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Abstract

The project for the development of stingless beekeeping and reforestation (PROMABOS) has worked for two years in the North-West of El Salvador. The project motivates beekeepers to develop meliponiculture in the area, in particular with the species Melipona beecheii. Rational hives which were developed by other institutions have been introduced and modified to be accepted by local beekeepers and to fit local conditions. Beekeepers used totransfer and split colonies of M. beecheii. Especially after these interventions, colonies are at risk of infestation by Phorid flies (Diptera, Phoridae), which cause the major colony loss in this region. Pseudohypocera kerteszi infested nearly all the colonies that were split or transferred by the beekeepers in 2002 and monitored by the project. With adequate management, which consist in killing flies and removal of larvae, pupae eggs, P. kerteszi can be controlled within a few days to a few weeks. However, inappropriate management by beekeepers causes very serious damage since. , P. kerteszi may oviposit directly into the brood cells. A colony can be lost within only one week. Around 10% of the monitored colonies died by inappropriate management, more than 30% of the seriously damaged colonies still survived as beekeepers started to eliminate the pest systematically.
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Introduction

Stingless bees

Stingless bees (Apidae, Meliponini), are native to the tropical Americas and just like honeybees (Apidae, Apini), these bees are highly social insects, living in permanent colonies with distinct queen and worker castes. Most species use natural cavities such as tree hollows to built their nest or reside in abandoned or partly occupied nests of ants, termites or parrots. Only a few species construct exposed aerial nest. Apart from the entrance hole, all stingless bee nests are completely enclosed. In some species (e.g. Melipona beecheii and Melipona yucatanica) a small entrance hole with a few soldier bees permits the entering of just one bee at the time. Many species of the genus Trigona build wider nest-entrances and have a larger group of sentinels. In most species, the brood chamber is a separate area in the nest, enclosed by thin layers of cerumen (i.e. a mixture of wax with plant resins).  The brood cells are organised in a pile of horizontal combs. These combs are separated from each other by small pillars of cerumen. As the bee develops in its rearing cell, worker bees scrape wax from the outer surface of the cell that thus gradually becomes more translucent: lighter brood cells contain older bee pupae  than darker cells. Honey and pollen are stored in food pots, which are large egg-shaped vessels that in most species are arranged in clusters. The species Melipona beecheii, which in the project area is most commonly used for husbandry, tends to store pollen in pots around the brood chamber and honey in pots towards the nest walls. Unlike honeybees, Meliponine bees deposit their waste in specific parts of the nest. At these waste dumps workers defecate and dump used cocoons and dead bees. After colony transference, these waste dumps often contain pollen residues. The food stores in the nest of stingless bees, the brood cells and in some cases even the waste dumps are attractive food resources for other insect species, especially Phorid flies (Diptera, Phoridae), ants and other bee species (Michener 1974, Sakagami 1982, Sommeijer & de Bruin 1994). Phorid flies that may invade the nest are especially attracted to the smell of stored pollen.

Stingless beekeeping

Since pre-Hispanic times, Mesoamerican indigenous peoples have bred stingless bees. Melipona beecheii is the preferred species for husbandry as this bee in comparison to other Meliponine species produces a large quantity of good flavored honey to which rural people ascribe many medicinal properties. Nowadays, stingless beekeeping (meliponiculture) has been basically reduced to forested areas that still present the required conditions for M. beecheii to reproduce (e.g. suitable nest sites within a foraging range of approximately 1 km. of the mother nest). Practices of stingless beekeeping have been passed on from generation to generation along with the colonies. In the project area of PROMABOS and before this project started its operation, practically none of the beekeepers practiced colony multiplication by splitting the brood because they stated that as a result the colony gets ´worms´ (e.g. larvae of Phorid flies). Hence, beekeepers depend on the forest for their supply of new colonies. To take a colony home, they cut the branch in which the bees have made their nest and carefully lower the bee-log with ropes. Despite prohibitions, they may cut down the whole tree if the colony resides in the trunk. The bee-logs are suspended under the eaves of the houses where they are protected against rain and sun. The trunks are opened for honey harvest once or twice a year during the dry season. Most beekeepers harvest their colonies in March or April after the flowering of the very common tree "Xikuhnay" ,Vernonia sp. The Pipil rendering of ´bee´ is ´xikuh´ (Campbell 1985) and not surprisingly, this tree is said to be the most important food source for M. beecheii. Apart from opening the hives to extract honey, people generally pay very little attention to the colonies. If well protected, the bees can easily live for over 50 years in the same trunk. However, at some point the bee-log will tend to decay and become unsuitable to house the bees. As (hollow) logs have become scarce in nature, many beekeepers in this area now use cement tubes to house their bees. Although the honey production of M. beecheii per colony is significantly lower than the production of the honeybees, meliponiculture is economically interesting as the lower production is largely compensated by the much higher price of stingless bee honeys and practically no investments are made in materials, time or bee medicines(de Jong, 1999). 

Development of stingless beekeeping by PROMABOS

PROMABOS, the project for development of stingless beekeeping and reforestation () works with local stingless beekeepers in the North of El Salvador in the region around La Palma. In order to develop stingless beekeeping, stingless beekeepers first participate in a basic course, which includes themes like rational hives for stingless bees, colony multiplication and pest control. At the beginning of the dry season in November, the project staff members visit the beekeepers of that year’s course at their homes to assist  with colony transfer from bee-logs or cement tubes to rational hives or to perform colony multiplications. Following these operations, the project staff assists the beekeepers to control pests that may have invaded the colonies. For more information on other project activities see: www.bio.uu.nl/promabos/
Pseudohypocera kerteszi

The phorid fly Pseudohypocera kerteszi Enderlein (Diptera, Phoridae) is considered the major pest of stingless bees in Central America.In the project area this fly is the major cause of colony loss after the transfer of a colony to a rational hive or after colony multiplication Once adult female flies pass the guard bee at the entrance, they start to oviposit in the nest. One female can deposit as much as 80 eggs (Tóth, 1995). Preliminary research by PROMABOS indicates that they oviposit directly on pollen in open storage pots and on the outer surface of these pots, on waste dumps and directly in the brood cells. The egg clutch  sizevaries,  the averagedevelopment time for the eggs has been reported to be about 14  hours. The development stage from larva to pupa takes around 7 days (Robroek et al 2003). The larvae are kleptoparasitic on stored food but as their density increases and food stores diminish, they may also feed on pupae and dead bees (Disney 1994, Salt 1929, Robroek et al 2003). The pupal stage takes 5  to 8 days..  Preliminary observations indicate that particularly the first generation of P. kerteszi causes serious damage.

 Melipona colony transfer from log hives to rational hives

As from the end of October 2002 until mid December 2002, 28 M. beecheii colonies have been transferred from trunks to rational hives and 33 M. beecheii colonies that were still housed in a bee log were multiplied and transferred to rational hives. The rational hives are donated by the project to the beekeepers who participate in the program. The boxes are made of planed wood from Enterolobium cyclocarpum. The boxes are well closed and provided of a small entrance hole of 1  cm diameter (see also Sommeijer 1999). The rational hives can be opened by removing the top board of the box for manipulations such as colony multiplication, pest control and  general inspections of the condition of the colony. The project provides rational hives of two sizes : internal measures of the smaller hive are 15-cm. height, 15-cm width and 50-cm length; the internal measures of the larger hive are 15-cm. height, 20-cm width and 60-cm length. The smaller hives are used for small colonies that normally are housed in cement tubes or in small logs. Depending on the space in the trunk, the brood chamber may be narrow and consisting of many layers, or it can be wide with only a few layers. Especially when the colonies are housed in largelogs, the brood part of the nest is often too wide to fit easily in the hive. Hives are never made higher than 15 cm. as the bees may otherwise construct food pots on top of the brood. In case the brood chamber is too high to fit in the rational hive  it can be horizontally cut in two parts by disconnecting the pillars that separate the combs. If the colony has indeed sufficient brood and bees, the colony may be divided at once. This procedure takes place as follows: the rational hive with the mature  brood is located with some bees at a new location and the hive with the younger  brood and the queen is located at the exact location where the original bee-log was hanging. This will cause that bees that have left the colony will join the colony with the young brood. The brood cells are placed directly behind the nest entrance and kept separated from the bottom of the hive with pieces of cerumen or small twigs. Normally, the colony transfer or multiplication is done at the end of the day. At dusk, bees that have left the colony are more inclined to enter the new hive quickly then during plain daytime. 

Measures to prevent attack by phorid flies

Once the bees have entered the hive, the entrance is closed. The objective of this is to prevent the invasion of Phorid flies. The hive will remain closed for two days. This will allow the bees to  reorganise the brood nest by covering the brood unit with a new involucrum. Therefore, at the moment of multiplication, the colonies should have sufficient cerumen which must be supplied to new boxes. The closed hives should also have a little honey . However, care is taken that  complete or damaged storage pots containing pollen are never transferred to the new hives.  The odor of stored pollen rapidly attracts Phorid flies. 

Montoring for Phorid damage and control of invaded flies

Following the colony transfers, the project staff started the monitoring program of the colonies. Two days after the operation, the nest entrance was opened and the nest cleaned by removing waste dumps and, if present, eggs or larvae of Phorid flies. As many adult Phorid flies as possible were killed. During the subsequent 6 to 8 weeks the project staff inspected the colonies at least every 4 to 5 days. If  Phorid flies invaded the colony in large numbers, the beekeeper was instructed to kill the flies and clean the hive every day, including the removal of pupae if present. If only a few Phorids entered the colony, this cleaning could be done every two days. Every time the project staff revised the colony, data were collected about the number of adult Phorid flies present in the hive, eggs, larvae and pupae. The waste dumps were inspected for the presence of eggs or larvae of the Phorids. At three and six months after the intervention, the project staff revised the colonies for its general condition and the presence of Phorid flies. When colonies of beekeepers who participated in the previous course got seriously invaded by Phorid flies, these colonies were added to the monitoring program. We concentrated the monitoring on the colonies in the worst condition. Once the beekeeper learned how to control the pest, the cleaning of the nest was left to the responsibility of the beekeeper. 

Results of the treatment of the colonies

After these project operations and after adding to this series some hives that were manipulated by beekeepers themselves, a total of 94 colonies was obtained in a state vulnerable to the attack of Phorid flies. In 76 of these colonies adult Phorid flies or juvenile stages were found . In the remaining 18 colonies we did not find any signs of the presence of Phorid flies. This does not necessarily mean that they never entered the hive as they may hide in the nest. 

Normally, when the nests were cleaned regularly, there were only a few flies present. However, if the beekeeper skipped the cleaning procedure for some days the number could suddenly increase to  more than 10 flies observed per inspection. In regularly cleaned nests we never observed large numbers of eggs or larvae. If these were present they were mostly found in the waste dumps, or sometimes larvae were found on the walls of the hives. Once by mistake an open pollen pot had also been transferred.In this case the larvae concentrated in the pollen. We rarely encountered pupae in these nests as the control measures prevented the flies to develop. During the period that these colonies were monitored P. kerteszi could not do a lot of damage by the fact that these nests were frequently cleaned.

In a number of hives we encountered a serious invasion of P. kerteszi. This implied that approximately 30 – 60 adult flies were found in the nest at the moment of inspection. This concerned a number of 12 colonies, 6 of which were owned by just one beekeeper (4 daughter- and 2 transferred colonies). In 9 of these colonies the beekeepers had not closed the hives after the procedure. Six of these colonies (owned by one beekeeper) were not cleaned either after the operation but only 7 days later when the damage was already very severe. In 10 of these attacked colonies, P. kerteszi had oviposited directly in the brood cells, clearly with a strong preference for the younger brood. When we encountered colonies in this state, the infected brood was always removed, leaving a colony only with a very small number of brood cells (50 – at most 200 cells). The colony that was left with only 50 brood cells was very weak, although it still had many adult bees. After the removal of the infected brood and all stages of Phorids, we generally found during the following check ups 3 - 10 adults of P kerteszi inside the nest. Yet one colony continued to present 50 to 60 flies for more than a week. Six to ten weeks after the removal of the infected brood, 5 of these colonies were still alive with only a very small number of brood cells and a very small bee population, yet without the presence of P. kerteszi. After the period of very intensive cleaning and finally without the presence of P. kerteszi, the beekeepers continued to clean these weakened colonies at longer intervals. They sometimes skipped the procedure for a few weeks. Three of these colonies still died during the dry season (e.g. in the following 5 months after the operation) due to the weakness of the colony and due to new invasions of P. kerteszi. It was clear that it is possible to control P. kerteszi in colonies in which they had entered in large numbers but had not layed their offspring directly in the brood. 

Discussion

To prevent a large invasion of P. kerteszi, no pollen must be transferred to the new hive and the nest entrance must be closed directly after the operation at dusk when most bees are inside the nest. The cleaning of the nest, once the nest entrance is opened two days after the colony transfer or multiplication is very important.At this moment, the waste dumps should be removed from the nest and, if present, any adult of juvenile Phorid fly . If the waste dumps remain in the nest, their odor will attract Phorid flies. Waste dumps in this stage contain material from damaged brood cells, including pollen from the larval food. If the nest is cleaned properly, this prevents a large invasion of P. kerteszi. In most cases still a few flies enter the nest even though the colony transfer was done properly. It therefore remains necessary to clean the hives every two days during a few weeks (e.g. removing waste dumps, larvae and adults of P. kerteszi ). If P. kerteszi invades the nest in large numbers the the waste dumps do not offer sufficient oviposition substrate  for all flies and in this stage it is observed that they deposit their eggs directly and massively in the brood cells. Colony loss can be prevented by inhibiting P. kerteszi to lay its offspring directly in the brood cells. Although the pest can be controlled even after a massive and destructive invasion, if the brood is largely damaged, the colony weakens to such an extent that the colony can die. Severely infested colonies can die within only two weeks.  Colonies where the pest has been partly controlled may still die after several months. It is not likely that the weakened colonies which survived the dry season will also survive during the rainy season if the beekeeper does not continue to control the pest.  Weakened colonies should also be fedartificially. Weakened colonies are much more vulnerable to the attacks of  P. kerteszi than colonies with a large bee population. However, a few adults of P. kerteszi can also produce significant damage to the brood if there are no alternative substrates to deposit the offspring. If a few individuals of P. kerteszi have entered the nest during the colony transfer before the nest entrance has been closed, a suitable substrate to deposit their offspring, such as an open pot with pollen, may serve as a trap. The eggs or larvae are then concentrated in this pollen pot and can be easily removed., This method mostly keeps P. kerteszi from depositing directly in the brood cells. However, it should be realised that such a trap also attracts Phorid flies from the outside. Once P. kerteszi is present at a site, the flies fly around the hive for days and try to pass the guard bees at the nest entrance. Therefore it is better to temporarily remove this colony from its place and keep the entrance closed for two days. When this hive is opened again, the Phorid flies and their offspring have to be removed carefully. Immediately after the transfer to a new box, the bees generally start to construct a tunnel of cerumen from the nest entrance to the central part of the nest. As guard bees try to prevent the Phorid flies from entering the hive, this structure probably helps them to defend the nest better by reducing the space directly behind the entrance. Therefore it is necessary to supply the transferred colonies with sufficient cerumen. 
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