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Abstract — Colony mortality and productivity were compared between honeyApee ihellifera

colonies infested by zero, one or both species of parasitic rAtasapis woodor Varroa destruc-

tor). Mortality, bee and mite populations, sealed brood, and stores were monitored for 16 months, begin-
ning in May. By the following March, 5 out of 6 colonies with both mites were dead, but no other
colonies died until September, when 3 out &f. 4lestructorcolonies were dead. Dually infested
colonies initially had more honey stores, but were dead by March. At thavpdestructorcolonies

had significantly less worker brood, fewer adult bees and more honey than colonies with no mites or
tracheal mitesAcarapis woodi The colonies with tracheal mites< 9) and no mitex(= 8) did not

differ in any productivity parameter measured. These results suggest a synergistic interaction between
tracheal and/. destructomites, treatments against tracheal mites should be applied in dually infested
colonies, even if tracheal mites alone are not having an impact.

Varroa destructor / Acarapis woodidolony productivity / colony mortality

1. INTRODUCTION management problems. The externally par-
asitic mite,Varroa destructoAnderson and
The honey beapis melliferal. is impor-  1rueman (2000), and the honey bee tracheal

tant for honey production and pollinationMite, Acarapis woodRennig are two par-
world-wide, and thus, this species has bee@sites that are primary concerns for bee-
moved and traded across the globe. Mové<eepersVarroa destructoris a highly
ment of bee stock has facilitated distribu-destructive pest, responsible for reduced
tion of parasites and pathogens that explohoney and brood production (Delfinado-
the homeostatic environment of honey be®aker, 1988), precocious foraging (Schneider,
colonies, and these have become critical986), increased drift (Sakofski, 1990),
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higher bee mortality in winter (Kovac and mite progeny leave the trachea only to find
Crailsheim, 1988) and considerable colonyanother susceptible host. Mite studies to
mortality (De Jong, 1997). The original hostdate have investigatadd destructoand tra-

of this mite is the Asian honey be&pis cheal mites independently, but as they con-
ceranaFabr., and as the mite entéxpis tinue to spread, it is common to have both
melliferapopulations worldwide, beekeep- mites in one colony.

ers experience substantial colony loss and

damage (Matheson, 1994; Kraus and Pag?ﬁe impact of dual infestation on honey bee

1995; Finley etal., 1997). colonies. Since both mites feed on bee

Tracheal mites are pests of more variabl@emolymph and can have some similar
impact. Several British studies of the tra€ffects on colonies independently, we pre-
cheal mite suggest that it may not be a cuidicted that dual infestation would have an
rent threat to honey bee colonies, althoughdditive or synergistic effect on colony pro-
it is thought to be responsible for devastatductivity and mortality.
ing colony losses in the early century, then
called the Isle of Wight Disease (reviewed in
Bailey and Ball, 1991). In North America, 2. MATERIALS AND METHODS
especially in colder climates, studies indicate
that tracheal mites are a more serious pest. All experiments were conducted in the
They can reduce honey yield (Eischen et aIV

. . Jancouver region of British Columbia,
1989) and brood production (Eischen, 1987) . . )
increase winter mortality (Otis et al., 1988 Canada. Experimental colonies were estab

. o lished from package bees imported from
tl egr?aﬁ) ainddvailrrgl %Si:g;?etﬁﬂgi\gtgnzgr(lggﬁgy ancouver Island, BC, then a mite free area.
and Ball, 1991)V. destructomites are con- Packages were sampled for tracheal mites,
sistently’ more vi.rulent than tracheal mites o€ Were found. Each package con5|s_ted
of 1 kg of bees and a queen of Australian

often killing a colony within two years if ~ .~ X
left untreatged (Mathgson 1994; Izraus an@"din, collected on 7 May and installed on
! ! May. At installation, each colony received

Page, 1995). This, combined with variablegNo frames of honev. sucar svrun ad libitum
tracheal mite impact and sampling method d th Y, tg dyt P K ’
requiring a microscope, results in many beed! € same amount and type (worker,
keepers focusing management attention oﬂrone) of _comg or 2%undi':1t|qn. TLeatr;ents
V. destructorand neglecting tracheal mite nglreema:nstlg/\?eeathtgr col(i)onioegl?/vséreuiaagfe;o
sampling and treatment. sible until after several had swarmed. After
V. destructoia a relatively large ectopar- colonies that swarmed were removed, treat-
asite that develops and reproduces in theents were: no mites € 8), V. destructor
cell of a developing bee. Adult females entemites (= 4), tracheal mitesi(= 9) and both
the cell just before it is capped for pupationmites @ = 6). Tracheal mite infestations
lay eggs and puncture the bee to feed on itgere established by taking bees from
hemolymph. The mite and its offspring usu-colonies with known tracheal mite infesta-
ally do not kill the bee, they emerge with ittions (about 50%), pooling them in a large
to undergo a phoretic period on adult beescreen box and adding 400 g of these bees to
before they enter another cell to reproduceeach colony on 20 May. Colonies that were
The tracheal mite carries out its whole lifenot in treatment groups with tracheal mites
cycle in the trachea of adult honey beesieceived 400 g of bees from uninfested
puncturing the trachea and feeding ortolonies. The introduced bees were sprayed
hemolymph, reproducing as long as the bekghtly with dilute sugar syrup and placed
lives (Pettis and Wilson, 1996). Trachealon newspaper atop the frames of a colony.

The objective of this project was to assess



Two mites, honey bee productivity and mortality 569

Varroa destructolinfestations were estab- the prothoracic trachea for mit& destruc-
lished by removing frames of bees near ecldor sampling was done with sticky boards,
sion from colonies known to have high miteplacing a piece of corrugated plastic
levels, placing them in an incubator and coleoated with a petroleum jelly/vegetable oil
lecting newly emerged bees with mites intq1:1 vol.) blend covered with a plastic mesh
petri dishes. These petri dishes were openextreen in the bottom of each hive. This board
and inverted on the top bars of the colony, swas removed from the hive after 24 hours to
the bees could crawl in and introduce mitescount the mites that fell and were trapped.
In this fashion, colonies in treatment groupgolonies were sampled in between Apistan
that requireadv. destructorinfestation treatments, “mite drop” reflects natural lev-

received 86 mites each on 20 May. els in all measurements. Colony mortality
) ) o _was assessed every 2—-3 weeks by opening
Both mites spread rapidly within an api-the colonies.

ary, so to preserve treatment integrity Apis- o i i

tan strips were placed in colonies that were Statistical analysis was done in SAS 6.12
not to haveV. destructorand menthol and and SAS JMP IN 3.1.5. Mite treatments
grease patties were applied to colonies thatere compared among two groups, colonies
were to be tracheal-mite free. Menthol waseeded with a mite species and those not
applied once on 11 June, and the other tres¥¢eded. One-way analysis of variances
ments were applied in the spring and fal(ANOVA) were then done fov. destructor
1997 and 1998. Apistan does not impac@”d t_ra}cheal mites on each Qate. Colony pro-
transfer or reproduction of tracheal miteductivity was analyzed using a one-way
populations (Pettis et al., 1088; Melathopoulo§NOVA for each parameter, dates were ana-
et al., 2000), and menthol vapor does novzed separa_tely. Sgrwvorshm curves were
effectV. destructosurvival at the dose used compared using a Lifetest procedure in SAS,
(reviewed in Imdorf et al., 1999). Apistan,and & Fisher’s Exact test was used to com-
menthol and grease patties have no effecBare treatment group mortality.

on colony productivity or bee behavior

(Westcott and Winston, 1999). Colonies

were also fed sugar syrup medicated with 3. RESULTS

antibiotics; oxytetracycline hydrochloride

and bicyclohexylammonium fumagillin, to  Mite treatments were successfully estab-
prevent foulbrood and nosema. Pollen supished using the seeding method, but by the
plements were given at installation and agaiend of the experiment there was consider-
in February 1998. able tracheal mite drift. Tracheal mite pop-
éjlations in seeded colonies were signifi-
é:antly higher than in un-seeded colonies for

24 July 1998. Measurements were taken b tirlﬁgrSt(é? mlc;n\t/r;r,c;gctljtécgtr;gSosuommug_and
holding a plastic transparent grid divided,. 9- | ’ anificantl rph_ph .
into 32 equal squares over a frame and takg'-olnS were a(;/vréys _;;ggl icantly hlg erin
ulating the number of grid squares of sealed® on|e§ ?jee Ie W F esztructort anin
worker brood area, sealed drone area, hone'ﬂp'see ed colonies (Fig. 2).

pollen, and adult bees. Adult bees were There was no colony mortality during
measured before daily foraging startedthe first season, but on the March assess-
Colonies also were weighed at assessmentient (after the first winter, 10 months after
and mite populations sampled. Tracheal mitnstallation), 5 out of 6 colonies with both
sampling was done by collecting bees fronmites were dead (Fig. 3A). On the following
each colony into ethanol, dissecting 30 ohssessment in September, 3 df destruc-
them under a microscope, and inspectingpr colonies were dead, and one queen was

Colony productivity was assessed thre
times, 18 August 1997, 25 March 1998 an
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S ———— colonies remaining, tracheal mite and no
80 1 T tracheal mites seeded 4330 mite treatments, showed no significant dif-
70 d ferences in any of the parameters measured,
s0{ P<0.0001 and there were statistically indistinguish-
& able tracheal mite populations established

in both treatments (Fig. 1).

% Tracheal Mite Infestation

p =0.0014 f“

60 |
I no varroa seeded
3 varroa seeded

18 Aug 97 25 Feb 98 24 Jul 98

Figure 1. Tracheal mite infestation levels (meai
+ SE) in colonies seeded with tracheal mite
(n = 15) and those not seedad~(12). Letters
indicate means that were significantly differer
(P < 0.05) using Tukey-Kramer’s test.

a
3

30

201 p =0.0012

24 Hour Varroa Drop (natural)

p = 0.0042

lost in the colonies with no mites (Fig. 3B) | L d
Probability of survival was significantly dif- | _g Jﬁ é
ferent among treatment groups (Lifetes
P <0.0001, Chi-Sq = 23.72). Although mor:
tality was not different among the no mitesFigure 2. Varroa destructomite drop measured
and tracheal mites colonies, nor in theor 24 hours with no acaricide (mean + SE) in

V. destructoand both mite treatments (two fﬁéﬁgiﬁi tsseeee%%%v(\:li%)d?jtrt:%oimic::altg)rr?:gns
taﬂ Fisher’s Exact_tesl? - 0'4706. and that were significantly differen®(< 0.05) using
P =0.5333, respectively), these pairs wergkey-Kramer’s test.

significantly different from each other (two
tail Fisher’s Exact tesE < 0.001).

18 Aug 97 25Feb 98 24 Jul 98

100

In the first year, colonies with both mites 50 Bt o
had significantly more honey than colonies
with no mites by August, and single mite
treatments had intermediate honey store 40
(Fig. 5,P = 0.0330,F = 3.4553). No other
parameters were significantly affected by
mite treatment until after winter (Figs. 4 and 8
5). In March, most colonies with both mites go. Septtess n=4
were dead, so only the three remaining trea
ments were compared. Colonies with

60

20

% Mortality

60 ¢

V. destructohad significantly less worker “|

brood P = 0.0003,F = 13.7140) (Fig. 4), x| D=8

and fewer adult beeB € 0.0261F = 4.5503) | heo |
(Fig. 4). Colonies withv. destructorhad E— wocnesl  varroa  botn
more honey than C0|Onies W|th no mites mites mites mites mites
and tracheal mite colonies had intermedi Mite Treatment

ate honey store®(= 0.0194F = 5.0142) Figure 3. Colony mortality (%) in March and
(Fig. 5). On the final assessment in July, th&eptember 1998 (Lifeted?,< 0.001).



Two mites, honey bee productivity and mortality 571
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Figure 4. Adult bee population, sealed worker Figure 5. Colony weight, honey and pollen stores
and drone brood analyzed separately with oneanalyzed separately with one-way ANOVAS on
way ANOVAs on each date. Letters indicateeach date. Letters indicate means that are sig-
means that are significantly differe € 0.05) nificantly different f < 0.05) using Tukey-
using Tukey-Kramer's test. Kramer's test.

4. DISCUSSION and viral pathogens in bee hemolymph
(Allen and Ball, 1996). Genetic variability is

Colonies infested with both mite speciedNOWn to affect mite impact (Page and Gary,
sustained considerably greater mortality-290; Frazier etal., 1995) and mortality due
over their first winter than colonies with justt.0 mites of_ten has been dI.S_CUSSGd. in rela-
one mite species or uninfested coloniesioN to environmental conditions (Eischen,
Colonies withV. destructorsurvived the 1987, Ellschen.et al., 1989,.Harb0, 199.3)'
spring and died in late summer, while tra Further investigation of this hypothesis
cheal mite and no mite colonies survived.ShOUIOI consider these factors.

These results support the hypothesis of a It is noteworthy that mortality was high in
synergistic effect of tracheal mites andthe mild climate of Vancouver, BC, with
V. destructoion colony mortality, although rainy winters and little snow. Average coastal
there is a regrettably limited sample sizetemperatures are much warmer than most
The mechanism of this synergy remains t@f Canada and the US at similar longitudes,
be investigated. Both mites deprive the beand if mites were causing death under these
of hemolymph and protein (Bailey and Ball,conditions, mortality would have likely been
1991; De Jong et al., 1982; Kovac andnuch higher under more severe winter con-
Crailsheim, 1988) and both species are alsditions. Thus, some of the impact attributed
associated with higher levels of bacteriato V. destructorin other regions could be
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due to dual mite infestations. Controlling As Varroa destructolbecomes resistant
tracheal mites could redudé destructor to fluvalinate (Elzen et al., 1998) it will be
impact by buying beekeepers a substantiahcreasingly important to reduce the impact
and critical margin of time; in this study the of infestation by using integrated approaches,
colonies with both mites are dead by springconsidering the many risks and stresses on
In contrast, colonies managed to prevenény one colony. For example, the synergy
tracheal mites survived the spring and sumthese results suggest could mean that it is
mer, allowing a window of opportunity to in beekeepers interests to select bee stock
apply miticide. in terms of dual infestation rather than one
mite at a time. Honey bees have been
elected and bred to tolerate tracheal mite
festation with some success (reviewed in
ilson et al., 1997). However, by support-
Ing a sub-lethal tracheal mite infestation,
tock that is tracheal mite tolerant could be
ore vulnerable to sudden mortality due to

Comparisons of colony productivity
show that in the first season, colonies witl?
both mites had more honey than colonie
with no mites. Perhaps mite stress caus
colonies to gather more resources. How
ever, no similar effect was seen in a stud
comparing individual forager behavior . : .
among bees with tracheal aviddestructor 4@l infestations than stock which bee-
mite parasitism (Downey et al., 2000). Alter_keepers routinely treat for tracheal mites.
natively, colonies with mites may use less Further study is necessary to confirm that
honey, due to lower population size, but thigolony management and future mite research
difference was not reflected in brood or adulshould consider not jusfarroa destructoy
population measurements. but both mite species and possibly interac-

. . tions with other bee diseases. In the mean-

_ Varroa destructoiinfestation was asso- time, colony management and research proj-

ciated with less brood, fewer bees and morg '\ nich include assessment of the both
honey by spring, one year after establish; i hecies avoid misinterpreting phe-

ment. These colonies were failing, andy;1en3 possibly confounded by dual infes-
smaller adult and brood populations resulte tion

in less honey consumption and higher stores.

Pollen stores were lower, although statisti-

cally this effect was not quite significant ACKNOWLEDGEMENTS

(P =0.06,F = 3.3603). Tracheal mites

colonies also had more honey at this point, This study was supported by a Saskatchewan
possibly a result of using less honey througigri-Food Innovation Fund grant, a Natural Sci-
the winter. Studies by Nasr et al. (1998) indi€nces and Engineering Research council oper-
cate that bees with tracheal mites are Ingmg grant to MLW, and Simon Fraser University

ble t . ffectivel infest raduate Fellowships. We gratefully acknowl-
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bees to maintain high core temperatures ipraser University Swarm Team for help main-
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Coast climate colonies with tracheal mites

performed comparably to uninfested

colonies. However, tracheal mites in coldeRésumé — Mortalité dans les colonies

climates may pose a greater threat and owafabeilles et productivité avec infestation

study revealed that tracheal mites &fad-  par une ou deux espéces d’acariens para-

roa destructorare a greater mortality risk sites.L'acarienVarroa destructoAnderson

to a colony than either mite alone. and Trueman, parasite externe de I'abeille
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domestique eAcarapis woodRennie, 'aca- distinguées statistiquement d'apres les
rien des trachées, sont des parasites sérieparametres de productivité et des popula-
des colonies d’abeilleApis melliferalL.) tions d’A. woodiétaient présentes dans
ou ils induisent, entre autres, mortalité et/otioutes les colonies. Ces résultats, bien que
baisses de rendement en miel. Le but démités en ce qui concerne la taille de
cette étude était d’évaluer I'impact d’'unel’échantillon, la variation génétique et les
infestation double. conditions géographiques, suggérent une

L talité et | ductivité ont &té synergie entré\. woodietV. destructoidu
a mortalite et 1a productivite ont ete Com-, ;¢ qa e de la mortalité de la colonie

parées entre des colonies d’abeilles dome 1 méme sh. woodiseul n'a pas d'impact,

tiqugs infestées_par aucune, une ou les de.W&st nécessaire de traiter corAravoodis'il
especes d'acariens parasites. Les coloniggiqie n risque d'infestation double.
ont été démarrées avec des paquets

d’abeilles d’'un kg. Les acariers woodi ) .

ouV. destructoont été ajoutés pour consti- Varroa destructor / Acarapis woodipro-
tuer des groupes de traitement, les colonigductivité / mortalité / colonie d'abeilles /
ont été traitées de facon a ne conserver q@@uble infestation

I'espéce d’'acarien choisi, puis la mortalité et

la productivité des colonies ont été suivies

durant 16 mois. Des évaluations périodiques ;sammenfassung — Sterblichkeit von
ont été faites pour mesurer la populatiorgienenvélkern und ihre Produktivitat mit
d'abeilles adultes, la surface de couvaisinfacher und Doppelinfektionen mit
operculé, le poids de la colonie, les réservgsarasitischen Milbenarten. Die Sterb-

en miel et en pollen et le niveau d'infestaichkeit von BienenvélkernApis mellifer3
tion. Les populations d'acariens ont €tqnd ihre Produktivitat wurden bei gesun-
constituées et maintenues, malgré une cegen Veélkern und bei Vélkern mit einfachem
taine contamination due a la dérive (Figs. bder doppeltem Befall mit 2 Arten parasiti-
et 2). Aucune colonie n’est morte jusqu'auscher Milben Acarapis woodidie Tra-
mois de mars suivant le premier hiver, oltheenmilbe und/arroa destructoy ver-
cing des six colonies avec les deux qspécgqichen_ Die Vélker wurden aus 1 kg
d’acariens ont été trouvées mortes. A la fipaketbienen aufgebaut und behandelt.
de I'expérimentation en septembre, trois deanschliBend wurden sie entsprechend die
quatre colonies aved. destructorétaient Testgruppe mit der erwiinschten Milbenart
mortes, une colonie sur huit avec aucun acanfiziert. Die Sterblichkeit der Vélker und
rien était morte par perte de la reine et legre Honigerzeugung wurde 16 Monate lang
neuf colonies ave&. woodiétaient vivantes  registriert. Aerdem erfolgten regelfiye
(Fig. 3). Au cours de la premiere saison, leSchatzungen, um die Bienenpopulation, ver-
colonies avec les deux especes d'acariemfeckelte Brut von Arbeiterinnen und Droh-
avaient a I'origine de plus grandes réservesen, Volksgewicht, Honig- und Pollenvor-
en miel (Fig. 5), mais au printemps lorsqueéate und die Befallstarke zu messen. Die
ces colonies sont mortes, les colonies avedilbenpopulation wurde aufgebaut und auf-
V. destructoravaient significativement recht erhalten, obwohl durch Verdriften eine
moins de couvain d’ouvriéres et moinsgeringe gegenseitige Ansteckung erfolgte
d’adultes (Fig. 4) et plus de miel que legAbb. 1 und 2). Bis Marz nach der ersten
colonies sans acariens ou avecvoodi  Uberwinterung gab es keine Volkszu-
Lors de la derniere estimation, lorsque lesammenbriiche, aber dann starben 5 von 6
colonies aved. destructoront été retirées der mit beiden Milben infizierten Volker.
parce que mortes, les colonies aewoodi Bei der Beendigung des Experiments im
et celles sans acariens ne pouvaient pas é®eptember waren 3 von 4 ,Varroa-Volkern*
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tot. Eins von 8 befallsfreien Volkern starbDe Jong D., de Jong P.H., Gongalves D.S. (1982)
auf Grund des Verlustes der Kdnigin und Weight loss and other damage to developing worker

. . . e honeybees from infestation witfarroa jacobsoni
kein Volk von den mit Tracheenmilben infi- 3 Apﬁ;_ Res. 21, 165-167. :

Zierten Vélkernig = 9, Abb. 3). In der ersten peifinado-Baker M. (1988) The tracheal mite of honey
Bienensaison hatten Volker mit Tracheen- bees: a crisis in beekeeping, in: Needham G., Page
und Varroa-Milben zunachst mehr Honig R];,_ De'_f'ngdhO-Bakgf M., Bdo‘k/;'man,c- (EdT-)' §
eingetragen (Abb. 5) aber im Frihjahr, als Africanized honey bees and bee mites, Halste
die Volk it D linfekii tarb hat Press, Chichester, England, pp. 493—-497.

e 0 er mi op.pe In“e .'0’? S arben, a " Downey D., Higo T., Winston M. (2000) Single and
ten die ,Varroa-Vélker* signifikant weni- " qua parasitic mite infestations on the honey bee,
ger Brut, weniger adulte Bienen (Abb. 4)  Apis melliferaL., Insectes Soc. 47, 171-176.
und mehr Honig als die befallsfreien oderEischen F.A. (1987) Overwintering performance of
mit Tracheenmilben befallenen Volker. Bei  honey bee colonies heavily infested wAttarapis
der letzten Ablesung, als die ,Varroa-Vel- _ Veodi(Rennie), Apidologie 18, 293-304.
ker* bereits nach dem Zusammenbruch en{E_lschen F.A., Cardoso-Tamez D., Wilson W.T., Dietz

. . . A. (1998) Honey production of honey bee colonies
fernt waren, waren die befallsfreien VOIker intested withAcarapis wood{Rennie), Apidolo-
in allen gemessenen Parametern nicht von gie 20, 1-8.
den Volkern mit Tracheenmilben zu unter-Eizen P.J., Eischen F.A,, Baxter J.B., Pettis J., Elzen
scheiden. Die Population der Tracheenmil- G\\9/ Wilson t\)/\/-T-f(1998) FIU\fallnate rehslsltance
H = _ InVarroa jacobsonirom several geograpnic loca-
ben war bei allen Versuchsvolkern vorhan tions, Am. Bee J. 138, 674-676.
den. Diese Ergebnisse lassen trotz der, . . .
. " inley J., Camazine S., Frazier M. (1997) The epi-
geringen Zahl an Versuchsvélkern, der gene- gemic of honey bee colony losses during the
tischen Variation und den geografischen 1995-1996 season, Am. Bee J. 136, 805-808.
Bedingungen eine synergistische Interakimdorf A., Klichenmann V., Bogdanov S., Bachofen
tion zwischen Tracheen- und Varroa-Mil-  B., Beretta C. (1995) Toxizitat von Thymol, Cam-
ben in Bezug auf die Sterblichkeit der Vgl-  Phor. Menthol und Eucalyptol aMarroa jacob-
. soniOud undApis melliferaL. im Labortest,
ker schliggen. Auch wenn der Befall von  apidologie 26, 7-31.
Tracheenmilben allein keinen Einfluss hatyoyac H., crailsheim k. (1988) Lifespan apis mel-
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