Bees as detectors of airborne pollen quality and quantity.
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Abstract

Airborne pollen quantity and quality have been studied using mechanical methods and filter, the aim is to monitor the flowering behaviour, pollinosis prevention, phytogeography or more recently for reliable crop yield prediction. 

These methodologies have been extensively essayed and have shown to be of great interest leading to the gradual field networks expansion. 

However, the success of these methodologies for pollen flow pattern depend of several random variables such as wind speed and direction, relief and the rain washing effect, which directly affect the range of instant scanning area. Although they may be adjusted to large open fields with only a few flowering species they lack of consistence in places with a wide range of flowering plants.

In this work, we have approached pollen patterns in two Northern Portugal regions using simultaneously Cour traps and beehives equipped with pollen traps. 

Our results shown that bees are of great interest for complementary use in pollen screening since they are completely independent of wind direction and relief. They can also balance rain effects and are able to enlarge some under-detected flora peaks. Bees have a known almost stable and large collection area, are free of pollen backflow effect and spores contamination. 

In addition, bees are active pollen collectors. Pollen grains enter in the beehives just after the anthesis, this aspect could give us, in some cases, more than a week of advance in pollen detection and airborne evolution. This shows the advantage of using simultaneously both methods for advising allergy proposes. 

Also, integrating all variables, the simultaneous use of both methods enhanced the airborne pollen quantity and quality estimations and thus, lead to more reliable and wider crop yield predictions.
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INTRODUCTION
Airborne pollen has been studied so far, mainly for medical allergic purposes. In 1873 Charles Blacley undertook the first systematic studies of pollen on the atmosphere to explain the “Hay Fever” (Wodehouse, 1935).
More recently, aeropalinology has shown of great interest for reliable crop yield prediction (Pinto-da-Silva, 1960; Cour & Van Campo, 1980; Cunha, 1996), with special application on vineyards management, after the development of an integrated bioclimatic model (Cunha, 2001). 
Medical and agro-economic strategic objectives brought aeropalinology science up to notoriety and have justified the gradual expansion of national and international networks.
Pollen studies are carried out using airborne pollen samplers. There are many types of equipment, which can be divided in two main groups: gravimetric equipment, which is based on sedimentation by gravity and volumetric equipment, which intercepts the air particles in an active or passive way (Cunha, 2001). 
One of the most simple and reliable equipment is the “Cour” type sampler (Cour, 1974). This gravity-volumetric or impact sampler is constituted by a wind directed support, where two vertical gauze filters intercept air pollen flows allowing to estimate atmospheric pollen concentration (Besselat et al. 1997, Cunha et al., 2001).
The efficiency of all airborne samplers is dependent upon several variables, the most important of which is the rainfall, which washes the atmosphere of pollen and other particles (Brandão, 1996; Cunha, 2001).
Wind is another major problem although its effects are often less relevant than rainfall. In fact, wind speed affects the actual time that pollen takes to reach the sampler and principally pollen’s effective range of spread. Strong wind enlarges the sampling range up to 50 km (Cambon, 1981) and the lack of wind makes the sampler set almost ineffective in collecting pollen. The wind direction is also important, being almost all the samplers’ wind directed. However, persistency of some dominant direction of wind can distort results, as only pollen of plants in the same wind direction pathway will contribute for pollen spectrum (Brandão, 1996).
The relief or the presence of buildings are another important variable, as heavier pollen grains cannot be spread over long distances, particularly if it is necessary to go over an important physical obstacle. As a result, pollen accumulates on valleys and around the bottom of buildings, the later leading to important differences among sampler sets placed apart of just few meters, in a town, as result of great variability in pollen concentration (Sabugosa-Madeira et al., 2003).
In spite of the above potential imperfections that pollen samplers still show, they are the only available equipment for instantaneous pollen concentration estimation. However, when it is necessary to predict the floral evolution, study ecological environment, or adjust to a large number of flowering plants the information provided by conventional samplers may lack in consistence.
Other important factor to be considered is that pollen samplers are only effective for few plant species, mainly most anemophilous plants and only few entomophilous ones. As the majority of plants are entomophilous type, only in some very specific situations their pollen will be detected reliably.
In fact, the misdetected pollen flow of entomophilous plants can have important effects on the medical diagnostic of pollinosis, although allergic reactions are frequently simply associated with anemofilous plants. This happens because heavier pollen, located mainly at the human airlayer level, cannot be well detected by pollen samplers placed some hundreds or kilometres distance or a dozen meters higher of it.
For that we should know at same time the flow of entomophilous pollen. One way to study these flows is to use insects, such as honeybees.
There were many works, which aimed to understand honeybee behaviour, reporting exhaustive lists of highly visited plant species (Percival, 1947 & 1950, Louveaux e Albisetti, 1963; Godinho, 1990; Marrão, 1998), but not aimed to study pollen flows.
As entomophilous pollen collection by bees is an active process, the time between pollen collection and its entrance in the beehive is relatively short, about only a few minutes and in most cases, pollen is collected since the first day of anthesis (Percival 1947).
Bees have a wide, round shaped geographical range of collection, which can be up to 10 km if food is scarce or far way, that is not limited by the relief or building sets (Beekman & Ratnieks, 2000). The hives receive, in few minutes, the entire spectre of the diversity of the available pollen in the environment of some thousands of hectares.
In the present study we aim to study not only honeybee behaviour but also pollen flow patterns along the seasons of the year and the relative abundance of the season plant species.
MATERIAL AND METHODS
Present paper reports to a year long period as part of a major project for pollen studies sponsored by F.C.T., SFRH/BD/7049/2001.
Entomophilous pollen traps and airborne pollen samplers were placed in two regions of northern Portugal, Vairão and Cesar. A Cour type pollen sampler, was used to study anemophilous flows (Cour, 1974) and for the honeybee collected pollen, hives were equipped with upper pollen traps (Lavie & Fresnave, 1963).
Honeybee collected pollen was acetolysed, as described by Godinho (1990), counted as Vergeron (1964) and identified under microscope (X400).
Pollen grains trapped on “Cour” filters were removed, glycerol added, and the counting was carried out, independently of the pollen concentration, with five regular transverse rows of the microscope (X630). The “Cour” method includes the acetolysis technique which has a positive repercussion on pollen analysis (Erdtman, 1960).
RESULTS 
The following considerations focus on bees and “Cour” samplers’ performance on pollen flows detection over the most meaningful plant families.

 
Ericaceae

Although in our study regions, Ericaceae plants flowering time extends over 9 months per year, it is possible to distinguish three main peaks as shown in figure 1:
i) the first Ericaceae pollen peaks corresponded to Erica spp. in March and April.
ii) the second peak corresponds to Daboecia flowering season, in July, simultaneously with Castanea and Rubus (Blackberry) flowering time and,
 iii) the third period was mostly represented by Calluna vulgaris.
During Erica spp. period we should consider the existence of “competition” with Eucaliptus flowers in the bee’s collecting behaviour, which were very abundant (around 50% of collected pollen) until the end of May. Thus, there is a considerable chance of Eucalyptus to be favoured by bees rather than Ericaceae, which could contribute for underestimating the intensity of Erica pollen flow. We also observed that when Daboecia and Calluna plants appeared in the hills, more than 1 km further away of the sampling stations, the pollen estimations were ineffective for “Cour” sampler comparing to hive pollen traps.
In spite of the Erica spp. pollen concentration on the sampler filters, in April and May, rainfall effect over the “Cour” sampler lead to the lost of the maximum peak.
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Figure 1: Ericaceae's pollen concentration in Cour filters and porpotion of collection by honeybees.
Plantaginaceae

Plantago lanceolata and Plantago major were the most representative species of this family on the study regions.
Insects like Bombus spp. and bees regularly visited as reported by Percival (1947) and Godinho (1990).
In our study case P. lanceolata flowered slightly in same proportion all season long and because anthers are well exposed to the wind, this pollen type is well detected by "Cour" samplers, confirming previous results (Ribeiro et al 2003).
However, plantains are not bee’s first choice, since they only visit it in lack of better pollen sources (Godinho, 1990). Because of this, as shown in figure 2, we report up to 15% of plantain pollen harvested during the first three weeks of June, just between the end of Eucaliptus and Erica spp. flowering periods and the beginning of blackberry, chestnut and Daboecia flowering time. Again, in light of lacking better pollen sources, at the end of August and during September, bees harvested up to 35% of plantains pollen.
Due to bees behaviour towards plantain’s pollen and due to its wide wind dispersion, plantain’s pollen flows, which may be a cause of pollinosis (Rodriguez et al., 2001), have to be surveyed by the “Cour” sampler.
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Figure 2: Plantain's pollen concentration in Cour filters and porpotion of collection by honeybees.
 
Apiaceae (Umbelliferae)

According to the flowering periods of representative species two major groups in the Apiaceae family were defined: the spring and summer groups.
Apiaceae species occurred far away from “Cour” samplers, which may be the reason why there was a difference in the arrival time of the first pollen between the “Cour” filters and the beehives, up to one week earlier in the hives.
In spite of many unwanted effects during the summer period such as the rainfall washing, the wind direction and the differences of time between anthesis and pollen detection, introducing a great amount of “noise” shown in figure 3, the “Cour” samplers were superior to bees, since almost none Apiaceae pollen was observed in pollen traps during the hot season!
However, during spring, as opposite to summer’s behaviour, bees showed a very high interest in Apiaceae, up to 40% of the total collected pollen.
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Figure 3: Apiaceae's  pollen concentration in Cour filters and porpotion of collection by honeybees.
 
Oleaceae

In spite of the non-existence of traditional olive (Olea europea) orchards in the studied regions, during the flowering time of sparse olive trees, bees showed highly interest in this pollen type (almost 50% of pollen collected, figure 4). Also due to the amount of pollen produced by each olive tree, important pollen concentrations were found on the "Cour" filters, up to 700.000 pollen grains/m2/day.
Due to bee's high interest in olive tree pollen, in spite of being an anemophilous plant, we can determine the precise time at which the arrival of this pollen type stops. Thus, bees provide a very realistic method for Olea pollen flow estimation, as opposite to “Cour” pollen samplers that are susceptible to be affected by rainfall and can over-detect olive pollen from reflows in June due to it’s great amount.
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Figure 4: Olea's  pollen concentration in Cour filters and porpotion of collection by honeybees.
Castanea (genus)

Among beekeepers chestnut tree is considered as a good source of pollen and nectar for bees.
Due to great production and pollen dispersal, chestnut tree can become a serious problem to allergic people, since concentrations higher than 106 pollen grains/m2/day can be found, figure 5.
In the study case, chestnut pollen reached pollen samplers later than in beehives, but it was detected for a longer period in “Cour” filters probably due to noisy reflow effects.
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Figure 5: Castanea's pollen concentration in Cour filters and porpotion of collection by honeybees.

DISCUSSION

Many factors, being the weather the main one, had important effects on "Cour" airborne sampler, frequently leading to strong weekly differences in pollen detection. In the present case, weather effects upon “Cour” samplers were such that interfered with the detection of the season floral “peak", which in some cases were missed, as shown with Ericaceae results.
Other factors that slightly changed pollen spectre or enlarged pollen occurrence were the existence of pollen reflow effect. In fact, the Cour airborne samplers detected, during later summer, the reflow of pollen previously stacked in leaves or roofs, identified as belonging to plant species of spring or early summer anthesis, as illustrated by Oleaceae and Castanea results.
Heavier pollen, originated from less abundant plants, or pollen emitted from places far away from “Cour” samplers was possibly underestimated. 
Wind is also a slower vehicle, for pollen transportation, than bees, as they catch pollen just after anthesis and in few minutes can be cought in the hive (Percival, 1947). Due to these transportation speed differences, some pollen was often detected earlier in the hive than in the “Cour” pollen sampler, as can be seen by Ericaceae and Apiaceae results. In addition, the results showed that honeybee-based method was very useful for pollen flows studies not only for entomophilous species but also for anemophilous ones.
On “Cour” samplers the more abundant species detected were from trees (Olea, Castanea, Pinus, Eucalyptus) lead us to think that the pollen produced by trees may be better detected by “Cour” samplers due to its more exposure to the wind. 
The bees’ harvesting behaviour is influenced by the presence of more attractive plants in the field, to which pollen flows, time and flowering spectrum can be determined with greater accuracy than those “less-wanted” species, as shown by the results obtained in Ericaceae and Plantaginaceae. 

CONCLUSIONS
Present results, in spite of concerning to only one year, lead us to conclude that bees are more sensitive to flowering changes than airborne samplers.
Natural pollen dispersion is affected by anthropogenetic and weather parameters that don’t affect bees. So, in order to determine the real local atmospheric pollen concentration an airborne sampler is needed, but the simultaneous use of bees and a traditional airborne sampler gives an accurater model to obtain quantitative and qualitative airborne pollen forecasts, showing the correct and instant image of all environmental pollen emission situations.
An example of a straightforward application of this combined method for pollen flow detection is the production of reliable floral calendars that can be used by beekeepers, farmers and by allergologists, both for predictive management and for immediate decision-making. 
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