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Abstract

Aim of study. The aim of this study was to assess the impact of the mite control strategies combined with nutritional
management on honey bee colony dynamics and survival during winter, the following spring, and summer.

Area of study: Santa Fe province in central Argentina.

Material and methods: We set two apiaries with 40 colonies each and fed one apiary with high fructose corn syrup
(HFCS) and the other with sucrose syrup (SS). Within each apiary, we treated half the colonies against Varroa mites and
half of these treated colonies also received a pollen patty. The other half of the colonies remained untreated and did not
received pollen patties. All colonies were sampled for Varroa infestation level, Nosema ceranae abundance and colony
strength seven times during a year (from summer 2016 to autumn 2017). We computed autumn mite invasion and colony
losses at each sampling time.

Main results: Colonies fed with HFCS had more brood cells during the study that those fed with SS and treated colo-
nies had fewer adult bees and Varroa infestation than untreated colonies. No significant effect of the protein supplemen-
tation was observed on any of the response variables. During 2017, SS colonies from all groups had significantly more
mites drop counts than HFCS colonies.

Research highlights: Considering that a reduced frequency of application is desirable, our results suggested that nutri-
tion management could enhance chemical treatment effectiveness since honey bees might profit from improved nutrition.
However, a better understanding of the nutritional requirements of the colonies under field conditions is needed.
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(sucrose syrup).

Citation: Giacobino, A; Pacini, A; Molineri, A; Bulacio-Cagnolo, N; Merke, J; Orellano, E; Gaggiotti, M, Signorini,
M (2022). Impact of nutritional and sanitary management on Apis mellifera colony dynamics and pathogen loads. Span-
ish Journal of Agricultural Research, Volume 20, Issue 4, €0305. https://doi.org/10.5424/sjar/2022204-19634

Received: 09 Jun 2022. Accepted: 10 Nov 2022.

Copyright © 2022 CSIC. This is an open access article distributed under the terms of the Creative Commons Attri-
bution 4.0 International (CC BY 4.0) License.

Funding agencies/institutions Project / Grant

PNAPI Project N° 1112042

Instituto Nacional de

Tecnolggia Agropecuaria, Specific Project N° 1112042 “Estrategias multidisciplinarias para mitigar el
Argentina efecto del nuevo contexto ambiental y productivo sobre la colmena”
ANPCyT PICT 2016-1568

Competing interests: The authors have declared that no competing interests exist.
Correspondence should be addressed to Agostina Giacobino: giacobino.agostina@inta.gob.ar



https://doi.org/10.5424/sjar/2022203-18704

https://orcid.org/0000-0001-6453-5133
https://orcid.org/0000-0001-7624-8078
https://orcid.org/0000-0003-1974-0538
https://orcid.org/0000-0001-9963-7885
https://orcid.org/0000-0001-9927-3604
https://orcid.org/0000-0001-6537-8782
https://orcid.org/0000-0002-2260-912X
https://orcid.org/0000-0002-6383-5238

2 Agostina Giacobino, Adriana Pacini, Ana Molineri, Natalia Bulacio-Cagnolo, Julieta Merke, Emanuel Orellano et al.

Introduction

Traditionally in temperate climate, beekeeping manage-
ment efforts are focused on enhancing colony strength and
food stores during autumn, improving queen quality and
protecting bees from Varroa destructor. This management
is based on annual colony cycle that consider an overwin-
tering state (distinct physiological and behavioral). The
beginning and time duration of the overwintering period
depends on environmental nutritional resources, physio-
logical profile and climate conditions (Dédke et al., 2015).
Otherwise, overwintering success (for instance few colony
losses) depends strongly on how beekeepers prepare their
colonies during autumn (Smart et al., 2016). Concerning
the honey bee health, both V. destructor presence and bee
nutrition plus their interaction are key stressors specially
linked to colony losses (Le Conte ef al., 2010). In this con-
text, some key aspects of the prevention of colony loss-
es are linked to beekeeper background and management
practices (Jacques et al., 2017; Giacobino et al., 2018).

Firstly, Varroa control in productive honey bee colo-
nies is mandatory under temperate climate. Despite some
limitations, synthetic and organic chemical substances are
widely used (Rosenkranz et al., 2010). Acaricide not only
efficiently control Varroa mites (Rosenkranz et al., 2010;
Semkiw et al., 2013) but might also indirectly help miti-
gating Nosema sp. impact as a number of potential interac-
tions has been revealed (Mariani et al., 2012; Little et al.,
2016; Giacobino et al., 2017). Nevertheless, the impact of
frequent introduction of a chemical on a colony weakened
by pathogens might potentially diminish the lifespan of
bees and compromise the immune system (Boncristiani et
al., 2012). Thus, in line with Integrated Pest Management,
alternative or complementary to application of chemicals
methods are of particular interest (Dietemann et al., 2012;
Al Toufailia et al., 2014: Lodesani et al., 2014; 2019).

Secondly, bee survival varies as function of feeding
choices, including honey and sucrose syrup (Abou-Shaara,

2017). There is an increasing interest in artificial feeding
(Dolezal & Toth, 2018) because honey bee nutrition is
highly dependent on the floral resources that diminishes
during periods of foraging dearth (Tsuruda et al., 2021).
Most apiaries from temperate climate in Argentina re-
ceived a carbohydrate supply during autumn (Giacobino et
al., 2014) similar to the supplementation practice reported
in the USA (Tsuruda ef al., 2021) and Italy (Frizzera et al.,
2020). Sucrose syrup (SS) and high fructose corn syrup
(HFCS) are both alternatives to implement carbohydrate
supplementation when sources of pollen and nectar are
scarce. On the one hand, beekeepers buy HFCS because it
is ready to administer and it is frequently cheaper than su-
crose (reviewed in Wheler & Robinson, 2014). In addition,
lower level of Varroa infestation were found in colonies
fed with high HFCS (Giacobino et al., 2014). On the other
hand, colonies fed with SS showed more brood production
and more attraction to the syrup in comparison with HFCS
fed colonies (Sammataro & Weiss, 2013).

Lastly, the well-known positive effect on bee surviv-
al of pollen availability suggests that a diet rich in pollen
might be significant for the prevention of colony losses,
especially by mitigating the negative impact of Varroa
parasitism (Annoscia et al., 2017). An observational study
pointed out that a diet based on natural pollen supplemen-
tation was associated with a reduced prevalence of colo-
nies infested with Varroa mites (Giacobino et al., 2014).
Furthermore, independently of whether a pollen diet can
(Annoscia et al., 2017) or cannot compensate for negative
effect of parasitism (Alaux et al., 2011) it might enhance
the positive effect of Varroa control strategies.

Nutritional and health topics regarding honey bee were
previously addressed, but few included field studies under
semi-controlled conditions with a large number of colo-
nies for several months in a row. Moreover, colony level
approach is suitable for multiple stressors impact studies
as colony measures are strongly indicative of apiary sur-
vival (Smart et al., 2016). The aims of this study were to: 1)
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Figure 1. Apiaries and treatment distribution.
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Figure 2. Timeline describing sampling time and treatment/feeding schedule.

verify the efficacy of different nutritional and mite control
management strategies traditionally recommended for the
overwintering season in temperate climates without brood-
less period; ii) evaluate the mite population dynamics in
honey bee colonies under traditionally recommended man-
agement strategies for autumn season; and iii) assess the
impact of nutritional management alternatives combined
with autumn acaricide treatment on the strength and nutri-
tional reserves of the honey bee colony during winter, the
following spring, and summer.

Material and methods

Experimental setting

The study was conducted at the Experimental Station
of National Institute of Agricultural Technology in Ra-
facla, Argentina (31°11° S latitude and 61°33” W longi-
tude). We set an apiary with 80 nuclei (five frames each)
in middle spring (October 2015). Each colony received a
new, young, and openly matted queen of the same origin
(sister queens). During the following summer (February
2016), when the nuclei reached sufficient population size,
the 80 nuclei were transferred from their five-frame hives
to 80 standard 10-frame Langstroth hives. All hives were
equipped with a bottom board and distributed between two
apiaries with half of the hives each and allocated 1000 m
apart from each other, within the experimental station.

The number of colonies sampled was defined consid-
ering a treatment effect on the reduction on V. destructor
infestation level of 30% (with 95% confidence level; pre-
cision=10% and standard error similar to the media of each
group). Groups were standardized regarding honey bee
population, amount of sealed brood cells, Varroa infesta-
tion level and Nosema ceranae abundance.
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At the end of summer (late March 2016), one apiary
was fed with high fructose corn syrup (HFCS apiary,
n=40) and the other with sucrose syrup (SS apiary, n=40).
Within each apiary, half of the colonies were continu-
ously treated with an acaricide from March to June (T+,
n=20), and the other half remained untreated (T-, n=20).
In addition, half of the T+ colonies and half of the T- col-
onies within each apiary were supplemented with pollen
(P+, n=10) and the other half were not (P- n=10). Overall,
eight groups of 10 colonies each were defined, following
a full factorial experimental design 2 x 2 x 2 (Fig. 1).
Carbohydrate feeding and pollen supplementation was
performed during three consecutive weeks. Once a week,
2 liters of HCFS or SS was added to the colonies using
frame feeders. At the same time, P+ group received natu-
ral pollen patties (150 g) made with natural pesticide-free
pollen mixed with the corresponding syrup. The HFCS
pollen patties mixture had 15.3 % crude protein and SS
pollen patties mixture had 15.08% crude protein. Weekly,
unconsumed patties from the week before were removed
and new patties were placed on the top bars of the frames.
Treated colonies (T+) received amitraz (Amivar®) first
(from March to May) and flumethrin (Flumevar®) + ox-
alic acid (Oxavar®) later (from May to June), in order
to assess mite invasion rate (Fig. 2). This continuous ap-
plication should have killed all invading mites (Frey &
Rosenkranz, 2014).

Data collection

Colony strength measures and pathogens sampling

All colonies were sampled for Varroa infestation lev-
el and N. ceranae abundance estimation (see the schedule
showed in Fig. 2). Colonies were sampled during March
(before feeding and Varroa treatment), May, June, Sep-
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tember, and November (2016). The following year (2017)
all the surviving colonies were sampled in February and
March. Approximately 250 honey bees were collected
from both sides of three unsealed brood combs in a labeled
plastic jar containing 50% ethanol (Dietemann et al., 2013)
to diagnose the presence of V. destructor in honey bee col-
onies during each sampling time. In the lab, the mites were
separated from the bees by pouring the jar content into a
sieve with a mesh size of 2 mm. The intensity of mite in-
festation on adult honey bees was calculated dividing the
number of mites counted by the number of honey bees in
the sample to determine the proportion of infested indi-
viduals and multiplying by 100 to obtain the percentage
of infestation per colony (Dietemann et al., 2013). Also,
sticky bottom board mite drop counts were registered
weekly from March to June 2016 and from February to
March 2017 to estimate weekly mites invasion rates in the
continuously treated colonies (T+ group) (Frey & Rosenk-
ranz, 2014) (Fig. 2).

In order to establish N. ceranae presence, worker hon-
ey bee samples were collected from the hive entrance. A
minimum of 60 bees were gathered and placed in labeled
plastic flasks containing 60 mL of 96° ethanol. Spore sus-
pensions were prepared by adding 60 mL of distilled water
to crushed abdomens of 60 randomly selected individuals
of each colony. N. ceranae spores/bee were determined
using light microscopy 40% and hemocytometer. For each
sample the number of spores in 80 hemocytometer squares
(5 groups of 16 squares) was counted (Fries et al., 2013).

Data set was Log  transformed for statistical analysis pur-
pose.

Additionally, the number of adult honey bees and the
amount of sealed brood, honey and pollen cells of all col-
onies were estimated according to the Liebefeld method
(Dainat et al., 2020) each time the samples were taken
(Fig. 2). Colony losses were computed at each sampling
time. Total losses (at the end of the study) were estimated,
and winter mortality (colonies computed as death between
May and September). The overwintering index (OI) per
colony was also calculated as the number of spring bees
divided by the number of previous autumn brood cells
(Lodesani et al., 2014).

Honey bee hives products

Following the South hemisphere apicultural schedule,
during October, frames fully covered with worker brood
were gathered from colonies to make nuclei and avoid po-
tential swarming (spring 2016). The number of harvested
brood frames per colony was computed during October. In
addition, honey yield from colonies was obtained during
January-February (summer 2017) using a digital weighing
scale Hook® AT-100 (0.001-150 kg). The honey yield (kg/
colony) and brood harvest (number of frames with brood/
colony) were registered in all colonies. At the end of the
honey yield (2017) all colonies received a final acaricide
treatment (flumethrin + oxalic acid). Each colony loss was
recorded by date per apiary.

Table 1. Effect of acaricide treatment and nutritional management on colony strength, nutritional reserves and pathogen
levels by means of generalized linear model (GLZ) for repeated measure (gamma distribution).

Bee % Varroa N. ceranae Bottom board Bottom board
population Brood cells Pollen cells Honey cells infestatiom (spores/bee) count 2016 count 2017
P X P X P X P X P X P X P X P X
Kind of syrup 0.98 0.05 HFCS: 0.163 0.66 0.99 0.10 0.85 <0.001 HFCS:
(HFCS/SS) 15756 59
SS: SS:
13861 278
Acaricide 0.01 Yes: 0.43 0.12 0.24 <0.001 Yes: 0.81 0.026  Yes: 25 0.47
treatment 14830 1.22%
(Yes/No)
No: No: No: 15
16007 3.15%
Protein 0.48 0.83 0.24 0.47 0.303 0.10 0.92 0.15
supplementation
(Yes/No)
Syrup x 0.63 0.68 0.15 0.77 0.16 0.623 0.07 HFCS: 0.52
Acaricide 20
SS: 31
Syrup x Protein 0.82 0.76 0.35 0.51 0.58 0.41 0.55 0.57
Acaricide x 0.49 0.27 0.34 0.96 0.86 0.52 0.15 0.18
Protein
Syrup x 0.64 0.34 0.63 0.28 0.57 0.99 0.14 0.17
Acaricide x

Protein

p-values significant (<0.05) are highlighted in bold.
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Statistical analysis

In order to evaluate the combined effect of acaricide
treatment, protein supplementation and kind of syrup on
annual colony strength (honey bee adult population and
amount of sealed brood cells), nutritional reserves (number
of cells contained pollen and honey) and pathogens abun-
dance (percentage of Varroa on adult honey bees and N.
ceranae abundance log) a generalized linear model (GLZ)
for repeated measures (gamma distribution) was per-

|

formed. In addition, a GLZ for repeated measures (Poisson
distribution) was used for the comparisons of the weekly
mite invasion rate (estimated by sticky bottom board mites
drop counts) in all colonies, during autumn 2016 and 2017.

A GLZ with gamma distribution for N. ceranae abun-
dance and percentage of Varroa on adult honey bees per
sampling time was used to assess the effect of the treatments
(kind of syrup X acaricide treatment x protein supplemen-
tation). Honey production (kg/colony) was compared in all
groups with a factorial ANOVA 2 x 2 x 2. Similarly, dif-
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Figure 3. Colony strength (A for adult bee population and B for number of brood cells) from sucrose syr-
up (SS) and high fructose corn syrup (HFCS) apiaries for colonies fed with (P+) and without (P-) pollen
patties and for colonies treated (T+) and non-treated (T-) with acaricide.
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ferences in brood harvest (frames fully covered with brood
harvested in spring and summer) between groups was
analyzed by means of GLZ (gamma distribution). Cox Re-
gression (total survival weeks: 55) was performed in order
to analyze the total colony losseson. Winter mortality and
over wintering index were compared using GLZ (binomial
distribution) and factorial ANOVA respectively.

Results

Effect of acaricide treatment and nutritional
management on colony strength, nutritional
reserves and pathogen levels

Colonies fed with HFCS had more brood cells during
the study than those fed with SS (p=0.048; Table 1; Fig.
3). Also, throughout the assay, T+ colonies had less adult
honey bees (p=0.011; Table 1; Fig. 3) and a lower Varroa
infestation percentage than T- colonies (p< 0.001; Table 1;
Fig. 4). No differences on N. ceranae abundance and nu-
tritional reserves (pollen and honey cells) between HFCS
and SS colonies nor T+ and T- were detected (Table 1;
Fig. 5). No significant effect of the protein supplementa-
tion during the course of the study on any of the response
variables was observed (Table 1). Within T+ colonies, the
2016 mite invasion rates tend to be higher in SS colo-
nies (mean=30.63 + 6.20 mites/week) than HFCS colo-
nies (20.08 + 4.03 mites/week; p=0.074, Table 1). During
2017, SS colonies from all groups had significantly more
mites drop counts than HFCS colonies (278.27 £ 53.39
and 59.16 + 12.78 mites/week, respectively; p<0.001)
(Table 1). By means of acaricide effect, during 2016 T+
colonies had more mites drop counts (mean=24.80 + 3.53
mites/week) than T- colonies (mean=15.38 £ 2.46 mites/
week; p=0.026) (Table 1).

Effect of acaricide treatment and nutritional
management on pathogen levels in different
sampling times

— Short term effects on Varroa destructor. During May
2016 (after acaricide treatment), T+ colonies had less Var-
roa infestation level (0.91 + 0.16) than T- colonies (2.51
+ 0.44; p<0.001) (Table 2). At the same moment, P- colo-
nies had more Varroa infestation level (1.93 £ 0.34) than
P+ colonies (1.18 £ 0.20; p=0.05; Table 2). In June, the
joint effect of acaricide treatment, protein supplementation
and kind of syrup was significant (p=0.027). The highest
Varroa infestation level was recorded in SS T-/P+ colonies
(3.35 £ 1.32; p=0.011) (Table 2; Fig. 4) while the lowest
Varroa infestation level was recorded in HFCS T+P- (0.01
+ 0.003; p=0.05).

— Mid-term effects on Varroa destructor. During spring
(September 2016), the joint effect of acaricide treatment,
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protein supplementation and kind of syrup was significant
(»=0.016). The highest Varroa infestation level was ob-
served in SS T-/P-colonies (3.25 = 1.20; 2.58 £ 0.9, respec-
tively) (Table 2; Fig. 4) while the lowest Varroa infestation
level was recorded in HFCS T+P- (0.19 £ 0.07; p=0.03).

— Long term effects on Varroa destructor. Differenc-
es between T+ and T- colonies deepened in November
(1.44 £ 0.26; 5.38 = 0.94, respectively) (p<0.001; Table
2). Similarly, SS colonies from all groups showed higher
Varroa infestation level (3.59 + 0.66) than HFCS colo-
nies (2.15 £ 0.37; p=0.042; Table 2). However, unlike
previous sampling times, no interaction effect was found.
During February 2017 (before final acaricide treatment)
the differences between T+ and T- colonies became more
remarkable (6.04 £ 1.05 and 10.6 = 1.79, respectively;
p=0.02; Table 2).

— Nosema ceranae. N. ceranae abundance was similar
between all groups all over the year (repeated measures,
Table 1). However, during February 2017 (before the final
acaricide treatment) the effect of the interaction between
acaricide treatment and protein supplementation on the N.
ceranae abundance was significant (p=0.007, Fig. 6). For
instance, T-/P- colonies had the highest N. ceranae. abun-
dance (2.02 + 0.67 Log,, spores/bee) and T+/P+ colonies
had the lowest N. ceranae abundance (0.18 + 0.06 Log
spores/bee). T+/P- colonies had less N. ceranae abundance
(mean=1.39 + 0.46 Log,, spores/bee) than T-/P+ colonies
(1.55+ 0.5 Log,, spores/bee) (Fig. 6).

Effect of acaricide treatment and nutritional
management on honey production, brood
harvest and colony losses

Honey production was similar between colonies fed
with SS and HFCS (p=0.647), between T+ and T- colonies
(»=0.991) and between P+ and P- colonies (p=0.709). Fur-
thermore, no double or triple significant interaction were
found.

On the contrary, the number of harvested brood frames
during October was higher in the HFCS colonies (2.31 £
0.31) compared to SS colonies (1.49 = 0.2) (p=0.022) and
was higher in the in T-/P+ (2.96 + 0.56) compared to T+/
P+ colonies (1.12 £ 0.21; p=0.012).

From the 38 colonies computed as death at the end of
field trial (total losses), 23 were registered between May
and September (winter mortality). For total losses, over-
all comparisons between all groups were non-significant
(Chi-square=0.673; p=0.879). Similarly, there were no
significant differences in winter mortality when all groups
were compared (p=0.725). However, there was a signif-
icant effect of the carbohydrate feeding and acaricide
treatment on the OI. The highest value was registered in
the HFCS/T- colonies (OI=1.16 £ 0.054) and the lowest
value was registered in SS/T+ colonies (OI=0.65+0.054;
p=0.03).
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Discussion

Field studies based on semi-controlled conditions in-
cluding numerous honey bee colonies are scarce. Here the
effect of recommended nutritional and sanitary manage-
ment on the pathogen dynamics, honey production and
colony survival throughout a year was simultaneously
evaluated.

Effect of acaricide treatment and nutritional
management on colony strength, nutritional
reserves and pathogen levels

Feeding the colonies with HFCS during autumn had
an effect on population dynamics, particularly on brood
cells availability during the year. These results are differ-
ent from previously reported studies where bees provided
with sucrose syrup produce higher numbers of brood cells
(Neupane & Thapa, 2005; Sammataro & Weiss, 2013)

or no differences were found (Lu et al., 2014). However,
methodology is not accurately comparable, as for instance
Neupane & Thapa (2005) calculated the number of brood
cells including cells having egg or larva or pupa and here
only sealed brood cells were counted. During autumn 2016
and 2017 mite invasion was lower in the HFCS fed colo-
nies probably because it was proved to be less attractive to
bees than SS in field studies (Sammataro & Weiss, 2013)
and laboratory studies (Neupane & Thapa, 2005). Varroa
mites horizontal transmission might varied as a function of
mite invasion (Fries & Camazine, 2001) driven by several
factors including foraging behavior mediated by sucrose
responsiveness (Kuszewska et al., 2019). A reduced inva-
sion pressure by means of robbing (Greatti et al., 1992) or
drift (Goodwin et al., 2006) at late autumn might be essen-
tial to avoid winter losses (Frey & Ronsenkranz, 2014).
Thus, providing HFCS as carbohydrate supply might de-
crease the “robbing” behavior among the colonies and
consequently the mite invasion pressure.

Table 2. Effect of acaricide treatment and nutritional management on percentage of infestation with Varroa destructor at
different sampling times by means of generalized linear model (gamma distribution).

Short term effects

Mid-term effects Long term effects

May June September November February 2017
P Mean P Mean P Mean P Mean P Mean
Kind of syrup 0.91 0.270 0.21 0.042 SS 3.59% 0.21
(HFCS/SS)
HFCS
2.15%
Acaricide treatment <0.001 T+ 0.91% <0.001 <0.001 <0.001 T+ 1.44% 0.02 T+ 6.04%
(Yes/No) T-2.51% T-5.38% T- 10.60%
Protein 0.05 P+ 1.18% 0.023 0.783 0.63 0.41
supplementation
(Yes/No) P-1.92%
Syrup x Acaricide 0.82 0.48 0.07 0.99 0.35
Syrup x Protein 0.65 0.13 0.003 0.26 0.92
Acaricide x Protein 0.35 0.011 0.98 0.55 0.75
SS T-/P- SS T-/P-
2.95% 3.25%
SS T-/P+ SS T-/P+
3.35% 2.59%
SS T+/P SS T+/P
0.48% 0.71%
SS T+/P+ SS T+/P+
Syrup x Acaricide x 0.65% 0.16%
yrup 0.82 0.027 0.016 033 0.234
Protein HFCS T-/P- HFCS T-/P-
3.21% 1.24%
HFCS T- P+ HFCS T-/P+
2.46% 1.33%
HFCS T+/P- HFCS T+/P-
0.01% 0.19%
HFCST+/P+ HFCST+/P+
0.11% 0.76%

p-values significant (<0.05) are highlighted in bold. The highest and lowest percentage of infestation with Varroa destructor for significant triple interaction

during June and September are highlighted with black boxes.
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High efficacy of the acaricide products applied was
expected but opportunely checked. Still, treated colonies
showed a reduced colony size during the entire year. The
results presented suggested that regardless of the bene-
fits, the same acaricide could shorten the adult honey bee
lifespan (Wu et al., 2011) especially oxalic acid application
(Martin Hernandez et al., 2007; Schneider et al., 2012).
Moreover, resistance development (Lodesani and Costa,
2005) and residues of varroacides in bee products (Bog-
danov, 2006; Le Conte et al., 2010) should also discour-
age its prolonged use. This result is different from some
previous studies that suggested that exposure to miticides
does not affect bee populations at colony level (Berry et
al., 2013; Rangel & Tarpy, 2016).

Pollen patties supplementation had neither global effect
nor specific effect at any sampling time on colony strength
and nutritional reserves. Similar to reported in DeGran-
di-Hoffman et al. (2016) nutritional differences not neces-
sarily translate into population sizes differences. Also, Van
Dooremalen ef al. (2013) demonstrated that abundant pollen
cannot compensate for damage caused by Varroa parasitism
as mite presence might reduce the benefits of nutritional re-
sources (DeGrandi-Hoffman & Chen, 2015). Another even
more feasible explanation is that pollen patties should have
been heavier and more frequently administered in order to
achieve a significant impact at colony level (Branchiccela et
al., 2019). In addition, even when the percentage of crude
protein was within the recommended range of concentra-
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Figure 4. Varroa destructor infestation in treated (T+) and non-treated with acaricide
(T-) groups for colonies fed with sucrose syrup (SS) and high fructose corn syrup
(HFCS) and for colonies fed with (P+) and without (P-) pollen patties
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and high fructose corn syrup (HFCS) apiaries for colonies fed with (P+) and without (P-) pollen
patties and for colonies treated (T+) and non-treated (T-) with acaricide.

tion (Herbert et al., 1977) it might be lower than optimal
amount of protein (van der Steen, 2007) or similar to low
protein-content pollen (Basualdo et al., 2013).

Overall, there was no effect of acaricide treatment
and nutritional management on N. ceranae abundance
and nutritional reserves (pollen and honey cells) prob-
ably because they fluctuate seasonally and are strongly
influenced by the environment conditions (Alaux et al.,
2010; Fries, 2010; Di Pasquale et al., 2016). However, at
the end of the study, it was observed that T- colonies and
P- colonies showed the highest N. ceranae abundance.

Spanish Journal of Agricultural Research

T- colonies showed significantly more Varroa than T+
colonies in November and February sampling times what
could explain the substantial increase of the N. ceranae
spores counts by the end of the study. Interactions be-
tween N. ceranae and V. destructor mites (Pacini et al.,
2016; Giacobino et al., 2018) and among both pathogens
with chemical treatments were previously reported (Little
et al., 2016). It seemed that Varroa-controlled colonies
and better-nourished honey bees during autumn results
in better general sanitary conditions the following honey
yield season. This is important since the nutritional status
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of the colonies is closely related to a negative impact of
N. ceranae infection (Branchiccela et al., 2019).

Effect of acaricide treatment and nutritional
management on pathogen levels in different
sampling times

Acaricide treatment and nutritional supplementation
impact on short term Varroa loads as infestation level
was lower in T+ and P+ colonies during May 2016 and
in HFCS T+/P- colonies during June 2016. High efficacy
of the acaricide is revealed as T+ colonies begin winter
season with significantly less Varroa mites. This is im-
portant since lowest winter losses were associated to
varrocides use comparing among several Varroa control
methods (Haber et al., 2019). Additionally, carbohydrate
feeding might enhance this positive effect by reducing
mite invasion during early autumn as it was observed in
HFCS fed colonies. During autumn, mite invasion and re-
production are key topic for beekeepers, especially those
who treated their colonies earlier in the season (Frey &
Rosenkranz, 2014). A short-term effect of pollen patties
was difficult to recognize in the observed pathogen lev-
els, as P+ colonies had less Varroa mites in May but had
higher infestation levels during June. Different from ex-
pected, pollen supplementation did not enhance chemical
treatment effectiveness as T+/P- had the lowest mites.
Benefits of pollen diet might be limited by Varroa infes-
tation (DeGrandi-Hoffman & Chen, 2015). Nevertheless,
as the weight and frequency of supplementation should
be revised, further studies should be conducted in order
to elucidate this effect.

Similar to what was observed before winter (June 2016)
infestation level was lower in HFCS T+/P- colonies after
winter season (September 2016). This is a key moment
in the beekeeping cycle as the colonies start to grow and
benefit from spring forage, but also because Varroa repro-
duction starts to speed up as bee brood became available
(DeGrandi-Hoffman & Chen, 2015). Beginning honey
yield season with a low infestation level almost certainly
guarantee a healthy condition in the colonies up until the
end of the season avoiding additional intervention (Lode-
sani et al., 2019).

During November 2016 (late spring) Varroa infesta-
tion was lower in HFCS fed colonies compared to SS
fed colonies. However, as exponential growth occurs in
both adult bees and mites (DeGrandi-Hoffman & Chen,
2015) this slightly (but significantly) difference disap-
peared during summer. On the contrary, T+ colonies went
through the honey yield season with a significantly low-
er number of mites in adult bees (from November 2016
to February 2017). In late summer (February 2017) dif-
ferences in Varroa infestation level were only explained
by the treatment application during autumn 2016. The
nutritional management seems to have a short or mid-
term impact on the colony dynamics and pathogen loads

Spanish Journal of Agricultural Research

(Branchiccela et al., 2019) whereas the acaricide treat-
ment effect was observed throughout the year, resulting
in a long-term positive effect.

Effect of acaricide treatment and nutritional
management on honey production, brood
harvest and colony losses

Although Varroa infestation levels were remarkable dif-
ferent in November 2016 (late spring) and February 2017
(late summer), honey production was similar between T+
and T- colonies and between SS and HFCS colonies. This
was unexpected but consistent with the fact that colony
size was similar between all groups from September on
and that previous results suggested that colonies fed with
Sucrose or HFCS showed similar honey production among
these diets (Severson & Erickson, 1984). As discussed
previously here, the HFCS colonies showed significantly
more brood during the entire study, so the amount of har-
vested brood during October was higher in this group than
in SS colonies. After that, brood cells were similar between
groups. Similarly, more frames fully covered with worker
brood were gathered from T- colonies consistent with the
reported side effect of chemical treatment on brood (Berry
etal.,2013; Zhu et al., 2014; Terpin et al., 2019) and with
the fact that treated colonies showed reduced bee popula-
tion during the entire study. Differences registered in the
overwintering index between HFCS/T- and SS/T+ colo-
nies were probably a consequence of those HFCS colonies
had more brood cells and T- colonies had more bee popu-
lation during the entire year.

Two possible hypotheses were raised given that, sur-
prisingly, total losses and winter mortality were similar
between all groups. The first hypothesis is that concern-
ing treated and non-treated colonies, the time frame of the
study was not enough to observe the negative effect of the
presence of Varroa and so it is necessary to study the col-
onies for longer periods. Varroa infestation impact may be
undercover as colonies were headed by young queens with
a probable higher resilience (Straub et al., 2015). In ad-
dition, is quite difficult to differentiate the negative effect
of Varroa presence from the use of acaricide side effects
(Boncristiani ef al., 2012). Regarding nutritional manage-
ment, recently a supplemental forage study in overwinter-
ing colonies showed that colony losses were not necessar-
ily linked to pollen or nectar scarcity (Carroll et al., 2018).
There are multiple drivers associated with colony losses
including the acaricide treatment timing (Beyer et al.,
2018) as well as the improvement of the best management
practices (El Agrebi et al., 2021) and queen replacement
(Gray et al., 2020). The second and more likely hypothesis
is that all colonies were exposed to a climatic stress factor
that could had veiled the nutritional and treatment effect
as autumn 2016 was unusual rainy. Previously it has been
observed that environmental background conditioned the
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Figure 6. N. ceranae abundance in treated (T+) and non-treated with acaricide (T-) groups for
colonies fed with sucrose syrup (SS) and high fructose corn syrup (HFCS) and for colonies fed

with (P+) and without (P-) pollen patties.

impact of the management practices on the colony losses
(Molineri et al., 2018). Honey bee colonies are frequently
exposed to multiple stressors, so trying isolating the rel-
evant variables is challenging (Boncristiani et al., 2012).

Conclusion

Unlike previous studies, colonies fed with HFCS
showed higher brood rearing all over the year and reduced
mite invasion pressure during autumn compared to colo-
nies fed with SS. From a beekeeping point of view if no

Spanish Journal of Agricultural Research

harm to colonies is registered, HFCS is a suitable substi-
tute of sucrose syrup since is cheaper and easy handling.
Further studies should be conducted in order to elucidate
HFCS pros and cons including a biological, ecological and
commercial beekeeping perspective.

Chemical control had advantages and disadvantages,
but still a large number of beekeepers rely on acaricide
treatment for Varroa control. Considering that a reduced
frequency of application is desirable, our results suggest
that nutrition management could enhance chemical treat-
ment effectiveness since honey bees might profit from
improved nutrition. However, further studies should be
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conducted in order to improve our knowledge about the
feedback between nutrition status and pathogens control
under field conditions.

In addition, the mite population dynamics in the colo-
nies varied according with different management strategies
including different kind of syrup, the protein supplementa-
tion by means of pollen patties, both combined with the ap-
plication of acaricide treatment during autumn. In particu-
lar nutritional supplementation impact on short term Varroa
loads (the first three months) whilst the effect of acaricide
treatment showed a lengthened effect. The colonies treated
during autumn 2016 showed significant reduced number of
mites during following summer (eight months later). The
impact of nutritional management alternatives combined
with autumn acaricide treatment was observed only in the
positive effect of the kind of syrup on the amount of brood
cells and the negative effect of the chemical treatment on
the adult bee population.

The implement of nutritional and mite control man-
agement strategies recommended for the overwintering
season might not compensate the detrimental effect of
bad climatic conditions as an outstandingly high winter
mortality was observed during the study. Beekeepers
should be aware of that an exhaustive monitoring of the
colonies should be performed during poor weather con-
ditions or abnormal climatic situation. A longer period
field assay should be conducted in order to elucidate the
impact of beekeeping management under several climatic
and sanitary conditions.

Authors’ contributions

Conceptualization: A. Giacobino, A. Molineri, A. Pacini

Data curation: Not applicable.

Formal analysis: A. Giacobino, M. Signorini

Funding acquisition: Not applicable

Investigation: E. Orellano, N. Bulacio-Cagnolo, J. Merke,
M. Gaggiotti

Methodology: A. Giacobino, A. Molineri, A. Pacini

Project administration: A. Giacobino

Resources: Not applicable

Software: Not applicable

Supervision: M. Signorini

Validation: M. Signorini, A. Molineri

Visualization: A. Giacobino, M. Signorini, A. Pacini

Writing — original draft: A. Giacobino

Writing — review & editing: A. Giacobino, A. Molineri,
A. Pacini, M. Signorini

References

Abou-Shaara HF, 2017. Effects of various sugar feeding
choices on survival and tolerance of honey bee workers
to low temperatures. J Entomol Acarol Res 49: 6200.
https://doi.org/10.4081/jear.2017.6200

Spanish Journal of Agricultural Research

Al Toufailia H, Amiri E, Scandian L, Per Kryger P, Rat-
nieks FLW, 2014. Towards integrated control of Varroa:
effect of variation in hygienic behaviour among honey
bee colonies on mite population increase and deformed
wing virus incidence. J Apicult Res 53(5): 555-562.
https://doi.org/10.3896/IBRA.1.53.5.10

Alaux C, Ducloz F, Crauser D, Le Conte Y, 2010. Diet
effects on honeybee immunocompetence. Biol Lett 6:
562-565. https://doi.org/10.1098/rsbl.2009.0986

Alaux C, Dantec C, Parrinello H, Le Conte Y, 2011. Nu-
trigenomics in honey bees: digital gene expression
analysis of pollen’s nutritive effects on healthy and var-
roa-parasitized bees. BMC Genom 12: 496. https://doi.
org/10.1186/1471-2164-12-496

Annoscia D, Zanni V, Galbrait D, Quirici A, Grozinger C,
Bortolomeazzi R, Nazzi F, 2017. Elucidating the mech-
anisms underlying the beneficial health effects of die-
tary pollen on honeybees (Apis mellifera) infested by
Varroa mite ectoparasites. Sci Reports 7: 6258. https://
doi.org/10.1038/s41598-017-06488-2

Basualdo M, Barragan S, Vanagas L, Garcia C, Solana H,
Rodriguez E, Bedascarrasbure E, 2013. Conversion of
high and low pollen protein diets into protein in work-
er honey bees (Hymenoptera: Apidae). J Econ Entomol
106(4): 1553-1558. https://doi.org/10.1603/EC12466

Berry JA, Hood WM, Pietravalle S, Delaplane KS, 2013.
Field-level sublethal effects of approved bee hive
chemicals on honey bees (Apis mellifera L). PLoS
ONE 8(10): €76536. https://doi.org/10.1371/journal.
pone.0076536

Beyer M, Junk J, Eickermann M, Clermont A, Kraus
F, Georges C, et al., 2018. Winter honey bee colo-
ny losses, Varroa destructor control strategies, and
the role of weather conditions: Results from a survey
among beekeepers. Res Vet Sci 118: 52-60. https://doi.
org/10.1016/j.rvsc.2018.01.012

Bogdanov S, 2006. Contaminants of bee products. Apidol-
ogie 37: 1-18. https://doi.org/10.1051/apido:2005043

Boncristiani H, Underwood R, Schwarz R, Evans JD, Pet-
tis J, van Engelsdorp D, 2012. Direct effect of acari-
cides on pathogen loads and gene expression levels in
honey bees Apis mellifera. J Insect Physiol 58: 613-620.
https://doi.org/10.1016/].jinsphys.2011.12.011

Branchiccela B, Castelli L, Corona M, Diaz-Cetti S, Inv-
ernizzi C, Martinez de la Escalera G, ef al., 2019. Im-
pact of nutritional stress on the honeybee colony health.
Sci Reports 9: 10156. https://doi.org/10.1038/s41598-
019-46453-9

Carroll MJ, Meikle WG, Mcfrederick QS, Rothman JA,
Brow N, Weiss M, et al., 2018. Pre-almond supplemen-
tal forage improves colony survival and alters queen
pheromone signaling in overwintering honey bee col-
onies. Apidologie 49: 827-837. https://doi.org/10.1007/
$13592-018-0607-x

Dainat B, Dietemann V, Imdorf A, Charriére JD, 2020. A
scientific note on the ‘Liebefeld method’ to estimate

December 2022 « Volume 20 o Issue 4 « ¢0305


https://doi.org/10.4081/jear.2017.6200
https://doi.org/10.3896/IBRA.1.53.5.10
https://doi.org/10.1098/rsbl.2009.0986
https://doi.org/10.1186/1471-2164-12-496
https://doi.org/10.1186/1471-2164-12-496
https://doi.org/10.1038/s41598-017-06488-2
https://doi.org/10.1038/s41598-017-06488-2
https://doi.org/10.1603/EC12466
https://doi.org/10.1371/journal.pone.0076536
https://doi.org/10.1371/journal.pone.0076536
https://doi.org/10.1016/j.rvsc.2018.01.012
https://doi.org/10.1016/j.rvsc.2018.01.012
https://doi.org/10.1051/apido:2005043
https://doi.org/10.1016/j.jinsphys.2011.12.011
https://doi.org/10.1038/s41598-019-46453-9
https://doi.org/10.1038/s41598-019-46453-9
https://doi.org/10.1007/s13592-018-0607-x
https://doi.org/10.1007/s13592-018-0607-x

Impact of nutritional and sanitary management on A. mellifera colony dynamics and pathogen loads 13

honeybee colony strength: its history, use, and transla-
tion. Apidologie 51: 422-427. https://doi.org/10.1007/
s13592-019-00728-2

DeGrandi-Hoffman G, Chen Y, 2015. Nutrition, immunity
and viral infections in honey bees. Curr Opin Insect Sci
10: 170-176. https://doi.org/10.1016/j.c01s.2015.05.007

DeGrandi-Hoffman G, Chen Y, Rivera R, Carroll M,
Chambers M, Hidalgo G, Watkins de Jong E, 2016.
Honey bee colonies provided with natural forage have
lower pathogen loads and higher overwinter surviv-
al than those fed protein supplements. Apidologie 47:
186-196. https://doi.org/10.1007/s13592-015-0386-6

Di Pasquale G, Alaux C, Le Conte Y, Odoux JF, Pioz M,
Vaissiere BE, et al., 2016. Variations in the availabil-
ity of pollen resources affect honey bee health. PLoS
ONE 11(9): €0162818. https://doi.org/10.1371/journal.
pone.0162818

Dietemann V, Pflugfelder J, Anderson D, Charriére
JD, Chejanovsky N, et al., 2012. Varroa destruc-
tor: research avenues towards sustainable control. J
Apicult Res 51(1): 125-132. https://doi.org/10.3896/
IBRA.1.51.1.15

Dictemann V, Nazzi F, Martin SJ, Anderson DL, Locke
B, et al., 2013. Standard methods for Varroa research.
In: The Coloss Beebook, Vol II: standard methods for
Apis mellifera pest and pathogen research; Dietemann
V, Ellis JD, Neumann P (eds). J Apicult Res 52(1): 1-54.
https://doi.org/10.3896/IBRA.1.52.4.16

Doke MA, Frazier M, Grozinger CM, 2015. Overwin-
tering honeybees: biology and management. Curr
Opin Insect Sci 10: 185-193. https://doi.org/10.1016/;.
€0is.2015.05.014

Dolezal AG, Toth AL, 2018. Feedbacks between nutrition
and disease in honey bee health. Curr Opin Insect Sci
26: 114-119. https://doi.org/10.1016/j.c0is.2018.02.006

El Agrebi N, Steinhauer N, Tosi S, Leinartz L, de Graaf
DC, Saegerman C, 2021. Risk and protective indica-
tors of beekeeping management practices. Sci Total
Environ 799: 149381. https://doi.org/10.1016/j.scito-
tenv.2021.149381

Frey E, Rosenkranz P, 2014. Autumn invasion rates of Var-
roa destructor (Mesostigmata: Varroidae) into honey
bee (Hymenoptera: Apidae) colonies and the resulting
increase in mite populations. J Econ Entomol 107(2):
508-515. https://doi.org/10.1603/EC13381

Fries I, 2010. Nosema ceranae in European honey bees
(Apis mellifera). J Inver Pathol 103: 73-79. https://doi.
org/10.1016/j.jip.2009.06.017

Fries.I, Camazine S, 2001. Implications of horizontal and
vertical pathogen transmission for honey bee epidemi-
ology. Apidologie 32: 199-214. https://doi.org/10.1051/
apido:2001122

Fries I, Chauzat M, Chen Y, Doublet V, Genersch E, et
al., 2013. Standard methods for Nosema research. In:
The Coloss Beebook: Vol 11: Standard methods for Apis
mellifera pest and pathogen research; Dietemann V,

Spanish Journal of Agricultural Research

Ellis JD, Neumann P (eds). J Apicult Res 52(1): 1-28.
https://doi.org/10.3896/IBRA.1.52.4.16

Frizzera D, Del Fabbro S, Ortis G, Zanni V, Bortolomeazzi
R, Nazzi F, Annoscia D, 2020. Possible side effects of
sugar supplementary nutrition on honey bee health.
Apidologie 51: 594-608. https://doi.org/10.1007/
$13592-020-00745-6

Giacobino A, Bulacio-Cagnolo N, Merke J, Orellano E,
Bertozzi E, Masciangelo G, et al., 2014. Risk factors
associated with the presence of Varroa destructor in
honey bee colonies from east-central Argentina. Prev
Vet Med 115: 280-287. https://doi.org/10.1016/j.pre-
vetmed.2014.04.002

Giacobino A, Pacini A, Molineri A, Bulacio-Cagno-
lo N, Merke J, Orellano E, ef al., 2017. Environment
or beekeeping management: What explains better the
prevalence of honeybee colonies with high levels of
Varroa destructor? Res Vet Sci 112: 1-6. https://doi.
org/10.1016/j.rvsc.2017.01.001

Giacobino A., Pacini A, Molineri A, Rodriguez G, Crisan-
ti P, Bulacio-Cagnolo N, et al., 2018. Potential asso-
ciations between the mite Varroa destructor and other
stressors in honeybee colonies (Apis mellifera L.) in
temperate and subtropical climate from Argentina. Prev
Vet Med 159: 143-152. https://doi.org/10.1016/j.pre-
vetmed.2018.09.011

Goodwin RM, Taylor MA, Mcbrydie HM, Cox HM, 2006.
Drift of Varroa destructor-infested worker honey bees
to neighbouring colonies. J Apicult Res 45(3): 155-156.
https://doi.org/10.1080/00218839.2006.11101335

Gray A, Adjlane N, Arab A, Ballis A, Brusbardis V, Char-
riere JD, et al., 2020. Honey bee colony winter loss rates
for 35 countries participating in the COLOSS survey
for winter 2018-2019, and the effects of a new queen on
the risk of colony winter loss. J Apicult Res 59(5): 744-
751. https://doi.org/10.1080/00218839.2020.1797272

Greatti M, Milani N, Nazzi F, 1992. Reinfestation of an
acaricide-treated apiary by Varroa jacobsoni Oud.
Exp App Acarol 16: 279-286. https://doi.org/10.1007/
BF01218569

Haber Al, Steinhauer NA, van Engelsdorp D, 2019. Use
of chemical and nonchemical methods for the control
of Varroa destructor (Acari: Varroidae) and associ-
ated winter colony losses in U.S. beekeeping opera-
tions. J Econ Entomol 112(4): 1509-1525. https://doi.
org/10.1093/jee/toz088

Herbert EJ, Shimanuki H, Caron D, 1977. Optimum pro-
tein levels required by honey bees (Hymenoptera, Api-
dae) to initiate and maintain brood rearing. Apidologie
8: 141-146. https://doi.org/10.1051/apido:19770204

Jacques A, Laurent M, Ribiere-Chabert M, Saussac M,
Bougeard S, Budge GE, et al., 2017. A pan-European
epidemiological study reveals honeybee colony surviv-
al depends on beekeeper education and disease control.
PLoS ONE 12(3): e0172591. https://doi.org/10.1371/
journal.pone.0172591

December 2022 « Volume 20 o Issue 4 « ¢0305


https://doi.org/10.1007/s13592-019-00728-2
https://doi.org/10.1007/s13592-019-00728-2
https://doi.org/10.1016/j.cois.2015.05.007
https://doi.org/10.1007/s13592-015-0386-6
https://doi.org/10.1371/journal.pone.0162818
https://doi.org/10.1371/journal.pone.0162818
https://doi.org/10.3896/IBRA.1.51.1.15
https://doi.org/10.3896/IBRA.1.51.1.15
https://doi.org/10.3896/IBRA.1.52.4.16
https://doi.org/10.1016/j.cois.2015.05.014
https://doi.org/10.1016/j.cois.2015.05.014
https://doi.org/10.1016/j.cois.2018.02.006
https://doi.org/10.1016/j.scitotenv.2021.149381
https://doi.org/10.1016/j.scitotenv.2021.149381
https://doi.org/10.1603/EC13381
https://doi.org/10.1016/j.jip.2009.06.017
https://doi.org/10.1016/j.jip.2009.06.017
https://doi.org/10.1051/apido:2001122
https://doi.org/10.1051/apido:2001122
https://doi.org/10.3896/IBRA.1.52.4.16
https://doi.org/10.1007/s13592-020-00745-6
https://doi.org/10.1007/s13592-020-00745-6
https://doi.org/10.1016/j.prevetmed.2014.04.002
https://doi.org/10.1016/j.prevetmed.2014.04.002
https://doi.org/10.1016/j.rvsc.2017.01.001
https://doi.org/10.1016/j.rvsc.2017.01.001
https://doi.org/10.1016/j.prevetmed.2018.09.011
https://doi.org/10.1016/j.prevetmed.2018.09.011
https://doi.org/10.1080/00218839.2006.11101335
https://doi.org/10.1080/00218839.2020.1797272
https://doi.org/10.1007/BF01218569
https://doi.org/10.1007/BF01218569
https://doi.org/10.1093/jee/toz088
https://doi.org/10.1093/jee/toz088
https://doi.org/10.1051/apido:19770204
https://doi.org/10.1371/journal.pone.0172591
https://doi.org/10.1371/journal.pone.0172591

14 Agostina Giacobino, Adriana Pacini, Ana Molineri, Natalia Bulacio-Cagnolo, Julieta Merke, Emanuel Orellano et al.

Kuszewska K, Miler K, Woyciechowski M, 2019. Honey-
bee rebel workers preferentially respond to high con-
centrations of sucrose. Apidologie 50: 253-261. https://
doi.org/10.1007/s13592-019-00641-8

Le Conte Y, Ellis M, Ritter W, 2010. Varroa mites and hon-
ey bee health: can Varroa explain part of the colony loss-
es? Apidologie 41: 353-363. https://doi.org/10.1051/
apido/2010017

Little CM, Shutler D, Williams GR, 2016. Associations
among Nosema spp. fungi, Varroa destructor mites,
and chemical treatments in honeybees, Apis mellifera. J
Apicult Res 54(4): 378-385 https://doi.org/10.1080/002
18839.2016.1159068

Lodesani M, Costa C, 2005. Limits of chemotherapy in
beekeeping: development of resistance and the problem
of residues. Bee World 86(4): 102-109. https://doi.org/1
0.1080/0005772X.2005.11417324

Lodesani M, Costa C, Besana A, Dall’Olio R, Franceschet-
ti S, Tesoriero D, Vaccari G, 2014. Impact of control
strategies for Varroa destructor on colony survival
and health in northern and central regions of Italy. J
Apicult Res 53(1): 155-164. https://doi.org/10.3896/
IBRA.1.53.1.17

Lodesani M, Franceschetti S, Dall’ollioR,2019. Evaluation
of early spring bio-technical management techniques to
control varroosis in Apis mellifera. Apidologie 50: 131-
140. https://doi.org/10.1007/s13592-018-0621-z

Lu C, Warchol KM, Callahan RA, 2014. Sub-lethal expo-
sure to neonicotinoids impaired honey bees winteriza-
tion before proceeding to colony collapse disorder. B
Insectol 67(1): 125-130.

Mariani F, Maggi M, Porrini M, Fuselli S, Caraballo G,
Brasesco C, et al., 2012. Parasitic interactions between
Nosema spp. and Varroa destructor in Apis mellifera
colonies. Zootecnia Trop 30(1): 81-90.

Martin-Herndndez R, Higes M, Pérez JL, Nozal MJ,
Gomez L, Meana A, 2007. Short term negative ef-
fect of oxalic acid in Apis mellifera iberiensis. Span
J Agric Res 5(4): 474-480. https://doi.org/10.5424/
sjar/2007054-270

Molineri A, Giacobino A, Pacini A, Bulacio-Cagnolo N,
Merke J, Orellano E, et al., 2018. Environment and Var-
roa destructor management as determinant of colony
losses in apiaries under temperate and subtropical cli-
mate. J Apicult Res 57(4): 551-564. https://doi.org/10.1
080/00218839.2018.1475697

Neupane KR, Thapa RB, 2005. Alternative to off-season
sugar supplement feeding of honeybees. J Inst Ag-
ric Anim Sci 26: 77-81. https://doi.org/10.3126/jiaas.
v26i0.615

Pacini A, Giacobino A, Molineri A, Bulacio-Cagnolo N,
Aignasse A, Zago L, et al., 2016. Risk factors associat-
ed with the abundance of Nosema spp. in apiaries locat-
ed in temperate and subtropical conditions after honey
harvest. J Apicult Res 55(4): 342-350. https://doi.org/1
0.1080/00218839.2016.1245396

Spanish Journal of Agricultural Research

Rangel J, Tarpy DR, 2016. In-hive miticides and their ef-
fect on queen supersedure and colony growth in the
honey bee (4pis mellifera). J Environ Anal Toxicol
6(3): 377. https://doi.org/10.4172/2161-0525.1000377

Rosenkranz P, Aumeier P, Ziegelmann B, 2010. Biology
and control of Varroa destructor. J Inver Pathol 103:
96-119. https://doi.org/10.1016/j.jip.2009.07.016

Sammataro D, Weiss M, 2013. Comparison of productivity
of colonies of honey bees, Apis mellifera, supplement-
ed with sucrose or high fructose corn syrup. J Insect
Sci 13(1): 19. https://doi.org/10.1673/031.013.1901

Schneider S, Eisenhardt D, Rademacher E, 2012. Sub-
lethal effects of oxalic acid on Apis mellifera (Hyme-
noptera: Apidae): changes in behavior and longevi-
ty. Apidologie 43: 218-225. https://doi.org/10.1007/
s13592-011-0102-0

Semkiw P, Skubida P, Pohorecka K, 2013. The amitraz
strips efficacy in control of Varroa destructor after
many years application of amitraz in apiaries. J Api
Sci 57(1): 107-121. https://doi.org/10.2478/jas-2013-
0012

Severson DW, Erickson Jr. EH, 1984. Honey bee (Hy-
menoptera: Apidae) colony performance in relation to
supplemental carbohydrates. J Econ Entomol 77(6):
1473-1478. https://doi.org/10.1093/jee/77.6.1473

Smart M, Pettis J, Rice N, Browning Z, Spivak M, 2016.
Linking measures of colony and individual honey bee
health to survival among apiaries exposed to varying
agricultural land use. PLoS ONE 11(3): e¢0152685.
https://doi.org/10.1371/journal.pone.0152685

Straub L, Williams GR, Pettis J, Fries I, Neumann P,
2015. Superorganism resilience: Eusociality and sus-
ceptibility of ecosystem service providing insects to
stressors. Curr Opin Insect Sci 12: 109-112. https://
doi.org/10.1016/j.c0is.2015.10.010

Terpin B, Perkins D, Richter S, Leavey JK, Snell TW,
Pierson JA, 2019. A scientific note on the effect of ox-
alic acid on honey bee larvae. Apidologie 50: 363-368.
https://doi.org/10.1007/s13592-019-00650-7

Tsuruda JM, Chakrabarti P, Sagili RR, 2021. Honey bee
nutrition. Vet Clin Food Anim 37: 505-519. https://
doi.org/10.1016/j.cvfa.2021.06.006

Van der Steen J, 2007. Effect of a home-made pollen sub-
stitute on honey bee colony development. J Apicult
Res 46(2): 114-119. https://doi.org/10.1080/0021883
9.2007.11101377

Van Dooremalen C, Stam E, Gerritsen L, Cornelissen B,
van der Steen J, van Langevelde F, Blacquicre T, 2013.
Interactive effect of reduced pollen availability and
Varroa destructor infestation limits growth and protein
content of young honey bees. J Insect Physiol 59: 487-
493. https://doi.org/10.1016/].jinsphys.2013.02.006

Wheeler M, Robinson, G, 2014. Diet-dependent gene
expression in honey bees: honey vs. sucrose or high
fructose corn syrup. Sci Rep 4: 5726. https://doi.
org/10.1038/srep05726

December 2022 « Volume 20 o Issue 4 « ¢0305


https://doi.org/10.1007/s13592-019-00641-8
https://doi.org/10.1007/s13592-019-00641-8
https://doi.org/10.1051/apido/2010017
https://doi.org/10.1051/apido/2010017
https://doi.org/10.1080/00218839.2016.1159068
https://doi.org/10.1080/00218839.2016.1159068
https://doi.org/10.1080/0005772X.2005.11417324
https://doi.org/10.1080/0005772X.2005.11417324
https://doi.org/10.3896/IBRA.1.53.1.17
https://doi.org/10.3896/IBRA.1.53.1.17
https://doi.org/10.1007/s13592-018-0621-z
https://doi.org/10.5424/sjar/2007054-270
https://doi.org/10.5424/sjar/2007054-270
https://doi.org/10.1080/00218839.2018.1475697
https://doi.org/10.1080/00218839.2018.1475697
https://doi.org/10.3126/jiaas.v26i0.615
https://doi.org/10.3126/jiaas.v26i0.615
https://doi.org/10.1080/00218839.2016.1245396
https://doi.org/10.1080/00218839.2016.1245396
https://doi.org/10.4172/2161-0525.1000377
https://doi.org/10.1016/j.jip.2009.07.016
https://doi.org/10.1673/031.013.1901
https://doi.org/10.1007/s13592-011-0102-0
https://doi.org/10.1007/s13592-011-0102-0
https://doi.org/10.2478/jas-2013-0012
https://doi.org/10.2478/jas-2013-0012
https://doi.org/10.1093/jee/77.6.1473
https://doi.org/10.1371/journal.pone.0152685
https://doi.org/10.1016/j.cois.2015.10.010
https://doi.org/10.1016/j.cois.2015.10.010
https://doi.org/10.1007/s13592-019-00650-7
https://doi.org/10.1016/j.cvfa.2021.06.006
https://doi.org/10.1016/j.cvfa.2021.06.006
https://doi.org/10.1080/00218839.2007.11101377
https://doi.org/10.1080/00218839.2007.11101377
https://doi.org/10.1016/j.jinsphys.2013.02.006
https://doi.org/10.1038/srep05726
https://doi.org/10.1038/srep05726

Impact of nutritional and sanitary management on A. mellifera colony dynamics and pathogen loads 15

Wu JY, Anelli CM, Sheppard WS, 2011. Sub-lethal effects Zhu W, Schmehl DR, Mullin CA, Frazier JL, 2014. Four

of pesticide residues in brood comb on worker honey common pesticides, their mixtures and a formulation
bee (4Apis mellifera) development and longevity. PLoS solvent in the hive environment have high oral toxicity
ONE 6(2): e14720. https://doi.org/10.1371/journal. to honey bee larvae. PLoS ONE 9(1): €77547. https://
pone.0014720 doi.org/10.1371/journal.pone.0077547

Spanish Journal of Agricultural Research December 2022 « Volume 20 o Issue 4 « €0305


https://doi.org/10.1371/journal.pone.0014720
https://doi.org/10.1371/journal.pone.0014720
https://doi.org/10.1371/journal.pone.0077547
https://doi.org/10.1371/journal.pone.0077547

	_Hlk104547875
	_GoBack

