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ABSTRACT

Experiments were carried out on honey bee
colonies (Apis mellifera) during the winter of 2008
and spring of 2009 using colonies wintered with
five levels of varroa infestation (0.0, 3.8, 9.0, 13.1
and 22.9%) in the Central Region of the kingdom
of Saudi Arabia. The goal of the present work is to
determine varroa treatment thresholds and colony
collapse level. Response variables examined in-
cluded varroa mite infestation level (%), cm? of
brood number of frames of brood, number of
frames covered with adult honey bees and mites
recovered on sticky boards. The data obtained
reveled that no significant differences were noticed
in cm? of brood, number of frames of brood, and
number of frames of bees in colonies (range of 0.0
to 9.0% varroa infestation or 0.0 — 0.9 mites/bee).
Colonies with 13.1% infestation (0.13 mites/bee)
exhibited a significant reduction in all measures of
performance. The present results suggested that
honey bee colonies can tolerate a level of 9.0%
varroa infestation (0.9 mites/bee) during the winter
without evidence of colony injury. It also suggested
that 13.1% infestation (0.13 mites/bee) is the colo-
ny collapse or economic injury threshold in the
Central Region of the Kingdom of Saudi Arabia.
Also colonies with 12.3 or more mites falling on
sticky boards after 48-hour period were likely to
have lower populations of bees and brood the fol-
lowing spring.
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INTRODUCTION

Fluvalinate has been used to control varroa
mites for approximately 20 years. This single
treatment option has become a matter of concern
in light of recent evidence indicating the Varroa
destructor populations in Europe (Lodesani et al
1995; Colin et al 1997; Trouiller, 1998); UK (Hel-
en et al 2002) and the USA (Baxter et al 1998;
Elzen et al 1999) have developed resistance to
Apistan®. In addition to the risks of contaminating
hive products, especially honey (Gamber, 1990;
Slabezki et al 1991; Wallner, 1995) and wax
(Slabezki et al 1991; Wallner, 1995), residue
problems provide additional incentive to seek al-
ternative control strategies based on natural prod-
ucts and integrated pest management to reduce
the risk of hive product contamination. The detec-
tion of resistance to miticides used to control var-
roa (Lodesani et al 1995 and Baxter et al 1998)
supports the need to develop economic thresholds
to reduce the frequency of miticide treatments
whenever possible (Hood and Delaplane, 2001).
Delaplane et al (2005) conducted a study on the
integrated pest management of Varroa destructor
to reduce colony mite levels and the frequency of
treatment. Le Conte et al (2007) compared the
mortality of collected Varroa surviving bee (VSB)
stock with that of miticide-treated Varroa-
susceptible colonies. Varroa infestation did not
induce mortality in the VSB colonies. Their results
concluded that untreated local honey bee colonies
can survive the mite, which may be the basis for
integrated Varroa management.
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Ali (2001) in USA found that infestation levels
of varroa mites ranging from 0.0 to 12% or 0.0 —
0.12 mites/bee did not significantly reduce the cm?
of brood, number of frames of brood, and frames
covered with bees. He also concluded that 12%
infestation was the economic threshold level for
varroa mite. In temperate regions, De Jong (1997)
found that mortality in untreated A. mellifera colo-
nies was nearly 100% and (Korpela et al 1992
and Fries, 1993) concluded that mite numbers in
temperate colonies increase 10 to 100 fold per
year. Mite emigration (Dinar and Effart, 1990), the
amount of brood, and the length of the brood rear-
ing season (Fries et al 1994), climatic differences
(Hood and Delaplane, 2001) may affect the rate
of varroa population increase. According to Gatien
and Currie (1995) infestation levels of 0.03 - 0.07
mites/bee in early spring had a significant econom-
ic impact on honey production. High colony mortali-
ty in autumn of the same year followed a spring
infestation of 0.07 mites/bee. Phibbs (1996) found
that colonies with varroa infestation levels greater
than 0.01 mites/bee in autumn (>2 mites/200 bees)
suffered the highest winter mortality. In Great Brit-
ain, Martin, (1998) suggested that a colony will not
collapse from varroa during winter if the mite popu-
lation is below 2,500 in August or September.

The aim of this study is to establish an eco-
nomic threshold level for varroa mites in honey bee
colonies in the Central Region of the kingdom of
Saudi Arabia to reduce the frequency of acaricide
treatments and to minimize the risks of hive prod-
ucts contamination as well as to decrease the ex-
pense and labor that use for varroa treatments.

MATERIALS AND METHODS

The present work was conducted during the
winter of 2008 and spring 2009 on Carniolan hon-
ey bee colonies (Apis mellifera) wintered with five
levels of varroa infestation in the Central Region of
Saudi Arabia which were naturally infested with
varroa mite. Samples of adult worker bees were
collected (300 bees/125 ml jar containing 70%
alcohol as described by Shimanuki and Knox
(2000) and the infestation level was estimated.
Accordingly, honey bee colonies were grouped into
five categories each contained 10 colonies as rep-
licates:

The first group: Contained colonies with no detect-
able mites.

The second group: Contained colonies with 1-5%
varroa infestation (0.01 — 0.05 mites/ bee), with a
mean 3.8 + 0.29% (0.04 mites/bee).

The third group: Contained colonies with 6—10%
varroa infestation (0.06 — 0.1 mites/bee), with a
mean of 9.00 * 0.35% (0.09 mites/bee).

The fourth group: Contained colonies with 11-15%
varroa infestation (0.11 — 0.15 mites/bee), with a
mean 13.1 + 0.44% (0.13 mites/bee).

The fifth group: Contained colonies with 16—25%
varroa infestation (0.16 — 0.25 mites/ bee), with a
mean of 22.9 + 0.86% (0.22 mites/bee).

All experimental colonies were located at
Queen Rearing and Honeybee Nuclei Production
Station, Agricultural Extension Department, Minis-
try of Agriculture, at the Nmar Valley, Riyadh,
Kingdom of Saudi Arabia. On November 15, 2008,
mite infestation levels were estimated.

Strength of the honeybee colonies

The following parameters were studied: Cm? of
brood, number of frames of brood and number of
frames covered with adult honey bees from both
sides. The three measures of strength were deter-
mined on April 21, 2009. The brood areas were
measured for both sides of each brood frame in all
the experimental colonies, the brood areas in each
colony were counted and recorded. The number of
frames of brood and frames covered with honey
bees were recorded visually inspecting the colo-
nies for each frame (Ali, 2001).

Mites caught on sticky boards

On April 25, 2009; sticky boards (a peace of
map paper 38 x 31 cm covered with medical Vase-
line) were inserted in all the colonies of the five
groups. After 48 hours, sticky boards were re-
moved and mites were counted.

Experimental design and analysis

The experimental design was a completely
randomized design. Results were analyzed using
SAS (SAS Institute, 1985). The general linear
modules procedure to test for differences (alpha=
0.05) was applied and the least significant differ-
ences mean separation test was used.

RESULTS AND DISCUSSION

1. Strength of honey bee colonies infested with
different varroa levels

Data given in Table (1) show the mean per-
centages of varroa infestation per cm? of brood,
frames of brood and frames covered with adult
honey bees. Mean values of varroa infestation
were 0.00, 3.8, 9.0, 13.1 and 22.9% in the five
groups with significant differences among them.
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Table 1. Square centimeters of brood, frames of brood and frames of bees infested with dif-
ferent levels of varroa mites in November (Mean * S.E)

Group Infestat(ioc/)O;l levels Squaroef (;err;t;r;eters Frames of brood | Frames of bees
I 0.0+0.0e 854.200 + 17.904 a 3.350 £0.150 a 8.750 £0.201 a
I 3.841+0.295d 806.000 = 14.526 a 3.450+0.138 a 8.050 £ 0.090 a
Il 8.929+£0.357 c 787.200 + 13.584 a 3.350+0.150 a 7.925+£0.190 a
v 13.065 £ 0.449 b 435.800 + 10.655 b 2.000 + 0.000 b 4.100 +0.100 b
\ 22.937 £ 0.864a 422.800+7.772b 1.700 £ 0.082 b 3.950 £ 0.050 b
F value 139.32 6.25 5.70 6.15
L.S.D 1.373 68.000 0.339 0.835

Means in a column followed by different letters were significantly different (least significant difference P =.05)

These data also show that there were no signif-
icant differences in the amount of brood noticed
among the first three groups, however these three
groups significantly differed from groups four and
five. The square centimeters of brood averaged
854.2, 806.0 and 787.2 in the first three groups,
respectively. Infestation level significantly reduced
the square centimeters of brood in group four and
five, being (435.80 and 422.80), respectively with-
out significant differences between them.

There were no significant differences in the
number of brood frames among the first three
groups; being 3.35, 3.45 and 3.35, respectively.
The mean number of brood frames in groups four
and five were 2.00 and 1.70, respectively which
was significantly lower than that found in the other
groups.

Data given in Table (1) show that no differences
in the number of frames covered with bees were
found in the first three levels of varroa infestation.
The mean numbers of frames covered with adult
bees from both sides were 8.70, 8.05 and 7.90 in
the first three levels, respectively. However, 4.1
and 3.9 frames were recovered in group four and
five, respectively, which were significantly lower
than those found in the first three groups, without
significant differences between them.

2. Relationship between varroa infestation
levels and mites recovered on sticky boards

Data obtained in Table (2) show the relation-
ship between the infestation levels and mites re-
covered on sticky boards in the experimental colo-
nies. The mean number of mites recovered on

sticky boards differed among the three groups of
colonies with detectable mites. Colonies in level
five mites had a significantly higher number of
mites recovered on sticky boards than colonies in
the other groups. The mean numbers of mites re-
covered on sticky boards were 1.8, 6.6, 12.3 and
19.9 in second, third, fourth and fifth infestation
levels, respectively. These results suggest that
colonies with 12.3 or more mites falling on sticky
boards after 48-hour period were likely to suggest
lower populations of bees and brood in the follow-

ing spring.

Table 2. Mean number of varroa mites recov-
ered on sticky boards in colonies with
five infestation levels after leaving
them 48 hours (Mean = S.E)

Mean number of
Infestation levels varroa mites
Group
(%) recovered on
sticky boards
| 0.00+0.00 e 0.00+£0.00 e
1l 3.841 £0.295d 1.8000 + 0.327 d
1] 8.929 £+ 0.357 ¢ 6.6000 + 0.267 c
\Y 13.0654 £ 0.449 b 12.3000 £ 0.448 b
v 22.937 + 0.864a 19.9000 £ 0.640 a
F value 139.32 3.15
L.S.D 1.373 1.131

Means in a column followed by different letters were
significantly different (least significant difference P =.05)
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DISSCUSSION

The Central Region of Saudi Arabia has high
temperature and dry weather conditions in sum-
mer. The temperature often exceeds 45°C and
numerous honey bee colonies could not survive
during summer season without continuous sup-
plementary feeding (Al-Ghamdi, 2002 and Ali,
2007). The productivity of honey bee colonies
throughout the year is influenced by different fac-
tors, such as queen age and egg laying capacity,
colony population and available empty combs as
well as temperature and supply of both pollen and
nectar (Corbet et al 1993 and Abdella, 1996).

Spring brood and bee populations in colonies
wintered with five levels of varroa infestation
(mites/bee) during the winter of 2008 and spring
2009 were examined. Results reveled that no sig-
nificant differences were noticed in cm? of brood,
number of frames of brood and number of frames
covered with adult bees in colonies ranged be-
tween 0.0 to 8.9% varroa infestation. Colonies with
13.1% infestation exhibited a significant reduction
in all three measures of performance. This study
suggests that varroa infestation levels up to 9.0%
(0.9 mites/bee) will not affect wintering or colony
performance the following spring. This level of in-
festation is considered as an economic threshold
level for varroa mite in the apiaries under Central
Region of Saudi Arabia conditions. These findings
agree with data obtained by Gatien and Currie’s
(1995) who reported that infestation levels of 0.03
— 0.07 mites/bee (3-7% infestation) in the spring
resulted in high winter mortality. Also, Fries (1993)
estimated a 10-fold increase in mite infestation
level during the summer. He suggested that high
colony mortality will occur. Martin, (1998) suggest-
ed that colonies would collapse in winter when
mite populations exceed 2,500 per colony. His
results of this study do not support the findings of
Ali, (2001), who found that honey bee colonies can
tolerate a level of 0.12 mites/bee (12% infestation)
during the winter without evidence of colony injury
and Delaplane and Hood, (1997), who found that
acaricide treatment was justified in late season
when mite populations exceed 12% with 1,825 cm?
of brood. Phibbs, (1996) reported that colonies
with as few as 0.01 mite/bee (1% infestation) in the
fall exhibited high winter mortality and much lower
economic threshold than reported in this study.

The present work suggests that honey bee col-
onies in Saudia Arabia can tolerate a level of 9.0%
varroa infestation (0.09 mites/bee) during the win-
ter without evidence of colony injury. It also sug-

gested that 13.1% infestation (0.13 mites/bee)
could result in colony collapse under Central Re-
gion of Saudi Arabia conditions.

Beekeepers should carefully consider the
timing of acaricide treatments for the control of
varroa mites. Unnecessary treatments may lead to
increased risks of contaminating hive products,
especially honey and bee wax accelerated mite
resistance to the acaricides and extra expense and
labor to the beekeepers. The goal should be to
avoid treatment at low tolerable mite levels and to
intervene with an acaricide only when higher var-
roa levels are reached. The optimum treatment
time is when the varroa mite infestation reaches
the "treatment threshold." This is the density at
which control measures should be applied to pre-
vent the mite population from reaching the colony
collapse level (Hood and Delaplane, 2001).
Therefore, the present data recommended that
beekeepers in the Central Region of Saudi Arabia
sample their colonies to estimate varroa infestation
levels by collecting about 300 bees in 125 ml jar
containing 70% alcohol to estimate infestation lev-
els. Beekeepers should not treat their colonies if
the infestation level is below 9% (0.09 mite/bee).
This level is considered the tolerance level for var-
roa mites for the Central Region of Saudi Arabia.
Colonies with a varroa infestation level of 13.1%
(0.13 mites/bee) is considered the expected level
for collapse of hives in the Central Region of Saudi
Arabia. Beekeepers can also use sticky boards to
detect varroa mites in their colonies, if the mean
number of mites falling on sticky boards reached
more than 6.6 mites per colony, they should treat

promptly.
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