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perhod af yellow fever. Females of 8 cldoropfers
prefer b hite high on the oy, having o gl
predlilection for the sose aned lipes.
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Soeldorepterns 120 stenognntie speecies: that s
bev sy, it is enpabide of mating inoa =mall, confinge
apace, Conpling of the sexes veeyes while resting
on e stefaee il it B8 peeceded by peeuline opi-
ganvie activity on the part of the males, [Bee
Plate 1) A male approaches o frwale Trone one
sithe aml with the mid-tarsus lightly taps the
apposite hind beg of the fomale. 1 then hovers 1o
Fhe otber =idde and goes through the same motion,
This i= repented =evernl times until the male
aipllenly pdis forward the mid-tursns closest tio
tlue Fema e, fawi=rs its Bl u||,.-u'1:~ down ancd with
no=luling motion attenpts to ddrop dimeetly goder
Lhae el B seizing thie sorfaee of the wall with
thi rlll'i"-]l."'_-\".'w'. Tl mahis [1.—:[[;1|]_l. wicershoot their
naerk, nowhich case they mas come back o
start the epdgamic motions alb over again, By to
another female, oF come Lo rost on the wall, I o
mile manages to et g bold on the wall, it im-
medintely beneds s shedomen uprwarel nmel for-
woard undel it OIS 1 ottt with the T_i|_| uf the
female's abilomen wsd copulation begins. In 35
intamees inowldeh e fine was messarn ], mnting
lnsteal from T4 seeonds to 34 minates, with
AN fiorminutes,
femade remains motiooless while the mnl-tarsi of
the mnle I.{lEi.‘.'I'J' :'.'s[li||Jl'-.'. lighitiv tagrpringe the tips
af the female's antennpe,

o IMiringe copulation  the

Copratation i this snbethine mosguito has ol
b wbrstoryinl beefore the sixth day after emner
gene and the peak of mating activity is not
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of fhas Fraradie's Life, Colomms 13 o] O of Figure |
show the results of an experiinent in whiseh 40
legnales kept in aoeolony together with 50 males
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were given the opportunity to feed dailv on
rhesus monkey, These Temales whicl g
o bled wore removed frome the vage, budd i
seprarale viels for 6 davs and Uhen Jisseeton]
ehetermine the rate of insemination and e win-
beer ab spevivns with fully developed) avaries, s
van b observed, insenmination des not neeess
sarily oeeur before the first hlood meal, aod does
vot wppear te b essentisd Tor ovarian deve lop-
mient, sinee onbyv £5 pee cent of the fongales wiere
Fouatuel to b inseminatao], while 95 per et of the
Apeciinens showed Tl ovarian development,
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with elosed top and o l-inch hale s e side in
the following manner: The female when reaedy o
oviprisit, appronches the bumboo in the charae-
teristie show Hight pecalinr to e senus ol
ustialy Bivs around it two or three thnes probing
e il there until the enteanes hole is fond,
(Hee Plate 10 Omee this i aceomplished, e
fremnalis hovers eugtsicle and i Front of the ping
at o distanee of from g few mm to as neeh as 5
i, with the fore and hind tarsi almost Loekod
togrether above the thorax the mid-logs
extenuded downward ol votward, After borverime
for o variable length of time, and while still in
fight, the mosaguito suddenly jerks the head el
Phoris Tk sl thrasts the abdomen forwurd,
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arm] go tlreommgd the same oootions for a= many us
vighteen comseentive times, or it ey alight on the
beprnbson ar =amie other sarfaee nearba anly o
resinime cee-laying after resting fora lew minates
Tabdes 1 oainl 2 give the overall results of 4 series
ol gt during:  diflerent
sensoms of the year, by whieh we determined the

pxperiments  carril
pesth Teonees during whivl 6537 vmes of SCelidorog-
fereos wiere il

Asean beoobserved o Tulilde §,
bl i the total absenee of light during bour:
T8iMY to G600, Howeser, the EI-!r'-'~Hi.'l|I. ol the s in
the sky eather than light intens=ity seems ta [
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the determining factor in mducing oviposition i
thi species. T our inseetary cages light intensity
s preatest n Bl tworming, whitlss the largest
pamber of eges owere laid in the alternoon, Tn
Pabile 2 the daylight bours are divided ingo four
potiolss early morning (DROCE BRI, lake morning
MO 12000, carly afternoon (120015000
laber giternoon (IR 18000 The preatest per-
vordage of rors GO0 were lawd during early
aftermoon, while omly =hghtly fewer vggrs (22470
wire deposited o late afternson than in Bt
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psrmine (2540 The smallest nnmber of e
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(s were laid during the early morniog
periend. This peak of cge-laving netivity during
enrby afternoon nlso cortesprnds with thie period
of the day when the grestest number of frmales
sk Bloocd ioeal.

8 eldopapleras o0 nonglogendsis Species;
Lhat s 0 say, it st bave o blood meal for it
equivalent i eortain proteins hefone vge-ling
ke plaees s was pointed oot when maliog was
isenssed, copolition 12 ot wsaally aecessary o
e evarian develagment, bt
ventae af vivgin females Gail to produaer cpggs even
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alter fully engorgiong with Bloo] seversl times, It
it be Boenee i mind, hoswaver, that in seowe
spevies ol mesgquitoes, suell ws ledes asg i,
Phere b= considerahle varistion of this phasioleg-
teal elamaeteri=tie Betwieen lovial strainsg of the
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Tabile 3 and Figure
experiments macle to determine vgg production
b day b 8. cldorapteras after o single Blood
meal, Tn these experiments, nostoek eolony wis

2 show the reseliz of

liprivedd ol o Flowad pnesl untl nog cegs were Jaial
far 10 eonsrentive dayvs, & triossed monkey was
thin plad insicle thaveape gl the fully engorged
b wore thien colleoted and solated individo-
ally in Pared vages af 1 eabie foot, provided
with Bamhers seetioms about 1.5 inches o sbinme-
vier, Toe oviposition. The water i the hambas
was exuminel doily for cges daring 13 davs, As
pan be ohservia] in Figare 2 oviposition began on
the third day alter the blooad maeal and went on
threugh the thirteenth day. Most females ovi-
posited during the Afth day, Table & indieates
that. of 101 females which fully engorged with
blood and whieh lived thromeh the 15 days, 86
wond o to kv g total of 3328 vges or S8 eges
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tures is 38,9 days, then it would indicate that
each female that survives through the first hlood
menl lays an average of 136.5 eggs during her
life-time,

In order to check these figares, an expeériment
was made with three subeolonies totalling 382
females, in which we noted the total output of

eges from the initial blood meal until the last
female died. It was found that these specimens
laid 52,722 eggs or an average of 1350 eggs per
female, which checks very closely with the figure
given above.

In Figure 3 are plotted the results of experi-
ments set up to imvestigate the selection exercised
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by 8. chloropterus females when ovipositing in
bamboos with different types of apertures. In the
first of these experiments a bamboo with open
top was placed inside a colony cage, together
with a bamboo with elosed top and a hole 1 inch
in diameter drilled through the side, Eggs were
removed daily from each bamboo and counted.
The two bamboo pots were changed as to orienta-
tion and position every day, to aveid possible
errors due to preference of the females for o
particular spot in the cage. In the other experi-
ments the same procedure was repeated but the
open-top bamboo was eliminated and one with a
L-inch hole was paired with others having open-
ings of 1344 inch, 8{ inch and 45, inch.

In the first experiment, of 5,120 eggs laid,
4,579 (89.3%) were deposited in the bamboo with
elosed top and 1-inch hole, while only 550 (10.7 %)
were found in the bamboo pot with open top. In
the second experiment, of a total of 13,063 eges,
6,551 (60.17) were laid in the bamboo with s
l-inch hole and 6,512 (49.99) in the seotion with
4 hole 1% inch in diameter. In the third exper-
ment, a total of 6,832 eggs were laid, 5,302
(78.9%) being found in the bamboo with the
l-inch hole and 1,440 (21.19) in the pot with
the 8ig-inch hole. In the last experiment, of a
total of 5,589 eggs, 5,367 (96.07,) were laid in
the bamboo with & 1-inch hole and only 222
(40%) were deposited in the pot with the
#{g-inch hole. This preference for oviposition in a
pot with a small lateral hole rather than in
section with open top is in agreement with the
type of breeding place preferred by this species in
nature, which consists of rot-holes with a large
cavity and a small opening. Females do not
appear to exercise any preference as between two
bamboos having apertures of 1 inch and 104,
inch, respectively. Ae the smaller of these aper-
tures is decreased to 84g inch and 4¢; inch there
is a definite predilection for egg-laying in the
bamboo with the 1-inch opening.

THE EGE STAGE

The eggs of 8. chloropterus are peculiarly
rhombwoid in shape, thus differing markedly from
the known eggs of members of the tribe Culicini,
(See Plate 1.) It i= interesting to note that egEs of
thiz species are very similar to those of at least
two epecies of typieal Sabethes, namely, S.
cyaneus and 8. farsopus, ss well as to those of
several species of Wyeomyia, However, they are
strikingly different from the known eggs of

FEDRO GALINDO

Trichaprosopon (digitatum, compressum, longipes,
magnius, ete), thus corroborating the close affinity
that exists between Wyeompia and Sabethes,
through sueh an intermediate group 8 the suh-
genus Daviemyia, and the wide divergence which
evidently exists between these two genera und
the more primitive sabethine genus Trichopro-
sapn,

The development of the embryo in 8. chlorop-
terus takes place somewhal more slowly than in
most other mosyuitoes, lasting from 3 to 4 days,
but the eggs hatch soon after the larvae attain
full development and are not capable of going
into the prolonged diapause characteristic of
some aedine species, In one experiment in which
the time required for hatching 781 fertile eges of
8. ehloropterus was rocorded , the following results
were obtained: 79.4 per cent of the egzs hatehed
on the third day after being laid, 18.4 per cent
on the fourth, 0.9 per cent on the fifth, 1.2 per
cent on the sixth and 0.1 per cent on the seventh
duy. The eggs of 8. chloroplerus are laid on the
water surface and they may either Aoat or sink
to the hottom of the container, but there does
not appear fo be any difference in hatehing
response between the eggs on top or on the bot-
tom. Eggs may be maintained for o fow days on
wet filter paper but they shrivel and die as soon
a8 the paper becomes dry, while the larvae hateh
in 6 or 7 days if kept moist. Epgs of this species
can be suceessfully transported on journeys last-
ing no more than 6 days, hy placing the spgs,
soon after being laid, in Petri dishes containing
wet cotton and lined with filter paper.

THE LARVAL STAGE

Despite the fact that the larvae of 8. chlorop-
terus live in very dark tree-holes with & small
opening to the outside, they do not show ANy =igng
of being negatively phototropic and became
evenly distributed when reared in well-lighted
pans. These Iarvae, as those of many other
sabethine species, are facultatively predaceous
and will feed voraciously on other mosquito
larvae if given the opportunity. The author has
observed this species preving on the following
mosquito larvae in the laboratory: Anopheles
albimanus, Haemagogus equinus, H. luetfer,
Culex quinquefasciatus and Wyeomyia scotinomus.

The larvae of S. chloropterus are also definitely
cannibalistic and will prey on smaller larvae of
their own species. In spite of this marked canni-
balistic habit, larvae can be reared suceessfully
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in a yeast-infusion medium, provided that only
specimens of the same instar are kept together.
Even under these conditions s good number of
larvae will attack and kill each other. This may
he demonstrated by the fact that of over 32,000
larvae hatehed and resred in our laboratory, in
which the numbers of pupae were ecarefully
eounted, only 587 per cent reached the pupal
stage. Galindo ef al, (1951) point out that
predacecus sabethine larvae in general, and those
of 8. chloropterus in particular, do not swallow
their prey but seize and puncture the eutiele with
their hooked maxillae. Through this puncture and
with the help of the mandibles, they gradually
guck out the body eontents of the vietim and

later drop the remains to the bottom of the
eontainer.

Figure 4 shows the overall results of s series of
hreeding experiments in which the rate of devel-
opment of a total of 5788 larvae was noted.
These experiments were run at a mean bihourly
temperature of the larval medium of 26°C, with
o minimum of 24°C and a maximum of 30°C.
The mean development period of these larvae
from hatching to pupation was 14.8 days, with a
maximum of 28 days and & minimum of 9 days.
As would be expected, the rate of development
depends & great deal on temperature and larval
food. Larvae of this species have been observed
to take as many a5 49 days to pupate, with mean
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TABLE 4

Effect af crowding on lorval development
of 3, chloropleras

|
Larvae i Tatal - IMean !:1.n.:.;|
|'r:I|rr |_1ul-||. | Exps. la it:t e pupac [Tf:'\.”,".,
1020} 8 | 174 b .8 14.7
200400 k) 2761 f0.0 13.9
R0 8 | 4510 62.3 14.3
L CRILLL 1 | N 60,5 7.5

larval periods of 25.7 and 20.5 days, when fod
exclusively on Pablum or on Pablum and live
larvae of Haemagogus eguinus and Anopheles
altimanus, This would seem to indicate that
yeast 2 one of the foods of preference for rearing
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this species in the laboratory. The addition of
living mosquito larvae to the diet does not seem
to geeelerate development.

Table 4 gives the results of experiments made
to determine the effect of crowding on the rate of
pupation and on the length of the larval period,
In these experiments we used round, white-
enamel pans measuring approximately 10 inches
in diameter at the water level, It may be noted
that there appears to be no difference hetween
the percentages of larvae reaching the pupal
stage in any of the pans regardless of the number
of larvae, ranging from 100 to 1,000, When more
than 800 larvae were reared in a single pan there
seemed to be a marked increase in the mean
duration of the larval period.

T T T T | |
1369%
EXP. Nao. 1
569%
EXP. No. 2
519%
EXP. No. 3
+ 16478
EXP. No. 4
4079%
- — COMULATIVE
Bihourly temp. °C.- means: 26.1 to 26.8; max.: 30; min. 21.7
% Bihourly rel. humidity. - means: 92, 8 to 96. 3; max. : 100; min.: 70
| 1 i i i 1
0 30 &0 Q0 120 150 180 210

DAYS AFTER INITIAL BLOOD MEAL
Fia. 5



BIONOMICS OF 5. CHLOROPTERUS

THE PUPAL STAGE

As in most other sabethines, the pupa of 8.
chloropterus develops very slowly. In one experi-
ment run at a mean bihourly temperature of
26°C, in which the number of hours from pups-
tion to emergenee was messured for 1G0T pupae,
the average length of the pupal stage was 150
hours with & minimum of 123 hours (one speci-
men) and & maximum of 160 hours (452 speci-
mens).

FEMALE LONGEVITY

Four experiments were made to determine the
life span of 8. chloroplerus females under labora-
tory conditions in order to apply this knowledge
to future transmission work with yellow fever
virts. In these experiments, females were re-
moved from & fresh stock colony immediately
after engorging with blood for the first time, and
transferred to colony cages, These mosquitoes
were treated in the same manner as deseribed
earlier in this paper for the stock eolony. If we
consider that the life span in these experiments
was measured from the time of the first blood
meal until death, then it beeomes cbvious that
the real longevity of these specimens is from b
days to 4 weeks longer than ghown, sinee it has
already been pointed out above that S. chlorop-
ferus females do not begin to take blood until the
fifth day after emergence and that it may be as
long as 4 weeks before all the females of a partie-
ular hrood take a blood meal.

In Figure 5 are plotted the results of the four
experiments, as well as the cumulative data of
all of them. The length of the thin center line in
each of the columns represents the life span; the
solid, broad, black stripe is one standard deviation
from the mean; the hollow quadrangle represents
twiee the standard error and the eross bar is the
mean duration of life in each case. A= can be
observed in this figure, while the mavimum
longevity showed much variation (from T8 days
in Exp. No. 4 to 140 days in Exp. No. 1) the
mean longevity (325 days in Exp. No. 1 to 46.8
days in Exp, No. 2) falls very nearly within the
expected variation in random samples of &
population, especially if it is eonsidered that the
four experiments were run under somewhat
variable environmental conditions.

It is of interest to compare the cumulative
mean longevity of the four experiments, which
was 38.9 days with a maximum of 140 days, with
that given by Jachowski (1954) for Aedes poly-
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TABLE 5

Sureival rafe of 5. chloropteruz females
after initinl bload meal

Per cent survival

Wirks
after ist |—— ¥
blood | | Cumulative
meal 15t exp. | 2nd exp.| Iod exp, | 4th exp. dats all
| expa
1 06.3 | 8.2 06,1 | 88.2 a7.3
. 83,2 | H7.5 | TE:4 | 8.0 BY.2
a 71.3 | 8.6 66.7 | BLT T80
4 |456 |75.0 | 82.7 | 726 | 827
B 25.0 60.7 62,7 | 65.2 50.9
6 H1.6 ] B4.9 | 45.7 103
T | 20.5 | 534 51.0 | 26.8 25.0
B 10.3 | 42.0 45,1 11.0 | 18.9
) .5 | 32.1 39.2 1.2 12.5
10 81 (12,5 | 204 | 0.6 | 8.1
11 7.4 8.4 19.6 0.4 a.4
12 4.4 5.4 7.8 i 3.2
13 2.9 1.8 5.9 -— 2.0
14 2.9 0 2.0 == 1.2
16 2.8 == 2.0 == 1:2
16 28 | — ] — 1.0
17 2.5 — — - 1.0
18 2.2 — == - 0.7
19 2.2 - g - 0.7
20 0 - = — 0

nesienais (the vector of filariasis in Samoa) which
was 21.2 days with a maximum of 56 days.
Table 5 gives the survival rate of 5. chloroplerus
females in the four experiments mentioned above,
a2 well ag the cumulative data of all four experi-
ments together, From the last eolumn we may
observe that 50 per cent of the females lived
between 5 and 6 weeks after the initial blood
meal, and that a mortality of 80 per eent did not
ocenr until after the ninth week. It would he of
interest to repeat these experiments under con-
stant temperatures and to compare the longevity
of this species with that of other known vectors
of sylvan vellow fever, such as Haemagogus
spegazzinii, H. equinus and H. lucifer.

EUMMARY

A colony of 8. chloropterus was established in
1-meter cubical cages. A trussed guinea pig or
rhesus monkey served as the source of blood for
the females, while a cotton hall soaked in sugar
solution and hung from the top of the cage made
available the necessary earbohydrates for both
males and females. A well-ripened scetion of
bamboo elosed with a lid and with s 1-inch hole
through its side was used as an oviposition re-
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reptacle, Larvae were reared in round ennmel pans
10 inches in diameter in & yeast-infusion mediom,

A, ehloropterns was Tound to be strictly diurnal
in habits. Females seok a blood meal in grestest
numbers during the early afternoon lonres {1400-
1500}, Both males and females become engorged
on augar salution from 6 to 24 hours after emere-
genee, No female has been observed feeding on
Blesad befeore the fifth day after emergenes and the
peak of biting activity 15 not reached undil the
second or third week. Females prefer to bite high
on the body having o special predilection for the
nose and lips.

8. chlpropterus is o stenogamie species, Mating
cecurs while resting on a surface and s proceded
by peculiar prenuptial activity on the part of the
males. Copulation lasts from 4 seconds to 34
minutes, with an average time of 6 minutes.
Mating has not been observed hefore the sixth
day after emergence and the peak of mating
activity is not reached before the second or thied
wiek of the female's lifo. Insemination does not
neceszarily oceur before the first blood meal and
does not sppear to be essential for ovarian devel-
oprnent.

Females oviposit by hovering i front of the
hole in the bambon section and foreibly ejecting
one or two eges through the hele and into the
water in the hamboo. The position of the sun in
the skv rather than light intensity seems to be
the determining fuctor in inducing oviposition.
The greatest percentage of egge are laid in early
afternoon Chours F200-1500). The species was
found to be nonautogenous, that is to say, it
izt have o blood meal before vge-laying takes
place. Oviposition wsually beging on the thisd
day after a blood meal and goes on throngh the
thirteenth day. The average number of eges per
female after a single blood meal s 386 with a
mimimum of 2 and & maximum of 103, Each
fermale may lay an average of 138 eggs during her
life time, Femalea exercise a definite preference
for ovipositing in a bamboo with clesed top and a
l-ineh hole through the side rather than in a
bambao with open top.

The egrs of 8. chlerapterus are rhomboid in
ghape, the embryo develops in 3 to 4 davs at
room temperature and the eggs hateh soon alter
the larvae attain full development inside, being
inenpable of poing into a prolonged dinpause,
The larvae are facultatively predaceous and
eannibalistic but they do net frequently attack
larvae of their own species, when in the same
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stage of development. They do not swallow the

prey but suck the body contents throngh pune-

tures in the cuticle.

The mean period spent by larvae from hatehing
to pupation at 26°C, is 148 days with o maxi-
mum of 28 dayz and a minimum of 9 days. The
mean developmentel period of pupae at this
temperature is determined to be 150 hours with
a maximurm of 16 hours and a minimiem of 123
hours.

The: mean ife span of females after the initial
blood meal at mean temperstures of 26.1 to
26.58°C and & mean relative humidity of 92 to
07 7%, was found to be 359 duys with a maximum
of 140 days. It was also determined that 50 per
cent of these females live betwern 5 and 6 weeka
after taking their first blood menl and that 9 to
10 weeks elapsed before 90 per cont of these
females died.
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