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Introduction

The provoking of mass outbreaks of pests by chemical plant protection measures (15, 67, 70, 71, 80) and the appearance of resistance to the applied chemicals (19, 89) has recently led to an intensive investigation into the possibility of an integration of chemical control and natural limitation. Apart from its experimental basis, it has been studied most recently also from the theoretical side - from the ecosystem viewpoint - to evaluate the prospects of an integrated plant protection, particularly on agricultural cultivated fields (27, 63, 64, 76, 77). 


In studies of the life cycle and population growth of the Pygmy Mangold beetle (Atomaris linearis Steph.) we can probably already say that the strength of the natural limitation of this beet pest is not correlated with particular biocoenose criteria, but is connected with the scale at which the relevant species can take advantage of the conditions created by man, on the basis of their own particular characteristics (13). In the following work from studying Aphis fabae and its natural enemies, especially the syrphids, a biocoenotic web may be described whose parts differ in their life cycles significantly from those of the Atomaria web.


Aphis fabae is a frightening pest in beet crops because of its sucking activity and its vectoring nature. In recent times many studies of its biology and behaviour have appeared. There are a large number of publications on its population growth and on that of other aphids (47, etc). Aphis fabae is known to have a high rate of increase. This arises because of parthenogenesis of its offspring during the summer months, and the short development time of the young larvae to reach adulthood. The aphid can therefore reach very high population densities within a few weeks. By August at the latest a more or less rapid fall in population density usually follows this increase, so that in high summer there are only a few individuals to be found. In September at the earliest one can find a new increase in abundance before the flight to the winter host (31).


The weather is regarded as one of the main causes of the breakdown of the increase during high summer. Temperatures of 30 (C and equally cool, wet weather restricts population growth (18,30). The ripening of the host plant would be listed as a further cause, but Heinze & Profft (30) showed that the decline of the aphid population on potatoes in August was unconnected with plant age (cf also 33). In what manner the process of maturity plays a role in seed beet still needs testing, because first these plants die a long time after the breakdown , and secondly older leaves of Vicia faba are better for population growth of A.fabae (45). Also one should take into account the fact that on factory beet, whose leaves are still growing at this time (50), have just the same breakdown as on seed beet. For the [Anwelken] of the plants a lack of water is equally effective at restricting population growth (46). The significance of the production of alates is unclear, since from the fact that numerous individuals remain on the plants, [it can be concluded that] conditions remain suitable for a new infestation by colonisation (37,61). Opinions are very contradictory about the influence of the various natural enemies or diseases (4,16,24,26,30,34,35,41,51,62,68,79,82,87).

1.  General methods

For the laboratory experiments with syrphids we always used individuals from our own cultures. These were made according to a previously published method (7) either in 2-litre preserving jars or in smaller flight cages. As larval food we used aphids from a greenhouse culture. (For the difficulties appearing in this culture, see 8 and 91).


In the field the preimaginal stages of syrphids were collected and reared to adulthood in hygrostatic dishes (following Zwölfer, 93) in the laboratory for identification. This procedure in fact caused high mortality (up to 60% in our rearings), but it was the only possibility because of the lack of keys for eggs and larvae. The resulting species can therefore be regarded as only part of the entire spectrum. As against net or trap catches (15,79) this method has the advantage that one knows precisely for the determined species from which site they were obtained, and not, as in the above methods, dependent on suppositions based on their residence [Aufenthalt?].


Field studies were carried out in the experimental fields of the Institute and in the surroundings of Göttingen. The area is characterised by intensive agricultural fields [Leinegraben] and the surrounding wooded hills. Nearby in the local gardens and streets there are many fruit trees and shrubs.

2. The species spectrum of syrphids on cultivated and wild plants

The results of our inquiries done over 1956-58 is summarised in Table 1. In total we had 21 syrphid species as predators on 35 different plants species or types. Conversely on one aphid-infested plant species we found up to 14 different species of syrphid. Of the 750 reared individuals, 94% belonged to 5 species:

1.  Episyrphus balteatus, 2. Syrphus ribesii, 3. Scaeva pyrastri, 4. Eupeodes corollae, 5. Syrphus vitripennis. Aprt fom seed beet they were present on a further 8-20 different plants. These include not only common herbs but also diverse shrubs and trees. In addition to the various cultivated plants the fruit trees, hedges, the wood and the field edges represent a true reservoir of the syrphid species present in seed-beet crops (cf. also 75). In what way this is of value to the few common species cannot be determined at present. Since in the prent studies all plants were not sampled with the same intensity, comparing the numbers does not signify a preference of syrphids for cultivated plants.

[ Table 1: Spectrum of species on various plants (on the basis of rearing preimaginal stages) ]


In the frequency of the important species, taking into account all the data we could establish considerable shifts among years (Table 2).

[ Table 2: Frequency of various syrphid species ]


There is considerable confusion about the causes of kinds of fluctuations of the individual syrphid species. The literature (73) tells us of a at times strong influence of parasitoids. Strong fluctuations in parasitisation of syrphids was evident in our rearings (1956 = 5%, 1957 = 48%, 1958 = 11%), but this does not determine whether individual species are preferred.


The great difference in the frequency of syrphid species between our studies and those of Sol (79), carried out in the same region at the same time, are surely caused by different methodology.

3.  Studies on the life cycles of syrphids

a. Phenology

Schneider (69, 72, 74) separated the syrphids that have been studied up til now into two groups: the first overwinters as a mated female and appears very early in spring (end March/beginning of April). Species that belong here are Scaeva pyrastri, S.seleniticus, E.balteatus and Eupeodes (Lapposyrphus) lapponicus. In the second, the preimaginal stages overwinter; this includes Syrphus ribesii and S.vitripennis. They appear about a month later than the animals in the first group.


On a developmental basis syrphids can be divided also into poly-, oligo- and univoltine species (73). E.balteatus has a polyvoltine development, but a facultative partial diapause in the adult stage can occur. [In our cultures we could see a clear lengthening of the time to maturation of the adults. However, this only appeared in winter]. The species is present from early spring to late autumn. S.ribesii is oligovoltine with a high frequency in spring and autumn. A typical member of the univoltine group is Epistrophe eligans. Its appearance is restricted to a few weeks in spring because of an obligatory total larval diapause. 


We studied the start of the flight period in some species with net catches. Putting out artificial flowers gave us no results, in contrast to Schneider (74).


The earliest flight period in our area was 28.3.1957. This was several individuals of Scaeva seleniticus that we found ovipositing on various fruit trees. Since this species carries out its feeding for maturing in spring, these individuals must have already left their winter quarters by the middle of March during a period of good weather. According to Schneider (69, 74) one should also reckon at this time with the appearance of Scaeva pyrastri and Episyrphus balteatus flying together with Sc.pyrastri. However, we were able to observe E.balteatus first on 1.5 (one individual) and Sc.pyrastri in June. We managed to find other species in 1957 on:

  4.4  a male S.ribesii
  9.4  a female Eup.corollae sitting on a plant

23.4  3 f, 1 m S.ribesii, 1 m, Ep.eligans, Melanostoma sp. and Platycheirus sp.

25.4  6 m S.ribesii
28.4  2 m S.ribesii, 4 m Ep.eligans, 1 f Meliscaeva auricollis (gravid), Melanostoma sp and Platycheirus sp

  1.5  mass appearance of many species, particularly S.ribesii
These dates show that we have similar results on the start of the flight period in the Göttingen area as in Switzerland. With us also Sc.seleniticus flies significantly earlier than S.ribesii. That we can first find the other species of the early-flying group later and not with artificial flowers, should be caused mainly by their low population densities in early spring. The lack of polyvoltine species such as S.vitripennis, Eup.corollae and Sc.pyrastri was striking in the mass appearance of 1.5. Also in the other years we observed in spring a strong preponderance of oligo- and univoltine species.


To follow the appearance of preimaginal stages of syrphids during a vegetation period, in 1957 we collected eggs and larvae continuously from the appearance of the first colony of A.fabae on seed beet until the middle of September from the most varied aphid colonies. In 1958 we looked for preimaginal stages of syrphids from mid-April until mid-September. The identification of the species followed upon rearing to the adult (1957 n=287, 1958, n=373).


In 1957 at the time of the huge population growth of Aphis fabae, the syrphids S.ribesii, E.balteatus, Sc.pyrastri and Platycheirus manicatus were already ovipositing. Later S.vitripennis and Eup.corollae appeared, as well as a small number of other species. In late summer (Aug/Sept) we found again S.ribesii, E.balteatus and Sc.pyrastri.


In 1958 at the beginning of May we could find oviposition by E.balteatus, Eup.corollae and Sc.seleniticus. Similarly as in net catches we also found at this early time a single individual of S.ribesii. This speceis appeared very commonly together with S.vitripennis first in the last third of May. Oviposition in Sc.pyrastri also occurred at this time. As in 1957, also in 1958 E.balteatus was found throughout the entire observation period. In late summer we could observe it again together with S.ribesii.


The huge population growth of Aphis fabae on its summer host lasted in 1957 from the beginning of June until the beginning of July, and in 1958 from mid-June until mid-August. The syrphid species present as the main natural enemies in seed-beet crops (see p.108) are therefore dependent on the presence of other aphids during their first and second generations. As Table 1 shows, these are also thoroughly used. In spring it is firstly aphids on woody growth (such as fruit- or forest trees or various shrubs), but in high- or late-summer they are on weeds and for example on cabbage. The aphids of these places represent therefore a true part of the annual cycle of reproduction of polyvoltine syrphid species. Furthermore the different aphid distributions among years should be responsible for univoltine species with early flight periods being present initially in woods, whilst poly- and oligovoltine species occur also in the cultivated fields near this area. Moreover a specific oviposition behaviour in individual species may play a role (69).

b.  Colonisation of crop fields by syrphids

(i) timing of colonisation

We have seen above that the syrphid species present in cultivated fields have already started ovipositing before the migration of Aphis fabae to the summer host. Since at this time the fields are practically devoid of aphids, the start of the syrphid population growth occurs outside the fields. The question then arises from what time do the syrphids include the fields in the serach area.


Attempts to find an answer with net catches failed. The same proved to be true of Moericke yellow dishes (116). We therefore used the following method. Vicia plants grown in pots in the greenhouse and infested with aphids there were placed continuously in a central green strip in the experimental field near a seed-beet field from the end of April to September 1958. The plants were sampled three times per week for preimaginal stages of syrphids.


As Fig 1 shows, the experimental field in 1958 three weeks before the migration of Aphis fabae was already included by syrphids in their search area. In spring 1959 we tried to determine with the same method the start of oviposition in a bit of woodland in Leinetal and also in the experimental field. In the wood fragment we found the first eggs on Vicia plants on 24.4, but in the experimental field first on 15.6. On the field only a few eggs were laid. Because at the same time no eggs were being laid on the Vicia plants, a neighbouring seed-beet field had many eggs, the late and low oviposition on the potted plants means that these were not found so easily by syrphids as in the previous year. The reason must be sought in the fact that the potted plants in 1959 were not placed in a central green strip, but instead in the middle of a 20 x 20 m fallow area. According to Dixon (21) oviposition in syrphids is determined by green (see also p.114). We further took into consideration that the effect of a cue is connected with its size, so it would understandable that the few green plants on the fallow land as against the large green background had only a small attraction for syrphid females. From this we can conclude that [the occurrence of] syrphids flying over the cultivated fields is expected when they are running up to these stands of plant. The discoveries of Sol (79) and our own studies also point in this direction, according to which with the migration of aphids is lined to the slightly later subsequent oviposition of syrphids. However, the findings from spring 1960 run against this sort of interpretation. In this year we found on 26.4 numerous syrphid eggs on aphid-infested Vicia plants that were standing in the middle of a ca. 2 ha vegetation-free plot. In so far as this result is dependent on species, or perhaps was caused by a particular constellation of abiotic factors, can only be answered after a detailed analysis of the behaviour of syrphids.


These studies still left open the causes of the release of migration of syrphids to cultivated fields, but they show that the aphids coming from the winter host are already “awaited” by gravid syrphid females.

(ii) distribution within a crop

Our studies should test the rules by which aphids on their summer hosts are attacked by syrphids. Two questions come to the fore:

1.  How do various population densities affect syrphid oviposition ?

2.  How does oviposition [occur] inside a crop ?

A 0.25 ha seed-beet crop and a 2.5 ha sugar-beet crop served as study plots. The seed beet was on the experimental field, and the sugar beet nearby on a slightly west-facing slope. The east of the fields was bordered by a large deciduous wood, in the south by gardens, in the west a field path cut through the experimental field, and in the north there were other cultivated fields. 


In the seed-beet crop, the plants were chosen according to the following factors: 1. plants with individual colonies of Aphis fabae, 2. up to 25%, 3. up to 50%, 4. up to 75%, and 5. up to 100% of the plant surface infested with aphids. From each plant, six aphid-infested 15-cm-long shoots were taken and inspected for the preimaginal stages of syrphids. The individual shoots were chosen corresponding to the aphid incidence from 5 plants. We took the samples from the southern edge (up to 2m deep [in the crop]) and in the middle of the field, from 30.6 to 13.8 1958.


In the sugar-beet field the whole plant was inspected in situ. The examination of the aphid infestation went according to the following scheme: The total number of leaves, and the number of leaves was noted whose surfaces were infested with 100, 75, 50, 25% or individual colonies of A.fabae [other aphids were not present]. In the analysis, the individual leaves were assigned the value of their infestation level (100% infested with aphids = 100). Individual colonies were recorded as 5, and clean leaves as 0. Finally the number of leaves with particular values was multiplied and the sum of all the values of a plant obtained. [see example in Table]


The different numbers were separated into groups and within these groups the number of plants with no syrphids, or with eggs, or with larvae of whatever instar counted. In addition the number of each instar was reckoned and the average per plant calculated.


The sampling of plants occurred at random on the four edges and in the middle of the fields during a period of good weather between 1-4.7.1957

[ Table 3. Distribution of preimaginal stages of syrphids on seed-beet shoots variously infested with aphids.

   cols = Number of plants (with aphids, with syrphid eggs [abs, %], with any stages [abs, %]) number of syrphids (eggs, eggs+larvae+pupae), syrphid eggs per plant, all stages of syrphids per plant. ]

In seed-beet fields (Table 3) there was no difference in the occurrence of syrphids between the southern edge and the middle of the field. Similarly there was no influence of aphid density on the strength of oviposition on the shoots. However for all syrphid preimaginal stages there was a clear connection between syrphid and aphid densities. Equally the percenatge of plants infested with preimaginal stages of syrphids increased with the increasing incidence of aphids, whils the percentage of plants with eggs in all cases remained about the same. The increase in syrphid incidence on plants infested with more aphids could be caused by the larger aphid populations being older and hence having been available for longer to the search-flights of syrphids than the smaller ones.


In the sugar-beet crops (see Table 4), the southern edge next to the gardens was only thinly infested with aphids, so that there only four infested plants were found. On the other edges and in the middle of the field there were enough infested plants available. There were large differences between the different edges and also between the middle and the edges. On the edges to the north and east we found only few eggs compared to the west. In the middle there were more eggs laid than on the western edge. Moreover in the middle of the field there was a recognisable relationship between oviposition and aphid density, which was not the case on the western edge. The same tendency was also seen in relation to all stages of syrphids.


In other words: syrphid females sought out the various parts of a sugar-beet field obviously with different intensities for oviposition. In so far as the microclimatic influences (see 12), the infection levels of the crops, or other factors were affecting it, cannot be determined at the moment. A further analysis of syrphid behaviour could provide an explanation of the causes of the differences between the results of Banks (4), Dixon (21) and ourselves. 

c.  Studies of the conditions of oviposition

The study of the dispersion of syrphid eggs in different stands of plants has shown that a particular significance is due to the behaviour of ovipositing females. In agreement with other authors (32,53,65,85) we were able to establish that normally in the field syrphid eggs are laid between or next to aphids. Moreover as reported already from another aspect (22,32,52) we also found individual eggs with no clear relationship with aphid colonies. Since adult syrphids feed on nectar and pollen, we were able to adopt the presence of food as a basis for the release of oviposition, unlike in coccinellids (21). Oviposition in syrphids seems to be stimulated rather more by specific cues from aphids (9,21). Independently of us, Dixon (21) found that oviposition in Eupeodes luniger was released by air from aphids. Moreover she was able to show that females preferred to fly to green. She assumed that the antennae were the site of cue perception.


Our studies on Eupeodes corollae led to the following results (details, see 12). For optimal oviposition in E.corollae, aphids and light are necessary. It is still unproven whether light alone puts females in the mood for laying eggs, or whether perception of optical cues from aphids enables them. Apart from actual aphids, syrphid females are stimulated to lay by honeydew. Of the various components of honeydew (1) sugars are not involved as sources of stimuli. These are rather, at least partly, to be sought in the cornicle secretions present in honeydew. It still remains open whether these substances alone are effective stimuli for oviposition, or others in honeydew or from aphids [are involved].


We confirmed Dixon’s results (21) with amputated individuals, that oviposition is stimulated by airborne chemicals perceived by the antennae. By amputating the antennae oviposition was not completely abolished. In fact these flies did not react to airborne odours any more, but laid their eggs when they came into contact with aphids. In the absence of aphids they behaved like normal flies. Apart from the antennae, therefore, the tarsi and (or) mouthparts can detect oviposition cues. No definite information can be given yet on the nature of the stimuli. [We need] to test further what role purely tactile cues play, and what significance they have for the ovipositor. Until now we have tested mainly individual cues, but in the future combination of cues must be particularly considered.

d. The food requirements of the larvae of E.corollae
On the literature are several accounts of the number of aphids eaten by a syrphid larva. These studies are concerned with estimating the total number needed for larval development or the number of aphids eaten per day. 


Schneider (73) stated without accurate data on numbers that during development of the third instar the food requirement increased greatly. This observation was confirmed by Laska (49) from precise data on the daily needs of various syrphid species. There are studies from India on the influence of temperature on the developmental rate and food requirements on Sphaerophoria scutellaris (66). Increasing the temperature from 19.8 (C to 22.2 (C caused a shortening of development time from 13 to 9 days. At the same time the number of aphids eaten reduced from about 400 to about 300. In contrast to the observations of Schneider in this species there was no rapid increase in the food needs of the third instar.


With regard to the creation of a basis for judging the influence of some predators on aphid population increase, it was our aim to measure the influence of temperature, relative humidity and the consequences of various food availabilities on larval development and the total number of aphids eatn for a common native syrphid species (E.corollae).


In summary we found the following results (details, see 11). The daily feeding capacity of larvae of E.corollae is very low during L1 until the start of L2 (7-15 and 28-54 A.fabae of medium size). Then it reaches a considerable value (200 on average). The total number of aphids eaten by a larva (421-844) is strongly influenced by relative humidity. Because of train on the water balance of the larva (20,29), lower humidities greatly increase the food requirements. In contrast temperature seems in the first instance to be signiicant for developmental rate. Development time is not affected if the larva is deprived of food at the end of its development. Pupation still then follows when under these conditions the amount of food is reduced by about 43% [um 43%]. The initiation of the hormonal processes leading to pupation, which were becoming clearly autonomous in these experiments, could however be interrupted by periods of starvation if the food deprivation occurred at the beginning of the L3 instar. A lengthening of the longevity of this instar only happens if the period of starvation is long enough. No assertions can yet be made about the length of this sensitive phase.

4. Field studies on the decline in food supply for aphid natural enemies during high summer

It is known that A.fabae and with it many other aphids show a strong depression in their population growth during high summer. Various interpretations exist of the causes of this breakdown (see p.106). To get an overview of the complex of questions, we carried out the following experiments in 1959:

In a seed-beet crop in the experimental field of the Institute, 13 plants were chosen as permanent controls according to the following scheme: 


A. 6 plants which had one aphid colony on 25.5


B. 5 plants which had one aphid colony on 3.6


C. 2 plants which had one aphid colony on 15.6

The variable numbers of plants in the three groups was because our manpower for the experiment was not sufficient for a larger number of plants. Each plant was normally sampled three times per week (Mon, Wed, Fri) for the following factors:

1.  
The population density of aphids. At low infestations we counted all aphids; at higher densities we measured the number of aphids on a specified leaf surface or shoot length and then estimated the total number on the individual parts of the plants. Naturally this method does not allow us to have the accurate number of aphids, but we could record the trend of aphid increase and also differences in the infestations of individual plants (cf Sol, 79).

2.
The number of aphid natural enemies. To avoid double counting, non-moving stages were marked by sitcking in an insect pin. In this way the number of eggs laid by natural enemies during the entire aphid population growth could be measured. Moving stages were not marked so that their densities could only be established per day. Since development of aphids and that of their natural enemies should not be disturbed by sampling, it was not possible to measure all natural enemies, and above al the syrphids, especially at high densities. Similarly we could not avoid disturbing during sampling agile stages such as coccinellid larvae and adults, and chrysopid larvae, and their recording was prevent by them falling or flying away. The numbers found represent therefore the minimum values.

3.
To record the number of nymphs, from each sample 200 aphids were inspected from all over the plant.

To test the significance of plant age for aphid populations, young Vicia plants in flower pots were dug into 20 x 20 m fallow plot on the eastern side, enclosed by seed beet, continuously from 2nd April according to the following scheme: 5 pots each with three aphid-free plants were placed about 8 m from the seed beet. At the same distance from the beet, but about 8 m from these pots, a further 5 pots were placed, each with three plants with aphid infestations. At the beginning every 10 days, and later every 7 days, a new series of 5 pots was put down. The sampling of these plants occurred once per week, following the same procedure as for the plants in the seed beet crop, but without the number of nymphs being counted. Each series of pots was sampled over 4 weeks. To avoid becoming withered the pots were watered if required.


The records of the Göttingen weather station were used for weather data, since from year-long comparative measurements solely from rainfall there were only slight differences between our experimental field and the area of the weather station.

The timing of colonisation is of crucial significance for the course of population growth of A.fabae on individual seed beet (Fig 2). The later a plant was colonised, the lower lay not only the maximum density reached, but also [the density] during the rest of the time. The highest population densities were not reached at the same time. The time between achieving the first of the larger colonies and the maximal population density became a lot shorter in later colonised [plants] (in plant group A 25 days, B 21 days, C 7 days). The decrease in population movement on the three plant groups occurred at different aphid densities.

[ Fig 2.  Population increase of A.fabae on seed beet plants in relation to the time of colonisation. In the upper part of the figure is the proportion of nymphs in the three populations ]

The formation of nymphs and with it also the migration of alates runs parallel with population density (see Fig 2, upper) in all three plant groups. In increasing densities this percentage [of nymphs] continuously increases, reaching its high point together with density, and then falls again. It is striking that in spite of the different rates of increase to reach the maximum population density, and in spite of large differences in these densities in the different groups, the maximu percentage of nymphs in all plant groups is about the same.


In counting the aphids, it was striking that the adults at the start of the increase were significantly larger than at the highest density and at the end of the population increase (cf 86). 


As natural enemies, syrphids, coccinellids and chrysopids appeared on a large scale in 1959. The other known aphid enemies were only taken as a few examples. Early in the year mycoses were present, but failed to appear in the drier weather (79).


On the 13 seed beet plants observed, from the beginning to the end of the aphid incidence we counted the following number of eggs: syrphids 329, coccinellids 412, and chrysopids 891. The distribution of eggs, and the larvae and adults we found on the various sampling dates and plant groups are set out in Tables 5-7.

[ Table 5. Number of eggs and larvae of syrphids found on the three plant groups (reckoned as per 6 plants). Start of experiment - A = 25/5, B = 3/6, C = 15/6.  ]

[ Table 6. ...Coccinellids... ]

[ Table 7. ...Chrysopids... ]

Of the three predator groups, the syrphids were particularly common during the aphid period. Coccinellids and chrysopids first appeared in numbers during the period of decrease. We counted the aphidophagous stages of the predators all together, so there is a continual increase of predators from the beginning to shortly before the end of the aphid period (see Fig 3). The same tendency is also seen within the three plant groups. In later-colonised plants there is immediately a stronger occurrence of predators. This increases also more quickly than in the earlier-colonised plants. In other words, the later the aphids colonise, the larger is the biotic resistance they encounter.

[ Fig 3.  Colonising densities of all aphidophagous stages of predators in the three aphid populations of Fig 2 (representation of curves as in Fig 2). The numbers are per 6 plants. ]

On the potted Vicia plants the increase of the aphids (already placed on the plants in the greenhouse) was very variable in the different months (Fig 4). Until mid-May their population densities were about the same. Then in all cases until 9/7 there was a strong increase. The population density of the aphids brought out at the end of July immediately decreased (however there were still aphids present in the first sample after putting them out). In the following period the decline was eventually so strong that one week after putting out the plants no aphids were found. Only on 20/8 were there still present a few animals of the original large populations. One week later these had also disappeared. From Sept 10 until the end of the month again there was a decrease in infestation.


On the aphid-free pots put out into the field, we found the first examples of A.fabae on 15/5 (Fig 5). Except from 28/5 until 4/6, the fresh plants were usually colonised until 23/7. Then until the end of September no more migration occurred.


Similarly as in the artificially colonised plants, we found until 10/7 after migration, apart from one case, there was still a decrease in aphid numbers. After this time there was at first a slow and then a quicker decrease of the population (which was flying away). Past the 23/7 there were no more aphids on the plants, even though there were still young plants available to the flying aphids. 


In a comparison of the maximum population densities reached in the two groups, the lower number occurred in the artificially infected plants. This difference should be caused by the dissimilar habitus of the plants of the two groups. The plants infested in the greenhouse remained always smaller and had also significantly more strongly curled leaves than those that were initially aphid-free.

[ Fig 4. Increase of A.fabae on 15 potted Vicia plants in relation to the time they were placed out in the field. In the upper part, the minimum temperature at 5 cm, and average and maximum at 2 m, as well as the average daily temperature (are shown). The symbol ♂ gives the tendency of the aphid increase during the first 8 days after placing out the pots. ]

[ Fig 5.  Number of A.fabae on each 15 Vicia plants, placed at different times aphid-free into the experimental field ]

Apart from the differences in the maximum colonisation densities, this shows that on artificially infected plants, particualrly in July, in spite of strong immigration, a decrease in population density takes place. It seems in these cases the already colonised plants have exertedno attractive effect. It still remains to be tested, in what way the discovered attraction at low population density (37) holds true also for high densities.


We tried to clarify the extremely different course of increase of A.fabae on the infected plants, and thus we were able to exclude plant age as a cause. The result materialized in spite of using young plants. The predators also should be without any significant influence. Although their density was high in the seed beet crop, only isolated examples were found on the experimental plants (cf 21). It was interesting that the incidence of parasitism behaved exactly opposite, but without achieving significance at any time. The temperatures equally had no influence. In spite of approximately the same temperature conditions in April and September, aphid development showed opposite tendencies (see Fig 4). The same was also true for the time between 15/5 and 30/7. Only the decrease between 9/7 and 23/7 could eventually be sttributed to the maximum daily temperature, which rose higher than 30 (C, but here it is striking that at these very high temperatures the aphids did not vanish completely, as was the case later at lower temperatures. A comparison of the temperature sums for the first 8 days of each potted series also does not allow the recognition of any influence on the tendency of aphid increase (Table 8).

[ Table 8. Temperature sums and developmental tendency of various populations of A.fabae on young Vicia plants placed out in the experimental field in 1959.  cols = date of putting out, temperature summ during aphid decline, date of putting out, temperature sum during aphid increase ]

The temperature sums include a region between 80 to 151 C( during increasing densities, and one between 64 and 164 C( during decreasing densities. Thus temperature alone can indeed cause temporary declines in aphid populations, but it cannot be made responsible for the long sustained depression of aphid densities in August.


Comparison with relative humidity and rainfall equally opens up no possibility of significance. This is shown first if we consider daylength in connection with temperature. Daylengths between 13 and 15.75 hrs allow the aphids at low temperatures to “vegetate away” [ein “Dahinvegetieren”]. The same daylength but at high temperatures causes the aphids to disappear. Daylengths over 15.75 hrs also at high temperatures in contrast permit population increase. The same is true at low temperatures if daylength falls below the 13-hr boundary. This allows us to conclude that a remarkable significance is associated also in the field with the influence of daylength in combination with temperature on parthenogenetic reproduction in A.fabae (as de Fluiter (25) found in other combinations). Obviously this interpretation still needs further field studies and an exact experimental test.

5.  Discussion

Aphis fabae in Göttingen has an holocyclic development. An anholocyclic overwintering in nature has never been observed. Aphids appearing from mid-May on crop plants come from other places outside the cultivated fields. A.fabae therefore expand their habitat each spring. It has been assumed (28) that colonisation itself is possible over several hundred kilometres from distant sources. After immigration onto the summer host a more or less strong population growth begins, in the course of which many alates are produced. From this there is a mixing of the populations of individual fields, or a colonisation of new sites. Maturation processes of the host-plants cause the aphids to seek out new hosts, until finally in autumn daylength and temperature lead to the production of males and gynoparae, and with them emigration to the winter host (31).


The life cycle of A.fabae causes us to be able to examine their population within a field spatioally or through time only as a section of the entire population or of their development. Their population density in a field is then only understandable if we take account of the populations of other fields and circumstances of other sites (overwintering). It is because of their life cycle that practically they cannot be hit by any cultural measures directly. They appear on fields when plants are already accumulated or placed. Cultivation of the soil that is done at this time does not affect these animals significantly as they sit firmly on the plants. Even harvesting has in most cases no effect on them. Only there where green is removed from their hostplants during the vegetative season, eg by shrub beans, could one directly decimate the population. In most cases they have left their hostplants before harvest, and it may be that the plants ripen and cannot provide any more food (eg seed beet), or it may be that they have already flown to their winter host (eg sugar beet). Cultivation of the earth usually has no effect since at this time they are found outside the cultivated fields. On the same grounds they are not affected by crop rotation. In contrast to Pygmy Mangold beetles (13), they are not deprived of food by the switch of habitat of the hostplant. Since after migration from the winter host they carry out a further long-distance flight (54,56), in contrast to the Pygmy Mangold beetle and other pests (eg Piesma quadrata, Zabrus tenebrioides), the position of the new fields to the winter quarters should have no significance. However, an important role is played at the time of migrations by the state of the crops [der Schlussgrad der Bestände]. A gappy crop will be colonised more strongly than a closed one (40,42,60,61,83). Since both the field position and also its state are normally determined by humans, one could be inclined to view the influences on aphids coming from this as directly caused by man. In our opinion this is not possible. Man determines the position and the state of a field, but not whether aphids colonise it. In what scale they do this, is connected with how they are capable of utilizing the conditions created by humans (distance from wintering sites, immigration possibilities into the crop). 


To review the situation on cultivated fields, it seems important to us to to differentiate among the effects of cultivation measures:

1.  
Via cultivation practices the population of a species could be directly affected. Cockchafer grubs are for example killed by ploughshares.

2.  
For some species, harvest deprives them of their food, eg Pygmy Mangel beetles or nematodes.

3.  
Via changes of the positions of cultivated plants, the distribution of plants in space is fixed.

4.  
Via selection of crop the kind of vegetation and with it also the spectrum of heterotrophic organisms is determined. Moreover the crop climate develops corresponding to the crops being grown.

In other words: the effects of cultivation practices are one the one hand equivalent to [the effects of] a natural predator or competitor (points 1 and 2), and on the other correspond to natural ecological factors (points 3 and 4). This means: Man creates via his practices characteristic environmental conditions in cultivated fields not only for the crops but also for all other organisms living there. Whether a species can exist on cultivated fields and reproduce there is connected with the scale at which their environmental needs are fulfilled, in what quantity they can use them, and how strongly their populations are decimated by cultivation practices, which again is connected with the life cycle of each species.


As we have seen, because of its life cycle the population density of A.fabae is not affected by cultivation practices. Because of its completley differen life cycle, the same practices are in contrast not without effect on the Pygmy Mangel beetle (13). We examine the population growth of these two pests [...]


Of the species of syrphids prsent oin cultivated fields, most are polyvoltine species (see p.107). These are divided into two groups, the one overwintering as an adult (Sc.pyrastri, E.balteatus), and the other in preimaginal stages (S.vitripennis) [for Eup.corollae this circumstance is not yet clear]. According to Schneider (69,73,74) the winter hiding places of the adult-overwinterers are in woodland, while those of the other group are in the site of larval development. Since the larvae of both groups develop right into late autumn, they find only few possibilities for survival in cultivated fields at the end of the growing season (eg on cabbage). Therefore mostly they have already left the fields to seek winter quarters. Thus the overwintering species of the first group appear in the next spring very early (March/beginning of April), while those of the second group are about a month later (cf 72). Since adults of all species in spring must achieve sexual maturity by feeding on pollen (73), but this cannot be found on the cultivated fields, syrphids are present mainly in woodland at this time of the year. Thus gardens, flood plains, and later in the year also meadows play a role (cf 74). The gravid state can be reached by females of the adult overwinterers by the end of March, but of the other group about the end of April or beginning of May. This early date means that individuals can start oviposition already several weeks before the migration of A.fabae to the fields. Since the larvae of these species are polyphagous (see Table 1), their distribution in spring corresponds to the presence of aphids. We find them mainly in deciduous woods, in hedges, gardens and in fruit initials. As our studies with aphid-infested Vicia plants show, even at this time the fields are being overflown by gravid females. It has the appearance, as if the expansion of the occupied space of syrphids follows when the fields have a carpet of plants. Since we found in 1960, however, that early oviposition also happened on large fallow plots, it must still be tested at what scale particular temperature or humidity conditions or species-specific behaviour is of significance.


After aphid migration and the colonisation of the fields by syrphids, we could observe similar processes in the latter as in A.fabae. Adults eclosing in the fields must undergo the maturation process first. Since they don’t always find the required food at the eclosion site, commonly they are compelled to leave the fields. As good fliers they can use food sources that lie at some distance away. Whether and at what scale females return to their natal sites after reaching sexual maturity is not yet known. Schneider (74) in fact could show that Sc.pyrastri in spring regularly returned to the overwintering site after flying all the day until evening over several kilometres, but it seems this behaviour has no great significance for gravid females, since for adult overwinterers colonisation of the fields would be excluded. We could rather assume - and here the fast colonisation of fresh crops by migrating aphids is significant (79 and Table 5) - that the syrphid populations of different biotopes and fields have a continuous export of their individuals. Taking into consideration the conditions of the entire year, we could establish as in A.fabae also for the particular syrphids, that their population in one field spatially and temporally represents only a section of the whole population. 


As we know from the literature, A.fabae is stimulated to land by optical cues (54,56), whilst taste cues determine whether they will remain on the plant (43,44,46,58,59). In syrphids equally optical cues seem to determine the approach (21), whilst oviposition is released by smell (21) and a sereis of further cues (84). Together with the great agility of females, this behaviour of syrphids has the effect that one the one hand eggs are laid on only a modest presence of aphids, and on the other hand the animals can follow easily the changes of habitat by aphids. In this way their population largely escapes the interference of man. Agricultural practices affect the polyvoltine syrphids as they do A.fabae mainly in the creation of particular environmental conditions.


We examine which effects of cultivation practices are expected [to affect] oligo- and univoltine syrphid species, and therefore could result in the possibility of decimation of their populations. Since their diapause stages are in the soil, it depends on how long this stage stays in the ground, and at what time the soil is worked upon. It is possible that the oligovoltine species S.ribesii that has its facultative diapause in high summer, is only occasionally affected by cultivation practices. In univoltine species, in contrast, diapause coincides with the time of tilling the earth. Losses would therefore be expected in these. However we have seen that the species flying in early spring (eg E.eligans) develop outside the fields because of the aphid distribution at this time, and hence appear on no great scale in the fields. Whether univoltine species appearing later in the year occur both in the fields and the woods (73) is not yet known.


[...]

The specified conditions in the natural enemies of A.fabae show that the cultural practices affect the species common with us here mainly in the creation of the environmental conditions. As the high densities let us recognise (see p117), they allow the natural enemies also to reproduce well under these conditions. In contrast to the natural enemies of A.linearis, in every year they are able fullt to utilise the reproductive possibilities afforded. However always the mass outbreaks of A.fabae occur. In may years, therefore, the natural enemies are obviously not in a position to prevent the increase of this aphid. To what is this attributable ?


Most of the predators of A.fabae present in fields seek other aphids outside the fields several weeks before the migration of A.fabae. They reproduce there until late autumn, or they are dependent upon aphid food until then there. Of the aphids we know (30,57) that not only A.fabae but also many other species suitable as food for these predators are only still present in low densities in August after their mass increase in spring and early summer. From these circumstances arise two critical periods for aphid population growth on crops during a growing season. The first is in spring at the time of migration to the summer host, and the other is after the breakdown of the populations in high summer. In spring the decisive factors are when and how much the migrating aphids are attacked by their natural enemies, whilst in high summer it is how many natural enemies survive the breakdown of aphid populations. 


As we were able to demonstrate from artificially infested Vicia plants, gravid female syrphids already include the fields in their search areas before the migration of A.fabae. Whether this is basically true in all years, we cannot yet determine. However, since again shortly after aphid migration syrphid eggs could be found (79, and Table 5), an early colonisation of the fields by these aphid predators seems to be not uncommon. However, we must still test the circumstances where the fields lie much further away from the spring habitats.


Banks (4) stated that coccinellids were delayed by the early presence of aphids in other habitats from colonising fields. Since we also found early coccinellids as well as syrphids on these Vicia plants mentioned above, and equally these animals were observed particularly in 1960 in great numbers in field crops before aphid migration, it seems that the connection that Banks described is not generally translated into reality. We ourselves put forward the view that the emigration of coccinellids from the early presence of aphids was connected both with population density of aphids and also with their own density. The greater the amount of food available to each animal, the lower the inclination to emigrate. Since coccinellids are much more flight-active at higher temperatures, the weather should also play a role in the colonisation of the fields.


The circumstances for chrysopids are unknown as yet, as far as we know.


According to our studies, since in spring colonisation of fields by aphids and their important predators occur at least at the same time, in the Göttingen area the “too-late arrival” of predators should not be responsible for the outbreak of A.fabae, but instead a too low abundance of the natural enemies.


As a cause of a low population density of natural enemies, as already stressed earlier (6), we can examine the low density of infestation of aphids in high summer. By the complete breakdown of of population increase in A.fabae and many other aphids, normally at the latest by the beginning of August, the food supply is greatly reduced for not only the polyvoltine syrphids, but also the other aphid predators  dependent on food right up to winter. Apart from winter mortality, therefore there exists a causal connection between the cause of the aphid breakdown in August and the biotic environmental resistance to aphids in the next spring. These conditions still have their particular aspect, that aphid density following quick population growth is determined not so much from the size of the overwintering population, but largely from the course of the weather in spring, whilst the density of natural enemies via their long development times even with favourable environmental conditions during the first weeks, is connected with the number that survive the winter.


There are various opinions about the cause of the breakdown in aphid population growth. Our studies provide the following picture for the local area and the year 1959:

1.  
If we compare the population growth of A.fabae on the infested Vicia pots (Fig 4) with the course of the growth in the neaighbouring seed-beet field (Fig 2), then the beginning of growth in the crop and in the pot plants is the same. The end of colonisation in the crop and the fast decrease in aphid populations on the Vicia plants also happens at about the same time. The stagnation in growth and the reduction in density in the crop, however, happen significantly before the decrease in the pot plants and before the period of temperatures in excess of 30 (C sets in. As a case for the breakdown of growth of A.fabae in seed-beet crops, we can eliminate with confidence the weather and the presumable influence of daylength.

2.
With increasing population density, the percentage of nymphs increases (Fig 2). Because of migration of alates, not only does population density decrease, but also the composition of the remaining population is displaced in favour of the young animals, which leads to a decrease in growth factors and with it also the growth rate (cf p.132). Since the percentage of nymphs during population decrease becomes smaller, we can in our case take as the decisive moment the development of nymphs, but not for the entire time of the decrease.

3.
In Fig 2 it happens that in spite of the great difference in aphid numbers on the plants of the three groups, the maximum percentage of nymphs in all cases is about the same. Since nymphal development is associated with population density (14), this finding means that the possibilities for colonisation on the plants change so that the same densities predominate on the colonisation-ready surfaces, although - referring to the whole plant - great differences occur. [Since this, studies carried out have opened up other kinds of possibilities] [...]

4.
Since the population density of predators increases a lot during the course of aphid population growth (see Fig 3), the the action of natural enemies could equally have excercised a significant influence on the decrease in population growth. The present studies do not yet allow an accurate judgement because of the lack of knowledge of the factors of population growth of the aphids and the food requirements of the various natural enemies, and also because of the inadequate recording of the predator population (see p.132).

[...]

It is not just A.fabae, but also many other aphids that are afflicted by the normal breakdown of population growth in high summer. In this way the food levels reduce over a long period of time every year even for polyphagous natural enemies (but those that depend on food until autumn). To want extent food deficits occur at this time depends on the extent to which other aphids are still present, or whether the natural enemies can change to other organisms as substitutes (eg coccinellids). The number of aphid enemies reaching the winter is connected with how strongly the reduction in aphid populations has been, and to what extent the enemies are able to search for other food after the breakdown of their hitherto prey populations. Since these are to be found mostly not in the old place, but instead in other crops (eg cabbage) or indeed in other habitats (eg reeds [73]), there comes the intensified moment when particularly high demands are made on the enemies in relation to migration performance and orientation. Possibly the low availability of flowering plants in comparison to spring can also make things unfavourable for adult feeding for syrphids, A poor food level and a strong physical need could be regarded as a basis for retrenchment of natural enemy populations in high summer. They should also be an important cause of a small biological buffering of aphids in the next spring and hence the resulting mass increase of aphids (cf also 88).


If we sum up these studies in relation to the significance of natural enemies for population growth of A.fabae, then we must establish that they state no more than that natural enemies are capable of being of significance. On the other hand together with considerations and studies of Dunn (23), Hille Ris Lambers (34,35), Karafiat & Franz (41) and Sol (79), they were able to lead to modelling, which in our view is an obective way of assessing the natural enemies of A.fabae.


The population density of a species results from reproduction and natural mortality. If these are about the same size, density remains constant. If one or the other dominates, then it rises or falls. To be able to start on the interplay between a pest and its enemies, it is necessary to know the reproduction of the pest and the destructive capacity of the enemy (cf 78).

[ uses model of  a(n) = a(0). Rn - K.r ([Rn - 1]/[R-1])

where R = repro rate of pest, n = time periods, K = feeding capacity of predator

to show that (Figs 7-9) prey are capable of reducing aphid number ]

[ Fig 7. Theoretical increase of A.fabae without predators (a) or under the influence of predator action either stronger or at various times (see text) ]

[ Fig 8. Influence of a larva of E.corollae on the theoretical increase of A.fabae a = without predator, b and c = with the effect of the predator, but different starting of feeding ]

[ Fig 9  Theoretical example of the development of the larval population of E.corollae (solid lines) as its feeding capacity (dashed lines) from a small number of eggs (columns) ]

Summary

