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pollination) (Griffin 1982; Eldridge et al. 1993).
The eucalypt breeding system favours
outbreeding, as a consequence of reduced
capsule production, seed yield, and seedling
vigour after self pollination compared with
cross pollination (Potts and Wiltshire 1997).

Abstract
Diurnal anthophiles associated with the flowers
of Eucalyptus globulus were studied in natural
populations in eastern Tasmania. Seven bird and
71 insect species were recorded. Insect species
diversity was dominated by native colletid
bees, although the introduced honeybee was the
dominant species. Geographic variation occurred
in the avian species composition, whereas insect
communities appeared to vary temporally and
according to flowering intensity. However, insects
were rarely observed to contact stigmas and
showed little evidence of movement between trees.
It is argued that birds, particularly anthophilous
parrots and wattlebirds, are likely to be the major
diurnal contributors to outcrossing in E. globulus.

The suite of anthophiles (floral visitors) to
Eucalyptus comprises birds, mammals and
a diverse array of insects (Ashton 1975;
Armstrong 1979; Ford et al. 1979; Griffin
1982). However, their relative abundances
on each species are influenced by variation in
floral morphology and rewards (Griffin 1982;
Savva et al. 1988), as well as the weather at the
time of flowering (Christensen 1971; Ford
et al. 1979; Hopper 1981). Ford et al. (1979)
claimed that eucalypt species with small
flowers were predominantly entomophilous
(insect pollinated), whereas species with
larger flowers were mostly ornithophilous
(bird pollinated). Birds may be more
important pollinators than insects in southern
Australia during winter when it is frequently
too cold and wet for insect flight (Christensen
1971; Ford et al. 1979; Hopper 1981).

Introduction
The production of seeds in Eucalyptus is
mainly dependent upon pollen transfer
between flowers. This is due to the absence
of parthenocarpy in this genus (Griffin et al.
1987),as well as the barrier to pollen transfer
between anthers and stigma of the same
flower (autogamy) which results from
protandry (Pryor 1976). The unsuitability of
the pollen to transport by wind (Ashton 1975;
Pryor 1976; Eldridge et al. 1993) necessitates
the harnessing of animal vectors to transfer
pollen between flowers (allogamous

Eucalyptus globulus subsp. globulus (hereafter
E. globulus) is a common subdominant, and
occasionally dominant, tree of dry and wet
sclerophyll forests at altitudes below 400 m in
eastern Tasmania (Williams and Potts 1996).
Flowering in this species is concentrated
between September and December (Williams
and Potts 199G),although local flowering
intensity may vary enormously between
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years (Brown 1989). The flowers are the
largest of any Tasmanian member of this
genus (Williams and Potts 19961, the capsule
measuring 15-30 mm in diameter (Curtis and
Morris 1975). These flowers may be solitary
or occasionally arranged in umbels of three
(Jordan et al. 1993).
Eucalyptusglobulusis one of the most widely
planted eucalypts for pulpwood production
in temperate regions of the world (Eldridge
et al. 1993). Despite considerable research on
its population genetic structure (e.g. Hardner
et al. 1998;Skabo et al. 1998) and breeding
system (e.g. Hardner and Potts 1995; Hardner
et a1. 1996),there is a paucity of information
on the pollination ecology of this species.
Such information is fundamental to
understanding gene flow and reproductive
success, and is now required by tree breeders
to optimise the quantity and quality of seed
produced in seed orchards of the species.
This study aimed to identify the potential
pollinators of E. globulus within its natural
range. To achieve this, the identities and
abundances of diurnal flower visitors were
investigated in several localities to determine
how these anthophile communities vary in
time and space. Observations of foraging
behaviour gave some idea of the potential for
these floral visitors to pollinate E. globulus.

Methods
The diurnal anthophiles associated with
flowers of E. globulus were investigated within
its natural range in eastern Tasmania during
November and December 1997. The study
sites were divided into three regional areas:
1. East Coast. This region comprised trees
at Swansea (S).Cape Tourville (CT).
St Helens (SH) and Binalong Bay (B).

2. Hobart. This region comprised trees at
Queens Domain (D) and Carnelian Bay (C).
3. Tinderbox (T)
Insect surveys were restricted to between
0900 h and 1800 h on mild to hot days (17-

35°C). Almost 12 hours were spent counting
insects at flowers (Table 3), with another
four hours spent observing and catching
specimens. Individual trees of E. globulus
bearing flowers within 3 m of the ground
were observed by one of the authors (A.B.H.)
for 10 minutes each, with the numbers of
individuals from each insect species foraging
from the flowers being recorded. Thrips
(Thysanoptera) were excluded from the survey
due to the impracticality of counting them. The
numbers of open flowers within 3 m of the
ground were also counted, and the flowering
intensity of each tree scored on a scale of 1
(few flowers) to 4 (very heavy flowering).
Bird species and their numbers feeding on
flowers of E. globulus were noted whenever
they were encountered at these sites and
other areas near Hobart during the study
period. Species nomenclature for birds
follows that of Schodde and Tidemann (1990).
Insect species were identified from individuals
captured with a sweep net after they had been
observed visiting flowers. Taxa other than bees
were identified to the level of family using
the keys in Borror et al. (1981),whereas bees
were identified to subgenus using the keys in
Michener (1965). Some bees were identified to
the level of species using the keys constructed
by Walker (1995) for Lasioglossurn (Chilalictus)
and those of Houston (1975, 1981) for
Hylaeinae. Identifications of other insect
species were provided by Dr Peter McQuillan
(University of Tasmania, Hobart). Insect
species were categorised according to the
functional groups defined by Griffin and
Ohmart (1986). A voucher collection
comprising most insects encountered has
been lodged at the Department of Plant
Science, University of Tasmania. Hobart.
The abundance of each insect species was
expressed as a proportion of the total number
of insects observed visiting each tree within
the 10 minutes, in order that the visitor
profiles to each tree could be compared
without the confounding effect of varying
flower numbers between trees. These profiles
were ordinated using semi-strong hybrid

Table 1 . Anthophilous birdspecies and thefrnumbersrccordedfrom the flowers ofEucalyptus globulus.
Common name

Scientific name

Family

Swift parrot
Musk lorikeet
Brush wattlebird
Yellow wattlebird
Crescent honeyeater
New Holland honeyeater
Silvereve

Lathamus discolor
Glossopsitta concfnna
Anthochaera chrysoptera
Anthochaera paradoxa
Phylfdonyrfspyrrhoptera
Phylidonyrfs novaehollandiae
Zostero~slateralis

Platycercinae
Loriinae
Meliphagidae
Meliphagidae
Meliphagidae
Meliphagidae
Zosterooidae

21

20
22
7

17
1
4
9
1

I
5

%Total

38
21
26
16
1
1
5

35.19
19.44
24.07
14.81
0.93
0.93
4.63

(Table 3). Overall, species diversity was
dominated by bees of the family Colletidae
(Table 2). However, the introduced honeybee,
Apis mellifera L.. was clearly the dominant
insect species, constituting almost half of the
individual insect observations. The next most
abundant functional groups were small
Mordellidae, small bees, medium bees, large
beetles and soldier beetles. The recently
introduced large earth bumblebee. Bornbus
terrestris (L.), was an uncommon visitor to
the flowers of E. globulus in the two southern
regions but was not recorded from the east
coast (Table 2).

multidimensional scaling (ssh mds) with
the computer program PATN (Belbin 1993).
The insect species which were significant
(P < 0.05) describers of the variation in visitor
profiles between trees were fitted to the
ordination plot as vectors.

Results
Seven species of birds were encountered at the
flowers of E. globulus (Table 1). Anthophilous
parrots and wattlebirds dominated the
avifauna associated with these flowers, with
smaller honeyeaters being occasional visitors.
Swift parrots, and to a lesser extent yellow
wattlebirds, were common at both Hobart
and the east coast. In contrast, musk lorikeets
and brush wattlebirds were far more common
on the east coast than at Hobart. No birds
were observed foraging on flowers of
E. globulus at Tinderbox (Table I), although
many swift parrots and yellow wattlebirds
were present in the area. This absence of
foraging by birds can be attributed to
observations of these trees being restricted
to the middle of warm days, as foraging at
flowers by birds was restricted to early
morning or during cooler days at other sites
throughout the study period.

Comparison of the visitor profile OF
E. globulus with those of other plant species in
south-eastern Tasmania recorded by Hingston
(1997) revealed that the plant species which
shared the most anthophilous bird species
with E. globulus were Banksia rnarginata
and several eucalypts, mainly from the
subgenus Symphyornyrtus (Table 4). Similar
comparisons of the anthophilous insect
visitors showed substantial overlap with
other eucalypts, other Myrtaceae, and several
unrelated plant species (Table 5). While some
of these plant species sharing many floral
visitors with E. globulus may occur in tho
same communities as E. globulus, others occur
at higher altitudes. A few of these species
display similar flowering phenologies to
E. globulus but most begin flowering as
E. globulus is declining in floral abundance
in December and January (Tables 4. 5).

The flowers of E, globulus to the height of 3 m
also hosted 71 insect species, although only 10
of these were recorded in all regions (Table 2).
Insect diversity and abundance were much
greater at Tinderbox than other regions
(Table 2), concomitant with the greater
average number of flowers surveyed per tree
and flowering intensity of trees in this region
Jasforesfs Vol 10
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A large portion of the variation in insect
communities between trees was due to
contrasting proportions of beetles, native
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Table 2. Anthophilous insects. and the number encountered. on Dowers of Eucalyptus globuius. Functional groups
with approximate body dimensions (mm) are: MBEE = medium bees (11 x 2.5); SBEE = small bees (7x 1.1);
HBEE = honeybees ( 1 3 . 5 ~4); BBEE = bumblebees (17x 8); SWAS = small wasps ( 3 . 5 ~
0.9):MWAS = medium
wasps (10.5 x 2.1): LWAS = large wasps (14.5 x 4); ICHN = lchneumonidae (12 x 1.9): SANT = small ants (4 x 1);
MANT = medium ants (8 x 2); LANT = large ants (11 x 3); MCAL = medium Calliphoridae (8 x 3); SFLY = small
flies (4 x 2); MSYR = medium Syrphidae (8x 3); LSYR =large Syrphidae (13 x 4.7); LTAB = large Tabanidae (13 x
7); STAC = small Tachinidae (7x 3); SOLD = soldier beetles (10 x 3); SMOR = small Mordellidae (3.5 x 1.7); SBTL
=small beetle (7x 2.5): LBTL =large bectlc (10 x 4).
Anthophilous species

Group Code

Callomelitta picta
Leioproctus (Leioproctus) sp. CGa
Leioproctus (Leioproctus) sp. CGb
Leioproctus (Leioproctus) sp. CGc
Leiopmctus (Leioproctus) ssp. C8

MBEE
MBEE
MBEE
MBEE
MBEE
MBEE
MBEE
,
~urigiossa(Eurhossa) nigrocaerulea
MBEE
Hylaeus (Hylaeorhiza) nubilosus
MBEE
Hylaeus (Euprosopis) honestus
MBEE
Hylaeus (Euprosopoides) sp. Hy l
MBEE
Hylcoides concinna
MBEE
Lasioglossum (Chilalictus) lanarium
MBEE
Lasioglossum (Chilalictus) littleri
MBEE
Lasioglossum (Chilalictus) orbatum
MBEE
Lasioglossum (Chilalictus) tamburinei
MBEE
Exoneura (Exoneura) sp. A1
MBEE
Euryglossa (Euhesma) sp. E l
SBEE
Hyphesma atromicans
SBEE
Hylaeus (Gnathoprosopoides) bituberculatus SBEE
Hylaeus (Prosopisteron) sp. Hy7
SBEE
Hylaeus (Prosopisteron) sp. Hy8
SBEE
Hyiaeus (Prosopisteron) sp. H y l l
SBEE
Hylaeus (Prosopisteron) sp. Hy13
SBEE
Hylaeus (Prosopisteron) sp. Hyl4
SBEE
Hylaeus (Pmsopisteron) sp. Hy22
SBEE
Hylaeus (Pmsopisteron) sp. unidentified
SBEE
Homalictus sp. H4
SBEE
Lasioglossum (Chilalictus) calophyllae
SBEE
Lasioglossum (Chilaljctus) clelandi
SBEE
Lasioglossum (Chilalictus) erythrurum
SBEE
Lasioglossum (Chilalictus) macrops
SBEE
Lasioglossum (Chilalictus) mundulum
SBEE
Apis mellifera
HBEE
Bombus terrestris
BBEE
Tenthredinidae sp. 2 Clarissa
SWAS
Pergidae sp. 1 Phylacteophaga
SWAS
Sphecidae sp. 3
MWAS
Sphecidae sp. 11
MWAS
Tiphiidae sp. 4
MWAS
Gasteruptiidae sp. 1
LWAS
Sphecidae sp. 10
LWAS
Thynnidae Thynnus zonatus
LWAS
Thynnidae Diamma bicolor
LWAS

.

Tasforests Vol

10

East
Total Group
Coast Hobart T/box Total (%) total (%)

Calpic
LeioGa
LeioGb
LeioGc
Lei08
Lei014
Leiol5b
Eunigr
Hynubi
Hyhone
HyEul
Hyconc
Chilan
Chilit
Chiorb
Chilam
Exon
Eul
Hyphes
Hybitu

H;P~
HyPr
HyPr
HyPr
H;P~
HyPr
HvPr
~brnaii
Chical
Chicle
Chiery
Chimac
Chimun
Apis
Bombus
Tenth2
Pergid
Sphec3
Sphecll
Tiph
Gaster
SpheclO
Thynl
Thyn2
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Table 2. Continued.
Anthophilous species

Group Code

lchneumonidae sp. 1
Formicidae small
Formicidae Camponotus consobrinus
Formicidae Myrmecja pilosula
Calliphoridae Calliphora stygia
Calliphoridae sp. 2 Calliphora
Calliphoridae sp. 6 Calliphora
Calliphoridae sp. 9 Calliphora
Muscidae sp. 1
Syrphidae sp. S
Syrphidae sp. 3 Psilota
Syrphidae sp. 8
Syrphidae sp. 10
Syrphidae Eristalispulchella
Tabanidae sp. 2 Scaptja
Tachinidae sp. 2 Senostoma
Tachinidae sp. 10
Tachinidae sp. 11
Cantharidae Chauljognathuslugubrjs
Mordellidae sp. 1 Mordellastena
Alleculidae Atoichus bicolor
Cerambycidae sp. 5
Dermestidae sp. 1
Cleridae sp. 2 Eleale
Lycidae sp. 1 Metriorrhynchus
Cerambycidae Stenocentrus saturalis
Scarabaeidae Phyllotocus rufipennis
Scarabaeidae Phyllotocus macleayi

ICHN
SANT
MANT
LANT
MCAL
MCAL
MCAL
MCAL
SFLY
MSYR
MSYR
MSYR
MSYR
LSYR
LTAB
STAC
STAC
STAC
SOLD
SMOR
SBTL
SBTL
SBTL
LBTL
LBTL
LBTL
LBTL
LBTL

East
Total Group
Coast Hobart T/box Total
(%) total (%)

Ichneu
Form2
Forml
FormJ
Call
Ca12
Ca16
Ca19
Muscid
Syrphl
Syrph3
Syrph8
SyrphlO
Syrph2
Taban2
Tach2
Tach10
Tach11
Canthl
Mordel
Allec
Ceram5
Derm
CleridZ
Lycidl
Ceraml
Scarab2
Scarab4

Table 3. Floweringintensity of E, globulus trees, survey effort, and insect encounter rates in the
three regions surveyed.
Flowerine oarameler

East Coast

Hobart

Tinderbox

Mean number of flowers below 3 m
Mean tree flowering intensity
Number of trees observed
Number of minutes spent counting
Mean number of insects observed/min.

c. 80
2.08
7
110
0.7

35.5
1.95
6
200
0.96

c. 340
2.55
14
390
6.4

bees, introduced liur~eybeesa n d other
hymenopterans. This is apparent from the
significant vectors described b y insects o n the
ordination being largely separated according
to higher taxonomic levels (Figure 1). All
beetles except the predatory clerid Elealc sp.
w e r e associated with vectors pointing to the

Tasforests Val 10

t o p left of the plot. These were opposed to
t h e vectors associated w i t h all native bees
except Lasioglossum (Chilalictus) littleri. T h e
vector associated with Apis mellifera w a s
distinct from all others a n d opposed to those
described b y small a n t s a n d t w o species of
w a s p s . N o flies w e r e significant descriptors
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Table 4. Plant species in south-eastern Tasmania studied by Hingston (1997) which share the greatest numbers of
species ofbird visitors with flowers ofE. globulus.
Plant species
Banksia marginata
Eucalyptus viminalis
Eucalyptus obiiqua
Eucalyptus urnigera
Eucalyptusjohnstonii
Eucalyptus ovata

Flowering
phenology

Al~itude(m)

January-September
December-May
December-April
March-November
December-June
June-January

No. of bird species
shared with E. giobuius

0-1000
0-600
0-700
500-1000
500-900
0-700

Table 5. Plant species in south-easternTasmania studied by Hjngston (1997) which share thegreatest numbers of
species ofinsect visitors with flowersof E, globulus.
Plant species
Leptospermum scoparium
Leptospermum ianigerum
Eucalyptus viminaiis
Bursaria spinosa
Eucaiyptus coccjfera
Meiaieuca squarrosa
Banksia marginata
Eucalyptus amygdaiina
Prostanthera Iasian thos
Leptospermum glaucescens
Leucopogon colljnus

Flowering
phenology

Altitude (m)

No. of insect taxa
shared with E. globuius

December-April
December-January
December-May
December-Feburary
November-Feburary
October-December
January-September
September-January
December-January
December-April
January-December

region, and in surveys of the same trees
when most flowers were in direct sunlight.
in carrying greater proportions of beetles
but fewer native bees. One tree at Tinderbox
(T335) was an outlier from the Tinderbox
cluster, due to hosting very few honeybees
but many ants, as indicated by its negative
and positive associations with these vectors
respectively This tree differed from all others
in this region in bearing older flowers.

of the variation between anthophilous insect
communities during the surveys (Figure 1).
There was no major geographic separation
between the insect communities, with those
associated with east coast trees overlapping
with those at both of the southern regions
(Figure 1). However, there was little overlap
on the ordination plot between the two
southern regions, with Hobart trees being
associated with most native bees and
Tinderbox trees with most beetles and the
introduced honeybee (Figure 1 ) . While native
bees were common in both of these areas.
Hylaeus (Prosopisteron) spp. Hy7 and Hy22
were more common at Hobart (Table 2). The
Hobart trees which fell within the Tinderbox
cluster (CBc, DCe and DCO (Figure 1) all had
the majority of their flowerr in shade. These
trees differed from other trees in the same

When the same tree was surveyed repeatedly
during one day or on successive days, the
anthophilous insect comtnunities were
usually similar. Repeated surveys of the same
trees at Tinderbox separated by almost three
weeks revealed a trerid of the later surveys
having higher values on the y-axis of Figure 1,
indicative of increasing abundances of beetles
relative to the numbers of honeybees over this
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CTb

CAa
DAc DAb

BBb
BCa

Cab
BAb

CAb

BCb

DBf
CBd

DBd
DDd

-1

-0.5

-1

0

0.5

1

1.5

2

1.5

2

1.5

1

Chiiit MBEE
Mardei SMOR
Form2 SANT
Lycidi LBTL
Scarab2 LBTL

0.5

SpheclO LWAS
Canihl SOLD

Gaster LWAS
Hybitu SBEE
Leiol5b MBEE

0
Chical SBEE
XOn

Apis HBEE

-0,5

MBEE HyPi SBEE
Cieiid2 LBTL

Lei08 MBEE
Chioib MBEE
Chirnun SBEE

-1
-1

-0.5

0

0.5

1

Figure 1. 0,rdir~ationof the propoi.tioiis of insect species forngirig ntfiozuels ofenc11 E. glubulus tree. The i!lsects
which weresign$cnnt contribtrtors to the variation betzoeen trees have beenfitted ns oectors, shozvri ill 11 sepni-ate
plotfor clnrity. Stress on three axes = 16.5%. Cudesfor trees nregiven in the nppendix, nnd those fo,- iilsccts nre
shown i n Tnble 2 .
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period. This was the result of the cockchafer
Phyllotocus rufipennis being common at the
end of the period but absent at the beginning.
as well as increasing abundances of
Metriorrhynchus sp. over this period.
However, this trend towards greater numbers
of beetles later in the flowering season was
offset to some extent by declining numbers of
the soldier beetle Chauliognathus lugubris. There
was also a shift in the relative abundances of
two native bees in the genus Leioproctus at this
site over this period. This involved declining
abundances of Leioproctus sp. C8 and
increasing abundances of Lcioproctus sp. C15b.
The latter species also became more common
at Hobart during this period.

Discussion
This survey found similarities between the
anthophilous communities associated with
E. globulus and those foraging on related
plants. The similarities between the visitor
profiles of E. globulus and other species in the
Myrtaceae is apparent from the prevalence of
this family in Tables 4 and 5. The dominance
of the introduced honeybee. Apis mellifera,
in insect communities on eucalypt flowers
appears to be a common and widespread
occurrence in south-eastern Australia, as both
Ashton (1975) and Bond and Brown (1979)
also found this to be the case in Victoria. The
high diversity of native bees in the family
Colletidae noted on the flowers of E. globulus
concurs with other records of anthophiles
associated with the Myrtaceae (e.g. Michener
1965:Armstrong 1979; Hingston 1997).
However, the composition of this fauna
differed noticeably from that of leatherwoods,
Eucryphia lucida and E. milliganii, which occur
in Tasmanian rainforests (Ettershank and
Ettershank 1993). The preponderance of
species of Hymenoptera, especially Apoidea.
on E, globulus contrasts with the greater
numbers of species of Coleoptera and Diptera
collected from leatherwoods (Ettershank and
Ettershank 1993). Furthermore, birds were
not recorded from flowers of leatherwoods
while a few insect orders were collected
from leatherwoods but not E. globulus.

Nevertheless, numerous anthophile taxa were
recorded from both E, globulus and Eucryphia.
For both taxa, honeybees were the most
frequent visitor while the cantharid
Chauliognathus lugubris was also common
(Ettershank and Ettershank 1993).
The relationship between E. globulus and
other plants which share floral visitors
may involve competition or mutualism.
Competition for the visits of pollinators may
occur between co-occurring plants which
bloom synchronously (Green and Bohart
1975: Thomson 1978; Rathcke 1988).
Reproductive success is sometimes adversely
affected in synchronously flowering
co-occurring species if pollen is transferred
between species as a consequence of a lack of
pollinator constancy (Waser 1978). This may
involve reduced male fitness through loss of
pollen via transfer to stigmas of other plant
species (Campbell and Motten 1985) or lower
female fitness through the clogging of the
stigma with the pollen of other plant species
(Stucky 1985; Galen and Gregory 1989).
However, the presence of other plant species
flowering simultaneously sometimes
enhances pollinator visitation rates to
individual species by increasing the pool
of attraction (Thomson 1978, 1981). As local
flowering intensity of E. globulusvaries
enormously between years (Brown 1989),
other plant species with similar flowering
phenologies may maintain the population
sizes of pollinators of E. globulus during years
when its flowering is poor. For example,
swift parrots forage on E. ovata during spring
when E. globulus flowering is poor (Brown
1989). When a pollinator lives longer than the
duration of a single species' flowering, other
plants with different flowering phenologies
are necessary for the maintenance of the
pollinator population in the area (Heinrich
and Raven 1972: Faegri and van der Pijl1979).
An example of such mutualism between
sequentially flowering plants which shared
the same pollinator was found by Waser
and Real (1979). When drought led to
poor flowering of Delphinium nelsonii,
the population of hummingbirds which
pollinated both D. nelsonii and Ipomopsis

Noticeable changes in the community structure
of insects associated with the flowers of
E. globulus within sites over a three-week
period, together with the marked changes in
anthophilous insect communities in southeastern Tasmania during spring and summer
observed by Hingston (1997),suggest that the
suite of potential insect pollinators of
E. globulus may change greatly during its
flowering phenology Ireland and Griffin
(1984) also found that insect communities
associated with flowers of E. rnuellerana in
Victoria changed during its flowering period
from October to January, with beetles
becoming more frequent at the end.
Anthophilous insect communities also varied
with the amount of sunlight on the flowers, in
accordance with numerous other studies (e.g.
Butler et al. 1943; Kevan and Baker 1983).

restricting their foraging to individual bushes
of Thryptomene calycina for long periods,
although large blowflies frequently flew
between bushes (Beardsell et al. 1993).
Any tendency for insects to remain within
individual E. globulus canopies for long
periods may however, have been accentuated
by the wide spacing of trees at all of the study
sites. In situations where flowering trees are
closer together, xenogamy by insects may be
more frequent, as such inter-tree movements
are promoted when the cost of travelling
between plants is reduced relative to that
between flowers of a single plant (Stucky
1985; House 1997). Nevertheless. previous
observations of the behaviour of the honeybee.
which was the dominant insect species
observed on flowers of E, globulus, suggest
that individuals confine their foraging to
very small areas or particular bushes for
long periods despite the presence of other
conspecific flowers nearby (Butler et al. 1943:
Paton 1993, 1997). In one of these studies.
Paton (1993) observed honeybees visiting a
total of 4600 flowers of Callisternon rugulosus
on plants separated by a minimum of only
3 m for a total of 9.9 hours without recording
an individual moving between plants. In
fact, each honeybee restricted its foraging to
a small section within a particular bush over
several days (Paton 1997). In contrast. during
a similar amount of time observing New
Holland honeyeaters foraging at the same
plants, inter-plant movements averaged 7.3 per
hour and one every 400 flowers visited (Paton
1993). Consequently, in plants exposed to
both of these visitors, outcrossing and fruit
production declined as honeybee activity
increased (Paton 1997). Hence. birds are likely
to be more effective pollinators than insects
because of their wider movements (Ford et al.
1979; Eldridge et al. 1993: Paton 1993).

Similarities between insect communities at
individual trees surveyed repeatedly during
a single day, and on successive days, raise the
possibility that insects did not move frequently
between trees while foraging. Ifso, they
would not contribute greatly to outcrossing
(xenogamous pollination). Beetles, and a
species of syrphid fly have also been observed

The effectiveness of insects as major
pollinators, xenogamous or otherwise, of
E. globulus is questionable. Very few insects
were observed to contact stigmas, as only
those insects greater than or equal to the
length of a honeybee could contact the stigma
while feeding on nectar. As only seven of the
insect species observed were as long or longer

aggregata was adversely affected. This in turn
resulted in poor seed-set in the latter selfincompatible species.
Insect communities on the flowers of
E. globulus exhibited clear differences
between Hobart and Tinderbox, with beetles
comprising a much greater proportion of
individuals at the latter site (Figure 1). These
differences may be attributed to the much
greater flowering intensity at Tinderbox.
as House (1997) found that although
abundances of individual insects were
greatest on the most heavily flowering trees
of E. stellulata within a population. this trend
was stronger for beetles and flies than other
taxa. However, an absence of major
geographic variation in the insect visitors
to flowers of E. globulus is indicated by the
similarities between community compositions
on east coast trees with those at both Hobart
and Tinderbox, illustrated in the ordination.
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than honeybees, this precluded most species
from contacting the stigma while feeding on
nectar. Hopper (1981) also found that insects
can gather nectar from large flowers of
Eucalyptus without contacting the stigma.
Even honeybees seldom contacted stigmas.
as they usually fed on nectar while standing
on the hypanthium, with the main axis of
their body parallel to its surface. Other
nectar-feeding insects also usually adopted
this position. Minimal stigma contact by
honeybees on these large flowers is consistent
with the findings of Moncur et al. (1995)
where the impact of introducing honeybee
hives on both seed production per capsule
and outcrossing rate was lower in E. globulus
than in the smaller flowered congeners
E. nitens and E. camaldulensis. The
protandrous nature of the flowers, together
with the spreading of the long stamens away
from the stigma prior to the latter becoming
receptive, also reduced the chance of insects
contacting receptive stigmas while gathering
pollen. However, beetles have difficulty
landing precisely on flowers (Faegri and van
der Pijl 1979) and therefore could conceivably
contact the stigma in the process of landing.

E. globulus within its native geographic range.
Although able to forage in young regrowth,
swift parrots require mature forest on nearby
dry ridges for roosting and breeding (Brown
1989;Taylor 1991).with the most frequently
used areas consisting of at least 100 ha
(Brereton 1997). In fact, both of these species
are dependent on tree hollows for nesting
sites (Schodde and Tidemann 1990;Taylor
1991). This. together with the fact that
flowering in E. globulus occurs concomitantly
with nesting in both of these parrots (Schodde
and Tidemann 1990) (see also Brown 1989),
suggests that pollinator activity would be
enhanced in proximity to mature forest.
Numerous authors have found that
anthophilous birds move between habitats as
they follow floral resources (e.g. Christensen
1971; Ford 1979; Hopper 1981; Brown 1989).
Consequently. Christensen (1971) and
Sampson et al. (1995) suggested that efforts
should be made to maintain year-round
floral resources for these birds, otherwise
pollination of ornithophilous eucalypts
would be adversely affected. In the case of
E. globulus, this would be achieved primarily
by ensuring that abundances of Banksia
marginata and the diversity of ornithophilous
eucalypts are maintained.

The effectiveness of insects as pollinators
would be further reduced by the flowering
phenology of E, globulus. The weather during
spring in Tasmania is often cold, wet and
windy; conditions which are not conducive
to insect activity Houston et al. (1993) found
that cloud, even on warm days, was sufficient
to prevent a colletid bee from foraging.
Consequently, birds are more reliable than
insects as pollinators during inclement
weather (Christensen 1971; Ford et al. 1979;
Hopper 1981). Hence, we argue that birds are
likely to be the major diurnal pollinators of
E, globulus, in accordance with previous
claims of large-flowered eucalypts being
mostly ornithophilous (e.g. Ford et al. 1979;
Hopper 1981).

The prevalence of wattlebirds, relative to
smaller Meliphagidae species, can be
attributed to the aggressive defence of
concentrated floral resources frequently
conducted by this genus (Bond and Brown
1979; Ford 1979; Paton 1986). Such behaviour
was frequently observed at Coles Bay where
both wattlebirds occurred.
Although insects may not be important
xenogamous pollinators of E. globulus, their
presence may indirectly enhance pollination.
Honeyeaters feed on insects around eucalypt
flowers (Ireland and Griffin 1984) as a source
of protein (Ford and Paton 1976; Ford 1979).
Hence, anthophilous insects may help to
maintain populations of these birds in areas
where E, globulus is flowering. Anthophilous
insects could also indirectly enhance
pollination in E, globulus by reducing

Paton and Ford (1977) found that foraging
parrots contacted stigmas of eucalypts more
often than honeyeaters did, due to the longer
bills of the latter. Hence, the two species of
parrots may be the major pollinators of
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standing crops of nectar, thereby forcing birds
to visit more flowers across a larger area a n d
hence promote outbreeding (Paton 1986).

Conclusion
This s t u d y found that the flowers of E, globulus
host a w i d e variety of insects a n d birds, with
birds more likely to be effective pollinators.
However, further research is necessary to
determine empirically the effectiveness of
these flower visitors a s pollinators, including
analysis of their contributions to xenogamous
a n d g e i t o n o g a ~ n o u pollinations.
s
More
detailed surveys across the full flowering
season are needed to fully understand the
changes in pollinator communities through
time, a n d across seasons, at the population
a n d individual tree levels. Nocturnal
surveys are also required t o ascertain
whether mammals a n d moths are significant
pollinators of E. globulus, while studies from

higher in the canopies of large trees are
needed to determine whether anthophile
communities there differ from those within
3 m of the ground. The relationships between
E. globulus a n d other plants which also host
its pollinators require s t u d y to determine
whether seed-set i n E. globulus is enhanced
or reduced by their presence. Although the
nature of these interactions between plants is
obviously complex, better understanding of
such factors affecting the reproductive success
of E. globulus is important to maximise the
success of seed production areas.

Acknowledgements
We thank E. McGown for access to her
Tinderbox property, a n d D r Peter McQuillan
of the Department of Geography a n d
Environmental Studies. University of
Tasmania, for providing genus a n d species
names for some insects.

References
Armstrong. ].A. (1979). Biotic pollination mechanisms in Lhe Australian flora - a review. New ZealandJournal
ofBotany 17: 467-508.
Ashton. D.H. (1975). Studies of flowering behaviour in Eucalyptus regnans F. Muell. Australian Journal of
Botany 23: 399-411.
Beardsell. D.V., Knox, R.B. and Williams, E.G. (1993). Breeding system and reproductive success of
Thryptomene calycina (Myrtaceae). Australianlournal ofBotany 41: 333-353.
Belbin, L. (1993). Users Guide. PATNPattern Analysis Package. CSIRO Division of Wildlife and Ecology Canberra.
Bond, H.W. and Brown. W.L. (1979). The exploitation of floral nectar in Eucalyptus incrassata by honeyeaters
and honeybees. Oecologia 44: 105-111
Borror, D.J.. de Long. D.M. and Triplehorn. C.A. (1981). An Introduction to the Study oflnsects. Saunders
College publishing, ~ h i l a d e l ~ h i a .
Brereton.. R. (19971.
.
. Manaeement orescriotions for the swift oarrot in ~roductionforests. Reoort to the
Tasmanian Regional Forest Agreement Environment and Heritage Technical Committee.
Brown, P.B. (1989). The Swift Parrot Lathamus discolor (White). A report on its ecology, distribution and
status, including management considerations. Department of Lands, Parks and Wildlife. Tasmania.
Butler, C.G., Jeffree, E.P. and Kalmus. H. (1943). The behaviour of a population of honeybees on an artificial
and on a natural crop. Journal of Experimental Biology 20: 65-73.
Campbell. D.R. and Motten. A.F. (1985). The mechanism of competition for pollination between two forest
herbs. Ecology66: 554-563.
Christensen, P. (1971). The purple-crowned lorikeet and eucalypt pollination. Australian Forestry35: 263-270.
Curtis, WM. and Morris. D.I. (1975). The StudentSFlora of Tasmania. Part 1. Tasmanian Government Printer.
Hobart.
Eldridge. K., Davidson, J.. Harwood. C, and van Wyk, G. (1993). Eucalypt Domestication andBreeding.
Clarendon Press. Oxford.
Ettershank. G. and Ettershank, J.A. (1993). Tasmanian Leatherwoods (Eucryphia Spp.) - Floral Phenology and
the Insects Associated with Flowers. Tasmanian NRCP Technical Report No. 11. Forestry Commission,
Tasmania. and Department of the Arts, Sport, the Environmenl and Territories, Canberra.

-

Tasforests Vol. 10

135

December 1998

Faegri, K. and van der Pijl. L. (1979). The Principles of Pollination Ecology. Pergamon Press, Oxford.
Ford. H.A. (1979). Interspecific competition in Australian honeyeaters - depletion of common resources.
AustralianJournal ofEcology 4: 145-164.
Ford. H.A. and Paton. D.C. (1976). The value of insects and nectar to honeyeaters. Emu 76: 83-84.
Ford, H.A.. Paton, D.C. and Forde. N. (1979). Birds as pollinators of Australian plants. NewZealandJournal
ofBotany 17: 509-519.
Galen. C. and Gregory, T (1989). Interspecific pollen transfer as a mechanism of competition: consequences
of foreign pollen contamination for seed set in the alpine wildflower, Polenlonium viscosum. Oecologia
81: 120-123.
Green, T.W. and Bohart. G.E. (1975). The pollination ecology of Astragalus cibarius and Astragalus utahensis
(Leguminosae). Americanjournal ofBotany 62: 379-386.
Griffin, A.R. (1982). Pollination ecology of eucalypis - a framework for study. In: Pollination '82 (eds E.G.
Williams. R.B. Knox, J.H. Gilbert and P. Bernhardt), pp. 42-56. University of Melbourne. Melbourne.
Griffin. A.R., Moran, G.F. and Fripp. Y.J. (1987). Preferential outcrossing in Eucalyptus regnans F. Muell.
AustralianJournal ofBotany 35: 465-475.
Griffin, A.R. and Ohmart, C.P. (1986). Pollination Ecology ofEucalyptus. Biennial Report 1983-5, pp. 26-28,
CSIRO. Canberra.
Hardner, C.M. and Potts. B.M. (1995).Inbreeding depression and changes in variation after selRng
Eucalyptus globulus subsp. globulus. Silvae Genetica 44: 46-54.
Hardner, C.M., Vaillancourt. R.E. and Potts, B.M. (1996).Stand density influences outcmssing rate and
growth of open-pollinated families of Eucalyptusglobulus. Silvae Genetica 45: 226-228.
Hardner, C.M., Potts, B.M. and Gore. PL. (1998).The relationship between cross success and spatial
proximity of Eucalyptus globulus ssp. globulus parents. Evolution 52. (in press)
Heinrich, 8.and Raven, P.H. (1972). Energetics and pollination ecology. Science 176: 597-602.
Hingston. A.B. (1997). The impact of the Large Earth Bumblebee. Bombus terrestris (L.) (Apidae: Apoidea)
on Tasmanian ecosystems. Hons thesis, University of Tasmania. Hobart.
Hopper. S.D. (1981). Honeyeaters and their winter food plants on granite rocks in the central wheatbelt of
Western Australia. Australian Wildlife Research 8: 187-197.
House. S.M. (1997). Reproductive biology of eucalypts. In: Eucalypt Ecology: Individuals to Ecosystems (eds
J.E. Williams and J.C.Z. Woinarski), pp. 30-55. Cambridge University Press, Cambridge, UK.
Houston, T.F. (1975). A revision of the Australian hylaeine bees (Hymenoptera: Colletidae). I. Introductory
material and the genera Heterapoides Sandhouse, Gephyrohylaeus Michener, Hyleoides Smith,
Pharohylaeus Michener. Hemirhiza Michener, Amphylaeus Michener and Meroglossa Smith. Australian
Journal of Zoology, SupplementarySeries 36: 1-135.
Houston, T.F. (1981). A revision of the Australian hylaeine bees (Hymenoptera: Colletidae). 11. Genus
Hvlaeus Fabricius: subgenera Analastoroides Rayment. Edriohylaeus Michener. Euprosopellus
Michener,
. .
Euprosopis Perkins. Euprosopoides Michener, Gnathoprosopis Perkins, Gnathoprosopoides Michener,

-

",

-

Australian Journal of Zoology, Supplementary Series 80: 1-1 28.
Houston. T.F.. Lamont, B.B., Radford. S. and Errington. S.G. (1993). Apparent mutualism between
Verticordia nitens and V auna (Myrtaceae) and their oil-ingesting bee pollinators (Hymenoptera:
Colletidae). AustralianJournal ofBotany 41: 369-380.
Ireland. J.C. and Griffin, A.R. (1984). Observations on the pollination ecology of Eucalyptus muellerana
Howitt in East Gippsland. Victorian Naturalist 101: 207-211.
Jordan, G.J.. Potts, B.M., Kirkpatrick. J.B. and Gardiner, C. (1993). Variation in the Eucalyptusglobulus
complex revisited. Australian Journal of Botany 41: 763-785.
Kevan. P.G. and Baker, H.G. (1983). Insects as flower visitors and pollinators. AnnualReview ofEntomology
28: 407-453.
Michener, C.D. (1965). A classification of the bees of the Austraiian and South Pacific regions. Bulletin of the
American Museum ofNatural History 130: 1-362.
Moncur, M.W.. Mitchell, A,, Fripp. Y and Kleinschmidt. G.J. (1995). The role of honey bees (Apis mellifera) in
eucalypt and acacia seed production areas. Commonwealth Forestry Review 74: 350-354.
Paton, D.C. (1986). Honeyeaters and their plants in south-eastern Australia. In: The Dynamic Partnership:
Birds and Plants i n Southern Australia (eds H.A. Ford and D.C. Paton), pp. 9-19. The Flora and Fauna of
South Australia Handbooks Committee, Adelaide.

Jasforests Vol. 10

136

December 1998

Paton. D.C. (1993). Honeybees in the Australian environment. Does Apis mellifera disrupt or benefit the
naLive biota? Bioscience43: 95-103.
Paton, D.C. (1997). Honey bees Apis mellifera and the disruption of plant-pollinator systems in Australia.
The Victorian Naturalist 114: 23-29.
Paton, D.C. and Ford, H.A. (1977). Pollination by birds of naiive plants in South Australia. Emu 77: 73-85.
Potts, B.M. and Wiltshire. R.J.E. (1997). Eucalypt genetics and genecology In: Eucalypt Ecology: Individuals to
Ecosystems (eds J.E. Williams and J.C.Z. Woinarski), pp. 56-91. Cambridge University Press,
Cambridge. UK.
Pryor, L.D. (1976). The Biology ofEucalypts. Edward Arnold (Publishers) Limited. London.
Rathcke, B. (1988). Interactions for pollination among coflowering shrubs. Ecology 69: 446-457.
Sampson,J.F.,Hopper, S.D. and James, S.H. (1995). The mating system and genetic diversity of the
Australian arid zone mallee, Eucalyptus rameliana. Australian Journal of Botany 43: 461-474.
S a w a , M., Po~ts.B.M. and Reid, J.B. (1988). The breeding system and gene Row in E, urnigera. In:
Pollination '88 (eds R.B. Knox. M.B. Sing
- and L.F. Troiani), pp. 176-182. Plant Cell Biology Research
Centre. University of Melbourne.
Schodde. R. and Tidemann, S.C. (1990). Complete Book ofAustralian Birds. Reader's Digest, Sydney.
Skabo. S.. Vaillancourt. R.E. and Potts, B.M. (1998). Fine-scale structure of Eucalyptusglobulusssp.
..
. globulus
.
forest revealed by RAPDs. Australian Journal of Botany 46. (in press)
--

~~~~~~~

,~~~

Taylor. R.J. (1991). Fauna Conservation in Production Forests in Tasmania. Forestry Commission, Tasmania.
Thomson, J.D. (1978). Effects of stand composition on insect visitation in two-species mixtures of
Hieracium. American Midland Naturalist 100: 431-400.
Thomson, J.D. (1981). Spatial and temporal components of resource assessment by flower-feeding insects.
Journal of Animal Ecology 50: 49-59.
Walker, K.L. (1995). Revision of the Australian native bee subgenus Lasioglossum (Chilalictus)
(Hymenoptera: Halictidae). Memoirs of the Museum of Victoria 55: 1-423.
Waser, N.M. (1978). Interspecific pollen transfer and competition between co-occurring plant species.
Oecologia 36: 223-236.
Waser. N.M. and Real, L.A. (1979). Effective mutualism between sequentially flowering plant species.
Nature 281: 670-672.
Williams. K.J. and Potts, B.M. (1996). The natural distribution of Eucalyptus species in Tasmania. Tasforests
8: 39-165.

Tasforests Vol. 10

137

December 1998

Appendix. Numbers ofinsects in each insect group collected from each tree. (Abbreviations ofinsect groups aregiven in the caption of Table 2.)
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