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A B S T R A C T   

Demand for food is growing along with the human population, leading to an increase in plant production. Many 
crops are pollinated by insects, so the global demand for managed pollinators is also increasing. The honey bee 
has traditionally been considered the main provider of crop pollination services. For providing it beekeepers 
seasonally transport hives to different locations after the flowering of different crops. These movements could be 
detrimental to pollinators by: i) stressing honey bees, making them more susceptible to pathogens and parasites; 
ii) spreading bee parasites and pathogens across locations; iii) increasing the transmission of parasites and 
pathogens between managed and wild pollinators and vice versa (spillover and spillback, respectively). To un
derstand the impact of migratory beekeeping on bee health, we conducted a systematic review to identify the 
main trends and provide a complete picture of existing knowledge on the subject. We found 52 studies analysing 
pathogen-related impacts of migratory beekeeping on honey bees. However, only 16 investigations tested the 
effect of migratory practices on the prevalence and spread of pathogens and parasites. We found no studies that 
assessed the impact of migratory beekeeping on the occurrence and spread of pests and diseases in wild bees. In 
general, migratory beekeeping tends to increase the prevalence of pathogens and parasites in honey bee colonies. 
However, the results were very heterogeneous, probably due to several uncontrolled underlying factors such as 
management, biological and geographical factors, and the interactions between them. In conclusion, there is an 
urgent need for studies to assess the impact of migratory beekeeping on bee health, given the current global bee 
decline and the expected increase in migratory beekeeping due to climate change and crop pollination demand.   

1. Introduction 

Global demand for food inexorably pushes us towards an increase in 
plant production directly for human use and indirectly through livestock 
feed (van Zanten et al., 2016). This growth is characterised by a trend 
towards intensification of agriculture in the form of monocultures and 
pollination-dependent crops (Aizen et al., 2019), which has indirectly 
led to a decline in wild pollinators (Raven and Wagner, 2021) and an 
increased reliance on managed pollinators to ensure plant production 
(Osterman et al., 2021). Therefore, demand for crops requiring 
insect-mediated pollination has risen (Aizen and Harder, 2009). 
Although the most diverse group of pollinators is the Lepidoptera (140, 
000 species; Wardhaugh, 2015), Hymenoptera (70,000 species) and 
especially bees (20,000 species; Michener, 2000) are considered the 

most important pollinators because their body characteristics often 
allow them to transport large numbers of pollen grains, and they are 
generally found in high abundance in both natural and agricultural 
ecosystems (Ollerton, 2017). Bees pollinate most fruit and vegetable 
crops that provide essential nutrients, enrich the diets of human pop
ulations (Eilers et al., 2011) and mitigate essential nutrient deficiencies 
(Smith et al., 2015). Therefore, maintaining efficient pollination stra
tegies is increasingly important (Isaacs et al., 2017; Cheptou, 2021). 

It is known that wild and domestic bees provide comparable amounts 
of pollination for most crops, even in intensively cultivated regions 
(Reilly et al., 2020), yet honey bees are the most dominant species 
globally both in natural (Hung et al., 2018) and agricultural (Allen-
Perkins et al., 2021) ecosystems. Additionally, it is the most frequently 
reported as the main pollinator of the most important crops as perceived 
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by growers (Garbach and Morgan, 2017). This is reflected in crops such 
as almonds, for which an entire beekeeping industry has focused on 
providing large numbers of honey bees in the United States. In fact, 
during almond blossom, two-thirds of all honey bee colonies in the 
country are used to pollinate Californian almonds (American 
Beekeeping Federation, 2018). The estimated value of pollination ser
vice revenue from managed honey bee pollination in the United States 
(USA) is approximately US$17 billion per year (Calderone, 2012). 
Across the European Union (EU), insect pollination of crops accounted 
for €14.6 [±3.3] billion annually, equivalent to 12 (±0.8) % of the total 
economic value of annual crop production (Leonhardt et al., 2013). 

In order to meet the demand for pollination, honey bee colonies are 
transported at different distances that vary greatly depending on the 
area of the country and the crops visited. In the most extreme cases, such 
as those occurring in the USA, colonies are transported at continental 
scale across several states by trucks to a range of monocultures such as 
blueberries, cranberries, almonds, and citrus (vanEngelsdorp et al., 
2013) for months at a time. At each stop on the journey, millions of 
honey bees from different origins converge on a single crop during 
flowering, which usually lasts about a month and may offer little forage 
diversity (Colwell et al., 2017). However, not only in Europe but also in 
Australia and China, such movements often take place nationally be
tween and within regions to take advantage of different blooms to offer 
monofloral honeys to the consumer and to allow honey bee colonies to 
cope with the adverse conditions of increasingly hot and dry summers 
(Jara et al., 2021). 

Over the last 50 years we are witnessing a decline in the species 
richness of wild bees and other pollinators (Zattara and Aizen, 2021). 
Factors considered responsible for this decline include habitat loss, with 
a consequent reduction in the abundance and diversity of floral re
sources and nesting opportunities, and exposure to cocktails of agro
chemicals and to emerging parasites and pathogens that are accidently 
moved around the world due to human action (Goulson et al., 2015). 
Recent studies have shown that stress factors do not act in isolation but 
synergistically (Siviter et al., 2021) and that their interactions can be 
difficult to predict; for example, both pesticide exposure and food stress 
can alter the immune response, making bees more susceptible to para
sites. While pathogens and diseases are mainly threatening managed 
European honey bees (Steinhauer et al., 2018), the decrease in wild 
bees, among other flying insects, seems to be especially driven by 
land-use change and agricultural intensification (Hallmann et al., 2017; 
Raven and Wagner, 2021). In any case, recent studies have demon
strated the transmission of pathogens from honey bees to wild bees and 
vice versa (known as pathogen spillover and spillback, respectively) 
(Martinez-López et al., 2021; Nanetti et al., 2021; Piot et al., 2022). This 
spillover is partly mediated by the presence of infected honey bees in 
different habitats (González-Varo et al., 2017; Manley et al., 2019), 
which can deposit pathogens on flowers and thus cause them to act as 
vectors for pathogen transmission between different pollinator species 
(Singh et al., 2010; Graystock et al., 2015, 2020). 

Given the increased trade in managed honey bees for pollination 
purposes in recent decades, the transmission of pathogens has been 
fostered. This widespread transmission can occur at the landscape scale 
following the release of managed hives into a new settlement, and also 
across a region if managed pollinators are used on a large scale, such as 
during honey bee hives migratory events. As the beekeeping sector has a 
direct influence on ecology, crops, environment and biodiversity, it is 
necessary to develop research and conservation strategies for these 
managed pollinators, with the aim of ensuring the sustainable growth 
and maintenance of the honey bee populations, its health and genetic 
diversity, and the improvement or modernisation of management 
techniques. To this end, it is necessary to promote the identification of 
criteria for the adequacy of beekeeping stocking rates that make the 
sustainable use of beekeeping resources compatible with the conserva
tion of wild bees. In this article we aim to conduct a systematic review of 
studies published to date focusing on: i) the impact of migratory 

beekeeping on the health of honey bees; and ii) the unintentional spread 
of pathogens to and from managed honey bees to wild bee populations 
due to the movement of hives that may contain diseased colonies. 

2. Material and methods 

2.1. Search strategy and records selection 

A systematic literature review was conducted in the Web of Science 
(https://www.webofscience.com/) using the terms: “(migratory 
beekeeping OR mobile beekeeping OR nomadic beekeeping OR trans
humance beekeeping)” together with “AND (pathogen)” or “AND 
(parasite)” for articles published until January 2022. Additionally, we 
also performed specific bibliographic searches with the names of the 
most common bee pathogens (e.g. virus, microsporidia, etc). For the 
topic search, all possible combinations were used. In addition, we per
formed an active search for articles using Google Scholar (https://sch 
olar.google.com) to ensure that we got a complete picture of all avail
able information. 

The Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines (Moher et al., 2009) were used to 
conduct the systematic review. After listing the records found in each 
database, duplicates were removed. Next, titles and abstracts were 
examined and records that did not cover the search keywords were 
removed. Finally, full texts were screened for eligibility using the 
following exclusion criteria: i) language other than English; ii) review 
articles and checklist; iii) topics outside the study question. 

2.2. Data collection and analysis 

Records were carefully reviewed to exclude studies that: only 
mentioned or described the practice of migratory beekeeping in specific 
areas; focused on assessing the cost-effectiveness of migratory 
beekeeping; developed new technological tools to assist beekeepers in 
making migratory movements more cost-effective (i.e. finding optimal 
places or routes). Finally, the studies obtained after this filter were 
examined in detail to extract the relevant information: the hypothesis 
tested, pathogens/parasites assessed, the effect of migratory beekeeping 
on pathogens/parasite prevalence and main conclusion(s) of the study. 

2.3. Number of migratory hives per country 

Information on the practice of migratory beekeeping (=honey bee 
transhumance) in different countries was sought from official govern
ment sites, as well as on scientific literature. 

3. Results 

Following the search process we reviewed 185 articles, 175 from the 
Web of Science and ten from Google Scholar. After applying the analysis 
filters, 133 articles were discarded, leaving a database with a total of 52 
studies analysing the pathogen-related impacts of migratory beekeeping 
on honey bees (Fig. 1; Supplemental Table 1). As we have not found any 
studies on the impact of migratory beekeeping on the prevalence of 
pathogens and parasites in wild bees, our second objective could not be 
developed. 

Of the 52 articles (Supplemental Table 1), 35 were found to be 
related to pathogens and parasites associated with migratory 
beekeeping in honey bees. The remaining studies were related to the 
effect of hive movement on colony losses (17 studies) and the impact of 
migratory beekeeping on the integrity of the genetic composition of 
honey bee subspecies and populations (10 studies). Eight of these studies 
assessed some of these issues together, but only one study was found in 
which all these aspects were analysed together. Of the studies related to 
pathogens and parasites, only 16 of them explicitly assessed the impact 
of migratory beekeeping on pathogens and parasite prevalence in 
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managed honey bees. The remaining were related to the contribution of 
migratory beekeeping to the spread of pathogens and parasites or to the 
prevalence of infectious agents in migratory colonies. 

Of the resulting 16 studies that test the effect of the migratory 
practices on pathogen prevalence and spread, most of them (n = 9) were 
done in the USA, three in South Africa, two in Spain, one in Turkey and 
one in Brazil (Table 1). Given the importance of this beekeeping practice 
in the USA and specifically in California for the pollination of almond 
trees, more studies have been carried out on this continent than in 

Europe. 
Among the pathogens analysed in the included studies, there are ten 

viruses in a total of nine articles, two bacteria genera in two papers, two 
fungi genera in 11, of which ten correspond to species of the genus 
Vairimorpha (=Nosema) (hereafter, Vairimorpha; Tokarev et al., 2020), 
eight on different arthropod species in six of which the spread and 
prevalence of the Varroa mite is discussed, and only two articles ana
lysed the prevalence of trypanosomatids and how this varies with the 
development of migratory beekeeping. 

In terms of the number of publications in the databases used to 
obtain the database analysed here, there has been an exponential growth 
in the number of articles related to the impact of migratory beekeeping 
(Fig. 2). There has also been an exponential increase in the number of 
articles related more specifically to the effects due to contact between 
migratory and stationary hives on the prevalence and dispersal of 
pathogens. 

Migratory beekeeping was found to produce several impacts on the 
honey bee colonies that could be related with pathogen and parasite 
prevalence. 

3.1. Effect of migratory beekeeping on the prevalence of pathogens and 
parasites 

3.1.1. Migratory vs stationary beekeeping 
Only a limited number of observational surveys (16 studies) 

compared pathogen prevalence between colonies with both types of 
management (migratory and stationary hives). Twelve of them found a 
significantly higher prevalence in migratory colonies in some of the 
pathogens or parasites studied (Table 1). On the other hand, five of them 
found that migratory colonies showed a significant decrease in pathogen 
prevalence of DWV (Jara et al., 2021; Simone-Finstrom et al., 2022), 
varroa mites (Traynor et al., 2016a; Alger et al., 2018) or CBPV (Pfeiffer 
and Crowder, 2022). 

The first study on the impact of migratory beekeeping on pathogen 
and parasite prevalence was performed in South Africa. This research 
reported a higher but not significant prevalence of the microsporidium 

Fig. 1. Flow chart of the process of the systematic review on the different 
impacts of migratory beekeeping (MB), including the number of studies ana
lysed at each step of the review process. Detailed data in Supplemen
tary Table 1. 

Table 1 
List of studies included in the analysis of the influence of migratory beekeeping on the prevalence of pathogens or parasites. Colours indicate the level of 
prevalence in migratory colonies compared to stationary colonies: higher (red), lower (green), no significant differences (grey), orange: both increase 
and decrease, part: only in some colonies, int: interaction between factors. 
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Vairimorpha apis and the tracheal mite (Acarapis woodi) in migratory 
colonies than in stationary ones (Swart, 2003). Furthermore, the author 
reviewed the information available about the spread of the parasitic 
Cape honey bee (Apis mellifera capensis) into the distribution area of the 
African honey bee (Apis mellifera scutellata) due to migratory operations. 
Cape honey bee workers can enter African honey bee colonies and lay 
their own eggs, acting as parasites that eventually lead to hive collapse 
(Allsopp, 1992). In this regard, Dietemann et al., (2006) found that 
parasitic infestation of the Cape honey bee on African honey bees was 
higher in migratory hives than in stationary ones. However, parasitic 
loads were smaller only in those stationary apiaries isolated from 
migratory operations. Contrastingly, other studies which analysed the 
prevalence of a wide range of pathogens and parasites in South Africa 
did not find any difference in pathogen and parasite prevalence between 
migratory and stationary colonies (Strauss et al., 2013). 

Recent studies have focused on several pathogens and parasites. 
With regard to honey bee viruses, stationary hives showed in general 
lower prevalences (Table 1). BQCV was found more prevalent in 
migratory colonies in the USA (Welch et al., 2009; Alger et al., 2018; 
Pfeiffer and Crowder, 2022) and Turkey (Tozcar et al., 2015). However, 
some of these differences were transient as BQCV prevalence were equal 
in migratory and stationary colonies after one month in some cases 
(Alger et al., 2018). ABPV had higher prevalence in migratory colonies 
(Tozcar et al., 2015) while DWV prevalence has been found to be higher 
in stationary colonies (Jara et al., 2021; Simone-Finstrom et al., 2022) or 
did not show any significant trend (Welch et al., 2009; Bromenshenk 
et al., 2010; Tozcar et al., 2015; Alger et al., 2018; Bartlett et al., 2021, 
Pfeiffer and Crowder, 2022). Multiple viral infections are not uncom
mon in honey bees (Chen et al., 2006), but seem to increase in migratory 
beekeeping operations, where triple infections were found at a higher 
prevalence (Welch et al., 2009). 

On the other hand, Vairimorpha (= Nosema) ceranae was reported to 
have a higher prevalence in migratory colonies (Zhu et al., 2014; Tozcar 
et al., 2015; Jara et al., 2021). Other studies also reported higher Vair
imorpha spp. spore loads in migratory colonies (Traynor et al., 2016a), 
but this trend was not uniform as some studies did not find any differ
ence in Vairimorpha spp. prevalence between migratory or stationary 
colonies (Guimarães-Cestaro et al., 2017; Alger et al., 2018; Simone-
Finstrom et al., 2022). The information about Varroa destructor was 
highly heterogeneous with some studies reporting a significant increase 
in varroa loads in migratory colonies (Jara et al., 2021), a 
non-significant effect of the management (Strauss et al., 2013; 

Simone-Finstrom et al., 2016; Guimarães-Cestaro et al., 2017) or a 
higher prevalence in stationary operations (Traynor et al., 2016a; Alger 
et al., 2018). Interestingly, Alger et al. (2018) did not find any impact of 
the movement of hives on varroa load when the migratory colonies had 
just arrived, but one month later mites load was higher in stationary 
colonies. The fungi Ascosphaera apis was found more frequently in 
migratory colonies in Spain (Jara et al., 2018) but no trend was found in 
other studies (Strauss et al., 2013; Simone-Finstrom et al., 2022). 
Finally, trypanosomes were just assessed twice and in one study they 
were more prevalent in migratory colonies (Tozcar et al., 2015). 

Additionally, there was one study focused on the development of 
resistance to treatments for V. destructor depending on the management 
of the honey bee hives (migratory vs stationary) (Rodríguez-Dehaibes 
et al., 2011). Interestingly, these authors found an increase of the 
resistance to treatments in stationary colonies. 

3.1.2. Pathogens prevalence in migratory colonies 
The prevalence of pathogens and parasites was assessed only in 

migratory colonies in seven studies conducted in the USA (Supplemental 
Table 1). Spivak and Reuter (2001) found that migratory beekeeping 
tends to homogenise the mite loads among the different hives. This 
happens when colonies from different origins are placed together in a 
common location, and hence, infected honey bees can drift from one 
colony to another (e.g. when robbing resources) spreading the mites 
across hives. In general, most of the studies found that the prevalence of 
varroa mites were the main factor predicting honey bee health status 
(Glenny et al., 2017; Drummond et al., 2021). The prevalence of varroa 
outperformed the role of other pathogens such as A. woodi, viruses, 
trypanosomes and microsporidia compromising the survival of migra
tory honey bee colonies (Drummond et al., 2021). 

Various studies identified the date of sampling as a key factor in the 
prevalence of the different pathogens and parasites (Runckel et al., 
2011; Glenny et al., 2017; Faurot-Daniels et al., 2020). For example, 
Runckel et al. (2011) found a strong seasonality in pathogens preva
lence: some honey bee viruses and Vairimorpha spp. peaked in summer 
while the trypanosomatid Crithidia mellificae and the virus LSV-2 were 
more prevalent in winter. In the same line, Glenny et al. (2017) and 
Faurot-Daniels et al. (2020) detected that, in general, pathogen preva
lence increases from winter to summer, although contrasting patterns 
were found in some cases (e.g. DWV increased from summer to fall while 
LSV-2 decreased in the same period, Faurot-Daniels et al., 2020). 

The exposure of honey bees to agricultural landscapes seemed not to 

Fig. 2. Cumulative number of publications examining in general the impact of migratory beekeeping (blue dots) and in particular the prevalence of pathogens 
(orange dots) from 1990 to 2022. Exponential trend lines are represented by dashed lines. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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have an impact on varroa or Vairimorpha prevalence in spite of a higher 
exposure to pesticides (Meikle et al., 2017). Furthermore, queen events 
and generally unknown illnesses such as the Idiopathic brood disease 
increased the risk of colony collapse in migratory beekeeping operations 
(vanEngelsdorp et al., 2013). 

3.2. Impact of migratory beekeeping on colony losses and genetic diversity 

There were 17 studies that related winter colony loss rate with 
beekeeping practices, but they showed mixed effects. Most of the studies 
(35%) found an increase in colony losses due to migratory beekeeping, 
even doubling the rate of hive losses (Pirk et al., 2014). These results 
were found in several continents such as North America (Bromenshenk 
et al. 2010), Europe (Gray et al., 2020), Asia (Tozkar et al. 2015) or 
Africa (Dietemann et al., 2006; Pirk et al., 2014). However, some studies 
found no significant differences in colony losses between migratory and 
stationary hives (30%) or even a decrease of these events (35%) in 
migratory operations. In countries such as the USA (vanEngelsdorp 
et al., 2010) or Austria (Oberreiter and Brodschneider, 2020) a lower 
rate of colony losses in winter was found in migratory compared to 
non-migratory beekeeping operations. The reasons evoked to explain 
these results were that beekeepers with migratory operations have more 
experience in beekeeping practice and that migratory colonies have 
access to better foraging sources. Eight of these studies that analysed the 
prevalence of pathogens and colony loss in a joint analysis, resulting in 
contradictory results with migratory colonies showing either an increase 
in pathogens (i.e. V. ceranae: Tozkar et al., 2015; Jara et al., 2021, ABPV: 
Tozkar et al., 2015; LSV: Bartlett et al., 2021; KBV and AKIV: Simone-
Finstrom et al., 2022) or parasites (i.e. A. m. capensis: Dietemann et al., 
2006) prevalence or on the contrary a decrease in some pathogens loads 
(i.e. DWV: Jara et al., 2021; Simone-Finstrom et al., 2022). 

The impact of migratory beekeeping on genetic diversity was ana
lysed in 10 studies and showed more concordant results among the 
different studies, with a large majority (80%) showing genetic change in 
the migratory colonies. Only two studies in Spain found no significant 
genetic differences between both types of management (Arias, 2006; 
Jara et al., 2021). 

3.3. Migratory beekeeping practice in different countries 

In general in the EU there is a certain disparity when it comes to 
obtaining information on the practice of migratory beekeeping: while in 
countries such as Denmark (Kryger pers. comm.), Greece (Bouga pers. 
comm.) or Portugal (Pinto pers. comm.), there is no official information 
on the number of hives moved (although there is evidence that it is 
carried out), in others such as Spain, Romania and Italy it is more 
detailed. 

Spain presents the highest number of hives in the EU and also the 
highest level of professionalisation with 18% of professional beekeepers 
(those who managed more than 150 hives per apiary). These profes
sional beekeepers managed most of the existing hives: of the three 
million hives in Spain, 80% belong to professional beekeepers (MAPA, 
2020). The number of migratory apiaries (around 14,000 in 2021) has 
doubled in the last 10 years compared with the non-migratory ones that 
have remained constant, which may be partly due to the subsidy bee
keepers receive for this beekeeping practice. Migratory beekeeping 
movements take place mainly in the centre and south/southeast of the 
Iberian Peninsula, but there are regions such as the Canary Islands 
where a sharp change in the type of management has been observed in 
recent years with an increase of migratory colonies (from 22% of the 
total number of hives in 2014 to 51% in 2020) (ISTAC, 2020). In 
Romania, the second country in the EU in terms of the number of hives 
(2,247,000), 27.9% of them are included in migratory movements and 
30% in mixed beekeeping practices (Pocol et al., 2021). In Italy (Muti
nelli, pers. comm.) the percentage of apiaries carrying out migratory 
beekeeping is 44%. This value is higher than 80% in southern regions 

such as Calabria (85%) and Sicily (83%) but it is also a very frequent 
practice in northern regions such as Valle D’Aosta (84%) and Piedmont 
(74%). In Austria colonies migrate mainly to harvest special honeys, 
while migratory beekeeping for a paid pollinator service is rarely used 
(Oberreiter and Brodschneider, 2020), but again there are no statistics 
on the number of moving apiaries. Migratory beekeeping has been 
practised in the Carpathian Basin for at least 300 years (Pinke et al., 
2021) to produce monofloral honeys and has been shaped by changes in 
cropping patterns. Within the EU, migratory beekeeping can take place 
between neighbouring countries such as Germany and Denmark where 
approximately 400 hives are moved each year, both for the pollination 
service and for the health benefits of consuming clover pollen. In 
western Denmark, there are landscapes with a lot of heather, Calluna 
vulgaris, and many beekeepers move their hives to these areas for the 
attractive honey (Kryger, pers. comm.). 

In the USA, there are an estimated 2.7 million commercial honey bee 
colonies (i.e. those that are migratory), more than half of which are 
contracted to pollinate a variety of crops (USDA, 2021). To meet this 
demand, large numbers of honey bee hives are moved between crops 
regionally and nationally (Alger et al., 2018). The conditions of 
migrating hives vary greatly depending on the distance travelled and the 
crops visited. In the most extreme cases, colonies are trucked to a range 
of monocultures including blueberries, cranberries, almonds, and citrus 
(vanEngelsdorp et al., 2013) for months at a time. At each stop on the 
journey, millions of honey bees from different origins converge on a 
single crop during flowering, which usually lasts about a month and may 
offer little forage diversity (Decourtye et al., 2010; Colwell et al., 2017). 
The crop with the greatest pollination needs is primarily California 
almond, which required approximately 81% of USA honey bee colonies 
in 2018 (USDA, 2018). In that year over 1.8 million hives were sent to 
California, a figure three times the number of hives native to California 
(USDA, 2018). This demand for almond pollination constitutes 
approximately one-third of USA beekeeping revenue, and many com
mercial beekeeping operations depend on the almond pollination mar
ket (Lee et al., 2019). Other migratory movements of honey bee hives in 
the USA involve the pollination of wild berries, such as blueberries. In 
this regard, more than 80,000 hives were brought to Maine in 2016 to 
pollinate wild blueberries (Lund, unpublished data in Drummond et al., 
2021). 

In Saudi Arabia, most beekeepers practice hive migration to avoid 
extreme weather conditions or lack of food. A survey found that 93% of 
beekeepers reported moving their hives 2–9 times a year (Adgaba et al., 
2014). The high domestic demand for honey and the high price it fetches 
make it a very profitable activity. However, most beekeepers (71%) use 
traditional hives instead of modern hives. Several authors (Ansari et al., 
2017, Poole, 2021) have concluded that the importation of honey bees, 
together with the high mobility of hives, poses a major threat to the 
spread of honey bee diseases in the country. 

In India, migratory beekeeping with Apis mellifera allows 4–5 har
vests per year with an average annual yield of approximately 50–60 kg 
per hive, which represents a significant economic income (Sharma et al., 
2013, Kishan Tej et al., 2017). In addition, migration improves the 
strength of the colonies (Brar et al., 2018). Migratory beekeeping is 
practised both within states and on a large scale between states. In 
northern India, transhumance occurs between plains and hilly areas, 
taking advantage of flowering crops such as rapeseed, mustard, lychee 
orchards or sunflower fields. In southern India, they take advantage of 
the flowering of rubber and tamarind plantations (Kishan Tej et al., 
2017). 

In China, where there are approximately six million A. mellifera hives 
(CNCAGR 2011), the demand for honey bees for pollination in agricul
ture is receiving increasing attention (Zheng et al., 2018). Honey bee 
colonies rented or purchased for pollination of watermelons and 
strawberries in greenhouses are mainly from sedentary apiaries, located 
close to farms or greenhouses. Although it is estimated that 80% of 
A. mellifera beekeepers migrate across the country in search of different 
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honey streams (Zheng et al., 2018), the pollination market is not 
developed enough to provide sufficient business for migratory apiaries. 
Basically, colonies move from southern China to the north and then from 
the north to the south every year. These long-distance transhumance 
movements can be over 3,000 km each year although there are shorter 
ones. On the other hand, of the five endemic species in China, the use of 
A. cerana in pollination is also increasing (Zheng et al., 2018), which has 
led to a high demand for colonies of this species. 

In Australia there are about 600,000 hives (RIRD, 2007) and in states 
such as New South Wales about 200,000 are managed by commercial 
beekeepers (those with more than 201 hives). Renting hives to farmers 
who benefit from honey bee pollination is an important source of in
come. This paid pollination takes place in most states and is most 
important in the almond orchards of Victoria and South Australia. It is 
estimated that 100,000 hives will be required for almond pollination 
over the next two years. Despite large equipment and subsidies for their 
purchase, most beekeepers only move their hives as often and as far as 
necessary because they prefer to work in their localities. Typical long 
journeys are to the aforementioned almond pollination, and, in case of 
drought, to any place where it has rained. On the other hand, as stated 
by Clemson (1985) in RIRD (2007) “virtually all commercial honey 
production in Australia is from hives that are moved (migrated) from 
one source of pollen and nectar to another”. 

4. Discussion 

4.1. Migratory beekeeping definition 

In order to design effective management measures to mitigate the 
effects of pathogens spread on bees, a first step is to define the concept of 
migratory beekeeping (also called nomadic or mobile beekeeping or 
transhumance of honey bee hives). This is not so simple because in each 
territory the purpose and dimension of this beekeeping practice changes, 
so it has to be adapted according to the geographical area where the 
assessment is carried out. An initial definition to elaborate on is that 
migratory beekeeping is the seasonal transport of hives by beekeepers. 
The reasons for moving hives have been diverse. Traditionally, it has 
been done to maximise honey production according to the availability of 
floral resources due to differences in flowering time at different altitudes 
or latitudes. This ancestral practice is widespread in the Mediterranean 
basin and there are numerous written records from antiquity on the 
transport of beehives by land (with animals) and even by sea or rivers 
(with ships) around the Mediterranean area (Pliny 21.73–78, Columella, 
Rust. 9.14.19) to exploit floral resources. However, in recent decades, 
migratory beekeeping has been promoted as a pollination service for 
economically important crops such as almond or apple orchards. The 
movement of honey bee colonies to service pollination contracts with 
agricultural producers or to support honey production for profit is also 
known as commercial beekeeping in countries such as the USA or 
Australia where the vast majority of hives are migratory. However, in 
many cases trade in honey bee products does not involve transhumance 
movements to obtain them. Therefore, two types of migratory 
beekeeping could be defined: for honey production and for providing the 
service of pollination. Both types of hive movement involve different 
management, with potentially different implications for pathogen and 
parasite spread. For instance, hives involved in pollination services 
might have higher exposure to pesticides (e.g. Traynor et al., 2016b) and 
worse nutrition in the case of intensified agricultural landscapes with 
monocultures and/or crops with poor quality pollen or low nectar pro
duction (Colwell et al., 2017). However, hive locations for honey pro
duction are selected based on the quality of floral resources which 
generally means better nutrition. We thus recommend that future 
studies take these differences into account when assessing the impact of 
migratory beekeeping on honey bee health. 

4.2. Impact of migratory beekeeping on pathogen and parasite prevalence 

Migratory beekeeping and managed honey bee trading have allowed 
the spread of pathogens and parasites such as Vairimorpha ceranae, 
Varroa destructor and Ascosphaera apis among others (Owen, 2017) 
globally, regionally and locally. It is well-documented that migratory 
beekeeping had an important role in the propagation of A. woodi in 
Mexico (Eischen et al., 1990). More recently, migratory beekeeping has 
been crucial for the spread of the small hive beetle (Aethina tumida) 
across countries within continents, and for this reason, a ban on 
migratory beekeeping in areas where the parasite is spreading has been 
proposed as an essential measure to control its dispersal (Schäfer et al., 
2019). Therefore, migratory beekeeping should implement measures to 
avoid the spread of honey bee pests and diseases. In that sense, molec
ular tools can help to perform fast, cheap and extensive testing pro
grammes to detect the presence of honey bee pathogens and parasites 
(Grangier et al., 2015; de Miranda et al., 2021). On the other hand, it is 
also important to keep national records of hive movements performed 
by beekeepers, a procedure already performed in some countries (e.g. 
Spain). This should help to unravel the pathways of pathogens and 
parasites spread by identifying locations that are connected by migra
tory movements. For instance, Gordon et al. (2014) analysed how 
migratory beekeeping movements in south-eastern Australia connected 
different locations in the area by applying a network approach. 

There were a limited number of studies testing the effects on 
migratory and stationary colonies, and most of them found higher 
prevalence of pathogens or parasites in migratory ones. This could be 
explained by several reasons such as i) higher oxidative and heat stress 
(Simone-Finstrom et al., 2016; Melicher et al., 2019), ii) higher proba
bility to come into contact with other colonies, which increases the risk 
of pathogen transmission (Welch et al., 2009), iii) higher exposure to 
pesticides (Traynor et al., 2016b), iv) increased brood rearing (Jara 
et al., 2021), and v) a reduction in forage diversity in pollination service 
operations (Colwell et al., 2017). However, studies showed highly het
erogeneous results on the impact of migratory beekeeping on the prev
alence and spread of pathogens and parasites, probably due to several 
uncontrolled underlying factors that may affect the outcomes of the 
performed studies, such as management, biological and geographical 
factors, and the interactions among them. 

An important factor to consider in studies is the management of the 
hives by the beekeepers, that is known to influence the pathogen prev
alence (e.g. Jara et al., 2021; Bartlett et al., 2021). As a general rule, the 
management of large-scale migratory beekeepers is very different from 
the techniques used by small-scale, mainly stationary beekeepers (Welch 
et al., 2009; Bartlett et al., 2021), which is generally not reported or 
under-described in most studies. Some key aspects such as preventative 
and curative pest controls, operation size, supplemental feeding, queen 
replacement or the age of the queens, can affect the results obtained. 
Additionally, there are large differences in the migratory beekeeping 
practices (operation size, treatments, migratory purpose, …) among 
regions and countries making it difficult to interpret the observed dif
ferences between studies. The migratory beekeeping practised in the 
USA, where hives are transported at continental scale for thousands of 
kilometres, differs greatly from the generally short movements per
formed in Europe, Africa, or South America (see Table 1). Greater dis
tances between the origin and the final destiny of hives would 
potentially mean a higher oxidative and heat stress of the honey bees by 
increasing the time of transportation (Simone-Finstrom et al., 2016; 
Melicher et al., 2019). Furthermore, there are marked differences in 
management. For instance, there are differences in the chemical prod
ucts authorised to treat the pathogens and parasites that affect honey 
bees: the use of some products to treat V. ceranae infection is allowed in 
the USA but not in the EU which might complicate obtaining conclusive 
results on the impact of migratory beekeeping on pathogen prevalence. 
For example, there were opposing results in Varroa mite prevalence 
between migratory and stationary beekeeping operations in two recent 
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studies (Alger et al., 2018; Jara et al., 2021). These differences may be 
due to the differential management between the two studies, in terms of 
the distance travelled (4,300 vs 430 km), the purpose of the migration 
(almond pollination service vs honey production), supplemental feeding 
(present vs absent), mite treatment as well as differences in colony size. 
This mite is known to be the main vector of several viruses, affecting the 
load of several viruses (Le Conte et al., 2010). Thereby, investigations 
assessing the impact of migratory beekeeping on honey bee health 
should always frame their conclusions taking into account the pecu
liarities of the beekeeping in their study area to avoid the emergence of 
apparent contrasting results that can not be actually compared. 

There are several biological factors that should be considered for 
explaining differences in pathogens prevalence. For example, several 
recent studies have found that the effects of migratory practices on 
pathogen level varied with age, behavioural and life-history stage 
(Simone-Finstrom et al., 2022). Adult honey bees had higher loads of 
rare viruses such as AKI complex followed by higher levels of DWV and 
Varroa in the late season. Also, they found an overall decline of IAPV and 
KBV viral loads and EFB in foragers compared to in-hive honey bees. 
Additional biological factors, such as the richness of bee species present 
in each area, the relative abundance of social bee species or the abun
dance of floral resources, drive the temporal dynamics of parasites 
(Graystock et al., 2020). Furthermore, there is evidence that floral traits 
affect pathogen transmission (Adler et al., 2021), suggesting that it will 
also be modulated by flower availability and species diet breadth (Pro
esmans et al., 2021). 

It is also important to take into account several geographical factors 
that could explain these heterogeneous results such as i) landscape 
composition, ii) differential agrochemical exposure or iii) climatic ef
fects. Landscape composition can be an important element in under
standing potential inter- and intraspecific pathogen transmission by 
concentrating or diluting pollinator interactions (Proesmans et al., 
2021). The study by Figueroa et al. (2020) found that intensively 
managed agricultural landscapes in which mass flowering crops are 
visited for pollination services, could reduce the spread of pathogens 
(Figueroa et al., 2020). In contrast, other studies found no significant 
effect of landscape on pathogen prevalence (Meikle et al., 2017; Olgun 
et al., 2020). 

In the same way, there is a differential exposure to agrochemicals 
depending on the monoculture, the season and the region or country 
where migratory beekeeping takes place. Several studies have shown the 
complex interaction between pesticide exposure and the ability of honey 
bees to resist or tolerate pathogen infection (O’Neil et al., 2018; Har
wood and Dolezal, 2020), and how there are country-dependent re
sponses to specific pesticides on honey bees and wild bees (Woodcock 
et al., 2017). This impact is greater in migratory beekeeping colonies 
because they are subject to increased pesticide exposure compared to 
stationary ones which depends on both the crop and the timing of the 
pollination service (Traynor et al., 2016b). For example, migratory 
colonies are exposed to a specific combination of several agrochemicals 
with synergistic toxicity to honey bees in pollination operation in Cali
fornia almond crops (Wade et al., 2019) or high level of pesticide in late 
cucumber pollination (Traynor et al., 2016b). 

Several studies have also highlighted the important role that climatic 
variables play in disease prevalence and risk in honey bees (Giacobino 
et al., 2017; Rowland et al., 2021). At a continental scale, however, no 
relationship has been found between honey bees and viral prevalence, 
probably due to features of their social life that allow them to regulate 
hive temperature or maintain food resources in good condition (Piot 
et al., 2022). However, this study has found a correlation between viral 
prevalence and climatic variables in wild bees that could impact honey 
bees by spillback. 

There have been just a few studies that have analysed how pathogen 
prevalence and abundance varied in migratory and stationary hives with 
the date of sampling or seasonality (i.e. vanEngelsdorp et al., 2013; 
Alger et al., 2018; Jara et al., 2021; Simone-Finstrom et al., 2022). Some 

of them identified seasonality as a determining factor for pathogen 
prevalence (i.e. Runckel et al., 2011; Glenny et al., 2017) even with 
stronger effects than the type of management (Guimarães-Cestaro et al., 
2017; Alger et al., 2018). There are some general trends in pathogen 
seasonality such an increase of DWV or decrease in Variomorpha species 
as the season progresses. However, this effect varies according to the 
type of management. For example Simone-Finstrom et al. (2022) 
showed higher BQCV in the migratory than the stationary colonies early 
in the season but in late season the opposite trend was found. 

Finally, these differences can be explained by the lack of uniformity 
of the variables analysed, and the methodological heterogeneity across 
the studies. Small sample sizes, lack of proper control, methodological 
differences or the timing of sampling increase the heterogeneity of re
sults. For example, the pathogen prevalence changed from the lowest 
during almond pollination to very high after almond pollination (Cavigli 
et al., 2016). As a result, the impact of migratory beekeeping on certain 
pathogens or parasites such as Varroa mites show disparate results with 
both increasing or decreasing the prevalence. It does not make sense to 
compare the prevalence of Varroa mites between stationary and 
migratory hives if there is no information about the number of brood 
combs or acaricides applied in the colonies as potential significant dif
ferences found could be caused by these factors. Therefore, studies 
aiming to provide conclusive results on the impact of migratory 
beekeeping on honey bee health should include a comprehensive 
description of the hives management and should implicitly account for 
this in their experimental design. 

In the same way, most of the studies lack proper controls in their 
experimental design. Honey bees can travel for long distances looking 
for floral resources (more than 9.5 km; Beekman and Ratnieks, 2000), 
and hence, different colonies can exchange pathogens and parasites 
when sharing floral resources at the landscape level (Graystock et al., 
2015). Thus, research analysing the impact of migratory beekeeping on 
pathogen and parasite prevalence should ensure that their controls (i.e. 
stationary colonies) are properly isolated from other migratory colonies, 
otherwise results obtained would be unreliable. In that sense, only two 
of the studies considered in this review included a control with honey 
bee hives isolated from the influence of other migratory colonies (Die
temann et al., 2006; Alger et al., 2018) and significant differences be
tween migratory and stationary colonies were only detected in some 
cases when this factor was considered (Dietemann et al., 2006). 

Heterogeneous results obtained in studies assessing the impact of 
migratory beekeeping on colony losses can be explained by the same 
factors mentioned above (i.e. biological, geographical, climatic and 
management factors). Most of the studies that analysed the impact of 
migratory beekeeping on the genetic change identified an effect on the 
genetic diversity and structure of honey bee populations. However, 
there is no empirical evidence about the consequences of these changes 
on the health of the honey bees and their susceptibility to pests and 
diseases. 

5. Conclusion 

The information available about the impact of migratory beekeeping 
on bee health is still scarce. More studies on the issue with robust 
experimental designs (fine-scale temporal monitoring, pesticides expo
sures, managements, etc) are urgently required to disentangle the 
complex interaction between the above-mentioned factors over the 
pathogen and parasite prevalence on managed and wild bees. 

Migratory beekeeping is expected to increase in the future due to 
climate change (Vercelli et al., 2021) and the increasing demand of 
managed pollinators to cope with crop pollination. Furthermore, there 
are no specific studies assessing the role of migratory beekeeping on the 
spread of pathogens and parasites across wild bee communities which 
results astonishing given the current worldwide decline of bees. Due to 
increasing evidence of pathogen transmission from managed to wild 
bees (Manley et al., 2019; Martinez-López et al., 2021; Nanetti et al., 
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2021; Piot et al., 2022), there is an urgent need for future studies to 
assess the impact of migratory beekeeping on wild bees. For this, studies 
with appropriate experimental designs with a control area free of 
managed honey bees, and taking into account all the above mentioned 
factors are needed. A better understanding of transmission dynamics 
throughout the year is required to detect both spillover and spillback, as 
well as the role of pathogen transmission between generations of solitary 
bees via contaminated pollen (i.e. Bramke et al., 2019). Moreover, given 
the important role of managed honey bees in the transmission of path
ogens into wild bee communities, pathogen and parasite management 
strategies targeting migratory beekeeping could greatly increase the 
efficiency of controlling the transmission of pathogens in local bee 
communities. Although the translation of results obtained under 
controlled conditions to the real world is sometimes complex, a labo
ratory or semi-field proxy for analysing the effect of transhumant 
practices is needed to further dissect the detailed mechanisms of path
ogen transmission induced by hive movements. 
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