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M7JTANT FORMS OF ANOPHELES ALBIMANUS WIEDEMANN 

LLOYD E. •0ZEB00M, 1 Laboratories of Medical Engomology, I)cpart•cnt of 
Pathobiology, School of Hygiene and Publlc Health, the Johns Hopkins University, 
Balticmore, Md. 

Anophclcs albima•ts is one of the mosquitoes which presents prob- 
lems to malaria eradieation in that it has developed insecticide resist. 
ante and also appears to adjust behavioristi(,ally to household residual 
sprays. In our studies on dieldrin resistance, we have been rearing 
individual progenies, inbreeding them, and again obtaining' individual 
progenies resulting' from brother-sister matings. Although this was 
being done primarily for other purposes, this did offer an opportunity 
to look for mutant forms. It is the purpose of this paper to report 
the findings of three nmtants of A. albiman•s recognizable by mor- 
phological characters. 

The bisig•atus m•dant. The appearance of the hind tarsal segments 
of normal ("wild") albimanus is shown in Figure 1. The second hind 
tarsal is about one half black basally; the distal part of this segment, 
and all of the third and fourth segments are white, and the fifth 
segment has a basal black ring. The bisignatus leg' is shown in Figure 
2. The third hind tarsal segment has a basal black rin•, so that the 
broad white area of the hind tarsi is interrupted by two black rings. 
This figure also shows the second segment to be almost entirely black, 
but in most specimens the second sextant will show a more moderate 
increase in darkening', so that the distal fourth to half is white. 

From a population of A. albimanus from E1 Salvador, some 60 
individual progenies were reared, representing F•, Fs, F:•, and F4 gen- 
erations. All were given at least a cursory examination while the 
specimens were being' transferred to various containers in tests for 
insecticide resistance, and several groups were examined carefully 
under the microscope. The hisignatius mutant was found twice; and 
by inbreeding and selection, a colony was established. The pedigree 
of the bisignatus colony is ak follows: 

Parent 9 8 from breeding' cage "wild" type 

--wild type 
SOUTH EAST ASIA MOSQUITO PROJI/OT 

DEPAI:qTMENT O'F ElfrOMOLOGy 
SMITHSONIAN INSTITUTION 

UNITED STATES NATIONJkL MU• 
WA$I•INGTON, D.C. 20580 

F• 9 e --wild type, but several siblings with this black ring 
at base of second tarsal segment 

P:• • • 2 and :/--with ring on second tarsal segment 
1These observations were made in the course of a program supported in part 

by research grants from the National Institutes of Health and the Pan American Health Organization. 
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TEN KILOMETERS OF SWARMS OF AN ANT 

Suitable meteorological and biological conditions regularly cause 
the emergence of great numbers of winged ants at one time, but the 
following case is notable for the numbers of individual swarms in- 
volred. The visibility of the swarms was also exceptional, since they 
occurred in a mountain valley without trees or habitations to impede 
the view and were clearly silhouetted against a continuous mountain 
ridge. The location was Western Argentina, approximately in Longi- 
tude 71 ø West, I,atitude 39 ø South, 30 Oct. 1960. 

The ants were Araucomyrmex tenet (Mayr), described in 1868 
(Ann. Sot'. Natural. Modena, 3: 166) as Dorymyrmex tenet from 
Mendoza, Argentina. The worker is a medium-sized ant and the fe- 
males are markedly larger than the males. The species is confined 
to Southern South Amerit.a. Time was limited in which to make 

observations since my party was travelling' by truck, jolting along a 
rocky trail, and it was necessary to make camp before dark. 

Swarms of ants had been noted in the late afternoon along the 
rough trail, but it was not until 6:00 P.M. that their abundance be- 
came notable. By this time the later afternoon sun caused them to 
be clearly visible against the shaded east slope of a largely north~ 
south ridge. 

Each swarm appeared to be an independent unit and the ants, 
zigzagg'ing in their fiig'ht, formed columns of an estimated one-half 
meter in diameter and from less than one to perhaps two meters in 
height. Often the swarms nearly touched; commonly they were one 
to several meters apart. The columns probably contained individuals 
of the order of magnitude of 500 to several thousand. The columns 
at times suggested the wavering light of candles, as they swayed in 
the breeze. The columns most visible were several meters above the 
ground. 

By the time the site of the night's camp was reached at 7:00 P.M., 
the swarming had stopped. Fully 10 kilometers of trail had been 
traversed and over much of this distance numerous swarms had been 

contim•ously in view. Many had been intercepted by the truck wind- 
shield. The site of the camp offered one of the few places where the 
ground sloped comparatively little, and here as elsewhere were 
numerous craters of this ant. The soil surface was dry and the worker 
ants, with some males, were milling about. Many males were scattered 
through the grass. A few females were at the entrances. The nests 
were of multiple-crater type like those of the Itolarctic Lasius or 
Aca,tthomyops. A low sound caused me to place my ear within a few 
centimeters of the ground and a distinct buzzing or stridulation was 
markedly apparent. Each ant by itself made an almost imperceptible 
sound and thousands must have been stridulating to produce the vol- 
ume of sound that was heard. There was also a faint odor, and when 
one or two workers were crushed between the fingers the odor was 
distinctive. It was not the common Tapinoma-type of related ants 
a•d •,o•dd not be likened to any well-known odor. 

NEM, A. WEBer, Swarthv'•ore College, Swarthmore, Pen•a. 
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F4 adults from 9 9 2 and 3 were used to start the bisig•atus 
colony. These i•cluded 10 mutant 9 9, and 25 
mutant • •. To ensure egg production, 6 normal 
9 • were also placed in the breeding cage. 

The bisignatus mutant was also noted i• another series of brother- 
sister matings; of the progeny produced by one F• •, I of 19 • • 
and 3 of 14 3 3 were bisignatus. 

The trisignatus mutant. This is characterized by a black ring at 
the base of the third and fourth, as well as the fifth hind tarsal seg- 
ment (Figure 3). Individuals with these markings were fairly com- 
mon among the progenies of the F4 • • in the first series. The fol- 
lowing table shows the distribution of the three kinds of individuals 
among the progenies of four bisignatus and I "wild" type F• females. 

Parc,t • Progeny--F• 
No. Type •'c.r Normal bisignatus trisignatus 

I bisig • 0 61 8 
• 0 60 8 

"wild" e 10 55 0 
• 2 5O 1 

bisig e 4 63 0 
• 0 50 0 

bisig 2 ] 2 30 0 
• 3 38 0 

8 bisig' • I 22 1 
• 0 24 7 

In subsequent generations, as continued selection is being made for 
the bisignatus colony, the trgs•gnatus form continues to appear. Ap- 
parently it represents a more marked expression of the b•sggnatt;s 
gene or genes. 

Short-palp mutant. Among the progeny of e 5 in the above table, 
was one bisignatus female which also had one short palp (Figure 4). 
We were unable to bring about the insemination of this specimen. 
This mutant has not been found a second time. 

•)ISCUSSION 

Studies of the genetic basis of insecticide resistance in mosquitoes, 
as well as other work on the genetics of mosquitoes, have stimulated 
a search for mutant marker genes. I•aven (1956) and Kitzmiller 
(•1955) showed it was possible to produce several routants of Culex 
pipiens by exposure to X-rays. Craig and Vandehey (1962) and 
Vanhehey and Craig (1962) described a number of routants of Aedes 
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acgypli obtained by inbreedtug. It is evident that w(' are only be- 
ginning to appreciate the potential existence of many mutant f'orms 
of mosquito species. If these can be established as colonies, they 
should be of great value in advam, ing our knowledge of mosquito 
genetics. 

The white hind-footed Nyssorhynch•ts group of anophelines show 
considerable variation in colorational markings. A. trian•lat•s was 
the name given by Neiva an([ l'mto (1929b) to a 3-ringed form of a 
mosquito later described by Petroechi (1925) as A. bachmanni with 
the normal tarsal markings. A 2-ringed form of tvium•i•{lat•ts (cuya- 
bensis) also may be found. Anduze (1948) has described 2- and 3- 
ringed forms of A. aq•asalis, under the names .q•tarat•o and della. 

Iloffmann (1938) proposed that the 2- and 3-ring'ed forms of A. 
albimanus should be recognized as varieties, wilh the names bisignatus 
and trisignatus. Varg'as (1940) expressed the belief that these are 
only variations of A. albima•ux, and that they have no hereditary 
basis. Vargas and Palacios (1950) referred to the extra ring's as 
being an unstable character which they interpreted as a manifestation 
of melanism. 

The present study demonstrates that the bisi.q•mt•ts and trisig'•alus 
routants have a genetic basis. The mechanism of inheritance has not 
as yet been determined, but the fact that the g'enes for the character 
exist in normal appearing adults suggests they are recessive. Whether 
further selection of the trisignat•s form will lead t(• the establish* 
ment of a population homozygous for this character is u•.ertain. One 
attempt at such selection has failed. 

The fact that aberrant k•nds of Nyssorh!t•ch•s nlosquit()es haw' 
been observed from time to time in nature suggests that these species 
may have considerable potential value for genetic studies. If the gene 
for extra tarsal rings is linked with other characters of selective value 
in a given area, a population consisting to a large extent of rather 
strikingly different individuals may be found. An example may be 
A. rondoni, which is separable from A. c•,anac (• stvodci) with cer- 
tainty only by its 2-ringed hind tarsus. A. ro•do•i was described 
by Neiva and Pinto (1922a) from 3 specimens taken in a region of 
Matto Grosso where "Ccllia trasimaculata" (? -• c•,a•soc) was also 
present. Apparently the 2-ring'ed form, represented by :/ spe(,imens 
in a general collection of anophelines, may have been fairly abundant 
here. In our own deartmental collection, there is a series of 17 adult 
specimens collected in March, 1927, at I,edesma, Argentina, by N. C. 
Davis. From the observations made by Davis and Shannon (1928), 
it is evident that fondout was re}atively abundam at the time in the 
vicinity of Ledesma. Because progeny reared from captured females 
bred true, Davis (1933) argued that rondoni emdd not be "a mere 
variety of A. tarsimaculat•s or of A. strodci." But since the bisignat•s 
mutant of albimanus will breed true after selection and inbreedtug, 
it seems reasonable that selection in the field may have produced the 
population of rondoni at Ledesma. It seems quite possible that A. 
cvansae Br•thes (1926) must be synonomized with A. rondo•i Neiva 
and Pinto (1922). 



PROC. ENT. SOC. WASH., VOL. 65, NO. 2, JUNE, 1963 113 

$ .. 

Fig. l, •Iind •arsal segments II •o V of norm:d, i.e. "wild •ypc" •. aibimanus; •ig. 2, Hind t•rsus of bisign•at•ts, showing :t 1,1:•ck ring at the base of the third segment; Fig. 3, Hind tarsus of trisig•at•ts, showing a black ring at the base of the third and fourth segments; •'ig. 4, Mutant female with a short right palpus. 



The muta•ts witl• the extra tarsal •'i•g's are quite spe½:ta{'ula[', 
it seems likely that potentially ther{, are ma•y others. Mutants with 
biologi•al advantag'es may also exist among the N?tssorh!tnch*•s spe- 
(,ies, and aside from th(, (t(,velol)m(,nl ()f inseeti(.i(le resistance, sele('- 
tion for these m•tants may e()n•pli('ate malaria eratli(,ati()n prog'rams. 

•UMMARY ANI) 

Thr(,(• mulant t'()l'mS of A•wphclcs albim(t•s Wietl(qnann are de- 
s('ribed. Through seleetio• and inbreeding, a (.olony of the bisig•tatt•s 
mutant has been established. Extra tarsal rings haw' been observed 
in wild-eaug'ht spe(.ilnens of several X•lssorhyncht•s species, and it 
appears that these, too, are m•tant forms. The existen(.e in some areas 
()f fairly larg'e populations of A. ro•do;,i sug'g'ests that selection for 
these routants lnay take place in nature, perhal)S because of linkage 
with other characters (.()nferring a biolog'i{.al a(lvan/ag'e in the par- 
tJ('ll]ar area oF seaso•l. 
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