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ABSTRACT

Biological studies of the predatory midge, Aphidoletes
aphidimyza were carried out combining two variables: ie.,
temperature and prey species. All assays were run at 16 L: 8 D
photoperiod and 60% R.H. Feeding on the cereal aphid,
Rhopalosiphum padi was combined with three different temperatures
,20° C, 25° C and 30° C, whereas assays using 4. gossypii and 4-
craccivora were done at 25° C. Results showed that the cereal aphid,
R. padi induced low larval mortality and high female fecundity. The
temperature of 25° C was selected for rearing this predator because it
was associated with high hatchability, low larval mortality, high adult
emergence rate and high female oviposition. The females of A.
aphidimyza prefer to lay most of their eggs on the lower surface of the
leaves. Moreover, the mean percentage of deposited eggs decreased
gradually with decreasing aphid density on the plant.
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1. INTRODUCTION

The midge, A. aphidimyza (Rondani) (Diptera: Cecidomyiidae)
is a general aphid predator, attacking many aphid species on different
host plants (Wood-Baker, 1965 and Nijveldt, 1988). Morphological
and biological studies of larvae, pupae and adults of A. aphidimyza
were carried out by Roberti (1946). In Egypt, the morphology of all
stages of Phenobremia aphidivora (=A.aphidimyza) with some aspects
of its biology was studied by Ismail (1963). However, A. aphidimyza
is considered a complex of various geographic populations, which
differ in most biological parameters (Havelka and Zemek, 1999). This
predator was investigated with respect to its suitability for the control
of aphids in greenhouses (Markkula and Tiittanen, 1985). At the
beginning of the 1970’s, A. aphidimyza was used for the biological
control of aphids in greenhouses (Krivan and Havelka, 2000). Before
applying this predator for the bioclogical control of aphids in Egypt, it
was cssential to study its biological activities under different
temperatures with larval feeding on different aphid species in order to
choose the best rearing temperature and the proper prey species for the
mass production of 4. aphidimyza.

2. MATERIAL AND METHODS

Individuals of the gall midge larvae, A aphidimyza were
collected from okra, Abeimoschus esculentus plants infested with the
cotton aphid, Aphis gossypii in the Experimental Farm of the Faculty
of Agriculture, Cairo Univ. Giza, Egypt. These larvae were transferred
to the laboratory and provided with sufficient individuals of 4.
gossypii as food material in plastic boxes (15X 20X 10 cm). The
boxes were bottomed with 2 cm high-moistened peat as a pupation
substrate. A rectangular area of 12X17 cm was removed from the
cover of the box and replaced by muslin cloth glued to borders of this
area to facilitate aeration. Within these boxes, the larvae were
maintained until adults emergence. Ten pairs (males + females) of
these adults were then housed in a glass cage (30X30X30 cm)
provided with a pot planted with bean scedlings infested with the
cowpea aphid, Aphis craccivora. Moreover, drops of nutritional
solution consisting of 1 bee honey:
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1 yeast were kept on the lower surface of the cover of this cage as food
material for the confined adults. The seedlings were considered as an
oviposition site for the predator females. Thus, the pot had to be
changed daily. Deposited eggs were collected daily to be used in the
following experiments.

2.1. Effect of prey on biological activities

This experiment was conducted under laboratory conditions at
25 +1° C, 60% R.H. and 16 L: 8 D photoperiod regime. Three aphid
species ie., A gossypii, A. craccivora and R. padi were tested in this
experiment. In each case, newly hatched larvae were transferred
individually into rearing glass boxes (5 cm high and 7 cm diameter)
using a small fine camel-hair brush. For aeration, a circular area of 5
c¢cm diameter was removed from the cover of the box and replaced by
muslin cloth glued to borders of this area. The box was bottomed with
a disc of filter paper moistened with water drops. One leaf of bean,
wheat or a disc from cotton with sufficient number of aphids and one
larva of predator were placed on the filter paper disc kept at the bottom
of the box. The food material was replaced daily with fresh aphids and
one drop of water was added to the filter paper disc. Duration and rate
of food consumption were determined for each larval instar until
reaching the pupal stage. Rate of larval mortality in all treatments was
recorded through 5 replicates, 20 larvae each. Full-grown larvae were
provided with a piece of moistened cotton wool in a glass box as a
pupation site. Pupae were kept under observation until adults
emergence  and thus pupal duration was determined for these
individuals. Consequently, emergence rates and sex ratios were
estimated for the five replicates mentioned above. Afier adult
emergence, in all treatments, cach pair (male + female) was keptin a
transparent plastic cylinder cage (10 cm high and 7 cm diameter)
covered with muslin cloth and placed on a pot planted with one bean
seedling infested by 4. craccivora as an oviposition site. Adults were
provided with one drop of nutritional solution (1 yeast: | bee honey)
which was placed on the internal side of the cylinder. Pots were
changed daily and kept to calculate oviposition periods, egg duration
and hatchability. Life span of males and females were also calculated
for all treatments.
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2.2. Effect of temperature on biological characters

Three temperature degrees i.e.,20+1°C,25+1°Cand 30+ 1°
C associated with 60% R.H. were tested. In all treatments, the aphid
species, R padi was used as a prey with photoperiod of 16L: 8D. The
same technique of the above experiment was followed to study the
effect of temperature on the biology of the gall midge.

2.3. Oviposition sites and effect of variable infestation levels on egg

laying

Three bean plants (20 cm each) grown in plastic pots were
infested with 25, 50 and 100 individuals of 4. craccivora / plant and
the fourth plant had no aphid. These four plants were kept in the same
cage (50X50X50 cm), each plant was placed near the angle of the
cage. Five mated females (2 days old) were introduced to each cage.
This treatment was replicated 5 times. After 2 days, the plants were
removed and examined under the light microscope and numbers of
eggs deposited on both sides of the leaves, buds and stems were
recorded.

2.4. Statistical analysis

Data of all experiments were statistically analyzed using
classification  one-way MSTAT version 4 (1987). Significant
differences among these means were tested by LSD test (P<0.05

3. RESULTS AND DISCUSSION

3.1, Egg stage
3.1.1. Incubation period

At 25°C, duration of egg stage ranged between 2.45 and 2.75
days according to larval food (aphid species), showing no significant
differences among these periods (Table 1). Incubation period
decreased gradually with increased temperature where it lasted 3.95
days at 20°C, 2.45 days at 25°C and 1.85 days at 30°C. Moreover,
Table (2) shows a significant difference between periods reported for
20°C and both 25°C and 30°C with feeding on R. padi. These periods
at 20°C and 25°C appear quite similar to those given by Havelka (1980
b) under the same thermal conditions (2.57 and1.67 days, respectively)
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Table (1): Effect of prey type (aphid species) on the preimaginal
developmental time (days) of A aphidimyza reared at a
constant temperature of 25°C,

Stage A. craccivora | A. gossypii | R padi
Egg 275a 27a 245a
T
g First instar 0.93a 098a | 0.88a
[N
Second instar 2.13a 248a 248a
]
Third instar 405a 385a 37a
Larva
Male 6.8 6.7 6.7
T.L.P. Female 1.4 7.7* 74
Mean 7.1a 72a 7.05a
EE— —— ‘ T
Male 6.7 " 6.8 6.5
Pupa Female 7.2 7.2 6.5
Mean 6.95a 70a 69a
Male 163 16,3 155
Preimaginal
deveiopment Female 17.3 17.5 17.3*
(Total)
Mean 168 a 16.%a 16.4a

Means followed by the same letter on the same row are not significantly different
(P<0.05)

*= Significant difference between the two values for male and female {P<0.05}.

and by Bouchard et al. (1981) at 23°C (2 days). However, Havelka and
Zemek (1988) stated that the egg duration at the same temperature
differs according to the geographic population of this predator. On the
other hand, Choi et al. (2001) recorded longer periods (4.5, 3.5 and 3
days) under temperatures of 20, 25 and 30°C, respectively. Generally,
many authors showed that the incubation period was prolonged
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proportionally with decreasing temperatures (Haveltka, 1980 b; Morse
and Croft, 1987; Nijveldt, 1988; Havelka and Zemek, 1988; Choi er
al., 2001).

Table (2): Effect of temperature on the preimaginal developmental
time (days) of 4. aphidimyza feeding on R. padi.

Stage 20°C 25°C 30°C
Egg 395a 245b 1.85b
First instar 235a 0.88b 0.78 b
Second instar 32a 2.48 ab 183 b
Third instar 47a 37b 26¢
Larva
Male 9.3 6.7 4.8
T.LP Female 10.7 7.4 5.8*
L
Mean 10.25a 7050 53¢
Male 10 6.5 5.4
Pupa Female 11.4% 7.3 5.6
Mean 10.7 a 69b 55¢c
Male 237 15.5 12.1
Preimaginal
development Female 26.1* 17.3* 13.2%
(Total) ]
| | Mean 249a l64b | 12.65¢

Means followed by the same letter on the same row are not significantly different
{P<0.05}
*= Signiftcant differencc between the two values for maie and female (p<0.05)
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3.2. Hatchability

The obtained data indicated that there was no significant effect
of various larval preys on hatchability of A. aphidimyza eggs, where its
rates reached 88% with A. craccivora, and 89% with both A. gossypii
and R. padi. Hardly any information is available on the effect of larval
food type on egg hatchability of this predator. However, hatching rates
were 84, 89 and 87% at 20, 25 and 30° C, respectively, showing no
significant differences. These results coincide with those of - Havelka
(198¢ b) who mentioned that hatching rate was increased with
increasing temperature from [5° C up to 25° C. Similarly, Morse and
Croft (1987) recorded a hatching rate of 89.9% at 24.2° C. Moreover,
Havelka and Zemek (1988) stated that the hatchability differs at the
same temperature according to the geographic population of the
present predator.

3.3, Larval stage
3.3.1. Duration

The present study showed that the larva of A. aphidimyza
develops through three definite instars, depending on detection of
larval exuvia. This number of instars confirms the report of Morse and
Croft (1987) and Harris {1973) for this predator. However, Azab er a/.
(1965) recorded four larval instars for the same predator depending
only on the body-size and color. Data suminarized in Tables (1&2)
show that the duration of the Iarval stadia prolonged with development
of the three larval instars, The present study revealed that feeding on
the aforementioned aphid species had no effect on the total larval
period (Table 1). This period (at 25° C) lasted 7.1 days with 4.
craccivora, 7.2 days with 4. gossypii and 7.05 days with R padi.
However, significant differences were reported for this period due to
varied temperatures, being 10.25, 7.05 and 5.3 days at 20, 25 and 30°
C, respectively (Table 2). Azab er al. (1965) recorded 6 days asa
larval duration at 27.8° C with both A. gossypii and A. punicae , their
results coincide with the present values given at 25 and 30° C. Also,
Havelka and Zemek (1988) found that the larval development time
differs among the geographic populations of this predator even under
the same conditions (temperature and prey). In contrast, many authors
recorded shorter periods in comparison with the periods reported in the
present study; Havelka (1980 b) (7.1 days at 20° C and 5.35 days at
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25° C with Megowra viciae and Aphis fabae together) and Choi et al.
(2001) (7.3 days at 20° C, 5.3 days at 25° C and 4.3 days at 30° C with
M. persicae). In addition, it appeared that the total larval duration
differs according to insect’s sex. Under the different temperatures and
feeding conditions, this period increased by 0.6 to 1.0 day for the
female than for the male (Tables 1&2). No significant differences were
noticed between these periods except at 25° C with feeding on A.
gossypii and at 30° C with feeding on R. padi (Tables 1&2).

3.3.2. Feeding capacity

It appeared that the mean feeding capacity of the different larval
instars of A. aphidimyza increased gradually from the 1¥tothe 3"
instar in all treatments. Similar findings were recorded by Azab et al.
(1965); Sell and Kuo-Sell {(1987) and Morse and Croft (1987). The
mean feeding capacity of the larva differs according to the provided
aphid species (Table 3). This capacity significantly varied between
feeding on A. craccivora (32.05) and both 4. gossypii (37.25) and R.
padi (3745). However, Azab er al (1965) found no significant
difference between the number of individuals from both aphid species
A. gossypii and A. punicae consumed by one larva of this predator
under the same temperature (27.8°C). R. pudi consumption increased
slightly ~ with  increasing  femperature from 25°C (3745
individuals/larva) to 30°C (42.45 individuals/larva),while no difference
was shown between the number consumed at 20°C (372
individuals/larva) and that at 25°C (Table 4). Choi et al. (2001) found
that the tfotal consumption of M persicae increased gradually with
increasing temperature from 15 up to 30°C. Generally, records
reported by previous authors seem to be quite different from those
recorded in the present investigation on aphid consumption. Higher
records were reported e.g, 60-80 individuals of 4. gossypii /larva
(Roberti, 1946) and 40-60 individuals of B. brassicae /larva (George,
1957). Also, lower records were reported e.g., 5.2 large aphids or 14.7
small aphids of M. persicae / larva (Nijveldt, 1966), 10 large aphids or
28 small aphids of M. persicae /larva (Uygun, 1971) and 5 aphids of 4.
pomi/larva(Olzak,1979).Data presented in Tables(3&4)indicate no
significant difference among rates of consumed aphids by male and
female Ilarva although the female larva showed a higher rate of
consumption than the male in all treatments. A similar result was
recorded by Sell and Kuo-Seli (1987).
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Table (3): The mean feeding capacity of A. aphidimyza larva when
fed on different aphid species at a constant temperature
of 25° C.

Mean number of aphid individuals Total co tion
consumed by larval stadia otal consumptia
Aphid species
1" instar 2 instar 3 instar FMale farva b ean
emalel arva
—
A . 309
. craccivora 22a 87b 21.15b 332 32.1a
A, gossypii 315b 9.65 24453 o 3734
R padi 298 9.6a 2495 S 3752

Means followed by same letter in the same column are not significantly (P<0.05)

Table (4): The mean feeding capacity of A aphidimyza larva when fed on R.
padi at various temperatures.

Mean numbers of aphid
individuals consumed by larval Total consumption
Temp.erature stadia
C
1 2 3 Male larva Mean
instar instar instar Female larva
20 525a 8.1b 22.95a 36.2 372 a
38.2
290 96a 24953 35.8 37.5a
25
39.1
4.1 ab 109a 27452 39.9 42 .45a
30 45

Means followed by same letter in the same column are not significantly (P<0.05}
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3.4. Mortality

Available literature shows that larval mortality rate of this
predator differs in the laboratory according to three factors ie.,
geographic population, rearing prey and temperature. The predator
larvae reared on R. padi showed a lower percentage mortality (8%%)
than on A. craccivora (16%) and A. gossypii (14%) under the same
temperature of 25° C. Havelka and Ruzicka (1984) stated that the
percentage mortality of larvae reared on various aphid species did not
differ and fluctuated between 13 and 21% at 22° C. The temperature of
30° C induced a higher percentage mortality (22%) than both
temperatures of 20° C (11%) and 25° C(8%). Similar results were
recorded by Havelka (1980 b) and Havelka and Zemek (1988) where
they stated that the mortality of larval stage was higher at 20° C than
that at 25° C. However, Havelka and Zemek (1999) recorded high
larval mortality in ten geographic populations (35.2 — 73%) at 23° C
with feeding on 4. pisum.

3.5. Pupal stage

Data presented in Table (1) indicate that the aphid species had
no effect on pupal duration which was 6.95 days with A. craccivora, 7
days with 4. gossypii and 6.9 days with R padi at 25° C. The duration
of pupal stage decreased gradually with increased temperature. A
similar observation was recorded by Harris (1973) and Havelka (1980
b). This stage lasted 10.7, 6.9 and 5.5 days at 20, 25 and 30°C,
respectively with feeding on the same prey, R padi. Quite similar
values were previously recorded by Azab er al. (1965) (6-9 days at
27.8° C) and Havelka (1980 b) (10.95 and 7.99 days at 20 and 25° C,
respectively). It was noticed that the pupal duration differs according
to sex, the difference in pupal durations between the two sexes ranged
between 0.2 and 1.4 day (Tables 1&2) with a significant difference
only between male and female pupal durations for pupae produced
from larvae fed on R padi at 20° C.

3.6.Total preimaginal duration

The aphid species (at 25° C) had no significant effect on the
total duration of preimaginal stages (Table 1). The total preimaginal
development periods were 16.4 days with A. craccivora, 16.9 days
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with 4. gossypii and 16.4 days with R padi. No information is
available about the effect of aphid species (as a larval food) on the
total developmental period of preimaginal stages of this predator. This
period was longer with decreasing temperature, it lasted 24.9, 16.4 and
12.65 days at 20, 25 and 30° C, respectively (Table 2). Havelka and
Zemek (1988 and 1999} found that the total development period at 23 -
25° C ranged between 14 and 17 days according to the geographic
population. Data in Tables (1&2) indicated that the total
developmental period was longer in the case of females than in
males. The difference between both sexes in total preimaginal
development ranged between 1 and 2.4 days. A similar finding was
recorded by Uygun (1971) who mentioned that the males emerge 1
day before the females.

3.7. Rate of adult emergence

Aphid species as a larval food had no effect on adult
emergence rate (at 25° C), where it was 91.9% with A. craccivora,
92% with A. gossypii and 92.5% with R. padi. A coincident result was
recorded by Kuo-Sell (1989) who stated that the rate of aduit
emergence was the same when feeding on the cereal aphid, R padi or
the green peach aphid, M persicae. On the other hand, aduit
emergence rate was much affected by temperature, where this rate
reached 89, 92.5 and 78.4% at 20, 25 and 30° C, respectively.
However, Havelka (1980 a) determined the adult emergence rate by
91.5% at 25° C.

3.8. Adult stage
3.8.1. Sex ratio
In the present investigation neither aphid species nor
temperature seemed to have a clear effect on sex ratio of 4
aphidimyza. The sex ratios (females %) fluctuated between 51.74 and
52.66% in the various aforementioned treatments giving a final sex
ratio of 52.1% (1 male: 1.06 females). Similar ratios were reported for
this predator by Sell (1976) and Heimpel and Lundgren (2000) (1: 1).
Moreover, Havelka and Zemek (1999) mentioned that the sex ratio
differed according to the geographic population, where a range of 47
to 72% females was recorded for ten geographic populations of this
predator.
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3.8.2, Adult longevity
- Longevity of males or females did not differ according to larval

feeding on the various aphid species. A similar finding was recorded
by Sell and Kuo-Sell (1987). However, Kuo (1977) stated that the host
plants of aphids, M. persicae seem to have an effect on adult
longevity. The male longevities at 25° C were 4.8, 4.2 and 5 days
while the female longevities extended to 8.1, 8.6 and 8.7 days with
larval feeding on A. craccivora, A. gossypii and R padi, respectively
{Table 5). This range of female longevity matches with that recorded
by Choi et al. (2001) (8.9 days at 25° C), while they recorded a longer
male longevity (6.8 days) than that recorded in the present study.
Azab et al. (1965) recorded shorter period (2-3 days) for adult
longevity at 27.8° C associated with larvae fed on 4. gossypii or A.
punicae. Moreover, Havelka and Zemek (1999) pointed out that the
adult longevity differed according to the geographic population of the
predator. On the other hand, temperature has an obvious effect on
adult longevity where it decreased gradually in both sexes with
increasing temperatures from 20 up to 30° C. Male longevities were
5.5 and 2.2 days while that of females extended to 12.4 and 5 days at
20 and 25° C, respectively (Table 6).At present there is no available
literature about the effect of temperature on aduit longevity of A.
aphidimyza. Regardless of temperature and larval food type, longevity
of males was always shorter than that of females (Tables 5&6).
Similar findings were recorded by Uygun (1971), Harris (1973),
Nijveldt (1988), Sell and Kuo-Sell (1987) and Choi ef al. (2001).

3.8.3.Oviposition periods

The preoviposition period did not differ according to larval food
type at temperature of 25° C, it lasted 1.7 days with larval feeding on
A. gossypii and R padi, and 1.8 days with 4. craccivora (Table 3).
However, this period decreased gradually due to an increase of
temperature; being 2.2 and 1.3 days at temperatures of 20 and 30° C,
respectively (Table 6). Havelka and Zemek (1999) found that the
females started to lay their eggs on the second day after mating at 23°
C. Meanwhile, Choi ef al. (2001) recorded 2.3 days for this period at
25° C with larval feeding on M. persicae.

The oviposition period in tested females did not differ according
to larval food type at25°C;lasting 6.3, 6.9 and 7days with 4. craccivora
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A. gossypii and R padi as a larval prey, respectively (Table 5}. On the
other hand, this period differed significantly according to temperature
(Table 6), where it lasted 99 and 3.7 days at 20 and 30° C,
respectively.  On the contrary, Havelka and Ruzicka (1984) reported
16 days for oviposition period at 22° C with the aphid, Acyrthosiphum

pisum.

No postoviposition period was reported for all treatments
except that associated with females reared at 20° C where it lasted 0.6

day.

Table (5): Adult longevity and oviposition periods (Days) of A. aphidinyza
with larval feeding on different aphid species at 25° C.

Longevity QOviposition periods |
Aphid
species Male | Female | Preoviposition | Oviposilion | Postoviposition
A. craccivora 48a 31a 18a 63a 0 :
A. gossypii 42a 86a 1.7a 6.9a 0
R padi 50a 8.7a 22a 70a 0

Means followed by the same letter in the same column are not significantly different

(P<0.05"

Table (6): Effect of temperature on adult longevity and oviposition periods

(Days} of A. aphidimyza with larval feeding on R padi.

Temperature C Longevity Oviposition periods
20 5.5a 12.4a 2.2a 9.9a 0.6
50 5.0a 8.7b 1.7b 7.0b 0
30 2.2b 5.0c 1.3b 3.7c 0
Means foliowed by the same letter in the same column are not significantly different
(P<0.05).
3.8.4.Fecundity

The mean number of eggs laid by females produced from
larvae reared on A craccivora (73.4 eggs/female) was lower than that
produced from larvae reared on A. gossypii (91.9 eggs/female) or R.
padi (85.8 eggs/female). Kuo-Sell (1989) reported a higher fecundity
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rate for females produced from larvae fed on R padi than for those
produced from larvae fed on the three other aphid species. The
temperature of 30° C was associated with a lower number of eggs
(56.9 eggs/female) than that recorded at 25° C (85.8 eggs/female),
while egg productivity at 20° C (82.5 egg/female) did not differ
significantly from that recorded at 25° C. However, a range from 70 to
110 total eggs laid by A. aphidimyza female was recorded by different
authors, e. g., Uygun, 1971 (70 eggs); Kuo, 1977 (76 — 98.8 eggs);
Havelka and Ruzicka, 1984 (80-110 eggs); Gilkeson and Hill, 1986
(98.5-109.4 eggs in 1983) and Choi et al,, 2001 (105.3 eggs).
However, Gilkeson {1987) recorded a total fecundity of 154.3 and
248.6 eggs/female in two separate experiments. Moreover, Havelka
and Zemek (1999) recorded a total fecundity ranging from 48 to 148
eggs/female among ten geographic populations for the predator under
investigation.

3.8.5.Egg laying behaviour
3.8.5.1. Oviposition sites
It was noticed that A. aphidimyza females prefer to lay most of

their eggs on the lower surface of the bean leaves (72.15% of total
eggs). Meanwhile, very few eggs were laid on the upper surface of the
leaves (2.4%). The mean percentages of eggs laid by females on buds
and stems were 16.7 and 8.8%, respectively. A coincident result was
recorded by Mansour (1975). Most aphid species predominantly
colonized on the lower surface of the plant leaves. Therefore, the
behaviour of the Aphidoletes females is well adapted to the aphid
behaviour (Mansour, 1976). Aphidoletes females laid their eggs singly
or in groups of 2 or 3 eggs each at most. A similar finding was
recorded by Azab er al (1965), while Harris (1973) mentioned that
some eggs were laid in clusters of up to 40 eggs. Moreover, some eggs
were deposited directly on the aphids; a similar observation was
reported by Harris (1973).

3.8.5.2.Effect of aphid density
It appeared that the mean percentage of deposited eggs
decreased gradually with decreasing aphid density from 100
individuals / plant to plants without aphids. These percentages were
67.5, 24.5, 7.5 and 0.5% for the plants colonized by 100, 50,25 aphids/
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plant and plants without aphids, respectively. Miesner (1975)
observed that prey odour attracted Aphidoletes females to lay their
eggs among aphid colonies. According to Uygun (1971) and El-Titi
(1972-1973), no eggs were laid in the absence of aphids. The presence
of aphids near the eggs ensures that despite a low searching capacity,
the newly hatched larva can find its prey (Wilbert, 1973).
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