similar to each other despitegoen different transects. Of more interest
is the extent to which the data ‘fit" an altitudimeattern. The fit was not perfect, however, as
indicated by the degree to which points along th#udinal gradient deviate from the
diagonal line running across the chart.
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Figure 7. Results of fuzzy ordinations based on plot-level log-transformed abundance data for
beetles collected from arrays of six pitfall traps at each of fourteen altitudinal transect plots on Mount
Weld in January and February 2002, and using the Steinhaus similarity measure. Plot names are as
in Figure 1. The upper chart plots the apparent membership of the two transect-groups, while the
lower chart plots the apparent membership of the 13 altitude-groups. In each case, deviation away
from the diagonal line is a measure of the degree to which actual group membership differs from its
supposed position along the membership gradient.

The analysis of partition coefficients as a preltaléhe fuzzy C-means ordination determined
that the data could be optimally allocated to thad&ude-groups. Figure 8 allows an

examination of what those groups should compri$dey suggest a distinct high-altitude
group, comprising plots at 900 m and above. THsg suggest two further groups, one at
mid-altitudes (600 — 800 m) and one at low altimi@00 m and below). These two lower
groups appear to be less distinct than the uppeupgras their centroids sit very close
together in the ordination. The discriminant asayalso found the 900 m plot difficult to

allocate to a particular group, suggesting it magated in a zone of transition from one
faunal assemblage to another. Both the 900 m lrad.®00 m plots are relatively isolated
from the rest of the high-altitude group of plots.
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Figure 8. Two different methods of allocating plots to altitude groups and determining the strength of
membership of plots to their allocated groups. Both analyses are based on plot-level log-transformed
abundance data for beetles collected from arrays of six pitfall traps at each of fourteen altitudinal
transect plots on Mount Weld in January and February 2002. Plot names are as in Figure 1. The
upper chart shows results of a fuzzy C-means ordination, viewed as a detrended correspondence
analysis chart. The lower chart shows the results of a fuzzy discriminant analysis. The pre-defined
number of altitude groups (three) was chosen by selecting the number of groups with the highest
partition coefficient as part of the ordination analysis. In both charts, membership of one of three
altitude groups is denoted by colour, while colour intensity denotes strength of membership. The
centroids of the three groups are also shown.

The indicator species analysis (Table 1) reveales $pecies strongly associated with the
low-altitude group of plots, two with the mid-alide group, and four with the high-altitude
group. Predators comprised the dominant trophiltl gumongst indicator species, followed
by mycophages. Figure 9 allows the overall besstkemblage composition of each plot to be
viewed in relation to that of other plots. Thedyal change in assemblage composition with
altitude is apparent, as is the relevance of theetlaltitude-groups and the two transects for
distinguishing assemblages.
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transect plots on Mount Weld in January and February 2002, and using the Sorensen (Bray-Curtis)
dissimilarity measure. Axes 1 and 3 of a 3-dimensional solution are shown.

names are as in Figure 1. In the upper chart, plots are colour-coded by membership of one of two
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Stress = 4.65. Plot

transects. In the lower chart, plots are colour-coded by membership of one of three altitude groups.
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Table 1. Indicator species for each of the three altitude groups, determined through Indicator Species
Analysis (after Dufréne and Legendre, 1997).

Altitude group Altitude range Species Trophic status Indicator Value p
1100 -500m Aridius nodifer Mycophagous 85.3 0.004
1100-500m Lissotes cancroides Xylophagous 66.7 0.029
1100 -500m Notonomus politulus Predatory 100 0.002
1100 -500m Thalycrodes cylindricum Detritivorous 77.8 0.02
1100-500m Zeadolopus TFIC sp 02 Mycophagous 78.3 0.005
2600-800m Choleva TFIC sp 01 Mycophagous 96.1 0.003
2600 -800m Pedilophorus multicolor Herbivorous 89.7 0.005
3900 — 1300 m Carabidae TFIC sp 23 Predatory 80 0.021
3900 - 1300 m Promecoderus gibbosus Predatory 93.6 0.006
3900 - 1300 m Scopodes boops Predatory 80 0.012
3900 — 1300 m Stichonotus leai Predatory 93.1 0.006

4 Discussion

The analyses presented here demonstrate that itherestrong altitudinal signature in the
beetle assemblage composition on Mount Weld. Theeeprogressive turnover of species
with altitude. However, the rate of turnover ig monstant. There appears to be relatively
rapid turnover between 500 and 600 m altitude, batlveen 800 and 900 m altitude,
sufficient to enable the recognition of three alte-groups. Vegetation type cannot entirely
account for these effects. The predominant veigetaip to 700 m altitude is mixed forest,
with a eucalypt overstorey and a rainforest undeest (Figure 2). There is no obvious
change in vegetation at 600 m, either within omleein transects, despite the beetle fauna
showing distinct differences either side of thisitatle and between the two transects.
Between 600 and 800 m, three vegetation typesaresented — callidendrous rainforest, tall
Eucalyptus delegatensierest and thamnic rainforest, in succession; grdy one beetle-
grouping is recognised at this altitudinal rang@bove this altitude, two very different
vegetation types are representedt.—cocciferaforest around 900 m, and scrub and rock
above this; yet only one beetle-grouping is receguhi It is possible that the presencd&of
cocciferaforest only around 900 m altitude may accountther difficulty in allocating the
900 m beetle data-set to either the high-altitudéhe mid-altitude grouping. Whatever the
reason, the lack of congruence between vegetatiamge and turnover in ground-active
beetle assemblages suggest that focusing solelyegetation responses to climate change
could prove misleading in terms of understandingpnenary production (NPP).

The fact that the altitudinal range spans two tatss complicates analyses as well as the
interpretation of patterns. The two transectsayeut 3 km apart at their point of shared
altitude (600 m). This point is rather close teeaf the apparent zones of rapid species
turnover (at 5-600 m altitude). However, while th® plots at this altitude differ in terms of
their beetle assemblages, they are at least gronptée same altitude-group despite being
from separate transects. Thus while the influesicéransect on assemblage composition
cannot be ignored, there is probably a greatenenite of altitude.

It is encouraging that such a clear altitudinahaigre emerges from a data-set of ground-
active beetles, as it suggests that this grouppndlVe to be a good one to monitor in relation
to climate change. The indicator species idewtifitlay make particularly good targets for
further study. For example, association of theghtliess, litter-dwelling, predatory
Stichonotus leanith matureE. obliquaforest (Baker, 2006) at low altitudes and witkelitin

13



high altitude scrub (this study) suggests thatoiacother than vegetation type are influencing
the beetle’s distribution. However, it must be rembered that association of indicator
species with particular altitude-groups may besalteof influences other than altituger se
For instance, one of the high-altitude indicat@sqpodes boopss sometimes common at
low altitudes in open, often disturbed, settingslevtis association with high altitude in this
study may be a consequence of the restriction eh dyabitat to this high-altitude part of the
transects. Furthermore, the indicator speciesbgréheir nature amongst the commoner
species, present at a range of altitudes withimgles altitude-group. This may make them
less suitable for studies aimed at detecting sugbtiits in distribution than some of the rarer
and/or more altitude-limited species.

Most of the indicator species were either predatory mycophagous; only one was
herbivorous (and that on mosses or algae). Ifghttern extends to the entire ground-active
beetle fauna, then it suggests that their studiencontext of the ‘production’ aspect of net
primary production (NPP) and climate change woutd be a very illuminating. Future
analyses of Malaise-trapped beetles may shed mgh¢ 6on the relationships between
herbivory and NPP. On the other hand, ground-adieetles may prove useful in detecting
impacts of climate change on the decomposition @rapt of NPP (i.e litter and dead wood
turnover).

5 Conclusion

This report has demonstrated the value of beefidscal taxa for studies investigating the
potential for environmental change along altitutligeadients. While establishing such a
study involves a lot of work, it reaps dividendstamms of data quantity and quality. The
beetle assemblages appear to be finely structumty @he full length of the altitudinal
gradient on Mount Weld, such that species turniwevident between each successive 100
m altitudinal increment, from 100 m to 1300 m. Th&e of species turnover is not constant,
however, with two zones of more rapid turnover gedentified between 500 and 600 m and
between 800 and 900 m. These zones, and thealagpecies turnover more generally, do
not neatly correspond to changes in vegetations Thiggests that focusing solely on
vegetation responses to climate change could proskeading in terms of understanding net
primary production (NPP).

Most ground-active beetles are not herbivorous,ssndo not impact the ‘production’ aspect
of NPP. Future analyses of Malaise-trapped beeatkeg shed more light on the relationships
between herbivory and NPP. However, ground-adieetles may prove useful in detecting
impacts of climate change on the decomposition @orapt of NPP (i.e litter and dead wood
turnover), since many of the commonest speciemgo®phagous.
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