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[ The onion hoverfly (Eumerus strigatus Fall - Diptera, Syrphidae) - biology and control ]
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Life cycle in the Crimea

L3 larvae and pupae overwinter in the ground in old onions forgotten on the ground. 60% of larvae are at depth of 5-8 cms, and only a small number are deeper than 10 cms.  Larvae overwinter in diapause due to short days and low temperature (Zabirov 1963).  In the Crimea feeding and development continue to the beginning of April, when the air temperature is 7-8 C and the ground temperature at 5 cms reaches the same levels. During the 1st part of April, larvae finish feeding, rise near to the surface, and pupate.  The emergence of adults typically begins at the end of April or the beginning of May when the air temperature reaches 16-20 C and ground temperature at 5 cm reaches 19-20 C.  The number of flies increases during May-June, has a peak in July-August, and decreases in the 1st part of September, with only a few individuals in October.   It has been found that after rain, the emergence of flies increases.  Males typically emerge first, with females 4-5 days afterwards.


To mature their gonads, an additional feeding period [of the adults] is necessary, and the adults must have carbohydrates and proteins in their diet (Table 1). However, if we feed them only protein-containing food or carbohydrates, there is only very low or no reproduction.  In favourable conditions (sugar + yeast) the completion of reproductive maturation is very fast.  Mature oocytes can be found in laboratory conditions during the 4th day, and the first eggs during the 6th day after emergence.  Under less good conditions (milk + sugar), these occur after 12 and 16 days respectively.  In nature, flies feed on flower nectar and on the decaying onion bulb.  The first females with mature eggs can be found typically 5-7 days after eclosion. They begin oviposition 2-3 days after maturation, when the eggs reach 0.7 – 0.8 mm in length.  The development of subsequent eggs takes place continuously after the laying of the previous ones.  Eggs are laid singly or in small batches of 3-10, on or near the bulb.  The highest number can be found on decaying bulbs.  Typically eggs are not on the surface, but in crevices.  


Emergence, activity and reproduction depend on weather conditions.  Flies are most active in sunny warm weather. Activity has a maximum at about 1400 h, and then decreases quickly (Fig 3).  In laboratory conditions, reproductive activity stopped when cages were covered with ‘marla’, when the light levels were less than 6000 Lux, regarded as a minimum for reproduction.  In cool weather flies are less active, and during the evening and night they try to sit under leaves in safe places.  The number of males and females eclosing from pupae taken from different populations and at different times varies from 1:1 in the first part of the summer, to 2f:1m in the second part of the summer (Table 2).


It was not possible to determine the longevity of the adult in nature: presumably it is about one to one-and-a-half months.  In the laboratory, longevity depends on the type of food,  and is on average 25 (40 max) days (see Table).  Temperature and light conditions also affect longevity; in the laboratory at temperatures lower than 15 C, or a temperature of 18 C and low light (2-3000 Lux), their activity decreases dramatically, the flies stop eating and soon die.  The most favourable conditions are 26-30 C and 4-6000 Lux.


It should be mentioned that an obligatory condition is also the presence of a large space to fly, because flies in small containers die after 5-6 days even with plenty of food, light and at the correct temperatures.  When a group 30-50 pairs were kept in a space of 70 x 40 x 50 cms, longevity was about 19 days; presence of individuals of the opposite sex stimulated activity and prolonged life.  Under similar conditions females live a bit longer than males, on average 22.5 days as against 20 days.


It is difficult to analyse reproduction in nature because it is difficult find all the eggs. Up to 128 oocytes were found in the female fly.  Probably their reproductive output is high because eggs develop continuously.  The maximal reproductive output in laboratory conditions with good food was 76 eggs.  Dependent on temperature, egg development takes 1-9 days (Table 3: data of 480 eggs).


The calculated lower temperature limit is 8.7 C, and the sum of effective temperatures necessary for eggs to develop is 53 degrees. In nature eggs develop over 5-10 days, and the most favourable temperature is 22-25 C.  Deviations from this optimum prolong development and increase mortality.  Eggs are very sensitive to low relative humidity, since during normal development they are at a relative humidity near to 100%. At 40% and temperatures of 22-28 C, 30-88% of eggs died.  According to results obtained by Zabirov (1963), only at 100% relative humidity did no eggs die; at  40% and temperatures of 20-25 C, 60-75% died; and at 75% relative humidity, 10-15% died.


The larvae break out from the egg along the longitudinal axis, on the flat side of the egg, and the process takes several minutes.  The young larvae are very mobile and immediately go to find food.  There is no common opinion about the peculiarities of larval feeding, and the sequence of their effect on the crop.  According to some authors (Bessmertnaya 1954, Zabirov 1963) larvae can eat only decaying onions. Other authors (Yaroslavtsev 1927; Hodson 1927; Bei-Bienko-Baranovskaya 1928; Strazdinya 1962; Bagacheva 1961) believe that larvae can eat the healthy bulbs.  Our investigations in nature and in laboratory conditions constitute evidence that larvae are virtually saprophages;  they cannot eat the solid hard tissue.  There are many literature data, also supported by our own data, that the presence of larvae in the onions always occurs together with some decaying parts.  According to Gorilyenko et al (1956) there are some symbiotic connections between flies and bacteria responsible for the decay, and the flies transmit the bacteria.  They showed experimentally that all stages of the fly from the egg to imago contain the bacteria, both on the surface and even inside the eggs, and the authors concluded that flies furnish the bacteria, and the bacteria provide the decaying tissue, making it suitable for the larvae to feed on.


To investigate mass reproduction of this fly in the lab, the following medium was developed (per 100 gms):  

onion matserirovannui and soya powder 
12.3 gm

yeast (gefefitin)



3.1 

saccharose



1.6

ascorbic acid



0.6

maize or sunflower oil


0.3 

metaben




0.2

cholin chloride



0.18

Vessona salt



0.06

agar




1.6

distilled water



66.2 ml

vitamin E (toxofenol)


0.125 ml



This medium is placed in small sections (2-3 cc) on filter paper with water, and placed in containers (see photo) covered by polythene film.  In each container 5-10 freshly eclosed larvae were placed.  Larvae begin to eat immediately, and new portions of medium were added. This medium is good because practically 100% of larvae pupate successfully.  The first ecdysis of the larva occurred on the 2nd or 3rd day, the second one on 5th or 6th day.  In nature a larva takes 18-22 days to develop, depending on food and temperature;  they develop most quickly on hyacinth bulbs, onion, narcissus and tulip, and the values on these coincide with their speed of development in the laboratory.


Based on data on the duration of larval development at different temperatures (Table 4), the lowest temperature threshold is 8.7 C, and the sum of effective temperatures is 230 degrees.  It has been found that at 24-25 C, the duration of the L1 and L2 stages is about 40% of the total larval period (14.4 days).  Finishing their development, the larvae leave the food source, and rise to near the surface, and pupate.  Pupation takes from 5-12 hours.  Pupae from larvae fed on synthetic diet develop fastest at 26-30 C; however at 30 C, 21.2% died.  Therefore the most favourable temperature is 25-26 C (Table 5).


In natural conditions at an average temperature of 23-24 C, the pupa takes 10 days on average to develop.  Based on these data, the lower temperature threshold of development of this stage is 8.7 C, and sum of effective temperature from pupation to adult emergence is 175 degrees.  The total sum of effective temperature necessary for one complete generation is about 540 degrees.  In Crimea, this sum above 8.7 C from April to November is about 2000 degrees, which allows us to suppose that in this region the flies can have four complete generations.  However in nature there are most probably three generations.  This may be due to the effect of daylength on diapause.  According to Zabirov (1963) this factor affects diapause induction only at temperatures higher than 15 C. At 18-25 C, the critical daylength that initiates diapause in 50% of individuals is about 16 hours.  In our conditions, this critical daylength is a little bit lower, 15.5 hours.  This can be explained by the effect of temperature, which is high in comparison with the Leningrad area, where Zabirov did his experiments.  According to his data the average temperature in the middle of August is 15.3 C, close to the value producing diapause.  In our area of Crimea, the temperature in the middle of August is 23.6 C.  Therefore larval development continues up to the end of August, and only the decrease in daylength to 15.5 hours initiates diapause.  In the middle of September the average temperature is 18.4 C, and all larvae enter diapause.


According to Zabirov, to reactivate these larvae, low temperatures from 0 to 10 are required. At temperatures higher than 10 C, there was no reactivation and all larvae died.  In our conditions, ground temperatures at the depth of the larvae over the entire winter are about 0.7 to 6.2 C, with a minimum of –1.6 C.  Such conditions are favourable for reactivation, which is complete by the end of February.  No cases of larvae  overwintering for a second year have been found.  The begining of the spring flight of adults depends on the sum of effective temperatures above 8.7 C of the ground at 5 cms depth (Table 6).  The emergence of the fly begins when the average daytime temperature of the air reaches 16-20 C, and of the ground at 5 cms depth 19-20 C.


The production of eggs by the first generation begins in the beginning of May (average temperature 15 C); of the second generation at the beginning of July (23.6 C), and of the third at the beginning of August (25 C) (Fig 5).  Because the summer is long and not all individuals develop synchronously, generations overlap.  Typically the 2nd and 3rd generations are more abundant.  Larvae of the 3rd generation at the end of August begin diapause and overwinter.  It is possible that also the late larvae of the 2nd generation also overwinter.
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