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The success of the Americans, under the lcadership of
(GGorgas, in the fight against tropical diseases in Panama is
now an old and well-known story,  In the early construction
days of the Panama Canal, the force of necessity directed the
anti-mosquito campaigns against all of the Culicidac: there
was 1o time to determine which were the important vectors
of malaria, to study their habits, and to concentrate on them
alone. Nevertheless, basic research was soon started; sys-
tematic studies were made by Jenmings. Zetek, and Dyar:
Darling (19100, in his infection experiments, found that
Anopheles albimanus was the important malaria vector, while
the Health Department of the Panama Canal began 1o accumu-
late a wvast amount of data on the breeding habits of the
Anophelines.  The investigations on the mosquitoes have heen
maintained continuously by the Health Department; Dr.
D. P. Curry has added to our knowledge of both the svstematics
and bionomics of the Isthmian Anophelines. Although we
now know fairly well the breeding habits of the A moplheles
larvae of Panama, a more thorough knowledge of the bionomics
of the malaria vectors would be of aid in the solution of the
malaria problem, and as a complete record of the life cycle of
Anopireles aldimanus bred in the laboratory might facilitate
observations on its habits in nature, this report on the various
stages in the life history of this mosquito iz presented.

MATERIAL AND METHODS

The technique for breeding A. allimanus in the labaratery has
been published in a separate paper {Rozeboom, 19367, but the cesential
peinits of the procedure would bear repetition,

The adults were kept in a sercen cage 2 by 2 by 2 feet in size, and
with a temperature of 80° to 86° F. and with a relative humidity of
around S} per cent. The temperature of the larval breeding water
vatied from 21° to 27° C., and thal of the water containing the egps
and pupae from 27° to 30° C. The laboratory room lemporature
ustally remained between 52° and S0° I”., although oceasionally it
went down to 80° F., and at night, when the windows of the laboratory
were closed, i rose at times above 8§0° F,
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The eggs were removed from the breeding cage in the morning,
aned allowed to hateh in the laboratory.  After a batch of epps had
hatched, the larvee were counted, and transferred to the hreeding pans,
which were kept oul of doors,  The breeding water consisted of well
ripened alfalfa infusions, and the larvae were given fresh Pleischmann's
veast daily.  Pupae were romoved from the basins at least once s
day, placed in cups of fresh tap water, and taken into the laboratory,
Lantern globes were [tled above the cups, and after emergence, the
adults were translerred to the breeding cope.

THE LIFE CYCLE
The Epp Slage,

Devclofment of varies and Ceiposiffon—Information concerning
the ege-laying capacity of individual females, as well as evidence as
to the pericd of time necessary [or ovarien development, were obtained
by the following experiment, which for convenience will be designated
as Faperiment 1. Ten engorged females and fificen males, which had
emmerged about |2 hours previowsly, were placed inzide 2 breeding caso
gimilar 1o the one In which the stock colony is maintzined. The
mosuitocs were fed sugar-water and frut, and the females were offerad
human Blood daily.  Cn the eipghth doy seven females wers still alive;
they wore impriscned singly o lantern globes, and each globe was
placed abowve a cup of water, These globes wore kepl mside of the
brecding cape, in order to keep the mosquitoes in an environment
with a temperaiure of 80° to 86° 17, and a relative humidity of around
S per cent,. Padg of cellueotion moistened with supar-water were
placed on the bobbinet tops of the globes, and each female was given
an opportunity to suck human Blood overy day, A record was kept
of the blood meals, the days when oviposition ccourred, the sumber of
eggs 0 each batch, and the number of larvae that batched from the
eges, The females were dissected at the time of their death and the
ovaries exammined under 1 microscope.

Six of the scven mosouilocs deposiled from bwo to six batches of
eges,  Two oviposifod for the first time during the wght of the @th
day, three maore during the night of the 10th day, and one duting the
night of the 12th day. Subsequent batehes of eres were usually deposited
i antervals of two or three days, but occasionally & mosquito would
wait a longer time belween batehes; one female laid her second batceh
eight davs after the first.  When the laboralory colomies were started,
the first females to oviposit did so sooncy than these in Lxperiment 1.
Two separate lzboratory colonics were cstabilished; the fist ceges
appeared after & period of seven days in one case, and afier nine days
m the other, It would seem, therefore, that o weel, and usually a
little more, is nocessary for the maturation of the frst eges, 14 seemns
probable that the more unfavorable conditions accompanying imprison-
ment in a small container over 2 cup of water were the reasons why
the [emales of Lxperiment | waited longer before ovipositing than
didl those i the laboratory colonies,  This is shown most strikingly
in the case of the lemale thet refused to lay eggs. This insect lived
for 24 davs, and aithoueh her abdomen was digstended with matare
ergs, she refused to deposit them,  She was also very reluctant to leed.
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The smallest number of eges in a single batch was 249; the largest
number was 262, A total of 2,610 cees were obiained in 20 geparate
batches, an average of 130 eggs per batch,  The smallest number of
eges from any one female was 154, while the largest number was 788,
Ag the 2610 cgps were deposited by six insects, an average of 435 eges
were obtained por fomnale,  However, dissections showed that the only
mesquito that appeared to have deposited all of the eggs she was
capable of dn eloping was the female that laid 788 cees. Af the time
of her death her ovaries were entirely depleted, All of the remaining
mosguitoes were [ound to have ovaries =!.1nd with eggs in various siages
of development at the time they died.  Although the number of insects
used in this experiment was small, the J'L-:;u] s show that the egg-laving
capacity of A, eflimenas 15 similar o that of o, dersimecndains and
argyritarsis.  Moore {1029) demonstrated that females of both of these
species can lay approximately 1,000 eggs apiece.  Earle (1032) found
that A. albinemms femoles averaged 160 eggs each, but this mumber
would appear to be oo smell.

Of the 2,610 cggs, only 1,188, or 45.5 percent, hatehed. This low
percentage of fertility was probably due to the fact that after the
femuales had been imprisoned in the lantcrn globes, they no longer
had access to males; copulation was possible only during the period
before the firsl epps had matured,  Thus the mosouite (640 that
deposited THE eges, did =0 in six batches; only 200 of thess epps were
fertile, none of the epps belonging Lo the last two batches, and only
L1 of the fourth batch, being wisble,  On the other hand, two mosguitoes
depostted nothing but noa-viable egps at first, while their second batches
were fertile,

Immediately alier laving egps, these females were ravenons, Nol a
single mosquito in Experiment | failed to fead readily after oviposition.
One bleod meal was sufficient [or the development of the sceond and
subsequent batches, but oceasionally two or three meals were taken
between layings.

Owiposilion was actually ohserved only once. One morning o
gravid {emale belonging to the stoclc colony was found stranded n the
epg trap,  Ab 5353 A L iU wes noted that this female was depositing
CEES, and the process was walched wnder & lens, The cees followed

oie another in intervals of 10 to 15 sceonds,  The first part of an egy
would come out slowly; then, when almosi half of the erg was pros
truding, there would be a sudden asbdominal contraction, ceusing
the egg o shool cut rapidly.  [mmediately after an egg w a5 L'\FLLUJ
the tipr of the next could be seen between the cercl. The fermnule Dmshed
ovipositing at 8:55 a, ., having deposited a total of 129 cggs.  These
freshlv-dald egps were almost pure white in color; the exocharion m*r]
the floalts were entirely colovless,  The eges were too small to A1 i
the space belween the floats; later they swelled until the foats J'JLLC-:l
snugly, By 10:30 a0 oL the eggs had turned almost completely black,
and at 10250 4, a1 were eodirely so,

Clhservations made j:1 the cvening showed that owiposition firsg
begun :mJL"lrﬁ G:30 p. a., at which tine the cgg trap never contained
more than just o few 11;_,]:11, colored cogs. At *i. ws the females did
oot begin lo deposit their eggs until after 0:00 =0 a. By 500 A,
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ovipesition had ceased,  This was the enrliest abservation made in the
morning, and it 3 quite certain that the females had stopped laying
an hour or two before this.  The stranded female that began to oviposit
et B:45 AL a. was the only moesquito, during several months of ohserva-
tion, that was ever seen to deposit eggs during the day.

Huateling —Table I records the numbers of larvae that hatehed from
45 batches of egps.  Collections of the newly-hatched larvae were made
at 8:00 A, 1100 Al ar, 2:00 p,oa, 5:00 e, ., and 7:00 2, s The eges
usually began to hatch a little before 11:00 A M. on the second day
after the beginming of oviposition, ahout 40 hours after the first cgps
had been found in the irap. It s assumed that the earliest larvae o
hateh out came from the fivgl eggs deposited.  An examination of Table [

TABLE I

Purron oF TivE NEcmssary FoR TTaorchrmG

HatcHin:

W IFOSITION
Days -
Fallowing Tone or CotLEcTION
i Hours Followmg Oviposition; numbers
Started C':'“'-'. | pesition of Larvas
] pleted |

S0, 1100, s | 2 2 | B0 e. . [ TA00e. .

Goide . [B00a. . | 1st day (-
1314 hrs.

2nd day | 2= &7 = 53~ 35—
8714 hrs.| 4014 hes.| 4315 hrs.| 4616 hrs.| 4514 hrs,
alz2 andy auT (1441

ard dax 48— 5l- - a7- i
Gltehrs | Gdlahrs| G714 hrs,| TOlg b | T2L8 hrs,
L1507 LES a0 245 118
4th day T2=
8514 hra.

| 5

will show that the majority of the larvae were collected on the gecond
day, at 2:00 r.om, 5:00 20w, and T:00 =ow, 30 to 35 hours after the
eggs had been removed from the cage, or 4414 to 4514 hours after the
beginning of oviposition.  There is no reason to believe that the cpps
hatching before the 2:00 e, a. collection had been deposited shortly
before 8:00 A, ., and so these egps were more than 30 hours old when
they hatched.  The larvae collected at 7:00 ». M. certainly did not come
from eggs that had been deposited al 6:30 v, ., as only a fow opps were
seert in the lrap at that time; these ava, therefore, were less than 4514
hours old when they hatched. The majority of the larvae having been
collected before or at 700 v w. on the second day, the egg stage generally
lasted less than 48 hours. On the other hand, some of the larvae
collected at 8:00 A, M. on the third day, and all of those of the 11:00 4. w1,
collection, hatched from eges that were more than 48 hours old, and the
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few eggs hatching after the 7:00 ». u. colleclion on the third day were
more than 39 hours old.  The most accurate obeservation on the length
of time necessary for hatching was that made on the eggs frem the
stranded female mentioned above, which were lept in a sepurale con-
tainer and walched closely, This mosquito had depesited all of her
ova within a few minutes, finishing at 8:55 Ao 3 Twa days later, at
S:00 A, a1, 27 larvac had '1lrmt*'- hatehed out. At 5:30 A, s LT more
were found, at 9:00 A s 11, and at 11:00 A, a. 8; two more appeared
after 11:00 & a. Thus the eges of this bateh did not all hatch at the
game time. The first larvae {o breal out of the shell did so after a
little less than 45 howrs of development: the lust came cut after remaining
in the ege for more than 50 hours.

Chart T
son L _.'. Lengts of farval [ife [ pupation

=00l

Ol S S O | T L Ay e A
Gl 2 I &5 6 7 8 800N A58 NS IFIEGMNEIEYEE
Days fram oo fo Pupatiss

It can be concluded, therefore, that a period of from 40 to 48 hours
iz generally necessary for hatching, although some stragglers need more
time, Hatching can be delayed by certain external faetors; it can be
held up for 2 day by desiceation.  When stranded on moist filter paper
and placed in the ice-box, cggs will remain dormant for over & weel.

Hautching was watched several fimes under a microscope.  In each
case the cap was suddenly pushed open, the head of the larva emerged
on the ventral side and hung downwards in the water: the larva worked
its way out of the opening and in & few seconds kicked itself [ree.

Tie Larval Stage—Larval development was ohserved m nine hasins
during & period of two months, A total of 18,935 newly-hatched larvae
were placed in the breeding pans, and of this number anly 9427, or
49,3 percent, reached the pupal stage. These observations were mede
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during the elaboration of a technique for the laborstory resring of
A, elimanus, and the high mortality was due to improper care of the
larvae.

Chart 1 illustrates the duration of lerval life 1in the infusion water,
Thoze larvac that developed the most rapidly molied to the second
slage on the Ist or 2nd day affer eclosion, 1o the third stape on the 3rd
or 4th day, and to the fourth stage on the 5th or Gth day., The first
larvae to pupate did so during the 6th day.  Most of the larvae pupated
from the Sth to the 13th day, snd more pupation occurred on the O9ih
day than on any other day. Tollowing this peak, the chart shows a
steady declhine, and a few stragglers reached the pupal stage as late as
the 22nd dawy. Thus the minimum larval life was G davs, and the
maximum 22, while the usual length of time spent @ the larval stage
varied from & to 13 days.

TABLE T1

COLLECTION 0F PUPAE; EMERGENCE OF ADULTs

| EsmirGercer—Davs FoLLowiys CoLLEcrioN
COLLECTION OF oF Puran A
Pueax Total
st Dav Kumber
Observation st 2rud Day "-7'[.
Observa-| Adults
Time of | Number b0 u 3= A= | - tion at
Collection [Collected =0 ™ |50 e ag. | TA00T 3. 10000 e {800, 5.
1000 A, 21, | KR AR5 F35 1,445 [i}F) L] 2.0y
L0 e oma 5,165 A 4] 2,730 1.734 21 4,520
4:00 p. M. a.058 i oy e 398 2,065 474 8,537

The Pupal Stage~—The Ume of pupation and the duration of the
pipal stage wore determined as follows:

For twa months the pupae were collected three times a day: at
[0:00 &, ., 100 e, a1, and at 4:00 7. . These pupac were transferred
ta cups of fresh tap water, above which lantern globes were placed, and
a record was lept of the numhber of adults that emerged at 8:00 A, w1,
330 to 500 p. oM., G:CO0 to T:00 B.ow:, and at 900 to 10:00 », s, The
results are summarized in Table 11

Scn (1935) states that in the case of certain Indiun Anophelines,
pupation ocours more ofien in the day than at might.  This alzo tock
place in the lahoratory colony of A, elfdmaenes,  Table 11 shows that
of o total of 12 200 pupae, 3,007 were collected at 10:00 A, m.  In other
words, only a fourth of the mosoquitoes pupated between the hours of
4000 P, a1, and 1OGG0 AL a, and of this number, no doubt 2 great many
changed to the pupsl sigge shortly after 4000 po 2. and & little before
000 A, . Pupation alwayvs cocurred most aclively around noon.,

The figures in Table IT referving to the adults that emerged deal
only with those mosquitoes that survived the process of cmergence,
The 555 and 38 adults in the 3:00 . a. column of the first day do not
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mmean that these mosqguitoes spent only about 24 hours as pupae; they
emerged  from the pupae that had been overlocked in previous
collections.

Emergence usually commenced between the howrs of 3:30 and 500
P ML, and, except for O individuals, always from puapae that had heen
collected at 10:00 A, . on the previogs day, I s not possible to
determine the length of fime spent in the pupal stage from the pupas
collected in the morning, as pupation could talke plice throughout the
night. A more accurakbe eslimnate can be made from the pupae collecied
at 1:00 7. s and 4:00 poos, as these pupae were not more than three
hours obd at the time they were taleen out of the breeding pans. Table I
shows that adulis bl:;?c-,ﬂ to cmerge from the 1:00 e a. pupaes shortly
befare G:00 or 740 v. y. on the following day; the majority had <111{‘<lt‘1‘~?
come out by 700 6w, and with fewr exceptions, the remainder had
emerged by 10000 T, }.I. This gives o pupal stage lasting a minimum
of about 30 hours, while the masimum could not be over 36 hours,

TABLE TIT
VIABILITY AND MORTALITY oF PUPAE ARD ADULTS
Puoras ADULTS
Collected| Lived | Tiiedd Emnrgc:{’J Lived Dk
Number............| 39782 | 3362 | 6,050 | 33.623 | 30024 | 3509
Pecoentage. ... .. 100 B4 5 15.3 1000 | bt 10,7

The mosquitacs pupating between 1:00 #. wm. and 4:00 1. s began to
transiorm to he adult stage at about G:00 to 7:00 . u. on the [ollowing
day, and had mostly completed their emergence by GO0 PooaL, giving
& mimmum pupal period of less than 30 hours, and, since 474 individuals
crnerged after the 9:00-10:00 p. . obscrvation, a maximum of over 33
hours.  Assurung that the mosquitocs emerging first had heen the
first to pupate, the c-—mrncvtc of the maximum pupal period is too high.
Mo doubt the majority of the mosquitoes remained in the pupal stage
from 30 to 33 hours,

It has been a matter of routine, in following the progress of the
laboratory colony, to record the number of pupac collected daily, and
the number of desd and Lving adults. The number of mosquitoes that
emerged was determined by counting the pupal skins, and the number
that survived emergence was determined by subtrocting the dead
adults from the pupal skins. The pupal mortality was determined by
subtracting the number of pupal slans from the number of pupas
collacted.  Table 11T surmmarizes the wiability and mertality of the
pupae and adults over a six-month period. During this time, 2 total
of 39,782 pupae were collected, of which 6,139, or 155 percent, died,
while 33,623 lived; that is to say, 84.5 percent of the pupae produced
adults,
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Fhe Adwlt Moge—As has been stated above, emergence bopan
between 3:30 and 500 p. a, and Wik usually L(Jm[ﬂvt{ic] by EO00 By
This also comforms with the resulls of Sen © I*]w:, : he found ehat Indisn
Anophelines emerged botween the hours of six Lo len in the evening.
Farle (1932) alzo observed that the most favorable time for comerees *-ee
was just after sunset, although he savs that his efbimaenss did 1
ernerge during ithe day.

Table IIT shows thal durmg the sis-month period, 33,623 adulls
cmerged, and that 3,599 of them, or W.T percent, died duris g or shortly
after emerpence,

In Table 11, a total of HO0E adults u:!rm:r;gu:m, and lived, Of this
aumber, 4,305, or 42.7 percent, were males, and 5,735, or 573 percent,
were femnales,  Sen (19330 olso L‘L,-uuln_rl more femiiles Lh.;:‘. miles among
his mosguitocs; his resulis showed two meles 1o three females,

Females were ready to suck blood the morming alter emergence,
As has heen said before, 2 number of blood meals are taken during the
insects’ adult life.

Adulls were active during the short twilight, and copulation took
place at this time, [rom about G230 Lo 7:00 2. 3, and slso around G6:30
A, M. Towas nover cheerved during the day or ni;rht Pairing coearred
cduring flight, and many couples would strike the paper-covered floor
of the breeding cage, where they would hesitaic for a second or iwo
before sepurating and flying awav. During this interval it was noted
that the position of the mating pairs was a ventral-ventiral one, similar
to that pictured by Boyd, Cein, and Mulrennan (19335), Relerri ng
again to Experiment | thu, e Laqmg percentage of non-vighle epps
in the later batohes Trn'ﬂ mosquito #4 indicates that copulation, when
]]Dh‘-lhln' ml. Eiloe place more than QNCE. That females will maie hefore
having taken lmlumi was shown by placing a number of unfed males
and fermales in o b]'c.ul]r*}r cage, Temoving Chi rhstbs on Phe Second day
then giving the fomeles blood, A nuwmber of epgs deposited by lew
mosquitoes were fortile.

The longest life chserved in the adult stage was that of one of the
females in Experiment 1, which endured 31 days. The longest male
adult life observed inside a breeding cage was 24 days.

IS SS10N

At the temperatures and humudily given under Malerdal amd Methods,
the complete life cwele of the la I:uoramr}--mr{ﬂ Aooolbimanns was as
follows: The maturation of the ova within the female mosguito required
a weele or more; the incubation period of the eggs lasted from 40 to 48
hours; [rom G 10 22 davs, bul usually & to 13 davs, were spent in the
lazwal stege; adults cmerged o late afternoon and early might aller a
pupal period of about 30 ©o 33 hours,  The shoricst length of {ime from
coe to egg, therefore, conld be 16 dave, but usually 18 o 24 davs were
necessary for one generation, an average of three weels.

The frst gquestion that comes to one’s mind in & laboralory study
of & dangerous mosquito is, Lo what extent can the resulls be applied
Lo the inscot in its natural ensvironment?  Thiz can be answered anly
by detailed observations in the ficld,  The many vears of stady on the
Isthmian Anophelines has broupht oud that A, afffmarss s highly
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anthropophagous, that it 1s active after sundown and enters houses to
feed on man; its hreeding Haces are also well known., Meveriheless,
there still are many gaps in our knowledge of the life history, par-
ticularly as regards the adults, and it is hoped that the resultson the
life cyele in the laboratory will point out methods for field investigations
that will wltimately disclose all of this mosquito™s habits and their
relation to malaria transmission.

The natives of the Chagres River villages have assured the writer
that they are painfully aware of the fact that maosquitors become active
at sundown, and there is no doubt that a large pereentage of these pests
are elbimaies. The erepuscular activity of the writer's colony indicates
that labaratory conditions have not changed this habit. The author
has spent a greal deal of time in eollecting lurvae and puapaes of [zthiman
mosquitoes, and on these occasions when he has collected continuously
through the moming and inte the afternoon, it was invariably noted
that arcund noon and during the afternoon Many more pupile wers
found than during the morning hours. [t scems, therefore, Lhait in
nature alse the majority of the mosquitves pupate during noon and
afternoon.  This was true of A. allitarsis and baclmanni as well.
I erepuscular aetivity and the time of pupation of “wild” and the
laboratory mesquitoes are similar, it & not miprobable that there is a
close correlation between the remaining steps in the life cvele of the
inseets raised in the laboratory and those in nature, allowing, of course,
far variations due to differences of temperature and humidity.

The voraciousness of females that have just completed oviposition
has o direct bearing on the ability of A. aldémanss to transmit malaria,
as an infected moszquite, were she to deposit several batches of ©EEs, in
her flights hetween breeding waters and source of blood meals, might
have oppertunities to incculate sporozoites into several Dersons,

SUMMARY

A pericd of seven days, or a little more, was necessary for the
development of the ovaries of A, @idimanas, in & breeding cage with g
wemperature of SU% to 867 1P.oand a relative humidity of around 80 per-
cent.  In oan exporiment to determing the cgg-laving capacity of the
females, an average of 435 ewgs were obtained from siv Mosouiloes,
Lut ondy one of these insects appeared to have deposited all of the Cpgs
she was capable of developing, judging from the depleted condition of
her ovaries as compared with the many partially developed vva in the
remaining five mosquitoes at the time of death.,  This female deposited
ins eges, llach female oviposited from two to six times, and blood
meils were alwavs taken between layings, The smallest number of
eges in a batch was 20, the largest numiber was 262 in 20 batches there
was aun average of 130 eggs per bateh.  Oviposition took pluce during
the nzght.

The eges usuzlly hatehed after an incubation period of 40 to 48 hours,
in water with o tempersiure of 252 to 20° ., although some needed o
longer time, Hatching began at about 1100 4. u. on the second day
after ovipesition, and occwrred throughout the remainder of the day
and night, during the third day, and some hatehed as laie as the night
of the thizd day.
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From 6 to 22 days, and usually 8 to 13 days, were spent in the larval
stage, in hay infusion water in which the temperature varied from 21
ot fed 1B

The majority of the larvae pupated during the day; pupation was
most active arcund noon.  In water with o ternperature of 277 to 230° C,,
the mosguitoes usually remained in the pupal stage for 30 to 44 hours,
Of 349,782 pupae, 13,5 percent died, and 84.5 pereent produced adults.

With & few exceplions, emerzence look lace from 230 to 1000
E.ow, and HLT percent of 33,623 adults died during or shortly after
emergence.  Of 10003 adults thal survived emergence, 42.7 percent
were males and 57.3 percent were females,  PFemales were ready fo
suck blood the morning following emergence.  Adulls were active
during the short twilight, from about 6:30 to 7200 o, M., and around
G300 A, g copulation ook place during this time. Cairing acourred
during flight, and the mosquitoes assumed o ventral-ventral position.
Females were willing to copulate before sucking blood, and in nature
copulation probably takes place more than ance.  The lomgest abaeryved
adult life of a female in a breeding cage was 31 days, of a male, 27 days.

In general, 15 to 24 days were necessary for the development of one
generation, an average of three weeks.
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