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Differences in pollinator effectiveness of birds and insects
visiting Banksia menziesii (Proteaceae)
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Summary. The effectiveness of nectarivorous birds, intro-
duced honey bees and staphylinid beetles as pollinators of
Banksia menziesii was assessed. Staphylinids removed sub-
stantial amounts of pollen but did not deposit any onto
stigmata. Abundance of beetles on inflorescences was re-
lated to the mean number of florets opening per day. Honey
bees collecting pollen were more likely to effect pollination
than those collecting nectar which only contacted stigmata
when arriving or leaving an inflorescence. Nectar-foraging
birds probed between florets 10.2-+0.8 (+SE) times, con-
tacting 816 stigmata during each probe. Bees visited inflo-
rescences ten times more frequently than birds although
they deposited only 25% of the pollen that birds did on
stigmata. Fruit set was ten times greater on inflorescences
visited by birds than on inflorescences visited by bees. Bees
were capable of removing as much pollen as birds but,
because of direct pollen transfer to birds when florets
opened during foraging, actual removal was probably much
less. Selection for floret opening during nectar foraging by
birds may have resulted from pollen removal by non-pollin-
ating animals, such as staphylinids.

Key words: Pollination — Pollinator effectiveness — Nectari-
vorous birds — Honey bees — Banksia

Flowers of many plant species are visited by a variety of
animals, although all may not be equally important to the
reproductive success of the plants they visit (Primack and
Silander 1975; Bertin 1982; Morse and Fritz 1983; Spears
1983; Lindsey 1984; Schemske and Horvitz 1984; Mon-
talvo and Ackerman 1986; Sugden 1986). The most effec-
tive pollinators of a plant species will be those animals
whose floral visitation results in the greatest reproductive
success (Stebbins 1970).

Other pollinators contribute less to reproductive success
by limiting the quantity or quality of compatible pollen
loads to stigmata (Primack and Silander 1975; Bertin 1982).
The deposition of pollen of lower quality may fertilise and
pre-empt available ovules that are later aborted or produce
inferior progeny (Stephenson 1981; Willson and Burley
1983; Wiens et al. 1987). Similarly, interspecific or self-in-
compatible pollen may clog stigmata, preventing the germi-
nation of later arriving pollen (Waser 1978; Shore and Bar-
rett 1984). The removal of pollen by non-pollinating visitors
or less effective pollinators decreases the amount of pollen

available for reproduction (Schemske and Horvitz 1984).
Similarly, the removal of floral nectar may affect pollen
availability by altering the foraging behaviours of more ef-
fective pollinators (McDade and Kinsman 1980).

Most studies that have examined fruit set on plants
visited by nectarivorous birds and insects (predominantly
bees), have found that more fruit was produced when birds
visited flowers (Carpenter 1976; Waser 1978, 1979; Bertin
1982; Collins and Spice 1986). In the genus Banksia (Pro-
teaceae), flowering inflorescences are visited by birds, small
mammals and insects, although their copious nectar pro-
duction and large stigma to nectary distances suggest pollin-
ation by vertebrates (Paton and Turner 1985). Several stu-
dies have examined fruit set due to different floral visitors
and found birds and insects equally effective (Whelan and
Burbidge 1980; Paton and Turner 1985). In contrast, other
species developed lesser numbers of fruit or no fruit at all
when visited only by insects (Whelan and Burbidge 1980;
Collins and Spice 1986). However, in these latter studies
the reasons for the lower fruit set were not fully explored.

The present study examined the effectiveness of the ma-
jor floral visitors of Banksia menziesii R.Br. as pollinators.
These were staphylinid beetles (Coleoptera: Staphylinidae),
introduced honey bees Apis mellifera and nectarivorous
birds (honeyeaters, Meliphagidae). Other floral visitors
either did not contact the reproductive structures or were
too rare to be of consequence to fruit set. Specifically, I
investigated the rates of visitation to inflorescences and how
they foraged at inflorescences. In order to quantify pollina-
tor effectiveness, pollen removal, pollen deposition and fruit
set in response to visitation by these three groups were
determined. The ways in which the different groups of visi-
tors may influence, or potentially influence, the reproduc-
tive success of B. menziesii were also discussed.

Study species and field site

Banksia menziesii is a tree or woody shrub found near the
west coast of south-western Australia (George 1981). About
600-1400 pink to red sessile florets (37-71 mm long) are
arranged orthogonally around a central woody axis, form-
ing inflorescences 4-12 cm long (George 1981; Ramsey
1986). Just prior to floret opening, pollen is deposited from
sessile anthers onto the modified style-end, the pollen pre-
senter, directly below the terminal stigmatic groove. After
floret opening the style protrudes beyond the relaxed per-
ianth (George 1981). Floret opening on inflorescences pro-
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ceeds acropetally, with 30-70 opening per 24 h. Of these,
approximately 95% open during the daytime, mostly in
response to foraging by nectarivorous birds. By dusk, all
of the pollen has been removed from florets suggesting noc-
turnal pollination is unlikely (Ramsey 1986, 1987a). Fruits
of banksias are dry, dehiscent follicles formed from a single
ovary containing two ovules (George 1981).

A field site of low, open woodland (4-6 m high) with
Banksia menziesii and B. attenuata R.Br. as co-dominants
was established within a reserve, 25 km south of Perth,
Western Australia. Banksia menziesii trees are self-incom-
patible at this site (Scott 1980; Ramsey 1986). Flowering,
during the 1986 study period occurred from March to Sep-
tember.

Methods

Visitation rates and foraging behaviour

The visits of honeyeaters to 25 inflorescences, and of honey
bees to 6 inflorescences, were monitored over 3 days in June
during separate, hourly, 10 min census periods from 0700 h
to 1700 h. Temperatures were also recorded hourly to deter-
mine if they were related to the abundance of visitors.

Staphylinid beetles, 2-3 mm in length, resided on inflo-
rescences. Thus their visits to inflorescences could not be
determined. Instead, the numbers of individuals on inflores-
cences in 6 different stages of floret opening (shown below)
were assessed :

na No florets open
0 -1/4 Up to one quarter of florets open

1/4-1/2 One quarter to one half of florets open
1/2-3/4 One half of three-quarters of florets open
3/4-F Three-quarters or more florets open

F All florets open

Ten inflorescences in each stage were removed from
trees, sprayed with insecticide, sealed in plastic bags and
returned to the laboratory, where their florets were removed
and the numbers of staphylinids counted.

The number of florets opening per 24 h were counted
on 8 inflorescences during the floral stages to determine
if staphylinid abundance was related to pollen availability.

Pollen removal

Pollen removal by the different visitor groups was assessed
using differential exclosures. Fifteen inflorescences, each
with one quarter to one half of its florets open, wete as-
signed to the following four treatments:

(a) Open: Access to all visitors (6 inflorescences)

(b) Caged: Access to insects; birds excluded (3 inflores-
cences)

(c) Bagged: Access to staphylinids; honeyeaters and honey
bees excluded (3 inflorescences)

(d) Bagged with insecticide: All floral visitors excluded
(3 inflorescences)

Cylindrical cages constructed of semi-rigid plastic mesh
(20 cm high x 14 cm diameter with 1 cm x 1 cm apertures)
were placed on inflorescences and secured on the supporting
stems. Fabric netting bags (1 mm x 1 mm apertures) were
placed over the cages in the bagged treatments and tied
at the bottom to restrict access to insects.

Ten florets per inflorescence were opened with a fine
needle between 0600 h and 0700 h; surrounding florets were
removed. Insecticide was sprayed on inflorescences of the
total exclusion treatment. Cages and bags were then placed
on inflorescences.

Twelve newly opened florets were sampled for pollen
at 0700 h using separate 2 mm> cubes of glycerine jelly im-
pregnated with basic fuchsin stain (Wooller et al. 1983).
Pollen grains readily adhered to the cubes and all visible
pollen on the florets was removed. After sampling, the
cubes were stored separately in labelled plastic vials.

Thereafter, at 2 hourly intervals until 1700 h, 2 predeter-
mined florets on the inflorescences were sampled for pollen.
Bags were removed while sampling and replaced when fin-
ished. Florets were removed after sampling.

In the laboratory, cubes were placed on microscope
slides with coverslips resting on top. Slides were warmed
over a flame until the gel melted. All of the pollen grains
on each slide were counted at X100 magnification.

Pollen deposition

Thirty inflorescences, each with almost half of its florets
open, were assigned randomly to either open, caged or
bagged treatments. Previously opened florets were removed.
Treatments were left in place for 7 days, after which 10 flor-
ets from each inflorescence were selected. Bagging did not
appear to affect the staphylinids as large numbers were
found on inflorescences after the bags were removed.

The top 0.5 cm of each style was removed and placed
in a drop of basic fuchsin stain. Under X50 magnification
the tip at each style was cut along the stigmatic groove
with a fine scalpel blade. The numbers of pollen grains
within the stigmatic cavities were counted under X100 mag-
nification. The scalpel blade was checked for pollen grains
and rinsed after each sample. Pollen grains stained darker
than the stigmatic and stylar tissues and were readily distin-
guished.

Fruit set

Forty-five inflorescences, each with florets fully formed but
not yet opened, were selected on 19 trees. Trees were as-
signed to either open, caged or bagged treatments such that
there were 15 inflorescences per treatment. Not all inflores-
cences on B. menziesii trees develop fruit (Whelan and Bur-
bidge 1980), so that the number treated on each tree was
less than the number that produced fruit the previous year;
the remaining inflorescences were removed. This removal
was likely to ensure the availability of nutrient resources
for developing seeds on treated inflorescences. Similarly,
it prevented the selective development of offspring on non-
treated inflorescences which might have received higher
quality pollen (Stephenson 1981 ; Willson and Burley 1983).
Treatments were completed in April and left in place until
September when inflorescences were harvested and the
numbers of fruits determined.

Results

Effects of treatments

An assumption when using different exclusion treatments
is that the behaviour of the floral visitors is not altered
(Paton and Turner 1985). Bagging did not adversely influ-
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Fig. 1. Mean (4 SE) numbers of visits by honeyeaters and honey
bees to Banksia menziesii inflorescences. Visits were recorded over
3 days. Ambient air temperatures are shown at the top

ence fruit development, as inflorescences that were hand
pollinated and bagged produced fruit (Ramsey 1986).

The effect of cages on the foraging behaviour of honey
bees was examined recording the number and duration of
visits to 3 caged and 3 open inflorescences. Open inflores-
cences received slightly more visits over a 10 min period
(x+SE; open, 7.34+0.9; caged, 6.01+1.2) although these
differences were not significant (Student’s r=0.94; df=4,
P>0.2). Bees, however, tended to forage longer at caged
inflorescences (open, 4.1 +0.3 min; caged, 5.0 +0.7 min) al-
though not significantly so (Student’s t=1.41, df=98, P>
0.1). The foraging behaviour of staphylinids within bagged
inflorescences could not be assessed.

During all experiments, observations were made to en-
sure that inflorescences were visited and that exclosures re-
stricted access to the appropriate group of floral visitors.
Although open inflorescences allowed access to all floral
visitors, differences between this treatment and the others
reflect visitation by honeyeaters. Similarly, comparisons be-
tween caged and bagged inflorescences reflect differences
between honey bees and staphylinids.

Visitation rates and foraging behaviour

Inflorescences received many more visits by honey bees than
by honeyeaters (Fig. 1). The visitation rate was estimated
as 104 visits per inflorescence per day for honey bees and
as 10 visits per inflorescence per day by honeyeaters.
Honey bee visitation occurred from 0900 h to 1600 h and
was significantly correlated with ambient air temperature
(Pearson product moment correlation; r,= +0.79, df=31,
P <0.001) with peak rates from 1200 h to 1400 h (Fig. 1).
Honeyeaters visited inflorescences throughout the day al-
though especially during the early morning (0700-0900 h)
and late afternoon (15001700 h). The number of visits per
inflorescence was inversely related to hourly temperature
(r,=—0.56, df =31, P<0.001). There were few visits before
0700 h.
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The foraging behaviours of the most common species
of honeyeaters (Western Spinebill Acanthorhynchus superci-
liosus, Brown Honeyeater Lichmera indistincta, New Hol-
land Honeyeater Phylidonyris novaehollandiae and Little
Wattlebird Anthochaera chrysoptera) were similar and their
data have therefore been combined. However, the narrower
bills and smaller heads of the Western Spinebills may result
in less pollen being removed and deposited by this species
(Ramsey 1987b). Honeyeaters landed on unopened florets
at the distal end of an inflorescence and leaned forward
to probe between the most recently opened florets. Simulat-
ing this action with preserved honeyeaters, it was estimated
that the stigmata of 8-16 florets were contacted during each
probe. A foraging bout lasted on average for 22.5+1.8 s
and consisted of 10.2+0.8 probes (means+ SE for 417 ob-
servations).

The foraging behaviour of 94 bees was monitored, 84
collecting nectar and 10 collecting pollen. Foraging for pol-
len occurred mainly in the morning and, as most observa-
tions were conducted around midday, the number recorded
as engaged in this activity was an underestimate. The aver-
age duration of a visit to an inflorescence by a bee foraging
for nectar was estimated as 258 +18 s, although this was
also an underestimate as 11% of individuals spent longer
than 10 min at an inflorescence. In contrast, individuals
foraging for pollen spent much less time at inflorescences
(36.6+11.0 s).

Bees collecting nectar rarely contacted stigmata except
when arriving at, and departing from, inflorescences. They
landed on the most recently opened florets contacting sever-
al stigmata, then burrowed between the open florets to
reach the nectaries. When moving within an inflorescence,
bees would push between florets below the stigmata. When
departing, bees would climb onto florets, again contacting
stigmata, and fly away. In contrast, bees collecting pollen
contacted stigmata more often. They would land on inflo-
rescences, as previously described, then walk around the
inflorescence on the most recently opened florets collecting
available pollen.

Staphylinid beetles were observed frequently removing
pollen from florets. When florets were opened manually,
they climbed up florets and removed pollen. If disturbed,
or when all pollen was gone, they returned to the base
of the florets. Staphylinids were not observed flying between
inflorescences. All staphylinids found on inflorescences ap-
peared to belong to the same species. The mean numbers
of individuals per inflorescence ranged from 0.140.1 to
32.845.7, dependent on the floral stage of the inflorescence
(Fig. 2; X?>=34.01, df=35, P<0.001, Kruskal-Wallis test).
Abundance was significantly related to the mean number
of florets opening per 24 h during each floral stage (Fig. 2;
r,=+0.86, df =4, P<0.05). As pollen availability is depen-
dent upon the numbers of florets that open each day, sta-
phylinid abundance may well be related to pollen availabili-
ty. Alternatively, abundance may be related to nectar avail-
ability, if a greater number of florets opening per day results
in greater nectar production.

Pollen removal

A significant amount of pollen was lost from florets on
inflorescences where all visitors were excluded (bagged and
insecticide) between 0700 h and 1700 h (Fig. 3; P<0.01,
Wilcoxon two-sample test), although pollen removal was
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Fig. 3. Number of pollen grains remaining on individual Banksia
menziesii florets with restricted access to different floral visitors.
Means (+SE) of 12 florets from open inflorescences and of 6 flor-
ets for other treatments. The floral visitors excluded by each treat-
ment are described in the text

greater when visitors had access. Staphylinids removed sig-
nificantly more pollen than was lost from total-exclusion
inflorescences by 1700 h (P <0.005) although the amount
of pollen they removed was significantly less than that re-
moved by either honey bees (P<0.01) or honeyeaters (P <
0.001).

Within 4 h of presentation, virtually all of the pollen
had been removed from florets on caged inflorescences
(Fig. 3). As honey bees were not active before 0900 h
(Fig. 1), pollen removal from the caged inflorescences be-
tween 0700 h and 0800 h was due to staphylinids. Thereaf-
ter, however, pollen removed from caged inflorescences was

Table 1. Number of Banksia menziesii stigmata from open, caged
and bagged inflorescences containing pollen grains (N=100). The
deposition of two or more grains was dependent upon treatment
(3 x 2 test of independence)

Number of pollen grains Treatment
within stigmata

Open Caged Bagged
One or more 68 25 4
Two or more 38 9 0
Less than two 62 91 100

X*=159.69, df =2, P<0.001

Table 2. Number of open, caged and bagged Banksia menziesii
inflorescences producing fruit. Fruit production was dependent
upon treatment (3 x 2 test of independence)

Treatment

Open Caged Bagged
Fruit present 13 6 0
Fruit absent 2 9 15

X?=23.14, df =2, P<0.001

rapid compared to that from bagged ones and was due
to honey bees. Two hours after presentation, significantly
more pollen had been removed from the open than the
bagged or caged inflorescences (P <0.05), due to visitation
by honeyeaters. By 1300 h similar amounts of pollen had
been removed from both open and caged inflorescences
(P>0.5).

Pollen deposition

Pollen deposition was low in all the treatments. The mean
numbers of grains deposited on stigmata of florets on open,
caged and bagged inflorescences were 1.2740.12,
0.35+0.01 and 0.074+0.02 respectively (N=100 for each
treatment). More than twice as many florets from open
inflorescences contained pollen grains than those from
caged inflorescences (68% and 25% respectively). Only 4%
of bagged florets contained pollen grains (Table 1).

Fruits of B. menziesii contain 2 seed wings (Scott 1982;
Ramsey 1986), suggesting that both ovules must be fertil-
ised before development of a fruit proceeds. Thus, the re-
sults have been analysed in terms of the number of florets
containing 2 or more pollen grains, or less than this (Ta-
ble 1).

The deposition of two or more pollen grains within stig-
mata was dependent upon treatment (Table 1). None of
the florets from the bagged inflorescences (staphylinid ac-
cess only) contained two or more pollen grains. Of the caged
and open inflorescences, 9% and 38% of florets respectively
contained two or more grains. Pairwise comparison (2x2
test of independence; Zar 1974) between bagged and caged
treatments showed this to be a significant difference (X*=
7.46, df =1, P<0.01), as was that between caged and open
treatments (X2 =21.80, df=1, P<0.001).

Fruit set

Fruit production on open, caged and bagged inflorescences
was highly dependent upon treatment (Table 2). Of the



open inflorescences, 87% set fruit while only 40% set fruit
on the caged inflorescences. None of the bagged inflores-
cences produced fruit. Pairwise comparison between open
and caged inflorescences revealed this as a significant differ-
ence (X?=7.03, df=1, P<0.01). In addition, open inflores-
cences produced 5.340.7 fruits per inflorescence, signifi-
cantly more than the 1.24+0.5 produced on caged inflores-
cences (Student’s r=45.1, df =28, P<0.001).

Discussion

Nectar-feeding birds were the most effective pollinators of
the self-incompatible Banksia menziesii, which concurs with
previous studies of other bird-visited plants (Carpenter
1976; Waser 1978, 1979; Bertin 1982; Collins and Spice
1986). Despite a tenfold difference in visitation rates be-
tween honey bees and honeyeaters, birds deposited four
times as much pollen as bees, resulting in approximately
ten times greater fruit set. Similarly, hummingbirds depos-
ited ten times more pollen than honey bees or bumble bees
on stigmata of flowers of the self-incompatible Campsis
radicans (Bignoniaceae) resulting in greater fruit set (Bertin
1982).

Free (1966) reported that honey bees pollinated a higher
proportion of apple flowers when collecting pollen than
when collecting nectar. Likewise, pollen collecting bees may
be more effective pollinators of B. menziesii. Pollen collec-
tors contacted greater numbers of pollen presenters and
stigmata while foraging, thus increasing non-corbiculae pol-
len loads (Ramsey 1986) and the likelihood of pollen depo-
sition. Also, as only a few florets have pollen on at any
one time, these bees may have to visit a greater number
of inflorescences while foraging, increasing the probability
of transferring outcross pollen.

Overall, however, pollen deposition on stigmata by
honey bees was low, although it was much greater than
the resulting fruit set on comparable caged inflorescences.
Assuming that pollen was deposited similarly on stigmata
over whole inflorescences, the low fruit set may have been
a consequence of the deposition of self-incompatible pollen.
It is unlikely, however, that the deposition of self-pollen
by honey bees would depress fruit set on open inflorescences
by clogging stigmata (Shore and Barrett 1984) or pre-empt-
ing ovules (Willson and Burley 1983) as almost 92% of
stigmata had no pollen deposited on them.

Pollen deposition on inflorescences visited by hon-
eyeaters also exceeded fruit set. However, the levels of fruit
set were much greater than those effected by bees and were
similar to those reported in previous studies in similar areas
(Whelan and Burbidge 1980; Scott 1982; Cowling et al.
1987). These results suggest that the maximal number of
fruits per inflorescence was limited by factors other than
the deposition of compatible pollen. The most likely factor
is the availability of mineral nutrients (e.g. McCall and Pri-
mack 1987). If more ovules are fertilised than can be ma-
tured, selective abortion may retain only those fruits that
are of high genetic quality (e.g. Willson and Burley 1983).
Pollination of B. menziesii by honeyeaters may result in
higher quality offspring, thus increasing female reproduc-
tive success.

Honey bees removed as much B. menziesii pollen as
honeyeaters, suggesting a possible adverse affect on male
reproductive success due to a reduction of pollen available
for transfer by birds. Under natural conditions, however,
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florets open mainly in response to nectar-foraging by hon-
eyeaters (Ramsey 1987a), resulting in up to half of the pol-
len of florets being transferred directly to the birds. Also,
immediately after the departure of a bird from an inflores-
cence, staphylinids climb from the base of newly-opened
florets and remove much of the remaining pollen. Thus,
the impact of honey bees may not be as great as suggested
by the pollen removal experiment of this study.

Pollen removal by flower-visiting staphylinid beetles has
been reported previously, although pollination details were
not given (Gottsberger 1985). During the study reported
here, pollen removal by staphylinids was substantial al-
though the amount deposited on stigmata was insufficient
to initiate fruit set. As removal of pollen by non-pollinating
floral visitors decreases male reproductive success
(Schemske and Horvitz 1984), selection should favour floral
traits minimising those pollen losses. Floret opening in B,
menziesii after honeyeater visitation, if heritable, may have
arisen in response to pollen removal by staphylinids or
other non-pollinating animals. The direct transfer of pollen
onto birds would decrease potential losses and increase the
probability of deposition onto stigmata. Other selective
forces, however, may also have been important, for instance
in increasing outcrossing distance when reproductive suc-
cess is related to pollen flow distances (Schemske 1983).

Although not universal, mechanical stimulation of floret
opening has been noted for several other species of banksia,
but whether opening occurs in response to nectar-seeking
birds remaining to be determined (McFarland 1985). Flow-
er opening caused by nectarivorous birds has been also
reported for some species of Loranthaceae from Java and
Central Africa although its significance remains unex-
plained (Docters von Leeuwen 1954; Feehan 1985). For
several insect-pollinated plants, in which pollen serves as
the primary attractant, flower opening in response to pollin-
ator visitation has been interpreted as a mechanism to en-
sure the availability of pollen for plant reproduction (Faegri
and van der Pijl 1979).

Honey bees have been introduced to Australia only since
1826 and their influence on the native fauna and flora is
largely unknown (Pyke and Balzer 1985). The results of
the present study suggest that honey bees are not directly
affecting the reproductive success of B. menziesii. However,
bees may affect reproductive success indirectly by removing
nectar, which could alter the foraging behaviour of the hon-
eyeaters.

Of the total 24 h nectar production of B. menziesii inflo-
rescences, 32% is produced during the daytime (Newland
1982) and is thus available to honey bees. The greater night-
time nectar production may be completely utilised by hon-
eyeaters at dawn before bees are active as Paton (1979)
found for Grevillea aquifolium (Proteaceae), Callistemon
macropunctatus (Myrtaceae) and Amyena pendulum (Loran-
thaceae). However, when honey bees removed a large pro-
portion of the nectar produced during the day in these spe-
cies, the feeding territories of New Holland Honeyeaters
increased in size (numbers of flowers defended).

The visitation by birds of more flowers on different
plants may increase pollination, in terms of both the quan-
tity and quality of pollen deposited (McDade and Kinsman
1980). Although it would be unlikely that fruit set would
increase in B. menziesii, the genetic quality of progeny may.
In contrast, if nectar resources were reduced to levels that
were insufficient to sustain avian pollinators, a decrease
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in reproductive success would follow. This effect has been
reported by McDade and Kinsman (1980) for populations
of Aphelandra golfodulcensis and Justicia aurea (Acantha-
ceae). Both species are pollinated by larger Hermit Hum-
mingbirds although nectar is also removed by other bird
species and insects. Thus, although nectarivorous birds are
the most effective pollinators of B. menziesii, further re-
search is warranted on the future potential impact of the
honey bee on the reproductive success of this species and
other species that are visited by both birds and bees.
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