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The age of honey bee larvae at grafting can affect survival 
during larval tests
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Abstract

Honey bee larvae have been used in many experiments to assess the hazards of the environmental pollutants, including pesticides. Most 
studies have used one-day-old larvae to perform the experiments. This study aims to investigate the effects of larval age at grafting on 
survival during laboratory tests. Larvae grafted at different ages (one, three, and four days old) were compared in regard to their survival 
under the same laboratory conditions until hatching of adults. Our results showed that the main reason of death of larvae or pupae prior 
to the completion of the development was due to larval age at grafting. The grafted three-day-old larvae had better survival and were 
practically easier to use than the other two ages, hence the option of using larvae at this age during larval tests is supported. 
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Introduction

Honey bees, Apis mellifera, have been used in many studies 
as a model insect (Elekonich, Roberts 2005) and can be used 
to monitor the negative effects of chemicals, and as bio-
indicators to the environmental pollutants (Conti, Botrè 
2001; Balayiannis, Balayiannis 2008; Zhelyazkova 2012). 
Foraging behaviour is the main link between bee colonies 
and the ambient environment (Abou-Shaara 2014). Forager 
bees can fligh long distances to gather nectar, pollen, 
propolis or water (Visscher et al. 1996). These sources can 
be contaminated with many pollutants including pesticides 
and heavy metals (Johnson 2015; Mullin et al. 2010). 

Honey bee larvae are reared in cells inside the wax 
combs and can be potentially exposed to environmental 
pollutants via contaminated diet. Therefore, honey bee 
larvae can be easily used in laboratory tests (in vitro larval 
tests) to evaluate the toxicity of xenobiotics or effects of 
other factors, e.g. temperature (Abou-Shaara et al. 2017). 
Mortality of larvae and number of hatched adults are 
generally the main parameters to evaluate the effects of 
studied factors (OECD 2013), but also the characteristics 
of emerged adults, for example body morphology (Ken et 
al. 2005), learning ability or dance performance (Tautz et 
al. 2003) have been studied. Factors that can affect survival 
of larvae under laboratory conditions include feeding 
(Aupinel et al. 2005) and rearing environment (Crailsheim 
et al. 2013). However, the effect of larval age at grafting on 
survival has not been widely investigated yet. According 

to OECD 237 (2013) and OECD recommendations for 
repeated exposure (2016), one day old larvae have been 
suggested for use in larval tests. 

The aim of the present study was to investigate whether 
larval age at grafting can affect the subsequent survival 
and development. Survival of synchronized larvae at 
three different ages during the grafting phase of bioassay 
until hatching of adults were compared under the same 
laboratory conditions.

Materials and methods

Colonies and queens
Honey bee larvae were obtained from an apiary in Liptovský 
Hrádok (Slovakia), which is located in an extensively used 
agricultural mountain range. During summer 2018, the 
larvae originated from three 1-year-old honey bee non-
sister queens (Apis mellifera carnica) that were confined 
in their own colony in an exclusion cage until grafting to 
obtain larvae in different ages (OECD 2013). 

Rearing of larvae
The bee larvae were in vitro reared in a hermetic desiccator 
until day 8 (temperature 34.5 ± 0.5 °C and relative humidity 
95 ± 5%). Then the larvae were transferred into a hermetic 
container until hatching (temperature 34.5 ± 0.5 °C and 
relative humidity 80 ± 5% until day 15, and 50 ± 5% until 
hatching) according OECD (2016) recommendations for 
repeated exposure. The larvae were grafted in three 48-well 
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plates. Each plate contained 16 larvae from each queen in 
two replications (1 replication = 8 larvae) with a total of 
48 larvae obtained from the three queens. The first plate 
contained one day old larvae (group A), the second plate 
contained 3-day-old larvae (group B), and the third plate 
contained 4-day-old larvae (group C). Larvae synchronized 
to specific age were grafted at the same time (older larvae 
were kept in the hive until grafting), grafting was performed 
by one person. Larval food was composed of three diets 
(depending on their age), adapted to the needs of the larvae 
at different stages of development, and followed OECD 
(2016). Development of larvae and pupae was observed 
and any dead larvae or pupae were recorded with exception 
of emergence of adult bees, which occurred on day 20.  

Statistical analysis
Multi-comparison based on the Bonferroni test was utilized 
to determine significance of mortality data among the 
observed groups. Also, the Kaplan-Meier test was used to 
compare survival curves of each group, and the estimated 
survival means (ESM) were calculated. Moreover, the effect 
of queens as a source of larvae on survival was analysed. 
Significant differences (p ≤ 0.05) between the groups were 
detected using the Log Rank Mantel-Cox test. The analysis 
was performed using SPSS v. 16 (Released 2007, SPSS for 
Windows, Version 16.0. Chicago, USA). 

Results and discussion

Higher cumulative mortality in group C compared to 
group A on day 6 was recorded. Group B had no mortality 
up to day 8. On day 7 (Fig. 1), the preferred day of mortality 
evaluation according to OECD (2016) reccommendations 
for repeated exposure, the cumulative mortality of group 
B was still zero, and significant mortality was recorded 
in group A (10.41 ± 6.2%, p = 0.33) and group C (25 ± 
6.2%, p = 0.003) compared to group B. The mortality on 
day 15 and 20 were used for evaluation of the experiments 
according to the OECD (2016) methodology. Observations 
were recorded up to day 20 as hatching of all adult bees 
from the surviving larvae occurred on that day. On day 15, 
cumulative mortality reached 8.33 ± 10.2% in group B, and 
10.41 ± 5.1% by 2.1 ± 5.6% in group A, without significant 
difference (p = 1) between groups. Group C showed the 
highest level of cumulative mortality (35.41 ± 12.3%), 
which was significantly higher (p = 0.001) than for group 
B (27.1 ± 5.6%). On day 20, the cumulative mortality was 
12.5 ± 7.9%, 16.66 ± 15.1%, and 43.75 ± 13.1% for group 
A, group B, and group C, respectively. Group C had higher 
mortality rates than the two other groups. 

The survival analysis (Fig. 2) showed significantly greater 
decline (Mantel-Cox 15.922, p = 0.000) in the survival of 
immature stages of group C (4-day-old larvae) than for the 
other two groups. No significant differences were found in 
this analysis between group A and B (Mantel-Cox 0.232, p 

= 0.63), while significant differences were found between 
group C and A (Mantel-Cox 10.330, p = 0.001) and group C 
and B (Mantel-Cox 9.503, p = 0.002). The ESM was 18.37 ± 
0.68, 19.16 ± 0.33, and 15.43 ± 0.90 days for group A, B, and 
C, respectively. It is evident that 3-day-old larvae showed 
better survival than the other two tested ages during the 
experimental period. In group A, higher mortality was 
observed during the first days after grafting in comparison 
to group B. This may be a result of damage caused to very 
small one-day-old larvae during grafting. The mortality of 
group A kept decreasing but on day 17 became identical 
to group B. Grafting of 3-day-old larvae was technically 
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Fig. 1. Mortality of larvae on day 7. For group A (1-day-old larvae, 
A); group B (3-day-old larvae, B); group C (4-day-old larvae). In 
respective treatments, 5, 0, and 12 larvae have died. 
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simple and easily conducted while grafting of 4-day-old 
larvae was very difficult. Four-day-old larvae are large and 
damages to their bodies can easily occur during grafting, 
and this may explain the subsequent higher mortality 
observed in our test. 

The effects of queens as a source of larvae on survival 
of each group and all groups combined are shown in Fig. 
3. The survival of larvae obtained from the three Carniolan 
queens showed no significant differences for group A 
(Mantel-Cox 1.071, p = 0.585), group B (Mantel-Cox 1.843, 
p = 0.398), and group C (Mantel-Cox 0.657, p = 0.72). Also, 
no significant differences (Mantel-Cox 1.183, p = 0.553) 
were found between the three queens for all groups (i.e. 
results of 1-, 3-, and 4-day-old larvae). Thus, larvae of each 
group exhibited similar survival rates regardless of queens. 
The ESM was 17.93 ± 1.32, 18.93 ± 1.02, and 18.25 ± 1.16 
days for queen 1, 2, and 3, respectively, for group A. The 
ESM was 19.06 ± 0.54, 19.12 ± 0.50, and 19.31 ± 0.66 days 
for queen 1, 2, and 3, respectively, for group B. The ESM 
was 14.93 ± 1.60, 14.68 ± 1.69, and 16.68 ± 1.34 days for 
queen 1, 2, and 3, respectively, for group C. The ESM was 
17.31 ± 0.75, 17.58 ± 0.74, and 18.08 ± 0.65 days for queen 
1, 2, and 3, respectively for all groups. It is clear that ESM 
of larvae from the three queens within each group was very 
similar. It is also obvious that larval age at grafting is the 
main reason behind survival differences, while queen as a 
source of larvae had insignificant effect, especially as they 
represented the same subspecies.

Consequently, apart from well-known effects of rearing 

Fig. 2. Cumulative survival of larvae and pupae over 20 days. A, 
group A, 1-day-old larvae; B, group B, 3-day-old larvae; C, group 
C, 4-day-old larvae. 

Fig. 3. Cumulative survival of larvae grafted from the three queens over 20 days. A, group A, 1-day-old larvae; B, group B, 3-day-old 
larvae; C, group C, 4-day-old larvae; D, results of all groups (i.e. results of 1-, 3-, and 4-day-old larvae).
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environment (e.g., temeprature, relative humidity, sterility 
etc.; Crailsheim et al. 2013) and feeding protocol (Aupinel 
et al. 2005), survival of larvae under laboratory conditions 
can be significantly affected by larval age at grafting. 

Conclusions

Testing of xenobiotics on developmental stages of honey 
bee is still a challenge for scientists. Using the OECD model 
of grafting first instar larvae, which have potentially higher 
mortality during bioassay can be overcome by use of 3-day-
old larvae, mainly in the case when the aim of the bioassay 
is to study harmful effect of xenobiotics on larval or pupal 
stage after single exposure. Our results indicate that using 
larvae at this particular age, which at the beginning of the 
experiment demonstrated lower mortality in comparison 
to 1-day-old larvae is the best option (practical and 
economical). Also, larvae at this age showed better survival 
until hatching of adults, compared with 1- and 4-day-old 
larvae. 
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