CHAPTER 5

NON-REPRODUCTION OF THE BEE MITE, Tropilaelaps clareae, IN
Apis dorsata AND TWO STOCKS OF Apis mellifera IN THAILAND

Abstract

Eleven Apis dorsata, | ARS Prim , bee (A. mellifera) and 10 domestic

(Thai) colonies (A. meliii hian eyﬁds, were used to investigate of
\u\o of progeny produced by
reproductive mites (or fe 11 dofsale e ombs were collected from different
locations in Thailand"DetwéendApril-2000: afc Sepl » 002. Primorsky and domestic
colonies were establi o ) ,. ETe in ‘€hiang Mai, Thailand. Capped
brood cells of the Prim ‘ d damest eS e examined and determined for
non-reproductive miteé 2 3] Ay ,' . Ifing March 2002 to February 2003.
Dark brown eyes with light pi = e a>e and older of the A. dorsata,

Primorsky and domestic colonjes we d, and only cells that had been invaded

by a single female niiie valuated for iye mites and fecundity. Criteria
for non—reproducti : .i'" ites with progeny that were
too young to mature Bgfore the host bee €merged from i@ell. The percent mean of non-
reproductive mites on‘(tﬂ. worker pupadlé6f A. dorsata colonies (65.2+5.1%) was

significantly ﬂ%@ mr%;l m § w&}@,@ﬁna Primorsky (48+5.2%)

colonies (percent mean + standard €rror). The pergent mean of nongreproductive mites in
the PQv Wy%@(ﬁef]:@ m %w %’B %y&]ﬁl}a H/areae fecundity
of rep’oductlve mites in A. dorsata, domestic and Primorsky colonies was not
significantly different (P=0.100) with the means of 1.7+0.4, 1.8+0.3 and 2.0+0.3 progeny
(mean + standard deviation), respectively. Overall, a reproductive T. clareae produced
1.8+0.4 progeny. About 42% of reproductive mites had produced 1, 37% had produced
2, 16.2% had produced 3, 3.2% had produced 4 and 0.3-0.8% had produced 5-8

progeny.
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Introduction

Tropilaelaps clareae Delfinado & Baker (Acari: Laelapidae) feeds on haemolymph

of bees (Kitprasert, 1984; Delfinado t al., 1992) and is a much more serious pest

of Apis mellifera L. but not capsidere ere pest of its natural host, A. dorsata

a y bee species of South-East Asia,
e —

lives in the open, in si OAGsts flangi -K liffs, limbs or branches of trees,
eaves and ledges of i o "‘\J\‘%’-Q Wongsiri et al., 1989, 1996). T.
clareae populations \ 3 CO a dangerous level because of
the effective defense . - 4 \\'\ such as colony migrations,

broodless periods, grogmi - i€ F eniC kehavior (Wongsiri et al., 1989:;
Baker, 1990; Koeniger and Koeniger,

‘v

1993; Koeniger et al., 2002) ) of miltes is one of many characteristics of

SiStance to mites (Buchler and Drescher,
LT\
1990; Spivak and Reute . "Hov ductign of T. clareae in A. dorsata
colonies has -—“—f Y|
The regional distgibution of T. clareae appears to be limited to tropical Asia and
glonal disiul v P

o 4 SR YV GHBINF . 50 ot

Akratanakul, 1985; Delfinado-Baker ?nd Aggarwallé‘j 987; Delfinad%:?aker et al., 1989).
Howoarwqeawﬂ 5mw ﬂfﬂ@%&rj@]o&iﬂthe range of A.
dorsateqwas' reported in Afghanistan and South Korea (Woyke, 1984; Woo and Lee,
2001). When A. mellifera was introduced to Asia, T. clareae has infested this honey bee
species and become a serious problem (like Varroa destructor) to A. mellifera colonies
due to their lack of defensive mechanisms necessary to regulate the mite populations
(Wongsiri et al., 1989). The use of chemical, physical and combination of chemical and
biotechnical methods to control 7. clareae populations in A. mellifera colonies provide

some relief but nothing offer complete control (Wongsiri and Tangkanasing, 1987). In
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addition, these methods tend to be labor-intensive, time-consuming, reduce bee
populations or contaminate hive products. Thus, the use of A. mellifera stocks resistant
to T. clareae has been thought to be a better solution to the Tropilaelaps problem in Asia.
However, studies on non-reproduction of T. claeae in A. mellifera as a mechanism of
resistance are very limited. Non-reproduction of T. clareae in A. mellifera colonies was
18.3% in Vietnam, 7.3% in Afghanistan (Woyke, 1990) and 27% in Thailand (Ritter and

Schneider-Ritter, 1988). ARS Pri

oney bees (A. mellifera) are known to have
natural defensive mechanisms 1c ‘ d V. destructor (Danka et al., 1995;
Rinderer et al., 1997, 19989): porsky bees may have some natural
defensive mechanism dy was conducted to compare
non-reproduction of geny produced by reproductive

mites in A. dorsata, pee colonies.

Eleven A. dorsala, mellifera) and 10 domestic (Thai)

colonies (A. mellifera), Walia "f y ! ef ids, were used to estimate for non-
reproduction of T._clareaes A:- embs were collected from different
locations in Thaila me ‘ 2002. Four combs were
collected in Nonher$ amp g amd Chiang Mai), five combs in

Central (Samut Songk rsm and Ratchaburi) and two combs in Southern (Surat Thani and

Songkhla). He tmoﬂaﬁxgﬂ Wm mlately frozen.
AT

commercial domestic queens received from Supa’s apiary in Chiang Mai, Thailand.
These honey bees were established in Langstroth hives in November 2001 and placed in
an apiary in Chiang Mai, Thailand. Approximately, 100 Tropilaelaps mites were inoculated
into each colony by using an infested sealed brood section technique in February 2002.
For each colony, about 200 sealed worker brood cells were cut from two different combs

(about 50 cells on one side) and immediately frozen. Sealed drone brood cells
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(depending on the availability) containing the same developmental stages as worker
pupae were also examined and determined for non-reproductive and reproductive mites.
Worker and drone brood cells in each colony were examined and determined for non-
reproductive and reproductive mites every month until the colonies died or to the end of

the experiment (12 months from March 2002 to February 2003).

dersata, Primorsky and domestic bees was later

thawed, and the cells that containir ! yes with light pigmented thorax pupae

ﬁ/ere opened to determine for non-
| —

reproductive and reprodi@tive fatcs. he cappeasbioed cells were uncapped and the
| letermined. Age of pupae was
estimated according chafaglarigtics Ui '-, 1 by R old et al. (1980). Mites were
collected on the brood i S| ."" 1 Wh ihe brood had been pulled out. The
collected adult mites a ! ere | 1€ claSS|f|ed for sex and nymphal
stages under a stereomic S 3 : ' on. ‘Morphological characterization
of T. clareae nymphal and ; 4 according to Kitprasert (1984) and
Delfinado-Baker (1985). ent stages of T. clareae was estimated

according to Woyke,(198 i
‘AT e X'}

Percentage of non-rem) ue m

A re w EF&T?‘T ast 1 mature daughter
before the rﬁbee emergemrm Bee pupae m? stage or older was
exami epming the,r ti ‘ a ifese Iﬁ d been infested
withﬁrm ::lﬁ rﬂeﬁjﬁ;gMje M}J ﬁ IH for mite eggs to

mature to adult mites. Mites were considered non-reproduction when they had no
progeny beyond duetonymph by the time bee pupae had matured to the Pdl stage.
Harbo and Harris (1999)'criteria for non-reproduction was divided into 2 categories : (1)
mites that did not lay eggs, and (2) mites with progeny that were too young to mature

before the host bee emerged from its cell. Measurements of non-reproductive mites per

colony made only 1 time for A. dorsata colonies and 3-12 times for Primorsky and
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domestic colonies (every month until the colonies died or the end of the experiment).
Because the number of non-reproductive mites in each colony of Primorsky and domestic
bees for each month was low, thus the data in each month for each colony were pooled
together.  The percentage of non-reproductive mites in each colony of A. dorsata,
Primorsky and domestic bees was calculated. The percent means of non-reproductive
mites in A. dorsata, Primorsky and domestic colonies were analyzed using one-way

ANOVA (analysis of variance) for a ly randomized design (CRD) (SPSS statistic

d as replications. The means were

The number o ! oauged | ; oductive mites (or fecundity) from
infested cells by one fi v 3 ad @ ‘.\g each evaluation period. Only
mites from worker pu il Pdl st ; 'u \\1 in older developmental stages
were counted. This ang i o «\\ eproductive mites, which includes
mites that produced prog % \fjf i T and progeny from reproductive mites on

drone pupae. The data on. fecandity. e mites in each colony of Primorsky

{. The average number of
progeny produced by olomy was calculated. The data on

i ul
fecundity of reproduc |ve mites in A. dorsata Primorsky and domestic colonies was

analyzed byﬂ mm ﬂ mlm The colonies of honey
replications. Me

bees were usq as ans were compared using Duncan's new multiple

Y, N w100 (10131

mites.
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Results
Percentage of non-reproductive mites

In drone brood cells containing dark brown eyes with light pigmented thorax
pupae (Pdl stage) and older of domestic colonies, the number of non-reproductive T,

clareae detected was 6, and only productive mites were found (did not show data).

Unfortunately, the data on non UCNE a0 roduction mites on drone brood of A.
dorsata and Primorsky homey.Dees , is study.

In worker broge emale, the percentage of non-
reproductive mites ong®al pdpae and oider a\\ . \ plonies was significantly higher
than that of domestic g

_” S -
' )x\\.\ 2=0.029;,df=28), while non-reproductive
Y% \

mite percentage of the #rin Dr colc \ es was not significantly different

ma-l_

(Table 5.1). The perceni#ima .._,a.r'»'»r“hr ~ ites in A. dorsata, domestic and
’ =3
Primorsky colonies was 65#2+5. wi60.0+3'8%a O 5.2% (percent mean + standard

Y adndiss < 2

error), respectively. The percéniage of-noi oductive mites that did not lay eggs and

mites with progeny.that efore the host bee emerged from its

cell was 71.7 and ‘I‘ es Y}

)
Mite fecundity

en.,.nberﬂp’mﬂmwmn‘:

rogeny per reproductive lareae in A. dorsata, domestic and

01, WLV L 91N (11

5.2). Overall, a reproductive mite on Pdl and older worker pupae of A. dorsata, domestic
and Primorsky honey bees produced 1.8+0.4 progeny. Correlation between fecundity of
reproductive mites and the number of non-reproductive mites was not found in A. dorsata
(r=-0.145, P=0.671), domestic (r=0.070, P=0.848) and Primorsky (r=0.229, P=0.524)
colonies. The maximum number of progeny produced by a single reproductive T.

clareae was found to be 8 (Table 5.3). About 42% of reproductive mites had produced 1,
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37% had produced 2, 1€.2% had produced 3, 3.2% had produced 4 and 0.3-0.8% had

produced 5-8 progeny.

Table 5.1 Numbers and percentages of non-reproductive T. clareae on worker pupae in

dark brown eyes with light pigmented thorax and older developmental stages of A.

dorsata, ARS Primorsky and domestic honey bees in Thailand.

No. of cell
Infestediby 1

0

Colony
Bee types [number
1
2
3
4
5
6
A. dorsata 7
8
9
10
il
Total
1
2
3
4
5
Domestic 6
7
8

gl

8
9

10
Total

Overall

757

18
157

- Non-reproductive mites

Mites that did
not lay eggs

Mites with too
young progeny

51.4

*Mjan=5o.oi3.8°

38.5
*Mean=48.0+5.2"

*Mean=54.8+3.0

81 (96.4%)
10
6
4
3
8
8
9

N

4

16
108(68.8%)

85 (60.3%)
274(71.7%)

N ) =N il

3 (3.6%)

MR W= 3 Ow= =

2
49 (31.2%)

S NONODWWo O

56 (39.7%)
108 (28.3%)

*Percent mean + standard error
Similar letters in the same column are not significantly different at the 0.05 level
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Table 5.2 Progeny numbers of reproductive T. clareae on worker pupae in dark brown
eyes with light pigmented thorax and older developmental stages of A. dorsata, ARS

Primorsky and domestic honey bees.

Colony | No. of cells No. of No. of No. of progeny /
Bee types | number | infested by 1 | reproductive | progeny | reproductive mite
female mite mites
1 2
2 2
3 2
4 2.3
5 17
6 2
A. dorsata 7 2
8 1.6
9 1.3
10 1
i 1
Total 4 *Mean=1.7+0.4°
1 2
2 1.8
3 1.4
4 2.2
5 1.8
Domestic 6 1.4
7 1A
8 & F ) 1.6
9" =1 18
10 =N i 2.1
Total | 90 I"Mean=1.810.3a
21
2 ¢ S0 4 Q) 10 2.5
FUB INUNGN Et’]ﬂ'i“
4 2
Primorsky qk; 15 ¢ 10 18
6 id o o B
AR VARTR AT IR Y
q [ 8 | 63 38 70
30 14 35
10 13 8 14 1.8
Total 296 155 307 *Mean=2.0+0.3"
Overall 757 365 672 *Mean=1.8+0.4

*Mean + standard deviation
Similar letters in the same column are not significantly different at the 0.05 level
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Table 5.3 Frequency of reproductive T. clareae that produced different numbers of

progeny.

No. of No. of progeny produced by a reproductive mite

Bee types |reproductive

mites 1 2 - 4 5 6 7 8

A. dorsata 45 = = ? 2
Domestic i 1 o = s

Primorsky 185 _ - 3 1 1

1 3 1 1
0.3) (0.8) (0.3) (0.3)

Total
(%)

*included 5 reprodu

EX
ol il
L ."‘Q

D3 (O

Non-reproductive mites

|
f
s

‘ \

Mite non-reproductioniis & ger s (Hagrds and Harbo, 2001) and one
of many resistant ;—:é chler and Drescher, 1990;
Boecking et al., 199 ite e 7 onies Eh the high percentage of non-
reproductive mites ( Hargs and Harbo, 2001) In this study, the percent mean of non-

reproductive ﬂ%ﬂlﬁ@%ﬂ%ﬁ w m ﬂ/%a colonies (65.2+ 5.1%)

was significanfii} higher than that of A mellifera colonles (48+5.2% for anorsky colonies
and am (ﬁ ﬂﬂ'] Pgs Ejﬂlhalaﬁrsata had more
resnstar‘ genetic m nz;:aggan A. mellifera. ?T;reae is a natural brood parasite
but not considered to be a serious pest of A. dorsata (Wongsiri et al., 1989). A. dorsata
and T. clareae have coexisted for long time and have co-evolved. This bee species can
limit the population growth of T. clareae in its colony by developing many defensive
mechanisms such as colony migrations, grooming behavior, hygienic behavior and
broodless periods (Wongsiri et al., 1989; Burgett and Rossignol, 1990; Rath and
Delfinado-Baker, 1990; Koeniger and Koeniger, 1993; Koeniger et al., 2002). The result
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here showed that A. dorsata has developed a high level of genetic trait to be resistant to

its natural parasite by limiting the reproduction of T. clareae.

In A. mellifera colonies, the percent mean of non-reproductive mites in the
Primorsky (48+5.2) and domestic (50+3.8%) colonies was not significantly different

(Table 5.1). This result showed that the Primorsky and domestic bees had the same level

of the resistant genetic trait to supp - e roduction of T. clareae. The percentage of

non-reproductive mites in the g in this study was higher than the

previous estimation (27% syt er (1988). It is possible that the

domestic bees have i etics to the mite. In addition, the

non-reproductive per isky and domestic colonies (48-

50%) in the present ifera in Vietnam (18.3%) and

Afghanistan (7.3%) (W

When the wester o3, Was introduced to Tropical Asia, T.

clareae successfully swilchg@l hosts TOMIZ orsataio be A. melliera and has become a

IGain

severe pest of A. mellifera (Rath=and-Del
o ,k‘ T

¥0-Baker, 1990). Wongsiri et al. (1989)
reported that A. mellefe psive mechanisms to limiting the
population growth ,;"—~» -------- 5 CC :— mellifera was introduced in
the early 1940s for thirs ec@d time but did not succeed to
maintain the bee untul tge early 1970s (Won °3sm and Chen, 1995). T. clareae and V.

jacobsoni ( rﬂ uﬁ Jgav]cﬁ%é]ﬁ wﬁk’ﬂoﬂﬁomm limiting factors to

the developméft and expansion of A mellifera beekeepmg in Tha|land and Tropical Asia

jm Wfrﬂgzmgj q ifera in Thailand
(domestic honey es and T. clareae have coexisted and evolved for about 30 years.

This time period might be too short for A. mellifera to develop a high level of resistant
genetics to T. clareae. For example, the Primorsky bees have coexisted with V.
jacobsoni more than 150 years to development a high level of resistant genetics to this
mite (Danka et al., 1995). The Primorsky honey bees are known to have resistant

genetics to V. jacobsoni and V. destructor (Danka et al., 1995; Rinderer et al., 1997,
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1999). However, this is the first time for introducing the bees to Thailand to encounter

with T. clareae. Possibly, the Primorsky bees might not know to their new pest.

Non-reproduction of mites is a mite-bee interaction in colonies in which mites
show impaired reproductive ability (Anderson, 1994). The cause of this non-reproduction
is exactly unknown. However, evidence suggests that certain factors can be possible

orted that a genetic characteristic of bees

causes. Harbo and Harris(1999, 2

caused mites to become n is a heritable characteristic of honey

lymph stimulate Varroa mites to
e —
everal researchers have reported on

bees. Chemicals from |
produce and lay egg
the role of juvenile jite reproduction.  Exogenous
application of juveni d reproduction of Varroa mites
endogenous juvenile hormone
titers are similar in bee ( .I Spesies ‘of bees that differ dramatically in
their abilities to support rodustion: osent ‘ ., 1989, 1993). Woyke (1989)
reported that the thickness . Clayeae- : ir rod cells after cell sealing 48 to 96
h increased to be double of ‘*-'- iC Y on the combs because they feed on
haemolymph of larva andipupa bees.« fiisspossible that some substances in

wever, the affect of juvenile

2e as@ot been studied.
Fromﬁe %aﬂwﬁa WE’% ﬁww ﬂ{.é’}ﬁ% did not lay eggs (Table

5.2). This sug@ests that non- reproductlon could be related to non- matlng of the mites. T.

“q Wﬂﬁﬁﬁﬁwmﬁgm A,

a circupnstance was not found in females (Rath et al arris and Harbo (2001)

bee’s haemolymp i

hormone in bee's blog to rep

reported that many non-laying egg Varroa mites had no stored sperm, and Varroa
females used the stored sperm to produce eggs after entering brood cells for
reproductive cycles. Possibly, non-laying egg Tropilaelaps females may not mate or fail
to store sperm, like in non-laying egg Varroa females. Various environmental factors
affect the percentage of non-reproductive Varroa mites in colonies of bees. High

temperatures and relative humidity increased the percentage of non-reproductive Varroa
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mites (Le Cont et al., 1990; Kraus and Velthuis, 1997). A higher percentage of non-
reproductive Varroa mites occurred in colonies from tropical climates than in those from
moderate climates (Harris and Harbo, 2001). However, the affect of environmental factors

to non-reproductive Tropilaelaps mites in bee colonies has yet been studied.

In this study, 28.3% of non-reproductive mites produced too young progeny to

mature before emerging of the hos Table 5.2). This finding was inconsistent with

the previous report by Ritter a : 988) that all T. clareae offspring could

develop to be adults befores : Aﬁ Thailand) host bees. Tropilaelaps
¥ - e

mites that were sandwi : the coeeo pun by the host larva and the

cell wall (entrapped \ \h din tudy. Few entrapped Varroa

, but more than 50% of mites

3\‘ \ roduction were entrapped (Harris and

mites (1-2%) were fo
in colonies of bees bre:

Harbo, 2001).

Mite fecundity

The actual reproduetiv as calculated from reproductive

Ry A. dorsata, domestic and

mites. The number ,.,m

Primorsky colonies 0 ap 2). Overall, a reproductive T.

clareae produced 1.8 progeny The maxnmum number of offspring produced by a single

T. clareae ferﬁm ﬁiﬂjwzjaw tvq ﬂ@]{ﬂﬁ1 987) reported that the

maximum nuWer of progeny was ost reproductive mites (42%) produced 1

ATy mmi .

previous report by Ritter and Schneider-Ritter (1988) that 64% of the Tropilaelaps females
from A. mellifera brood in Thailand had produced 1, 33% had produced 2 and 3% had
produced 3 offspring. The result here showed that the number of progeny produced of
reproductive Tropilaelaps mites (or fecundity) was not correlated with the number of non-
reproductive mites in the colonies of the three honey bees. This incidence was

consistent with previous reports from several researchers that the number of progeny
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produced by reproductive Varroa mites was independent of the frequency of non-

reproductive mites in a colony (Rosenkranz and Engels, 1994; Martin, 1995).
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