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ON PHILIPPINE MOSQUITOES 1. THE EFFECTIVENESS OF
COMBINED BERMUDA GRASS (CYNODON DACTYLON)
AND “PURINA” MICE CHOW IN THE DEVELOPMENT
OF AEDES AEGYPTI LINN. LARVAE
(CULICIDAE: DIPTERA)!

Ruben G. Basio and Lolita S. Basio?

Growth stimulating foctors are present or induced by extracts of chopped
fresh bermuda grass and grass infusions. Growth and larval development of
Aedes aegypti Linn. are faster when fed with a combined mixture of chopped
bermuda grass and “‘Purina’’ laboratory mice chow than with “‘Purina” labora-
tory mice chow alone in distilled water. Larval growth is stimulated and rapid
development is noted in two other mosquito species (Aedes albopictus Skuse
and Culex quinquefascictus Say) when reared in media containing bermuda
grass infusions. Fifty per cent pupation of A. aegypti is obtained in 3.61
days” in bermuda grass infusions compared to 5.09 days in distilled water
with “‘Purina’’ laboratory mice chow. The optimum temperature for rearing
A. aegypti is 30 C.

Aedes aegypti Linn. is considered the second insect and also the second
multicellular animal that has been successfully reared from egg to adult in
the absence of microorganisms and on a diet of essentially known composi-
tion (Trager 1948), the first being the wellknown Drosophila melanogaster.
This mosquito, commonly called the “tiger mosquito” is probably the most
studied species in the genus Aedes because of its importance in the epi-
demiology of various human disease-causing organisms. Females of this spe-
cies are capable of becoming infected, though at a low rate, with Wuchereria
bancrofti (Manson 1884). The spread of viruses, such as dengue and yellow
fever, has been attributed to this mosquito.

Aside from its medical importance, 4. aegypti has been extensively used
as a laboratory insect, and as such, the need for fast and efficient methods
of maintaining colonies has become necessary. It is generally accepted that
mosquitoes can develop very rapidly in their natural environment. This is
particularly true of flood-water species where rapid development is essential
for the mosquito larvae to avoid death when the breeding source becomes
dry (Hazard et al. 1967). It follows then, that a study of vegetation, soil,
microorganisms and other factors associated with breeding in these areas
may provide some clues to essential nutrients required for mass production
of mosquitoes in the laboratory.
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Many studies and theories have been presented in the literature about
the sources of mosquito nutrients and some have determined the best and
most economical culture media in which mosquitoes can be reared in
quantity as well as quality. In 1928, Barber found that healthy adults of
A. aegypti and Culex quinquefasciatus Say could be obtained from eggs
and pupae cultured in sterile media. Putter (1907) reported that organic
colloids and solutes serve as the primary source of food for aquatic organisms.
Hinman (1930, 1932) and Trager (1936) suggested that substances in so-
lution in the breeding water are responsible for mosquito growth, but others
concluded that pond water from mosquito breeding areas passes through a
Berkefeld-W filter could not support growth beyond the fourth instar (Be-
klemishev 1930, Shipitzina 1930, 1981, Rozeboom 1935, Buddington 1941).
However, Trager (1935a, b, 1937) reported that in a sterile medium, liver
extract and yeast are required for the normal development of mosquito
larvae. Metz (1919) found that Anopheles larvae feed on a variety of animal
and vegetable material and that it made little difference whether, it was
living or dead; Lamborn (1920, 1922) claimed that some mosquito larvae
feed on specific living organisms such as Spirogyra, Euglena, viridis and
volvox.  Nikitinski (1926) maintained that under natural conditions, the
larvae of Anopheles maculipennis Meigen prefer phytoplankton to zooplank-
ton.

Hinman (1930) investigating the role that microorganisms play in mos-
quito nutrition, examined the gut contents of several species of mosquitoes.
He concluded that bacteria, algae and protozoa contributed little to the
nutrition of mosquitoes, and although they were sometimes ingested, he
lound little evidence that they had been digested by the larvae. He stated,
however, that they might provide some accessory growth factors necessary
for larval development.

Based on a study of the microflora of the mosquito breeding areas of
the South Pacific, Laird (1956) concluded that algae and protozoa are the
primary sources of food for mosquitoes breeding in permanent ponds and
lakes. Algae have also been reported by others as the primary diet of some
mosquito species (Coggeshall 1926, Hamlyn-Harris 1928, Senior-White 1926,
Howland 1930). As early as 1907, Mitchell referred to Stogomyia fasciata
as a bacteria-eating “wriggler.” Sometime later, Atkin and Bacot (1917)
raised larvae of A. aegypti in pure cultures of Saccharomyces cerevisiae and
“Bacillus coli communis.” Their reference to the rapid growth response
produced by these organisms is one of the few reports of this type of growth-
response in literature. Bragina (1926, 1927), stated that newly hatched
A. maculipennis larvae feed on bacteria but presented no evidence. Roze-
boom (1935) tested Escherichia coli, Aerobacter lactis aerogenes, Bacillus
mycoides, B. subtilis and -Pseudomonas fluorescens and found that to a .cer
tain degree they were suitable as food. Buddington (1941) claimed that
E. coli, B. subtilis and B. megatherium in Berkefeld-W filtered pond water
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supplied sufficient nutrients for the complete development of 4. aegypti.
Beattie and Howland (1929) suggested that bacteria play some part in nutri-
tion of Orthopodomyia. Rudolfs and Lackey (1929) suggested that substances
present in decomposed vegetable matter may be responsible for the growth
of microorganisms and subsequently for mosquito breeding.

Yeasts have been shown to contain most of the nutrients needed by mos-
quitoes for complete growth (Akov 1962, Buddington 1941, Trager 1935a,
Atkin and Bacot 1917, Trager 1935b, 1947, Frost et al. 1936, Subbarow and
Trager 1940, Trager and Subbarow 1938, Goldberg and De Meillon 1948).

Many investigations have reported that infusions of organic materials
aid mosquito growth (Buddington 1941, Laird 1956, Atkin and Bacot .1917,
Barber 1927, 1928, Trager 1935b, 1947, Frost et al. 1936, Subbarow and
Trager 1940, Boyd and Cain 1932, Shannon and Putnam 1934, Rozeboom
1936, Shute 1936, Trembley 1955, Laird 1958, Muspratt 1962, Clements
1963, Chew and Gunstream 1964, Asahina 1964, Coluzzi 1964, Hosoi 1964,
Krishnan 1964). Some of the substances which have been used to prepare
infusions include hay, fresh grass, dead leaves, dead grass, leaf litter, bark,
decayed wood and manure (Hazard et al. 1967).

Chew and Gunstream (1964) reported that a diet consisting of an in-
fusion of homogenized rye grass and dog biscuit in tap water increased
the growth rate of Psorophora confinnis Lynch-Arribalzaga over a medium
containing biscuit alone (3.8 days vs. 4.1 days). Recently, Hazard ‘et al
(1967) confirmed that substances that stimulate the growth of mosquito
larvae are present in infusions of fresh grass and hay.

With bermuda grass being abundant in the Philippines, its effective-
ness as a larval culture medium was studied using A. aegypti and twa other
mosquito species as test insects. This study was conducted at the laboratory
of USAF 5th Epidemiological Flight (Tropical Disease Center Laboratory)
in Makati, Rizal, during the early part of 1967.

MATERIALS AND METHODS

In the first study, three enameled trays (19 x 30 cm.) were half-filled
with distilled water and labelled. Strips of papers with unknown number
of A. aegypti eggs that had been stored for 30 days were introduced into
the water trays. The eggs hatched 30-40 minutes later. The first food ap-
plications were made 24 hours later. The food applied were as follows:
Tray -1, combined chopped fresh bermuda grass and “Purina” mice chow;
Tray 2, chopped fresh bermuda grass alone; and Tray 3, “Purina” mice-
chow alone. The last tray was used as the control.

Equal parts of chopped fresh bermuda grass and “Purina” mice show’
were combined to form a bulk of 100 mg per application. Mice chow
alone and chopped bermuda grass alone were likewise made available to
the larvae at the rate of 100 mg per application. One hundred first-instar
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larvae were picked from each of the three trays (Tray 1, 2 and 8) and
transferred to another set of trays and labelled with the food the larvae
were fed earlier. Room temperature was 26-28°C. Oily materials and toxic
substances were never allowed to get into the rearing trays nor inside the
laboratory room. Precautions were observed against the entrance of other
insects and predators.

In a special study, the infusions were prepared by blending 10 gm of
freshly-cut bermuda grass with 200 ml of distilled water in a Waring
Blendor for 30 seconds. The mixture was filtered with suction through
No. 1 Whatman paper; the filtrate was diluted with distilled water (1:12).
One liter of the mixture was placed in a 19 x 30 cm enameled tray, covered
with glass, and allowed to infuse for two days at room temperature (26-28°C).

Eggs of the three mosquito species (4. aegypti, A. albopictus and Culex
quinquefasciatus) used in this special study were from colonies maintained
at the insectary of the Entomology branch. The eggs of A. aegypti and
4. albopictus were hatched by submerging them in sterile distilled water
under a vacuum for 15 minutes. This procedure provided larvae of uni-
form age. First-instar larvae of C. quinquefasciatus were obtained from each
morning’s hatch from the laboratory colonies. One hundred first-instar larvae
were transferred with sterile pipette to each tray of infusion; 100 mg of
“Purina” mice ,chow was added. Additional chow was added thereafter as
needed.

In this laboratory, 4. aegypti, A. albopictus and C. quinquefasciatus are
routinely reared in distilled or tap water on a diet of mice chow. This
procedure was used as standard for determining the increase in growth rate.
However, distilled water was used in all tests. All rearing trays used in
each test were washed in Hemo-sol solution, rinsed in distilled water and
autoclaved. Pupae were collected each day at 7:30 am and 4:30 pm with
sterilized droppers and the average pupation rate per hour was observed.
Collections were continued until at least 50% of the larvae in each tray
had pupated. All growth rate comparisons were made on the basis of
median days for 50% pupation. However, in the first study, the observa-
tions were based mainly on the development of the larvae as affected by
the kind of food given them.

DISCUSSION OF RESULTS

Effects on larval development: In the first study, the larvac were ob-
served to feed readily when the lights were dimmed. Lights were turned
on only when food was applied to the trays. Larval development to the
second instar was much more rapid when fed with powdered “Purina” mice
chow than either those fed with chopped bermuda grass alone or the com-
bined chopped bermuda grass-“‘Purina” mice chow. Table 1 shows that the
percentage of development from the first to the second instar was highest
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among the larvae fed with mice chow alone, being 70.0%. The least turn-
over to the second instar was noted in those fed with bermuda grass.

TABLE 1. Larval development from first to second instar after three days from egg

hatching.
Bermuda grass Combined bermuda grass “Purina”
and “Purina” mice chow mice chow
No. larvae observed 100 100 100
No. larvae that developed
from 1st to 2nd instar 30 53 70
Per cent turnover 30.0 53.0 70.0

A second observation was conducted the following day or four days
from emergence of the first instar larvae to determine the number of larvae
that attained the third instar. Table 2 shows that out of the 100 larvae
observed in each of the food categories, the combined bermuda grass-“Purina’’
mice chow and “Purina” mice chow alone gave similar effect as both media
presented a percentage turnover of 75.0%. Only 35.0% of the larvae fed
with bermuda grass alone developed to the third instar.

TABLE 2. Larval development from second to third instar after five days from egg

hatching.
Bermuda grass Combined bermuda grass “Purina”
and “Purina” mice chow mice chow
No. larvae observed 100 100 100
No. larvae that developed
from 2nd to 3rd instar 35 75 75
Per cent turnover 35.0 75.0 75.0

The larval change from third to the fourth instar was more rapid in
those fed with combined bermuda grass-“Purina” mice chow as noted dur-
ing the fifth day from egg hatching. Table 3 presents the finding.

TABLE 3. Larval development from third te fourth instar after five days from egg

hatching.
Bermuda grass Combined bermuda grass “Purina”
and “Purina” mice chow mice chow
No. larvae observed 100 100 100
No. larvae that developed :
from third to fourth instar 37 93 83
Per cent turnover 37.0 93.0 : 83.0

Pupae were first noted 6 days after egg hatching. A count was made
and the most collection of pupae, there being 98, was obtained from the
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tray where combined bermuda grass-“Purina” mice chow was applied. “This
was then followed with a collection of 89 pupae from those fed with mice
chow. Not a single larva pupated in the tray where the larvae were fed
with bermuda grass alone.

The pupae in this particular observation were then picked and trans-
ferred into two dishes and kept separately inside two screen cages and
labelled accordingly. All the pupae in the “Purina” mice chow cage emerged
into adults. While in the bermuda grass-“Purina” mice chow, 92 turned
into adults leaving 8 other individuals still in the pupal stage. It was
further observed that there were more females than males in the “Purina”
mice chow cage, there being 66 or 66.0% in the former and only 34 or
34% in the latter sex. In the bermuda grass-“Purina” mice chow com-
bination, out of the 92 adults that emerged, 28 or 30.43% were females
and 64 or 69.57% males.

Mosquito growth as stimulated by bermuda grass-infusion: In the spe-
cial study, the larval growth was observed to be exceedingly rapid (Table 4)
in all of the three species of mosquitoes using bermuda grass infusions
compared with distilled water and mice chow.

TABLE 4. Developmental (No. of days between hatching and 50% pupation) of mos-
quito larvae reared in media containing “Purina’’ mice chow in distilled water
or in bermuda grass infusions (26-28°C; ave. of 4 trays).

Mosquito species “Purina” mice chow Bermuda grass
Distilled water plus infusions
Aedes aegypti Linn. 6.30 days S 5.43 days
Culex quinquefasciatus Say 16.85 days ; 7.15 days
Aedes albopictus Skuse 8.72 days E 6.72 days

The rate of growth was enhanced most in Culex quinguefasciatys and
least in Aedes aegypti. Confirming that a standard diet have been obtained
because its growth rate have most significance in the latter species, this
was used in the remaining tests.

Larval growth as affected by temperature: Maintainance of uniform
temperature in the rearihg media is difficult in rooms where only the
ambient air temperature is controlled (Hazard et al. 1967). Differences in
temperature occur between pans near the ceiling and those near the floor.
In this experiment, larval rearing trays were maintained in water ' baths
equipped with heaters and pumps (circulating) adjusted to maintain the
temperature in the rearing media at 30°C = °C. In another set of trays,
they were exposed to room temperatures varying from 26-28°C. Table 5
presents the comparison of the growth rates noted between the two sets
(room temperature and water baths).- b '
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TABLE 5. Rate of growth of Aedes aegypti larvae as affected by different temperatures
in media containing ““Purina’” mice chow in bermuda grass infusions or
distilled water (2-4 replicates of 5 trays each).

Medium Temperature No. of days for 50% Standard

pupation Error

Bermuda grass infusions 96-28°C 5.08 = 1016
Distilled water 5.08 ¢ =+ 0.09
Bermuda grass infusions 30°C 3.61 == 0:07
-+ 0.10

Distilled water 7.08

In the bermuda grass infusions, the mean larval period was 3.61 days
at 30°C and 5.08 days at room temperature. In distilled water 5.09 days
and 7.08 days respectively. Hazard et al. (1967) reports that the decrease
in time of development at the more consistent and higher temperature is
what would normally be expected. In this instance, however, it may be
enhanced by the fact that there will be an increase in the growth of micro-
organisms and thus, an increase in the nutrients the larvae are taking in.
Our result is somewhat similar to those made by Bar-Zeev (1957) and
et al. (1967) who found optimum temperature for rearing this species
(4. aegypti) at 32°C and 31°C respectively. Bacteriological tests made on
the organisms present in bermuda grass 1nfu510ns have revealed the bac-
terium belonging to the genus Aerobacter.

ACKNOWLEDGMENTS

The authors acknowledge and appreciate the assistance of the following:
Do | B I Cariéso, Assistant Professor, Department of Entomology, UPCA;
for reviewing the manuscript; Major Dale W. Parrish, then Chief, Ento-
mology Branch, for reviewing the manuscript and for allowing us to use
some of his references; Mr. Renato G. Pineda, then Bacteriologist, for temn-
tatively identifying the organisms; and to Colonel Paul W. Musgrave, then
Commander, 5th Epidemiological Flight (USAF), for allowing us to use
the facilities of the laboratmy and for making this study p0551ble

REFERENCES

Akov S. 1962. A quahtatwe and quantitative study of the nutrmonal reqmrements of
‘Aedes aegypti larvae. - Jour. Insect Physiol. 8: 319-3 :

Asahina, §. 1964, Food material and feeding procedures for mosquito Jlarvae.” Bull. Wld.
Hith. Org. 31: 465-66.

Atkin, E. E. and ‘A, Bacof 1917. The relation’ belween the Hatching of the eggs ‘and
the development of the larvae of Stegomyia fasciata - (Aedes calopus) and the
presence of bacteria and veasts. Ibid. 9: 482-536. ' :

Barber, M. A. 1927. The food of anophelin elarvae. Food organisms in pure culture
U.S. Pub. Hith. Rept. 42: 1494-1510. fpzo]




AEDES AEGYPTI LARVAE 429

Muspratt, J. 1962. Research on South African Culicini (Diptera: Culicidae). Jour. Ent.
Soc. S. Afr. 25: 82-87.

Nikitinskii, V. 1926. Life physico-chemical regime of the turf-pit and conditions of
development of Anopheles maculipennis in it. (In Russian) Russ. J. Trop.
Med. 3:18-15 in Rev. Appl. Ent. B, 14, 201 (1926).

Putter, A. 1807. Die Ernahrung der Wassertiere. Zischr. f. Allg. Physiol. T: 283-320.

Rozeboom, L. E. 1935. The relation of bacteria and bacterial filtrates to the develop-
ment of mosquito larvae. Amer. Jour. Hyg. 21: 167-79.

1986. The rearing of Anopheles albimanus Weidemann in the labo-
ratory. Amer. Jour. Trop. Med. 16: 471-78.

Rudolfs, W. and J. B. Lackey. 1929. The composition of water and mosquito breed-
ing. Amer. Jour. Hyg. 9: 160-80.

Senior-White, R. 1926. Physical factors in mosquito ecology. Bull. Ent. Res. 16:
187-248.

Shannon, R. C. and P. Putnam. 1934. The biology of Stegomyia under laboratory
conditions. 1. The analysis of factors which influence larval development.
Proc. Ent. Soc. Wash. 36: 185-216.

Shipitzina, N. K. 1930. The role of organic colloids in the nutrition of larvae of
Anopheles maculipennis.  (In Russian) Bull. de L’Inst. resh. biol. de Perm
(Molotov) 7: 171-94 in Rewv. Appl. Ent. B. 19, 25 (1931).

Shute, P. G. 1936. A simple method of rearing and maintaining Anopheles maculi-
pennis throughout the year in the laboratory. Jour Trop. Med. Hyg. 39:
233-35.

Subbarow, Y. and W. Trager, 1940. The chemical nature of growth factors required
by mosquito larvae. II. Pantothenic acid and vitamin B6. Jour. Gen. Physiol.
23: 561-68.

Trager, W. 1935a. The culture of mosquito larvae free from living microorganisms.
Amer. Jour. Hyg. 22: 18-25.

1935b. On the nutritional requirements of mosquito larvae (Aedes aegypti).
Ibid. 22: 475-93.

1936. The utilization of solutes by mosquito larvae. Biol. Bull. 2:
343-51.

1947. Insect nutrition. Biol. Rev. 22: 148-77.

1948. Biotin and fat soluble materials with biotin activity in the nutri-
tion of mosquito larvae. Jour. Biol. Chem. 176 (3): 1211-1223.

Trager, W. and Y. Subbarow. 1938. The chemical nature of growth factors required
by mosquito larvae. I. Riboflavin and thiamin. Biol. Bull. 75: 75-84.

Trembley, H. L. 1955. Mosquito culture techniques and experimental procedures.
Amer. Mosq. Control Assoc. Bull. No. 8 ,78 p.




	Basio and Basio 421
	Basio and Basio 422
	Basio and Basio 423
	Basio and Basio 424
	Basio and Basio 425
	Basio and Basio 426
	Basio and Basio 427
	Basio and Basio 428

