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Preliminary Observations 

on the Biotic Potential 

of ANOPHELES QUADRIMACULATUS

R. E .  Bellamy, Senior A s s i s t a n t  S c ie n t is t

The biotic po ten tia l concept im plies the maxi­
mum rate of increase  of an organism. In studying 
populations of a sp ec ies  some knowledge of its 
b io tic  p o ten tia l is  e sse n tia l for proper in terpreta­
tion  of the fluctuations in the numbers of indi­
v id u a ls . F u r t h e r m o r e ,  the s e v e r i t y  of the 
environm ental re s is tan ce  (i.e . the p r e s s u r e  
exerted by such environmental factors as temper­
a tu re , wind, sunlight, abundance of predators, 
and lim its of food supply and su itab le  resting  
p laces) exerted  aga in st the increase of a sp ec ie s  
becom es evident when the biotic potential and 
ac tu a l numbers of the sp e c ie s  are determined. 
T h is  is  a c c o r d i n g  to the simple r e l a t i o n  
expressed  by Chapman (1928):

B iotic P o ten tia l

Environm ental R esis tan ce
: A ctual Population.

T hus, if we encounter two s i m i l a r  sp ec ie s  
about equally  abundant in nature and find that 
one has two broods annually with 10 offspring 
per brood and there are equal numbers of each 
sex , w hile the other has one brood of 4 offspring 
each year and again the s e x e s  are equal, we 
read ily  see  that the environmental re s is tan ce  
a g a in s t the former sp ec ie s  is much greater than 
is  the e n v i r o n m e n t a l  re s is tan ce  against the 
la tte r . U sed thus, environmental re s is tan ce  is  
the sum to ta l of factors that m ilitate aga in st the 
increase  of a given sp ec ie s , i.e . factors other 
than the sp e c ie s ’ sex  ratio  and the number of off­
spring  produced.

R ogers, Hubbell, and Byers (1942) u tilize  as a 
convenient f o r m u l a  for expressing the biotic

poten tia l of a sp ec ies: P Z n(Rn"^), where P  is  the 
in itia l n u m b e r  of reproducing fem ales, Z the 
number of offspring produced by each fem ale, n 
the number of generations in the time in terval 
chosen, and R the sex  ratio  (0.5 if the sex es  are 
produced in equal numbers; 1.0 if the sp ec ie s  is  
composed of parthenogenetic fem ales). When the 
biotic poten tia l of a form is  calcu lated  from th is  
formula the figure o b t a i n e d  is  the theore tica l 
number of individuals tha t would constitu te  the 
la s t  generation considered, and any survivors of 
intervening g e n e r a t i o n s  are not taken into 
account.

While biotic po ten tia l is  an expression of a 
theoretical capacity  of a sp ec ies  seldom if ever 
very nearly rea lized , it is  of cardinal impor­
tance , a s  s ta ted  earlie r, that it be determined 
for a sp ec ies  whose p o p u l a t i o n s  are to be 
stud ied . It is  a fairly simple matter to supply 
values for most of the constan ts in the formula 
a b o v e  as applied to the m alaria m o s q u i t o ,  
A nopheles quadrimaculatus Say, but the deter­
mination of a value for Z presen ts certain prob­
lem s. The constan t, Z,, rep resen ts the potential 
number of offspring each female would produce if 
a ll environmental influences were a t optimum. 
One might assum e genetic homogeneity in the 
sp ec ies  and take for Z the largest number of ova 
any individual female was ever known to deposit 
(assum ing therefore that any failure by a female 
to deposit that complement of eggs was a reflec­
tion of some deterrent influence of the environ­
ment). On the other hand one might prefer, a s  a 
more appropriate figure for Z ,th e  average number 
of ova per female determ ined from the individual
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egg laying experiences of a number of fem ales. 
A female anopheline w ill take blood, develop a 
full complement of eggs and deposit them, take 
a second blood meal and develop and deposit a 
second  c o m p l e m e n t  of eggs, and in s o m e  
in s tan ces  repeat th is  p rocess a number of tim es. 
T h is fact greatly com plicates the determination 
of a value for Z in our formula, especia lly  if we 
prefer an average figure.

F ortunately , we have available a colonized 
s tra in  (the N a t i o n a l  In stitu tes  of Health Q-l 
stra in) of A . quadrimaculatus whose individuals 
are so  thoroughly dom esticated that they may be 
m anipulated in the laboratory with great facility . 
A brief descrip tion of certain  insectary  methods 
and some of the ch a rac te ris tic s  of th is stra in  of 
quadrimaculatus should make more understand­
ab le the procedures followed in s t u d y i n g  its  
b io tic  po ten tia l. An active colony of about two 
thousand adults (males and fem ales) m ay  be 
housed in a screened  cage 2 x 3 x 3  feet. Mating 
occurs in the cage by the time the adu lts are a 
few days old, but it is  n ecessary  that the males 
be provided space to perform a mating swarm 
fligh t. The dim ensions of the colony cage are 
adequate for mating of the colonized strain  and 
a s  few a s  100 m ales in a cage may perform an 
effective mating flight. F resh ly  emerged adults 
are quite so ft, and few fem ales will attem pt to 
feed (take blood) until about 4 days after emer­
gence. In prac tice , the female m osquitoes obtain 
blood from an immobilized rabbit p laced in the 
cage for about an hour every day or several days 
each  week. Every e v e n i n g  a pan of w ater is 
p laced  in the cage and the following morning it is 
removed with from five thousand to forty thousand 
ova floating  a t the water surface. Two or three 
days la te r the eggs h a t c h  and the first instar 
larvae are fed pulverized dog chow sprinkled on 
the surface of the w ater. The larvae are d istri­
buted to severa l pans so that there w ill be no 
more than five hundred to one thousand per pan 
and are fed daily . About 3 weeks after oviposi- 
tion the specim ens w ill have passed  through four 
larval s tag es  and p u p a t i o n  then occurs. The 
papae are p ipetted  from the pans to b o w l s  of 
w ater. The bowls are then covered by lantern

feed (see figure 1). When ova were p resen t in a 
bowl they were counted and removed to the water 
surface in another appropriately labelled  bowl.

* Acknow ledgem ent is made o f  the a ss is ta n ce  o f  B iological A ide Robert P . R ep a ss , who 
carried out by far the greater part o f  the operations described here.

chimneys closed a t the top with netting. About 
2 days la ter the adult m osquitoes emerge into 
the chimneys, and may be transferred to an  empty 
cage to in itia te  a new subcolony or m aybe added 
to an ex isting  colony to strengthen it . V i r g i n  
fem ales reared in iso lation  take blood somewhat 
more reluctantly  than fertile specim ens and many 
refuse to feed; those that feed may develop and 
deposit a few infertile ova.

The procedures u tilized  for obtaining biotic 
po ten tia l data on the colonized stra in  were as 
follows: an empty cage was stocked  with a large 
number of adu lts which had emerged in a 48-hour 
period. On about the 4th day the m osquitoes were 
perm itted to feed on a rabbit. A number of fem ales 
that had fed were removed from the cage within 
2 days after feeding (at le a s t 3 days are required 
for a female to develop and deposit ova a f t e r  
feeding). Each female was p laced in a lantern 
chimney cage over a finger bowl containing tap 
w ater to a depth of 1 to 2 centim eters. Thereafter 
these  s p e c i m e n s  were examined daily by the 
insectary  attendant* and were proffered a  hand 
or arm at the open end of the chimney as  a source 
of further blood, should the specim en desire  to

F i g u r e  1.  F e e d i n g  i n d i v i d u a l  m o s q u i t o  s p e c i m e n  o n  a r r i .
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On subsequent days the bowls of ova were re­
examined and 1st instar larvae were removed, 
counted, and recorded as a check on the fertility  
of the ova. Thus separate records were kept on 
the number of ova and percentage fe rtility  of 
su ccess iv e  batches of ova deposited by each 
fem ale (see  figure 2).

Tw enty-six colony fem ales were handled in 
th is  fashion. T h i r t e e n  followed a pattern of 
depositing  ova of high fertility  about every 3 to 
5 days, taking blood after each oviposition. The 
to ta l f e r t i l i t y  of the ova from these fem ales 
averaged 93.2 p e r c e n t ,  and for the individual 
fem ales, ranged from 85.3 percent to 97 percent. 
Of the other 13 fem ales, 7 d e p o s i t e d  no ova 
w hatsoever and were p r o b a b l y  in fertile . Six 
o thers deposited  few to many ova but in one way 
or another departed from the pattern of behavior 
exhibited  by the 13 fem ales mentioned above. 
The fertility  of the ova of th ese  s ix  fem ales was 
generally  low, ranging from le s s  than one percent 
to  79.2 percent. Since the 13 f e m a l e s  which 
deposited  ova of high fertility  exhibited a sim i­
la r pattern of behavior, it seem s reasonable to 
assum e tha t the a c tiv itie s  of the other specim ens 
may have been seriously  prejudiced by environ­

m ental factors; i.e . these  specim ens may have 
been inadequately fertilized  or may have been 
damaged in handling.

The 13 fem ales of high f e r t i  l i t y  provided 
13,090 ova, an average of 1,007 per fem ale. The 
f e r t i l i t y  of these ova was 93.2 percent. The 
g-oup of 26 fem ales considered a s  a unit provided 
16,682 ova or an average of 641 per female; to ta l 
f e r t i l i t y  was 85.1 percent. Since 7 of these 
fem ales did not oviposit, the 16,682 ova were 
obtained from 19 fem ales, an average of 878 eggs 
per ovipositing female. Our “ champion”  female 
developed 10 d is tin c t complements of ova, to ta l­
ling 1,621, and deposited  them in 14 batches 
(ovipositioii o c c u r r e d  on 14 different nights); 
1,510 or better than 93 percent of t h e s e  o v a  
hatched*

We may now supply a value for Z in the biotic 
poten tia l formula: 1,007, the average oviposition 
of 13 highly fertile  fem ales; 878, the average 
oviposition of the 19 egg-laying f e m a l e s ;  or 
1,621, the g rea test number of ova known to have 
been d e p o s i t e d  by any single specim en. For 
p rac tica l purposes it may be assum ed tha t the 
sp e c ie s , A . quadrimaculatus, is  composed o f 
equal numbers of m ales and fem ales; therefore in

F i g u r e  2 .  E x a m i n i n g  l a n t e r n  g l o b e  i s o l a t i o n  c a g e s  a n d  m a k i n g  o v i p o s i t i o n  r e c o r d s .
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the formula R becom es 0 .5 . A ctually our experi­
ence in the insectary  and that reported elsew here 
ind ica tes tha t there are sligh tly  more m ales than 
fem ales.

Six is  probably a conservative estim ate of the 
average number of annual pedigree generations of 
A. quadrimaculatus in the southeastern  coasta l 
p la in , although there would probably be broad 
overlapping between earlie r and la ter genera­
tio n s. Boyd (1927) provided field data which he 
believed indicated  8 to 10 annual generations of 
th is  sp ec ie s  in south Georgia and a t le a s t 7 in 
northeastern  North C arolina, and Hurlbut (1943) 
ca lcu la ted  that t h e r e  might be 9 or 10 annual 
generations in northern Alabama.

If we w ish to accommodate the fertility  factor, 
F , our original formula becomes:

P  (F Z )n(Rn 4 ).
By su b stitu ting  in the f o r m u l a  the values 

derived above, the u l t i m a t e  theoretical one- 
seaso n  progeny of E A C H  fertile  female present 
in the spring may be ca lcu lated . The value for P 
w ill be 1 since  the offspring from one beginning 
parent are to be calcu la ted . The number of gener­
a tio n s, n, w i l l  be 6; R w i l l  be 0.5; F  w ill be
0.932; and Z, 1,007; the la s t two values being 
those provided by the 13 fem ales of high fertility . 
Therefore:

1 x (0.932 x 1,007)6 (0.55) or

21,356,115,775,836,710 individuals would con­
stitu te  the theoretical six th  generation popula­
tion that would be derived in a season  from a 
single female. T his c a l c u l a t i o n  assum es, of 
course, that the environment for a ll individuals 
of each generation is optimal. Such a figure as 
tha t obtained is  an obviously fan tastic  one and 
serves to show:

1. The strength of the to ta l restrain ing influ­
ence (i.e . environmental resistance) against

2. The tremendous potential (actually  explo­
sive) capacity  of the sp ec ies  to increase .

Although reports of fluctuations in actual field 
populations of A. quadrimaculatus indicate some 
extrem ely rapid ra tes  of i n c r e a s e  over short

periods of time, no su sta ined  rate of increase 
a p p r o a c h i n g  the po ten tia l c a p a c i t y  of the 
sp ec ies  is  ever reported.

It should be mentioned that the larg est number 
of ova that we have been able to obtain from any 
sing le  female A . quadrimaculatus co llec ted  in 
the wild is  575. We have i s o l a t e d  150 adult 
fem ales co llected  in the field  a t different se a ­
sons and have handled them in much the same 
manner a s  the procedure described  for handling 
iso la ted  specim ens of the colony s tra in . E ighty- 
e igh t of these deposited  no ova and many others 
deposited sm all and irregular ba tches. The lab­
oratory conditions of confinement to which sp ec ­
imens being te s ted  are sub jec ted  are indubitably 
le s s  disturbing to specim ens of the colonized 
stra in  than to specim ens taken in the field . A lso, 
the action of se lec tiv e  p ro cesses  o p e r a t i n g  
through many generations of the highly dom esti­
cated  s t r a i n  may have p r o v i d e d  the colony 
in sec t, genetically , an en tire ly  different biologi­
ca l (physiological) reaction  system  from that of 
the undom esticated p o p u l a t i o n .  Much in our 
insectary  experience would indicate th is .

It is in teresting  that w ild -caugh t specim ens 
of Anopheles punctipennis (Say) when iso la ted  
in the laboratory exhibit an egg-laying pattern 
tha t c losely  approxim ates that of the colonized 
s tra in  of A. quadrimaculatus, while specim ens 
of Anopheles crucians Weid. behave, in th is re s ­
pect, more like the wild specim ens of A. quadri­
maculatus.

R e fe ren ce s

1 .  B o y d ,  M a r k  F .  1 9 2 7 .  S t u d i e s  o n  t h e  b i o n o m i c s
o f  N o r t h  A m e r i c a n  a n o p h e l i n e s .  1 .  T h e  n u m ­
b e r  o f  a n n u a l  b r o o d s  o f  A .  q u a d r i m a c u l a t u s .  
A m .  J .  H y g . ,  V I I ,  ( 3 ) : 2 6 7 - 2 7 5 .

2 .  C h a p m a n ,  R o y a l  N .  1 9 2 8 .  T h e  q u a n t i t a t i v e
a n a l y s i s  o f  e n v i r o n m e n t a l  f a c t o r s .  E c o l o g y ,  
I X ,  ( 1 ) :  1 1 1 - 1 2 2 .

3 .  H u r l b u t ,  H e r b e r t  S .  1 9 4 3 .  T h e  r a t e  o f  g r o w t h
o f  A n n p h e l e s  q u a d r i m a c u l a t u s  i n  r e l a t i o n  
t o  t e m p e r a t u r e .  J .  P a r a s i t o l . ,  X X I X ,  ( 2 ) :  

1 0 7 - 1 1 3 .
4 .  R o g e r s ,  J .  S p e e d ,  T h e o d o r e  H .  H u b b e l l ,  a n d

C .  F r a n c i s  B y e r s .  1 9 4 2 .  M a n  a n d  t h e  b i o ­
l o g i c a l  w o r l d .  6 0 7  p p . ,  N e w  Y o r k ,  N .  Y .

Courtesy of the David J. Sencer CDC Museum


