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Introduction

Literature.  In central mountains of Urals sometimes 3 – 58% of onions are damaged by these flies.

Seasonality

Development of overwintered generations

In early spring in fields of Iris and onions, we found only the L3 and L2 in diapause. We collected these larvae together with onions or iris bulbs and put them into glass cylinders: some were studied in the laboratory, and others were left in the field.  From Hodson (1927) and Bei-Bienko-Baranovskaya (1928) it is known that overwintered larvae resume eating in spring for some time and then pupate, but both authors just state this without any analysis. We studied this in the central Urals in 1963-65 and 1970.


L3 larvae of both species can both enlarge in size and pupate without resuming eating.  Smaller individuals resume eating and then pupate. The period of spring development to pupation of overwintered generations was relatively long. In 1963 in the field only a few pupae of strigatus were found on 9th May. Intensive pupation was found on 16th May, and continued until 17th June, with temperature-dependent variations (see Table 1). In 1964 the first pupae of strigatus were found on 11th May, with mass pupation starting on 18th May and continuing until 1st June.  Development may continue for 40 days.

Table 1:  Dynamics of the pupation of overwintered larvae of strigatus from field observation

Table 2:  Dynamics of the pupation of overwintered larvae of tuberculatus
The first pupae of tuberculatus in 1964 were found on 17th May, and in 1965 on 11th May. Pupation finished in 1964 on 18th June, in 1965 on 30th May (see Table 2).  Under laboratory conditions in 1965, pupation of overwintered larvae of tuberculatus was observed in the 3rd decade of May until 15th June. Therefore, depending on temperature, development of this species in spring continues for up to 35 days. According to our data, on average in the field, strigatus larvae pupate several days before tuberculatus.


Pupal development of overwintered strigatus at 13-15 C continues for 20 days on average (range 19-22); at 27.4 C it was 8 days. The mean thermal input was 166 day degrees above a minimum of 6.7 C.


Development of the pupae of tuberculatus was studied at a range of temperatures from 17.6 to 27.4 C. At 17.6 C the pupal development was 23 days; at 19.3 C it was 19 days; at 22 C it was 14 days; at 27.4 C it was 10.5 days. The thermal input at these temperatures was found to be 189.1 day degrees on average (at the three different temperatures it was 190.9, 186.2 and 190.5). The lower temperature threshold for physiological activity was 9.4 C. Our data agree with those of Bessmertsnaya (1955) from Moscow (thermal input = 191.1 day degrees, threshold = 8.8 C).


The effect of relative humidity on pupal development of tuberculatus was studied under laboratory conditions. Pupae were placed in some compartments at different RH, regulated using different acids (ref8). The results are given in Table 3. They show a very stable development in spite of RH variation from 10 – 100%.

Table 3  Effect of RH on development and survival of pupae of tuberculatus at 20.2 C

RH
no. pupae
no. of emerging flies



number
%

0
20
18
90

10
20
20
100

30
20
20
100

50
20
20
100

80
20
20
100

100
20
20
100

At the temperature used (20.2 C), variation in RH did not affect the duration of the pupal stage, and only at a RH of less than 10% was the survival rate reduced by 10%.  We have no corresponding data for strigatus, but Zabirov (1963) gives evidence of their stability to RH in Leningrad conditions.  Kanervo (1935) showed in Finland that the pupae of these two species very often develop in 100% RH. Therefore it is not surprising that only low RH affects them.  According to Bessmertsnaya (1955), the maximal survival is at 10 – 20% “soil humidity” [probably water content].  


The depth at which pupae are in the ground was studied by analysing soil samples slice by slice. Table 4 shows that more than 96% of pupae were at depths of  0 – 5 cms. A small number (3.6%) were at 5-10 cm depth, which does not hinder them significantly: from 50 pupae of tuberculatus placed at 10 cms depth, only 5 flies died in the ground.  There was no difference in depth between the two species.

Table 4 Depth of location of pupae in the ground, of both species.

Depth (cms)
no. of pupae


number
%

0 (on the ground)
8
4.9

0-5
150
91.5

5-10
6
3.6

10-15
0
0

15-20
0
0

20-25
0
0

25-30
0
0

In spring the overwintered flies appear at different times depending on many factors: weather, ground, etc.  The dynamics of flies of these two species were analysed in 1963-65 in both field and laboratory conditions.  In the field the puparia were placed in the ground at 5 cms depth, and covered with gauze. In laboratory conditions they were in glass containers, again covered with gauze.  Every day the temperature and number of pupae and flies were counted. The data are presented in Tables 5, 6 and 7.  

Table 5:  The dynamics of flight of both species: field observations

Table 6:  The dynamics of flight of  tuberculatus: lab conditions

Table 7:  The dynamics of flight of strigatus: lab

Our results show that in 1963-65 the overwintered generations of strigatus finished their development from 28th May to 30th June, and tuberculatus from 13th June to 5th July.  It should be noted that the flight of strigatus usually starts several days before tuberculatus.  The second peculiarity of the flight of overwinteed generations is that it occurs over a relatively long period: strigatus from 21 – 33 days, and tuberculatus not less than 23 days.  This is due to the age structure of the overwintered generations, due to the effect of temperature on pupation and pupal development.  During the spring, pupae of the first and part of the second generation of the previous year finish their development first.  Pupae of the second generation of the previous year finish later, since they resume feeding in spring.  Therefore the long period of the flight of overwintered generations simply reflects their long period of pupation.  At higher temperatures this period becomes shorter, and at lower temperatures becomes longer.


Both species emerge from the pupa in an immature state, and need additional feeding. In the field we have found these flies feeding from different flowers. During warm sunny days they are very active and eat, produce eggs, etc.  If it is cold and dull, they prefer to sit on the same flowers of the same plants that they previously fed from. In laboratory conditions we kept constant their activity by constant light conditions. 


Copulation was observed during warm and sunny days, during the 2nd or 3rd day after emergence. The duration was 10-15 mins. It is interesting to note that females of strigatus usually only have one copulation, but on the contrary female tuberculatus very often copulate a second time, and sometimes up to seven times during one day.


The dynamics of egg production and reproductive activity started from 3rd June until 18th August, a total of 76 days. Expts were done in glass containers with optimal food. In our experiments tuberculatus started producing eggs usually from 6-12 days, and sometimes even 15 days after emergence. Different females produced eggs for 13 – 43 days (mean 32 days). The calendar period is from 9th June until 18th August, a total length of 70 days. The mean temperature during this period was 24 (17.8 – 28.3 C) (see Table 8).


Strigatus started producing eggs at 7, 12, 18 or even on 22nd day after emergence. In 1964 the calendar period was from 9th June until 30th July, a total of 50 days.  The mean oviposition period of one female is about 38 days (30 – 66 days).  


Our observations show that some females produce eggs every day, whilst others have some gaps, from one to several days. Only one female produced eggs every day from 29th June until 19 July, with only one day’s gap – the 7th July.  On one single day, from 7 to 264 eggs were laid. Intensive copulation and oviposition takes less time at temperatures higher than 20 C.  Some females demonstrate a complex profile of oviposition with time, but typically it rises rapidly to a peak, and then tails off more slowly. The duration and profile depend on mainly on the age structure of the overwintered generation, and also on temperature and [larval] food.


In our experiments the mean fecundity of female tuberculatus in 1964 was 156 eggs. 37 females produced 5782 eggs. The maximum was 520, the minimum 114. In 1965 the mean was 213 (56-1092). If we exclude the one star female (1092), the mean fecundity at 19 C (17.8-28 C) and with optimal food (onion juice, flower nectar, sugar) was 184 (156-345).


In strigatus, the mean fecundity was studied with two different [larval] foods, iris and onion. When females were fed iris, they started to produce eggs at 6-7th day after emergence, and if they ate onion, on the 18-24th day after emergence.  In 1964 females that ate iris and emerged on 2nd June started ovipositing on 9th June, and female fed onion and emerging on 4th June started oviposition on 22nd – 25th June.  In the last case this period continued until 25th and 30th July respectively.  The duration of the oviposition period by strigatus in the case of iris food is 47 days, but for onion food it was 35 days.  The total duration of this period was 55 days [?not clear].  The mean fecundity of strigatus fed on iris was 538, but fed on onion 360 (290-365) eggs  (see Table 9).

Table 8:  Dynamics of egg production by female tuberculatus fed on onion in the laboratory, 1964

Table 9  Dynamics of egg production by strigatus, 1964

Like other insects, fecundity of these two species can vary greatly among individuals. Fecundity depends on the one hand on genetic factors, and on the other on the external conditions.  Among genetic factors, the most important is the number of ovarioles in the ovary. We dissected ten females of tuberculatus, and found that the number of these ovarioles varied from 35 to 53, mean 48, for one of the two ovaries. Thus on average one female has 96 ovarioles.  It is probable that so large a number provides great potential fecundity. Therefore the record female that produced more than 1000 eggs is not extraordinary.


Among the external factors the most important are temperature, daylength, and especially important is the food.  We saw completely different behaviour of these insects in different weather. On hot dry days they are very active, whereas in dull cool days they are inactive and produce only a few eggs. The effects of food on fecundity was studied by experiment, using 12 different foods. In 11 cases we studied 5 females and 5 males, and in the last only a single pair.  Flies were in glass containers, and food was changed every day, and every day the number of eggs was counted. The mean temperature was 20-27 C (mean 23.4). The results are in Table 10.

Table 10 Effect of food on fecundity and longevity of female tuberculatus
From the data of Table 10 that without food and with milk, yeast, decayed onion and flowers, flies can survive from only 4 to 7 days and produce no eggs at all.  It is interesting to note that this is also occurs with flowers. It is possible that this is because the flowers were cut, and hence were not growing, and do not produce nectar in this condition.


In experiments 6 and 7, the flies lived 26-29 days and were very active, but produced practically no eggs. Probably this is because of a lack of proteins in the food. In experiments 8 and 9, the addition of yeast, saccharose and honey not only prolonged longevity but also induced significant increase in fecundity. However the optimal conditions of food were found only in experiments 10 and 11. In experiment 10, females produced 155 eggs each over 24 days, and in experiment 11 they produced 346 eggs each over 48 days. A paradoxical result was obtained in the 12th experiment, since in 35 days a single female produced 1092 eggs. In later experiments we used this food mixture, but never reached so high a fecundity.  Therefore at optimal temperatures (20-26 C) the true fecundity of tuberculatus is determined by the food quality, and varies in experimental conditions from 0 to 1000 egs per female. In natural conditions females probably cannot always realise their potential fecundity.


The longevity of flies was studied in laboratory conditions. At optimal food the longevity of tuberculatus [females] was 26 days on average (max 64 days), whilst males lived 24 days on average.  Females of the summer generation lived 19-27 days (mean 23 d), but males 22 days.  


The maximal longevity of females of strigatus of the overwintered generation was 80 days (mean 52), and the males a mean of 30 days.

The first and second summer generations

In 1964 in the field, tuberculatus [of the overwintered generation] started to lay eggs on decaying onion bulbs of the previous year from the 6th June, at average temperature of 16.8 C: the day degrees above zero for the previous ten days was 154.2 and the oviposition period lasted until 23rd July.  Strigatus of the overwintered generation started to lay on Iris at the begininng of the 3rd decade of June, and the day degrees above zero was 162: this period continued until 16th July (19 )[?? ref 19?]. The most intense oviposition was at the beginning, and over several days about 100 eggs were placed on a single plant during one day.


In 1964 the females of the [first] summer generation of both species started to lay eggs in the field in the 3rd decade of August, tuberculatus from the Aug 1st, and strigatus from the 9th. This period continued until the end of the 2nd decade of September. Under field conditions, tuberculatus placed eggs on seed onions on the leaf bases and on the ground, and on onion bulbs close to the neck of the bulb between the dry outer layers, and close to the bottom of the bulb. In the laboratory, tuberculatus placed 28.9% of eggs near the neck, 25.7% near the bottom, 35.8% between layers, 6.9% on other parts of the bulb, 0.9% on leaves, and 1.8% of eggs in other places. 


In the Iris field, strigatus placed 12.1% of its eggs on decaying plants, 5.1% on healthy roots, and 82.8% on the ground near the plants.  Decaying bulbs of onion and decaying roots of iris are especially attractive to both species because of their specific smell.  Usually flies place the majority of eggs in sites more or less protected from direct sunlight. The effect of temperature and RH on the egg development can be estimated only in special experiments. Such experiments have been undertaken for strigatus only by Zabirov (1963) under Leningrad conditions.


In all available literature there are only a few fragmented observations about the development of eggs in nature. Usually we found a description without any detailed description of conditions. In the experiments of Zabirov (1963) the eggs of strigatus developed in 9-11 (at 10 C) to 3.3 (at 25 C) days.


We have studied the period of egg development of both species at temperatures from 9.8 to 27.3 C. The data are summarised in Table 11. Based on these data, the temperature parameters of the lower temperature threshold and the sum of effective heat were calculated. For tuberculatus they were 7.2 C and 63.1 day degrees; for strigatus they were 7.2 C and 53.0. Thus eggs of tuberculatus developed more slowly and the sum of effective temperatures necessary for development is high in comparison with eggs of strigatus, but the lower temperature threshold for both species is the same.


Another important factor influencing the period of egg development and survival is relative humidity. The effect of RH was investigated at 21 C. Humidity was changed using acids, and 100% saturation was achieved using distilled water. The results are in Table 12.

Table 11.  Effect of temperature on the period of egg development of tuberculatus and strigatus
Table 12  Effect of RH on egg devlopment of tuberculatus
In all experiments the larvae appeared after 5 days. It follows that at 21 C the relative humidity did not affect the period of development. Healthy larvae emerged only if RH was higher than 30%. Regretfully the same experiment with strigatus eggs was not done. According to Zabirov (1963) the optimal conditions for eggs of strigatus was RH 75-100%. If RH was lower than 40% then the mortality rate was 35-75%.  Therefore the eggs of tuberculatus are less sensitive to low RH as compared with strigatus.

Young larvae of both species were very mobile, and immediately started eating. The species of plant that can be utilised is well known, and has been studied many times in Russia (refs 1,2,3,7,9,10) and abroad (15,17,19,20). For strigatus there are 17 species from 5 families (list........), and for tuberculatus 8 species from 4 families (list ....).  In central Urals according to our data, the main food for these species are roots of Iris and onion (strigatus), and mainly onion (tuberculatus).


We tried to study the characteristics of the feeding of tuberculatus in order to discover whether they can penetrate healthy bulbs, or whether only previously damaged or unhealthy bulbs are affected. We did this only for tuberculatus, because it was impossible to do it for strigatus on account of the small number of larvae available.  Three types of experiments were done. In the first, healthy but mechanically damaged onion bulbs at the stage of the very beginning of decay were placed into glass containers together with larvae, at 100% RH. In the second experiment, parts of damaged and decaying bulbs were isolated by rubber rings with glass ends, and larvae placed in the outer (healthy) part: sometimes a small amount of water was added inside these small containers. The third type of experiments used healthy and mechanically damaged bulbs in the initial stages of decay, and these were placed into the ground and eggs were placed on the ground nearby, and sometimes water was added.


Some of the results obtained have already been published (13), but now we present all of them (Table 13).  From these results, it evidently follows that larvae can easily penetrate decaying and damaged bulb tissue, and can develop completely up to pupation inside.  Also they can penetrate into the healthy bulb from the bottom, near the root exits, or through the young leaves and the neck of the bulb.  However, they cannot penetrate a resting bulb, nor can they penetrate a bulb from the side, through the dry external layers.  

Table 13: Effect of bulb condition on the development and survival of larvae of tuberculatus

Under field conditions in one bulb, from one to several tens of larvae can be found. Usually in one bulb, only larvae of one species can be found, strigatus or tuberculatus, but practically never together. At the same time it is very often the case that in one bulb we found syrphid larvae together with larvae of the onion fly [Delia antiqua]. It follows that coexistence is possible among different genera within one bulb, but not congeners.


Bulbs damaged by larvae decay and transform to a semi-liquid substance with a particular smell. Small bulbs decay faster, and evidently the more larvae there are, the faster the decay. The decay is also faster at higher RH. On iris, larvae of strigatus damage the root, but it is known that the old part of the root is covered by a relatively hard external skin. In iris, each year the root grows from the tip and decays from the back. According to our observations, the larvae of strigatus prefer to eat and develop on the old decaying part of the root. They penetrate through some cuts in the old skin. Roots of iris where the larvae are eating decay and transform to the semi-liquid state. Larvae penetrate into the old part of the root, but afterwards they can move to the young growing parts of the iris, the leaves, etc, with a high degree of damage to the new root. The whole plant can die. Such plants can be easily removed from the ground. But sometimes young larvae can penetrate directly into the growing parts of iris roots.


The period of development of strigatus and tuberculatus of the first generation, and different factors affecting this period, have received only small attention. In early works (5, 10) it was assumed that the development of both species was the same, and varied in the Novgorod region from 8.5 to 21 days (mean 14 - 17.5 d) (5), and near Moscow from 21-28 days (10). In these studies, the two species were not differentiated, and probably in (5) they dealt with strigatus and in (10) with tuberculatus.  In more recent and more accurate data (6) from Leningrad, the first generation of strigatus developed in 23.3 - 12.9 days at 15-25 C. Practically there are no data on the development of the first generation of tuberculatus (Martin 1934). In Finland (17) larvae of tuberculatus developed more slowly than strigatus.


In 1964 and 1965 we studied the developed of the first generation of strigatus and tuberculatus at 22 to 29.2 C on healthy onion tissue, and also at 23.7 - 23.9 on decaying onion. Healthy bulbs were taken, cut, and just-emerged larvae were placed onto the cut. Then bulbs were placed into the glass containers of 0.5 litres and development studied at different temperatures: results are presented in Table 14.

Table 14:  Duration of development of larvae of the first generation of tuberculatus

In 1964 at an average temp 22.9 C and natural light conditions, larvae of tuberculatus developed from 16 to 23 days (mean 19.8). At 23.7 C, they took 18 (12-21 ) days, and at 27.3 in darkness they took 14.8 (11-22) days. Similar results were obtained in 1965: at 22 C and natural light, larvae took 21 (16-23) days, at 29.2 in darkness took 15 (14-22) days.  When the larvae ate decaying onion bulbs, their development is significantly faster. At 23.7-23.9 C development was 15 (12-21) days, approximately 3 days faster.


We looked at the development of the first (summer) generation of strigatus. Eating healthy onion bulbs was not studied in detail because of lack of material. However, some fragmentary observations showed that they develop 2-4 days faster than tuberculatus. At 22 C, larvae of strigatus developed in 17 (14-21) days, and at 24 C in 15 (12-18) days: thus the individual variation of development of strigatus was about 6-7 days. 


During this study it was found that not all larvae of the first (summer) generation finish development in the same season. Some of them diapause and overwinter. This effect was studied in more detail, and the results are summarised in Table 15.

Table 15:  Duration of development of first-generation larvae of tuberculatus and strigatus in 1964

Comparing the data with daylength shows that the probability of overwintering is correlated with the date of emergence, hence later-emerging larvae overwinter more often. Shorter days lead to more larvae stopping eating and overwintering. At a daylength of 16 hrs and low temperatures (about 13 C) most of the late-emerging larvae of the first generation overwinter. Only 32% of tuberculatus and 48% of strigatus pupate in the same season when daylength is less than 16 hrs.  The importance of daylength as an external stimulus causing diapause is supported by data obtained during the study of development of first-generation tuberculatus at different light and temperature conditions (Table 16).

Table 16:  Effect of temperature and light conditions on the development of 1st-generation tuberculatus larvae

At 29 C and in darkness, all larvae develop normally and do not diapause: 82.5% pupated. But in normal light conditions, when daylength is decreasing from 17 h 34 mins to 16 hr 39 mins, the number of diapausing larvae increased from 4.8% to 80%, and the number of pupated larvae decreased from 74.2% to zero.


The first tuberculatus larvae of the first summer generation was found in nature during the first decade of July, and the first fly in 1964 started on 19th July, and in 1965 on 21st July. The peak flight is at the end of August, ending on 10th Sept. The eggs produced in 1964 started on the 31st July and continued until 20th Sept. The second generation of tuberculatus developed from 31 July until the beginning of the overwintering season.


The dynamics of egg production and reproduction of tuberculatus females of the first summer generation emerging during the period from 19th - 25th July, 1964, is shown in Table 17. The minimal reproduction was 56, maximal 324, mean 127 eggs per female.

Table 17:  Dynamics of egg production of tuberculatus of the 1st summer generation in 1964

Pupation of the larvae of 1st summer generation of strigatus was observed during the second decade of July, and continued until the end of the first decade of August. The flight of this generation started during the second half of the first decade of August, and ended in the beginning of the second week of Sept. 


Egg production by female strigatus of the first summer generation in 1963 on Iris started approximately from 10th August, and continued until the 13th Sept. Dynamics of egg production and reproduction was not studied.


The duration of embryonic egg development of the second generation is similar to that of the first generation. Larvae of the second generation of tuberculatus in field conditions in 1964 started eating from 8-16th August, and strigatus from 15th August. They continued eating until the second decade of Sept, when the mean temp of the ground decreased to 9.8 C. All larvae of the second generation overwinter, whatever their instar (Table 18). Larvae of 2nd and 3rd instar of the 2nd generation overwinter in diapause.

Table 18:  Development of larvae of 2nd generation of strigatus and tuberculatus in 1964

Young larvae of the 2nd generation of both species die during the end of autumn and beginning of winter, and cannot be found the next spring. Therefore in the middle Ural region, only pupated larvae of the first generation and diapausing larvae of the second generation can survive (ref 12).


The cycle and seasonal development of strigatus and tuberculatus, like other insects, are determined by two main factors: specific factors of the particular species, and external conditions. Among the external factors, the most important are food, temperature, humidity and daylength. Development of these two species starts in spring at mean T = 9.8 C and stops in the autumn at similar temperatures. Diapause of the larvae can be considered as an adaptation to the climatic conditions. In the southern part of central Urals, two generations develop. The data obtained are summarised here in the form of a phenological calendar (Table 19), created on a unit of 5 days, which demonstrates and reveals some peculiarities and differences between these two species, and also allows us to take measures to protect plants from these insects.

Table 19: Phenological calendar for strigatus and tuberculatus in conditions of the central Urals.

Month, decade. Tuberculatus, then strigatus.

temperature: air, ground at 5 cms depth

precipitation

daylength
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