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There have been unexpected and alarming
colony losses in diﬀerent regions of the world in the
past few years (reviewed in Oldroyd, 2007; EFSA,
2008; see also vanEngelsdorp et al., 2008). Concurrent with those in the US, high colony losses also
were reported in Turkey (Giray et al., 2007). Health
of honey bees in Turkey is of general importance,
both because of native honey bee biodiversity (see
Bodur et al., 2007; reviewed in Kence, 2006) and
a high number of domestic colonies (>5 million;
FAOSTAT, 2008), which is second only to China.
We investigated the extent and causes of losses in
Turkey using a questionnaire study, which was conducted in 2007 and covered the three previous years.
This report includes analyses of 288 questionnaires reporting on 35 597 colonies and, in contrast
with a preliminary report (88 questionnaires; Giray
et al., 2007), provides a broad representation of
geographical regions, a better estimate of regional
colony losses, and novel insights such as on colony
collapse disorder (CCD) symptoms and losses.
Questionnaires were collected through an academic and trade journal for beekeeping (U. Bee
J.), local beekeeping organizations, their field representatives, the internet, and Turkish mail. Returned
questionnaires (see supplemental information S1)
included names and contacts of beekeepers. The results were coded and analyzed by diﬀerent authors
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to maintain blindness and confidentiality. Statistical
analyses were performed using JMPTM (v. 6).
We investigated the eﬀects of: (1) location
and migration of colonies; (2) beekeeper information (e.g., experience, interest, education); (3)
honey, brood, and bee populations in colonies; (4)
yearly losses from 2003 to 2007 in each operation;
(5) queen source and replacement frequency; (6)
colony feeding practices; (7) presence of major diseases and control methods; (8) reported bee race,
wax foundation source, and outside environment
(e.g. weather conditions); (9) presence of CCDlike symptoms (whether: i. colony populations decreased precipitously; ii. colonies remained with
brood but only few workers and the queen; iii.
honey was present; iv. wax moth or other kleptoparasites were absent; Oldroyd, 2007).
Responses were obtained from 61 provinces in
10 geographic regions, with 30 ± 5 beekeepers
from each. Comparison to recent statistics demonstrate this sample to be representative of the general beekeeping population. Specifically, migratory
beekeepers represented 85% of the responder population (compared to 75–85% reported in others),
the average number of colonies per beekeeper was
123.6 (compared to 126 to 129 reported in others),
the proportion of professional beekeepers was 33%
(compared to 27% reported in others), and the type
of beekeeping operation was 96% for honey production and 4% for queen production (see Günaydin
2008; Yilmaz; 2008).
Colony losses in 2006–2007 was the highest
in comparison to previous years (Fig. 1A). The
extraordinary losses (>30%) were concentrated in
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Figure 1. A. Percent colony losses (mean ± SEM)
in 2006–2007 and the three years prior. The bars
with diﬀerent letters indicate significantly diﬀerent percent colony losses at P < 0.05. B. Beekeepers reporting CCD-like symptoms in 2007 reported higher colony losses even in years where
general losses were typical. * indicates a significant (P < 0.05) diﬀerence across colony mortality
of beekeepers with (black bars) and without (white
bars) CCD symptoms.
four geographic regions (see Fig. 2). There also
were higher than 25% colony losses in Western
Black Sea region. Bee losses reported for 2003
to 2006 were shown to be significantly correlated
(N = 288; 03-04 vs. 04-05, r = 0.55; 03-04 vs.
05-06, r = 0.262; 04-05 vs. 05-06 r = 0.42; all
P < 0.0001) but not for 2006-2007 (06-07 vs. 0304, r = -0.085; 06-07 vs. 04-05, r = -0.059; 06-07
vs. 05-06, r = -0.037; all P > 0.9). In general, beekeepers reported in the fall of 2006 that only 26 392
of the 35 597 colonies survived to 2007 (pooled loss
of 25.9%, average loss per beekeeper 30%). In previous years, losses were below 20%.
In recursive partitioning analyses (De’ath and
Fabricus, 2000), we identified beekeeping region,
overwintering location, and unusual weather patterns to be important factors for mortality (see supplemental Fig. S2). In areas with high losses, beekeepers reported the weather to be warmer and drier
than usual. However, extraordinarily wet weather
conditions in the fall of 2006 were reported by beekeepers in the Northeastern regions, where the high-

est losses were reported. The reported weather conditions agreed in general with data from National
Meteorological Services of Turkish Republic (results not shown).
CCD-like symptoms were reported by 56 of the
288 responders (19.4%). Distribution of symptoms
in areas with high or low colony losses did not diﬀer
significantly (23 of 118 in regions with 30% loss,
versus 33 of 169 in other regions; X2 = 0.0, df =
1, P = 0.99). However, losses of beekeepers reporting CCD-like symptoms were significantly higher
in 2007 than in the three previous years (Fig. 1B).
Factors not explaining colony losses included
the type of beekeeping operation, characteristics of
the beekeeper, foundation comb used, fall feeding
of bees and feed type or source, source of queens,
use of Varroa control chemicals in the colonies, urban vs. rural apiary locations, presence of industry near apiaries, and presence of known bee diseases as reported by the beekeeper. However, as a
caveat, beekeepers appeared to observe diseases at
a lower rate than expected (see Inci, 2008); Varroa destructor: 82%, Nosema (not distinguished between N. apis or N. ceranae): < 9% , and foulbrood
(American, Paenibacillus larvae larvae; or European, Melissococcus plutonius), < 17%.
In conclusion, in 2006–2007, extraordinary
colony losses were reported in four regions in
Turkey, which relate to weather conditions. High
losses of colonies with CCD-like symptoms were
independent of region. This is diﬀerent than in
the United States (see Handerson et al., 2007;
vanEngelsdorp et al., 2008), and may indicate different causes of losses or diﬀerent disease and host
dynamics (see Maori et al., 2007).
For future monitoring, comparing individual operation losses to average losses in an area and comparing meteorological conditions to long-term data
could provide early warnings. In the field, for research into causes of bee losses, long-term monitoring and locally occurring contaminants or diseases
appear to be priorities (see Oldroyd, 2007). Because
losses in regions varied over the years, beekeeping inputs were not implicated and beekeeping locations and overwintering areas greatly diﬀered for
colony losses.
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