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Abstract

In Europe 5 Lachnidae species are common on spruce trees (Picea spec.), 3 species on fir trees (Abies spec.), 15-17 species on pine trees ( Pinus spec.) and 3 species on larch trees (Larix spec.). All these species have quite different importance for beekeepers. – Due to the fact that all of these Lachnidae are sucking phloem sap annual changes in physiology of the host plants are responsible for annual cycle of Lachnidae and their honeydew production, which sometimes can result in valuable honeyflows for bee colonies. The Lachnidae take carbohydrates, amino acids, so called secondary plant substances, vitamins and trace elements out of phloem sap. The first generation called Fundatrix (F) is hatching out of the winter eggs. In Central Europe all Lachnidae living on spruce and pine trees as well as silver fir have 4 more generations following Fundatrix. Cinara curvipes sucking on Abies concolor und A. grandis has 6 further generations. Annual cycle is finished by laying winter eggs. Lachnidae on spruce and pine trees as well as silver fir reach highest population density and with it maximum honeydew production during the period when 1. and 2. daughter generations (V1 and V2 ) are living together. In case of  Lachnidae on larch trees this stage will be reached at the beginning of 4. daughter generation (V4) or later on. Colonies of C. curvipes reach this stage during living together of V1 and V2 as well as V5 and V6. Each year in all indigenous species the period of high population density and honeydew production ended with the development of close to 90 % winged insects. This is caused by changes of phloem sap and a too high population density. - In all years of investigation it could be clearly shown that honeybees take more honeydew from Lachnidae sucking on shoots of this or the previous year. In timber forest bees are also gathering honeydew on needles produced by aphids sucking on the upper third of trunks and branches. 

A lot of questions still have to be solved in the future time.
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Introduction

Bark aphids excrete roundabout 0.3‑0.5 ml honeydew in their lifetime, and during honeydew flow daily uptakes of 2000‑5000 grams in the foraging area of a honeybee colony are likely to occur. - All in all a rather tempting outlook for a beekeeper.

In order to achieve the highest benefit from the honeydew flow, the beekeeper should be familiar with the main bark aphid species together with having some knowledge of these animals‘ annual life-cycle and their relationsships to the respective conifer species. Furthermore, a focussed prognosis and exploitation of the honeydew flow must take into account the population density of the aphids and their developmental stage with regards to geographical position and altitude. These considerations are supported by research undertaken by Scheurer,St.(1987,1991,1993,1998) and in co-operation with numerous colleagues (Scheu-rer, St.et al.2003) and beekeepers since 1957, and are confirmed by the work carried out by Fossel,A.(1969),Gałuszka,H.(1993),Gałuszka,H.et al.(1993,1996), Kloft,W.J.et al.(1985),Ma- quelin,C.(1974), Ohe,W.v.d.(1997), Pechhacker,H.et al.(1969 und Rihar,J.(1977,1980)as well as by the further work done by Liebig (1999) that was based on those results.

Species composition of bark aphids inhabiting conifers in Central Europe

There are around 45‑48 bark aphid species to be found on conifers in Europe. 

In Central Europe, five of these feed on Norway Spruce (Picea abies), Engelmann Spruce (P. engelmannii) and Blue Spruce (P. pungens): these species are Cinara pilicornis (Hartig), C. piceicola Cholodkowsky, C. pruinosa (Hartig), C. piceae (Panzer) and C. costata (Zetterstedt).

The several fir species (Abies alba, A. grandis, A. concolor, A. koreana) of the mountain regions but also those in parks and gardens host three bark aphid species: C. pectinatae (Nördlinger), C. confinis (Koch) and C. curvipes (Patch).

On Scots Pine (Pinus silvestris), mostly C. pinea (Mordvilko), C. pini (Linnaeus) and C. nuda (Mordvilko) can be found together with another four less frequently occurring species.

Typical for Austrian Pine (P. nigra) are C. brauni Börner, C. schimitscheki Börner and C. acutirostris Hille Ris Lambers.

In the high mountains, the Mountain Pine (P. mugo) is inhabited by C. neubergi (Arnhart), whereas on both the Swiss Stone Pine (P. cembrae) and the Macedonian Pine (P. peuce), there is C. cembrae to be found.

In Southern Europe, several other bark aphid species can be found on P. maritimae, P. halepensis, P. pinea and P. pinaster, bringing the European species on Pinus up to 15‑17.

Three bark aphid species feed on European Larch (Larix decidua) and Japanese Larch (L. kaempferi) in the lowlands as well as in the mountainous regions of Europe, these are C. cuneomaculata, C. larcis and C. kochiana.

Even on Juniper (Juniperus sp.) and Cedar species (Cedrus ssp.), bark aphids have been observed (C. juniperi, C. cedri) whose honeydew sticking on the needles was collected by honeybees.

The individual bark aphid species are of differing importance to apiculture. It turned out that honeybees prefer that kind of honeydew that is easily accessible to them, especially from those aphid species that feed on the new and one-year-old shoots, i.e. C. pilicornis, C. piceicola, C. pinea, C. neubergi, C. brauni, C. pectinatae, C. cuneomaculata and C. cedri. The foraging bees only take honeydew from the needles, they do not approach the individual aphids directly. Only ants take the honeydew directly from the anus of their preferred aphid species.

Honeydew produced by those bark aphids that feed on the stems and the basal areas of branches (C. pruinosa, C. piceae, C. piceicola, C. confinis, C. curvipes, C. nuda, C. pini, C. kochiana, C. laricis, C. acutirostris, C. schimitscheki) will only be collected by bees when it can be accessed in the upper canopy (at around the upper third of the trees‘ height) for high forest stands or at the forest edge. And only that kind of honeydew that sticks to the needles of branches right underneath the aphid colonies.

No bark aphids have been observed on Yew (Taxus baccata) at all and only occasionally and rather temporarily on Douglas Fir (Pseudotsuga menziesii). When found on Douglas Fir, the aphids seem to have mistaken it as their original spruce host tree, since here, they cannot complete their life-cycle properly.

Relationship between bark aphid and their host trees

All bark aphids are sap sucking insects on trees. They insert the stylets of their proboscis which makes up their piercing-sucking mouthparts into the phloem of the plant and take up the fluid that is transported inside the phloem, the so-called phloem sap. In Central Europe, no damage to conifers caused by bark aphids has been reported.

The phloem sap consists mainly of carbohydrates the biggest proportion of which is sucrose, but fructose, maltose and mannose are also present. Furthermore, there are the building blocks of proteins: amino acids. Here ought to be especially mentioned arginine, lysine, methionine, phenylalanine, threonine, valine, tryptophane and histidine which influence the development, longevity, reproduction and growth of the bark aphids. A decrease in the ratio of these amino acids in relation to other amino acids in the phloem sap results in a longer development, reduced longevity and decreased reproduction and growth. Also, winged morphs are more likely to emerge.

Trace elements and vitamines are also comprised in the phloem sap.

Furthermore, the sap shows annual fluctuations of the concentration of ascorbic acid, meso-inosite and ATP. Their temporary decrease of 50‑80% during the summer months probably contributes to the stagnation in the aphids‘ development in summer.

In addition, there are the tri-terpenoides taxifoline, myrcene, (‑pinene, 3‑carene, camphene, limonene and 1‑8‑cineale, all of which as secondary plant metabolites play a role in the aphids‘ gustatory perception of the phloem sap. For instance, it has been shown that taxifoline acts as a phagostimulant for Cinara pinea, when its concentration decreases in the new shoots, the aphids feed less and consequently grow less, also the colonies become more restless. As another example, the different stem, branch and shoot concentrations of myrcene in spruce trees have an influence on where the different aphid species settle on the tree.

The annual fluctuations in the phloem sap composition is correlated with the annual annual cycle of the conifers, their assimilation, height and diameter growth, bud formation and shoot sprouting and lignification.

Especially in the spring at the time of bud formation and shoot growth, the phloem sap of spruce, fir and pine trees comprises relatively high concentrations of the above amino acids and phagostimulants, thereby providing the best conditions for the aphids to develop quickly and reproduce at high rates so that dense colonies are formed and honeydew flow is high.

Depending on the host, its geographical position and the altitude, the composition of the phloem sap changes in late spring and during the summer months: the ratio of the amino acids mentioned above decreases compared to the other protein components, and several secondary plant metabolites are translocated elsewhere. As a result of this, the composition of the aphid colonies changes drastically, in the end up to 90% of the population are winged and the densely populated colonies break down due to migration.

It is only in late summer and autumn that food conditions for the aphids are getting better again resulting in their colonies increasing in size again. This has been observed especially for pine but occasionally for spruce as well. Under these conditions, a little honeydew flow is likely.

Bark aphids feeding on larch can enjoy different food conditions. The shoots carry on growing through the second half on June right into the summer, lignification takes place in August the earliest or even later. In our beliefs, the phloem sap provides optimum conditions for the bark aphids during this time: large colonies are formed and honeydew is produced in large quantities. The honeydew flow period on larch is therefore late summer and early autumn (Serini.G.H. 1996).

Annual life-cycle of the aphids and resulting fluctuations in abundancy

For bark aphids on spruce trees (Picea ssp.) and on Scots Pine (Pinus silvestris), as well as for C. pectinatea which inhabits the Common Silver Fir (Abies alba), the succession of generations is as follows:

The first generation to hatch from the winter eggs produced in the autumn of the year before are the fundatrices. This happens between the beginning/middle of March and the middle/end of April, depending on geographical position and altitude. These then give birth to the V1 generation by parthenogenesis, the offspring of which in turn will be the V2 generation.

Aphids of both the fundatrices and the V1 generation feed on that kind of phloem sap whose early year composition makes it so highly beneficial to the aphids‘ development that the percentage of winged individuals within the V1 is very low. By the time the individuals of the V2, parthenogeneticly produced as well, are feeding on the phloem sap, it has already changed its composition as described earlier. This change in food together with the initially still rather high rate of reproduction result in a high population density amongst the aphid colonies under long-day conditions. This crowding effect leads to a high percentage of winged individuals in the V2, the alate ones make up up to 90% of the population. The migration of these winged individuals then causes the colonies to break down, putting an end to the first population peak.

The winged individuals of the V2 leave their host tree and disperse to other uninfested trees nearby. The secondary plant metabolites, the tri-terpenoides, produced by the trees can be detected olfactorily through the insects‘ antennae and act as attractants for locating new host trees from a long distance.

The V2 mature during July and August, again depending on geographical position and altitude, to give birth to the next generation, the sexuparae, by parthenogenesis from August onwards. The offspring of this generation then are oviparous females and mainly winged males. This last generation is called the sexuales generation. They mate in order to lay winter eggs onto the undersides of needles and occasionally branches from mid/end September onwards. In this way, the annual succession of generations is completed, making it a so-called holocycle.

Recent studies show that in Central Europe, an additional V3 generation before the sexuparae generation can exist in C. pini and C. pruinosa.

Furthermore, the aphid C. curvipes which inhabits Grand Fir (Abies grandis), Colorado White Fir (Abies concolor) and Korean Fir (Abies koreana) has two additional generations in its annual life-cycle. And not only winter eggs of this species are able to overwinter but also individuals of the last generation, which is the sixth. Studies of the biology of C. curvipes have shown its population density to be very high in the spring and then again in late summer.

The life-cycle of those three Cinara ssp. feeding on larch involves six generations in a year as well, according to recent studies in Central Europe. Their peak in population density and accordingly honeydew flow build up only later in the summer following the formation of the tree shoots.

Composition of the Honeydew

Honeydew is understood as phloem sap which has passed the digestive tract of bark aphids or other aphid species. It still contains mainly carbohydrates of plant origin but also some of animal origin, and amino acids as the building blocks of proteins together with secondary plant metabolites, vitamines and trace elements. It is excreted from the aphid’s anus. Its composition changes over the year and also between different aphid species.

Among the carbohydrates, there are those that were already contained in the phloem sap, such as sucrose, glucose and fructose, but also those that were built in the aphid’s metabolism, as there are maltose, trehalose, melezitose, raffinose, turanose, erlose and maltotetraose.

Only recently, it has been discovered that honeydew excreted by aphids feeding on oak (i.e. the aphid species Tuberculatus quercicola) contains a lower percentage of glucose and higher percentages of sucrose, melezitose and trehalose if ant attendance is permitted than if it is prevented. This leads to the conclusion that differences in honeydew can be detected from its taste by ants and honeybees – a phenomenon that will have to be taken into account for future studies.

It is also known that honeydew is very attractive to ants when it is rich in melezitose. We assume that honeydew-honey rich in melezitose is especially produced in such areas where the honeydew producing aphids are regularly attended by ants, since melezitose is a sugar derived from the aphid’s metabolism and its concentration increases with ant attendance. Is such honeydew then collected by bees, this will naturally result in honey with a high melezitose concentration as well.

The concentration of amino acids in the honeydew fluctuates during the year, as does the ratio of different amino acids. So far, there are only few studies for Central Europe, but recent work from Japan show that the honeydew of the earlier mentioned aphid Tuberculatus quercicola which feeds on oak contains the amino acids isoleucine, tyrosine, lysine, histidine, asparagine and arginine only when ant attendance is permitted. Also, the concentration of the amino acids asparagic acid, threonine, serine, glutamic acid, glutamine, glycine, alanine and valine in the honeydew is significantly higher than when ant attendance is prevented.

Similar studies will be necessary on those bark aphids of importance to apiculture in Central Europe. Apparently, changes in the honeydew composition can be caused by ant attendance and may influence its attractiveness and further processing into honeydew-honey.

Recommendations for beekeeping

The portrayed details lead to the following recommendations to be taken into account:

· The honeydew flow through bark aphids feeding on fir, spruce and pine trees commences around one week after the V1 generation has reached its peak, i.e. when one fundatrix has given birth to about 30‑36 V1. This is indicated by the first winged V1 individuals having left the site 5‑7 days earlier. It has to be pointed out that for Common Silver Fir (Abies alba), rarely more than 5‑7 offspring are to be found close by the fundatrix.

· Honeydew flow dates in Central Europe:

Spruce:
The bud scale (Physokermes ssp.) honeydew flow lies before the bark aphid (Cinara ssp.) honeydew flow.

up to 350 m altitude:
first ten days of June or mid until end June, respectively

500‑800 m altitude:
last ten days of June until mid July

above 800 m altitude:
mid July until August

Pine:
up to 350 m altitude:
end of May until mid June

500‑800 m altitude:
mid June until the beginning or middle of July

Silver Fir:
second half of July until August, depending on altitude

Larch:
second half of July until September, depending on altitude

· The highest honeydew yield occurs on fir, spruce and pine during the population peak from when the first winged V1 individuals emerge up to the migration of the V2, and on larch presumably from the formation of the shoots until their lignification.

· The honeydew flow ends about 7‑10 days after the wings become visible in the V2 generation of bark aphids on spruce, fir and pine trees.

· Late flows can happen when the main flow was suppressed or lacking at all provided there are good conditions for the small colonies during July and August to develop. This can frequently be the case in aphids feeding on branches and stems. So may the aphids feeding on pine stems which are regularly attended by ants be more likely to cause late flows than those feeding on spruce stems.

On larch, late flows occur frequently from end August until September and when the aphids are present in high numbers, provided parasitic wasps have not decimated the population.

The honeydew of Cinara neubergi feeding on Mountain Pine (Pinus mugo) as well as that of C. cembrae on Swiss Stone Pine (P. cembrae) are probably also the cause of late flows.

· Predicting honeydew flow caused by bark aphids is so far only possible for the species C. pilicornis, C. piceicola, C. pectinatae and C. pinea which feed on the new shoots and on those of the previous year, and also on the outer branches of the trees. Only for these species, the population density can be determined and put in relation to meterological conditions and honey yields.

Final Conclusions

We intend to better understand the connections between honeydew flow and the annual life cycles of the honeydew producing bark aphids on conifers in Central Europe within the next couple of years.

To achieve that, the following studies are planned:

1. Collecting and observing the honeydew producing species.

2. Detailed investigation of phloem sap and honeydew composition all year round.

3. Investigations on the melezitose content of honeydew depending on ant attendance.

4. Studies on the succession of generations in bark aphids at an altitude above 1000 m all year round.

5. Investigations on the relatively unknown species Cinara neubergi and C. cembrae, as they possibly cause late flows.

6. Observations of bark aphids on juniper and cedar trees.

7. Co-operation between beekeepers of Central Europe and those of Southern and South Eastern Europe.

A detailed knowledge of the relationship between bark aphids and their host trees, together with information about the honeydew producing species themselves will help exploit the honeydew flows more efficiently and consequently lead to better results in predicting the flows. 

In this context, we would wish for an intense co-operation between specialists of the different fields, as there are beekeepers (practitioners), bee scientists, zoologists, forestry scientists and botanist. This we regard as very much necessary for achieving good partnership across the disciplines.
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