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:! FIG I . THE MALARIA MOSQUITO (. l11 nplu-/1·.~ lll(ICU/1J)l'll11i.~ ;\)(•1gpn). MALE 

From a photograph of thr model (X 7.'5) in thr Amcric-an )luseum . ) lagnifiC'a(ion of figure about 9 diamet ers. 
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THE IALARI ~IO, Ql:-JTO.1 

BY B. E. D .\lILGRE'.\, D. ::.\I. D. 

A i tant Cura tor of In,·ertebrat Zooloo-y. 

I ntrocluct ion. 

THE word "mo quito," uppo eclly of ,Ye t Indian ong111, is the 
' pani ·h lirninuti,·e of "mo. ca," a fly, and the name i correctly 
applied, . ince mo quitof' belong to the order of t\Yo-wingecl 

in ects, or true flie ·, Diptera. They constitute the family Culi ·i lre, of 
" ·hich ome four hundred fifty pecie. are known at the pre ent timf'. 

Since the di coYery of the agency of mo quitoe in the preacling of 
malaria and yello,Y feyer, they haYe receiYecl a great deal of attention , 
and new pecie are con ta11tly beina found. 'I'he great 
majority are tropical, but their ranae of di tribution i 

Distribution 

nearly uniYer_al , extending from the Equator northward and outhwarcl, 
oYer the temperate zone into the arctic and antarctic region . About 
forty pecie have been de cribed from the neio·hborhood of ~ ew York. 

Though mo quitoe occur in o·eneral in low and swampy district , 
they are also recorded from high altitudes, and Stephen and Chri topher 
in a Report to the 1\lalaria Commission of the Royal Society, tate that 
they are troublesome in the Himalayas at a height of 13,000 feet. A well 
known malarial species i recorded by them at 5,000 feet. In the United 
State mosquitoe are numerou not only along the oa t , in the low­
lying region of the South and on the plains and prairie , but al o in 
many place in the \YOO<L of the Adirondack and Rocky l\lountain, . 
In Ala ka, on the coa t of Greenland and on the tundras of the Iorth 
where other insect are few , thev at time constitute a eYere scouro·e, 

. 0 

and Arctic explorer relate account of mosquitoes on the snow which 
make a Kew Jer ey .swamp eem a de irable re ort. Xan en, quoted b:· 
Theobal 1, tate. that at hio·h latitude , the:· literally coYerecl the hands 
of the voyao·er like "rough woolen glove . " In ancient Greece, and in 
A ia ::.\Ii nor, entire cities2 were abandoned by their inhabitant , who were 

1 Guide Leaflet Ko. 27 of the A111eri an i\Iuseum Series. 
2 -:\Iionte in Ionia, Pergamo in Asia. Howard, i\Io quitoe , p. 40 . 
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oblig cl to fl from the into! rabl e S\\"arm: of p:nat.· th at descended upon 
th m. 

rta in arti ficial ao·ents se m to pl ay om rol in the dis.-ernin a ti n 

D
. . . of mo quitoe. . 1 a ih\-ay train: a r ·a id to be re. ponsibl 
1ssemmation · 

fo r the di. tribution of the in · ct:, a nd trac t ,Yhich ha" 

be n pract ically fre from th pe t a r though t to han' b en in q 1ded a 

th ~ railr ad line op n l up th e c uutry. n . p cie: oc ·urring in 

Au t rali a i u1 po er! to h a\' b en " im p rt cl from Europ in th 
\\'atertan k. f ome olcl a ilin g ,·e. el. " 1 At the p rt of ::-( e" · York a 

1 0 !ZO •o 30 90 120 ,so 180 

~ General distribution of Anopheles • 11ery abundant ~ O,slribulion of A. maculipennis 

FIG . 2. THE 0ISTRIBLJTION OF ANO PHELES . 

• ft ·r Th bald. 

cl z n fo r ign . pecie · ha \' b n obs n · cl on ships in qu arantine. ~l o ·­
q ui to . a r al o ca rri cl by th wind . Th fact th a t ho ·ts uf adult 
mosq uito · a r to be fo uncl in I a liti es \\"h ere not a sing! Ian-a of 

t he sp ci : may be cli . coYered , I cl Pr fe. so r J ohn B. Smith , of X e"" 

Je rs y, to i1w stigate th questi on of migra ti on c1f mosquitoe , and he 

ha-; lc:a rn d th at la rge s \\"a rrns of th m may, with a moderat " ·incl , fl:· 
or drift tl1irty or fo r ty miles. Sh Jr mosq uito s a r fo und fa r inland , 
and, n th oth er ha nd , s\\'a rrns haY b , n s n many mil es out at s a,_ 

1 :--ku-.c, as ·it cl by Theobald, ('ulieida' of th \\'orkl , \' ol. I . p. :1 . 
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The number of mo quitoe in a laro-e swarm is beyond compre­
hen ion, a nd accoun t of " immen e cloud filling the air"- " like a 
column of smoke," or " like a den e wall , miles in le1wth," are by no 
means infreq uent. L. 0. H oward ,1 Chief of the Bureau of Entomology 
at Wa. hington, de cribe a swarm ob ened in Texas, the 

Mosquito 
main body of which wa three mile wide, and which re- Swarms 

quirecl nearly five lay to pa a giYen point. ~uch mi-
grations of mo quitoe , though they are u, uall y on a maller scale, 
account fo r the sudden appearance of the in ect in area from which 
they were preYiously ab ent, and their equally udden disappearance. 

A a rule, mosquitoe are frail in ects and weak flyer . In rain or 
wind they ha. tily seek helter. The ::\Ialaria Iosquito (,1nopheles) 
amid. places where draught exist, and seldom flie more than a few 
hundred yard s. An Indian species of the genus known Habits 

which flies a quarter of a mile, but rarely a far a half a 
mile. T'he ::\Ialari a :.lo quito a a rule, pends it entire li fe in the 
immediate neighborhood of human dwelling . 

::\Iosquitoes are mo. t active at early dawn an l after sunset. They 
seem in general to a,·oid -trong light and to prefer dark color . The 
hours of daylight are pent by mo t pecie hiding in ome ecluded pot 
in a t11ft of gra · · or a Lush, while the l\falaria l\Io. quito find some 
dark corner indoor. , where it pas es the day. There are, however, 
. ome notable exception. to thi general rule. The Yellow Fever l\los­
quito fli es at almo ·t any time of day, except noon, and several tropical 
species re em ble it in thi re pect. 2 

In the autumn all the males die, while the fecundated females seek 
winter quarter . The Malaria :l\fosquito, which is e entially a hou e 
mosquito, may be found hibernating in dark corners in 
cell ars, sherls or attics. The strictly out-of-door pecies 

Hibernation 

find winter quarters in the wood or in the field . In the arctic regions 
mo quitoe.· find suitable hibernating place under mo s. Large num­
bers of the insect undoubtedly peri h during severe winters, but, under 
ordinary couditions, enough mature female un•iye to furnish locally 
the fir t brood of the following ea on. A warm da:v in early pring 
bri1w. the in ects out of their tupor; un a sunny day in mid-winter 

1 1Io--qtiitoes . Ho\\. they live, etc., p. 22. ee al. o Theobald'· Monograph of the 
Culicidre of the World for everal intere ting accounts . 

2 On of the local pecie. of Anophele (A . . crucian ) is a" daylight mosquito." 
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they may occa ionall:' be een on th 110w. In tropical ·ountrie · the 
drys a. on i~ the period of inactiYity for the mosquitoe ·. 

Th food of mo 'quitoe ·on: i.'t. ordinarily of th nectar and juice, of 
plant ancl fruit . This i , always tru of the male , whose mouth-part 

ar not at all adapted for tinging. In certain ·pecie ' neither ex :eem. 
to ha,·e any ta te for blood, while on the contrary, it i , ,Yell known that 

mo 'CjUitoe liYing far in the wood. , in the . wamps, or in the Arctic. 
wh re their chance f obtaining a meal of blood may he almost infini­
te irnal neYerthele . , will . iz greedily upon the opportunity when it 

Food 
offer . I t ha be n thought that a full meal of human blood is 
nece sary for tl1e female :i\falaria '!.\ [o. qui to, i11 order that . h 

may la:,· here 'g , but thi is c rtainl:· que tionable. Theobald maintains 
that, in England at lea. t, the :'.\Ialaria :\Io q11ito 'eldorn ucks blood. 
~Io. quit e of anguinar:,· tast by no m ans confine them elws to 
l111man , or eYen mammali an blood , they . uck ,Yith eao·erne. s the blood 

of bird and reptiles who 'e 'kin they nui:•, he able to pierce. The:· ha Ye 
frequently been ob erwd ferding upon other in ect a11<l on caterpill ar: . 
Howard a. ' ert, that th Y will attack mall fi 'h " ·hen the e come to the 
'Urfac of the water. In captiYity, mo quitoe: a re feel with ucce. on 
slice of banana or apple. Th y require ,rnter, hut ma)' exi ·t for month 
without any food whateYer. On tl1 e other hand, they may feed a. often 
a: they ha,·e opportun ity, though .·e,·eral homs are required for the diO'e -
tion of a fu ll meal. 

The aYerage length of life of female mosquitoe i , not le than a 
month or t,ro but hib mating female. mu t liYe at lea ·t ix or eYen 

eight month . The life of the males is much horter, and 
Length 
of Life may not exceed a few day · in duration. Th point i 

difficult to determine, . ince in cap ti Yi ty death may be the 
re. ult of rnriou artificial conditio 11 s. To compensate for the .·hortne 
of life of the male. , they great!:· outnumber the female . In ewral 
br ocl .- hat ·h d in aquaria in th ::.\Iu.' um the ratio of male to female: 
was eio·ht or nin to one. , ' inc a r c ntlY hatched rnosc1uito become, 

~ . 
full gro,,·n in t\\·o or tlne da,rs, and it may lay it: first batch of egg. 
,Yitbin a ,wek there ma.r b a · many as a dozen or more generation 
in the cour.'e of a y ar, in fayo1 able localiti s, hut . easonal condition: 
11eces.-:arily x rt gre, t influence on th number of brood. . In dry 
climates hr eding is ·onfi ned to the rainy sca:on, in humid tropical 
dimate: it nm,· extend throughout the greater part of the year, while in 
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fl ( 'otll' l <'~Y of J. II. :-\111 ilh . 
FIG . 3. MOSQUI TO- BREEDING POOL ON CAPE MAY. 

This pool , ll'ith nn :1rra of I ,8fl4 s<p1:1rc feet, had a population ol' t<>n and a hnll' millions of mosquito larva• (. I 110/1/, (' /f' s cn161111s 

\\'i cd ), the sixt h hrood of the season. (Smith, Hrport on l\losquitocs, p . -10:n 
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the Arct ic: it mu.· t 11aturally he ,. ry .-hort. In t mp rate d irn a te.- tlw 
first brood g n rally appear.- in .\pril or .:\ Iay, " ·hit in October and 
::'\oY mb r th fecundat d fe mal s .- k th ir win t r quarter ·. 

'lhe f male mo. qui to lays it. egg ·, fr m fifty to t \\"O hu ndred in num-
ber, on th .-urfac·e of any con ,· ni nt qu i t body of \\"a ter. ' rtai n mos-

Breeding 
places 

quito . pr f r to lay th ir egg: 0 11 bracki .-h wat r. 'l'lrns, th 
female: of 11 lex ca11 tator ancl . soll icita11s, both .- alt-m arsh 
mo quito . , which " . r found h.r Prof .-so r ~.mith in inland 

:-\\"arm s, w re ob erw d returning to the . h r with deY lop<'d ornri s, and 
this seemed to hi m" in the natur of a r turn migration fo r o,·ipo:iti n. " 

Though mo: q ui toes of th Yariou · .-p cic · may differ wicl ly in many 
minor cl taiL· such a. : ize, ·olor, fo rm of scale: and mark ing ' on the 
b dy, wings and legs, in all e. s uti al resp ct · of ~tructur and li fc-histor.,· 
th y are . irnil ar. Th fo ll o\\" ing de cription, ho"·eyer , applir: particu­
larl.,· t th local ::\Ialari a ::\lo. quito (. lnopheles nwc 11/ipelll1is .:\Ieigt n), 
whi c-h i · r presen t -cl hy a erie · of laro·e- cale ( X , - diameter.- ) mod I.­
in th .:\Iu eum . 0th r mo. quito s ar treated of in cidentally, a: th ,. 
diff r from th ::\Ial ari a :\Io 'l[ltito in .-,)m ' important re:p d. 

The Malaria Mosquito . 

Th e Egg. 

:\Io quito egg. ar minut bodi e.· , mea: uring only ( n half to on 
milli meter ( n fifti eth to one tw nty-fi fth of an in ·h) in length. The,· 
are a n rally ornicl in form , hut th parti ·ular 011fi gurat ion of their co,·­

ering, or sh ,}I , of c- hiti11 varie. consid rabl.' i11 differ nt 
Anopheles 
Eggs sp ci . . Th egg of .\.noph I : (Fig. -:l: ) i. boat-shap d with 

on nd . m ' \Yh at pointed , th other round ed. 'l'h lo,v r 
. urfa · , th bottom of th h at, i.- .· trongly convex and r ti c-ul at d , th ' 
upp r . urfa · , the cl ('k , is mor Hatten d. The gg is prov icl cl on th ' 
sid e - with corrugat d air eham b rs " ·bich :erw as Roa ts. " "h n r -
t ntly laid the egg: appear al most " ·hi t in color, hut tit Y darke11 
ra1 idly and in a few hours hrC'o me nearh· bl ack. 

In th proces: of deposition the rggs of th Comm n 
Arrangement 
of Eggs :'II sq ui to un ite to fo rm raft-like ma ·:e:, \\ hich ar kn own 

as "egg-b( at.-" or "floats" (Fig .. "> ) . Th ggs of :-\ no-
ph !es, howrwr, ar, deposited :-.rparat ly, hut they may he foun d 
arranged in n-1. ri u-; I att m s on th .- urface of th ' " ·a ter, fo rming 
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tar- hapecl groups or adherirw , ide 
pontoon-bridge (Fig. 6). The eo·o­

bv si le to make 
of certa in pec1e 

miniature 
are neYer 

laid on water , but 
on mud , perh ap at 
the edge of pooL , 
and are aicl not to 
develop at all , uni s , 
they be left dry for at 

lea t twentv-
Resist- " 
ance four h o u r s . 

The ego- of 
ome mo quitoe will 
urvive drying for two 

or three month , while 
tho ·e of other with a 
thinner chitinous hell , 
ea ily peri ·h if the 
mud or water of the 
pool in which they 
have been laid dries 
up. Ordinarily, mo -

~ 
FLOAT 

SI DE VIEW 

AIR CHAMB ERS W H\CH AC T AS FL OATS 

SURFACE VI E W 

FRO M NU T TAL AND SHIP LEY 
FIG . 4 . T HE EGG OF T HE MALARIA MOSQU ITO . 

:viagnificat ion about 60 d iameter . 

quito eggs are not re istant to cold and will not urvive freezin o·, though 
tho e of some species are actually known to hibern ate. 

FIG . 5. " EGG- RA FT " OR EGG - BOAT OF T HE COM MON HOUS E MOSQUITO 
( ulex pupiens L inn. ) . 

:.Iao-nificat io11 12 diameters. 

When the eggs are ready t hatch , in abo ut two to fo ur day.3 after 
they are laid, a small rap-l ike portion of the e1welope Hatching 

bur t off at the rounded end of the egg and the la rYa e capes. 
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In th "egg-boat ·" of ' 11lex th<' rounc!C'd ncl of ea ·h c1cr 1 · directed 
l"I" 

STAR SHAPED ARRANGEMENT. PONTOON BRIDGE ARRANGEMENT 

I' rT£R G RASSI 

FIG 6 EGGS OF THE MALARIA MOSQUITO 

('harn('trristic· arr:uwcments on the surf,H·r of th \\atcr . ~I a~niffration 7 diam t rs. 

d ,,·n,rnrd and the larn1. srni c i11to the ,mt 'l' frnm th ' lo,Yer .·mfa('e 
ol' th fl oat (Fig. 7). 

Th e Larrn. 

::\Io. qui to larYn:' are popularly kncH\'n as II wiggl ers" or 11 \\Tigg\ rs, 
h c-a 11se of their pe ·uliar moti ns in S \\ 1mm111g. .\t the tim of hatch­

FIG 7 MOSQUITO LARVA:: ( 11/1.r J)l/l/1/IS Linn .) 
HATCHING FROM AN EGG- RAFT 

Th csc-apin"' lan·.-r ar carrying on th ir 
h ads t h (':1p-likc IO\\Cl' nds f th gg shells. 
Thr,- C'aps may b s n attaeh d , lik hin d lids, 
to ,-1m1c of th egg-. of th raft. and thi s is th 
t1,t1al condition. Th C"'g-raft \\'as in thi s ca,-, 
cli,.,tt1rhccl. :1nd th in,-tant :1nd ,-imult aneous 
h:1t c· hin~ f th larnl' OC'C'tl lT I \1ith ;. t1ch sudd n 
\'iolrncc that t h lid ,- \\ er c-arri d a way on the 
1:1 n :t' h racls. :\Ja ni fieat ion abot1t I '2 diam tcrs . 

ing, the larq, of th 
::\falaria '\Iosquito ar 
minute. The tra11s­
parr11t body is c·yli11-
dri ·al a11d is exc· d d 
111 diamet r by th 
small , bro\\· ni : h, 

r o ll n cl e cl Divisions 

h ad. A: of the 

:o n as fr cl body 

fr m the o·cr the lal'\"a 
!"II"' 

begins to f cl. lt 
grows rnpicll:·, and. ii' 
the' food suppl:· is 
abunclantandthet m­
p ratur of th \\"ater 
i: 11ot too low, it at­
tains ib full ·17, 111 a 

fr"" dnY ·. Th bo<h· is diYided into the lwad , th thorn..,-: a11d the 
cYlindri<'nl ahdonwn of nin rings or segments (Fig. / ). In a nl'wh· 



13 FIG , 8 , THE LARVA OF THE MALARIA MOSQUITO ( AIIOJ)heles mo cu{171c1111 is Meigcn). 

Photograph of t he model ( X 75) in the American Museum. Magnification of the figme about :W diameters. 
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hatched larnl th latt r region · ·an hardly b di ·tinguished fr m ach 
other but a · the larva gro,Y:•; th three fu ·eel · o·meuts of "'hieh th 

thorax consists becom enlar,?" d and flattened. Legs ar ab. ent, but both 

th rax and abdomen b ar a great numb r of yrnmetrically pla ·eel pair. 

of bran ·h d feather-lik hairs , arranged in a mann r charact ri .- ti of 

th pec1e.- . These hairs proj ct laterally and aid in maintaining 

(1ui libriu m, but th y undoubtedly ·en-e other puri)o: .­Appendages 
.~ too, b ing al ·o organ · of touch aud po ·ibly of re pirati 11. 

.. 'im il ar, but mall er, hair_ are fo1md on the back of the head, and many 

wry mall , impler hairs are distribut cl OYer the who! body, parti ·u-

TEETH ON MANDIBLE ·. 

STOUT HA IR ON MANOI BL 

MOUTH OPENING--· · 

_ •. -7BRUSHES 

· · ·· ·ANTENNA 

FI G 9 . HEAD OF AN OPHE L E S LAR VA, SHO W ING MOUTH - PARTS 

\' ntral viC'\\'. )fa nifi cation -l.5 dia met ers . 

larly along th back and id e . On th ba k of the abdomen are five or 

ix pair · of dark-bro\\'n pal mat ·tru tur , which fl at on th urfac of 
th ,rntcr, when th larva i · at r t , and a id in maintaining th hori­

zontal po. ition of th body which i: characteri ·t i of Ia n ·< f th g nus 

. ..\nophel s. 
The next to the las t s gm nt b ars on it upp r ·ide the short 

"siphon ," which reaches th surfac of the water, wh n the Ian-a floats 

in its us1ial position. In th s iphon are th opening of the two main 

trachcrr , or re.-piratory tubes. Th larva is strictly a ir-br athinp: and 

doc not normally remain away from th : urfac of the water except 

L 



wh n di ·tmbed, and then only for a hort time. That the lan ·a mu t 
l1a,·e air in order to liYe make pos ·ible it de truction by means of a film 
-Of oil pread on the urface of the water. The oil, acting mechanically, 
clos the peni1ws in the re piratory iphon and cau e the 
larn--e to die from uffocation. If oil i poured on the urface 
of an aquarium in which the larvre are kept, they may be seen, 

Effect 
of Oil 

after an in tant' contact with the film , in frantic contortions, a they 
tri Ye to free them ·eh·e from the oil , la hing the end of the abdomen 

about and eYen de. perately bitino· the tip of the iphon. 
'rhe la t egrnent of the abdomen ha terminally t\Yo pair. of bri -

tie and four elongated ac-like append ages with Yery thin walL, the 
"blood-gills." On it under si<le it bear a large fan -like arrangement 
of branched hair ' \Yhich eem to sen e a · a keel or rudder. 

THE MALARIAL MOSQUITO LARVA TH E" COMMON WRIGGLER 
ITS U SUAL P OSITION IS HORIZONTAL ANO AT THE. 

SURFACE OF THE WATER . 
ITS USUAL POSITI ON 15 OBLIQUE, A NO THE TIP OF THE 

SI PHON A LONE REACHES THE WATER . 

FIG . 10. CHARACTERI STIC POSITION OF LARV/E OF MALARIA AND COMMON MOSQUITO. 

The l1ead of the mature larva i large and roundecl and is brown 
in color. It i united to the thorax by a membranou neck 
" ·hich allow con iclerable freedom of movement. It upper 
urface i characteri tically marked hy dark-brown pots and 

Head of 
larva 

bears ro,._. of branched hair . On the ides of the head are the antennre 
extending forward, and behind the e are the eye . In front, on the under 
ide and owr-hung by the elongated an terior portion of the head, i the 

mouth, which i urrounclecl by a formidable armature (Fig. 9) . 0Yer­
hanging the mouth-part and at the most auterior part of the head are 
t,Yo 111011 tache-like bru hes. Below the e and behind them are two 
mandible · " ·hich mo,·e laterally and bear trong pine-like teeth for 
crushing foo l. On either si<le of the mandible project the cylindrical 
maxillar.', palp , and belo"' the mandible are the flattened maxillre 
be et with fine hairs . Belo,Y all of the e mouth-part i the . mall tri­
angular o-called " lo,Yer lip." 



FIG I I TYPICAL BREED! NG PLACES 

1 . uburban sc· n \\ ith a neg! et d gutter (fr 111 J. B. ,' mith , H p rt n 
)Io quito s). 2. Io d " I ton Broadway. X \\ York 'ity. 

16 
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Anophele Ian, - exhibit a curiou habit of u ldenly twi ting the h ad. 
The peculiar, al mo, t audible " ·nap" or "click" with which the sudd n 
turning i accornpli heel i wry characteri tic. n thi account th 
name " head-turner " ha been propo ed for them. 1 

Th larYa feed with it head turne l o that the lo,Yer ide, which 
bear the mouth, is lirected upward. The mou tache-like bru he , by 
rapidly weeping the under ide of the surface-filrn of the 
,Yater , set up a current " ·hich carrie food into the mouth. 

mall particle. which become entano·led in the bru he are 

Manner of 
feeding 

combed out by tout curved hair , three or four of which are borne on 
each mandible, the bru ·he bendino· back into the mouth for thi purpo e 
from time to time. 

The food of th larva con i t 
of the micro copic animal and 
pl ant which abound at the ur­
face of the w::iter. Little di -
crirnination eern to be exerci ed 
in the choice of food, anythi1w 
,Yhich i carried into the mouth, 

Food of 
Larva 

even sand grain , beino· 
sometime~ rnraciou ly 
swallowed. The in­

te tine, which i practically a 
straight tube , may u ually be 
een in the rather tran parent 

li,·ing animal, colored dark by it 
contents. The entire larva often 

RESPIRATORY FUNNEL ~~,,...-...._ ,..-.sv=..::.t/. .. ····PATA..G I UM 
Of PUPA ... 

F IG . 12. MATURE LARVA OF ANOPHE L ES 

Yentral urface. The figure show' 
clearly the formation of the thorax of the 
fut ur in ect within the larval t horax. 

appears green from inge ted l\Iao-nific:1tion, 13 diam ter . 

algre. 
'I he :l\lalaria :\I quito larva ma)· be read ily di ·tingui heel from the 

lana of the Culex ~1o quito by the hortne of it iphon and it hori­
zontal position in the water. The common " \\Tiggler " ha Ye elongate 1 
siphon and are a1'rny found hanging obliquely, or even vertically, head 
down\\'ar l, the tip of the iphon only reaching the nrface (Fig. 10). 

The larvre of certain mo quitoe are known to hiber­
nate, and may remain throughout the winter frozen in the 

Hibernation 

ice, coming to life when the ice melt in the pring. Profe or . mith 

1 :\Iinot, C. . Notes on Anophele . Boston oc. l\fod. Rei . 1901. 
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0-1,· . an account of having r p at dly obtain d certain mosquito larne 
in large quantities, by thawing out ic- whi ·h had form d in th I a,·e: 
of th pit ·h r plant (, 'arrace11ia).1 " 'h n pools in whi ·h th ,nigg r: 
liY dry out, th larn1.· u: ually I eri:h in a short time. Th y ar mo. t 
lik ly to be found in small and uncli sturb d hodi s of water s11c:h as 
a· ·umulate in littl hollows b twe n tufts of gra. s, in m ado"·s, or in 
clitC'he. " ·h r th r i.' no p rceptible flow (Fig. 11 ). ,\'here th rE i: any 
current in th wat r th larYc:' ar asily sw pt away, and those that 
oc ·ur in moYing wat r ar ahYay.· found along the dg s of the :tr am, 

,vh r th y are out of r ach of the ·urr nt. at-tail ·wamps ar said to 
b I ractic-ally fr e from mosquito Ian-, , probably b ·au of th usual 
pr sen ·e in th m f . mall fi h. .' u ·h pla · as n gl ct d tin ·an. or 
broken bottl . rain barr I., ·i st m s and d p ,,. 11: may be . ,n1rmi11g 

Number 
with lan-n:•. Dr. H ward m ntion a ase wh r the c nsu · 
of the inhabitants of a rain barrel wa tak n. In on 111011th 

it yi ld d . ($,: (if) mo ·qui to ggs, larn-e and pupt ·. 2 

Th duration of th lanai ·tage is u ·ually from se,· 11 to fourt 11 day . . 
During thi . tim th Yariou. part · f th adult in ' ect ar in pr cess of 
formation under th lan'al : kin (Fig. ]2). In old r Jana~ th adult 

:,- , for in : tanc , may be seen as a er :c ntic dark mas. lying n ar th 
lan·al :· . Th l gs and wing. of the futur "fly ' may b , e n form­
ing within the !anal th rax. 'J'h formation of adult , tructur , i ac:­
compani cl by d tructiY chang . in th st rictly lan·al internal organ 
and ti s:ue. In du tim , ,Yh n thi · I roe , s ha-; pro· d d far enough, 
a 'f- hap cl , plit occur in the back of th lar\'al ·kin and through thi: 
the inse ·t mero· s a a pupa. 

th 

Th e Pupa. 

Th I upa "hiC'h e. cap s from the Ian al skin forms th n xt stag 1n 

cl ,·elopment of the ins ct (Figs. ]: and l.J- ). Tt too is aquatic 

Habits 
of Pupa 

in habit and orclinaril:· leads a hri f and ·omparati,·ely quiet 
!if . It does not fe cl. \Yh n at rest, it floats at th surfaC' 
of the \\'at r, hr athing through a pair of ft111 11 1-lik tub•: . 

It is, ho,Ye,· r, able to xe ·ute Y ry ra1 id, though j rkY mo,·rmcnts and 

' J hn B. :-;mith, X .. J. Stat A r . Exp. ~t alion. H port on 11 i-quito s , p. 
;34 . l 90.5. 

2 L. O. Ilo" a rcl , ~Io,-,quitoes. p. -H . 
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dart , do,rn\\'ard in . tantl:· " ·hen di turbed. If confined in a gla ,·es ·el, 
it may be , een on u<'h occa ions to trike the bottom rep atedly, r turn­
ing to the urface of the water by it. o,rn buoyancy a · oon a it 
mo,·ements cea e. The down\\ arc! swimmin g is accomplished by a few 
Yigorous troke ' of th tron ly cun- d abdomen, " ·hi ·h b ar at it tip 
a pair of "paddle ," or "flipper ," and i th only fre ly moYable part of 
the bolh·. 

FIG . 13 . THE PUPA OF THE MALARIA MOSQUITO FEMALE. 

Photograph of the mod I ( X 75) in the American ~Iu etun . ~Iagnificat ion of 
the figure about 15 diameter . 

'Cnder the trai1 parent integument of the pupa may be een outlined 
the body and appendage of the cleYeloping mo quito (Fig. 
J.5 ). The head i drawn up again "t the anterior i:;art of the 
thorax, giYing the pupa it characteri tic hunchbacked ap­

Structure 
of Pupa 

pearance. The ·trongly flexed abdomen cunes do\\'nward and forward 
und r the thorax. The elongated mouth-parts, the "probosci " of ~be 
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future fly , lie clir t d d wnward and bac-kwarcl in t it median linr, 

fo rming a' keel ' ju ·t L>eneath the thorax. The legs nr I> nt at the 

kne '-joint ' and Ji pres:ed ao-ninst th thorax 011 ach side, th ' n th :· 

turn hac:kward and terminate in ' _ hap d ·urn's und r th for part of 

the abdomen. 1'he:· ar partly conc-ealecl by th wings, which hang, 

cramped in their " ·ing-ca. e. , closely pre. sed again. t the hod:· on eac·h 
, id of th thorax. .A.ri ing from th anterior third of the th rnx in 

front of the a ttachment of th wing.' , are th r spirat ry tub s t rminating 

in funnel-lik expa n. ion " ·hi ·h . pr ad out on th smfac-e of the water 

'"h n the pupa i in th ordin a r:· position of r st. In rt' ' pect to th posi­
ti n of it re ·pirat ry l emng:, th pupa cliff rs deeicledh· from its 

HEAD THORA X ABDOMEN 
,---..A------. 

FUNNELS 

MOUTH PARTS 
\ 

WING CASE 
LEGS 

ANTENNA 

FIG 14. TH E YOUNG PUPA OF ANOPHELES 

T h abdomen of th emer"ing pupa is . traight or with a , Ii ht up\\·,nc.1 
curYe. Th tron" do\Ynwarc.1 ab lominal fl xur of the old r pupa 
bec·om establi hed a few h ur later. :-fognification 11 diameter ' . 

predecessor , th la n ·a, which has it . iph n near th end of the a.hd -

men. Like the !a rm it i · c:a,· ily destroyed by anything whi C'h interf ·r '. ' 

with its free ace ·s to the ai r . urving backward from the head, aboH' 

th l gs a nd in front of the wings, arr the two ant nnre. Below the 

origin of th antennre li e the two palps, with sha rpl y S-shaped fle:-.:mes. 
'l'hr duration of th pupal stag is usuall y from two to !'our clnys, hut 

Duration of 
Pupal Life 

it may, und er unf,worable ·c11Hlitions of t mp rature, b 

prolonged to we ks. On th ot her hand , the threa tening 

clang r of a drought or th presen ·e of a cli sagr rnhl' : ub­

:-tanc·e in th water, . u ·h as th phinota.· oi l u:ed for cle.· troying m 

quitor:, may Yer.r much ha:ten the emerg n ·e of the fly . 
Tl, pupa r l re:ents that period in the metam rphosis of th 111 s ·t 
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dmino· ·which the internal chano·es beo·un in the Jana, which are to result 
in the fo rmation of the adult mo. quito, are continued and completed. 

~n der the pupa , kin a new integument is ecretecl which 
Formation of 

become· the final xternal coYering of the fly. It the Adult 

a.pp n<lao·e , hair and cale may be een fully develope l 
in late pupal ' tage ' like the one repre ented in the model a hown m 
Fio·. 13. 

"
1hen the formation of the mo quito fly i complete, the pupa 

kin bur -t along the middle of the back and the adult extricate it elf 
from its floating ca e. At thi "critical perio<l" large number of mo, -

ABDOMEN 

,-THORAX~ 

RESPI R_J_\J0RY FUNNEL 

···· · ·ANT E NNA] HEAD 
···· ·-- EYES 

······PAL P 

-· - · - ····-····PROBOSCIS 

?ADDLE S 

. ' . . ' 
\ : ,.. ... 

\ :; 

LEGS 

FIG . I 5. THE FULL-GROWN PUPA 

Iagnification about J 2 diameters. 

quitoes perish, becau e, until their leg. and -n·ings are thorono·hly hard­
ened, a light gu t of wind or a ripple of the ,Yater will up, t and dro,rn 
them. Thi make it po ible to bring about the artificial le trudion 
of a large proportion of the in. ect , through the simple introduction of 
tidewater into mosquito-ridden marshe . 

Th e . ldult ....lf 0s7.iiito. 

The malle.' t of the local mo ciuitoe mea ·ure not more than l . .3 mm., 
while the larg t, perhaps, the famou_s "Jersey mo ciuito" Size 

(Psorophora ciliata), called " Gallinipper " i~1 the South, attain a le1wth 
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of , to 10 mm., - aln10."t half an inch. 'l h -:.\Ia!aria -:.\fo.-quito i~ 
from (j to S mm. long. 

The I ody of th mosquito, lik that of all other insects, is coY r cl 
with a cl 11 . e. though ,·ery thin , continuous layer of a hard . uh.-tanc , 

"chitin," . ecr ted b,,· the tru , cellular skin, or hy1)0-
Body-covering 

dermis, \\·hich lies undern ath it. Th chitin not only 
affords protecticm to the body, hut al:o gi,·e.· support to the li111b. and 
wing-,·ein and forms in fact an external skeleton, on the inner sic! of 

FIG 16 AN ANOPH E LES MOSQUITO E MERGING FROM ITS PUPA CASE 

H ead, thor,1x and abdomen are free, but the wing-- a rc not entire!_- freed a nd 
1he lono- leg,- are "till pa rtly rni lccl " ·ithin their pupal int eo-umcnt. Photo"raph 
from life', " rcat ly en laro-cd . 

"hie:h the mu. cl of the insect are atta ch cl. " 'her wr rigidity is 
req1tired, the chitinous coat i.- thick nee!, b1tt el:ewh re it remains thin 
to permit rnoYemen t of th' body srgments. 

Thr e main regions of the body may he asily cli.-tinguishecl, the small 
Divisions round cl head with it- appendages , th relatin:- l:· large tho-
of Body rax, and th e lo1wated ahdorne11 (Figs. I nnd ] 7). The head, 
,,·hich js connected , ·ith the body by means of a mt her sl ncler n ck, 
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bears the mouth-part and special sense-organs. The thorax, which 
con i t of three clo ely consolidated segments, bear the organ of loco· 
motion, the legs, on<-' on each egment, the wings on the middle segruent 
and a pair of minute balancers on the third. The abdomen i. distinctly 
egmente I and con ist of eight ring , but , except on the terminal eo-­

ment, it bears no appendages. The almo t pherical bead i. ornewbat 
flattened in front. 

TARSUS 

PROBOSCIS ........ • • ... 

PALP ................. . .•.. TIBIA 

ANTENNA ... 

HEAD CLYPE"US .. 
EYES ......... ············· 
OCCIPUT ................. . 
PATAGIUM ---········ 

FEMUR 

SCUTU M. ............ . 

TH ORAX SCUTELLU 

CLASPER S ....... .... ........•.. ...... ..•... 

/ 
F1G . 17 . MALARIA MOSQUITO. MALE . 

Magnification 7 diameter . 

The anterior portion of the head is occupied by two laro·e compound 
eye , each compo ed of several thou and imple eyes or facets, regularly 
arranged and so clo ely crowded together that their outlines 
appear hexagonal. In such compoun 1 eyes each separate facet 

Head 

Tece1ves rav of light from only a single direction, but the great number 
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of facet di tril ut cl OYer a sph roidal .-urfac make. it po . ibl for the 

mo quit to . e in alm t eYery direction. 

In front of the ew. ar the antrnnre, t\\·o . lender rO'an.-, " ·ith a e 11 -

tral jointed axi · of 1.5 or 1 G segment.- ach bearing a wh rl of fine hair.-. 

Th ant nme ar organ ~ of h aring, and by mean-, of th m th male i · 

Antennre 
abl t cl t ct the pr . nee of the f mal . If the "sono-" of 

a female mo quito b imitat d with a tunincr fork, the 

antennc ' of th male mo. qui to, ,Yhich . upport long and x ·e clillgly 

clelicat " ·horl. of hai1" (Fig. 1), that r pond to v ry Yihration of th 

air may he · en to bend in th dir ·tion from whi ·h th _ouncl pr ee cl. ·. 1 

Below the antenIJre, at th very front of the head ar the mouth-part. , 

A;T;~JUG ........ .:;.t. 
P U MP 

POSTCA IO P CESOPf,fAGEAt. 

(I SO PHAGUS 

L"'B P UM 

FIG 18 HEAD OF FEMALE MAL/IR IA MOSQU ITO. 

....___ 

c n tituting the . o- all cl "pr bo ci · ' (FiO'. 17). Thi.· con i-t · of se,·-

Proboscis 
of Female 

ral m m l er. . Th princiJJal one, lying above all th oth r 

mouth-parts, i th "labrum' deeply O'roo,·ed al 1w it.­

lower .-ick2 Cnder th lal rum th re i a delicate cbitinou · 

lamella, th "hypopharynx." Th hypopharynx i.- l · ly applied to 

th labrum al ng it ntir extent, an l by -lo ing th groo,· therein 

fr m b I w, form . th r ,Yitb the tub through ,\'hich the mo:quito .-u ·k.­

up blood or other liquid foocl (Fig. 19). A fin tubular chann I which 

run alorw th m <lian line of th hypopharynx - n ·e to conduc-t th 

poi ·on that th mosquito l our. int th wound wh n sucking blood, 

~\Jong th .-ide. c ncl b lo,v th tub , comp d f the e tm> m uth-part -, 

th r ar t\\' pair of v ry sl ncler ·hi ti nous rod", xpand d at th 'ncl · 

into lancet-lik blade.- ·et with fin t th. On pair, th ''mandibl '' 

ar xc dincrly d li ·at · th oth r, the "maxilla>," ar touter ancl ha,· 

1 }lay r , A. }I. Re, arch . in Ac-ou. tic-,. ..\m. Jour. , 'c-i . and .\rt . ITT . Yiii, p . 
1. 1 74. 

2 The •·Jabnun .. i, un<loubt clly a compound -.truc-ture and prop rly i-. the ··lahrum­
pipharyn., . '' 
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larg r teeth. The e latter pairs of instruments enter the woun l made 
by the poi11t of the labrum , and with their saw-like blades, erve to 
brace the hea I " ·bile the " ucking-tube" is tbru t fonYard. By a to­
and-fro motion which alternate v,.- ith that of the piercino· tube, they are 
pushed iuto the ti sues together with the tube, and their fine teeth 
uJJdoubteclly also serve to lacerate the ti ue in the ,vound and to pro­
duce au increase<l flo,,· of blood at the point of the ucking-tube. 

All these mouth-part , 'Piz .: the labrum, tbe hypopbarynx, the mandi­
ble , and the maxillre, form a very compact bundle which, when not in 
action , is almo t entirely contained in a groove on the upper surface of 
the lower lip or" labium" (Fig. 19). This is attached below the base 
of the other mouth-part . It i equal to them in length , but much lar o·er 
than all the others taken together, and is flexible and fo rms a heath 
which erves for their protection. 
It outer urface i be et with scales. 
Of the v,1hole bunclle of mouth-part 
only the labium and upper surface 
of the labrum are ordinarily Yisible. 
At the tip of the labium, two small 
pointed movable flaps, or " labellre" 

LABRUM } 
HY~-~P~ARYN X SUCKING TUBE 

._ . / SA LIVARY CHANNEL 

··MANDIBLE} 
STYLETS. 

··MAXILLA 

are hinged (Figs. 18 and 
Proboscis LA ,,., 1 u M 
of Male 26), which protect the ( PROTECTIV E S HEATH) 

points of all the mos-
quito's delicate urgical instruments, 
when these are not in use. 'fhe 
separation of the e flap expo es the 
points ready for instant action (Fig. 
26) . The female alone ucks blood. 

FIG . 19. CROS S SE CTI ON OF THE 
PROBOS CIS . 

The mouth-part , which are re­
pre ented in . olid black , are those 
which t he insect actively employ. m 
tinging. Female. 

In the male the maxillre are lacking, and the tip of the labrum is blunt 
and uufit for piercing. 

The fir t, though somewhat erroneous, account of the mouth appara­
tu of the mo quito is contained in Swammerdam's "Bybel cler Natuure " 
(1668) published in Holland in 1738. In 1739, the Frencb cientist 
Reaumur published a description of the mosyuitoes' man­
ner of biting. His illu trations, here reproduced (Fig. 20), 
how well how the soft labrum is pu hed away and flexed 

Manner of 
Stinging 

in biting, and how only the labellre remain in contact with the tylet.s at 
the point of their entrance into the wound. 



FIG 21 HEAD AND THORAX OF THE MOSQUITO 

Fia- . 1. J fal . Fig-... 2- "i . Female-,, -1 - "i . in the ac-t f -<tinging. Reproduction of 
a p late i11 Hcaumur':- ~J (,moir " pour" n-ir a l'hi,-.toire de,-, l n,-,ctt,-. 1739. 

26 
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On eith r icle of the prol o c:i. ther are t,rn lo1w pointed appendao·e 

of the maxillfe, tlw maxillary palp, , which ene a organ. of touch. 
In the female ~Ialaria :\Io, 1uito they are _.}ender and of uniform thick­

ne s; in the male the terminal seoment is nlargecl and b a r 
The Palps 

long hair (Fi o· . 21 an I 22). In both sexes of the l\Ialaria 

=.\Io qui to the palp · ar long, equal in length to the probo ci ' , and 
covered with fine cale . In the common ulex ::\Io quito, the palp of 
the female are hort (Fig. 21 ), not more than half the length of the 

An~plieles (MA LE) Cule,\ ( MALE ) 

PATAGllJM 

PATAGIU M 

F 1G. 21 . THE MALARIA AND THE COMMON MOSQUITO. MALE. 

ugrre ted by figur of Eys 11, in Arch. fi.ir. chiffs- u . Tropenhygiene. 

d/Ulf)/Je/es ( FE MALE) Cv/ex(FEMALE ) 

PATAGIUM 
P A 1.AGIUM 

FIG . 22. THE MALAR!A AND THE COMMON MOSQUITO . FEMA~E . 

uggested by figure of Ey ell, in Arch. for chiffs- u . Tro1 enhygiene. 

probo. ci ; tho e of the male are long, but their terminal ·egment is not 
enlarged, though et with long hair (Fig. 22). Thi furni she area ly 
mean of di ·tin auishing the ::\fal aria ::\lo quito from the Culex. 

'I'he m::no·in of the chitiu bordering on the eye , appears white or 
light gra.y in color. Ju t behind the light margin i a row of long hai r , 
\Yhich OYerhano· the e~,e , and in front a tuft of lo1w hair - and scale OYer­
hang the pace bet\Yecn the antenn,e. The 'remainder of the head is 
covered with cales. 
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Th slender an l almo t tran:pare11t n ck conn ct: the head " ·ith th' 
cond clivi ion of th body, - the thorax. Thi ' is o-reatly enlarg cl to 

accomm elate the strong wino·-mu . cl s wbi ·h it co11tain ' (Fig. :2(i ). 

The middle segment, which b ar th " ·ings, exceeds th other in size 
and form th entire dorsal portion of the thorax. 

Th delicat m rnbrauou ' wings are :tre11gthe11 d by rib., or Yeins, 
clo. ly be et with . al ·. The arrang m nt of ,-c-ale rnrie. in th dif­
ferent specie of mosquitoe ·. The lo al ::.\Ialaria :\lo quit i - di ·tin­

gui h cl by th presenc of four dark spots in certain charact ri ·ti · 
po ition on its wino- ' , and h n e it . p cific nam "maeuli­

-Wings 
penni " or " ·potted-,Ying d" (Fig. 2:3). Th pot: are pro-

due d by the grouping of the ' ale ' of the wing vein, into de11 ' e tuft. at 
the ·e points. The margin of the wing· bear - - veral row ' of cales, long 

FIG 23 WING OF ANOPHELES MACULIPENNIS MEIGEN 

:\fagnification about :20 diamet rs. 

,, 
,1/. 

A 

and slcnd r ·cale · alternating regularly with rows of h rter ones, pro­
ducino- a beautiful fringe. 

A pair of mall club-shaped organ ·, th "halteres," or balanc rs on 
th third · gment of th thorax, ennble - the insert to maintain it - qui­
librium, for without them it performs aimless e,·oluti ns in the air :ome­
" lrnt after the fashion of a tt1mbl r-pigeon, ,rncl it cannot direct its flight. 
. ' imilar organ. ar found in all Diptera and the,Y repr s nt a deg nerated 

second pair of wings. 
Each of th gments of the thorax b ars a pair of I gs. :tructurally 

th s are imply hollow, jointed tubes of chitin containing the 
Legs 

muscle · by which they are flexed. Externally they are cowred 
with seal s, and in · rtain places they bear fine hairs. The legs are 



DAIILGRE.X, TIIE JLlL.lRLl JIO SQUITO 29 

connecte l to the body by the "coxre," or hip-joints, which are con­
tructecl so a to permit great freeclom of movement (Fig. 26). Then 

folio"· in each leo·, a mall piece, the" trochanter," uniting the coxa ·with 
the leg proper. Each leg con i. t of even piece . The first i called 

FIG . 24 FEMALE ANOPH E L ES IN CHARACT E RISTIC STINGING POSTURE. 

Photogra1 h of the model ( X 75) in the Ameri an Mu emn. l\Iagnification of 
figure about 10 diameter . 

the femur, the econcl i. the tibia, then follow the tarsal joint , fiye in 
number, the la t of which bear a pair of claws. In the ma.le one of the 
claw of each foreleg i. greatly enl arged. "\Yhen the mo quito walk or 
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r ·ts, it support its If on seY ral of th tarsal joints. Th legs of thr 
third pair are, ho\\'en ~r, U.'ecl Ycry . lightly in \\'alking, but they srn · 
continu ally as organs of touch, and i11 fli ght the:· h<:'l p to halancr th ~ 
I ody and det rrni11 e its in ·lination. They arr often c-arri rd raisrd and 
cu n · cl fo r\\'ard OY r th bodv · l)ecially when the rn os<1uito i: : tin O'itw 

• ' I"' I"' 

(Fig. _-:l: ) . 
The abdomen is ·lo: ly united to the th rax. J t : eight rings, or 

.' gm nt:, are a h ·ompo ·ecl of an U] p .r and a lo\\' r shi eld of C' hitin 
and a soft ·01111ed ing m mbranc. This soft "l)leural m m-

Abdomen ~ 
brane" p rrnit: of movem nts of re. pi ra tion, a: \\'ell as of th , 

Yery onsid erable di tension of the abdorn n noti ·eabl in mosquito s 
aft er a full m al. Th abdomen tap rs gradu ally to\\'ard the tip, and 
th la ·t , gment in the female mo quito b ars the ovipositor by means of 
,Yhich the eggs are laid and , \\'ith th aid of the hind legs, an ang d 011 

Arwpheles 
BODY AT AN ACUTE A NGLE TO lH E S URFACE 
ON W l11CH T H E INS E CT RESTS , 

Cul ex 
BODY PARALLE L TO TH£ suRrACE 
ON WHICH T HE INS ECT RESTS . 

FI G. 25 . C HARACTE RISTIC POSITIONS OF T HE MALARIA AND COMMON MOSQU ITO 

W HE N AT RE ST . 

the surface of th \\'a t r. In th mal , th la 't abdominal segment ter­
min ates in a J air of ·l as1 ers (Fig. 17). 

Th color of the mo. qui to can be said i11 ge neral tn rang from light 
y llow to dark-brown and almost hla ·k. Some : peci 's are nearly ·olor-

Color of 
Adult 

1 s ·, or of av ry transparent light gre n. Th :.\[alaria :.\Io: ­

q11ito is brown , th color in cr asing at first \\'ith age till th ' 
c-hiti11 b <·o mes thi ck ~ned. Th thorax is dark bro\\·n abo,· , 

,Yith a light strip in the middl and one on ac-h sid of th e hack. 
The sides of th thorax a11d th e 'OXH.' ar light. Th upper shi r lds of 
the abdom n ar dark hro\\'n , th lo,,· r on s lighter and mor yrllo\\'i sh. 
The legs ar dark brown aho,·e, sometim s with a purplish tinge, a11d 
are lighter l,elow, \Yith di stin ctly yd low s1 ots at th kn c-join ts. The 
prohosC' is and palps ap] a r Yery dark bro,rn or pmplish bl ack. Th 
bac.:k of thr thorax and th 11tir ahdom n, th soft memhran <:' except d , 
ar , <·o,·C:' red \\' ith long, go ld en ha irs. 
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T HE ANATOMY OF THE MALARIAL MOS Q UITO , rEMALE,.).1,,,, ,,,,,1,,, ,, ,,,,,,1,,,,.,,,,,, MtlvEN 

•"'I ·t l<0NA° 

I!•\ I OH 

w uor., '1 l A:::l l'lllli) 

, ;,. e1uM 

FI G . 26 . AN ATOMY OF T H E MA LA RIA MOSQ U ITO. 

The fi gure represents a media n sect ion of a fe male. The mout hparts, t he a ntenn a- , t he a limentary tract and the nervous a nd re product ive systems 

have been left ent ire. From a photograph of the left side of t he model t;hown in Figure '.24 . Magnificat ion :20 diameters, 
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The I ntemal Or_r;a11 ·. 

,Yh n the mosquito bite. , blood i: pumped 11p into th ":ucking­
tub " b:, two pump· (Fig. J< ) . Tl1e first and small r pump Ii 
just ahoY the j11n tion of the labrum with th h ad and form: a dir ·t 

continua ti n " 'ith the tub . 1'he s ·011d, larger and m r 
Pumps 

fficient pump, lie furth r back in the heacl and i: dilated by 
powerful mtt.' ci s. In . tion it is tri angular, " ·ith collapsed walls. 
When dil ated by th mu cl s it fills " ·ith blo d from th , mail er 1 um1 
ancl fr rn the tube be:y nd. It i: then allow d to ollap by its own 
ela. ti it:·, and th liquid i for ·ed on int th <:t'sophagus. '1 his is in 
gr a t part in the ne k of the in . e ·t ancl o·i" s off ju ·t beyond its entrance 
into th thorax, thr e food re ·errnirs, t,Yo mall one ' abo,· , and a third 
longat cl sac b lo,Y, ,Yhich rea ·h far into th abdomen (Fig. :2 ' ). It i: 

the l lood ·tored in thi re ' erYoir, which in its great!:· cli: t ndecl , tat 

Food reservoirs 
may be e n through th thin pleural m mbrane, that 
o·i ,. : to the mo ' (] uito th r cl lor noti ea bl aft r a 

full rn al. Th ,· tomach i a ontinuation of th CX'so phagus and is 
tubular, narrow in fr 11t hut dilated into a , ac b hind. At it ' po t ri r 
end i: a Yah·e-like c nstriction just bey nd which there p n into th 
inte tin fi"e excretory tubule . • ft r on or two rath r : harp curves, 
th int , tine i , c ntinued to th t nuinal encl f the body. 

Th n nous syst<>m of th mosquito (Fig. :..G) consi, ts of a chain f 
· nn ·tee! centers, or nen e o-a nglia. In th head . eY ral I air.' f ga n­

glia ar fu eel to f rm th "brain," whi h supplies 11 rws to 
Nervous 
System th eye. , antennre, palp ' and m uth-part ·. In th thorax, ju. t 

aboYe th origin f th I gs, there is an th r larg ma ~ con­
' l ·t111g f thr e pairs of fu . d ganglia which . ncl nerv . to th I gs, 
wing · and balan c r . The n n ous sy ·t m i. continu d in th abclom n 
a a hain of , mall o-anglia , . ix in number. In addition to this main 
n n ·ou. s:·:,,t m a pair of small . ympathetic ganglia Ii on a h side of 
the alim ntary tub , in th anterior part of th th rax. 

Th large tlv)rax is almost ntir ly fill cl '"ith th grea t mu ' les of 
flight, ·on: isting f two ma ·e. at right angl s to ach other (Fig. - G). 

Th ir alternat contra c.: tions chang th sha1 e of th thorax and 
Body 

inclirect l.v . n · to moH' the winQ": in Ai_:ht. Th wing-: ar Muscles • , • · ~· 
also c ntr II cl by , mall r : pecial wing-mu ·cl :. rrh muscles 

which 1110\' th nbdominal egrn ents during r : piration Ii for the mo ·t 
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part directly on the hard chitinou piece which compo e the upper and 
1ower hields of the abdomen. 

Re piration i arried on bv mean of a y tern of air-tubes, or trachere, e v 

which op n to th exterior by two main opening on either ide of the 
thorax, and by eio·ht maller one in the oft membrane of the abdomen 
(FiO'. 21 ). The trachere, by repeated branching, ramify 

Respiration 
throughout the entire body of the mo quito and upply the 
blood, a well a every organ and tis ue, with air. Tearly filling all 
space bet"·een the mu cle and the organ , are ymmetrically arranged 
ma e of a peculi ar ti sue, the blood-ti ue or fat-body, which i espe­
cially well upplie l with trachere. 

The circulation of the blood of the in ect i maintained by the heart, 
·which is a tubular organ lying directly under the upper chitin- hield of 
the abdomen (Fio-. 22). It i continued forward in the thorax as aves­
el, the "aorta," through which the blood i pumped to the 

~ Circulation 
head. Thi i the only blood ve el to be found in insect , 
and the blood circulates with the respiratory movements throughout 
the body in the inter tice between the fat-tis ue and the internal organs. 
Into the blood in the body cavity of the mosquito , the malarial spores 
which grow in it tomach-wall e cape. Through the circulation of the 
blood the pore then find their way into the alivary or poi on gland . 

The e important little o-Jancls, which upply the irritating poi on of 
the mo quito bite, lie within the anterior part of the thorax just beyond 
the neck (Fio·. 26). The secretion from each three-lobed gland is con­
ducted forward into the head by a fine tube, the alivary duct. 

Poison 
In the head the two duct join and the common duct empties Glands 

into the alivary pump (Fig. 1 ). Thi , in connection with its 
continuation, the ali vary channel in the hypopharynx, form a practical 
yringe by which the poi onous aliva i automatically forced out at the 

point of the probo ci during the act of feeding. It ha been thought 
that the aliva serve to prevent the clotting of the blood in the mos­
quito' uckino- tube, but thi , trangely enough, seems doubtful.1 Its 
irritating effect i however well known, and it is, furthermore, with thi 
aliYary ecretion that the malarial spore are injected into the human 

circulation. 

1 G. F. H . uttall and A. E. hipley. Jour. of Hygiene, London, 1900, p . 195 . 
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Jl] alaria. 

It wa early ohs n-ed that" malaria' wa~ apt to be I reval nt dur­
in o- damp and rainy s a ons and that it occurred principally in xaetly 
uch pla ·e a are n w kn wn to furnish ideal breeding o-round. for th 

Malarial 
Seasons 

~Ialari a l\Io quito. That new ca es of malaria appeared at 
the time of year v:hen the -:\[alaria :\losquito abounded, wa 
al o recorded long befor it wa su:;p cted that th in ect wa 

in any way ·onnected with the n alady; and one of th okl rn clical 
writer ·, mention a. a characteri 'tic of malarial ea on , that "gnats 
and £lie are apt to be abundant." 

ia i con iderecl to have been the riginal horn of malaria and 
from there it wa introduced int Europe. In the fourth centur;· B. 

Original Home 
of Malaria 

it had become e tabli shed in .,r ece, and inc thi. time 
it ha been endemi in Europ , parti ·ularly in the coun-
trie borderino- on the :.\Iccliterranean. It preYal nc 

in Italy and Greece i hi toric. It i thouo-ht to have been an important 
factor in the lecline of the nation of antiquity .1 

l\lalaria wa formerly con idered to be a form of ague du to fou I air, 
whence its name, which literally mean "bad air." It " ·a. attributed 
to a ort of" mia_ma. " I t.· true nature did n t become known till Jkc 0, 
when Laveran, a French military . uro-eon , " ·orkino- at th tim in Alg ri a, 
li cover cl the malarial para ite in human blood. ..,ome year later, 

Profe or .l\:Ian on of Eno-l and, directed the attenti n of Iajor Ro. s 

Discovery of 
Malarial Parasite 

of the In liao n ~ic , to the mo quito a a po. ·ibl 
carrier of malarial infe tion. It had at thi , time ju t 
been di c v red that y llow fever wa . prea l by mo -

quitoe. , and 1\Ian on had pr viou. ly, in 1 '79, found a Cul x mo, quito 
arryino- the para. ite of filarial di ea e. That the in ect might pla,\· 
u h a dire ·t and ,· traordinary r6le a it do · in th tran mi si n of 

" 
malaria, wa , h " ·en:r, not u p ted ev n b:v ~Ian n. In 1 97 l os. 
di cov red th pre nee uf the malarial rgani m in a mo quito of the 
1.renu. 1nopheles, and a littl later, through th ffort chi A:· of Ro 
an l th Italian , Yra. i, th remarkab] lif -hi tory of th para: ite 
b cam known in it ntireh·. 

1 W. H . . Jon s. Malaria . A negl cted fa tor in the hi tory of re cc a nd 
Rome. London, 1907. 
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A the re ·ult of the laboriou - re ·earcbe - of thee ci nti t, ''"e now 
kno,Y that malaria i - not communicated except by the ::\ Ialaria ::\Io quito, 
that thi , i a m mber of the genu .1nophefrs, and that con. equentl:· 

malaria doe · not ex.i tin any locality in the ab -ence of mo ·- Malaria 

quitoe of thi - genu . \Yhile it i bighl:· probable that all of and 

the forty or rnor s1 ecie - of the o-enu ·, di ·tributed oYer almo t Anopheles 

the entire \\·orl l, may carry malaria, abilit:· to harbor and tran mit the 
malarial para ite ha b en actually prown of only about half the num­
ber. The majorit:· of the pecie known to be malarial occur in India. 
The only European or ::"\orth American member of the genu ,,,-hich 
tarn! at pre-ent po itiYely corn·icte l of carryino- the di::-ea e, i the one 

fio-urecl and le, ribed in thi paper .1nopheles maculipenni. ::\leio-en. 
That other mo quito for in tance the c mmon Culex, of " ·hich ' O 

many pecie exi t ewryn·here are a. likel:· a Anophele to imbibe 
malarial blood i- unquc ti nable l ut in all m ·quitoe. except certain 
.-\nophele -, the human malarial para. ite eem to peri h in the alim 11 -

tary tract of the in ect, or the pore ' are perhap ' de troyed by th mor 
aci l ecretion of the ali"ary gland . 

The malarial organi m are unicellular animal: "pr tozoa ' of the 
cla porozoa, all member' of which are para itic. The member of 
the order to "·hich they belong, the Hl1'mosporidiida are para itic in th 
blood of higher animal and re -embie the malarial orrani m in thei1· 
life-hi tory. Thu there i a para ite of "bird malaria ' f und in 
picreon , crow and bluejay · I-I alteridi um, tran ,-mitte l by a ulex mo -
quito· an l another, Proteosoma, ·which liw in the blood of parron· 
and i al o carrie l from one bir l to another by a mo quito. 

\\11en a malaria-infected mo. quito bite the poi -on or aliYa whi h 
i - injected into the ,Youn I carrie into the human circulation ome minut 
needle-like or elongated . pin Ile- haped bodie-. The e are the malarial 
pore ' (Fio-. 32, " ). nee in the buma:1 circulation, each The Malarial 

pore of ,Yhich there may be half a h11ndred, enter a red Spores in 
the Blood blood corpu cle (Fio·. r .-\ B ), lo -e- it c:haracteri ti 

form and become.' a minute, roun i l. am~boid para ite. After it 
entrance thi mea ' ure one fifth to one fourth of the diameter of the 
blood cell; but nouri heel by th content of the corpu -cle it oTo\\· 
rapidly (Fig. 27, D ). The blo cl corpu cl in "·hich it liYe lo-e it ­
circular outline become- enlarged and in a bort time i ' nearly fille l 
by the <)'rowing para ite (Fio·. 27 E \. .-\t tbe ame time the nucleu of 
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the malarial am~bul cli,'icles, till ix to ·ixte n clauo·hter nu I i may he 
, en (Fig. 27, E ). By the time thi. nuclear clivisi n i ompl t , almost 
the entire original ont nt of the red corpu ·de htl\·e di. app ared, littl 
remainino- of it but the thi1 ·ell-membrane, filled ,Yith the enlaro- cl 
Asexual para 1tlc 111a s. At la t the ,rnll f th corpu. cl bur. t ·, 
Multiplication and the para ' ite i liberated (Fig. 27, H ). It prot -
of the Parasites l pla m ha · by tbi tim clivic eel into a · many part · a: 
there are nuclei, an l each re ulting part form a ne"· pore, whi ·h in 
it turn, enter a red blood corpu cle (Fig. 27, A). The . ame pro 
of o·rowth at the expen e of the bl od cell i th n repeat d, and ne,Y 
pore are formed by divi i n, accompanied hy th de truction of an 

FIG 27. THE MALAR IAL PARASITE . ( TERTIAN .) ASEXUAL CYCLE IN THE 

HUMAN BLOOD 

A. Malarial p re entering a blood corpuscle (sch matir) . B. . ~Ialarial 
para ·ite in the blood corpu clc. D. EnJarg d. amreboid parasite . E . Growth 
and diYi ion of the para ite. H. The malarial blood- pores Jib rated by th 
1 ursting of the blood corpu cle. :.\Iagnification 1600 diameters. fter Ruge. 

ever in •rfa. ing number of reel blood · 11 . 1 hi , proce of nrnltipli ·a­
tiou, ,Yhicb c n titut · the a exual cycl in the lif of the malarial para­

. ite, may go 011 for a considerable period, till th blood i ' fill eel " ·ith 
billion. f minute organi ms. In tim , howev r, ertain of the por :, 

after enterino· fresh ·orpuscl s, do not di\·id , but they level p into 
form of th parasite which if taken up by a :\Ialaria :\Io, quito, will ·on­
juo-ate and reproduce exually (Fio-. _, ). 

Th n w form ' , which ar approximately spb ricnl in hape, ar 
f two kind (Fig. _9 , ) : larger ( ) f male (egg) ell , ancl somewhat 

smaller (A 2), mal cell ' . Tl1 latter gi\· ri e to long filamentou perm 
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when remoYe 1 from the human circulation. In the mo quito' · tornach 
the e perm fertilize the female cell , a ·ino-le perm uniting with each 
(Fig. 29, B), and a many a five hundred of the e ferti lized egg cell 

haYe been found in the 
Sexual forms 
of the Parasite tomach of a ingle mo -

. quito. T'he fertilized egg-
cell become elongated and pointed at one 
end (Fig. 29, C), and finally work it way 
into the tomach-,•,all of the in ect (Fig. 
30), where the embryo-cells grow and, in 
fifteen to twenty days, produce large cy t 
(Fio-. 32, ) each of which i fi ll ed with 
thou ands of new needle-shaped spores. 
The e cy t , which are on the outer wall of 
the stomach (Fio-. 31), ultimately burst and 

0 
FIG . 28. NORMAL BLOOD COR-

PUSCLE AND MAL E ( cJ' ) AND 
FEMALE ( 9) REPRODUCT IV E 
FORMS OF THE MALARIAL 
ORGANISM . 

the ho t of co11tainecl pores (Fig. 32, C, S) l\Iagnification 1600 diam-

are set free in the body cavity and, con e- eter . after Ruge. 

quently, in the blood of the mo quito. Some 
of them find their ,vay into the salivary glands (Fig. 32, G) and then 
into the salivary duct , whence, at the insect' next Malarial infection 

meal, they are again injected with the saliva into by the 

h bl l f l l d " Mosquito bite '' t e oo o anot 1er 1Llman in ividual. In thi 
manner malarial infection i handed on from ubject to subject. 

,,/ 

FIG . 29. THE REPRODUCTI VE FORMS OF THE MALARIAL ORGANISM IN THE 
MOSQUITO' S STOMACH . 

(After Schaudinn and R. Koch.) 

A. Female, or egg cell. A 2. l\Iale cell giYino- off perm . B. Fertiliza­
tion of the egg-cell. C. The fertilized egg-cell. Magnification 375 diameter . 

Three varietie of malaria are distingui heel: " tertian ," 
where the fever and chills recur every forty-eight hours; 
"quartan," where they are eparated by an in ten-al of sev­
enty-t,Yo hour , and, la tly and mo t dangerou of all. the 

Forms of 
Malaria. 

irregular 
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"tropic-al" malaria th mild lo al f rm of whic·h i · kn "·n a:- rr:tirn­
autumnal." Th inten·als which separate th par xy:ms corr -' I ond in 
1 ngth to th duration of th pro · . s of spor -formation in th blood 
cell s, th chill - marking the liberation of the s1 or : (spornlation ). The 
parasit : which produ · th thrr diff rent forms of malaria ar eonsid­
er cl t he ·eparate :>p ci :, distingui h d chi fl:· by a differ ne in the 
tim req uired f r the completion of th ir cycle of cl ,· lopm nt in the 
human blood. Tn this conneetion it is of inter st that immunity acrain ·t 

' I"' 

OOKINETES ENTERING THE STOMACH WALL OOKINETES WITHIN THE CELlS OF THE SlOMACH 

'~{:· --·::-::-·-~;::.--::·· 
-~--~~~~~~ 

FIG 30 STOMACH OF THE MALAR IA MOSQUITO 

Ookinetes are . hown enterino- the :-.tomarh " ·a ll. Diao-rammatir. ~fao-ni­
fic·ation about : O· clian, t r:< . 

CY3TS CONTAINING MA_~ RIAL SPOIUS 

. "\ 
-.... 

F IG 31 STOMACH OF THE MALARIA MOSQU ITO 

~J a lalial ' ·, por eysts " nre ,:hown on the uter wall of th oro-an. Longi­
tudinal " C'tion diao-rammatie . Cross ,, etion aft r :ra>--.i. ~[ao- nifiration about 

2.- diamct r ;;:. 

on fot m of malarial organi .·m ha :-; b n found b:· Prof '. or Koch not to 
in. ure immunity against the othrr t\\·o species . Th para ·it of the 
tropical Yari ty cliff rs from the oth r: in re. J c-t to th app aranre of 
the s xual form \\'hi ·h are half-moon r cresc nt-: hap cl. Tt wa.' the e 

" ·hi t h w re :fir:t found by Lan:·ran and the;r are t rm ed the "half­
rnoon.- f La,· ran .' 

\Yith th extermination of th rnosquit of a malarial nr ighborhoocl 
tlw disease will, in tim , cli :app ar. ~ uttall on the other hand d scribe 
di:tri<·ts in England from \\·hi ch malaria ha · cli sa pp arrcl, a Ith ugh the 



DAIILGRE_Y, THE JI.1LARIA JIO Q'CJTO 39 

mo quitoe · remain. Thi di appearance of malaria may have been 
brouo-ht aLout b\· a general u e of quinin e. Quinine, obtained from 
Yarious ·pecies of tree of the o-enu Cinchona, gro \\·ing at high alti tude 
particularly on the _-\ .. nde and brought into u e in Europe in 
the year 16-!0 by the Co unte Chinchon, Yice-queen of P eru , 
\Yh o bad been cured of malaria by it u e, i ' the only known 

Effect of 
quinine 

pecific ao-ain t malaria. It will , if properly adrnini terecl, de troy the 
para ite of tertian and qnartan fever in a comparatiYely ·hor t time. 
The para ite of tropical feyer, ho,\·eyer, uch a exi t in it eYere t 
form in certain places on the \Ye t Coa ·t of Africa, on the outhernmo t 

( 
I 

• 
C 

C, 

FIG . 32 THE MALAR IAL SPORES IN THE MOSQUI TO. 

C. A , porocy t v-·it h contained spore ( X -100) (aft er Gra , si). . The 
li berated pore,; ( X 3000) . G. Section of the . alirnry gland of the mo quito, 
malaria l spore lying in the celL and in the duct of the gland. ( ~< 350) (aft er 
Grassi). 

of the Philippine I lands and in the :\Ialay Archipelago, i only lightly 
affected eYen h:· quinine, after the para ite ha once begun to rnultipl:· 
in the bloo l. The sexual form of the malarial organi m are e pecially 
re i tant and may, long after the de truction of all a exual parasite , 
take the place of the e latter and by imple diYi ion gi,·e ri e to new 
crop of pore . A a preYentiYe the drug ha , however, been found 
hio·h]y erviceable br tho e oblio·ed to traYel or to liYe in tropical r, • • 0 

malarial countrie . 
A an example of a local malarial epidemic may be mentioned an out­

hrrak, described by Dr. ·w. ~- Berkeley, which took place near Jerome 
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Park in th Borough of th Br nx, "X \\' Y rk ity, in 19 0. A ar ·h 
reveal d p irn n of _lnopheles maculipennis 111 "r)' 

Prevalence · 
of Malaria hon e and o- n rally in the 1 pino- quart r wb r Yer th 

di ea e o curr cl. In tropical climate. , th natiY . who 
often Jiy in dark and p orly ventilat cl house , are the hief . ufferer , 
and we I am that in India ancl _ fri a, from 20 to 100 p r cent of th 
hildr n of the natiY ,·illao- , are aff cted 1 y malaria. 1 In th uth rn 

, tat of our 0"'11 country malaria i a , " r couro-e a.mono- tlr n o-r 
and probably for the am r a on a in India. 

The ::.\lalaria :\lo quito ldom ri e " n to the cond , tory f a 
h u , an l it i a well known fact, that p r on who e leepino- quart r. 
are high above the o-round ar eldom attack cl by the di ea ·e. in· th 
mosquito i a poor fly rand doe not readily ri:e high aboYe th o-r uml, 
and in e it aYoid an abundanc of lio-ht, it ab ence from th upper 
' tori of a buil lino- i a ily uu ler tood. 

Ing neral , high altitucl in. urea fre clom from the -:.\Ial aria -:\Io quito 
and fr m malaria, but tl1 r are om n tabl exception , and malaria 
ha be n recorded a end mi in certain r gi n in India \Yher th l Ya­
tion i four to fiye thou. and f t above s a-1 Yel. 

J'ellow Fet'er. 

'rh role which mo quit e play in th di ' emination of " II w f " r 
wa di c Yerecl in 1 :) 1 by Dr. Finlay of H~wana, and communi at cl by 
him in paper on the "): at 1ral Hi tory f Y llow Fe,·er" (1< '1- J 8 > ) . 

A u picion that om in t wer c n ern cl in th preading f th 
di. ea had been expressed a early a. 1 4 by -Xott, a phy ician of -:\I -
bile, Ala. Xol much r d n , how Yer, wa. o-i" n to Finlay' di co,· ry 
till it had b en firmly tabli. h cl that malaria wa tran ·mitt d by mo, -
qui toe ; and the real exp rim ntal pro f f tran ·mi ' i n by th m quit 
Mosquitoes wa · furni h cl by a on1111 i .. -ion of "Cnitecl ~tate ' rm~· 
and Yellow urgeon which wa. . ent to uba by form r Surer n-
Fever G neral t rnberg for the purp . of carrying n im· ti-
o-ation . The finding of th rnmi.'sion ,Yhich ,rn. in charo- of 
::.\Iajor I eel r. :. A. p ·itiY ly d, rnon:trat d that yellO\\' f \" r \\°a (' m­
municat cl by th bit fa 'Y II w F " r ;1fo:quito" (. tegomyia fa .·ciata 

1 , ' t ph ns a nd hri ,-toph r in R p rt to th ~Ialaria 'ommitt e f th Royal 
ocicty. , ixth serie , ~larch, 190:2, p . -. and J:,; \\h r . 
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Fabricius) which mu t previou ly baYe fed on the blood of a yellow few1-
patient; that the fever could not po ibly pread without the pre euce of 
a mo quito , and that simple contact with a yellow fever patient wa not 
dangerou . To a ure themselve of the correctne of their conclu­
sions, members of the commis ion in the course of their investigations 
eYen went so far a to Jeep for week in bed clothing oiled by yellow 
fever patients. 

The organi m which causes the yellow fever , has not, up to the pre ent 
time, been found; but it is in every way probable that it will prove to be a.. 
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FIG . 33 . THE DI ST RIBUTIO N OF ST EGOM YIA . 

After Theobald . 

blood para ite of the cla s Sporozoa, its life-history resembling in a . 
general way that of the malarial organi rn. The period of incubation in 
man, i. e., the period which must elapse between the bite of the infected 
mosquito and the beginning of the sickness, varies from forty-one hours 
to not more than six days. The period of its development 
· h · f d 1 l . . b l Period of m t e mo qmto was oun )y t 1e comm1 . 1011 to e twe ve Incubation 

days or more. Thi fact is of very great importance in rela-
tion to quarantine mea ures, and makes it entirely povsible to prevent. 
the introduction of yellow fever into any port where it does not exi L 
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. t the am tirn , the bri fn - of th period of in ·ubation 111 . ur . a 
practi cal freedom from :•,ellow fe ,·er to plac ' wh r th Y llow F ,· r 
::\(o quito occm.' , if th y b di: tant but six da~-- from an inf ('t d port. 
H ::nrnii is at pre ·ent an exampl e of such fr edom from th di: a-; , 
al though th : teg myia occur - ther . 

The Yell ,,· Fewr ::\Iosquito i. e:sentially t ro pical and sub-tro1 i ·al. 
On the American contin nt its chief ha\ itat is entral and ~outh .\m n ea 

/ 
/ 

/ 
/ 

I \ 
'\ 

' ' 

FIG 34 THE YELLOW F EV ER MOSQUITO (,' /cgomyici fa sci11lri Fabri<:iu" ) 

and :2 f male:- . 3 ma! . T he fi aure . ho\\'s \\'ell t h band d abd m n. t h 
markings on th th rax and t he st ri~ d I g,;. (;1Iagnifiration :tbout 5 diam-
ters.) From E . A. ~oelcli : .· ;1 lo,-quit s n Pad., 190,5. 

and the \Y ,st Ind ian Islands. I t is, how ,·er, fo und 111 thr :-::-o uth rn 

Distribution 
,'tat :, as may he seen on the map, Fig. : : . According to 
Dr. Howard its !if zone, OYe r which it might \\'ell s1 read , 

in ·ludes pradic-al ly all of th .'outhern .'tat s, a..:; fa r n rth a" ::\Ia-,o n and 
Di xon's Li n . Th obald, of the Bri tish ::\Iu ·eurn , puts its di:t ribu tion 
hetw •n ~' cl gr e. north and south lat itud e. That it ma\' be ca rri d 

• 
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far nortlrn·anl and under fa rnrable condition lin:', and perhap breed , 
is 'ho,rn b:· re on! of ,Yellow feyer pidemic in ~ ew York and Phil a­
delphia in the earl:· part of the pa ' t entmy. The ucce of the an i­
tar.'· \\·ork done in uba under 1eneral \\ ood bear · abund ant witne 
to the effecti venes~ of mea ure fo r the extermin atiou of 'tegomyia mo. -
q11itoe ' , and of proper isolation of yell w fewr patient from the insect 
by the simple means of mo quito netting. 

The Yellow Fe,·er ::\Io quito i , known as a " day mosqui to, 'and was 
fo rmerly considered a pecie of Cul ex. 'fhe back 

The Yellow Fever 
of the thorax is markecl by ih·ery tripe , the dark- Mosquito 

bro,Yn or black side of both thorax and abdomen are 
orn amented with con. picuou " ·hite I ot , and each egrnent of the ab­
domen beat" a white cro · - tripe. The knee- poL of the bl ack leg are 
white, and the ta r al joint are bande l " ·ith white. rl he e markings 
make the mosquito quite ea y to recogni ze. 

I nsects as Carriers of D iseas,~. 

'I he whole question of the relation of insects to di ease i a ubject 
not only of ignificance to the medi cal world and of great intere, t to the 
naturali t , affo rding a ' it doe ' a trikin a and mo t recent in tance of the 
relation of medical cience to natural hi. tory , but it ha al o become a 
matter of general and urgent a nitary importance, and a uch demand 
an enlightened public appreciation. 

:'..\lany kinds of in ect haYe been fo urnl to be itr trumental in the 
. preadiug of di ease, either b:· imply co1weying clisea e germ from one 
place to another , or by actually harboring germs of parasites, which OT O\\' 

and mul tipl,Y in the bod,,· of the in ect till they are transferred by it bite 
to another animal or a human indi vidu al. T hi latter i th ca e not 
on!:-· in malari a and yellow fewr, but also in many of the other mo t­
dreadecl cli ·ease~ of man an 1 beast, iu which an in ect ha been fo und 
to en-e as the intermedia ry ho. t fo r a di ea e-proclucing oro-anism. Our 
fir t knowled,)·e of an in tance of tl1i kind wa 0·ained hv the di cowrY . . 
in the proboscis of a pecie of a Culex mo quito b:v 
P rofe , or :'..\Ian on in Indi a (1 c 79) of the minu te 

Filarial disease 

para itic worm " ·hicl1 produce the terrible fil ari al di ea e, or el phan­
ti asi .1 Since the time of ~fa n on' di OYery new 111 , tance of thi. 

1 T he fi lari a n " ·orms find lodgment in the lymphatic Yes,els :i n l by blocking 
the natural fl ow of the lymph a t cert :iin point ,-; cause enormous enlargement o f 
pa rt :-: of t he b dy . 



nature h,tYe continually com to lio-ht. The mo.' t notabl recent 

Sl 
. 

8
. kn xample i ·, p rhap , the African " 1 eping . ickne:;. ," 

eepmg 1c ess 
cau. ed by a protoz an blood para it , Trypanosoma, of 

which many . pecie cnu ing seYere, u ually fatal affection haYe been 
found in the ir ulation 11ot only of man an l th dome:tic animal:, but 

al of reptile and fi hes. The in. ect which . erw. as th int rm diarr 
ho t i the notoriotL '' tset -fl\'." The fatal "tset.s -flY disea<, " and 

' ' 
the "kalaazar" or "black wat r f Yer" are two stock Ji ease due to this 

orgam m. Cattle and hor e u ed for traYel are killed by them in ,l 

few day . The deYa tation due to th e disea. e ha: been . great 
that certain di trict in 'outh Africa ha,·e hacl to be abanclonccl l>Y the 

inhabitant . A con tant upply of the para ite i obtained by the Hie: 

from numerou ' wild animals which have in the cour e of time be ome 
immune to the di ea e. It ha been u o-e ted that the extinction of, 

for example, the hor. e on the American contin nt might probably ha,·e 

been due to the de tructiYe agency of orne li ea e-bearing in ect. 1 

The di CO\'ery at Flori . ant, olorado er. D. ockerell, J 907) , of a 

fo il t. et e-fly would eem to bear out thi hypoth i . 

Texas Fever 
The well-known «r-rexa feyer" or "red \Yater feyer" 

,vbich La been introduced into many part of th " ·orld 

and which ha occa ioned enormous lo. e to the attle-bre der. of the 

outhwc tern part of thf• l nitecl tate: i. anoth r example of a di sea::ie 

that ha been co1weye l by an in:ect, and au eel by another typr of 
protozoon, Pfroplasma, para. iti in the blood. 'J he in ect in thi - case 

the cattle tick (,.lfargaropus annulatus ~ay). The li st i. growing, 

and the inYe ti ation which are now b ing carried on, particularly by 
the errnan an l Engli b GoYernm nL, may pron' to be procluctiYe of 

nnp rtant re. ult . 
Engli. h inv . tigation . in India and China ha,· just 

The Bubonic 
Plague br ught to lio-ht the mode of transrn is ' ion of the bacteria l 

bubonic plague. It l1as been found that a minut fl a, 
which normally liYe on gray rats, carrie. th di a, e. 'l\'h n the rats 

die from the plao-ue b~, thou. ands, th fleas find human Yictim. and 

thu epic! mi . ar produ · d. 
In conn tion with th ubject of in . ect as arri r of di · a. e, th 

ordinary bou e fly . h ulcl not he forgotten, sin it di ., minat tub r-

1 H.F . O ·l> rn: Th Causes of Extinction of ~famma lia . The Am erican Xatu ra l­
i~t. Dec. 1906. 

• 
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culosi -, cholera an l typhoid fewr. The h 11.'e-fk breed 111 decaying 
matter an l it ' habit are ' O filthy, that e,·en if for no 
other than e thetic rea ow, it -houkl be the fir ·t object of 

The House-fly 

the general ,rnr on pe tiferou.' in ect beo-un long ago by the aoTicul­
turi -t - for e onomic r a . on , but now become al o a problem of anitary 
importan for which communitie- and goyernment " ·ill he compelled 
to _ pend oTeat urn f moneY. 

JI osquito Extermination. 

The _ tuch· f Ii ea e-producino- para ite and of the in ect concerned 
in their tran mi ion i not only indicating rational procedure for the 
extermination of the latter, but al o, a in the ca e of Preventive and 

yello"· fe,·er, furni hino· a cientifi ba i for uch quar­
antine an I preYentiYe mea uren a are at pre ent 

Quarantine 
Measures 

carried out by the "Cnited tate GoYernment in Panama, and to ome 
extent by modern nation e,·erywhere. The far-reaching effect of 
uch di cowrie a tho e le cribecl aboYe i difficult to e timate. 

rI he :timulu which they ha Ye giYen to resear h ha already proved to 
be of Ya t moment. The practical re ult in tropical conntrie an l 
colonizino· natiow " ·ill OTO\\", a cli tant and hitherto almo t uninhabit­
able part of the " ·orld are opened up. In our own imme liate neighbor­
hood they ha,·e 1 d to a campaio·n of extermination ao·ain t the :'..\Ialaria 
::\Io quito, and indirectly ha Ye en·ed to call public attention to the " ·hole 
tribe of the e in . ect , which, e,·en though they may not all preacl human 
di ea ' e. , newrthele ' con titute a perniciou pe t 1Yhich ren ler large 
area unfit for habitation. " "hen we con i !er that within a radiu of 
t\\·enty-fi ,·e mile of X ew York there exi t t"·o hundre l q uare mile of 
mar h and ,Yamp land,1 the local 1110, qui to problem alone 
"·ill be . een to be far from in io·nificant. uc-h a campai o·n 
of extermination of mo quit e a i- n "' beino· "·ao·ed in the 

The local 
Problem 

::-;tate of ::'\ew Jer ey under the upen-i ion of Profe or 'rnith ,rnulcl 
have been con idered before the time of the di coYerie of Ro and 
Finlay, not nly extrayao-ant, but really in ane. 

\Yhen the problem of mo quito extermination on a large cale fir t 
pre-entecl it elf, it became, f cour e, nece~ ary to <leYi e ef-fecfo·e mean 

1 Felt: :.Io-quitoe of Kew York tate, Xe,Y York tate :.Iu-ewn Bulletin 79 . 
p. 24-±. 1901. 
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for its attompli:hnwnt. In tl1 light of som know! clg >f the habit 
Practical and lif -historY of th mo:quito, th r wa-; no difficult~· 
Methods of in di To,· ring that any exten:i,·e att nq t to cop with 
Extermination the ins ·h nrn:t be cl i r ·t d toward i h cl ~trnction in th 

aqua ti · larrnl and pu1 al stages. A ton. icl ration of the •· natmal 
11 mi s ' of the mo:quito, "·hich might he tak n adnrntage of for th 

purpos , would s m to h ar out :-,uth ad ti-,ion, for in the tase of th, 
adult mo quito th :e ar practically confin cl to a f ". in: ttirnrou · 
hire! · \\·hich fly at dark, while the animal: ""hich 1 rey on tlw Ian·,, ar 
YerY num rou:. 

Th sy ·t matie il1\· stigations of th .·uhj ct whi ·h h,w toYer cl th 
ground ,. r:· full:·, make ·1 ar the prattital m asure-, that mu:t b us d, 
and th a ·tual "·ork whi ·h ha · been ac· ·omplishecl l ,wrs no mor room 
f r any doubt that in ·i,·iliz cl communiti s, mo:quito : may h , if not 
ext rminatecl, at lea:t r cluced in numb r to a minimum. P rofess01· 
H ward in hi: book, "~Io:quito · , Ho"· th y Ii YE·, etc. , (1. 1 ) gi,· . an 
a ·tount of the "·ork d n · at hi-, in:tigati n hy the national and rnriou: 
lo ·al gov rnment ·, 11p to that tim . 'I'he "H port 011 ~Io:q11ito s" 
(LO - ) of th X \\' .J rsey. gricultur Experiment :-:tation, tontain an 

a ·ount of Profe. ·or. 'mith': ex:ten. iY i11Y :tiaation. , which ar put to th 
m . t practi al 11: . 

Pr fe ·:or _-' mith find.- that the lan·n., are aten by C'ertain :hore hird-, 

Natural Enemies 
of the Mosquito 

lik :and-pipers, and h:· oth r in . ert: and th ir lan·,l', 
suc-h a: th whirligig h etle: (Oyrinid(l' ), water-:cor­
pion. ( Ranatra fasca ), and e:pe ·ially the larne of a 

di,ing heetl (Dytisrns ) one f \\"hic-h \\"cl · obsen· d in ·onfin m nt to 
kill and at -:1-:-± \\Tigg! rs in two days. Taclp I s are found to h 
prac-ti ally \\"Orthle:: for the purpose. 1 he mo:t ac-tiYe n mi : of the 
larn'I.' ar :mall fi . h s of nuiou. kinds, such a: minno,Ys, " . unfish," the 
common "killifi. h or' saltwat r mi1111ow," the" sh ep-h ad minno\\· " 
and th "top rninno\\·." On or more Yarieti : of the. or oth r :mall 
fi:h . if introduced " ·h r 'Y r th re i: a p rm anent hod:· f wat r, \\"ill 
ff ·tually keep nH>.'quito larnc from hat ·hing. Th fi-,h mu t be care­

fully -; le ·t d " ·ith r fer ·nt to th ir pr frrenr m ·1ro11-

rn nt, of ,Yhic-h an a ·tcJt111t i-; to he found in the rc port mention •d 
ahoY . Th ·ompl t absent of lan-a' in man:· pin· wh re tlwy 
would naturally h rx1 cted, like cat-tail . \Yamps, may 11ndouht clh· he 
a· ·ounted for by th pr s 11 · of :om~ :-,p 'ti . of . mall fi . h. 
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iio.,quitoe do not liYe in runuing water, and a a matter of fact, 

the greater number by far, hatch in place where fi h could not pos ibly 

be maintain d , henc other mea ure for extermination rnu t 
The Use 

be re ' orted to. 1 h u e of crude petroleum pread a a thin of Oil 

film on the urface ha long been known to kill the larn-e and 

pupre, but it i applicable only to mall bodie of water, and it i · net 
Ia tino· in it effect. I>oi Ollino· of the water mu t naturallY be re trieted 

in it application, but it i effective and of the agent tried, " phinotas 

oil" ·which i highly diffu. ible is found to give much the be t re ults. 

Ci tern , rain barrels and other receptacle in which mo quitoe are apt 

to breed in large number and in which poi onino· of the " -ater i not 

perrni ibl , hould be kept coYerecl, whil_e other mo q uito-breeding 

colle tion of water in which fi h cannot be u d , hould be treated b,· 
drainao-e or fillin o·. 

The alt"·ater mar he of X e" · J er ey, which o-iye ri e to billion of 

in ect that pread inland are at pre ent bein o· lrai11ed by machine-dug 

ditche , and at comparatively mall co t per quar mile . In 
many ca e , the imple introduction of tide-,rnter into the 

Drainage 

low-lj ing . hore di trict , ,Yill bring about uffieient mowment of the 

hallow tagnant water of the rnarshe to reduce greatly the number of 

mo quitoe that hatch. 

LITER A TL'RE Q_ T M Q I TOES. 

An uld work " ::.\licrographia Curio a' by P. P. Bonnani, publi hed in 
1691, contain what i perhap the fir t account of the mo quito and it li fe ­
hi tory. A " Di. ertation de Cul ice' by J ohann :'.\fathe,Y · Barth, dates 
fr0tn 1737; the " Byb I der ~ atuure" (173 ) by th Dutch naturalist ,rnm­
merdam who C\' i lently wa not a quainted ,Yith any preYiou account of 
the mo ·quito, contain an excellent description of its metamorpho e , 
illu trated b.v plate , which urpa many of th illu trations of the in ect 
publi hed in more recent years. After the time of Linmeus the literature, 
of cour e, become more exten ive , but no especially great attention " ·as 
paid to th family uli cid fe till after the di COY ~ry of it di ea e-carrying 
propen ·itie . The number of ,York. dealing , ·ith the in ects from a natural 
hi ·tory point of vie"-, i ome\\·hat re t ri cte I, but paper treat ing of the 
medical a pect of the ubject are exceedingly numerou . 

Belo,Y are enum erated a- few of the mo ·t important and ea ily acce ibl e 
work on mo quitoe and on the ubject of in ect a carri er of di ea e. To 
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all of the e, a " " ·ll a to many oth r. , the ,niter is ind bt cl for much or the 
information ·ontained in this paper. 

B ERKELEY, ,v. L aboratory work with _Io quitoe. 1 .,. 'IY York, 
190- . • brief o-uicle, int roclu tory to mi ro ·opic work, particularly 
with alivary o-land and the malarial ro-ani. m. 

CHRI TOPHER. , .. . R ., and TEPIIEXs, .J. ,, . ". R eport to the 
:'.\Ialaria ommitte , Royal o icty. London , 1900- 1903. Brief 
R eport on ::\losquitoes, in relation to ·Malaria in India, and th 
Ea t Coast of Africa, al o, a hort cl cription of the anatomy of 
the mo quito. 

B L NCHARD, R. L e · :\lou tique -. Hi toire Xaturelle et ::\Iedicale. 
673 pp. Pari 190~. A comprehen iY y tematic work. 

H OWARD, L. :i\Iosquitoe . How they Ii Ye, How they carry di a ·e, 
How they ar classified, HO\Y th y may be de troyed. 2-H I p. 

ew York, 1901. An excellent popular a ount. 
GrLE , GEORGE M. Handbook of th e Gnat or l\Io quitoe:;. GiYino-

tbe Anatomy and Life-hi tory of the Culicidm, together "·ith de crip­
tion noted up to the present date. 530 pp. 1902. 

_ UITALL, G. H. F. On the Role of In ect , Aracl nid and ::\Iyriapo<L 
in the pread of Bacterial and Para itic Di ea of Man and 

nimal . critical and hi tori ·al tu iy. John Hopkin. Ho. pi-
ta.l R eport , , ol. VIII, 154 pp. Baltimore, le 99-1900. 

NUTTALL, G. H. F ., and HIPLEY, A. E. Th tructure and Bioloo-y 
of Anophele . The Journa l of H,vgienc, ambridge and London. 
Y I. I. 1900. 

ontain · the re ult of their admirabl and ,. r.Y complet t chni­
cal tudy of th tructure and bioloo-y of th malaria mosquito. 

i\IITH, Jom, B . R eport of the :;'\ew .J r y tate gri ultural Experi­
ment . tation, upon the l\Io ·quitoc o curring \\'ithin the "tate, their 
H abits, Life-History, etc. Trenton, 190 . 

compreh n iYe and int re t ing J' I ort of Profe or . mith ' 
thorouo-h inYe tigation, from a pra ·t i al a well a· purely cientifi c: 
point of ,iew of the natural hi tor_,, f th mo quito, and the 
method which hould be u e<l in it extermination. 

RrGE, R EIXH LD. Einflihrung in da , tudium cl r ::\Iala ria Kranl·­
heitcn mit b, onderer Berticksicl t io-ung der T echnic . 2te .\.uftage, 
J na, 1906. 

An .· ·ell nt, ·1 ar eA-pO ition of ·i ntifi · knowleclo-e of malarial 
para it ancl the clinical aspcd of malaria, ,w ll illu trated. 

TuE BALD, FRED Y. _ mono o-raph of th ~ulicidre or ::\Io -quitoe of 
th W orld, mainly compiled from th c 11 ct ion r ce iYed at th e 
Briti h l\Iu um from variou ' part. f th world, in co nnection \\·ith 
th inv :t io-at ion into the cau f malaria, conduc:tecl b,v the olo­
nial ffice and the Royal ociety. 4 Vol ·. London, 190:3. 

The onl,v omprehen. iYe ancl th r up- h, )' t mati account of 
th mo quito of the world. 
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