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Abstract

Microorganisms associated with honey bees, Apis mellifera, and their food include bacteria (Gram-variable pleomorphic
bacteria, Bacillus spp., and Enterobacteriaceae), molds (primarily aspergilli and penicillia), and yeasts (mainly Torulopsis spp. ).
Eggs, prepupae, pupae, and worker bees emerging from cells as adults are usually free ol internal microbes. Microorganisms
acquired by larvae through ingestion ofcontaminated lood are usually eliminated through the single defecation that occurs at
the end ofthe leeding period prior to pupation. Emerging adult bees acquire intestinal microflora by food exchange with other
bees in the colony and through consumption of pollen. Biochemical contributions of microorganisms to honey bees; the role ol
microorganisms in the conversion, enhancement, and preservation ol pollen stored as bee bread in comb cells; and the
production of antimycotic substances by molds and Bacillus spp. lrom honey bee colonies that are resistant to the fungal
disease, chalkbrood, are discussed. An association of Bacillus spp. with bees including honey bees, stingless bees, and solitary
bees from tropical and temperate zones appears to have evolved in which lemale bees inoculate lood sources with these bacteria
whose chemical products contribute to the elaboration and/or protection from spoilage ol lood that is stored in the nest. This
association is ancient based on results from stingless bees preserved in amber lor 25 40 million years. It is concluded that bees,

their products, and their associated microorganisms are potential sources ol bioactive products including antimicrobial
compounds.
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l. Introduction

Honey bees, Apis mellifera, are social insects which
live in perennial colonies consisting of the egg-laying
queen, drones whose only known function is to mate
with the queen, and workers that perform various
duties during their life. Workers are the most numer-

Mention of a proprietary product or company name does not
constitute an endorsement of this product by the U.S.
Department of Agriculture.

ous individuals within the colony. Under normal
conditions, the younger and intermediate-aged adult
workers confine their activities such as cell cleaning,
care and feeding of brood, and food storage to the
interior of the hive; adults 20 or more days old are

foragers. The diet of workers varies with age. The
hypopharyngeal glands of young adult worker bees

are activated by consumption of pollen to produce
brood food (worker jelly and royal jelly). Pollen con-
sumption begins when the adult emerges, reaches a

maximum at 5 days, but gihtinues until 15-18 days.
()
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Nectar or honey is the carbohydrate energy source
for adult bees and is necessary for wax secretion by
workers generally 12-18 days old and for flight by
foragers. In contrast, royal jelly is seemingly the pri-
mary component ol the diet of the queen bee

throughout her entire life.
Insect pathology had its beginnings early in the

development of beekeeping and the establishment
of sericulture when certain abnormalities in honey
bees and silkworms were noted by those who reared
them for their useful products. Concentrated re-
search efforts have been devoted to diseases ofhoney
bees, but these have not been matched with regard to
non-pathogenic microorganisms and their possible
roles in the bee colony. This paper summarizes re-
sults on the non-pathogenic microflora associated
with honey bees and on the contributions of micro-
organisms to the levels of biochemicals in bees, pres-
ervation of food stored in the nest, and resistance to
disease. Information gained from these studies may
lead to development of technologies that utilize mi-
crobes to increase bee productivity.

2. Isolation and identification of microorganisms

Microflora associated with honey bees and their
food was determined by examination and subsequent
isolation and identification of bacteria, yeasts, and
molds from brood, adult worker bees, virgin and
mated queen bees, nectar, and pollen. In addition,
microbiological studies of food stored in the nests of
over 25 species of social and solitary tropical and
temperate-zone not-Apis bees were conducted.
Many selective and specially formulated media
were employed. Almost all microbial species associ-
ated with bees grew well under aerobic conditions or
under 5 10'% CO2. Obligate anaerobes were rare.

Isolates were tested and identified using appropri-
ate tests and taxonomic keys. These included the
conventional methods ol Gordon et al. [] for bac-
teria belonging to the gents Bacillus, API 20E kits
(Analytab Products) for Enterobacteriaceae, the
methods of Wickerham [2] and Lodder [3] for yeasts,

and those of Raper and Fennell [4] and Raper and
Thom [5] as well as other specialized keys for molds.
Databases of some available systems and procedures
for identification of species of bacteria and yeasts

were inadequate for microorganisms associated
with bees and often gave erroneous results. Fre-
quently, more variability existed within various mi-
crobial species associated with bees than has been
reported for the same species from other sources.

3. Microbiology of brood and adults of worker honey
bees and of adult queen bees

Eggs, prepupae, pupae, and worker honey bees

emerging as adults from their comb cells are usually
free of internal microorganisms [6 8]. Naturally oc-
curring antimicrobial systems abound in bees and
their food [9,10] and undoubtedly play a role in
maintaining this generally microbe-free environment.
However, some larvae acquire microorganisms that
are associated with adult bees, pollen, and combs
through ingestion of contaminated food [11]. These
contaminants are usually eliminated through the sin-
gle defecation that occurs at the end of the larval
leeding period prior to puparion.

Newly emerged adult worker bees are inoculated
with microorganisms when they begin to feed. Mi-
crobial inoculation and colonization of the gut occur
within 4 days after emergence [7] as a result of pollen
consumption and through food exchange with older
bees in the colony [6,1,12]. Since 82% (n= 142) of the
nectar samples that we have examined from various
species of native and cultivated crop plants from the
Sonoran Desert of Arizona contained no microbes.
nectar does not appear to have a direct role in in-
oculation of bees 112,131. However, the antimicrobial
systems of nectar preclude the establishment of in-
vading microorganisms [10].

The intestinal microflora of mature worker bees

may vary somewhat with the age of the bee, the
season, and geographical location, although some
species of microorganisms are found consistently

114-16]. Gram-variable pleomorphic bacteria of un-
certain taxonomic slatus, Bacillus spp., Enterobac-
teriaceae, molds, and yeasts dominate [16]. The
body surface of both nurse and foraging adult work-
er honey bees is relatively free of microorganisms
([17], Gilliam, unpublished). This is probably due
in large part to grooming behavior. Generally, less

than 20oh of bees examined had surface microorgan-
isms. Fungi including molds and yeasts were more
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frequently isolated than were bacteria. More florag-

ing bees than nurse bees yielded positive results since
foragers have a greater chance of body contamina-
tion through activities outside the hive that would
also decrease opportunities for in-hive grooming.

3.1. Gram-variable pleomorphic bacteria

Gram-variable pleomorphic bacteria are the most
common intestinal microorganisms in adult worker
and queen honey bees [16-18]. We have also isolated
them from honey bee larvae and their feces [11,17];
floral pollen and corbicular pollen (from pollen bas-

kets on the legs of returning foraging worker honey
bees) (Gilliam, unpublished); bee bread (pollen
stored in comb cells of the hive) and a few samples

of honey from honey bee colonies [7]; frass from
larvae of the greater wax moth, Galleria mellonella, a

destructive pest of honey bee colonies which con-
sumes bee products including larvae and stored pol-
len [19]; pollen and larval provisions (pollen and
honey mixed with glandular secretions) lrom the
nest of Melipona fasc'iata, a stingless bee [20] ; and
larval provisions of other species of stingless bees

from Panama (Gilliam, Roubik, Buchmann and Lor-
enz, unpublished). These bacteria exhibit extreme
variability in reaction to the Gram stain and have

both rod and coccoid forms. On the basis ol micro-
scopic morphology, they may be mistaken for other
forms such as Gram-negative rods, Gram-positive
cocci, or yeasts when Gram stains are not performed
periodically on growing cultures throughout ex-

tended incubation. Some strains and/or species

have been referred to as Bacterium or Achromobacter
eurydice [21] and assigned to genera such as Lat:to-
bacillus 1221, Corynebacterium [23], and BiJidobacte-

rium 1241. Not only is their taxonomic position un-
certain. but it is unclear whether all researchers are

working with the same bacterial species. Because of
difficulties in isolation and maintenance of most of
these organisms, it is likely that the most readily
isolated and most easily maintained strains have re-

ceived the grealest attention.
Worker bees (n = 43) from free-flying colonies

averaged 266352496128 colony-lorming units
(cfu) of Gram-variable pleomorphic bacteria per in-
testine [16]. There was no seasonal effect on numbers
of Gram-variable pleomorphic bacteria in adult

worker honey bees, but a sharp and significant de-
crease occurred in bees at the age of 6 days which
corresponds to the end ol the period of maximum
pollen consumption. This indicated a possible pollen
connection with these organisms. However, less than
26%, (n= 496) of floral and corbicular pollen and bee

bread samples that were examined contained Gram-
variable pleomorphic bacteria (Gilliam, unpub-
lished). ln contrast, 99% (n= 100) of worker bees

(Gilliam, unpublished) and 88% (n= 110) of queen

bees had these intestinal bacteria [18]. Thus, it ap-
pears likely that the bacteria are endemic in the ali-
mentary tract of adult bees and are spread lrom the
mouths of adults to larvae and lood sources as has
been reported for Ac. eurydice 1221.

When fed to bees, both streptomycin [16] which is

active against Gram-negative bacteria and penicillin
G (Gilliam, Lorenz and Richardson, unpublished)
which affects Gram-positive bacteria decreased the
numbers of intestinal Gram-variable pleomorphic
bacteria, further evidence that this group is com-
prised ol more than one species.

We have been conducting morphological studies
and biochemical tests on representative isolates of
these pleomorphic bacteria ([25], Gilliam and Lor-
enz, unpublished). For isolation and maintenance,
over 30 agar-based and liquid media with various
concentrations and sources of nitrogen, carbohy-
drates, and supplements as well as pH, incubation
temperatures, and oxygen requirements were tested.
TYG agar (40 g Difco tryptic soy agar, 3 g yeast

extract, 10 g glucose, and I f distilled water) and
broth were the best of those tested; however, they
were not ideal.

Gram-variable pleomorphic bacteria were isolated
on various enriched media incubated aerobically,
under l0% COz, or anaerobically. Growth appeared
as white, cream, tan, or clear pinpoint colonies which
had a distinct pleasant ester aroma similar to that
produced by many yeasts. The white colonies even

had the typical appearance of yeast colonies.
Representative strains were subjected to numerous

microbiological tests (Gilliam and Lorenz, unpub-
lished) in an effort to determine differences and spe-

cies. Media had to be modifled, devised, and tested

for each biochemical test required for taxonomic
purposes. Results revealed that all of the strains
may be lacultative anaerobes. Most strains produced
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catalase and reduced nitrates to nitrites. A11 strains
produced acid from D-fructose; most produced acid
from o-glucose, L-arabinose, and D-xylose. From
these and other results, it was concluded that the
Gram-variable pleomorphic bacteria associated with
honey bees are comprised of perhaps as many as six
species. Two of the isolates appeared to be members
of the genus Lactobacillus, and another has been

tentatively identifled as Bffidobacterium sp., bul a

more accurate generic allocation requires 165 RNA
sequence analysis.

These microorganisms appeared to contribute use-

ful metabolites such as intestinal enzymes to honey
bees [16]. However, better systems must be devised to
produce sufficient in vitro growth and thus adequate
amounts of biochemicals for testing to determine
fully the contributions of these organisms to bees.

3.2. Enterobacteriaceae

Gram-negative bacterial rods belonging to the En-
terobacteriaceae commonly found in honey bees in-
cluded Enterobacter cloacae, E. aerogenes, and Kleb-
siella pneumoniae 175,76,261. In Arizona, intestines of
worker honey bees from free-flying colonies con-
tained the greatest number of species and the highest
mean counts (31 524 cfu; n =21) during August
through early November [16,26]. Enterobacteriaceae
were most often found in the guts of worker bees at
least 14 days old (Gilliam, unpublished). In Decem-
ber, 1!% (n = 40) of foraging bees had intestinal En-
terobacteriaceae [15]. Gram-negative bacterial rods
were rarely associated with brood [ 1] but were
found in intestines of queen bees [8].

3.3. Bacillus spp.

Spore-forming bacterial rods belonging to the ge-

nus Bacillus are common associates of bees. In a

study of intestinal Bacillus spp. in 388 adult worker
honey bees, ll0 isolates belonging to 13 species were
identified 1271. Bacillus megaterium, B. subtilis, B.

pumilus, B. lichenifurmis, B. circulans, and Paenibacil-
lus alvei were the predominant species. Bees (n = 43)
from free-flying colonies contained an average of 190

cfu of Bacillus spp. per intestine in the spring (March-
April) and 9638 cfu in the fall (September) [16].

Bacillus spp. were the predominant microorgan-

isms in feces of worker larvae [1 l]. From feces of
20 larvae,44 isolates of Bacillus spp. were obtained.
Seventeen of these were -8. megaterium, and 19 were
B. subtilis. Bacillus cereus and B. megaterium were
the most common Bacillus spp. in the intestines of
queen bees [18].

3.4. Molds

The most frequently found molds in the alimentary
canal of worker honey bees belonged to the genera

Penicillium and Aspergillu,r. Commonly identified spe-

cies included P. frequentans, P. cyclopium, A. favus,
and A. niger 117,28 301. Other molds that were often
associated with intestines of workers bees were C/a-
dosporium cladosporioides and Alternaria tenuissima.

Not all bees contained molds, and the numbers of
those that did varied from colony to colony. Reasons
for these differences appear to be related to season,
and as discussed in Section 5, to disease resistance.

In December, 100% (n= 40) of the foraging work-
ers contained intestinal molds [28]; in March
through May, only 20%' (n = 45) of adult worker
bees had intestinal molds [30]; and in another study,
no molds were detected in bees (n=22) in March-
April, but means of 190 cfu per bee intestine (n=21)
were obtained in September [16]. Thus, molds were
more prevalent in worker bees in the fall and winter
months.

However, feces from 50ok of worker larvae con-
tained molds in May, but only 25'% had molds in
September (n=20) [11]. Most of the molds from
larval feces were penicillia. Molds occurred less fre-
quently than Gram-variable pleomorphic bacteria or
Bacillus spp., a situation similar to that in intestines
of adult worker bees [16]. Only 5% (n = I l0) of queen

bees contained molds [31]. Most species associated
with larval feces and queens were also found in
worker bees.

3.5. Yeasts

Intestinal yeasts were most frequently encountered
in worker bees from colonies that were caged, dis-
eased, fed deflcient diets, fed antibiotics, or exposed

to pesticides [16,30,32,33]. Thus, they appeared to be
indicators of stress conditions in honey bees in Ari-
zona. They were also more prevalent in bees in the
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spring. In one study, no intestinal yeasts were 1so-

lated from bees (n=21) from free-flying colonies in
the fall, but mean counts of 2454 cfu (n = 22) per bee

were obtained in the spring [16]. However, intestinal
yeasts were isolated from bees from caged colonies in
both seasons (X=44 cfu per bee, n= 135 in the fall;
X = 3528 cfu, n = 165 in the spring). When caged bees

were fed streptomycin, the numbers of intestinal
yeasts increased (i=712 cfu, n=135 in the fall;
*.=16924, n=143 in the spring). Species most fre-
quently isolated were Torulopsis magnoliae, T. gla-
brata, Candida parapsilosls, and Hansenula anomola

[30,33]. Yeasts were rare in healthy brood [8,11],
and only one of 110 queen bees contained a yeast

[3 1].

3.6. Microflora of honey bees Jrom feral colonies

Honey bees from feral colonies located in rock
caves, overhangs! or holes in central Arizona con-

tained the same kinds of intestinal microorganisms
as honey bees from managed colonies housed in
wooden hives in southern Arizona [34]. This finding
demonstrated the constancy of the microflora in
honey bees from both feral and managed colonies
and from areas separated by approximately 289 km.

4. Microbiology of food sources of honey bees

The antimicrobial systems that have evolved to
protect the food of honey bees from growth or es-

tablishment of most invading microorganisms were
reviewed by Burgett [10]. Acidity, high osmotic pres-

sure, and hydrogen peroxide are the major systems

in nectar and honey. Glucose oxidase from the hy-
popharyngeal glands of worker bees and from bac-

teria of the genus Gluconobacter is responsible for
gluconic acid, the major acid in honey, and for the
liberation and accumulation of hydrogen peroxide.

These components as well as others would also con-

tribute to the antimicrobial properties of brood food
produced by the hypopharyngeal glands. Thus, these

food sources are less interesting than pollen from the

standpoint of microbial diversity.
Honey bees obtain proteins, amino acids, lipids,

carbohydrates, vitamins, and minerals from pollen.

Foraging worker bees collect floral pollen that they

transport to the colony in corbiculae on the legs.

This pollen is then packed into cells of the brood
comb by other, generally younger, bees; a small cov-
er of honey is deposited on the pollen to prevent

spoilage when the pollen is not being consumed rap-
idly. This store of pollen, which has undergone
chemical changes, is called bee bread. Bee bread is

consumed by adult bees and is fed to larvae.
Our studies of floral and corbicular pollen and of

bee bread stored over time in comb cells of the hive,
all from the same plant species, demonstrated that
pollen from a flower changes microbiologically and
biochemically as soon as a honey bee collects it [35
391. Bees moisten pollen with regurgitated nectar or
honey to facilitate packing into the corbiculae, add
glandular secretions, and inoculate it with microbes.

Fungi (molds and yeasts) and Bacillur spp. were
the predominant microbes in pollen and bee bread.
Of the total microbial isolates (n=391) from pollen
and bee bread, 55o/o of the pollen and 85% of the bee

bread isolates were fungi (Gilliam, unpublished). It
appeared that honey bees engaged in 'microbial
farming' by inoculating pollen with specific micro-
organisms as they collected and packed it for trans-
port to the colony. Examples of the microbes that
were introduced by the bees were the yeast T. mag-
noliae, bacteria belonging to the genus Bacillus, and
the molds Aureobasidium pullulans, P. corylophilum,
P. crustosum, and Rhizopus nigricans. Most of the
organisms isolated from corbicular pollen and bee

bread were also associated with honey bee colonies,
particularly in the guts of adult worker honey bees

ltr,t7 ,19,35-311.
A microbial succession occurred due to addition

by bees of microbes which replaced many of those
associated with floral pollen. Bacteria including
Gram-positive cocci, coryneforms, and Gram-nega-
tive rods comprised 49o/o of the microflora of floral
pollen, decreased to 28o/o in corbicular pollen, and
were rare (4%) in bee bread (Gilliam, unpublished).
The only Bacillus species that was associated with
floral pollen was B. subtilis which increased in cor-
bicular pollen and in bee bread stored in comb cells

for 1 week [36]. In addition to B. subtilis, corbicular
pollen yielded B. circulans, B. lichenifurmis, B.

megaterium, B. pumilus, and atypical B. subtilis
strains. Bacillus spp. comprised only 2oh of the mi-
crobes in floral pollen, increased to 20'% in corbicular
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pollen, and then remained aI l|%t in bee bread (Gi1-

1iam, unpublished).
The majority of molds were penicillia, Mucorales,

and aspergilli [37]. Floral pollen had the largest num-
ber of mold isolates but the fewest species. Floral
pollen, corbicular pollen, and bee bread stored over
time in comb cells differed in the predominant molds
present (Mucor sp. in floral pollen, penicillia in cor-
bicular pollen and in bee bread stored for I week,
aspergilli and penicillia in bee bread stored for
3 weeks, and aspergilli in bee bread stored for
6 weeks).

Floral pollen also had the largest number of differ-
ent yeast species which decreased in corbicular pollen
and bee bread [35]. The predominant species were
Cryptococcus albidus, Kloeckera apiculata, and Can-
dida guilliermondii var. guilliermondil in floral pollen;
C.g. var. guilliermondii and T. magnoliae in corbicu-
lar pollen; and T. magnoliae in bee bread.

5. Roles of microorganisms in the honey bee colony

Efforts continue to assess the roles of non-patho-
genic microorganisms in the honey bee colony. The
areas of interest include biochemical contributions of
intestinal microorganisms to honey bees, conversion
and preservation of pollen stored in comb cells as

bee bread. and disease resislance.

5.1. Biochemical contributions of microorganisms to
honey bees

These studies have involved two approaches. First,
various antibiotics were fed to bees to eliminate spe-

cific microorganisms or groups of microorganisms
from adult worker bee guts. The guts were then an-
alyzed over the life of the bees for microbial content
and various biochemicals including enzymes, amino
acids, aminosugars, carbohydrates, lipids, riboflavin,
and fecal purines. A non-pollen protein source was
fed to bees as a control for assessing pollen contri-
butions. In the second approach, intestinal microor-
ganisms were analyzed for secondary metabolites in-
cluding enzymes and antimicrobial substances.

Results revealed that intestinal biochemicals orig-
inate from the bees themselves, from pollen, and
from microorganisms. For example, in addition to

the concentrations of various enzymes produced by
the bee, some trypsin, chymotrypsin, myristate lip-
ase, acid phosphatase, and cystine aminopeptidase
appeared to originate from pollen while levels of
alkaline phosphatase, u-glucosidase, and B-glucosi-
dase were increased by the presence of Enterobacter-
iaceae and Gram-variable pleomorphic bacteria in
the bee [6]. Levels of total amino acids and most
individual amino acids in bee guts were also in-
creased by pollen and by microorganisms (Gilliam,
McCaughey, Lorenz and Richardson, unpublished).

Results from the second approach demonstrated
that Bacillus spp. from honey bees produce antimi-
crobial substances and numerous enzymes (Gilliam,
unpublished). Also, some mold species from honey
bees produced more antimicrobial substances in
higher levels than the same species from other sour-
ces such as soil and food (Frisvad and Gilliam. un-
published; Gilliam, unpublished).

5.2. Microbial contribution,e to conversion and
preservation oJ pollen

The conversion of pollen to bee bread and the
accompanying biochemical changes have been postu-
lated to result from microbial action, principally a
lactic acid fermentation caused by bacteria and
yeasts [40]. However, Pain and Maugenet [41] steri-
lized pollen with y-irradiation, then seeded it with
Lactobacillus, and determined that a pure lactic
acid fermentation produced an unappetizing product
of poor nutritive value for bees. They thought that
yeasts played the most important role from a nutri-
tional standpoint.

Examples ol biochemical changes that we found
during the conversion of pollen to bee bread were
the addition of lipids to floral pollen by bees and/or
microbes, a 115-fold increase in titratable acidity for
free organic acids in corbicular pollen compared to
floral pollen indicating active fermentation, and the
superiority of the nutritive value and availability of
amino acids in the protein of bee bread compared to
corbicular pollen ([38,39], Standifer, McCaughey,
Dixon, Gilliam and Loper, unpublished).

The fermentation and chemical changes of pollen
stored in comb cells by honey bees may be processes

similar to those that occur in green plant food ma-
terials that are ensiled and in foods of plant origin
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that are fermented to prolong shelf-life and to lm-
prove palatability, digestibility, and nutritional val-
ue. Indeed, there are analogies in the microbiology
and biochemistry of these processes and the produc-
tion of bee bread. These include microbial succes-

sion; fermentation by fungi; the increased availabil-
ity of amino acids; the enhancement of stability of
silage by Bacillus spp., yeasts, and molds; and the
production of organic acids to exert a preservative

effect [35 37,39,42,43].

The microorganisms from pollen and bee bread
were metabolically active and could produce com-
pounds such as enzymes, vitamins, antimicrobial
substances, organic acids, and lipids that contribute
to the conversion of pollen and the stabilization of
bee bread [35 37]. For example, the molds produced
enzymes involved in protein, lipid, and carbohydrate
metabolism l37l; 80% of the yeasts from bee bread
fermented glucose and sucrose [35]; and Bacillus spp.
from pollen and bee bread produced proteolytic en-

zymes and carbohydrases [36]. Also, aspergilli, pen-

icillia, and Mucorales are utilized industrially for
antibiotic, organic acid, enzyme, and lipid produc-
tion; yeasts are sources of vitamins and enzymes;

and Bacillus spp. are exploited for their ability to
synthesize and secrete prodigious quantities ol en-

zymes and are recognized for their production of
antibiotics and fatty acids.

5.3. Disease resistance

Chalkbrood is a fungal disease caused by the het-
erothallic ascomycete, Ascosphaera apis. It results in
mummified larvae. Our efforts to develop control
methods for chalkbrood are based on determination
of the mechanisms that enable bee colonies to cope

with and survive the disease, particularly those colo-
nies that do not show clinical symptoms even when
the pathogen is present in high concentration. Genet-
ically determined hygienic behavior (uncapping of
cells and removal of diseased and dead larvae) by
nurse worker bees was found to be the primary
mechanism of resistance or tolerance to chalkbrood

lll,44l. Thus, bees can be selected and bred for re-

sistance which is evidenced by elevated hygienic be-

havior; by decreased longevity of A. apis spores; and

by reduced pathogen contamination of bees, brood,
and stored food in the colony. A secondary mecha-

nism of resistance is the addition during pollen col-
lection and storage by bees of antagonistic molds
and Bacillus spp. that inhibit the pathogen U1,451.
Bee colonies that are resistant or tolerant have more

of these antagonists. Antimycotic substances active
against A. apis were not produced by bees, larvae,
bee bread, or honey [17]. However, bee bread and
the guts of worker bees, the major sources of the
pathogen 144,451, were the primary sources of the
antagonistic microorganisms [17,45]. Thus, the anti-
mycotic substances were produced by microorgan-
isms that originated in worker bee intestines. These

microorganisms were added to pollen by the bees.

Most of the antagonists were molds [17]. Species

belonging to the Mucorales including Mucor spino-
sus, Rhizopus arrhizus, and Rhizopu,r sp. as well as

aspergilli including Asp. tamarii produced the largest
zones of inhibition against A. apis and are being
tested as control agents by feeding them in pollen
patties to bee colonies that have been selected and
bred for susceptibility to chalkbrood and then inocu-
lated with the chalkbrood pathogen ([18,45], Gilliam
and Taber, unpublished). Twenty-seven strains of
antagonistic endospore-forming bacteria were iso-
lated and identified as belonging to six species (Pae-

nibacillus alvei, B. circulans, B. lichenformis, B. me-

gaterium, B. pumilus, and -8. subtilis) [45]. They will
be assessed for control potential.

5.4. Microorganisms associated with modern and
ancient non-Apis bees

To extend knowledge on the association of mi-
crobes with bees, we isolated and identified micro-
organisms from the stored food of more than 25

species of eusocial stingless bees and solitary bees

from tropical and temperate zones ([20,46-48], Gil-
liam, Rubik, Buchmann and Lorenz, unpublished).
Results revealed Bacillus spp., exclusively or predom-
inantly, or no microbes in the stored food of almost
all bees examined. There were similarities in the spe-

cies of Bacillus associated with food of different ori-
gins in the nests of diverse bee species from different
geographical areas. This is particularly well demon-
strated by comparison of results from a stingless bee,

Trigona hypogea (=necrophaga), from Panama with
those from honey bees from Arizona [36,48]. This
Trigona is an obligate necrophage for which dead
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animal tissue has replaced pollen as the sole protein
source, and glandular provisions have replaced
stored pollen. Worker bees of this species consume
muscle and other tissue from vertebrate carcasses but
do not carry unmodified pieces of animal flesh to the
nest. Instead, the consumed flesh activates the hypo-
pharyngeal glands to produce brood food by a mech-
anism analogous to that of nurse bees of A. melldbra
which consume pollen to produce brood food via the
hypopharyngeal glands. Five species of Bacillus (8.
circulans, B. licheniformis, B. megaterium, B. pumilus,
and B. subtilis) were the only microbes found in the
glandular cell provisions produced by this Trigona in
the tropical, wet forest. These are the same species

found in almond pollen collected and stored as bee

bread by honey bees in the Arizona desert.
Thus, we hypothesized that an association between

Bacillus spp. and some bees may have evolved in
which female bees inoculate food sources with these
bacteria whose chemical products contribute to the
pre-digestion, conversion, enhancement, and/or pres-
ervation of food that is stored in the nest 120,36,46
48]. Evidence supporting this view came from several
studies. Analyses of the Bacillrs spp. isolated from
the stored food of various bee species showed that
they produced a variety of extracellular enzymes in-
cluding aminopeptidases, amylases, esterases, glyco-
sidases, lipases, phosphatases, and proteases that
were potential contributors [20,46 48]. Also, an as-

sociation between the pollen stores of a stingless bee,

Melipona quodrifasciata, and a Bacillus similar to -8.

pumilus was reported in which lhe Bacillus appeared
to pre-digest the pollen, and elimination of the bac-
terium with an antibiotic led to destruction of comb
cells by worker bees and eventual death of the col-
ony [49]. The Bacillus was lound in large numbers in
pollen and in the glandular secretion that the bees

deposited on honey and pollen layers in the cells.
Furthermore, at least one species of Bacillus was
present in the larval food of 13 species of stingless
bees. Bacillus spp. were also isolated from the ab-
dominal tissues of several additional species of trop-
ical stingless bees [50] and were shown to be com-
mon associates of larvae, adults, and food (larval
provisions and their components of pollen and nec-
tar) of alfalfa leafcutting bees, Megachile rotundata,
in Canada and may well be part of the resident mi-
croflora of the alimentary canal of this bee [51].

Mechanisms for preservation and for protection of
food stores and provisions from microorganisms that
could cause spoilage are necessary for survival of
bees. This is particularly important in perennial col-
onial stingless bees that rely on food stores in humid,
tropical environments and in soil-dwelling bees

whose pollen stores are susceptible to microbial at-
tack 146,471. One of these mechanisms might be the
inhibition of potential spoilage microorganisms by
secondary metabolites such as fatty acids and anti-
microbial compounds that are produced by Bacillus
spp. Bacillus spp. appear to be resistant to antimi-
crobial compounds associated with bees such as

those found in glandular secretions and nectar [46].
Evidence that the bee-Bacillus relationship is an-

cient came from the report by Cano et al. [50] of the
isolation, amplification, and sequencing of segments
of Bacillus spp. DNA from abdominal tissue of four
specimens of Proplebeia dominicana, an extinct spe-

cies of stingless bee found in 2540 million year old
amber from the Dominican Republic. The DNA se-

quences were related to each other and to those of B.

circulans, B. firmus, B. pumilus, and B. subtills. These
are species associated with extant bees, including
stingless bees.

Further credence was given to the hypothesis by
the subsequent report of the isolation of live B.

sphaericus from abdominal tissue of P. dominicana
entombed in Dominican amber [52]. Microscopy
had demonstrated the presence of Bacillus spp. with-
in the bees. It was noted that two other ancient Ba-
cillus spp. were recovered and identified from Do-
minican amber and that more than 100 other
bacterial isolates from ambers of various geological
ages had been recovered but not evaluated. It would
be interesting to know whether these additional iso-
lates formed spores.

These reports generated excitement, publicity, and
skepticism. Questions arose regarding possible con-
tamination, and doubts were expressed about the
claims that DNA and bacterial spores can survive
for millions of years. However, as pointed out by
Cano [53] and Postgate and Priest [54], the authors
were aware of the contamination risk and thus were
fastidious in their methods and controls to avoid
contamination and to demonstrate that the -8.

sphaericus strain came from inside the bee. The
more relevant question may concern identification
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of the physical and chemical properties of amber
that allow preservation of DNA and bacteria beyond
theoretical limits. Cano [53] lists dehydration, high
osmolality. oxygen-lree environments. protection
from UV radiation, and stable ambient temperatures
as factors which make amber a suitable source of
ancient DNA (and, one might presume, ancient bac-
terial spores). The last two factors result from the
underground location of the Dominican amber
mines. Rapid dehydration and anoxia would halt
the in situ reproduction of B. sphaericus. In this
case, the spores would be as old as the bee [54]. If,
however, the spores are not as old as the bee, the
most likely scenario is that the race of bacteria en-
tombed within the bee was sustained by extraneous
organic nutrient from the amber itself or from an
outside source by entry through sub-microscopic fis-
sures or faults in the amber structure [54].

6. Conclusions

Over 6000 microbial strains associated with bees

and their food have been isolated and identified.
More than 1000 are preserved by lyophilization for
continuing studies of microbial contributions. Our
aim has been to understand the relationships of
bees and microbes in order to capitalize on this
knowledge to increase bee productivity for pollina-
tion purposes. However, microorganisms associated
with bees are novel sources of bioactive compounds
that may have uses beyond the field of apiculture.
For example, increasing problems of resistance of
human pathogens to available antimicrobial com-
pounds necessitate searches for new products. Aug-
mentation of screening programs to include micro-
bial taxa that are not the usual actinomycetes and
molds from soils by inclusion of microbes from novel
sources such as insects and analyses of components
of insects themselves as well as their products might
yield useful compounds. The honey bee colony is a

promising subject for such studies.
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Summary - Twenty strains of Ascosphaera apis were cultured from larval mummies and discolored
larvae from feral honey bee colonies that had been in isolation on Santa Cruz Island, California fbr
over I l0 years, long before chalkbrood was first reported from the USA in 1968. Disease symp-
toms and enzyme patterns of A apis differed from those found on the mainland. Island strains showea
little variability. These results and the history of the bees suggest that the pathogen accompanied
the bees to the island and that the bees survived chalkbrood by a combination ofhygienic behavior
and microorganisms that inhibit A apis which were isolated from larvae and stored pollen.
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INTRODUCTION

Santa Cruz Island, California, USA, located
37 km from the mainland off the coast of
Santa Barbara, is mountainous and has a
Mediterranean climate. In 1987, a program
was initiated to remove all colonies of feral

European honey bees, Apis mellifera L, from
the essentially uninhabited island in an efforl
to restore native bee populations and polli-
nation systems in the Channel Islands
National Park (Wenner et al, 1995). Santa
Cruz Island is the largest (25 000 hectares) of
the five Northern Channel Islands and the
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only one that has ever had honey bees (for
more than 120 years in 1995) with no appar-
ent interchange of bees between the island
and mainland since the original introduc-
tion (Wenner et al, 1995).

Wenner and Thorp (1993) reviewed both
the history ofhoney bees on the island and
recent research. An unknown beekeeper
brought honey bees to Santa Cruz lsland
around 1873 but abandoned them well
before 1880. Subsequently, the offspring of
the original introduction became feral and
spread over the entire island. The honey
bees are remarkably uniform over the island,
and allozyme testing suggested that there
was a small founder population (RE Page, Jr,
pers comm). By 1995, a total of 280 colonies
in original cavities and from swarm traps
had been located (Wenner et al, 1995). Most
colonies were located in cliff faces (Wenner
and Thorp, 1993), and those that were situ-
ated where observations could be made had
excellent brood patterns and appeared
healthy. Unfortunately, access to these feral
colonies was generally limited by their loca-
tion in rock cavities, and one could not see

beyond the entrance. Therefore, it was
impossible to conduct complete surveys for
bee diseases. For these same reasons, no
attempts were made to survey feral colonies
from the mainland coastal areas.

In 1990, fungal growth on comb cells
and on larvae and mummies typical of
chalkbrood infection was observed in a few
feral colonies on Santa Cruz Island. At this
time, the objective of the larger study on the
island was first to locate and then to destroy
honey bee colonies and not to collect them.
Thus, no colonies had been manipulated,
no swarming had occurred for several years
because of a drought, and no combs or
empty bee hives had been moved to the
island. Bees were never introduced from the
mainland during the course of the study.
Since chalkbrood, a fungal disease of honey
bees, caused by Ascosphaera apis (Maassen
ex Claussen) Olive and Spiltoir, was not

reported from the USA until 1968 [for a

review see Gilliam and Vandenberg (1997)1,
we wished to detemine whetherA apis was
responsible for any of the observed fungal
growth and whether chalkbrood was pre-
sent in this honey bee population that had
been in isolation for over a century. A pos-
itive result would indicate that chalkbrood
may have been present in North America in
an island ecosystem, long before it was first
reported from the mainland. To achieve this
goal, we aimed to examine abnormal lar.'rae
and larval mummies for pathogens and to
isolate and identify microorganisms from
these samples.

MATERIAL AND METHODS

Representative combs were removed in July 1990
from honey bee colonies in rock cavities on the
island, sealed in separate double plastic bags,
refrigerated and hand-carried to Tucson. All sub-
sequent studies including observations, uncap-
ping and removal of cadavers from cells, isola-
tions of microorganisms and taxonomic
determinations of microbial isolates were per-
formed under sterile conditions in a laminar flow
hood at the Carl Hayden Bee Research Center
in Tucson. This virtually eliminated any possi-
bility of contamination of island material with
mainland fungi or other microolganism:.

The cells and their contents were examined. In
addition to fungal growth in comb cells and on
larvae, larval mummies were noted. These were
white, black, green or brown in color. The pres-
ence of sunken cappings, scattered brood pat-
terns, brown discolored larvae and collapsed
brown larvae suggested that bacterial diseases
might also be present. Moreover, there was evi-
dence of hygienic behavior (uncapping and
removal of diseased and dead brood) by adult
worker bees, a genetically determined trait that is
the primary mechanism of resistance to chalk-
brood (Gilliam et al, I 988). The scattered brood
patterns were most probably due to removal of
abnormal brood since small holes in cappings
(the first step in hygienic behavior) and partially
removed cappings were seen on cells contain-
ing dead brood.

The contents of 28 selected cells (14 capped
and 14 not capped) were subjected to detailed
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microbiological analyses for diagnoses of bac-
terial and fungal diseases and to isolate microor-
ganisms. Thus, 1l larval mummies of various
colors, l5 discolored tan to dark brown larvae
(nine intact, five collapsed and one hard), and
two bee bread (stored pollen) samples were col-
lected and processed using sterile techniques
throughout. Each was first transfened to a sepa-
rate sterile vial. Wet mounts and Gram stains of
each sample were prepared and examined micro-
scopically, and fungal elements were noted and
measured. The remainder of each sample was
homogenized in 0.5 mL of sterile distilled water
in a glass tissue grinder. Each homogenate was
then streaked onto one plate of each of the fbl-
lowing Difco@ media: Sabouraud dextrose agar
with0.2Vo yeast extract (SDA-YE), Czapek solu-
tion agar (CZ) nutrient agar (NA), and
brain-heart infusion agar with 0.01olc thiamine
hydrochloride (BHITHC). Plates of SDA-YE
were incubated at 35-37'C under l07o carbon
dioxide fbr isolation of A apis and other fungi.
Plates of CZ were incubated aerobically at 25 "C
for isolation of molds. NA and BHITHC were
incubated aerobically at 37 'C to isolate bacteria;
BHITHC was included to test for Baclllus lanae.
the causative agent of American fbulbrood dis-
ease, and for other bactelia having fastidious
growth requirements. All plates were examined
for the 2-week incubation period. As colonies
appeared, they were examined microscopically in
wet mounts anci Gram stains and transfened to
fresh plates of the same medium on which they
were isolated, except that molds other than Aapis
were transferred ro CZ. Pure cultures were con-
fimed microscopically and maintained on slants
of the above media under the same incubation
conditions used for initial isolations.

Measurements of morphological structures,
separation of mating types and mating tests of
Ascosphaera isolates and reference strains were
conducted according to Christensen and Gilliam
(1983). Spore cyst data were analyzed using
SAS-ANOVA and student's l-tesr (SAS Insti-
tute Inc, 1985). Positive identificarion of A apis
and assignment of mating types were based on
compatibility in mating tests with five ref'erence
strains (Gilliam and Lorenz, 1993; Gilliam et al,
1991). Enzymes of selected isolates and refer-
ence strains were analyzed with the API ZYM
system (Analytab Products, Plainview, NY) using
the methods of Gilliam and Lorenz (1993). Other
microbial isolates were characterized by macro-
scopic and microscopic morphology, and Peni-

cillia were tested and identilied accordins to
Raper and Thom ( I 968).

RESULTS

No bacterial diseases or their pathogens were
found. However, frass and two cocoons of
the greater wax moth, Galleria mellonella,
were observed on a single small comb sec-
tion containing two black chalkbrood mum-
mies.

Twenty strains of A apis were isolated
from eight samples (two black mummies in
uncapped cells, two collapsed discolored
larvae in capped cells, and two discolored
larvae in uncapped cells and two in capped
cells). Seven of these were mated strains,
five were plus strains, and eight were minus
strains. Five samples contained all three
types, two had a mated and a minus strain,
and one contained only a minus strain. Spore
cysts of A apis were observed in three addi-
tional samples (a green mummy and two
black mummies in uncapped cells), and pos-
sible A api.r spores were seen in another
green mummy fiom a capped cell with no
growth of A apis on culture. Thus, at least I I
of 28 samples were positive for A apis.

Two white mummies (one from an
uncapped and one from a capped cell)
yielded no microbial growth, although
microscopic examination revealed fungal
mycelia in both. Seven mummies (four from
uncapped cells and three from capped cells)
from which A apis was not cultured con-
tained other fungi, primarily Penicillia.
These mummies were white (Penicillium
brevi-compactum), green (P c,vclopium var
echinulattrm with or without P brevi-com-
pactunt), dark brown (an unidentified brown
fungus, Penit:illium cyclopium var ec'hinu-
lattun, P bre.vi-compactum and Penicillium
sp), or black (Mucorales). Thus, they were
the color of the predominant fungus that
was present. Ascosphaera apls was the only
microorganism present in two black mum-
mies and one discolored larva. Other sam-
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ples positive for A apis yielded one to three
additional microorganisms, primarily
P brevi-compactum and P cyclopiumvar
echinulatum.

Of the 28 total samples, P brevi-com-
pactum was isolated from 15, P cyclopium
var echinulatum from 13, yeasts from seven,

unidentified Penicillium spp from six, Bacil-
/as spp from five, P corylophilum from five,
an unidentified brown fungus from two,
Mucorales from two, Streptomyces sp from
one, and an unidentified bacterium from
one. Both bee bread samples contained
P cyclopium var echinulatum, and one
yielded P brevi-compactum, P corylophilum,
an unidentified brown fungus, a yeast, and
Bacillus sp in addition.

Preliminary measurements of morpho-
logical elements of A apis were conducted
on the wet mounts prepared from both the
original samples and S-day cultures of A apis
on the isolation media. Spore cyst sizes
ranged from 45-120 p in the original sam-
ples and 25-130 p in the cultures. Spores
were 254.0 x 1.0-2.5 p, and spore balls
were 10-20 trr.

In a more detailed analysis, a total of 490
spore cysts were measured from five of the
seven sporulated strains isolated from the
Santa Cruz Island bees and from two fresh
isolates from managed honey bee colonies in
Tucson (table I). All spore cysts were from
cultures of the various strains that were
grown, maintained, and measured under
exactly the same conditions on plates of

Table I. Spore cyst diameters of Ascosphaera api.s strains from managed honey bee colonies in
Tucson and feral honey bee colonies on Santa Cruz Island.

SigniJicance of SCI strains
compared to

Strain Sourcea Spore cyst size (pm)
+ SD (n = 35) HBC4 A2A X A2

4 days ofincubationb
HBC4
A2AX A2
SC5
SCI6
SC20

SC24
SC26

14 days of incubation
HBC4
A2A.X A2
sc5
SC16

SC20

SC24
SC26

50.9 t 14.3

55.1x 12.3

59.6 t 13.0

55.3 r 11.1

62.6 + 15.'7

66.2 + 14.1

59.4 x.l7 .9

6l.l r21.3
57 .4 r 18.3

58.7 t 21.8
62.8 + 19.8

53.1 t 19.8

56.8 t 14.9

69.6 + 19.5

T
T

SCI

SCI
scr
SCI
SCI

T
T

SCI
SCI
SCI
SCI
SCI

0.05

NS"
0.05

0.05
0.05

NS

NS
NS

0.05
NS

NS
NS

NS

NS
NS

NS

NS
NS

NS
0.0s

a T, fresh A apis isolates from managed honey bee colonies in Tucson; SCI, A apis strains from feral honey bee
colonies on Santa Cruz Island. b Aerobic conditions at 25 "C on Sabouraud dextrose agar with 0.270 yeast extract.
c NS, not significant (P = 0.05).
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nificant (P = 0.05) for some strains (SC20,
5C24, SC26 and HBC4) but not others
(SC5, SC16 and A2A X A2). Spore cysts
of strains SC20 and SC24 were significantly
smaller at 14 days compared to 4 days. In
SC26 and HBC4, they were significantly
larger at 14 days. These differences between
strains may rellect varying maturation times
for cysts ol di llerent strains.

Results of enzyme analyses of nine
selected island strains and six reference
strains are shown in figure L All island and
reference strains produced alkaline phos-
phatase, leucine aminopeptidase, acid phos-

Fig 1. Results of the API ZYM enzyme test system with nine selected island (SC) strains and six rel'-
erence strains.
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SDA-YE incubated aerobically at 25 'C for
4 and for 14 days. Results revealed signifi-
cant differences in the sizes of spore cysts
from four of the five A apis strains in
younger cultures from island bees compared
to a strain (HBC4) from managed honey
bee colonies. In 14-day-old cultures, these
differences vanished. In comparison to
another Tucson strain (A2A X A2), only
one island strain differed at 4 days and
another at 14 days. In each of these cases,
island strains of A apis were significantly
larger than mainland strains. Differences in
spore cysts sizes at 4 and 14 days were sig-

ENZYMES
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phatase, B-galactosidase and p-glucosidase.

None produced myristate lipase, trypsin,
u-galactosidase, B-glucuronidase, u-glu-
cosidase. or crt,-fucosidase. Some differences
between island and reference strains
occurred with the other enzymes. Most
notable were the production of chymotrypsin
by all island strains but no reference strains
and the production of butyrate esterase by all
reference strains but no island strains.

DISCUSSION

Microscopic and microbiological analyses
revealed chalkbrood but no bacterial dis-
ease. Ascosphaera apis was isolated and
identified from larval mummies and from
both intact and collapsed discolored larvae.
Thus, the symptoms of chalkbrood in the
island bees differed from those in mainland
bee colonies since brown discoloration and
collapse of larvae are not generally recog-
nized signs of the disease. The strains of
A apis from island bees mated with main-
land strains, confirming the identity of
A apis.

Sizes of spores and spore balls of the
A api.r strains isolated were in general agree-
ment with previously reported measure-
ments (Rose et al, 1984; Bissett, 1988;
Alonso Rodriguez et al, 1993). Mean diam-
eters of spore cysts of some strains of A apis
from island bees were significantly larger
han those in the relerence strains in younger
cultures but not in l4-day cultures with one
exception. All but two of the mean diameters
of the spore cysts were below previously
reported means of 65.8-82, but this was also
the case with strains recently isolated from
managed colonies of honey bees in Tucson
where the mean diameters were 4l .4 t 15.0
to 63.6 t 19.7 St; n = 2J0 (Gilliam, 1995).
Thus, more variability appears to exist in
the mean diameters of spore cysts of A apis
than has been generally thought. Previous
measurements of 2 800 spore cysts from23
strains of A apis from feral and managed

colonies ofhoney bees and from a carpenter
bee demonstrated that spore cyst size of
some strains but not others differed some-
what depending on media, culture age, incu-
bation temperature and the addition of CO,
(Gilliam, 1995). However, the trends of
these differences varied among the strains.
Thus, it was concluded that strain differ-
ences seemed to be the most important fac-
tor influencing the size of spore cysts. The
present results appear to confirm this con-
clusion.

Enzyme analyses from both mated and
unmated island strains revealed some dif-
ferences from the reference strains and from
our previous results (Gilliam and Lorenz,
1993; Gilliam et al, 1993; Gilliam et al,
1994). All island strains were negative for
butyrate esterase, most were positive for
cystine aminopeptidase, and all produced
chymotrypsin. We previously found only
one A apis strain that did not produce
butyrate esterase or that produced cystine
aminopeptidase. Only a few previously
encountered strains produced chymotrypsin.
Also, all island strains produced valine
aminopeptidase, phosphoamidase, N-acetyl-

B-glucosaminidase and u-mannosidase
while production of these enzymes is vari-
able in the reference strains and in our pre-
viously tested strains. All island stains were
remarkably similar in their enzymology in
both the enzymes produced and their lev-
els. This indicates little variability in the
pathogen in contrast to strains from honey
bees and carpenter bees from the North
American mainland but might be related to
the number of strains analyzed.

The present results along with the his-
tory ofthe honey bees on Santa Cruz Island
indicate that the pathogen probably accom-
panied the bees to the island. This view is
supported by the uniformity of the island
bees, the lack of interchange of bees between
the island and the mainland after the origi-
nal introduction ofhoney bees around 1873,

the differences in symptoms of chalktrrood
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in island and mainland bees, and the differ-
ences in enzymology of island and main-
land strains of A apis. We were extremely
careful not to introduce A apis to the island
nor to contaminate the material collected
from the island. Thus, bees or bee equip-
ment were not introduced to the island,
island colonies were not manipulated, and all
laboratory observations and studies were
conducted under sterile conditions. There-
fore, it appears that chalkbrood may have
been present in North America in a popu-
lation of honey bees isolated on Santa Cruz
Island long before the disease was reported
from the mainland. Chalkbrood apparently
was not a major problem for the island bees
since they had survived for over 1 I 0 years at
the time of the present study in 1990, and
most colonies were strong and healthy. This
is probably due to the hygienic behavior of
the bees and also possibly to the presence
of microorganisms that are antagonistic to
the chalkbrood pathogen. These mechanisms
of tolerance or resistance to the pathogen
were evidenced by holes in cappings and
partially removed cappings on cells con-
taining dead brood and by the isolation of
taxa of microorganisms (Penicillia, Muco-
rales, Bacillu^l spp) that were previously
shown to be antagonistic to A apis (Gilliam
et al, 1988; Gilliam. 1990).

Our results indicate possible antagonism
by the non-A apls microoganisms. For
example, of the l7 samples with no A apis,
other microorganisms, primarily fungi, were
isolated from 15, and two contained only
non-viable fungal mycelia. Yet these larvae
had symptoms identical to those of larvae
from which A apis was isolated. Also, of
the three mummies with spore cysts of
A apis that were not viable, one yielded
P brevi-compactum, P cyclopium var ech-
inulatum, and Streptonryces sp1' Bacillus spp
and Mucorales were both isolated from the
other two. Thus, the pathogen may have
been inhibited or killed by these organisms.
This would explain why no A apls was iso-
lated even when spore cysts were observed.

Although we cannot rule out the possibilities
that these microorganisms may be sapro-
phytes living on larvae dead from other
causes or that A apis was overgrown by
them, it is unlikely that they are pathogens
since they are common associates of honey
bee colonies (Gilliam er al, 1988; Gilliam
et al, 1989). Future research will attempt to
answer these questions by determining the
potential of these isolates for chalkbrood
control.

The bees of Santa Cruz Island may be a
source of stock that has tolerance to chalk-
brood. Unfortunately, since the goal of the
project on the island was to eliminate and
not to transfer bees to the mainland, much of
the population was destroyed before the pre-
sent work was completed. However, efforls
continue to secure queens from the island
for breeding and subsequent evaluation. We
are also attempting to obtain additional sam-
ples of chalkbrood and A apis from island
colonies for analyses.
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R6sum6 - Pr6sence et r6partition
d'Ascosphaera apis en Am6rique du
Nord : du couyain plAtr6 dans des colo-
nies sauvages d'abeilles mellifbres rest6es
isol6es sur I'ile de Santa Cruz, Califor-
nie, pendant plus de 110 ans. Un apiculteur
introduisit des colonies d' abeilles mellilires,
Apis mellifera L, au centre de I'ile de Santa
Cruz aux environs de 1873. mais les aban-
donna avant 1880. La descendance des colo-
nies originelles devint sauvage et se r6pan-
dit sur la majeure partie des 25 000 ha de
I'ile au cours des I 10 ann6es qui suivirent,
sans qu'il n'y ait apparemment de nouvelle
introduction d'abeilles. Une analyse allo-
zymique des abeilles sauvages a sugg6r6
que la population fondatrice 6tait petite.
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Le couvain plAtr6, mycose des abeilles
mellifbres caus6e par Ascosphaera apis, a

6t6 signal6 pour la premidre fois aux Etats
Unis en 1968. En 12 ans il s'est 6tendu h

toute 1'Am6rique du Nord.

En 1990, au cours d'op6rations destin6es
d 6liminer toutes les abeilles de I'ile de Santa

Cruz, on a remarqu6 le d6veloppement de

champignons sur des cellules des rayons et
sur des larves provenant de colonies sau-
vages. La pr6sence d'opercules affaiss6s,
de couvain diss6min6 et de larves brunes
d6form6es sugg6rait en outre I'existence de
maladies bact6riennes. Des rayons repr6-
sentatifs ont 6t6 pr61ev6s, des cellules et leur
contenu examin6s et le contenu de 28 cel-
lules s6lectionn6es (14 opercul6es et 14 non
opercul6es) a fait I'objet d'analyses micro-
biologiques d6taill6es afin de diagnostiquer
les maladies bact6riennes et fongiques et
d'isoler les organismes responsables. L'exa-
men de ll larves momifi6es, de 15 larves
d6color6es et de deux cellules de pollen n'a
pas r6v6l6 de maladies bact6riennes ni
d'agents pathogdnes. N6anmoins A apis 6tait
pr6sent dans onze des 6chantillons (cinq
momies, deux larves d6color6es et ddfor-
m6es et quatre larves d6color6es intactes) )r

la fois dans des cellules opercul6es et des

cellules non opercu16es. Penicillium brevi-
compactum et P cyclopium v ar echinulatum
sont les organismes les plus fr6quemment
isol6s des momies qui ne renfermaient pas
Aapis ou des momies qui renfermaient du
mycelium d'A apis non viable.

Vingt souches d'A apis ont 6t6 isol6es.
Elles ont 6t6 identifi6es par la mesure des

structures morphologiques et par des tests
de f6condation avec des souches r6f6ren-
c6es. Les diamdtres des sporocystes des
souches de l'ile correspondaient en g6n6ral
ir ceux des souches du continent, d quelques
exceptions prds pour lesquelles les sporo-
cystes des souches insulaires 6taient signi-
ficativement plus grands (tableau I).

L'analyse de 19 enzymes de souches
insulaires f6cond6es et non f6cond6es a

montr6 des diff6rences par rapport aux
souches continentales mais une remarquable
similitude parmi les souches insulaires, h la
fois dans la qualit6 et la quantit6 des
enzymes produits (fig 1). Ceci est I'indica-
tion d'une faible variabilit6 de I'agent patho-
gdne dans I'ile, contrairement ir ce qui se

passe pour les souches du continent nord-
am6ricain. Les diff6rences les plus notables
entre les souches insulaires et continentales
portaient sur I'absence de butyrate est6rase
et sur la pr6sence de cystine aminopepti-
dase et de chymotrypsine chez les souches
de I'ile de Santa Cruz.

Ces r6sultats, ainsi que I'histoire des
abeilles sur I'ile, montrent que l'agent patho-
gdne a probablement accompagn6 les
abeilles sur l'ile et que celles-ci ont surv6cu
au couvain plAtr6 par un comportement
hygi6nique, qui se manifeste par des petits
trous dans les opercules, par 1'6limination
partielle des opercules des cellules renfer-
mant du couvain mort et par des microor-
ganismes antagonistes d'A apis qui ont 6t6
isol6s dans les 6chantillons. Il se peut donc
que le couvain plAtr6 ait 6t6 pr6sent sur I'ile
de Santa Cruz longtemps avant que la mala-
die ne soit signalde sur le continent.

Ascosphaera apis I Penicillia / ftats Unis
/ r6partition g6ographique / historique

Zusammenfassung - Vorkommen und
Verbreitung von Ascosphaera apis in
Nordamerika: Kalkbrut in wildlebenden
Honigbienenviilkern, die seit mehr als
ll0 Jahren auf der Insel Santa Cruz,
Californien isoliert waren. Ein Imker
brachte 1873 Honigbienen (Apis mellifera)
in das Zentrum der Insel Santa Cruz, aber
kiimmerte sich schon vor 1880 nicht mehr
um sie. Die Nachkommen der ein oder zwei
Ursprungsvrilker verwilderten und besie-
delten die 25 000 Hektar der Insel fast voll-
stilndig. Allozymteste zeigten, daB es sich
um eine kleine Griindungspopulation gehan-
delt hat.
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Kalkbrut, eine Pilzkrankheit der Honig-
bienen, die durch Ascosphaera apis her-
vorgerufen wird, wurde 1968 zum ersten
mal in den Vereinigten Staaten nachgewie-
sen. Innerhalb der nrichsten 12 Jahre wurde
sie in ganz Nord Amerika gefunden.

Bei den Bemiihungen, 1990 alle Honig-
bienen von der Insel Santa Cruz zu entfer-
nen. wurde Pilzwachstum in Wabenzellen
und auf Larven der wilden Volker bemerkt.
Eingesunkene Zelldeckel, unregelmriBige
Brutfl;ichen und eingefallene braune Lar-
ven lieBen vermuten, daB es auch bakteri-
elle Krankheiten gab. Von reprrisentativen
Waben wurden Zell.en samt Inhalt unter-
sucht und der Inhalt von 28 ausgesuchten
Zellen (14 verdeckelte und l4 unver-
deckelte) einer genauen mikrobiologischen
Analysen zur Diagnose von Bakterien- und
Pilzinfektionen unterzogen und die Mikro-
organismen isoliert.

Die Ergebnisse von I I larvalen Mumien,
15 verfiirbten Larven und 2 Pollenzellen
zeigten weder eine bakterielle Erkrankung
noch Erreger. Allerdings wurde in 1l der
Proben A apis sowohl in verdeckelten wie
unverdeckelten Zellen nachgewiesen (ftinf
Mumien, zwei eingef'allene verfiirbte Lar-
ven, und vier intakte verfiirbte Larven).
Penicillium brevi-compactum und P cyclo-
ltium var echinttlatum waren die hriufigsten
Isolate von Mumien. die entweder kein
A apis oder nicht lebensfrihiges A apis ent-
hielten.

Zwanzig Stiimme von A apis wurden iso-
liert. Sie wurden durch Messung der mor-
phologischen Struktur und durch Kreu-
zungstest mit Ref'erenzstrimme identifiziert.
Die Durchmesser der Sporencysten der
Inselst;imme stimmten bis auf einige Aus-
nahmen, bei denen die Sporencysten sign-
fikant grciller waren (Tabelle I). mit den
Fest landssteimmen iiberein.

Analysen von 19 Enzymen von gepaaften
und ungepaarten Inselstrimmen zeigten
Unterschiede von den Festlandsstiimmen
sowohl in der Art der Enzvme als auch in

ihrem Niveau (Abb 1), aber es gab auf'ftillige
Ahnlichkeiten innerhalb der Inselst:imme,.
Damit zeigte sich auf der Insel eine im
Gegensatz zu den Stiimmen vom nordame-
rikanischen Festland geringe Variabilitiit
der Pathogene. Die deutlichsten Unter-
schiede zwischen Insel- und Festlands-
stdmmen entstanden durch die Abwesen-
heit von Butyratesterase und durch das
Vorkommen von Cystin-Aminopeptidase
und Chymotrypsin in den Stdmmen von
Santa Cruz.

Diese Ergebnisse zeigen zusammen mit
der Geschichte der Honigbienen dieser lnsel,
daB die Krankheitserreger wahrscheinlich
zusammen mit den Bienen auf die Insel
kamen, und daB die Bienen Kalkbrut durch
eine Kombination von zwei Faktoren i.iber-
lebt haben: durch Hygieneverhalten, das
durch die kleinen Lcicher in den Zelldeckeln
und durch teilweise Entfernung von Zell-
deckeln von Zellen mit toter Brut zu erken-
nen ist, und durch antagonistische Mikro-
organismen wie Penicillium spp, Mucorales
und Bacillus spp, die aus den Proben iso-
liert werden konnten. Demnach scheint die
Kalkbrut in Nordamerika in der isolierten
Population aufder Insel Santa Cruz bereits
lange vor der Entdeckung dieser Krankheit
aufdem Festland aufgetreten zu sein.

Ascosphaera apis /Kalkbrut / Honigbie-
nen / Penicillia
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Applicetion ttratcaict for cntomopathogcnic

Ncnrtodcr.

R. A. BEDDING.

Commonwealth Scientific and lndustrial Research Or.
ganisation, Box 1700, Canberra, ACT 2601, Australia.

Many cntomopathogenic nematodc (EN) field trials and treat.
ments to date have involved simgly applying suspensions in water
of one of the few readily available EN species/strains to the
surface of soil in which relatively srsceptible insect targets reside.
This is sometimes adequate for control but. in order to extend
significantly the range of targets and situations that can b€ treated
economically, other strateg:ies must be considered.
Generally, although they have some ability to seek out hosts, ENs
should tre positioned as near as p,rssible to each target insect with
a connecting water film tetween EN and target. This will require
an understanding of the target,/environrnent and customising the
treatment appropriately for each situation. [n addition, strong
endeavours shlul4 b. made t.; cttntinuaili.inpr,.tr.e the E\
speciesi'strains used by extensive collertion, selecti,x of best iso.
lates and then improving these b1' anificial selection and perhap-s
genetic manipuiation. I:rcreascd efficiencl. of the E\-" applied will
heip decrease nuntbers requrred:nd hence cost cf lreatment.
\l"here E\s are r{) be djstributed ln aqueous suspensii)n this can be
accornplished by hand.using ventun spray.rng on a small scale or
overhead. subter.'anean or flood irrigation on a larger scale. Scril
penetration may be irnproved bv EN selection. use of adjuvants.
timing <;r sub-surtace application. LLralisation of spraying ro
where targets are concentrated ard stressing targets with other
micro-organisms, sub-lethal chemicals or flooding may also lead to
gTeater efficiencies. However, speed and ease of application are
also imporrant. llhile most Eli rrearments are likely. to be for
insect targets in the soil, others can be to plant surfaces where
timing, spray formulation and delivery systems will be more
important: desiccation, UV protectantg increasing viscosity and
spraying at high humidities increase the time and ability for
nematodes to penetrate while adiuvants ma1. stimulate them to d{i
it more quickly. Baits not only bring target insecrs to localised
.L)ncentraitons of E\s. thet. can also be modiiied t,; create ideai
conditions ior nenratode penetration.
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A new species of symbiotic bacterium associated with
a steinernematid nematode.
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S. A. ELAWAD', R. Robson2 and N.G.!l. Hague'

tDepartment of Agriculture, The Universiiy oi Reading,
Earley Gate, PO Bor l3d, Reading. Berkshire. RG6 6AT.
L'K; '?Schlrol of Animal and \licrobial Sciences. The
Universitl'of Reading, tr\hiteknights, pO Bos 31,i. Read-

ing. Berkshire, RG6 6.U. UK.

.\ new' sgecies of steinernemarid has recentlr been :solated in lhe
Sultanate of Oman and has been narned S" abbzr;t iELa,nad et al..
i:1971. Infective juvenrles of S a65<esj are as effecti'"e rs those ,;f S.
riobraue and the thermai niche breadth ior establishrnent is slightly
higher than f,or S- iobraae. Cf,tlelia neltonelb larvae hoculated'*itr tht' sper'ific bectelum irr,rn j. /iad.ji turn da:-k br,rnn to
biack. For lhese reasons it was :uspec:ed that bacterrum rn S.
abhasi w'as new to entomopathogenic re::atologl,. Eiecir,;n micro-

C. XU, J. Li and J. M. Webster.

Oepartrnesrt of Bichgical Scierres, Sirnon Frescr Uni.
versity, Burnaby, Vancouvcr, EC VSA 156, Canada.

,{enorlwbdts spp., bactaial symbionts associated with the
ettomopathogenic ocrnatodes of tbe gcnus Stehtctnc,ttu, produce a
wide range of mctabolites bott la viw arld rr rn'}o.Two
metabolites with antibacterial properties, namely xenorhabdin I
and 3, have been isolated from a strain of X. btticrlii using flulh
column chromatogTaphy. When tlrese compourds rere clrcrnically
transformed into xenqxides I and 3, tbey were found to have
anti-bacterial and antifungal progerties wben screencd a$inst
fucillrc szDfilrs and Bohyh.s cinetea, respectively. Xcnorxidesatso
were isolated directly from a culture broth of X. Doticttii.
As rveil as rheir antibiotic and antimy-cotic propenies.xenorhab-
dins and xenorxides have been proven to be highly active against
several different tumor cell lines in uitro. These substances have
low 1e;11g11', to rats and mice.
C,;nsequentl.,. Xencrlta.Mus species are an attractive biosource for
n()r'el c()nlpl)unds of potential pharmaceurical and agrochemical
impoftance.
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lYhy do nodules app€ar in European honey bcee, .{pde
mellifera, infegted rith the mite, yarroa jacohoni?

N{. GILLIANI',E. H. Erickson Jr.' and A. C. Cohenr.

'U.S. Department of Agriculture. Agriculture Research
Service, 2000 E. Allen Road. Tucson Arizona g5719;

'z{135 E. Broadrvay. Phoenix, Arizona S50{0, USA.

Erickson et al. iJ lnvenebr. pathol. i0:]i.33. 1997) reported opaque
white nodules in gasters of worker bees from hives infested rith
varroa and stored for 3-i da:rs in alcohol. The nodules were
primarily ty'rosine, usrally attached to the inner cuticte or midgut
by basement membrarp, often visible through the abdominal
cuticle, and present only in bees that had enrerged from infested
cells. The present stLrdy, condrrcted earlier, examied the composi-
tion and formation of the nodules. Nodules have not been reported
in the immune s.vstem of hone-v bees but are a known response in
other insects.
\licroscop.v of be1 stored with or without alcohql, from infested
and non.infested colonies and of varroa from the infested colonies
re','eaieC nodules only' in bees collected from infested colonies and
sl,rred in i0o6 ethanol or isopropl-l alcohol for ? or more days To
minimize Ceiachment of mites from bees. some collections were
frozen. obtained without vnoking the hir-es. or stored in saline:
none had nodules. Hemocl-tes and microorganisms were not as-
sociared sith nodules: onl-v crystals were present. Nodules were
not prociuced in bees punctured ixtween *re abdominal segments
3 { times a q'eek and stored in alcohol. Thus. the nodules s€em to
result from r,'ar-rr;a ieeciing on the hernolyrnph of bees. They might
be associated wiLh an immunological respoLse, a wound healing
reaction to something more than a purlctune. or hemolyrnph coagr-
laiirrn. The absence r;f bacteria. fungr. and hemoc""-tes in the
nodules dr,.es not preclude these possibilities since the reaction
re-"ponsible ior rhe nodules coulC occur away from but be manil.est_

5l
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Hygienic behaviour of honey
bees and its application for
control of brood diseases and
varroa
Part l. Hygienic behaviour and resistance to American foulbrood

Mnnn SplvlrcnNo MnnrHn Gtlrnn

There have been very few studies on hygienic behaviour as a
mechanism of resistance toAmerican foulbrood since Park,
Wood row, Rothenbuh ler, and Rothenbu h ler's students published
their seminalwork.The studies outlined in this part of the review
form the core of information from which all later studies on
hygienic behaviour have been based.

lntroduction
The first detailed observations of hygienic
behaviour of honey bees, Apis mellifero,were
recorded in the 1930s during efforts to
determine whether resistance to the bacte-
rial disease American foulbrood (AFB) exist-
ed in bee colonies. This search was initiat-
ed because AFB is the most serious of the
brood diseases of honey bees. Considerable
research was conducted in the I 960s and
1970s on the role of hygienic behaviour as

a mechanism of resistance to AFB. Howev-
er, with the advent of sulfa drugs and antibi-
otics that are effective against AFB, research
efforts in this area were not sustained.

Today, there is evidence in some areas ofthe
USA that the bacterium that causes AFB
(Poenibocillus lorvoe subsp. lorvoe; formerly
Bocillus lorvoe) may be developing tolerance
to the antibiotic oxytetracycline (Ter-
ramycin), the only registered control in the

country. Resistance of AFB to oxytetracy-
cline has been a problem in Argentina for
some yearst. The introduction of the fungal
disease chalkbrood into the USA in the late
1 960s and the I 970s and the increased inci-
dence of this disease in Europe and Asia
have had serious negative effects on bee
colonies throughout the world. There is no
registered treatment for the disease in the
USA or most other countries. The parasitic
mite, Vorroa jocobsoni, has also spread
throughout most of the world, and the
mites have already developed resistance to
fluvalinate, one of the chemical controls and
the only acaricide registered for use in the
USAN".

As a consequence ofthese problems, there
has been a recent resurgence of interest in
hygienic behaviour of honey bees. This
behaviour has been demonstrated to be the
primary mechanism of resistance to AFB
and chalkbrood and is one defence egainst

Mention of a proprietary product or company name does not constitute an endorsement of this product by the US
Department of Agriculture
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varroa. This review, divided into two parts,
intends to bring readers up to date on the
wealth of research already conducted on
this interesting and important behaviour of
honey bees, to point out the results that are
available for immediate practical use in bee-
keeping, and to note areas where further
research is needed. Part I of this review will
cover the early research on hygienic behav-
iour as a mechanism of resistance to AFB.
Part ll (in the next issue) will contain sec-
tions on hygienic behaviour as a defence
mechanism against chalkbrood, European
foulbrood and varroa; hygienic behaviour in

Apis cerono, subspecies of A. mellifero, and
Africanized honey bees; assays to screen
colonies for hygienic behaviour; and breed-
ing programmes.

We wish to emphasize that selection and
breeding for behaviour(s) of honey bees to
control the most serious brood diseases
and the most devastating mite pest are
preferable to the introduction of foreign
chemicals (antibiotics and pesticides) into
bee colonies. Contamination of bee prod-
ucts such as honey, pollen, and wax with
these chemicals is an increasing problem.
Too often, beekeepers use improper for-
mulations, dosages, and methods of dis-
pensing chemical controls. This misuse can

result in the lack of control of the disease
or mite; the selection of pathogens and
mites that are resistant to the chemicals;
and, ultimately, devastation for the entire
apicultural industry within an area, country,
or even a continent.

Early research
ln the I 930s, a search was conducted in the
USA for honey bees resistant to AFB. The
effort was initiated by O W Park (Entomol-
ogist at the lowa Agricultural Experiment
Station), F B Paddock (State Apiarist from
the Agricultural Extension Service of lowa
State College), and F C Pellet (beekeeper
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and Field Editor of the Americon Bee lourno[).
To determine whether variation in resis-
tance to AFB existed, various colonies of
honey bees were presented with comb sec-
tions containing the remains of larvae killed
by AFB (scales). The bees responded by
either accepting the comb with no alter-
ation, cleaning out the cells, or destroying
and removing the cells. Although all colonies
but one showed some symptoms of AFB
early in the season, seven of 3l (23%) test
colonies showed no symptoms by the end
of the season''''. The colonies that displayed
the most resistance were those that
removed the entire inoculation comb and
then rebuilt it with new wax. Colonies that
never showed symptoms of AFB as well as

those that did but later recovered were
considered resistant.

To determine whether the resistance was
heritable, queens reared from one of the
resistant colonies were allowed to mate
with drones from other resistant colonies
in an isolated mating apiary. Later in the sea-

son, the daughter colonies were presented
with comb sections containing AFB scales.

Nine of 27 (33%) of the colonies had no dis-
ease symptoms by the end of the season.
Because the percentage of resistant colonies
increased after one generation of selection,
the authors concluded that the resistance
was heritable't; however, this increase in
resistant colonies was not statistically signif-
icant.

ln subsequent years, Park, Pellet and Pad-

dock began a selective breeding programme
for colonies resistant to AFB''''. They noted
considerable variation among colonies in the
propensity to develop AFB after inoculation
with either comb sections containing AFB
scales or sugar syrup containing P. larvae
spores. The authors noted, 'We have

observed that the bees sometimes remove
and dispose of larvae very soon after they
die, thus eliminating the evidence"'. Park'u

wondered whether the apparent resistance
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was due to the housekeeping activities of
the bees, physiological factors, or both.

ln 1941 , A W Woodrow (USDA Bureau of
Entomology and Plant Quarantine, Laramie,
Wyoming, USA) began experiments to
determine whether the brood from the
resistant and from the susceptible colonies
truly varied in resistance to AFB. His goal

was to understand 'what constitutes so-
called resistance"t. He found that larvae
derived either from resistant or from sus-

ceptible colonies were equally susceptible
to AFB and concluded, '... colony resistance

depends on behavioural factors rather than
on physiological resistance in the larvae"'.

Woodrow'o observed individual larvae as

they became diseased after feeding the
colony sugar syrup inoculated with spores
of P. lorvoe. Nine strains of bees were test-
ed, and all colonies removed the diseased
brood before it hardened to a scale. How-
ever, there was considerable variation in the
development of the disease among the
colonies which was not related to colony
strength. The variation in the time required
to clean out the cells was proportional to
the amount of diseased brood present. ln
lightly infected colonies, most diseased
brood was removed within seven days. ln
highly infected colonies, removal required a

longer time, and some cells were neglected.
The cells that were cleaned out were
reused, and cultures obtained from them
showed that they still contained spores.
New brood reared in the cells of lightly dis-

eased colonies did not become infected, but
a third of the new brood in highly diseased

colonies succumbed to AFB. Reinfection
was attributed not to poor cleaning of the
cell but rather to nurse and housecleaning

bees. The cells that were cleaned out were
also used for pollen and honey storage;
however, honey was not stored in cells with
visible remains of larvae with AFB.

The only evidence found for physiological
resistance to AFB concerned the age of the
larvae susceptible to infection: one-day lar-
vae were most susceptible, while larvae
inoculated more than two days five hours
after hatching did not become infected". ln
colonies of various strains and degrees of
resistance, larvae during the susceptible
stage (0-l day) were inoculated by sus-
pending P. lorvoe spores in larval food. When
the brood cells were sealed, the comb was
caged so that the bees could not remove
the infected brood. lnspection of pupae
before emergence revealed that 3341% of
the brood was removed before sealing and
that44-75% of those cells that were sealed
contained diseased brood" ". Spore inocu-
lation of larvae when bees were I -2 days or
24 days of age did not result in any removal
ofthe larvae, and none ofthe inoculated lar-
vae became diseased.

Woodrow and Holst" inoculated 0-l-day-
old larvae with only the rod (vegetative)
stage of the bacterium that precedes the
spore stage in the infection. Only 05% of
the larvae became diseased. These results
demonstrated that the rod stage ofthe bac-
terium was not very infectious (also see
Tarrt') and it was hypothesized that if infect-
ed larvae were removed before spores are
produced, then further dissemination of the
disease in the colony would be prevented".

Using one resistant and one susceptible
colony, Woodrow and Holst" determined
the stage of the disease at which the infect-
ed larvae were removed. Bees in the resis-
tant colony removed larvae beginning on the
sixth day after inoculation and, within I I
days, I 38 of 200 (69%) of the inoculated lar-
vae were removed. None of the removed
larvae contained spores, but 23 of25 larvae
inspected contained rods of P lorvoe. No
additional larvae were removed after the
I I th day, and the remaining pupae were not
infected. Bees in the susceptible colony
removed larvae beginning on the ninth day



after inoculation and continued to remove
brood throughout development of larvae
and pupae; P. lorvoe spores were found in all

of the removed larvae. At the end of the
experiment,39 o1202 (19%) of the diseased

pupae remained in the susceptible colony.
Prior to removal, many of the cells contain-
ing inoculated larvae were uncapped by the
bees in both colonies. ln the resistant
colony, the uncapped larvae were removed
within 24 hours. ln the susceptible colony,

however, some of the uncapped larvae were
resealed and later found to be infected.
Woodrow and Holst" remarked,'The bees

are able to detect early stages of infection
in the brood more readily than can the
human observer... None of the larvae being

removed from the resistant colony were
discoloured or abnormal in appearance.
Most of those examined, however, con-
tained rods ol B. lorvoel

The experiments were repeated by
Woodrow and States" with similar findings.
Thus, the conclusions were as follows:

O 'The data show that resistance to Amer-
ican foulbrood in the honey bee colony
consists in its ability to detect and
remove diseased brood before the
causative organism, B. lorvoe, reaches the
infectious spore stage in the diseased lar-

r32
vae

O'The early removal of diseased larvae
while they contain only the non-infec-
tious rods of B. lorvoe prevents dissemi-
nation of disease in the colony, whereas
removal of infected brood containing the
highly infectious spores results in spread
of disease to other larvae"'.

O 'Light infections sometimes are overcome
whereas heavy ones are not, but the
extent of infection is not determined
entirely by the inoculating dose. The
spread of disease within colonies
depends rather on the extent to which
general contamination of the colony is
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produced during diseased brood
removal"'.

O '... it is likely that [the removal of dis-
eased brood] is a common behaviour of
honey bees. Furthermore, since diseased

brood was removed regardless of
whether the colonies recovered from the
disease, it is evident that colony resis-
tance to American foulbrood does not
depend entirely on this behaviour char-
acteristic"t.

The Rothenbuhler
studies - larval
resistance to AFB
ln 1951, Walter C Rothenbuhler (lowa State

College, USA) began his long and produc-
tive research career on the mechanisms of
resistance to AFB and on hygienic behaviour.

He reviewed the work of Park and

Woodrow and concluded that the ability of
the bees to detect and remove diseased lar-
vae (coining the term 'hygienic behaviour'to
describe the process) was not a complete
explanation of resistancet'. He referred to
work by Sturtevant and Revell'o who dis-
covered one possible physiological mode of
resistance. These authors found that bees
from colonies apparently resistant to AFB
removed a higher percentage of spores
from infected syrup than bees from suscep-

tible colonies. The spores were removed
from the syrup by the action ofthe proven-
tricular valve, located between the crop
(honey sac) and the ventriculus (midgut) in
the digestive tract of the bees. The valve

captures pollen grains and other small par-
ticles, including bacterial spores, suspended

in nectar from the crop and passes them
through the digestive system. ln this way,

spores are eliminated from the body rather
than regurgitated with the nectar and pos-
sibly fed to larvae. A second mode of resis-

tance was discovered by Victor Thompson,
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a student of Rothenbuhler. Thompson
(unpublished Master's thesis, cited in
Rothenbuhler & Thompson") found that
nurse bees from a Hawaiian strain of bees
were capable of preventing more of the lar-
vae they fed from succumbing to AFB than
were nurse bees from the highly susceptible
line. The exact mechanism was not deter-
mined at the time, but it was speculated that
the royal jelly secreted by adult bees from
some lines may have a grearer bacrericidal
effect' or that adult bees may disinfect the
cell surface before the queen lays an egg in
the cell'e.

Based on these previous studies, Rothen-
buhler began his experiments by assuming
that stocks of different origins have different
potentials for resistance and that different
types of inoculations conveying the
pathogen to the host (e.g. spores in sugar
syrup, spores in brood food, brood comb
with spores) might result in the display of
different mechanisms of resistance in bee
colonies.

ln all experiments, Rothenbuhler and his
students compared a resistant line of bees
to a highly susceptible (control) line. The
most renowned resistant line originated in
1954 from E G Brown, a beekeeper from
Sioux City, lowa. Brown allowed his
colonies to rob honey from infected combs
brought to him for wax rendering. Four of
his colonies were found to be highly resis-
tant to AFB and provided queen and drone
progeny for the Brown line used in all of
Rothenbuhlert subsequent studies. The sus-
ceptible line began with a single queen from
H Van Scoy of Candor, New York. Queens
were reared from the Van Scoy colony and
were inbred by mating them with drones
from the same colony using instrumental
insemination. The progeny colonies were
selected for increased susceptibility.

ln the first experiment, Rothenbuhler test-
ed the hypothesis that larvae from different

genetic lines of bees have different degrees
of resistance to AFB. JWo colonies of the
Brown line, two from the Van Scoy line, and
three from the Chartreuse line (bees with
an eye-colour mutation) were tested. The
larval food in cells containing one-day-old
larvae was inoculated either with 50 000
P. lorvae spores in tap water (spore treat-
ment) or wich tap water containing no
spores ('check' treatment). From three
rows of cells containing 30 larvae each, one
row was chosen at random to be given
either the spore or check treatment or to
be untreated (control). Because many spore
and check treatment larvae died within two
days of inoculation, base counts of the num-
ber of treated larvae were made on the sec-
ond day after inoculation and compared to
the number of healthy, dead, or missing indi-
viduals on day 12.8y day 12,95% of the lar-
vae receiving water survived; 67% of thelar-
vae from the Brown line survived the spore
treatment compared to 47%from the Char-
treuse line and25% from the Van Scoy line.
Rothenbuhler and Thompson" concluded,
'These differences are interpreted to be due
to different levels of innate resistance to
American foulbrood in the larvae of the
three lines.'

ln an elaborate second study, Thompson
and Rothenbuhlert' tesred the hypothesis
that adult bees have mechanisms to protect
the larvae from infection. Larvae from resis-
tant and susceptible lines were transferred
into colonies containing resistant or sus-
ceptible. adults. One resistant colony and
one susceptible colony were fed daily for 20
days with sugar syrup containing P. lorvoe
spores. Another pair of resistant and sus-
ceptible colonies were not inoculated.
Fewer larvae succumbed to AFB within the
resistant colony (8.7%) than in the suscep-
tible colony (11.6%), and only six of 20
combs containing eggs introduced into the
resistant colony showed larvae with symp-
toms of AFB compared to 17 of 20 combs



introduced into the susceptible colony.
Thompson and Rothenbuhlertt concluded
that the effect of the adult bees on confer-
ring resistance to the larvae was small rela-

tive to the effect of larval resistance itself.

Between I 961 and I 967, Rothenbuhler and

his students continued their studies on
physiological mechanisms of larval resistance

to AFB"t'0. At the same time, however,
Rothenbuhler turned his attention back to
the early studies on hygienic behaviour as a

mechanism of resistance to AFB.

The Rothenbuhler
studies - genetics of
hygienic behaviour
Beginning in 1964, Rothenbuhler and his stu-
dents published the now famous six-part
series of articles on the behavioural genet-
ics of hygienic behaviour in honey
beese122r'222628. This work, based on elegant

experimental designs, is recognized as a clas-

sic example of the effects of Mendelian
inherited genes on behaviour''t. lt demon-
strated both the genetic and environmental
effects on this economically important trait.

Rothenbuhler began by testing the ability of
the resistant Brown and susceptible Van

Scoy lines of bees as well as resistant and
susceptible colonies from a new line (Squire)

to remove larvae with AFBt'. To assess resis-

tance or susceptibility of the colonies, they
were inoculated with P larvoe 6y inserting a

section of comb containing 75 AFB-killed
larvae in the centre of the brood nest (fol-
lowing Park''). Daughter queens were prop-
agated from the most resistant and from the
most susceptible colonies, and controlled
matings were ensured by instrumentally
inseminating the daughter queens with
drones from selected colonies. Selection
pressure was applied to successive genera-
tions by increasing the numbers of AFB-
killed larvae presented during the test.
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For the experiment, either water alone or
water containing about 7000 P lorvoe spores
was suspended in the food for rows of lar-
vae in comb cells of both the resistant and
the susceptible lines. The base count for
number of live larvae was made on the fol-
lowing day, and the number of larvae
removed from the cells was counted each
successive day. Two or three days before the
end of the experiment, the remaining brood
was uncapped to determine viability.

Over two trials, colonies from the Brown
line removed the majority of the spore-inoc-
ulated larvae, whereas the Van Scoy line
removed relatively few (see figs 'l and 2 in
Rothenbuhlert'). ln addition, the Brown
colony had no AFB-killed pupae on the I6th
day after inoculation in any of the trials,
whereas a high percentage (35-57%) ofthe
inoculated larvae in the Van Scoy colonies
were killed by AFB and then left in the cells
under a wax capping. The results from the
resistant and susceptible Squire lines were
similar to those of the Brown and Van Scoy
lines, respectively, although the resistant
Squire colonies removed fewer infected lar-
vae than did the Brown line.

Rothenbuhler then set out to determine the
mode of inheritance of the trait and the
number of loci (positions of the genes in the
chromosome) responsible for its expres-
sion". First, he instrumentally inseminated
queens from the inbred Brown line with sin-
gle drones from the inbred Van Scoy line to
produce F, hybrid worker progeny. He then
inoculated five F,colonies by introducing
either AFB spores or water into the larval
food. The F, bees did not remove the dis-

eased larvae from the comb. From this,
Rothenbuhler deduced that hygienic behav-
iour was a recessive trait.

To estimate the number of loci governing
the expression of the trait, Rothenbuhler
next backcrossed the F, progeny colonies
to the original Brown parent. He raised
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daughter queens from two of the F, colonies
and then allowed the F, queens to produce
drones. He collected semen from 29 drones
and used it to inseminate 29 daughter
queens raised from the Brown line parent
colony by single-pair matings. He assumed
o priori that if half of the colonies back-
crossed to the Brown line (expected to be
homozygous recessive) displayed hygienic
behaviour, then one locus would be
involved; if 25% were hygienic, then the
behaviour would be controlled by two loci.
He also performed the reciprocal backcross;
eight drones from the F, queens were
mated to daughter queens of the original
(also inbred) Van Scoy parent colony. None
of the colonies from this backcross to the
susceptible (homozygous dominant) line
should have expressed the behaviour. He
then inoculated the backcrossed colonies
and compared their hygienic response ro
pure Brown and pure Van Scoy colonies.

Of 29 colonies backcrossed to the Brown
line, six (21% of the colonies) rapidly
removed all the diseased larvae, and no dis-
eased pupae remained in the combs. Thus,
he concluded that hygienic behaviour was
controlled by two loci. Contrary to expec-
tation, one of the colonies from the back-
cross to the Van Scoy line removed all of the
diseased larvae within two days. These
results were problematic to Rothenbuhler
because he assumed that if the trait were
recessive, none of the progeny from the
cross to the dominant parent would express
the behaviour. With candor, he stated, 'We
cannot disregard this result, regardless of
how much we would like to, but we are bas-
ing the genetic hypothesis on the other
data.'

None of the other 23 colonies from the
backcross to the Brown line removed the
diseased larvae; nine of these uncapped
dead larvae, but l4 did not. At this point,
Rothenbuhler speculated that one of the
loci might be responsible for uncapping the

cells and the other for removing the dis-
eased larvae from the cells. He proceeded
to uncap the cells that remained sealed in
the 1 4 colonies and noted that six of the
colonies removed most of the diseased
brood within two days. Of the remaining
eight colonies, three did not remove any dis-
eased larvae, and the rest removed from
347%. Rothenbuhlert' stated,'Although
this group of l4 colonies is not as discrete-
ly separated into removers and non-
removers as the whole group of 29 was sep-
arated into uncappers and non-uncappers,
for the time being the 14 are interpreted as

falling into two groups. This seems to be the
simplest possible explanation and justifiable
in the light of inadequate knowledge about
the environmental factors that affect the
removal rate.'

The stinging behaviour of the backcrossed
colonies was also recorded because of the
prevalent notion that disease-resistant bees
were highly defensive and that defending the
nest against diseases and intruders (includ-
ing beekeepers) were manifestations of the
same trait. Rothenbuhler's results clearly
showed that stinging behaviour and hygien-
ic behaviour assorted independenrly and,
therefore, were not controlled by the same

il::;l::"* 
or linked on the same chro-

To summarize the results of his landmark
experiment, Rothenbuhlert' developed a

two-locus model of inheritance for hygien-
ic behaviour. The process of uncapping a cell
containing dead brood and removing the
contents was thought to be dependent
upon homozygosity for two recessive genes.

Workers heterozygous at one or both loci
should not be hygienic. Homozygosity at
one of the two loci should result in work-
ers that either remove or uncap.

Although Rothenbuhler's work is most
renown for determining the genetic basis
of a complex behaviour, he and his



students were far-sighted in their approach
to understanding both the genetic and envi-
ronmental effects on the behaviour. ln later
years, Rothenbuhler was not certain that his

Mendelian two-locus model was sufficient
to explain the variability in the expression
of the trait (A Collins, personal communi-
cation). ln a subsequent re-evaluation of
Rothenbuhler's model, Moritz" suggested
that a three-locus model may better fit the
original data set and that even more com-
plex patterns of inheritance might be
involved. Although Rothenbuhler! work
demonstrated major gene effects on hygien-
ic behaviour, he did not continue with the
genetic line of research after I 964. lnstead,
he and his students concentrated on envi-
ronmental effects on the behaviour - how
colony demography, previous experience of
the bees, and resource conditions influ-
enced the expression of the trait.

Age of hygienic bees

Thompson'u published the first article on
the age at which bees tend to perform
hygienic duties. The colonies in the experi-
ment were comprised of a single-age (with-
in four days) cohort of bees from the Brown
line. Since no brood was allowed to emerge
in the colonies, the age of all adult bees was
known. Combs containing brood inoculat-
ed with spores of P lorvoeviathe larval food
were introduced into the test colonies at
various intervals when the bees were 4-68
days of age. When the Brown bees in the
colony were all less than 27 days of age, they
removed all of the diseased larvae. Howev-
er, as the age cohort of bees exceeded four
weeks, the bees removed all ofthe diseased
larvae only when nectar was being brought
into the nest. One colony composed of old
bees was an exception and removed all of
the diseased brood even when no nectar
was available. lt was concluded that young
resistant bees will remove all diseased
brood regardless of nectar availability, but

l3l

bees older than about four weeks remove
the larvae only during a nectar flow.

This experiment should be re-evaluated in

light of more recent studies which demon-
strated that the bees in single-age cohort
colonies distribute their tasks irrespective
of age; some young bees become preco-
cious foragers, and some old bees revert to
in-hive tasks such as brood feeding
(reviewed in Robinsonto). Therefore, in
Thompsonl study, some ofthe young bees
must have performed tasks, such as forag-
ing, which are characteristic of older bees,

and thus they may have differed physiologi-
cally from same-age bees that continued
performing in-hive tasks. More recent stud-
ies by Spivak (unpublished) in which two
hygienic colonies were composed of bees of
1 I different age cohorts (ranging from 3-33
days old), the mean ages of the bees that
uncapped and removed freeze-killed brood
were l5 and 17.5 days, respectively (n = 265
and 3l I bees). The mean ages of the bees
foraging in the same colonies were signifi-
cantly greaten 22 and 20 days, respectively
(n = 79 and 66 bees; t tests P < 0.01). This
experiment indicated that hygienic bees are
middle-aged; they have brood-rearing expe-
rience but have not necessarily begun for-
aging.

Bee experience
Trump et ol.tt determined whether hygienic
behaviour could be modified by learning.
The rate of removal of AFB-diseased brood
was compared among single-age cohort
colonies of the Brown line, the Van Scoy
line, and a 50 : 50 mix of the two lines. Sub-

sequently, the bees in the mixed colonies
were sorted by colour (Brown bees were
dark and Van Scoy bees yellow) and intro-
duced into new colonies containing bees of
the same kind. The results showed that
the mixed colonies removed diseased brood
as quickly as the pure Brown colonies.
However, when the bees were later sorted
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into their respective types, the Brown bees
removed the diseased brood, and the Van
Scoy bees did not. These results indicated
that the Van Scoy bees did not learn the
behaviour from the Brown bees and sug-
gested that the bees that per{ormed the
behaviour in the mixed colonies were prob-
ably all from the Brown line.

They then determined the proportion of
bees of the hygienic type necessary for a

colony to express the behaviour. When one
colony was composed of 1300 Van Scoy
bees and 200 Brown bees (13% hygienic
bees), 23% of the diseased brood was
removed on the first test and 47% on the
second. Another colony composed of I l%
Brown bees removed 89% on the first test
and 47% on the second. These results
emphasized the variabiliry in the expression
of the behaviour and indicated that for
colony level expression of hygienic behav-
iour; 13-50% of the bees in the colony must
carry the genes for the behaviour.

lnteraction of age, genotype
and nectar flow
Momot and Rothenbuhler'' examined the
interaction effects of age of hygienic bees,
genotype, and resource availability. Four
mixed colonies were established; two had
adult bees from the Brown line and emerg-
ing brood from the Van Scoy line. The other
two contained adult bees of the Van Scoy
line and brood from the Brown line. The
amount of cyanide-killed brood (this proce-
dure is discussed in Part ll) that was
removed by the colonies over three months
was recorded. During this time, the older
bees died, and the new adults emerged.
Thus, the composition of the first two
colonies changed from Brown to Van Scoy
bees and that of the second two colonies
from Van Scoy to Brown bees. As predict-
ed, the colonies originally composed of
Brown-line adults removed fewer dead lar-
vae as the Van Scoy bees emerged and aged,

and vice versa. When the composition of
the colonies had completely reverted to the
opposite type in one set of trials, the Brown
bees removed all the dead brood within 2l
hours, whereas the Van Scoy bees removed
only 16% in the same time.

The effects of incoming nectar affected the
expression of the trait within the colonies
as noted previously by Thompsontt. For
example, one colony composed originally of
all Brown bees removed all of the dead

brood in one test when all of the Brown
bees were over 30 days of age. There was

a considerable nectar flow at the time of
that test. However, one week later, during
a nectar dearth, the same colony took four
times as long to remove the dead brood.

Momot and Rothenbuhler't wondered
whether Brown bees that had begun forag-
ing would return to the hive duty of remov-
ing diseased brood. A colony was estab-
lished that contained Brown bees of foraging

age and emerging Van Scoy brood, and

another colony was established with the
opposite mix. The colonies were given a
comb section of dead brood two weeks
after they were established. The colony with
the Brown foragers and Van Scoy hive bees
removed the dead brood much more slow-
ly than the colony with the opposite mix.
Because resource conditions also influenced
the removal rates in these experiments, it
was tentatively concluded that young (in-
hive) Brown bees are invariably hygienic, but
old (foraging) Brown bees could be induced
by a nectar flow to be hygienic. Neither
young nor old Van Scoy bees were hygien-

ic, and nectar flow did not influence rheir
propensity to remove dead brood.

Port ll ofthis review, Studres on hygienic behov-

iour since the Rothenbuhler ero'willfollow in the
next issue of Bee World.
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Hygienic behaviour of honey
bees and its application for
control of brood diseases and
varroa
Part ll. Studies on hygienic behaviour since the
Rothenbuhler era
MnRn Sprvnr nNo Mnnrun Gtlrnv

Part I of this review summarized the initial research on hygienic
behaviour of honey bees, Apis mellifera. This early work that
concerned hygienic behaviour as a mechanism of resistance to
American foulbrood (AFB) has been the foundation for all
subsequent research on hygienic behaviour. ln Part ll, research on
hygienic behaviour in relation to other bee diseases and to Varroa
jacobsoni and in Apis species and subspecies is reviewed. ln addition,
techniques to screen bee colonies for the behaviour are detailed,
and practical applications of breeding bees for hygienic behaviour
are given. A section on neuroethology demonstrates how modern
neurobiological techniques are being used to detect the reasons for
differences in responses of hygienic and non-hygienic bees to
abnormal brood.

Hygienic behaviour as a
defence mechanism
against chalkbrood
Chalkbrood, a fungal disease of honey bee
brood caused by Ascosphoero opis, results in
mummified larvae. lt has been known in
Europe for many years prior to 1968 when
it was discovered in the USA in honey bees
from California'.. ln only 12years after this
initial report, chalkbrood was found
throughout North America. The high inci-
dence and rapid spread were indicative of a

pathogen new to an area where the host
had little natural resistance.

The resurgence of interest in hygienic behav-
iour and in its application for control of
microbial brood diseases and mite pests of
honey bees has been largely due to the
efforts of Steve Taber. He has written
numerous popular articles'''ttt'*ts86'87'888ee''el

and has spoken on the subject at many api-
cultural meetings. The authors of the pre-
sent paper consider themselves fortunate to
have worked with him and attribute, direct-
ly (MG) or indirectly (MS), their interest in

Mention of a ProPrietarl product or company name does not constitute an endorsement of this product by the US
Department of Agriculture

Bee World 79(4): 1 69-1 86 (1 998) O IBRA
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hygienic behaviour to his influential guidance.
Taber's contributions began when he and
Gilliam found chalkbrood in Arizona and ini-
tiated efforts to understand the pathology
of the disease and to devise control meth-

, 2021ods 
.''

The observation that adult bees.fdm some
colonies removed larvae infected with chalk-
brood from their cells within\Qlfrours'o
prompted studies on the mechanisms of tol-
erance or resistance of honey bee colonies
to chalkbrood. Gilliam and coworkers''
demonstrated that it is possible to select
and breed honey bees for resistance to the
disease. lncreased resistance was evidenced
by elevated hygienic behaviour on the paft
of nurse bees (uncapping and removal of
dead and dying brood that are carried out-
side the hive and can be seen at the hive
enffance); by decreased longevity of the fun-
gal spores of A. opis; and by reduced
pathogen contamination of bees, brood, and

stored food. Hygienic behaviour was shown
to be the primary mechanism of resistance
to chalkbrood", although resistance involves
other factors as well23's377.

Simple tests using comb inserts of frozen
brood for testinS hygienic behaviour of bee
colonies were devised''tt and refinedt'.
Colonies of bees from a naturally mated
queen that remove freeze-killed brood with-
in 48 hours are considered hygienic; those
that take over a week to remove dead
brood are considered non-hygienic. ln stud-
ies on the relation between hygienic behav-
iour and chalkbrood most, but not all,
colonies showed good correlation between
uncapping and removal of freeze-killed
brood and resistance to chalkbroodt''ttt'.
Tabertt noted similar exceptions and stated
that research is required to determine dif-
ferent mechanisms of resistance to chalk-
brood. The underlying genetic mechanisms
may be more complex than originally
thought".

Research has defined some secondary
mechanisms of resistance to chalkbrood,
and no doubt others exist. These include
faster filtering of A. opis spores by the
proventriculus of bees from resistant
colonies than from susceptible colonies and
increased resistance to A. opis spores by lar-
vae from hygienic colonies6s. Also, during
pollen collection and storage in comb cells,
bees add antagonistic moulds and bacteria
(primarily Bocillus spp.) that inhibitA. opis'"'.
Bee colonies that are resistant or tolerant
have more of these antagonists. Bee bread
and the guts of worker bees, the major
sources of the pathogen, were the primary
sources of the antagonistic micro-organ-
isms't'". Antimycotic substances active
against A. opis were not produced by bees,

larvae, bee bread, or honeyt'. Thus, antimy-
cotic substances were produced by micro-
organisms that originated in worker bee
intestines. The most promising of these
antagonistic micro-organisms are being test-
ed as potential chalkbrood controls in field
tests utilizing bee colonies selected for sus-

ceptibility to the disease (Gilliam & Taber,
unpublished).

Most bee colonies tested display intermedi-
ate levels of hygienic behaviourt'. Physiolog-
ical resistance to chalkbrood may exist, but
results have suggested that few colonies are
both highly hygienic and physiologically resis-
tant to chalkbroodtt. Non-hygienic colonies,
at least those without physiological resis-
tance, may cope with chalkbrood by sealing
larvae in their cells to avoid further spread
ofthe pathogen by nurse bees to other lar-
vae during feeding".

The practical results and recommendations
from the research of Gilliam and Taber that
can be used by beekeepers include the fol-
lowing:

O A technique for testing hygienic behaviour
of bee colonies.
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O Extension of this technique by feeding A.

opis as homogenized chalkbrood mum-
mies in a pollen diet to test colonies for
chall<brood resistancet'.

O The necessity of queen replacement in

colonies that are highly susceptible to
chalkbrood.

O The recognition that susceptible strains
of bees can be eliminated by routine
requeening from stock that has little or
no chalkbrood.

O The importance of eliminating stress,
reducing pathogen load through mummy
removal, and ensuring that colonies
receive optimal nutritionrs'1e.

O The recommendation that since pollen is

the major source of A. cpis, it should not
be collected from colonies contaminated
with A. opis'zr.

Subsequent work by Spivaktt demonstrated
that in experiments conducted in 1 994, no
chalkbrood mummies were found in four
hygienic colonies; three of four non-hygien-
ic colonies had mummies, and two of these
three contained large numbers. Also, daugh-
ters of hygienic breeder (inseminated) stock
retained the hygienic trait when they were
allowed to mate naturally with unselected
drones". ln all tests, hygienic colonies
removed significantly more brood than uns-
elected commercial colonies. Chalkbrood
mummies were found in 8% of the hygienic
colonies and 77% of the commercial
colonies (P = 0.02). Comparison of colonies
headed by hygienic queens (n = 49) that
were naturally mated and unselected com-
mercial queens (n = 46) that were reared
and mated in the same location revealed
that the hygienic colonies had significantly
lower levels of chalkbrood and produced
signifi cantly more honey.

Work conducted by other researchers on
hygienic behaviour and chalkbrood include
that of Milnet'who concluded that hygienic
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behaviour as well as other unknown mech-
anisms confer resistance to chalkbrood. To
test hygienic behaviour, he used 100 newly-
emerged worker bees in laboratory test
cages supplied with sugar syrup, water, and
40 cells of freeze-killed brood in comb sec-
tions. Separate tests were done for uncap-
ping and for removal behaviours. A visible
hole in the capping was considered uncap-
ping behaviour. Cells were manually
uncapped for tests of removal behaviour.
Removal behaviour but not uncapping
behaviour in cages was significantly corre-
lated with colony resistance to chalkbrood
after inoculation of colonies by feeding A.

opis spores in pollen cake. These results may
have been influenced by the abnormal test
conditions that included lack of a queen, lack
of pollen, manual uncapping of cells, and
consideration of only a hole in the capping
as removal behaviour. As pointed out by
Newton and Michl", bees may use dead
brood as a protein source if pollen is unavail-

able, and this could affect the amount of
brood that is removed. Also, uncapping is

necessary before workers can remove dead
brood from sealed cells, and worker bees in
colonies often re-seal cells that have only a

hole in the capping. lndeed, not all colonies
have shown good correlation between
hygienic behaviour results from field tests
and from laboratory cagestt. Harbo'o
attempted to measure the relationship
between chalkbrood and hygienic behaviour
in 27 colonies each headed by a queen
mated to one drone. He used the freeze-
killed brood test but measured natural infec-
tions of chalkbrood in the colonies by
counting mummies. His analyses showed no
significant correlations between hygienic
behaviour and chalkbrood. lt would have
been better to inoculate each of the rest
colonies with the same dose of A. opri rather
than depend on variable natural infections
that would affect the results.
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Hygienic behaviour as a
defence against
European foulbrood
Little work has been done in this area. Mes-
sage and Gongalvest' published a paper on
behavioural genetics with European foul-
brood (EFB) in the title, but the reported
work did not concern EFB nor were select-
ed lines challenged with fi'lelissococcus pluton,
the causative agent of EFB. This report
appeared to be a prelude to future studies
with EFB.

Milne" used freeze-killed brood and deter-
mined the time required by bees in labora-
tory cages to uncap (a visible hole in the cap-
ping), enlarge a hole in a capping (made by
a puncture with a pin), and remove freeze-
killed larvae from cells that had the cappings
removed with tweezers. He concluded that
hygienic behaviour does not confer resis-
tance to EFB because the course ofthe dis-
ease in 17 inoculated colonies was not sig-
nificantly correlated with test results of
uncapping and removal in laboratory cages.

His definitions of uncapping and removal
behaviours, and his use of laboratory cage

tests are problematic. Since it is well known
that most larvae with EFB die in the coiled
stage in uncapped cells, uncapping might not
be a necessary element in resistance to EFB,

but removal behaviour would. Also, scales

of EFB are much easier for the bees to
remove than scales of American foulbrood
(AFB). Thus, a better procedure to test for
the relation between hygienic behaviour and
EFB would be to screen colonies using
frozen uncapped brood and then inoculate
these colonies with 44. pluton to obtain high

incidences of EFB (l 2 out of 17 of Milne's
colonies had fewer than 8 cells of EFB over
the 2-month course of the experiment).
Milne hypothesized that since M. pluton does
not form spores as do the pathogens ofAFB
and chalkbrood, the cell contents with EFB

would be infective whether removed quick-

ly or slowly because the vegetative stage of
M. pluton is infective. He thought that this
reasoning strengthened the explanation of
why hygienic behaviour is part of the colony
control ofAFB and chalkbrood but not EFB.

An alternative explanation is that M. pluton
lacks the survivability of the AFB and chalk-
brood pathogens because no spores are
formed. Researchers experienced in diag-
noses of dead larvae for EFB are well aware
that M. pluton is quickly overgrown by sec-
ondary bacterial invaders and is seldom seen

in or isolated from larvae with EFB unless
they are obtained almost as soon as they are
infected. That is why the secondary invader
Paenibocillus olyei is used as an indicator of
EFB in dead larvae. Thus, it may be unnec-
essary for bees to remove larvae with EFB

to prevent the spread of infection since the
pathogen does not survive. ln any case, it is

clear that much more research is required
to determine the resistance mechanism(s)
of bee colonies to EFB.

Hygienic behaviour in
subspecies of Apis
mellitera, A. cerana and
Africanized honey bees
Differences have been reported in the rela-
tive hygienic behaviour of subspecies of Apis

mellifero, A. cerono, and Africanized honey
bees. For example. Kefuss" found thatA. m.
intermisso colonies from Tunisia had the high-
est level of hygienic behaviour of several sub-
species of A. mellifero (A. m. meffiro, A. m.
ligustico, A. m. cornico, A. m. coucosrco) that he
tested from France, Tunisia and Chile. How-
ever, Rodriguez et ol.'8 found no significant
differences in hygienic behaviour between A.

m. mellifero, A. m. cornico, and 'Buckfast'
colonies. Good and poor hygienic colonies
were found in each. Boecking et ol.' repoft-
ed that A. cerono is more effective than A.

mellifero in removing mite-infested sealed
worker brood.



ln some studies, Africanized honey bees had
better hygienic behaviour than European
bees"'ot; in one, there were no significant dif-
ferences*; and in another, European
colonies were found to be superior to
Africanized colonies in this regard'.. Cosen-
za and Silvarr reported that Africanized (n =
4) and most Africanized-Caucasian hybrid
colonies (, = 4) were significantly more
hygienic than the Caucasian colonies (n = 4)
tested. Lengler* compared three colonies
headed by'Starline'queens and three by
Africanized colonies. The lack of significant
differences between the Starline and
Africanized colonies is interesting in view of
the report by Kefusst' that Starlines dis-
played the best hygienic behaviour of all the
different lines and races of bees that he had
tested with the exception of A. m. intermis-

Loper" found that 98.7% ol the Africanized
colonies (n = 12) he tested removed pierced
brood within 48 hours; the response of
European colonies (n = 17) was more vari-
able, although some cleaned cells within 24
hours. Recently Aumeier et ol.' found no
race-specific differences in removal rates
beween A. m. carnico and Africanized honey
bees after varroa or ants were introduced
into capped brood cells.

Danka and Villa'' compared European (ltal-
ian and Carniolan) colonies (n = 9) derived
from queens obtained from Hawaii, USA,
and Africanized colonies (n = 9) established
from swarms caught in Costa Rica. ln addi-
tion to hygienic behaviour tests using the
pierced brood assay (see section on Assays),
they inoculated larvae from eight colonies
of each bee type with Poenibocillus lorvoe
spores, the causative agent of AFB. Because
larvae in Africanized colonies had signifi-
cantly lower infection rates of AFB, some
physiological resistance to the disease may
exist in these bees. The authors noted that
this difference between bee types might be
exaggerated by the slightly shofter develop-
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ment period for Africanized eggs; African-
ized larvae, if older when inoculated, could
have been less susceptible to the disease.

It is clear that larger bee populations must
be evaluated before general statements
about the superior hygienic behaviour of a
species, subspecies, or commercial variety
of honey bees can be accepted; it is likely
that good hygienic behaviour exists in at
least some colonies of each of these.

Hygienic behaviour as a
defence against varroa
Honey bee resistance to the parasitic mite
Varroo jocobsoni, with reference to hygienic
behaviour as one mode of defence, has been
reviewed by Boecking and Ritter', BUchler",
and more will be reviewed in depth in
Boecking and Spivak'o. Thus, only a brief
summary follows.

While conducting experiments in China on
the natural defences ofthe Asian honey bee,
A. cerono, against the endemic parasitic mite,
V. jocobsoni, Peng et o/.to found that A. cerono
was able to uncap and remove pupae that
were infested with the mite. A significant
correlation was found between the infesta-
tion level of observation hives containing A.

cerono or A. mellifero and the degree of
removal of infested pupae by the bees. Rath
and Drescher" subsequently found that A.

cerono detected and removed 98.8% of
worker pupae experimentally infested with
varroa (but see Rosenkranz et cl.tt). North
American and European stocks of A. mellrf-
ero also removed varroa from infested
capped cells of worker brood but to a lim-
ited extent compared to A. ceronoto,utu',.

The removal of infested pupae may theo-
retically limit the growth of the mite popu-
lation in three ways:

O lmmature mites which have begun to
develop in brood cells are killed,
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decreasing the average number of off-
spring per mother mite.

O The mother mites may be damaged dur-
ing the removal process.

O The phoretic period (time spent on an

adult bee) of a mother mite is extended
if she escapes during the removal
process'u.

When varroa was experimentally intro-
duced into A. m. carnico colonies in Ger-
many, Boecking and Drescher' found that
the mean rate of removal by the Carniolan
bees on day l0 after infestation was29.3%
when one mite per cell was introduced but
55.1% when two mites per cell were intro-
duced. A positive correlation (r = 0.74) was
found between the removal rates of mite-
infested brood and the removal of freeze-
killed brood, a commonly used assay to test
for hygienic behaviour.

Spivak'o used a similar approach in the USA
to test A. mellifero colonies of Starline-ltal-
ian origin for their ability to remove infest-
ed pupae. The colonies tested had been
bred o priori for two generations for hygien-
ic behaviour with the goal of breeding
colonies resistant to chalkbrood (seet't"t
and section on Breeding below). A freeze-
killed brood assay was used to select
colonies for hygienic behaviour (see proce-
dure in Assay section). Daughter queens
raised from the hygienic colonies were
instrumentally inseminated with semen from
drones from other hygienic colonies. A non-
hygienic line of bees was also bred as a con-
trol. All inseminated queens were wintered
in full-size colonies and included in experi-
ments the following summer.

Following the methods of Boecking and
Drescher", cells containing recently sealed

fifth-instar larvae within the hygienic and
non-hygienic colonies were inoculated with
one varroa per cell. ln the first year of the
study (l 994), the hygienic colonies removed

significantly more infested pupae than the
non-hygienic colonies 10 days after the cells
were infested; in the second year (1 995),
there was no significant difference in the
removal rate (fig. I ). However, when two
mites per cell were introduced into the
same colonies in 1995, the hygienic colonies
removed significantly more infested pupae
than the non-hygienic colonies'.. The
expression of hygienic behaviour is known
to be influenced by resource conditionstt""'.
However, there was a strong nectar flow
during the experiment in 1995. Thus, it was
hypothesized that honey bees may have a

threshold response to cues elicited by
abnormal (mite-infested or diseased) brood
(see section on Neuroethology). lf the
colony is highly infested, as they all were in

I 995, the bees may cease to respond to the
cues that trigger removal behaviour. ln addi-
tion, removing large numbers of infested
pupae may help reduce the growth of the
mite population, but the advantages may be
outweighed by the costs of reducing the
number of eclosing (emerging) bees in the
colony.

ln 1996 and 1997, the experimenr was
repeated, and in both years the hygienic
colonies removed significantly more infest-
ed pupae than the non-hygienic colonies (fig.

l). Two of the hygienic queens in colonies
tested in 1995 survived a second winter^, and

the colonies were re-tested in 1996 when
the mite infestations in the colonies were
low The bees from the two colonies
removed 5%and44%of the infested pupae
in 1995; in 1996, they removed 60% and
70%, respectively. These results lend sup-
port to the hypothesis that bees may have a

threshold response to the cues associated
with abnormal brood.

ln all years, the bees removed infested pupae
throughout the duration of the pupal peri-
od, indicating that they were responding to
cues associated with the parasitized pupae



and not to the initial disturbance caused by

the experimental procedure.

The infested brood in some cells may be

opened by the bees, then resealed with wax
by other bees without removing the
broodttt. During the removal process, the
female mite that parasitized the larva may

escape and re-enter a different brood cell.

Experiments by Boecking'and Boecking and

Drescher' revealed that most of the adult
female varroa (n = 104) that escaped the
brood cells after removal could invade other
brood cells (mean = 61 .3%). Some mites
attached themselves to adult bees (14.6%),

and a small percentage (10.9%) were killed
by bees. lf a cell containing an infested pupa

is detected by the bees after the female mite
has laid eggs, her offspring are killed by the
bees during the removal ofthe pupa.
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Hygienic behaviour may not be the main
mechanism of resistance to varroa. Harbo"
and Harbo and Hoopingarner" determined
that non-reproduction of mites is the most
significant factor related to the decrease in
mite populations within tested colonies. The
suppression of mite reproduction was found
to be a heritable characteristic of the bees,

and a selective breeding programme was ini-
tiated to increase its expression. Preliminary
findings on the mechanism of suppression
indicated that the bees may cause the pro-
duction of non-functional male mites that do
not fertilize their sisters or that the bees
may cause mites to delay egg laying"'".
Hygienic behaviouri grooming behaviour, and
post-capping duration also may be impor-
tant mechanisms of resistance", but, as with
suppression of mite reproduction, the traits
may only be effective if expressed at a very
high level in the bee colony.

r hyg-mite

Nnonhyg-mite
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1994 1995 1996 1997
FlG. l. The mean (t s.e.) percentage removal of mite-infested pupae by hygienic and non-hygienic colonies
I 0 days after introduction of the mites through cell bases (methods in Spivak'). ln 1994, 19i6, and 1997,
the hygienic colonies (n = 4, 10, and 5 respectively) removed significantly more pupae infested with one
mite per cell than did the non-hygienic colonies (n = 3, 6, and 6) (P < 0.01; split-plot 2-way ANOVA for
each year). There also was a significant difference between the removal of infested pupae and controls (P
< 0.05) in those years, Tests in I 995 (n = 7 hyg, 4 non-hyg) revealed a significant difference only when two
mites per cell were introduced (treatment efrece P < 0.01),
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FlG. 2. A freeze-killed brood assay. (a), A 5 x 6 cm section of sealed brood that had been cut from the
comb, frozen for 24 h, and then replaced within the comb in the centre ofthe brood nest. (b), The same
comb se€tion after 48 h. The hygienic bees uncapped and removed the maiority ofthe freeze-killed brood.



Assays used to screen
colonies for hygienic
behaviour
Due to inherent problems in inoculating
colonies with AFB spores, Jones and
Rothenbuhleroo determined that resistant
colonies would remove cyanide-killed
brood. The use of cyanide-killed instead of
AFB-killed brood allowed for greater flexi-
bility in experimental design in subsequent
tests of hygienic behaviour such as assess-

ment of genetic or environmental factors
that might influence the propensity of bees
to perform hygienic behaviourtt'tt. Test
colonies were given a uniform section of
dead brood which eliminated variation
caused by larval response to AFB.

Comb sections containing sealed larvae of
various ages were placed in a chamber of
Cyanogas for several hoursoo. After aeration
of combs, sections were placed into one
Brown (AFB resistant) and one Van Scoy
(AFB susceptible) colony. Each colony was
tested three times. Although a colony would
sometimes remove the dead brood from
one side of the comb section faster than
from the opposite side, there was no differ-
ence in the rate of removal of larvae and
pupae between the tests. All Brown
colonies removed all of the dead brood
within 24 hours, whereas the Van Scoy
colonies required 40-72 hours. ln most
countries, it is illegal or difficult to obtain
Cyanogas to kill bee larvae. Thus, potential-
ly less dangerous methods of killing brood
were developed.

Researchers in Brazil were the first to use

the freeze-killed brood assay. However, their
publications in Portuguese appear in
proceedings that are not readily available.
The first that is accessible is by Cosenza and
Silva'' although Gongalves and Kerrto (cited
by Morettot') and Cosenza't appear to have

published earlier works using the method.
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Cosenza and Silva" used small pieces of
comb (10 x 10 cm) frozen for 48 hours.

Newton et o/.to were the first to use a
freeze-killed brood assay to survey colonies
in the USA for hygienic behaviour. ln their
study, an entire frame of sealed brood was
frozen from 24-72hours at-17"C and then
placed in the test colony. The time required
for the bee colonies to remove the frozen
brood was recorded. Tabertt and Taber and
Gilliam'' modified the assay by presenting
the bees with frozen brood in a 5 x 6 cm
comb section containing approximately 100
larvae and pupae per side and then record-
ing the time required for the colonies to
detect, uncap and remove the brood. These
comb sections were cut from the comb of
a frame within the brood nest of a colony,
frozen at -20'C for 24 hours, and then
placed in the brood nelt ofthe test colony.
Colonies that removed the freeze-killed
brood from the comb section within 48
hours were considered hygienic; colonies
that took longer than 6-7 days to remove
the brood were considered non-hygienictt't'.

There are several difficulties inherent in the
freeze-killed brood assay. First, the amount
of freeze-killed brood removed within 48
hours by a particular colony may vary
between assays''". Environmental condi-
tionstt"'t' and the age of the frozen brood
can influence the test result. Freeze-killed
brood recently sealed with a wax capping
was removed more quickly than pupae that
had been sealed for five daysuu.

Another assay for hygienic behaviour was
developed by Newon and Ostasiewskise.
This assay involved inserting a fine (insect)
pin through larvae or pupae covered by wax
cappings and then recording the time
required for colonies to remove the pierced
brood. This assay is not as labour intensive
as the freeze-killed brood test and does not
cause as much damage to the combs. How-
ever, holes left in the wax cappings and the
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exposed haemolymph from the pierced lar-
vae or pupae may increase the rate of
removal of the brood by the beestt. New-
ton and Ostasiewski" determined that there
was a significant correlation between the
freeze-killed brood assay and the pierced
brood assay (r = 0.956). Unfortunately, this
correlation was based solely on five
colonies, all of which took over six days to
remove freeze-killed brood and thus were
non-hygienic.

Gramacho et o/.2s found that the average
body temperature of pin-killed pupae was
significantly lower than the temperature of
live pupae in neighbouring comb cells. They
thought that even small differences in body
temperatures could be involved in the
recognition of dead brood by house-clean-
ing bees.

Titera and Kokkoris" injected sealed brood
with water, saline, ethanol, extract of varroa
in saline, or extract of dead drone pupae in
saline to test the hygienic reaction of honey
bees. The varroa extract did not stimulate
the cleaning behaviour of the bees, but the
dead drone pupal extract elicited a strong
reaction.

A recent study used sufficient numbers of
bee colonies to evaluate factors inherent in
the freeze-killed brood assay that might
influence the consistency of the results and
then compared results from the freeze-
killed and pierced brood assaystt. Colonies
in the experiment displayed a wide range of
removal rates and were grouped as hygien-
ic, non-hygienic or intermediate. The results
indicated that neither the age nor the
source ofthe frozen brood had a significant
effect on the removal rate by hygienic
colonies (i.e. those colonies that consistently
uncapped and removed freeze-killed brood
within 48 hours), although the response of
colonies in the intermediate and non-hygien-
ic groupings varied depending on the age of
the frozen brood. Only a weak correlation

was found between the removal of young
freeze-killed and pierced pupae, but a signif-
icant correlation existed between the
removal of pre-eclosion freeze-killed and
pierced pupae. lt was concluded that the
freeze-killed brood assay is a more conser-
vative and reliable test of hygienic behaviour
because five of l9 colonies removed all of
the freeze-killed brood within 48 hours,
while l3 of l9 colonies removed the pierced
brood within the same time. lf the pierced
brood assay is used to screen colonies for
hygienic behaviour, it is recommended that
the colonies be inspected within 24 hours
of treatment. Only one study to date has
compared colony resistance to AFB with the
rate of removal of pierced brood''. This
study yielded unexpected resuks because
colonies that removed pierced brood slow-
ly were determined to be more resistant to
P. lorvoe than those that removed the brood
rapidly.

Since 1996, the freeze-killed brood assay has

been simplified by using liquid nitrogen to
freeze a section of comb directly within the
frame"tt. The use of liquid nitrogen elimi-
nates variability in handling and thawing the
sections of comb and reduces the number
of times a colony must be opened. A cylin-
der of thin metal, 6-8 cm in diameter, is

formed (e.g. a cut and soldered clothes-
dryer vent). The cylinder is twisted into
comb containing brood sealed within 1-3
days, and 300 ml of liquid nitrogen is poured
slowly into the cylinder (fig. 3). When the
cylinder has thawed, it is removed, and the
frame is marked to indicate its location with-
in the brood nest. After 24-48 hours, the
frame is removed, and the percentage of
cells from which larvae have been uncapped
and removed is determined.

Although the majority of hygienic colonies
selected by the freeze-killed brood assay
demonstrated resistance to the disease
being studied, there has not been a perfect
correlation between the removal of freeze-
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killed brood and measures of disease resis-
tancet't"t. ln research on the relation
between hygienic behaviour and chalkbrood,
it was noted that behavioural resistance was
not necessarily linked to physiological resis-
tance. A highly hygienic colony could be
physiologically susceptible to the disease,

and a non-hygienic colony could be physio-
logically resistant". Thus, when developing
hygienic breeder stock, it is essential that the
hygienic colonies are challenged subse-
quently with the AFB or chalkbrood
pathogen to ensure resistance.

Gurrent studies on
neural mechanisms of
hygienic behaviour
Recently, studies were initiated by Spival<, in

collaboration with neurobiologist K Mesce,
on the neural mechanisms of hygienic behav-
iour""". The hypothesis being tested is that
individual hygienic bees have a low stimulus
response threshold for abnormal olfactory
or chemical cues associated with dead, dis-
eased or parasitized brood; whereas non-
hygienic bees have a higher response thresh-
old to those cues. This means that a hygienic
worker bee responds to a stimulus
(removes abnormal brood) when the inten-
sity of that stimulus (odour concentration)
is low while a non-hygienic bee responds to
the stimulus only when the intensity is high-
er. Thus, the expression of hygienic behav-
iour may be dependent on the perception
of appropriate cues as well as on the
response threshold of bees to attend to or
remove those agents releasing such cues.
lndividual response thresholds, although
genetically determined, are dynamic"; thus,
the threshold of a hygienic bee may change
with time and resource conditions. The
dynamic nature of the response may explain
the variability in the expression of the behav-
iour ,displayed 

in previous experi-
ments"' "'. This approach has not been

+6-8cm+

FlG. 3. Diagram of the hollow cylinder through
which liquid nitrogen is poured to freeze a circular
section of sealed brood. The cylinder is twisted
into the comb down to the midrib. The cylinder
should be l(Ll5 cm in length and 6-8 cm in
diameten

taken previously because emphasis has been
placed on the behavioural genetics of the
trait rather than on its neuromodulation
(how the trait is modulated by the nervous
system).

Hygienic behaviour appears to be a gener-
alized response of honey bees to pathogens

and parasites in the nest. Various kinds of
cues may be used by honey bees to deter-
mine that a larva or pupa within a cell is
abnormal. These include chemically mediat-
ed cues; the diseased, parasitized or dead

brood may have a characteristic odour that
is perceived by the bees to be abnormaltttu.

A second class of cues may be mechanical;

the diseased, parasitized or dead brood may

have abnormal or no movements and vibra-
tions within the cell''. A third class may be

thermal; the bees may perceive a difference
in heat generated by a healthy and an abnor-
mal larva or pupa". Other possible cues

such as pheromones or metabolic products
of healthy brood may be important (W
Rath, personal communication).
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Preliminary field and laboratory experi-
ments, using proboscis-extension reflex
(PER) conditioning (see methods in Bitter-
man et ol.'), i.e. training bees to extend their
tongues to a sucrose reward, indicated that
non-hygienic bees have a higher response
threshold than hygienic bees to olfactory
stimuli associated with brood infected with
chalkbroodt"'. These results support the
hypothesis that the differences between the
bee lines lie in their responsiveness to olfac-
tory stimuli associated with abnormal
brood.

ln addition, it is speculated that the overall
neural 'machinery' of hygienic and non-
hygienic bees are comparable, but that such
systems may be altered by the influence of
endogenous neuromodulatory substances
(chemical substances that influence nerve
transmission), especially the biogenic amines
(chemical substances that influence the
transmission of the nervous signal across the
synapse). Numerous studies have demon-
strated that genetically determined behav-
iours are not necessarily regulated by fixed
or'hard-wired' individual neurons and their
interconnections. Rather, behaviours are
generated by highly flexible or polymorphic
neural networkslT'3s7273. The biogenic amines
have dramatic influences on the plasticity of
individual neurons and networks underlying
behaviourtu'u. Hygienic behaviour may be
influenced by the biogenic amine,
octopamine. An injection of octopamine
into the bee brain enhances the response of
bees to olfactory stimulirts0. lntracellular
stimulation of neurons that contain
octopamine (the VUMmxl interneuron)t'
and local injection of octopamine in the
braintt can substitute for the reward (uncon-
ditioned stimulus) in the PER assay".

Thus, because of its sensitizing effects on
olfactory systems and its actions on the
motivational state of the honey bee,
octopamine might facilitate the detection
and/or response of the bee to detect and

respond to diseased or parasitized brood.
Supportive of this idea are our preliminary
studies in which neurons containing
octopamine were identified in whole-
mounted brains using fluorescence and con-
focal microscopy. The images of the brain
indicated that the staining intensity of some
octopamine-immunoreactive neurons dif-
fered between the brains of hygienic and
non-hygienic beeso'. These studies are
ongoing.

Breeding for hygienic
behaviour
Because hygienic colonies demonstrate
resistance to AFBto" and chalkbroodt'", and
tend to remove brood infested with var-
roa"o, the trait is highly desirable and would
be expected to be incorporated into honey
bee stocks. Unfortunately, this is not a com-
mon practice among bee breeders in their
selection criteria. However, there are exam-
ples ofthe applications and benefits of using
hygienic bees.

Hygienic queens (designated DR) were
commercially developed by Taber Apiaries
in California in the 1980s. Scientific data
from independent evaluation of these
queens to reduce brood diseases in bee-
keeping operations that use them are lack-
ing. Milne" tested hygienic behaviour of DR
and randomly selected lines in cages and
found no significant differences between the
two. He erroneously stated that DR queens
were used by Gilliam et 01.21 , but these
queens were not available at the time of
their experiments and thus were not used.
This is clear from their description of
colonies randomly chosen for hygienic
behaviour testing.

Beekeepers often make inadvertent selec-
tions for hygienic bees by re-queening dis-
eased colonies in the expectation that prog-
eny of the new queen will have fewer disease



problems than the current offspring. Rou-
tine re-queening in this way eliminates sus-

ceptible strains of bees. The best queens can

then be used as breeders. Colonies within
an apiary that consistently display little or no
disease or mite infestation in contrast !o
adjacent colonies that have a moderate to
high incidence are logical sources for toler-
ant or resistant stock.

ln Denmark, lines of honey bees were test-
ed for hygienic behaviour, and after four gen-

erations of selection and breeding, queens

were offered to Danish beekeepers".
Colonies headed by these queens had 9.1%

chalkbrood compared to71.4% in the orig-
inal stock of the beekeepers. A screening
and breeding programme for hygienic behav-
iour has also been initiated in Chilet'. ln Aus-
tralia, Oldroyd'' evaluated l0 commercial
honey bee strains for hygienic behaviour to
locate hygienic stock that could withstand
chalkbrood, a disease new to that country.

ln Argentina, a selection and breeding pro-
gramme for hygienic behaviour was begun
in 1992"'". This programme was instituted
primarily because of problems with AFB and
chalkbrood, and has wide support from
national and provincial institutions, universi-
ties, and governments. Afrozen brood assay

is used for selections, and colonies are head-
ed by naturally mated queens. lncidence of
brood diseases (AFB, EFB, chalkbrood and
sacbrood) in the selected hygienic colonies
was 80% less than those in non-selected
ones. Daughter queens from these selected
colonies were sent to centres throughout
the country for additional evaluation (M A
Palacio, personal communication).

Breeding programmes using the frozen-
brood test to select for hygienic behaviour
have been initiated in the USA by
researchers"tt and by a co-operative of bee-
, 26-,
keepers". These programmes were begun
primarily to combat varroa. The breeding
programme by M Spivak at the University of

l8t

Minnesota began in 1993 with two colonies
of Starline bees that consistently removed
100% of the freeze-killed brood within 48
hours. Daughter queens from one colony
were crossed to drones from the other
colony, and vice versa, using instrumental
insemination. To ensure adequate genetic
variabiliry, each year one or two new queens

of ltalian origin have been included in the
breeding proSramme. The queens to be
included are selected from among groups of
queens that are purchased from various
commercial queen producers throughout
the USA. The colonies with these queens

are evaluated over the course of a year for
honey production, wintering success and
hygienic behaviour. Daughters of the best
performing, most hygienic queens are
inseminated with a mixture of sperm of
drones from the most hygienic colonies of
the previous generation already in the
breeding programme to create a new sub-
line. As of the summer of 1998, there are
nine sublines in the programme, a minimum
of I0 colonies from each subline are main-
tained through the winter for continued
evaluation, propagation and research pur-

Poses.

The per-formance of hygienic colonies from
the breeding programme at the University
of Minnesota was evaluated in commercial
apiaries to determine whether colonies with
naturally-mated queens from this hygienic
line of ltalian honey bees would have lower
levels of varroa, less disease and produce a

larger honey crop than commercial lines of
Italian bees not selected for hygienic
behaviourtt. ln previous studies on the rela-
tion between hygienic behaviour and resis-
tance to diseases and mites, the test
colonies contained instrumentally-insemi-
nated queenst'ttto'tt. This was the first study
in the USA to evaluate hygienic stock in
large field colonies with naturally-mated
queens. The results of tests conducted in
1 995 and 1 996 revealed that the hygienic
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colonies removed significantly more freeze-
killed brood than the commercial colonies,
had significantly less chalkbrood, had no
AFB, and produced significantly more honey
than the commercial coloniestt No treat-
ments were applied to the colonies to con-
trol for mites for one year. Estimates of the
number of varroa on adult bees at the end
of one year indicated that the hygienic
colonies had fewer mites than the com-
mercial colonies in three of four apiaries,
although the numbers of mites within all of
the colonies were very low.

The experiment was repeated in 1997 com-
paring the hygienic colonies to a line of bees
renowned for honey production (Starline
bees).The same procedures were followed,
but the colonies were left untreated for a

longer period. Preliminary findings indicat-
ed that the hygienic colonies had significantly
less chalkbrood, no AFB, and produced as

much honey as the Starline colonies.
Although the infestation levels of varroa
were considerably higher after the first year
than they were in the previous test, the
hygienic colonies had significantly fewer
mites than the Starline colonies across all
apiariesto.

These results demonstrated that colonies
with naturally-mated queens from a select-
ed line of hygienic bees have less disease and
fewer mites than colonies not selected for
the behaviour. The fact that the hygienic
colonies produced as much, if not more,
honey than the unselected colonies indicates
it is possible to select for hygienic behaviour
without compromising honey production.
The reduction in diseases and parasite pres-
sure may lead to increased colony popula-
tions and hence, to more foragers. No neg-
ative characteristics were apparent in the
hygienic colonies; however, there could be
negative fitness effects associated with
removing diseased brood that have yet to be
substantiatedtt.

Conclusions
Hygienic behaviour of honey bees provides
multiple benefits for beekeepers with no
apparent negative characteristics that
accompany the trait. Breeding stock can be
selected for hygienic behaviour, and estab-
lished methods of queen rearing can be used
to produce large numbers of hygienic
queens from a few breeder queens. Any
race ofbees can be bred for hygienic behav-
iour.

Most colonies headed by queens from com-
mercial breeders have very low hygienic
behaviour, and only a small percentage of
managed colonies today express the behav-
iour. lt will be necessary to have many queen
breeders that will select for the behaviour
among their own lines of bees to maintain
genetic variability within and among bee
lines and to increase the behaviour in the
general population of honey bees. Com-
mercially available lines of productive,
hygienic bees would greatly benefit the bee-
keeping industry by ameliorating the effects
of AFB, chalkbrood and varroa; reducing
beekeeper dependence on chemical con-
trols, and decreasing the contamination of
bee products with pesticides and antibiotics.
Selection for hygienic behaviour should be a
routine component of bee breeding.

The assays used to determine hygienic
behaviour are screening procedures. Subse-
quent challenge with a specific pathogen or
parasite is necessary to assure that the
colony is resistant to that particular malady.
With microbial pathogens, this is most eas-
ily accomplished by introducing diseased lar-
vae rather than cultures of micro-organisms
into the colony. Chalkbrood mummies can
be fed in pollen diets, and small comb sec-
tions with brood suffering from other dis-
eases such as AFB can be used as inocula.

It must be emphasized that selection for
resistance to diseases and parasites cannot



be done while colonies are being treated
with chemicals since the chemical does not
allow the pathogen or mite to act as a selec-
tive agent. Thus, natural resistance will be
masked.

Research has clearly demonstrated the ben-

efits ofhygienic bees. Beekeepers should be

using this information to improve bee stock.
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Chalkbrood is a fungal disease of
honeybees caused by Ascosphaera
ap,s. lt results in larval mummies that
may be white, mottled, gray, or black
owing to the life cycle of the fungus.
The fluffy white growth of A. apis called
mycelium is unmated. Opposite types
(+ and -) of mycelia must mate in order
for A. apls to form spores within dark
bodies known as spore cysts. Chalk-
brood munrmies appear white when few
spore cysts are formed. \Men large
numbers of spore cysts are present,
black mummies result. Mummies with
fewer spore cysts appear mottled or
gray. Mummies may be found in sealed
or unsealed comb cells. They may also
be seen at the hive entrance or on the
bottom board after they are removed
from cells by adult housekeeping bees.

For the first half of the 20th century,
chalkbrood was reported only in Europe
and was not considered a serious
threat to beekeeping. MMSSEN
(1913) in Germany published the first
descriptions on chalkbrood and its
causal fungus and later named the fun-
gus Penbysfrs apis (MAASSEN, 1916).
Reports of chalkbrood from other coun-
tries of Europe then followed. As
pointed out by HEATH (1985), it is ap-
parent that the disease was present
before the initial work of MMSSEN
since beekeepers in Province of
Hanover called the malady by the
popular name, chalkbrood, before 1911

Martha GILLLAM
usA

and also because the disease was in-
correctly referred to as stonebrood from
Switzerland in 1907.

ln the second half of the 20th cen-
tury, chalkbrood became widespread
throughout Europe and other parts of
the world, and research efforts intensi-
fied. lt was found in honeybees from
Asia including countries of the Middle
East and countries East of the lndian
subcontinent, Australasia (New Zealand
and Australia), Argentina, and North
America (U.S.A., Canada, Mexico). ln
only 12 years after the initial discovery
in 1968 of chalkbrood in North America
from honeybees in California, the dis-
ease spread throughout the continent
and continues to cause problems, al-
though losses are often sporadic be-
cause of the cyclic nature of the dis-
ease. The high incidence of infection
and rapid spread of chalkbrood
throughout North America are indicative
of a pathogen new to an area where the
host has little natural resistance. The
dissemination in North America was
likely accelerated by the queen and
package bee industry and by migralory
beekeeping. \Mile chalkbrood was
spreading throughout North America, it
was also increasing in incidence and
severity in Europe and Japan. By 1983,
the severity of the chalkbrood problem

throughout the world resulted in the
organization of a special session on the
disease that was held in 1985 at the
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XXXth APIMOND|A Congress in Na-
goya, Japan (ctLLlAM, 1986).

The name of the chalkbrood fungus
of the honeybee was eventually
changed to Ascosph aera apis (SKOU,
1972). This organism belongs to the
group known as spore cyst fungi. Some
20 species of spore cyst fungi associ-
ated with 50 species of bees have been
described. Some are pathogens of non-
Aprs bees, but many are saprophytes
thriving on nectar and pollen collected
by bees.

Problems with chalkbrood led to re_
newed research efforts to understand
how and why bee colonies become in-
fected with A. aprs and to develop con-
trol measures. From the results of this
research (reviewed by GILLIAM and
VANDENBERG, 1997), we now know
more about the pathogen and where it
survives, how larvae become infected,
factors contributing to expression of the
disease, why some bee colonies exhibit
greater resistance .and/or lolerance,
and how to control chalkbrood. All
questions have nol been answered as
chalkbrood continues to cause losses in
foraging capacity and honey production
for beekeepers. The following is a
summary of current knowledge about
chalkbrood in honeybees and its con-
trol.

Only larvae are susceptible to
chalkbrood. Both young and older lar-
vae can become infected. lngestion of
spores of the fungus by larvae appears
to be the usual route of infection, al-
though larvae have been infected by
inoculation of the cuticular body sur-
face. Spore germination and thus infec-
tion are stimulated by carbon dioxide
which is present in the larvalgut, in bee

colonies, and at the larval surface. The
spores of A. apls are quite resistant and
remain infective for at least 15 years.
They are well protected by their thick
walls and by their location within spore
balls within spore cysts. Some strains
of A. apis have been reported to vary in
virulence for honeybee larvae. Spores
have been shown to be transmitted by
contaminated queen and worker bees,
sealed and unsealed brood from in-
fected colonies, and contaminated pol-
len. Thus, re-queening colonies with
queens from infected colonies, obtain-
ing package bees from infected colo-
nies, uniting bees and brood of healthy
colonies with those from infected colo-
nies, interchanging combs in infected
and healthy colonies, and feeding pol-
len collected by infected colonies all
spread the disease.

Several factors have been demon-
strated to increase chalkbrood inci-
dence. These are chilling of larvae 24
hours before or after sealing of cells,
inadequate numbers of worker bees to
care for larvae, and the presence of
other diseases or mites. ln addition,
numerous other factors such as poor
ventilation of colonies, cool moist
weather, high temperatures, high hu-
midity, weak colonies, excessive colony
manipulation, and inadequate nutrition
have been postulated to contribute to
chalkbrood. I consider all of these
stresses and the disease as stress-
related.

Even though most research efforts
to control chalkbrood have concerned
the search for the chemical that will
solve the problem, there is still no effi-
cacious chemotherapeutic agent that is
universally acceptable. There are sev-

eral commercia
use in a few co
registered in tl
control. Resear
is plagued witl-
ties. Laboratory
out field lrials c

in properly c

Chemicals thal
pathogens i4 l:
do not control
and vice versa
cal control inc

were not repea
observational r

mental evidenc
dures such as
inner hive cor
most important
failure to contrr
of both the tes
nies. Hygienic I

removal of dei
the parl of nur
mechanism of r

(GILLIAM et al
genetically det,
netics of the b'
chemicals bein
use of experirn
good hygienic
tive results tha
of the bees
chemical. Alst
not be benefic
in stimulating tl

bees. Chemica
include variou
preservatives,
Problems with
ceptance by tl
with some of ti
gal compound,



larval surface. The
quite resrstant and
at least 15 years.
;ted by their thick
:ation within spore
sts. Some slrains
reported to vary in
ee larvae. Spores
be transmitted by
and worker bees,
J brood from in-
--ontaminated pol-
ng colonies with
colonies, oblain-

rm infected colo-
I brood of healthy
om infected colo-
:mbs in infected
and feeding pol-

cted colonies all

rve been demon-
chalkbrood inci-
ling of larvae 24
sealing of cells,

rf worker bees to
the presence of
tes. ln addition,
s such as poor
:s, cool moist
rtures, high hu-
:xcessive colony
fequate nutrition
to contribute to
:r all of these
lase as stress-

research efforts
rave concerned
emical that will
e is still no effi-
tic agent that is
There are sev-

eral commercially available products in
use in a few countries. No compound is
registered in the U.S.A. for chalkbrood
control. Research on chemical control
is plagued with problems and difficul_
ties. Laboratory results mean litile with-
out field trials of promising compounds
in properly controlted experiments.
Chemicals that inhibit the growth of
pathogens in laboratory cultures often
do not control disease in bee colonies
and vice versa. publications on chemi-
cal control include field results that
were not repeatable at other locations,
observational rather than solid experi-
mental evidence, and laborious proce-
dures such as frequent spraying of all
inner hive components. perhaps the
most important oversight has been the
failure to control the genetic variability
of both the test and control bee colo_
nies. Hygienic behavior (uncapping and
removal of dead and dying brood) on
the part of nurse bees is the primary
mechanism of resistance to chalkbrood
(GILLIAM et al., 19BB). This behavior is
genetically determined. Thus, the ge_
netics of the bees can affect results of
chemicals being tested for control. The
use of experimental colonies exhibiting
good hygienic behavior can give posi_
tive results that are due to the genetics
of the bees rather than to the test
chemical. Also, some chemicals may
not be beneficial in any way other than
in stimulating the cleaning instinct of the
bees. Chemicals that have been tested
include various fumigants, antiseptics,
preservatives, and antimycotic drugs.
Problems with toxicity and lack of ac-
ceptance by the bees have been noted
with some of these. Also, many antifun-
gal compounds are too expensive for
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beekeeper use, A major problem that
must be addressed is the potential
conlamination of hive products.

As mentioned, the primary mecha_
nism of resistance of bee colonies to
chalkbrood is considered lo be hygienic
behavior. No doubt many beekeepers
have noticed the influence of this be-
havior in apiaries where some colonies
are heavily infected while adjacent
colonies in the same location have light
infections or no chalkbrood, and in the
degree of mummy removal by different
colonies-

Bees can be selected and bred for
hygienic behavior. lncreased resistance
is evidenced by elevated uncapping
and removal of dead and dying brood
by nurse bees; by decreased longevity
of A. apr.s sporesi and by reduced
pathogen contamination of bees, brood,
and stored food in resistant colonies.
Hygienic behavior is also the primary
mechanism of resistance to American
foulbrood, and hygienic bees uncap
and remove pupae infested with Varroa
jacobsoni. Secondary mechanisms of
resistance to chalkbrood include in-
creased resistance to A. apr.s spores of
larvae from hygienic colonies and the
addition during pollen collection and
storage by bees of anlagonistic molds
that inhibit the groMh of A. aprs. Coto-
nies that are resistant or toelrant to
chalkbrood have more of these molds.
The antagonistic molds have been
identified and are now being tested for
chalkbrood control in field tests (GlL-
LIAM and TABER, unpubtished).

Beekeepers can use the hygienic
behavior principle to their advantage in
a very simple way. eueens heading
colonies that are highly susceptible to



chalkbrood should be replaced. Elimi-
nation of susceptible strains of bees
can be accomplished with routine re_
queening which has the added benefit
of producing a break in the brood to
allow the bees to remove chalkbrood
mummies and to clean the cells. Re_
queentng with a younger queen also
provides the colony with a potentially
more prolific queen. The best qr"un.
can then be used as breeders.

Simple tests using comb inserts of
frozen brood have been devised for usein testing hygienic behavior of Oee
colonies (TABER, 1982; G|LL|AM et at.,
1983). Bees from a naturally mated
queen that remove freeze_killed brood
within 48 hours are considered hygi_
enic; bees that take over a week to re_
move dead brood are considered non-
hygienic (TABER and G|LL|AM, rSaiy.
Most colonies show good correlation
between uncapping and removal of
freeze-killed brood and resistance to
chalkbrood.

Numerous management procedures
have been recommended to control
chalkbrood. Most of these are in the
realm of reducing stress and pathogen
load and of mainlaining skong neaitny
colonies. Examples are removing
mumrnies from bottom boards and thJ
ground around hives, destroying combs
containing large numbers of mummies,
supptying new combs, providing good
ventilation in hives, adding young iOrtt
bees, feeding sugar syrup, and fieding
fresh pollen. Strong healthy coloniei
receiving optimal nutrition are less likely
to have chalkbrood.

ln summary, during the last century
chalkbrood and its pathogen were de_
scribed. The disease was not consid-

ered serious enough to justify major
research efforts until the tgZ0s when it
was rapidly spreading throughout North
America and increasing in incidence
and severity in Europe and Japan.
Much has been learned aboul the dis_
ease since that time. lt now appears
that a combination of control *eihods
may be required to insure that chalk_
brood does. not continue to be a prob_
lem. Good management procedures to
reduce stress and pathogen load and
the selection and breeding of resistant
bee stock are methods now available.
However, if hygienic behavior occurs in
a low frequency in bee populations as
found in Tucson, Arizona (SplVAK and
GILLIAM, 1991), some form of chemical
control that is easily administered by
methods such as dusting or feedini
and that is cost-effective may be del
sired. Researchers continue to test
chemicals for control. Chemical control
may be difficult to achieve because of
the well protected, highty resistant
spores. The introduction of foreign
chemicals into bee hives may not be as
effeclive or as likely to receive approval
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rn many countries as would itmproving
on what the bees do naturally. Treat_
ment with an antagonistic microorgan_
ism that is already present in bee colo_
nies and is a component of resistance
to chalkbrood would pose fewer devel-
opment and registration problems.
There is precedence for this type of
disease control in the fietd of plant pa-
thology. For a number of years, we
have been conducting research on
control of chalkbrood using antagonistic
molds, but more work must Oe com_
pleted. Testing has not been as rapid
as we would like because we use bee
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colonies headed by instrumentally in-
seminated queens that have been se-
lected and bred for progeny susceptible
to chalkbrood. Use of such queens lim-
its genetic variability among experi-
mental colonies and insures that any
positive results in control of chalkbrood
are due to the antagonistic mold that
has been applied to lhe test colonies.
Unfortunately, bees from these queens
also succumb to other problems, such
as Varroa and a tendency to abscond,
which have sometimes resulted in the
lack of sufficient numbers of colonies
for field tests.
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in the world. The honey bees (Apis mellifera L.) of lran are affected wilh cloudy
wing virus, black queen cell virus, bee virus y, bee virus X, filamentous virus, aculi
paralysis virus. sacbrood virus, Ascosphaera apis, gactilus /arua6, Mefssococcus
pluton, and other pathogens. The samples of dead honeybees were collected in
spring, the probable mortality being due to infestation by viruses. These samples
were highly infesled with varroa. The apiaries in lran cohtaminated by varroa and
with a population of tracheal miles are increasing recenily. consequenily, damages
by pathogens are of a very big economic importance. The fungi Ascophera ftaius,
A. niger, A. fumigatus, paecilomyces sp., peniciltium sp. aio phoma sp., and
Euvarroa srnhai F.mite are currenily associated with Ap.s florea in the country.

The Euvarroa mite can be lransmitting the fungi between the florea
colonres.

BEE PATHOLOGY IN THE TAST lOO YEARS

w RrrrER,,, .tsil1,,:l*s$i$Hlffi;

Even as far back as in ancient times, men were interested in the diagnosis
and therapy of the bee diseases. so, Aristoile describes the symptoms of the
foulbrood and diarrhoea. But the 18th century had to corne, for us to enjoy the first
exact reports about the clinical symptorns. Only in the last 100 years in-ere were
discovered the essenlial links between the pathogenic agent and the diseases.

Together with the above mentioned authors, I'd like to describe the
evolution in the last 100 years of every main pathogenic agent, and the disease it
causes.

The disease of the bee brood, caused by bacteria was called foul brood for
the first lime in 1769, by scHtRACH. At the beginning of this century, \A/HtrE was
the one to essentially contribute to making the difference between European and
American foul brood. He discovered, in Baciltus pluton, the pathogenic agent of the
European foul brood. Today that is classified as Mefi.ssococcui plutoln. And, in
Bacillus larvae, known loday as Paenibacittus laruae, subspecies tarvae, he
identified the pathogenic agenl of the American foul brood.

The American foul brood is to be found nearly everywhere wfiere
beekeeping is practiced. lt is true that in South America it was discovered only in
1989, but the pathogenic agent existed lhere for some time past. only on ihe
African continent, south of Sahara, and on the lndian subcontinent, it couid not be
identified up to this day.

Larvae are infested through their food. After the bacteria decomposed the
larva, it produces spores, very resistant to great heat, and which ieep their
infestation capacity for years and decades on end. This turns controlling the
disease more difficult. The spores remain in the bees' food and, once they are
administered to the larvae, together with the food, the disease breaks out again. As
a rule, the colonnies showing clinical symptoms die shortly after, on account of the
lack of brood.

The American foul brood was very important from the very beginning, as it
is the only bee disease lhat has an epidemic evolution. That is wtry in-many
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countries drugs are used for its control, particularly sulphatiazol and
oxytetracycline. As the disease outbreaks again, even after a short ceasing of the
therapy, the disease must be treated permanently. The consequences are strains
of bacteria that are resistant to antibiotics and, particularly, residues in the bee
producls.

The most ancient method of control is, probably. the artificial swarm, that
is, removing the bees in new hives, undamaged by the disease, after their food in
the honey sac is fully consumed. But, as this method requires a lol of hard work,
many times destroying the colonies is preferred.

The control of the American foul brood meets with success only when
hives and tools are well disinfected. As a rule, the heat is used, that is supplied by
a gas burner. Nowadays, many times auxiliar means are resorted to, such as the
disinfectants perchloric acetic acid, and lye-ryash. Disinfections of a larger scope
are made by radioactive irradiation (com), or by applying ethyleie oxide.
Nevertheless, both methods are dangerous for the operators.

ln the case of the American foul brood, is also possible a set of preventive
measures. ROTHENBUHLER, in the 50s, was the one to bring about a rapid
advance in breeding new resistant bee lines. Besides the exceptional selective
qualities of the proventriculus, the decisive factor of the resistance to the disease is
recognizing and eliminating the contaminated brood, even before the spores
forming.

ln spite this success, these lines could not distinguish themselves, as the
expected honey yield was not accomplished. The essential progress in control, but
also the first prevention opportunities resulted from recognizing, in due time, the
foul brood spores in the bees' food. ln this field, HANSEN worked out, among
others, applicable procedures.

Anolher bacterial disease of the brood is the European foul brood, also
spread worldwide, and that is able to cause large losses of colonies. ln comparison
with P. larvae larvae, this bacterium is able to infest all the brood stages, and, also
like P./.1, it cannot affect the adult bees. ln honey, Melissococcus ccrn survive the
higher temperatures, and still be hurtful for several months. In this case, replacing
combs has proven effective. Drugs, like oxytetracycline, have therapeuticalefiect,
but they should not be used, from the same reasons as in the case of the American
fould brood. The best method proven was replacing the queen with another, ftom a
more resistant line. Essential are, in this case also, the large number of bees, and
the comb cleaning by bees.

Another disease is the chalk brood, caused by a fungus, Ascosphaera
apls. This disease was already known in the last century, but under different
names. lts first desoiption is made by the German MAASSEN, in 1913, who
names the pathogenic agent Peicystis aprs. The diesease was first known in
Europe, and it was considered rather harmless. Only in the second half of this
century it spread also to other parts of the world. ln North America, it was
discovered, for the first time, in 1969, in Califomia. Then, during 12 years, it spread
on all the continent. Sometimes, losses of colonies were recorded. During this time,
essential researches on this diseases have begun, as well as in Europe and
Japan, where more attention was dedicated to the plague. On the opportunity of
the 30th Apicultural Congress, held in Japan (1985), APIMONDIA organized a
special symposium on that theme.
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The mite pathogeny is very disputed nowadays. Many of the symptoms
described as typical, for instance the bees crawling and jumping, as vrell as the
impossibility of flying, could be discovered in bees non parasitized yel. some
authors are even supposing that the mite only becomes palhogenic in the
presence of some viruses.

ln Europe, the mite is nowadays considered rather harmless, especially
since the interdependence was discovered, among the great density of bees, the
lean bee forage, and the frequency of the disease. Bringing in spring the bee
colonies to good pastures, with a good pollen offer could induce the selftrealing
process.

It seemq that in northern America, the relationship is different from Europe.
The mite has attained a level of pathogeny, wtrich is only comparaHe to the
beginning years in Europe. ln this moment it is still nol possible to assert clearly il it
is about a new type of mite, if bees have to adapt to the parasite, or if the guili lies
on the side of lhe extensive maintenance of the bee colonies in commercial
apiaries.

Like the pathogeny, the control of the tracheal mite changed, if taking into
account its importance and assessment. Especially in the first years, there used
such agents and stuff, that, nowadays, when we know so much about the risks for
the operator, as well as the residues in the hive products, we tremble with fear. lt
sufiices to mention the active mafters such as nitrobenzol and mustard-oil. Later
on, the chlorbenzilate and the brompropilate appeared. Early also, the tests began,
with the so-called biological control methods, as there is forming new colonies with
the brood combstaken out of colonies. Nonetheless, the success was guaranteed
only by using the aforesaid methods, that is, offering better bee forage and thus
increasing the bee stock. The situalion recently occuring in norlhem America led
again to the larger use of the chemical control stuff.

ln the last 100 years, another mite created a commotion allover the wodd,
and revolutionized the beekeeping. The mile vanoa jacohsoni, only at the
beginning, was the parasite of the eastern honey bee, Aprs cerana. At the
beginning of our century, OUDEMANNS discovered and described il. once the
westem honey bee, Apis mellifera, was imported, in the 'S0s, the mite had no
problems passing on the latter. mainly because its way of life was so very similar to
that of Apis cerana. Through the transfer of bee colonies, the mile spread rapidly
on its new host. ln 1964, it appeared for the first time in Europe, namely in Russia.
The latest at the beginning of the '90s, all Europe was invaded by this mite. lt
reached, later on, South America, also owing to the imports. And, together with the
africanized bees, it reached northem America, afler crossing all the continent.
Already at lhe end of the '70s, the mite reached, through Europe, northem Africa.
Despite the bee imports to Central Africa, the mile could not be so far discovered
on the African continent, south of Sahara.

On the contrary to the initial host, Apis cerana, the westem honey bee,
Apis mellifera, can very little or even absolutely deffend itself from the parasite.
Owing to that parasitization, which occured only recenlly, there is a general talk
about the relationship, yet inadapted, between the parasite and its hosl. The
parasite causes in Apis mellffera the death of the bee colonies, after a few years of
non+ontrol. During this period, the mite population attains 5,000, or even 10,@0
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individua. Nevertheless, it seems that the damage itself would not be caused by

the mite, but by ror.-uiruius, that it spread, oi-urnot" reproduction it stimulates'

such as the virus ot t'ne'acute'paralysii,.orii''.t of the slow par.alysis' The lack of

young healthy u"., *"-.[.*lie ue6 cotonv so much, that it will perish, owing the

clinical symptoms or'inl'"guropean iour ur6oo, and the desertion of the infested

bees.
Thebasiccontrolofyarroasisfromtheverybeginningconsistedintheuse

of chemical agents. Firsily, similar oruos w# tpp1i.o,-.t those. in the case of the

tracheal mite. but tnere'was little succes-s. rJtlt on, special smoke-producing

materials and sprays were produced.' a.s *Jt tt systemic 
'and 

contact substances'

Many of these drugs 
"r"-;;ritolerated,.anJ 

emcibnt, so that we can talk about a

companionship with d;;G. iirteanwnie, both the consumer and the beekeeper

became more susceptible, given tne poJsure-residues of those drugs in the

beekeeping proOucts.'The blekeeper tries io avoid the hazard of residues' by

oassinq from the .nu*i""r rGi"nl"r atien to the bees, to chemical substances

ar'"aoi 
i6:?t 5: ::tf"ff",:::".?ln ,..', were rocused on perrectins control

procedures, ,, i, "u'itniil 
t'p-p*ing in tne caie of varroasis' The goal was' from

the very beginning, ii.l" .i*ir.r of th'e uee clionies, without resorting to chemical

substances. rur"ny ,ir-""rlneii tookeo toi uees tolerant to varroasis' Removal of

thebrood,aswellasthegrooming.benaviow,proved,.from_theverybeginning'to
be essentiat tactors."ln Jxlnange,-tne rlmiieJ ieproductive.possibilities of the mites

in the case of some fLJ'Ui.tOl,'respectiv-eiy ibt" selective breeding lines' have

not proven being a ior"r.n"u factor, natliirrv except the africanized bees from

south America. ru ;;-;;;.r"nurc nao a* p6siiive. attitude.towards the possible

breeding of bees t"d;;"ii; the mite vania.'The only subject they could not agree

on, was the time that would be necessary for accomplit^l'^9]L^

Another group of pathogenic agents' the viruses' g'a'ined field in the recent

years. This is maintyiue'to thJ better dd;;;L opportuiities' in spite of the fact

that onry a few instrlvur;:;;"rkiil;;d b;;."mpriih it.. up ro. this date, 16 viruses

were isotated from th" ;";;;;d adequately:oesiriueo. lt would be possible to start

from the assumpt;; inri l""o.t of 
'them'aie .pteao under a sublethal form'

especiafly if we thini tn"i"riv r t.* or inl* are'idependent pathogens' Many of

them intensify the ,il;;il 
"iother 

pathogenic agenti, such as the Kashmir virus'

lVo"t"t" apis and Melissococcus pluton'

A well r.^"* p."tn"g""i. ig""t is the virus of the sac brood, As early as

1947, WHITE ,no'nnt""uoui a ui*s causing t*: t?:-11:11: *'"n was later on

proven by BAtLEylil'#il;;*, ir," Oiit"je onty appears in a few colonies' One

of the few epidemil';;;;;il;J in ntit.-so ii'sebins that' in the '80s' several

thousands ot epii"c;lii "Joniu, 
p.riritlo. in nottn"tl lndia and the adioining

regions. As it seemJ, ino" *"i rUout an exttemely virulent form of this virus'

ln the case of adult bees' t"ty itp"ttl!'9't:-th" viruses inducing

paratyses. Rtreaoy? tln! -oiru or tnis,Je'nturvi-aunNsroe (1945) supposed the

viruses would be the causing factor.of.tl'ie-farjysis Phenomena' ln this case also'

BAtLEy was rhe ;;-. !, ;;"nstrate. L';Jt;;iiihe virus of lhe chronic paralvsis'

in most cases u"i"itil""iorr oi ,n int.itiotii'i i*t"", could cause the paralysis'

The virus of the acute paralysis *r, priioi.iil onrv 
",tt"n 
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in lhe lat
Vanoa rr
This is l-

paralysis
I

only at th
to pathog
are neg;
infection

follows.
diseases
agents. -

possible
(

pathoge:
populatic
losses v'

even mo
f

diseases
as the s

looked fc
naturally
are tesle

INFL

54

I

infectior
GOCHN
investig.
mechan,
mechan
JAROS
respons
demons
substar

wetryt
AFB.

256



' t!* be cAused by
uc{ion it stimulates,
ralysis. The lack of
rll perish, owing the
ion of the infesled

onsisted in the use
r in lhe case of the
I smoke-producing
cntad substances.
e can talk about a
rnd the beekeeper
rose drugs in the
rd of residues, by
emical substances

perfecting control'he goalwas, from
;orting to chemical
oasis. Removal of
very beginning, to

oililies of the mites
eeding lines, have
.anized bees from
rards the possible
:y'-,Jld not agree

; ne)d in the recent
n spile of the fact
,s date, 16 viruses
;e possible to start
a sublethal form.
.thogens. Many of
the Kashmir virus.

'rood. As early as
nich was later on
few colonies. One
, the '80s, serreral
and the adjoining
of this virus.
viruses inducing

45) supposed the
ln this case also,
chronic paralysis,
rse the paralysis.
s directly injected

in the raboratory. rnside the bee corony, it.is.pathogenic onry together with thevanoa mite the mite is the carrieiinoin" inducerti oth.irirses reproduction.

JIil:,I#TBALL 
could recenttv oemonstrate t'" patog"nic adion of rhe stow

The researches on the interdependence between viruses and diseases areonlv ar their beginning. probabry at thJ tasis of ,;i;il;;;enomena, assignedto parhosens, and miinry or tnd oirusl, narory dilJd;;;'Jnicat symproms, thatare negativery influencing the deverooment of the -;;i";, there ries a virarinfection. \Men continued, th"." r.r".[f.es 
lvourd offer surprising resurts.so, we can shor*y summarize.the rast roo vearJ of bee pathorogy asfoflows. The century.was charact"r^q by discovering the causes of the beediseases. There werb idenffied r""yl.in9lenic age;is]., *rr as groups of sucrragents. Togerher w'h.researctring thd oior,igy olii" oin;;" agent, ir becamepossibre to possitivery influence ttr-e evotu'on of severar diseases.onry rarery .new diseases occured, ti' then unino*r,. Many timespathogenic agents with an increased virutence 

"pp"riro,-iii"t i, to say the beepopuration has not shown sufficient resistance t"'..rtri, 'prtf,ogenic 
agents. Thelosses were rarge, when the u"e roioni"s were transported on rong distance, oreven moved to other continents.

A rong rime, great conficence was_placgg in.using.drugs as contror of manydiseases. Nevertherels, beekeepers nave a criticar poriiion il*rds these drugs,as the same leave residues in the bee procuctr. inrt o *v artema tives arelooked for' A larger attention is arrotieJiJ t'ne natuiaril;i;#, mainry those rhar
:ili:xll:r'sr 

in a bee coronv. At the same time, uiotecnnic ano biorogic methods

INFLUENCE OF.VACCINE AGAINST AMERICAN FOULBROOD DISEASE(AFB) ON IMMUNE SYSTEM ACTIVITY Or EIELANVNE
u

. E.V. RUDENKO

lntroduction

American four!30! is^a wide-spread infection disease of honeybee. Theinfection process wrth AFB *"r -lurcrig"q 

- 
ui wls-o^r (1967, 1971),GOCHNANER (1e70., 

.1e81), 
pOr-iEv itsool, cno'eov ;iJ.'rrgezl and otherinvestigators. Naturar immune respo;d'ot tarvar organism is the main defensemechanism against diverse infections. piesence of suitr evorutionary high-capacitymechanism in bee's organism was confiin

JA R o sz, we n r,r r c ir, r b86 an o ot n 

"i. 
r,,r iiff 1'3! 

ji 
:J :Iiil:1lffi iJ;: *::r;response of bees to infection as a compr"l 0i ,"..p"Jn, factors. But asdemonstrared bv GTLLTAM and lerin- irszoy. Th;-'tiil; of aggrutinatingsubstances in bee haemorimph increaieJ after vaccination with Bac. taruae.As the vaccin-1tlo11..gf tng honeybees against AFB have practicar interest

XF# 
to srudv the possibiritv or orar v'aclinatiJns ;i i;;#;;,s rarvae asainsr
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