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Abstract
Aim of study: Colony losses of the western honey bee Apis mellifera have increased alarmingly in recent years. These losses have 

been attributed to nutritional deficiency, environmental conditions, viral infection and the global presence of the ectoparasite mite 
Varroa destructor. Ensuring pollen availability may improve colony health, so the present study aimed to examine whether the diversity 
of pollen collected by the colony as well as landscape characteristics of apiaries influence colony health.

Area of study: Tenerife Island (Canary Islands, Spain).
Material and methods: Colonies at eight apiaries were sampled in late summer to determine colony strength, presence of varroa and 

load of DWV. Pollen was collected during six months and analyzed. Landscape of each apiary was spatially analyzed.
Main results: Pollen diversity did not correlate significantly with colony strength or the load of DWV, but it positively correlated 

with varroa levels. In contrast, DWV load correlated with varroa infestation, and both variables negatively correlated with colony 
strength. Weak colonies were located in landscapes with areas less suitable for bee nutrition.

Research highlights: These results suggest that DWV and varroa infection as well as landscape characteristics influence colony 
survival, while pollen diversity on its own does not seem to have direct relationship. Our findings highlight the usefulness of DWV 
and varroa as predictors of colony losses, and they suggest the need to carefully assess honey bee apiary location in order to ensure 
adequate nutritional resources.
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Introduction

Growth and survival of honey bee colonies are 
strongly related to the availability of food resources and 
the suitability of land uses, climate, temperature and 
other factors for ensuring adequate nutrition (Keller 
et al., 2005; Brodschneider & Crailsheim, 2010). 

Malnutrition, together with starvation, is considered 
one of the leading causes for declining bee populations 
(Stanley, 1974; Naug, 2009), since nutritional stress 
can weaken the immune system, whose maintenance is 
costly (Field et al., 2002). It may also contribute to the 
alarming losses of honey bee colonies around the world 
in recent years, which likely reflect a complex mixture 
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of factors including malnutrition, environmental 
conditions, intensive beekeeping (Jacques et al., 2017), 
infection with viruses such as deformed wing virus 
(DWV) (Barroso-Arévalo et al., 2019), and the global 
presence of the ectoparasite mite Varroa destructor 
(vanEngelsdorp et al., 2009). 

Honey bees obtain nutrients from nectar, which 
is mainly carbohydrates, and pollen, which provides 
proteins, amino acids, lipids, starch, sterols, vitamins 
and minerals (Stanley, 1974; Roulston & Buchmann, 
2000). Pollen provides protein, which are essential for 
development of hypopharyngeal glands in adult worker 
bees and for production of royal jelly to support normal 
growth, reproduction function and brood rearing 
(Haydak, 1970; Standifer, 1980). Pollen is also important 
for the physiological metabolism (Alaux et al., 2011), 
optimal development of the immune response (Alaux et 
al., 2010) and resistance to pathogens (Schmidt et al., 
1987; Field et al., 2002)  and pesticides (vanEngelsdorp 
et al., 2009). Therefore, lack of pollen results in poor 
physiological conditions and increased susceptibility to 
external threats at individual level, which can lead to 
into colony losses (Keller et al., 2005). Therefore, to 
study the relationship between colony pollen collection 
and health would allow better knowledge of the role 
of this important factor involved in the current loss of 
honey bee populations.

While most studies have focused on whether the 
quantity of pollen intake influences honey bee health 
and resistance to disease, if these outcomes are also 
influenced by the quality, diversity or richness of 
pollen is unclear. The composition or relative amounts 
of amino acids in pollen differ across floral species, 
raising the question of whether these differences 
play a crucial role in maintaining an optimal immune 
response of protective effects by pollen (Di Pasquale et 
al., 2013). Previous studies have revealed that a diet of 
diverse (polyfloral) pollens may lead to greater immune 
competence than a monofloral diet (Alaux et al., 2010). 
This poses the question of whether insufficient pollen 
diversity can compromise the honey bee immune 
system (vanEngelsdorp et al., 2009) and thereby render 
colonies more susceptible to pathogens that have been 
associated with colony losses around the world (Cox-
Foster et al., 2007; Cornman et al., 2012; Kang et al., 
2015). Therefore, the present study aimed to examine 
the possible effects of pollen diversity on honey bee 
colony health.

In addition to pollen diversity, the dissemination of 
pathogens in the apiary can strongly influence colony 
health (Carreck et al., 2010; Dainat et al., 2012; Gisder 
& Genersch, 2017). Among pathogens related to 
colony losses, honey bee viruses are widespread and 
most of them cause covert, persistent infections 

(Evans & Hung, 2000), making them difficult to detect 
and eradicate. Environmental factors, nutritional 
deficiency or parasite infestation can lead to a stress 
status in the colony that promotes viral replication 
and makes the colony less able to resist viral infection 
triggering the appearance of clinical symptoms (Dainat 
et al., 2012; Dainat & Neumann, 2013). Some viruses 
are particularly important due to their distribution 
and high prevalence, such as black queen cell virus 
(BQCV) and sacbrood bee virus (SBV), and/or their 
virulence, such as Israeli acute paralysis virus (IAPV) 
and deformed wing virus (DWV). Remarkably, the 
combined presence of DWV and the widespread V. 
destructor mite correlate with colony collapse and have 
been proposed as colony survival markers (Carreck et 
al., 2010; Francis et al., 2013; Kielmanowicz et al., 
2015; Nazzi & Pennacchio, 2018).

Food quantity and diet composition have been shown 
to influence honey bee physiological and immunological 
functions (Di Pasquale et al., 2013). Consequently, 
the capacity to face infectious diseases and especially 
viral covert infections could potentially be affected by 
diet. Elucidating how pollen diversity influences the 
infection of bee viruses would help clarify the role of 
diet on colony health. Since nutritional deficiency can 
trigger this stress, we hypothesized that colonies with 
poor pollen diversity may be less healthy and, in the 
presence of DWV and/or varroa, more likely to suffer 
damage due to these pathogens. To test this hypothesis, 
we studied whether variations in pollen diversity in the 
diet influence the dynamics of four bee viruses and the 
appearance of viral symptoms in the colonies. Due to 
its importance as vector of viruses, dynamic of the V. 
destructor mite was also considered for this objective. 
A secondary objective was to identify geographical and 
climatic factors from apiary locations that are related 
to increase presence of viral symptoms, depopulation 
or high viral and/or varroa loads thus having a negative 
effect in colony health. 

Material and methods

Study area

The island of Tenerife (Canary Islands, Spain) was 
selected to perform the study for three main reasons. 
First, it is a limited area that has high beekeeping 
activity (5% of Spanish hive census) (MAPA, 2018). 
Second, it offers very different environmental conditions 
for apiary location attending to differences in altitude and 
microclimates. Third, it has a diverse and characterised 
subtropical flora usable by honey bees (Henríquez 
Jiménez & Paricio Núñez, 1979). Specifically, nearly 
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and standardized to have 6-7 frames covered with bees 
and 2-3 frames covered with capped brood, in order 
to select strong colonies. Pollen was collected during 
the spring and summer, from April to September of 
2014, since rainfall, temperatures and flowering vary 
between these two seasons (Henríquez Jiménez & 
Paricio Núñez, 1979). Seven pollen collections were 
performed in apiaries A and E and nine collections in 
apiaries B, C, D, F, G and H. Trial scheme is shown in 
Fig. 2. Pollen pellets were collected from pollen traps 
that were closed 24 h before sampling. All pollen 
samples were collected at the same day of the month 
in all the studied colonies.

Colony strength was measured at the start (April 
2014) and at the end of the study (September 2014) 
by the veterinary technician. At the end of the pollen 
study (September 2014), two types of honey bee 
samples were collected from each colony (adults and 
brood). A total of 48 samples (24 adult samples and 
24 brood samples) were collected in sterile containers, 
were kept on dry ice for the transport and frozen at 
-80ºC until laboratory analyses. Adult samples consisted 
of approximately 50 adult bees that were carefully taken 
by hand from the hive entrance or the honey combs of 
each colony. Additionally, one portion of brood comb 
was taken from each colony. These samples were 
analysed to detect the presence of four bee viruses 
(DWV, BQCV, IAPV and SBV). Given that beekeepers 
selected strong colonies, we assumed that the initial 
state was homogeneous in all the apiaries and, therefore, 

100 of approximately 740 endemisms present in the 
island can be used by honey bees. The specific location 
of each apiary is shown in Fig. 1. 

The study included eight apiaries. Five of them were 
located 500 m above sea level, while the other three 
were below that altitude. Different climatic areas were 
found at different altitudes: coastal zone was under 300 m; 
middle area was at 300-600 m; and alpine area was 
above 600 m. Apiaries C and H were located in the 
coastal zone, where precipitation is low and temperature 
high. Apiaries A, B and G were located in the alpine 
area, which registers the most rainfall on the entire 
island as well as low temperatures (Rodriguez-Franco 
& Cuevas, 2013). 

Sampling design

We studied eight apiaries of A. mellifera (deno-
minated A-H), all of which were maintained in natural 
environments. If there were crops, those were small 
family crops (Fig. 1), which are a common type of 
crop in Tenerife Island. They are small-size orchards 
of horticultural crops and fruit trees, in which the use of 
pesticides tend to be avoided. The apiaries had a size 
between 20 and 40 Langstroth hives, as is common 
in Tenerife´s beekeeping. At each apiary, three 
colonies were selected and sampled for honey bees and 
pollen, thus 24 colonies were included in the study. At 
each apiary, colonies selected were re-queened with 
queens of the same age and genetic characteristics, 

Figure 1. Location of apiaries in the study area.
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we considered that at least one pathogen sampling 
could provide useful information about the evolution of 
the colonies in regard with pollen collection analysis. 
Regarding colony treatments, apiaries C, D, F and H 
were treated against V. destructor during the month 
before the honey bee sampling.

Assessment of bee population and symptoms 

The honey bee population in each colony at the time of 
sampling was estimated by a veterinarian technician, who 
took into account the number of honey bee´s and brood´s 
combs (Delaplane et al., 2013). Colonies with signs of 
poor population (low activity in the entrance of the 
colony or fewer than five bee and brood combs were 
categorized as having a “poor population”; otherwise, 
colonies were categorized as having an “adequate 
population”, considering the beekeeping managing 
and the time of the year. Health-related events were 
also observed in the sampled colonies, such as viral 
symptoms (deformity in wings and nervous symptoms), 
abnormal presence of V. destructor and mortality. 

The presence of any of the health events already 
mentioned was considered together with the assessment 
of bee population in each colony. Colonies that showed at 
least one symptom and/or were classified as having a ”poor 
population” were classified as “weak colonies”, whereas 
colonies with an “adequate population” and without any 
symptom were classified as “healthy colonies”.

Assessment of mite infestation levels

Mite infestation levels on adult honey bees were 
determined at bee sampling (on 28 September 2014). 
Mite infestation levels were calculated as the percentage 
of mites per 100 worker honey bees in the sampled 
colonies, using the soapy water method described in 
(Dietemann et al., 2012). Briefly, 300 adult bees were 
collected from the colony from the sides of the unsealed 
brood combs, shaken in a tube containing soapy 
water and closed with a mesh top. In this procedure, 

mites detach from honey bee bodies and fall through the 
mesh. The percentage of mites was calculated as follows:

% Infestation = (No. mites / No. bees counted) × 100%

Detection and quantification of bee viruses

For each colony, separate pools of 10 honey bees and 
10 pupae were crushed in a mortar in 5 mL of sterile 
phosphate-buffered saline (PBS) (Dietemann et al., 2013). 
This number of honey bees was used as we encountered 
difficulties in collecting pupae in some colonies. However, 
it allows detection of well-established viral infection in 
the colony as detection is performed with 95% probability 
of detection if at least 25% of honey bees are infected 
(Dietemann et al., 2013). This approach of detecting 
infections at an incidence of at least 25% is useful for A. 
mellifera studies because low viral load usually does not 
have a major impact on the colony for the viruses under 
study. In total, two homogenates were obtained from each 
colony. These homogenates were stored at -80 °C.

RNA was extracted from honey bees´s and pupae´s 
homogenates using the column-based Nucleospin II 
Virus® kit (Macherey Nagel) following the manufacturer’s 
instructions. Total RNA was suspended in RNase- and 
DNase-free water and maintained at −20ºC until analysis. 
To ensure the correct preservation of RNA, RNA samples 
were analysed by one-step real-time reverse transcription-
polymerase chain reactions (RT-qPCR) during the days 
following the extraction. After PCR analysis, samples 
were stored at -80 °C.

Samples were tested for presence and load of the 
following four bee viruses in separate one-step RT-
qPCR based on SYBR-green detection as described: 
DWV and BQCV (Kukielka et al., 2008a), IAPV (Maori 
et al., 2009) and SBV (Amiri et al., 2015). Viral load 
in positive samples was quantified absolutely using a 
standard curve constructed with serial 10-fold dilutions 
of known amounts of plasmid DNA, starting from a 
cloned fragment of these virus (DWV and BQCV) into 
a PGemT® TA cloning vector (Promega) in accordance 

Figure 2. Schematic illustration of trial schedule and map. Three colonies in each site were requeened and equalized to 
have 6-7 bee frames and 2-3 brood frames. Colonies were sampled two times during the trial for hive strength, and one 
for bee viruses, and Varroa destructor counts. Pollen was collected nine times (apiaries A, C, D, F, G, H) and seven times 
(apiaries B and E).
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with the manufacturer’s instructions. The slope and in-
tercept of each calibration curve were determined from 
a best-fit line with a correlation coefficient of 0.99. Viral 
loads were expressed in genome equivalent copies (GEC/
µL) of homogenized bee sample and assigned to one of 
four categories of infection (Amiri et al., 2015): virus-free 
(GEC=0); low virus titer, 0<GEC<103; medium virus titer, 
103≤GEC<107; and high virus titer, GEC≥107. Plasmid 
confirmed as positive to each virus by PCR were used as a 
positive control for DWV, BQCV, SBV and IAPV.

Determination of pollen diversity

A pollen trap was placed at the hive entrance to 
collect pollen brought by foragers returning to the 
hive. Pollen was collected at 24 h after the trap had been 
closed, then sent by beekeepers to a central storage 
facility at the “Casa de la Miel” (Cabildo, Tenerife). 

Pollen species and richness were established though 
palynological tests based on the method of Louveaux 
et al. (1978) with some variations. Briefly, pollen was 
diluted in distilled water, stained with glycerogelatin 
with basic fuchsine, and then examined under a 
microscope to determine species. Protein content was 
determined in quintuplicate using Kjeldahl analysis. 

As a measure of diversity, we calculated the 
Shannon index, according to the following equation 
(Shannon & Weaver, 1949; Ramírez-Arriaga et al., 2011):

where H = Shannon-Weaver diversity index; pi = 
proportion of each pollen type i encountered in the 
sample (counted in 500 grains of pollen per sample); 
and ln = natural logarithm. 

Climatic and environmental parameters

Climatic and environmental conditions were studied 
for an area of radius 1,500 m around each apiary based 
on geographic coordinate system (GPS). This area is an 
effective foraging area of honey bees (Winfree et al., 
2007). Land uses, forest cover, anthropogenic infrastructu
re, and landscape configuration and com-position were 
obtained from Corine Land Cover (Corine Land Cover, 
Version 17, 2006) and were represented geographically 
using GIS tools (ESRI, 2011). Temperature and precipi
tation data for Tenerife were obtained from the Weather 
Underground website (https://www.wunderground.com).

Habitat quality was measured in terms of six factors: 
number of land cover types (F1), number of important 
vegetable species for bees (F2), distance to permanent 
watercourses (F3), harvestable area unfragmented by 

infrastructures (F4), presence of animal farms near the 
study area (F5), and crop surface (F6). These factors 
were defined based on a literature review (Naug, 2009; 
Decourtye et al., 2010; Gallant et al., 2014; Simioni et 
al., 2015; Asensio et al., 2016)  and the forestry map of 
the Canary Islands Government (Grafcan, 2015).

F1 was considered good when there were more 
than 5 land cover types. F2 was identified through an 
extensive literature research (Kunkel, 1991), and using 
the forestry map. Once the species were identified, 
protein composition of each species was used to classify 
them; the presence of more than 10 vegetable species 
for bees was considered the best condition for the 
study area. The absence of major roads, urban areas, and 
large bodies (coast) of water or industries around the 
study area was considered the best condition for F3. 
Closeness to rivers and streams (≤50 m) was considered 
the best condition for F4. The absence of animal farms 
near the study area was considered the best option for 
F5, as well as the absence of crop surface (F6).

Statistical analysis 

Statistical analyses were performed using SPSS 22 
(IBM, 2013). All data were stratified into 8 variables 
per colony and type of sample: 3 categorical (Apiary, 
A to H; Type, adult or brood; Health status, healthy or 
weak) and 5 continuous (DWV, BQCV, varroa, pollen 
richness and viral prevalence). Data for continuous 
variables were re-scaled into logarithmic scale. 

Pathogen load was measured separately in adults 
and brood for each colony, and the higher load value 
was taken to be the value for the colony for the given 
pathogen. Pairwise comparisons in pathogen load 
between brood and adult samples were used, as well 
as between “weak” and “healthy”, using the non-
parametric Mann-Whitney U test (with a threshold of 
p-value <0.05). Potential relationships among pathogen 
loads and between pathogens and pollen richness were 
explored using Spearman’s rank correlation. 

A possible relationship between pollen richness 
and colony health category (weak, healthy) was 
explored using binomial logistic regression. Colony 
strength category was the dependent variable and was 
dichotomized as 1=“weak colony” or 0=“healthy colony”. 

Results 

Viral load per colony and per sample

All samples tested negative for IAPV and SBV.
At the level of individual samples (adult and brood), 

DWV was present in 42 of 48 samples; load was high 

https://www.wunderground.com
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in four samples, medium in 11, low in 24 and 5 samples 
were free of DWV. BQCV was detected in 35 of 48 
samples; load was medium in 11 samples, low in 24 and 
13 were free of virus. At the level of colony, DWV was 
detected in 22 of 24 colonies (91.66%), while BQCV 
was detected in 20 of 24 colonies (83.33%). SBV 
and IAPV were not detected. Average viral load was 
<106 GEC/µL (medium and low load) in 41 of 48 
samples in the case of DWV, and in 45 of 48 samples in 
the case of BQCV. 

At the level of apiary, only one of eight apiaries 
(apiary B) showed high DWV load, while no colonies 
showed high BQCV load. The load for both viruses 
was medium in the majority of cases (28 of 48 
samples), especially in apiaries A, D and G, which 
were highly infested by varroa and had significantly 
higher DWV load (p=0.002) than the others. DWV 
load was lower in apiaries treated against varroa 
(p=0.001). DWV loads were significantly higher in 
brood samples with a varroa infestation level higher 
than 15% (p=0.005). 

BQCV loads were significantly higher in adult samples 
than in brood samples (p=0.008). The results of DWV and 
BQCV load in adult and brood samples are summarized 
in Fig. 3. Therefore, colonies with highest BQCV load 
were likely to have fewer combs of brood (p=0.004).

Varroa destructor prevalence

Varroa was detected in 18 colonies (90%) at highly 
variable infestation levels from 0.35% to 42%; 11 of 
18 positive colonies showed infestation levels <10%. 
Apiary B showed the highest infestation level, where 
mites were observed at this apiary during inspection, and 
the three colonies showed clear symptoms of infestation. 
Mite load correlated positively with DWV infection 

intensity (Spearman R=0.504, p=0.002). Apiaries 
treated against varroa showed significantly lower mite 
infestation levels than untreated apiaries (p<0.001).

Correlation between viral load, varroa infestation 
rate and pollen richness

In order to identify any potential relationships 
between viral load, varroa infestation rate and pollen 
richness and diversity, a spearman correlation analysis 
was performed. DWV load and varroa infestation 
rate showed significant correlation, as well as varroa 
infestation rate and pollen diversity, and pollen diversity 
and pollen richness. Results are shown in Table 1.

Honey bee populations and symptomatology

Six of the 24 colonies were classified as “weak 
colonies”. These colonies belonged to apiaries B, D, E, 
F, G and H. The most frequently observed symptom was 
wing deformities, followed by visual detection of varroa in 
the colony. Based on binomial logistic regression, “weak 
colonies” showed significantly higher DWV load (odds 
ratio 1.665, p=0.015) and varroa infestation rate (odds 
ratio 1.059, p=0.044), compared to “healthy colonies”. 

Pollen richness and pollen diversity

Seventy-two plant species were identified in pollen 
samples, with the most frequent species indicated in 
Table 2 together with associated protein content. 

Availability of pollen from diverse botanical origins 
(estimated through the Shannon index) varied along 
the period of study. Pollen richness varied throughout 
the period of study, ranging from 2 to 16; it was 
significantly higher in spring (April to June) than in 

Figure 3. Log-transformed mean loads of DWV and BQCV (GEC/µL) in adult and brood samples at apiaries A to H. 
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summer (June to September) (p=0.023). Shannon 
index ranged from 0.25 to 2.78 and no differences 
between seasons were detected (Fig. 4). Comparison of 
pollen richness and pollen diversity (Shannon index) 
in the last pollen collection (coinciding with pathogen 
assessment) is shown in Fig. 5.

Botanical species identified also varied along the 
study. In September, before honey bee sampling, the 
most frequent plant species were Cistus monspeliensis, 
Kleinia neriifolia, Castanea sativa, Rubus ulmifolius 
and Galactites tomentosa. 

Environmental parameters

Varroa infestation was significantly higher in apiaries 
located 600 m above sea level (p<0.001). 

Habitat conditions were worse (based on the six 
factors considered) around apiaries that were classified as 
“weak colonies” (i.e. dead honey bees around the colony, 
poor population) and that showed higher pathogen 
and varroa levels per apiary. These less favourable 
habitat conditions included the presence of urban areas, 
roads, abandoned fragmented bee habitat and reduced 
bee foraging area, all of which are associated with 
lower availability of natural resources. For example, 
more than one virus infected all colonies in apiary 
B, located near cattle pasture and the coast, factors 
that fragment the habitat; 2 of 3 colonies in this apiary 
had high DWV load, and one colony showed a varroa 
infestation level of 42%. In addition, the foraging area of 
this apiary contained two goat farms and one pig farm. 
Apiary D, which was located very close to the coast 
and had much of its foraging surface occupied by 
family crops, showed high DWV load and medium 
BQCV load, and it had weak colonies that showed 
symptoms (deformed wings) and poor population. In 
apiary E, dead bees around the colonies were observed, 
as well as other symptoms related to varroa and DWV 

presence (deformed wings). The foraging area contained 
crops, urban areas and cattle pasture, as well as 14 
farms of pigs, cattle and goats (Grafcan, 2015). All 
these characteristics can fragment habitat, reducing 
the landscape heterogeneity and availability of food 
resources for honey bees.

Discussion

Malnutrition is one of the causes of honey bee 
losses, as it origins poor vigorous population and brood 
failure. Rarely is pollen entirely lacking from natural 
environments inhabited by honey bees, so the mal-
nutrition that can drive colony losses is more a problem 
of poor pollen quality and diversity, and the latter has 
been related to nutritional quality (Alaux et al., 2010). 
Nutritional quality has been linked to adequate colony 
development (Brodschneider & Crailsheim, 2010). 
Therefore, we investigated whether pollen diversity 
accessible to honey bees at eight commercial apiaries 
on Tenerife Island (Spain) significantly affected colony 
health, which we measured in terms of appearance of 
symptoms, honey bee population, load of four honey 
bee viruses and varroa mite levels. Our results suggest 
that pollen diversity does not substantially influence 
colony health. Although varroa levels significantly 
correlated with pollen diversity, Spearman´s coefficient 
was weak (0.384). While these findings may reflect the 
fact that possible correlations between pollen diversity 

Table 1. Spearman correlation analysis to identify rela-
tionships between pathogen load and pollen diversity. 

Variables Correlation 
coefficient p value N

DWV-BQCV 0.256 0.067 48
DWV-Varroa 0.504 0.002 48
BQCV-Varroa -0.230 0.101 48
DWV-Pollen diversity 0.147 0.317 48
BQCV-Pollen diversity 0.189 0.594 48
Varroa-Pollen diversity 0.384 0.012 48
Pollen richness-Pollen
diversity 0.771 >0.001 68

DWV: Deformed Wing Virus; BQCV: Black Queen Cell Virus. 
Significant results are highlighted in bold.

Table 2. Most frequent plant species identified through 
pollen analysis, and the corresponding protein content.

Botanical species Protein %
Aspalthium bituminosum 25.59
Brassica sp. 20.88
Carlina salicifolia 16.7
Castanea sativa 25.99
Chamaecytisus proliferum 25.72
Cistus symphytifolius 16.59
Citrus sinensis 14.74
Convolvulus floridus 18.87
Daphne gnidium 13.72
Echium plantagineum 35.34
Galactites tomentosa 19.75
Ilex canariensis 22.48
Lilium sp. 17.1
Papaver rhoeas 23.28
Papaver somniferum 23.95
Rubus ulmifolius 24.38
Rumex sp. 15.47
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and health parameters were tested only once (at the end of 
the summer), they may also indicate the need to focus 
on other factors that are more likely to play a strong role 
in determining honey bee health. 

In our study, pollen diversity was higher in April; it 
fell at the beginning of the summer (end of June and 
July) and thereafter did not follow any clear pattern 
except that it remained lower than in the spring in 
almost all the apiaries. These results are consistent 
with the decline in bloom on the Canary Islands during 
the summer (Henríquez Jiménez & Paricio Núñez, 
1979). Brood blocking and death of adult honey bees 
in this season contribute to lower foraging activity and 

therefore smaller colony population. Despite the higher 
pollen diversity in spring, and the association between 
higher diversity and protein content, we did not observe 
the positive correlation between pollen diversity and 
resistance to disease reported by Antunez et al. (2015). 
On the contrary, we found that higher pollen diversity 
correlated with higher varroa levels. A possible 
explanation for this might be that a more diverse diet 
may have a positive impact on individual and social 
immunocompetence and physiology, as suggested in 
previous works (Alaux et al., 2010, 2011; Di Pasquale 
et al., 2013). As a consequence, it may be reflected in an 
increase of brood production, which would encourage 
mite reproduction (Evans & Cook, 2018). Further 
studies on this topic needs to be undertaken before the 
association between high pollen diversity and varroa 
levels is more clearly understood. Thus, these results 
suggest that at the apiaries in our study, and under 
the particular conditions of beekeeping in Tenerife, 
diverse diet by itself may not directly benefit colony 
health. Instead, other factors working alone or in 
conjunction with pollen diversity may influence colony 
resistance to disease. 

Main plant species found in this study were Cistus 
monspeliensis, Kleinia neriifolia, Castanea sativa, Ru-
bus ulmifolius and Galactites tomentosa, which are 
considered flora of bee interest (Silva & Restrepo, 2012). 
C. monspeliensis has high pollen content although 
relatively low protein content. K. neriifolia, which is 
endemic in Tenerife, is often used by honey bees, and it 
produces a large amount of pollen (Kunkel, 1991). C. 
sativa provides nectar and honeydew, its pollen has 
a high protein content (25.99%) and it is frequently 
the only food supply for honey bees. R. ulmifolius is a 

Figure 4. Seasonal variations of pollen diversity (Shannon index) per apiary.  

Figure 5. Comparison of pollen richness and diversity 
(Shanon index) in the last pollen collection (28 Septem-
ber), coinciding with the assessment of varroa infestation 
rate and viral loads.
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source of nectar and pollen, especially when flowers 
bloom in summer, and it has high protein content. In 
contrast, G. tomentosa supplies nectar but relatively 
little pollen (Rodriguez-Franco & Cuevas, 2013). These 
findings show that Tenerife has a diversified vegetation 
for honey bee production. 

Viruses can seriously affect colony survival (Mc-
Menamin et al., 2018). They usually persist in colonies 
as covert infections, without causing obvious damage to 
honey bees. Under certain circumstances, viruses start 
replicating and infections can become overt and show 
symptomatology. Adverse environmental conditions 
(i.e., habitat, climatology), the varroa pressure and 
changes in the population structure of the colony 
might influence overwintering abilities of honey 
bees. In this scenario, opportunistic viral infections can 
promote and cause the decrease the survival ability of 
the colony. Therefore it was examined the load of four 
honey bee viruses in the apiaries of our study. Only two 
viruses were detected in the colonies: DWV was found in 
91.66% of colonies, while BQCV was found in 83.33%. 
Most colonies had only low or medium load of these 
viruses, which is lower than the load measured at apiaries 
on the Spanish peninsula (Kukielka et al., 2008b; Asensio 
et al., 2016). Viral analysis was performed for adults and 
brood separately in order to detect potentially differential 
effects on the two populations. Only BQCV presented di-
fferences for the two populations, in which viral load was 
significantly higher in adults. This finding may be related 
to the viral ability to promote covert infections in the case 
of low pathogenic-viruses, being able to achieve high load 
in adults without causing mortality or any symptoms.  

Both varroa infestation and DWV infection strongly 
influenced the health status of the apiaries in our study. 
Weak colonies, which showed symptoms or poor 
population, also had the highest levels of DWV and 
varroa. None of the colonies died during the study, and 
therefore no relationship between pathogens and colony 
collapse was found. However, this is consistent with 
previous studies that associated DWV load with colony 
weakness, suggesting that it may be a good predictor 
of colony weakness and losses, as it was reported by 
some studies (Cox-Foster et al., 2007; Cornman et al., 
2012; Kang et al., 2015; Kielmanowicz et al., 2015). 
Correlation between DWV and varroa loads was 
found, echoing previous studies (Cornman et al., 
2012) and reflecting the fact that the mite effectively 
transmits viruses such as DWV (Ryabov et al., 2014). 
By feeding on hemolymph, varroa can directly injure 
honey bees while at the same time transmitting 
viruses, activating viral replication and suppressing 
the immune system, rendering the honey bees more 
vulnerable to disease (Yang & Cox-Foster, 2005). This 
can give rise to synergism involving virus-parasite-

host immunity (Di Prisco et al., 2016), which can 
strongly alter the expression of several immune genes. 
These considerations suggest that DWV and varroa 
can act together to affect colony health, and that these 
negative effects are likely to be greater when brood 
is growing, since varroa is reproducing and thereby 
helping DWV to replicate. Further study is needed to 
clarify the roles of each pathogen in the development 
of colony weakness. Future work should also examine 
whether loads of these and other pathogens interact 
with pollen diversity, which negatively correlated 
with infection intensities of some viruses in previous 
work (Alaux et al., 2011) but not in the present study.

Mite control could help avoid colony losses asso-
ciated with varroa and varroa-transmitted viruses, as 
well as reduce risk of strong DWV infection in brood. 
Anti-varroa treatment of apiaries C, D, F, and H 
considerably reduced DWV load in colonies, indicating 
that this virus is not efficiently transmitted horizontally 
in the absence of mites (Kang et al., 2015), and that 
vertical transmission routes are unlikely to lead to heavy 
loads in bee brood. Taking together, varroa infestation 
and DWV infection play a crucial role in the colonies. 
Monitoring viral load, especially DWV load, may help 
detect poor honey bee colony health and predict colony 
losses during overwintering. 

In addition to pathogens, habitat conditions at the 
apiaries in our study strongly affected colony de-
velopment: apiaries located near the coast showed worse 
population or symptomatology than other apiaries, and 
higher altitude was associated with lower colony 
strength. The diversity of habitat conditions across 
the apiaries provided a good opportunity for us to 
assess landscape effects. These findings emphasize the 
need for further research into effects of environment on 
honey bee colonies, and the need to take environment 
into account when lo-cating hives. Landscape features 
that reduce resource availability, such as proximity to 
pastures or urban areas and land fragmentation may 
increase risk of colony loss and risk of collapse 
during overwintering (Highfield et al., 2009; Schroeder 
& Martin, 2012; Asensio et al., 2016). Therefore, 
future studies should deepen on the understanding of 
environmental effect in honeybee colonies.

While the findings of this study should be treated 
with caution because of the limited sampling and 
pathogen analysis, these results nevertheless provide 
evidence that pollen diversity does not directly benefit 
honey bee colony health by itself. This may reflect 
the complex relationships among diet, breeding and 
pathogens: for example, colonies with access to abun-
dant nutrients may breed rapidly, which at the same 
time allows rapid proliferation of varroa and the viruses 
that it transmits. In this way, changes in pollen diversity 
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may exert effects at the colony level without affecting 
health markers such as pathogen load. Another possible 
explanation for our observed lack of correlation between 
pollen diversity and colony health is that a key determinant 
is not so much the species diversity in available pollen, 
but the composition of specific amino acids in that pollen. 
Our analysis of overall protein content in the different 
pollens sampled suggests that protein supply did not 
vary substantially along the study period, but it is still 
possible that the availability of critical amino acids 
did vary, which in turn may have affected colony 
resistance to disease. A third possible explanation for 
the lack of correlation between pollen diversity and 
health markers is that a key determinant is the immune 
strength of the colony (Highfield et al., 2009; Alaux et 
al., 2010), which we did not analyze directly. Future 
work should examine whether changes in the intake 
of specific amino acids affect health markers, and 
whether this diet factor or even pollen diversity directly 
affect the immunocompetence of individuals and the 
colony as a whole. 

As conclusion, this study suggests that pollen 
diversity in Tenerife Island does not significantly 
affect honey bee colony health or resistance to 
pathogens by itself, at least based on the analysis 
of data collected at the end of the summer. Instead, 
varroa parasitism and the presence of DWV exerted 
the greatest stress on the colony at this time. Therefore, 
these two factors should be taken into account for 
assessing colony health in future research.
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