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Summary   A recent estimate of the potential benefits 
and costs of introducing additional biological control 
agents against the European shrub Scotch broom 
Cytisus scoparius (L.) Link (Fabaceae), henceforth 
broom, into New Zealand predicted an annual net 
benefit of $10.13 million, should broom be completely 
controlled. However, costs may be incurred by bee-
keepers and from non-target attack to tagasaste (tree 
lucerne, Cytisus proliferus L.f.), an exotic relative of 
broom used as a minor fodder crop and, occasionally, 
for erosion control on marginal hill country. Due to 
uncertainties regarding these costs, a risk-averse ap-
proach was adopted by assuming non-target damage 
to tagasaste will be similar to damage to broom and 
that no pollen sources suitable for beekeeping will 
replace broom stands.

Work to refine these estimates by determining the 
potential impact of reduced broom pollen availability 
on honeybees was conducted in New Zealand and 
preliminary results are reported here. Pollen avail-
ability varied considerably between sites. At two of 
the three sites, only a minority of broom flowers were 
pollinated, indicating that even large reductions in 
pollen availability (>60% reduction in flowers) should 
not adversely affect honeybees. However, at one site 
80% of broom flowers were pollinated, indicating even 
a minor reduction (25%) in broom pollen might affect 
honeybees. Nevertheless, at all sites, other sources of 
pollen growing in close proximity to broom were uti-
lised by honeybees. If these alternative pollen sources 
increase in abundance, should biological control of 
broom succeed, this should mitigate the impacts of a 
reduction in broom pollen availability for honeybees. 
This study, therefore, indicates the potential impact of 
successful biological control of broom is likely to be 
less than previously supposed.

Finally, the only species capable of pollinating 
broom flowers were introduced bees (mainly honey-
bees), indicating that introduced pollinators are at least 
partially responsible for the invasiveness of broom in 
New Zealand. 
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INTRODUCTION
Broom is a shrub originating in Europe that was natu-
ralised in New Zealand by 1872 (Owen 1998). Dense 
infestations reduce carrying capacity on farms and 
smother new tree plantings for forestry and threaten 
high priority conservation land (Syrett et al. 1999, 
Owen 1998).

Biological control is regarded as an important 
management tool for broom in New Zealand, where 
two biocontrol agents have been introduced. A seed-
beetle, Bruchidius villosus F., was released in 1987, 
and by 1998 destroyed up to 60% of the annual seed 
crop and a sap-sucking psyllid, Arytainilla spartiophila 
Förster was introduced in 1993 (Syrett et al. 1999). 
However, broom remains highly invasive in New 
Zealand (Syrett et al. 1999). 

Recent ecological studies (Paynter et al. 2003) 
have nevertheless indicated that arthropod herbivory 
should reduce broom populations and the introduction 
of additional biological control agents to New Zealand 
is proposed. New Zealand has no native members of the 
Genisteae (to which broom belongs), and host-range 
testing indicates several candidate agents pose little 
threat to native New Zealand plants. However, there is 
a risk they may damage tagasaste (Jarvis et al. 2003), 
which is an introduced minor fodder crop in New Zea-
land that is closely related to broom. A petition for the 
release of the leaf-beetle Gonioctena olivacea Förster 
into New Zealand (Syrett et al. 1997) was rejected by 
the New Zealand Ministry of Agriculture and Forestry 
in 1998, on the grounds that there was insufficient in-
formation to assess the relative beneficial and harmful 
effects of the proposed introduction. 

Introduction of biological control agents into 
New Zealand is now regulated under the Hazardous 
Substances and New Organisms Act 1996 (HSNO) 
and implemented by the Environmental Risk Manage-
ment Authority (ERMA), which makes decisions by 
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evaluating the risks, costs, and benefits of introducing 
biological control agents (Barratt and Moeed 2005). 
Jarvis et al. (2003) predicted the expected costs and 
benefits associated with the introduction of additional 
biological control agents for broom, to determine 
whether a petition to ERMA for their release into 
New Zealand would be justified. Due to uncertain-
ties regarding these costs, they adopted a risk-averse 
approach by assuming non-target damage to tagasaste 
will be similar to damage to broom and that no pollen 
sources suitable for beekeeping will replace broom 
stands. A range of scenarios was considered (25%, 
50% and 95% reductions in broom) and a maximum 
annual net benefit to New Zealand of $10.14 million 
was predicted, should broom be completely (95%) 
controlled. 

However, the predicted costs of controlling broom 
were not trivial and exceeded $3 million for the 95% 
control scenario. Although the risk of non-target 
damage to tagasaste was expected to be the major 
cost of introducing biological control agents, Jarvis 
et al. (2003) found that the predicted costs to the 
beekeeping industry, which values broom as a source 
of pollen (Day et al. 1990), were significantly greater. 
The maximum cost to the industry ($2.4 million 
for the 95% control scenario, based on a survey of 
beekeepers own estimates), represents approximately 
5% of the total income of the beekeeping industry at 
$48.2 million (National Beekeepers’ Association of 
New Zealand 1995). This was higher than expected 
because a previous survey of beekeepers indicated 
broom was a relatively minor spring pollen source, 
compared to gorse (Ulex europaeus L.) and willow 
(Salix sp.) (Sandrey 1985). Therefore, we performed 
experiments to determine the importance of broom 
pollen to bees in New Zealand. The preliminary results 
of these experiments are reported here. 

MATERIALS AND METHODS
Estimation of bee visitation rates   We followed 
the method used by Parker (1997) to estimate the 
proportion of broom flowers pollinated by bees at 
three sites, Palmerson North (Manawatu, North Island 
of New Zealand) and Hanmer and Lincoln (both in 
Canterbury, South Island of New Zealand). The sites 
were chosen because the abundance of honeybees was 
likely to differ between the sites: The Palmerston North 
site had no commercial beehives located nearby but 
a small wild hive was present about 50–100 m from 
an approximately 4 ha broom stand; the Hanmer site 
had 16 commercial hives located within 100 m of a 
very large but patchy broom infestation (adjacent to 
a stream, several kilometres long and approximately 
30–100 m deep). The Lincoln site was a relatively 

small (100 × 20 m) patch of broom, again with 
16 beehives in close proximity (within 150 m) and 
was therefore expected to receive very high honeybee 
visitation rates. At each site, we marked 10 ‘focal 
plants’ and then selected and labelled a branch on 
each plant. Broom flowers have to be tripped open 
for pollination to occur (Parker 1997, Simpson et al. 
2005). To estimate the proportion of flowers that are 
pollinated by honeybees, we counted the proportion 
of tripped flowers on the labelled branches at weekly 
intervals throughout the flowering season.

Observations of pollinators on broom and alterna-
tive species   ‘Passive’ observations of broom plants 
were made during the flowering season (mid October 
2004–early January 2005). We randomly selected 
one of the 10 labelled plants on one day each week 
and observed pollination events for 10 minutes every 
hour (generally from 9 am to 4 pm). We recorded all 
potential pollinators that visited broom flowers and 
recorded whether the pollinator tripped a flower or 
visited a flower that had already been tripped. 

‘Active’ observations of pollinators were also 
made. We actively followed honeybees and recorded 
their behaviours and identified other plants in the vi-
cinity of the broom patch that they were visiting.

RESULTS
Only 27% (21–39%) of flowers were tripped at the 
Palmerston North site and a similar proportion of 
flowers were tripped at Hanmer. At Lincoln, however, 
80% of flowers were tripped (Table 1). 

Only two species of insect that visited broom 
plants succeeded in tripping broom flowers: honey-
bees and bumblebees (Bombus terrestris L.), with 
honeybees being by far the most common pollinator, 
accounting for about 99% of the tripping events re-
corded (Table 2). The small native bee Lasioglossum 
sordidum Smith visited flowers that had already been 
tripped at the East Block site, as did the broom seed-
beetle B. villosus (at all sites), but neither was capable 
of tripping broom flowers.

The pollinator observations revealed that bees did 
not use broom exclusively at any site. At Palmerston 
North, bees visited more buttercup Ranunculus sp. 
flowers than broom flowers (7.5 versus 4 flowers per 
minute); at both Hanmer and Lincoln, white clover 
Trifolium repens L. was favoured when it came into 
flower (mid-November onwards). At Lincoln, kow-
hai Sophora spp., tagasaste and shrubby germander 
Teucrium fruticans L. were utilised alongside broom 
earlier in the season (October–mid-November) and 
bees also visited flax Phormium tenax J.R.Forst. & 
G.Forst. from mid-November onwards. 
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DISCUSSION
The importance of broom varied between sites. No-
tably, despite the presence of commercial beehives at 
Hanmer, only 26% of flowers were tripped by bees. 
At Lincoln, where bee numbers were extremely high, 
overall, 80% of flowers were tripped. These results 
imply that even a 60–70% reduction in broom pollen 
availability is unlikely to have any impact on bees at the 
Hanmer and Palmerston North sites. At Lincoln, only 
a 25% reduction might be expected to cause a minor 
reduction in broom pollen availability to bees. Further-
more, the importance of broom varied throughout the 
flowering season. For example, at Lincoln, tripping 
rates were lower early in the season (mid-October), 
when alternatives such as gorse would have been in 
bloom and from mid-November onwards, when white 
clover was heavily utilised. Maximum tripping rates of 
83% and 85% recorded on the 1st and 8th November 
indicate that broom was a very important pollen source 
at this site over a relatively short period of time. So 
that at heavily utilised sites such as our Lincoln site 
beekeepers might need to intervene by shifting hives to 
a pollen source; trapping natural pollen to feed during 
critical time; feeding pollen substitutes or combina-
tions of the above.

However, our data also indicates broom was not 
the only source of pollen available to honeybees. 
Indeed, at all sites, other sources of pollen growing in 
close proximity to broom were utilised by honeybees. 
It seems reasonable to assume that these alternative 
pollen sources would increase in abundance, should 

biological control of broom succeed, mitigating the 
impacts of a reduction in broom pollen availability 
for honeybees. 

Moreover, bees foraged on flowers that had already 
been tripped far more commonly than on ‘virgin’ 
flowers that they successfully tripped, indicating that 
some pollen remains after the first visit by a bee. If 
flowering was partially reduced by biological control 
then bees might compensate by gleaning pollen more 
effectively from previously tripped flowers. 

It is too early to provide precise estimates of the 
impact of reduced pollen availability should broom 
be successfully controlled in New Zealand, however, 
the cost will certainly be less than was previously 
estimated, based on a survey of beekeepers (Jarvis 
et al. 2003).

Although, although this study indicated that 
biological control of broom might have a relatively 
minor overall impact on beekeepers’ livelihoods in 
New Zealand, the finding that introduced honeybees 
were almost solely responsible for pollination of broom 
flowers in New Zealand (Table 2) indicates that this 
relatively minor cost to beekeepers is small compared 
to the cost of honeybees pollinating and promoting 
the invasion of a major pastoral and environmental 
weed. 
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