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More than just buzz:

New Zealand bee research and its impact

Petra M. Dearden and Peter K. Dearden*

Genetics Otago and Biochemistry Department, University of Otago,

The honeybee, Apis mellifera, is a remarkable animal. Honey-
bees are not only unusual and astounding in their biology, but
also vitally important to human agricultural productivity. Despite
their nasty sting, they are the poster-child for beneficial insects,
and one of the few insects that are well loved. They are regarded
with warmth and support. They are part of the soundtrack of a
long hot summer, the go-to name when we are working hard,
and they provide our flavour of choice at breakfast. They have
even been incorporated into Kiwiana; every little Kiwi has had a
Buzzy Bee. Honeybees play an important role in New Zealand’s
economy, production and identity.

In this review we aim to present information as to the state and
future of New Zealand bees and the beekeeping industry. We
would like to review recent advances in bee biology pioneered
by New Zealand researchers and show how bee research in
New Zealand probes some of the fundamental aspects of bee
biology, while also being an exemplar of the way fundamental
research often has unforeseen but important applied outcomes.

The importance of bees: Biology of bees

Honeybee biology is fascinating to many, paralleling as it does
our own society. We see something of ourselves in a society
that thrives on the division of labour. While this is an attrac-
tive vision, it is illusory. Honeybees are eusocial and humans
generally are not. Eusociality is defined by cooperative brood
care, often brood care of offspring from other individuals,
and division of labour into reproductive and non-reproductive
groups. Division of labour produces specialised castes, and one
key aspect of eusociality is that individuals of one caste lose
the ability to perform another caste’s job. In honeybees there
is division of labour in the hive, most obviously reproductive
division of labour. In the hive there is one queen, who lays all
the eggs, and the workers who carry out the rest of the work;
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cleaning, caring for offspring, guarding the hive, and foraging.
Remarkably even these tasks are allocated to different aged
worker bees, with young bees starting as nurses, and the oldest
only foraging. Worker bees raise the offspring of the queen,
which are effectively their sisters. Charles Darwin referred to
this arrangement as a the ‘one special difficulty’ of his theory of
evolution by natural selection, as he could not see clearly how
it might have evolved (Darwin 1859). Since Darwin, a number
of theories (for examples see (Hamilton 1964a,b; Hughes et
al. 2008; Nowak et al. 2010)) have been put forward, but there
is still much debate as to which explains the evolution of this
remarkable trait.

The complexities and foibles of bee behaviour and biology
have recently been well reviewed in an excellent book (Tautz
2008).

Bees are a member of the order Hymenoptera, which in-
cludes bees, wasps, ants and sawflies, and they diverged from
the lineage leading to the geneticists” workhorse, Drosophila
(the vinegar fly), about 366 million years ago (Hedges et al.
2006). All hymenoptera have a haplodiploid mode of sex de-
termination (Crozier 1977). This means that males (drones),
produced from unfertilised eggs, are haploid, while females
(workers and queens), produced from fertilised eggs, are dip-
loid. The combination of haplodiploidy and one multiply mated
reproductive individual per hive, makes honeybee transmission
genetics complex (Figure 1).

Honeybees most notably make honey — a $170 million a
year export industry in New Zealand (Statistics New Zealand
2012). Indeed, manuka honey alone is worth $40 million to our
economy (Ministry of Primary Industries 2013). Honeybees are
also involved in pollination. Recent data shows that around a
third of all crop plants require insect pollination (Klein et al.
2007), and honeybees play a vital role in supporting pollination

28 New Zealand Science Review Vol 71 (2) 2014



Figure 1. Honeybee castes and relationships.

Honeybees are haplodiploid, meaning that females are diploid and
develop from fertilised eggs and males are haploid, developing from
unfertilised eggs. Honeybee queens mate with multiple males at the start
of their life and can lay either fertilised or unfertilised eggs. Fertilised
eggs can produce either workers or queen bees depending on nutrition

when they are larvae.

in horticulture, arable farming and, through clover pollination,
pasture health. The National Beekeepers Association estimates
that honeybees add $5.1 billion a year to the New Zealand
economy through honey, bee products and pollination (National
Beekeepers Association 2014). Beekeepers hire out 90,000 hives
a year (mainly for kiwifruit and apple producers) and provide
pollination services at a cost of $9 million a year (Te Ara: The
Encyclopedia of New Zealand). Honeybees are a vital part of
our agricultural production.

Where do bees in New Zealand come from?
Though New Zealand does have native bees (Te Ara: The En-
cyclopedia of New Zealand), they are solitary, non-eusocial and
do not produce honey. Honeybees, as we know them, were first
brought to New Zealand from Sydney to Hokianga by a Mrs
Bumby in 1839 (hives in Australia having been established in
1822 via hives from England) (Ministry for Culture and Heritage
2014). Later shipments came into New Zealand directly from
Europe in the early years of settlement. Bees were apparently
transported in the hold of ships while sailing, and were moved
up on deck and let out of the hive during periods of calm.

New Zealand bee imports have likely come from multiple
sources including Carniolan, Italian and British bees. Now New
Zealand exports 20 tonnes of worker and queen bees a year
worldwide (National Beekeepers Association 2014).

The beekeeping industry

Currently the New Zealand beekeeping industry is experiencing
a boom, with numbers of hives up approx. 150,000 since 2009,
and export earnings more than doubling over the same period
(Figure 2). This boom has been triggered by the high export
prices for manuka honey, which has transformed the industry.
Prices for bees and queens are increasing, and more people
are joining the beekeeping industry (Statistics New Zealand).
Pollination requirements for horticulture and seed production
are also increasing. A recent parliamentary report painted a
rosy view of the New Zealand industry (Primary Production
Committee 2014).

Beekeeping is a complex and difficult art, as is bee breeding.
For effective bee breeding and artificial selection for improved
stocks, bees need to have artificial insemination (Al). Al pro-
vides a significant barrier (both in equipment and technical
skills) to selective breeding programmes, so stock improvement
in bees is lagging behind breeding of other production animals.
In New Zealand we are lucky to have two breeding programmes
that use Al to control genetics and select for improved stock
(so-called closed populations). Daykel Apiaries concentrate on
breeding Carniolan bees and Betta Bees Research Ltd produce
selected lines of Italian bees. While these two programmes un-
dertake careful scientifically based selective breeding for a range
of production traits, little stock improvement occurs elsewhere.
Breeders produce small numbers of Al breeder queens, which
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are placed in hives and large numbers of new queens are then
raised from their offspring. These queens, named production
queens, produce the backbone of the bee industry.

Challenges to beekeeping in New Zealand
Despite the rosy situation of the New Zealand honey indus-
try(Primary Production Committee 2014), bees worldwide
are facing significant challenges. Overseas two very widely
publicised threats, Colony Collapse Disorder (CCD) (Vanen-
gelsdorp et al. 2009; Williams et al. 2010; Dainat et al. 2012)
and Pollinator Decline (Packer & Owen 2001; Zayed ef al.
2004; Gallai et al. 2009), appear to be doing significant damage
to bee populations.

In North America and parts of Europe, CCD, a disease that caus-
es bees to abandon their hives, has caused drastic declines since
2006. The exact cause of colony collapse is disputed, but blame
has been laid at the door of changing beekeeping practices,
pesticides, infections with Varroa and other mites, malnutrition,
immunodeficiency, loss of habitat, or a combination of factors
(Reviewed in (Williams et al. 2010)).

Pollinator decline is a broader issue in which pollinators in
general appear to be declining. Again many factors have been
proposed as causing this effect, but insecticides, especially
neonicitinoids, have been proposed as key factors.

Varroa mite

While New Zealand does not currently appear to have CCD or
a general decline in pollinators (Primary Production Committee
2014), it is struggling with the recent accidental introduction
of the Varroa mite (Varroa destructor). This bee parasite has
affected bee populations worldwide and it arrived in New
Zealand in about 2000. Sadly it has now spread the length of
the country (Figure 3). Varroa mite is a particularly pernicious
parasite, causing colonies to die without significant intervention.
Varroa mite suck the hemolymph of adult bees, leaving open
wounds prone to infection, and are spread between them. The
mite females lay their eggs on developing bee brood and the
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eggs are sealed in the brood cell and emerge from the cell at the
same time as the hatching bee brood. Varroa appears to have
recently skipped host from the Eastern honeybee (4Apis cerana)
(Rosenkranz et al. 2010) where it has little effect on populations.

The effect of Varroa is two-fold. Clearly mites damage the
population through damaging bees, but they also are very ef-
fective vectors of viruses (Bowen-Walker ef al. 1999; Kleespies
et al. 2000; Neumann et al. 2012; Francis et al. 2013; Ryabov
et al. 2014), causing common viruses to be more infectious
and damaging to the hive than pre-Varroa. It is also apparent
that the interaction between bees, Varroa and viruses has led
to novel viruses (Ryabov ef al. 2014), produced through viral
recombination, that are virulent and deadly to bees. Varroa is a
very significant, and currently intractable, problem.

Varroa are controlled either with mitecides applied to the
hive (Rosenkranz et al. 2010), or organically with a range
of compounds. Both methods significantly increase the cost
of honey production per hive. With honey prices increasing,
beekeepers have been able to absorb this extra cost, but Varroa
makes marginal operations uneconomic. During the first years
of Varroa in New Zealand many hobbyist and small business
beekeepers exited beekeeping (Statistics New Zealand and

Figure 2). It is also clear that resistance is developing to the
compounds used to control Varroa, with reports of resistance in
New Zealand (Primary Production Committee 2014), and more
worrying reports coming from overseas, where mites have been
found with resistance to many of the compounds for control
(Miozes-Koch et al. 2000; Martin et al. 2002; Maggi et al.
2009; Gonzalez-Cabrera et al. 2013). Such treatments also have
been shown to have significant effects on the bees themselves
(Mondet et al. 2011) The development of new control methods
is vital in the face of this increasing resistance.

Without control, Varroa kills entire beehives. This has
caused a worldwide loss of feral (non-managed) bees. Without
mitecide treatments, all the ‘wild’ colonies, mainly escaped
from beekeeping operations, have died. This extinction event
has left New Zealand without feral bees, except perhaps on
outlying islands such as the Chatham islands that are currently
Varroa-free. While little research has gone into the impact of this
loss, it presumably has led to the loss of a great deal of ‘free’
pollination capacity and perhaps a reduction in the gene pool.

Alongside the effect of Varroa on management practice, the
New Zealand industry has responded to Varroa in a number of
ways. Varroa triggered the formation of Betta Bees Research
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Figure 2: Statistics New Zealand data for New Zealand apiculture.

Statistics for number of registered hives, numbers of registered beekeepers, export earning of the New Zealand
honey crop and average price of honey per kg in the last decade.
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Figure 3: Spread of Varroa mite in New Zealand.

Map of New Zealand showing the reported spread of Varroa mite.
Redrawn from Mondet et al. (2014).

Ltd (BBR), as Varroa-free South Island beekeepers found they
couldn’t import queens from the infected North island, which
provided the impetus to carry out the breeding themselves. The
industry, together with the Ministry of Primary Industries (MPI),
funded Plant and Food Research Ltd (PFR) to selectively breed
Varroa-tolerant bees, using protocols shown to be effective
overseas (Ward ez al. 2008; Danka et al. 2011). This programme
produced a stock of bees (now named Mercury Island Bees)
with increased tolerance to Varroa. A new enterprise, Rainbow
Honey, is now attempting to maintain this stock and provide
it to the industry. BBR is also evaluating these bees for Varroa
tolerance with an aim to incorporating it into its own selective
breeding population. It remains to be seen if this stock of bees
can be effectively used in the New Zealand industry to improve
colony loss from, and costs of, Varroa mite.

American Foulbrood

Before the arrival of Varroa, the biggest disease issue of bees
in New Zealand was American Foulbrood (AFB), a highly con-
tagious, spore-forming, bacterial infection of bees (Genersch
2010). AFB, caused by infection with Paenibacillus larvae ssp.
larvae, leads to colony death and is spread easily between hives.
The spores of this infection remain for long periods (up to 40
years) in soil, honey and beekeeping equipment, so it recurs
easily without management. Control of AFB in New Zealand
is regulated by the AFB National Pest Management Strategy
(National Pest Management Strategy, undated). This agency
ensures beekeepers are registered, well trained, and can identify
AFB in hives. AFB-infected hives and contaminated equipment
are burned to control the spread of this disease. Disease levels

currently fluctuate between 0.31% and 0.26% of hives.

PFR, led by Dr Mark Goodwin, has been instrumental in
developing methods to control AFB, training beekeepers in its
detection and techniques to control outbreaks (Goodwin 2006).
This research has been transformative for the control of AFB
in New Zealand.

Pesticides

Here, and overseas, there is significant concern about insec-
ticides used in primary production and their off-target effects
on bees. Recent studies have shown significant effects on hon-
eybees and bumblebees of sub-lethal doses of neonicotinoid
insecticides (Thompson & Maus 2007; Gobin et al. 2008; Yang
et al. 2008; Belien et al. 2009; Smodis Skerl ef al. 2010; Berry
etal. 2013; de Almeida Rossi e al. 2013). This, combined with
evidence that these insecticides are more environmentally stable
than first thought (Bonmatin ez al. 2014), has led to them being
seen as the major culprit in pollinator decline (Chagnon et al.
2014; van der Sluijs ef al. 2014). Some neonicotinoids are now
temporarily banned in Europe as a result of assessments carried
out by the European Food Safety Authority (European Food
Safety Authority 2013).

Insecticide use is a particularly difficult problem because of
their impact on pollinators. As stated earlier, one-third of the
food we eat depends on pollination (Gallai et al. 2009), and thus
is adversely affected by the use of insecticides. Unfortunately
insects are responsible for damaging crops and stored food,
meaning insecticides are a key tool in primary production.
Balancing insecticide use and protecting beneficial insects is a
huge challenge for primary production.

In New Zealand we do not have strong evidence for insec-
ticide use being a problem for bees (Primary Production Com-
mittee 2014). Clearly some bee deaths are due to insecticide use
in surrounding areas, but this doesn’t seem to be a widespread
problem, nor do we seem to be suffering pollinator decline.
The experience overseas, combined with remarkable model-
ling experiments carried out in New Zealand (Davie-Martin
et al. 2013), make it vital that we begin to research the impact
of insecticides on pollinators used in New Zealand primary
production. Only then can we support either strict bans or
continued general use.

Manuka honey identification

The increasing value of manuka honey has helped the New
Zealand honey industry weather the storm of Varroa and its
resulting economic downturn. The manuka honey industry is
based on long-term research carried out at the Honey Research
Lab, led by Prof Peter Molan, Waikato University, to identify
and quantify the unique factors in manuka that give it its fa-
vourable antibacterial properties (Willix et al. 1992; al Somal
et al. 1994; Wood et al. 1997; Cooper et al. 2001; English et al.
2004). This work has identified the unique factor methylglyoxal
(Adams et al. 2009), and Waikato University continue to work
on understanding the metabolism of manuka that allows it to
produce this chemical in honey. The high value of the honey,
as well as its use in high-value products, depends entirely on
this research. The story of this scientific success and its impact
on industry has been described in a recently published book
(Van Eaton 2014).

By understanding the product, the price of manuka honey
exports has increased. In recent years, however, it has become
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clear that the markets are beginning to question the quality
and provenance of manuka honey (Wynn et al. 2013). Manuka
(Leptospermum scoparium) is very similar to kanuka (Kunzea
ericoides), which does not appear to produce methylglyoxal,
but gives honey with similar qualities. MPI is currently inves-
tigating scientific solutions to distinguish manuka honey from
kanuka honey, and to produce tests that can assure customers
that the high-value honey they are purchasing is what it says
it is on the jar.

Manuka honey, however, has unusual characteristics that
make it fail tests for C4 sugars. International markets require
testing of honey to ensure that it is not adulterated with sucrose,
but high-quality manuka honeys often fail those tests. Dr Karen
Rogers and team at GNS Science have developed and validat-
ed new tests that will improve market access for our honeys
(Rogers et al. 2010).

The New Zealand honey industry is in good health, but this
is entirely due to the high prices for its products. Vigilance and
good science are needed to maintain and improve bee health, and
to provide surety of the quality and traceability of our products
to ensure market access.

New Zealand honeybee science

Honeybee biology has fascinated humans since our first inter-
actions with them in around 2400 BC; Aristotle wrote in 350
BC on the social behaviour of honeybees. Bee research has
undergone a renaissance in the last few years, mainly due to
the sequencing of the honeybee genome in 2006 (The Honey
Bee Genome Sequencing Consortium (includes P.K. Dearden)
2006). This was done by an international consortium (includ-
ing two New Zealand groups) and has provided an excellent
sequence, as well as an understanding of the complement of
genes in honeybees (Dearden et al. 2006). It has expanded the
possible ways we can research bee biology and has provided a
number of breakthroughs.

Honeybee behaviour

Honeybee behaviour, and their remarkable navigation and learn-
ing abilities, have been a subject for research for many years.
In New Zealand, two groups have been active in producing
world-class honeybee behavioural research.

Dr Guy Warman at the University of Auckland has been
using bees to investigate time sense and its response to anaes-
thetics. Bees have an innate time sense, based on their internal
circadian clock, which they consult to modify their navigation
as the position of the sun changes over the day. Dr Warman’s
team showed that anaesthesia disrupted that time sense, causing
the bees to wrongly predict the position of the sun. Anaesthesia
thus effectively caused the bees to be ‘jetlagged’, and the team
showed that this disruption occurred in the molecular circadian
clock (Cheeseman et al. 2012). Given that anaesthetics have
broadly similar effects in different animals, and the conservatism
of the circadian clock machinery, it seems likely that humans
undergoing surgery also suffer this jetlag phenomenon, perhaps
affecting their recovery. Dr Warman’s work in bees implies that
anaesthetic treatments might be better administered during the
night, a time at which the bees showed no loss of time sense.

Further experiments examining the behaviour of bees after
anaesthesia also provided insights into their cognitive processes
during navigation (Cheeseman ez al. 2014). Mammals have been
shown to have a metric cognitive map that helps in continuously

updating their position in space. By examining the way bees
navigate after wrongly predicting the position of the sun, Dr
Warman and his team showed that bees, too, appear to have a
cognitive map (Cheeseman ef al. 2014).

Prof Alison Mercer, at the University of Otago, has been in-
vestigating a number of aspects of bee behaviour, concentrating
on how a queen bee signals to worker bees to control reproduc-
tion. This signal is carried by a pheromone, Queen Mandibular
Pheromone (QMP), which acts to modify worker bee behaviour
and reproductive activity. Prof Mercer has investigated how this
pheromone impacts on the brains of worker bees to modify their
behaviour, learning and physiology (Beggs et al. 2007; Vergoz
et al. 2007, 2009; Beggs & Mercer 2009). Prof Mercer’s team
has shown that QMP appears to act through dopamine receptors,
one of the components of QMP, homovanillyl alcohol (HVA)
(Beggs et al. 2007) having structural similarity to dopamine.
HVA causes signalling through one of the dopamine receptors
in the honeybee antenna, and this signalling modulates the be-
haviour of workers (Beggs & Mercer 2009). One remarkable
finding is that QMP blocks aversive learning in young worker
honeybees (Vergoz et al. 2007), making them unable to learn
to associate a stimulus with an electric shock. This block in
aversive learning did not extend to appetitive learning (Vergoz
et al. 2007), whereby bees learn to associate an odour with a
food reward. It appears as if the queen bee not only represses
the reproduction of worker bees, but also brainwashes them to
like her.

These experiments investigate the fundamental nature of the
eusocial structure of honeybee society, showing that the repro-
ductive division of labour is a highly regulated and complex
construct of pheromones and neurochemistry. This research also
is likely to provide novel management solutions for beekeeping,
as pheromone control of behaviour may be an effective way to
trigger desirable behaviour in managed colonies.

Honeybee embryonic and larval development
and plasticity

The sequencing of the honeybee genome and the development
of techniques to manipulate the expression of honeybee genes
(Dearden et al. 2009), have allowed use of the honeybee as a
model to study the evolution of developmental pathways. Our
lab has used bees (and other insects) to study the evolution of
axis formation and segmentation mechanisms within insects
(Wilson & Dearden 2009, 2011, 2012; Wilson et al. 2010). These
pathways are well known in the fruit fly Drosophila, and we,
and others, have studied how the pathways we know about in
Drosophila have evolved.

Axis formation involves the determination of the anterior,
posterior, dorsal and ventral parts of the embryo and, in most
animals, occurs very early in development (Lynch 2014). In
insects these pathways provide information that is used by
segmentation genes to divide the embryo into the metameric
segments diagnostic for the insect body plan. Beginning with
understanding which genes are encoded in the genome, we
discovered that genes that act early in axis formation are less
conserved in sequence (Dearden et al. 2006), expression and
function (Wilson & Dearden 2009, 2011, 2012; Wilson et al.
2010) than genes that act later — a counter-intuitive finding.
This pattern has now been found in other systems, such as sex
determination (Gempe & Beye 2011; Bopp et al. 2014), and
we are working to discover how variation in early-acting path-
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ways might still integrate with more conserved, later-acting,
processes.

One consequence of this research has been the discovery of
arange of genes that act in axis formation in insects, and a list of
genes and pathways that are missing from, or are substantially
different, in honeybees. We are now using this information of
genes and pathways that are present in most insects but absent
in honeybees as possible insecticide targets. We hope with this
knowledge we will be able to reduce the impact of ‘insecticide
collateral damage’ in primary production pollinators such as
honeybees.

Honeybees are holometabolous insects, which means they
have two phases of development. The first is embryonic de-
velopment, the second larval or imaginal development. This
second phase takes place in specialised tissues in the larvae,
which come to replace larval tissue in the pupa to form the final
adult structures. Bees are remarkable in that this second phase
of development is strongly influenced by the diet of the larvae.

Larvae destined to be queen bees are fed royal jelly, which
triggers a remarkable series of changes leading to an adult with
different morphology, behaviour and physiology from worker
bees. We examined how gene expression differs between larvae
fed royal jelly and those that are not, to try and identify genes
and pathways involved in making a queen (Cameron ez al. 2013).
Our data shows that different gene expression in worker and
queen larvae occurs after only 6 hours of being fed royal jelly.
We also identified a range of processes that appear different
between worker and queen larvae, and, using RNA interference,
demonstrated that some of them are critical to produce queens
(Cameron et al. 2013). We also showed apparent differences
in DNA methylation, confirming a role for epigenetic changes
in this example of developmental plasticity.

Understanding developmental plasticity in a model such as a
bee is vitally important, as it is suggested as having major roles
in evolutionary change (West-Eberhard 2003) and in human
health (Gluckman & Hansen 2004).

New Zealand as a laboratory in which to study
the spread of honeybee disease

The relatively recent incursion of Varroa mite into New Zealand
has provided an opportunity to study the dynamics of virus

infections in bees as the Varroa invasion front travelled (Mon-
det et al. 2014). This work, carried out by Dr Fanny Mondet
in a collaboration between Prof Mercer’s group at Otago and
Avignon University in France, showed the clear association
between virus titres in bees and the invasion front of Varroa
(Mondet et al. 2014). By sampling bees before and after the
advent of Varroa, and looking at virus titres in bees and mites, the
team was able to determine how Varroa affects the dynamics of
viral infections in bees. Varroa certainly increases the infection
rates of some viruses, but particularly seems to cause infections
with multiple viruses. Infection with some of these viruses
seem to be crucial for the pathogenicity of Varroa, showing a
deadly interplay between Varroa, the bee viruses and its vectors
(Mondet et al. 2014).

Genetics and selective breeding

Honeybees determine sex by haplodiploidy (Figure 4). In bees,
females are diploid while males are haploid. This method of
sex determination relies on the ability of bees to detect their
own ploidy, a process that depends on genetic diversity (Beye
2004). At one locus in the genome, named complementary sex
determiner (csd), bees count the number of alleles they have.
If they find two different csd alleles, the bee must be diploid
and develops as a female. If only one allele is present, the bee
is either haploid or homozygous diploid (i.e. both alleles the
same, so it can only detect one) and develops as a male. In recent
years the csd locus has been identified and the gene responsible
examined (Beye et al. 2003). This gene has a hypervariable
region in its coding sequence that evolves rapidly, ensuring
many alleles of this locus occur, thus reducing the risk of diploid
male bees (Hasselmann et al. 2008). As inbreeding increases, or
genetic diversity decreases, more and more diploid bees have the
same csd alleles and inappropriately turn male. These bees are
killed by workers in the hive, reducing brood viability. Genetic
variation at the csd locus is thus vital for the long-term health
of honeybee populations.

Given that all bees in New Zealand have been imported,
likely producing a genetic bottleneck, and with the loss of
our feral bees, we wondered if the number of csd alleles in
the New Zealand bee population was adequate for long-term
health. Springing from our more fundamental work on hon-
eybee genetics we developed genetic tests for c¢sd (Hyink et

Diploid Haploid Diploid
Two different csd alleles One csd allele Two of the same c¢sd allele
d DODODTA DODDDDA  MHDDDDDA
alleles b papaDA DAIAADADA

Figure 4: Sex determination in bees.

Sex in bees is determined by the number of alleles
at the complementary sex determiner (csd) locus. If
a bee has two alleles that differ in DNA sequence,
then the bee develops as a female. If one allele is
present then the bee develops as a drone. A single
allele could be caused by the bee being haploid
(the normal situation) or being inbred and having
two alleles the same at csd. Diploid bees with two
alleles the same also develop as drones, but are
detected and killed by worker bees.
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al. 2013) and then deployed them, funded by the Sustainable
Farming Fund (SFF) for the Ministry for Primary Industries,
to survey commercial beekeepers for csd alleles. We found that
New Zealand has more than enough alleles for the population,
but that closed breeding programmes need to take care to not
narrow their gene pools.

The future

Honeybees are a key part of our primary production-based
economy, and one where good science can make a huge differ-
ence, both in supporting the honey industry, but also supporting
and improving pollination by bees and others. There are many
remaining questions for scientists working with honeybees,
many of which will have impacts on the industry. we believe
that it is time we used the genomic tools developed for selective
breeding of mammalian production animals to improve stocks
in bees. Honeybees’ short generation time and the lack of in-
tensive selective breeding, mean that significant genetic gains
must be possible by deploying appropriate and well researched
whole-genome selection techniques.

Alongside this we need to understand that New Zealand’s
production ecosystems are unique and simplified. We simply do
not know enough about the interactions between bees, pesticides
and pathogens in the New Zealand environment, and it is not
enough to rely on overseas research to provide solutions. Knowl-
edge of the impacts on, and the value of, bees in New Zealand
is vital if we are to continue to have healthy bee populations.

Honeybee-related science, especially in New Zealand, is a
remarkable case study of the value of basic science to produce
applied outcomes. More than that, it shows how questions posed
by industry problems can trigger some of the most interesting
fundamental research. In the case of manuka honey, this research
has transformed the industry. Honeybees provide insights into
a wide range of biological questions as well as providing a
high-value industry. Innovative science is required to unlock
that biological knowledge for the benefit of the environment
and human health as well as supporting and improving this
remarkable and valuable little insect.
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