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PART I

A STUDY OF MOSQUITO LARVAE NUTRITION IN THE RELATION TO 
MICROORGANISMS, THE. VITAMINS OR ACCESSARY GROWTH FACTORS,
AND THE UTILIZATION OF SOLUTES BY THE LARVAE.

INTRODUCTION

In  th e  l i f e  o f  any organism  th e  r o le  of growth f a c t o r s  or  

growth su b sta n ce s  can by no means be o v er lo o k ed . I t  has been known 

f o r  a lo n g  tim e th a t  th e  la r v a e  of m osq u itoes a re  a s s o c ia t e d  in  

t h e ir  developm ent w ith  m icroorgan ism s5 nam ely, b a c t e r ia ,  y e a s t s ,  

m old s, a lg a e ,  d asm ids, and protozoa* B io lo g is t s  have known th a t  

t h e s e  low  form s o f l i f e  probably supply th e  n e ce ssa ry  food  fo r  th e  

m osquito la r v a e  and a ls o  th e  growth su b sta n ces  or f a c t o r s .  H owever, in  

recen t y ea rs  i t  has been th e  ten d en cy  o f r e sea rch  w orkers to  remove 

th e  m icroorganism s from th e  d ie t s  o f th e  la r v a l  s ta g e s  o f  m osqu itoes  

and o th er  f l i e s ,  supply th e  v a r io u s  fo o d s , s a l t s ,  p r o t e in s ,  carbo

h y d r a te s , and p o s s ib ly  f a t s ,  and attem pt to  add th e  a c c e sso r y  food  

fa c to r s  or v ita m in s  th a t  seem t o  be su p p lied  by m icroorganism s in  

n a tu r e .

A ccording to  R. A* G ortner in  h is  tex tb o o k  on B io ch em istry , 

’’V itam ins may be d e f in e d  as organ ic  su b sta n ces  which must be 

su p p lied  in  th e  d ie t  o f an im als or may be s y n th e s iz e d  in  anim als  

from e s s e n t i a l  d ie ta r y  or m eta b o lic  p r e c u r so r s , and which e x e r t  a 

h orm on e-lik e  or enzyme a c t io n  in  th e  anim al b ody.*  G ortner fu r th e r  

p o in ts  out th a t  th e  v ita m in s a re  d e f in i t e  n u t r i t iv e  su b sta n ces  

and th e  n u t r i t io n a l  q u a n t ita t iv e  requ irem ents fo r  them a re  

r e l a t i v e l y  very  sm all j u s t  as are  th e  q u a n t ita t iv e  needs fo r  

in o r g a n ic  s a l t s  in  th e  anim al body.
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In  p a r t I  o f  t h i s  rep o rt th e  au th or has approached th e  problem  

o f m osquito  la r v a e  n u tr it io n  a lo n g  th r e e  l i n e s  o f  re a so n in g ; F i r s t ,  

a c o n s id e r a t io n  o f  th e  growth o f  th e  la r v a e  o f  th e  y e llo w  f e v e r  m osquito  

Aedes a e g y p t i and th e  common house m osquito C ulex p ip ie n s  in  pure  

c u ltu r e s  o f  l i v i n g  b a c te r ia  and y e a s t j  Second, a c o n s id e r a t io n  o f  

th e  e f f e c t s  on la r v a l  developm ent o f  pond w ater which has been  

a u to c la v ed  and B erk e fe ld  f i l t e r e d ; T h ird , th e  e f f e c t s  o f v a r io u s  

a c c e s so r y  growth f a c t o r s  or v ita m in s  under s t e r i l e  c o n d it io n s  upon 

la r v a l  developm ent. In  t h i s  l a s t  phase of th e  n u t r i t io n a l  problem  

one experim ent was perform ed t o  a s c e r ta in  th e  e f f e c t s  o f su b sta n ces  

in  pure s o lu t io n  o f  th e  growth o f  m osquito la rv a e*  Thus th e  

g e n e r a l o u t l in e  o f  th e  au th or*s in te n t io n s  has been  p r esen ted .

With a id  rendered by th e  Department of B a c te r io lo g y  a t  th e  

U n iv e r s ity  o f  Maryland some i s o l a t i o n  a n a ly se s  were made on pond 

w ater in  which C ulex p i  p i ens was found b r ee d in g . Members o f  tJae 

genera Aedes and A nopheles were a ls o  p resen t but in  much sm a lle r  

numbers. The most common forms o f m icroorganism s p r esen t were: 

b a c te r ia :  E sc h e r ic h ia  ( B a c i l lu s )  c o l i ,  A erob acter a e r o g e n e s ,

B a c i l lu s  s u b t i l i s » B a c i l lu s  c e r e u s , and o th er  spore form ing b a c i l l i ;  

chromogens o f th e  genus F la v o b a cter iu m ; unknown w h ite  m olds; 

A ctin o m y cetes> common y e a s t .

I t  was thought a d v isa b le  t o  o b ta in  pure c u ltu r e s  o f th e  

common i n t e s t i n a l  f e c a l  b acter iu m , E sc h e r ic h ia  (B a c i l lu s ) c o l i ,  

th e  spore form ing rod-shaped b a cter iu m , B a c i l lu s  s u b t i l i s » and th e  

comnon b rew er's  y e a s t ,  Sac char omy c e t  e s c ere v i  s a e , and stu d y  th e  

growth of m osquito  la r v a e  in  each o f th e s e  organ ism s. These were
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o b ta in ed  from Mr* Raymond young o f th e  Department o f B a c te r io lo g y  

and su b -c u ltu re d  on an a u to c la v e d  medium composed of o y s te r  m eals 

d r ie d  y e a s t ,  g lu c o s e ,  and Osborne-M endel s a l t  m ixture* T his medium 

i s  one d escr ib e d  by th e  author in  h i s  t h e s i s ,  "Some S tu d ie s  in  th e  

B io lo g y  and M etabolism  of C ulex p ip ie n s  L*", 1939* U n iv e r s ity  o f  

Maryland (u n p u b lish e d ) . Hence th e  r o le  o f th r e e  m icroorganism s  

v ery  abundant in  th e  n a tu r a l l i f e  o f m osquito la r v a e  cou ld  be 

stu d ied *

The e f f e c t s  o f  a u to e la v in g  and B er k e fe ld  W f i l t e r i n g  o f  

pond w ater on C ulex p ip ie n s  have been p r e v io u s ly  rep o rted  by th e  

author* These same exp erim en ts have been rep ea ted  u sin g  Aedes 

a e g y p ti * The s u r v iv a l  o f  m osquito la r v a e  in  a u to c la v ed  o y s te r  m eal, 

d r ied  y e a s t ,  g lu c o se  and Osborne-Mendel s a l t  m ixture was l ik e w is e  

s tu d ie d  and th e  r e s u l t s  w i l l  be p resen ted  l a t e r  in  t h i s  report*  In  

t h i s  phase o f th e  problem , another experim ent was c a r r ie d  on which  

seems unique in  in s e c t  n u t r i t io n a l  s tu d ie s*  An apparatus was de

s ig n ed  w herein  t h i s  s y n th e t ic  medium was a u to c la v ed  in  an Erlenm eyer 

f la s k  con n ected  to  another f la s k  by means o f a s t e r i l i z e d  S e i t z  

f i l t e r .  In  t h i s  o th er  f la s k  th e  same s y n th e t ic  medium was not 

s t e r i l i z e d  and i t  con ta in ed  many b a c te r ia *  Hence by r a is in g  and 

lo w er in g  one o f th e  f la s k s  on a r in g sta n d  th e  so lu b le  p rod u cts o f  

b a c t e r ia l  m etabolism  could  f lo w  th rou gh t th e  s t e r i l e  f i l t e r  in to  th e  

a u to c la v ed  ( s t e r i l e )  medium* I t  was thought th a t  b a c te r ia  and 

m a te r ia ls  n o t in  tr u e  s o lu t io n  could  be kept from th e  s t e r i l e  

c u ltu r a l  medium. I f  th e  growth fa c to r s  th a t  m icroorganism s produce 

a re  s o lu t e s  th e y  should  p a ss  through th e  f i l t e r  under p ressu re
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(one f la s k  low er than  o th er) to  th e  o th er  f la s k *  S t e r i l e  eggs or 

s t e r i l e  la r v a e  were in o c u la te d  in to  th e  s t e r i l e  f la s k *

In  th e  th ir d  phase o f  Part I  o f  t h i s  rep ort th e  au thor  

s tu d ie d  th e  growth o f th e  la r v a l  s ta g e  o f  Aedes a eg y p ti on d ie t s  o f  

known ch em ical com p o sitio n  f r e e  from m icroorgan ism s. A b a sa l d ie t  

o f  0.1/£ o y s te r  m ea l, 0 .1 $  d r ied  y e a s t ,  0 .1 ^  g lu c o s e ,  and 0*1^ 

Osborne-M endel s a l t  m ixtu re th a t  had been a u to c la v e d  was used in  

th e s e  exp er im en ts . S in ce  a u to c la v e d  y e a s t  su p p lied  a h e a t - s t a b le  

growth fa c to r  i t  was r e p la c ed  in  some t e s t s  w ith  pure ch em icals to  

determ ine i f  any o f  them was th e  growth f a c t o r .  The v ita m in s  

employed in  t h i s  problem a re  w ater s o lu b le  and were added to  th e  

a u to c la v e d  m edia by means o f  th e  s t e r i l e  B e r k e fe ld .

The com p osition  o f th e  Osborne-M endel s a l t  m ixtu re used  

throughout th e s e  experim ents i s  as fo llo w s :

Calcium carbonate ...........   1 3 4 .8  grams
Magnesium carbonate ............................     28 .9  "
Sodium carbonate (Anhydrous)  .....................  3 4 .2  "
Potassium  carb on ate (d r ie d  a t 180°C) ......................... 1 4 1 .3  **
Phosphoric a c id      .1 1 9 .3  **
H yd roch loric  a c i d . ........................................     14 8 .3  "
S u lp h uric  a c i d     9 .6  11
C itr ic  a c i d      111*1 "
F e r r ic  c i t r a t e  ............................................................................. 7 .4 4  "
P otassium  io d id e  ........................................................................... 0 .0 2 0  w
Magnesium su lp h a te   ............................. ................................. 0 -117  "
Sodium f l u o r i d e ...................... ...................................................  0 .0 6 2  "
P otassium  alum ............................................................................. 0 .0 4 4

These ch em ica ls  were mixed th orou gh ly  in  a " b a ll m ill"  to  a very  

f in e  powder w hich was uniform  in  com p osition  th rou gh ou t.

The f a t  s o lu b le  v ita m in s  o f h ig h er  a n im a ls , v ita m in s  A» Dj E , 

have n ot been co n sid ered  by th e  w r ite r  in  h is  ex p er im en ts . V itam in A 

which ch em ica lly  i s  c lo s e ly  r e la te d  to  th e  ca ro ten es  of p la n ts  i s



a p p a ren tly  s y n th e s iz e d  by anim als a lo n e . T h is fa c to r  i s  not found 

in  p la n ts  a lth ou gh  i t s  fo reru n n ers  or parent compounds are  p resen t  

in  no sm a ll q u a n t i t ie s .  About 90% o f  t h i s  v ita m in  p resen t in  th e  

body of anim als i s  s to r e d  in  th e  l i v e r .  Cod l i v e r  o i l  and o th er  

f i s h  o i l s  are good so u rces  o f t h i s  su b s ta n c e . Lack of v itam in  A 

cau ses in  r a ts  and man an atrophy o f ep ith e liu m  c e l l s  and a 

k e r a t in iz a t io n  of th e  e p ith e liu m , p a r t ic u la r ly  th e  eyes* Heat in  

th e  p resen ce  o f  oxygen d e s tr o y s  v itam in  A*

A ccording to  G ortner (1938) " e r g o s te r o l and o th er  s t e r o l s ,  

w hether in  p la n ts  or anim al t i s s u e ,  are transform ed in t o  v ita m in  D 

under th e  in f lu e n c e  o f  thd  proper l i g h t  rays and o th er  forms o f  

en ergy’*• I t  i s  n ot c le a r  in  th e  mind o f  th e  p resen t w r ite r  J u st  

e x a c t ly  what v ita m in  D i s  ch em ica lly*  C ortner p r e se n ts  ev id en ce  

from th e  ch em ica l l i t e r a t u r e  th a t  p o s s ib le  n in e  forms o f th e  D v itam in  

e x i s t .  E r g o s te r o l and c a l c i f e r o l  are  s t e r o l s  very  c lo s e ly  r e la te d  

to  c h o le s t e r o l  which can r e a d ily  be d e te c te d  in  anim al t i s s u e .  

C a lc i f e r o l  i s  d er iv ed  from e r g o s te r o l  by v a r io u s  forms o f  ir r a d ia 

t i o n ,  has been i s o la t e d  in  pure c r y s t a l l in e  form and i s  now known 

as v itam in  D2# mammals th e  D v ita m in s  are  a s s o c ia te d  w ith  th e

m etabolism  o f th e  bone, and th e  u t i l i z a t i o n  o f ca lcium  and phosphorus, 

and p reven t r i c k e t s ,  hence th e  name a n t ir a c h a t ic  v ita m in . Heat in  

th e  p resen ce o f  oxygen i s  g e n e r a lly  con sid ered  d e s tr u c t iv e  to  th e se  

v ita m in s  o f  th e  D group*

V itam in E i s  th e  s t e r i l i t y  v ita m in  o f mammals and i s  known as 

A -to c o p h e r o l. B o th :th e  m ale and fem ale anim al are unable to  produce



f e r t i l e  rep ro d u ctiv e  c e l l s  in  th e  absence o f t h i s  v ita m in . V itam in E 

i s  p r e se n t in  nature in  th e  germ o i l s  o f  b a r le y ,  o a t s ,  r i c e ,  w h eat, 

c o r n , and many o th er p la n t s .  T h is  fa c to r  i s  very  s e n s i t iv e  t o  

o x id a t io n  and i s  d estro y ed  by a u to c la v in g  in  th e  p resen ce o f oxygen.

The in s e c t  req u irem ents o f  v ita m in s  A, D, and E are n ot th orou gh ly  

understood  by th e  p resen t w r it e r .  As he w i l l  show in  th e  rev iew  o f  

l i t e r a t u r e  th e  m a jo r ity  of th e  ev id en ce  ten d s t o  support h is  b e l i e f  

th a t  in s e c t s  in  g e n e r a l do not r eq u ire  any of th e s e  th r e e  su b stan ces  

u n le s s  th ey  th em selv es  s y n th e s iz e  them from v a r io u s  fo reru n n ers .

The exp erim en ta l ev id en ce  p resen ted  by t h i s  w orker seems to  show 

any need by m osquito  la r v a e  fo r  A> D» and E i s  so sm all th a t  m easure

ment o f  i t  cannot be made from our p resen t knowledge o f  v ita m in s .

V itam in B, known to  th e  ch em ist a s  th ia m in  or i t s  d e r iv a t iv e  

th iam in  c h lo r id e  h y d r o c h lo r id e , i s  a w ater s o lu b le  sub stan ce p re sen t  

in  y e a s t ,  wheat germ, r i c e  p o l is h in g  and o th er  p ro d u cts . In  nature  

i t s  primary sou rce i s  m icroorganism s but i t  i s  now r e a d ily  sy n th e s iz e d  

by th e  ch em ist. In  th e  p resen ce  o f  a lk a l i  t h i s  v ita m in  i s  r e a d ily  

d estro y ed  by h ea t but in  very  a c id  medium (pH. 3 .5 )  i t  r e s i s t s  de

s tr u c t io n  by h e a t .  F or a lo n g  tim e th e  e f f e c t  of v itam in  B on th e  

nervous system  has been known. I t  r a p id ly  cures p o ly n e u r it is  in  

p ig eo n s  and r a ts  and i s  th e  a n t i - b e r ib e r i  fa c to r  o f  man. Thiamin 

i s  very d e f in i t e l y  a s s o c ia te d  w ith  th e  m etabolism  o f  carb oh yd rates.

The s tr u c tu r e s  o f th iam in  and th iam in  c h lo r id e  h y d ro ch lo r id e  are  

g iv en  below* The author used pure c r y s t a l l in e  th iam in  c h lo r id e  

h y d ro ch lo r id e  in  h is  ex p erim en ts.
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V itam in o r  G, known to  th e  b ioch em ist as d. r ib o f la v in ,  i s  

w ater s o lu b le .  I t  i s  ch em ica lly  r e la te d  to  th e  y e llo w -g r e e n  f lu o r e s c e n t  

pigm ent known as th e  " yellow  enzyme*. T his su b stan ce has commanded 

a t t e n t io n  o f ch em ists  and b i o l o g i s t s  from 1879 t o  th e  p resen t tim e*

In  th e  p resen ce  o f  b lood th e  y e llo w  pigm ent tu rn s w h ite  but re tu rn s  

t o  i t s  o r ig in a l  c o lo r  on exposure to  oxygen. R ib o f la v in  i s  r e l a t i v e l y



h e a t - s t a b le  b ut a u to c la v in g  f o r  a lo n g  tim e in  th e  p resen ce  o f  oxygen  

w i l l  d e s tr o y  i t *  I t  was f i r s t  d isc o v e r e d  in  y e a s t  but i s  now known 

t o  be w id e ly  d is t r ib u te d  in  both th e  p la n t  and anim al w orlds* I t  

has been i s o la t e d  from egg w h ite ,  m ilk , l i v e r ,  k id n ey , u r in e ,  b a r ley  

m a lt , d a n d elio n  b lo sso m s, g r a s s e s ,  egg y o lk ,  and r e t in a s  o f  f i s h  

eyes* I t  i s  r e a d ily  s o lu b le  in  w a te r , in s o lu b le  in  th e  f a t  s o lv e n t s ,  

s ta b le  in  th e  p resen ce  o f stro n g  a c id s  and h e a t  but r e a d ily  d estroyed  

by a lk a l i*  V itam in Bg i s  supposed to  b e req u ired  by a l l  l i v i n g  

(se lls*  T h is  i s  a lm ost undoubtedly tr u e  b ecau se o f i t s  r e la t io n  to  

th e  o x id a tio n -r e d u c tio n  enzyme and i t s  w idespread occu rren ce in  

n a tu r e . The la ck  o f r ib o f la v in  in  th e  d ie t  o f  r a ts  r e s u l t s  in  th e  

appearance o f  p e l la g r a - l ik e  sk in  l e s i o n s ,  hence th e  name ’h n t i— 

p ella g ra " v ita m in *  Chickens req u ir e  th e  v ita m in  to  p reven t "ch ick  

p e lla g ra "  • I f  i t  i s  removed from th e  d ie t  o f  dogs a c o n d it io n  o f  

b lack ton gu e r e s u l t s .  The p resen t worker used pure c r y s t a l l in e  

r ib o f la v in  in  h i s  experim ents and th e  in f lu e n c e  o f  i t  on th e  l i f e  

o f  m osquito la rv a e  w i l l  be shown. The form ula fo r  d* r ib o f la v in  i s  

g iv e n  belows

H-C -C 0— C

H—

H-

H H

d. r ib o f la v in



V itam in C or 1* a s c o r b ic  a c id  (a^so ce v ita m ic  a c id )  i s  a w ater-  

s o lu b le ,  h ig h ly  u n sta b le  s u b s ta n c e , p resen t in  a l l  c i t r u s  f r u i t  

( lem o n s, o ra n g es , g r a p e fr u it  in  p a r t ic u la r ) ,  sp in ach , tu r n ip  g r e e n s ,  

p ep p er, cab b age, and many o th er  green  v e g e ta b le s*  M ilk i s  a n oth er  

r ic h  source o f  a s c o r b ic  a c id  but i t  i s  o f te n  d estr o y ed  in  p a s te u r iz a 

t io n *  In  mammals i t  i s  im portant in  calcium  m etab olism  and i s  

a s s o c ia te d  w ith  th e  developm ent o f  b o n e , t e e t h ,  and m uscles* V itam in C 

p rev en ts  scurvy and i s  known as th e  a n t is c o r b u t ic  f a c to r  o f  h ig h e r  

v e r te b r a te s*  The r o le  o f  a s c o r b ic  a c id  in  in s e c t  n u tr it io n  w i l l  be 

d isc u sse d  la te r *  T his worker used pure c r y s t a l l in e  1 .  a s c o r b ic  a c id  

i n  h is  exp erim en ts. The form ula fo r  t h i s  very  h e a t" la b i le  v ita m in  

i s  shown below :

H 1
HO-(jj 0

H—C
1____________________ ^

HC— OH 

H

1* a s c o r b ic  a c id

The v ita m in s  (th ia m in ) and B2 ( r ib o f la v in )  have been i s o la t e d  

from th e  B com plex and t h e ir  s tr u c tu r e s  and p r o p e r t ie s  d eterm in ed , as  

has been d e sc r ib e d  in  th e  p reced in g  pages* However, th e r e  are s t i l l  

o th ers  in  th e  w a te r -s o lu b le  B com plex whose ch em istry  and p h y sio lo g y



a re  n o t d e f in i t e l y  known. The author would l i k e  to  m ention th r e e  o f  

th o se  s u b s ta n c e s . One o f  them was c a r e f u l ly  s tu d ie d  in  th e  e x p e r i

m ents on m osquito  la r v a e . A nother was ob ta in ed  in  a very  sm all 

q u a n tity  to o  l a t e  fo r  th e  au thor to  o b ta in  s ig n i f i c a n t  r e s u l t s  from  

i t s  u s e . The th ir d  has been sy n th e s iz e d  on ly  in  th e  l a s t  th re e  

months and i s  not y e t  a v a i la b le .

In  th e  p a st fe w  yea rs  I t  has been  claim ed by s e v e r a l  workers 

th a t  a  p e lla g r a -p r e v e n t in g  fa c to r  (P .P .)  e x i s t s  which i s  thought to  

be n i c o t i n i c  a c id  or a d e r iv a t iv e ,  n ic o t in ic  a c id  am ide. T his  

su b stan ce  i s  th ough t to  be req u ired  in  a d d it io n  t o  r ib o f la v in  in  

th e  p rev en tio n  o f p e l la g r a .  C r y s ta l l in e  n i c o t i n i c  a c id  was ob ta in ed  

and i t s  e f f e c t s  on th e  growth of m osquito la r v a e  determ ined . The 

form ula fo r  n ic o t in ic  a c id  i s  shown below .

The second  o f t h e s e  n o n e -to o -w e ll-u n d e r s to o d  B v ita m in s  i s  

B6 or aderm in. I t  i s  th e  r a t  a n t ip e l la g r a  or a n t i-d e r m a t it is  f a c to r  

of Gyorgy (1 9 3 5 ) . The work of C hick, Copping and Edgar (193 0 -3 5 ) and 

o f  Copping (1936) p r e se n ts  fu r th e r  ev id en ce  to  ch em ists  and p h y s io lo g is t s

OH

N ic o t in ic  A cid



th a t  t h i s  f a c t o r  d oes e x is t *  I t  i s  very  h e a t  and a lk a l i  s ta b le  but 

i s  d estro y ed  by l i g h t  on lon g  exposure* So l i t t l e  o f t h i s  ch em ica l 

was a v a i la b le  th a t th e  author was unable t o  com plete h is  study o f  th e  

e f f e c t  o f Bg* The form ula f o r  aderm in i s  g iv en  below*

A th ir d  fa c to r  o f th e  unknown B v ita m in s appears to  be th e  

f a c to r  o f W illiam s (1 9 3 4 0 3 8 ), who c a l l s  i t  " p an toth en ic acid "  and 

cla im s i t  i s  th e  b io s  fa c to r  req u ired  in  th e  developm ent o f  y e a s t .

In  th e  p a st few  months W illiam s and h is  a s s o c ia t e s  have sy n th e s iz e d  

t h i s  substance* I t  i s  p resen t in  la r g e  q u a n t it ie s  in  y e a s t  and l i v e r .  

"Pantothenic acid"  a cco rd in g  to  W illiam s w ith sto o d  a u to c la v in g  fo r  

n in e te e n  hours in  a c id  media but was d estro y ed  by a u to c la v in g  in  

a lk a l in e  media* The author has been  unable to  secu re  " p an toth en ic  

acid"  and has n ot seen  i t s  ch em ica l formula*

At some tim e in  th e  near fu tu r e  some experim ents w i l l  be 

perform ed on th e  e f f e c t s  o f  b£ and th e  Y fa c to r  on la r v a l  growth  

o f  m osquitoes* As th e  a u th o r’ s r e s u lt s  d e f in i t e l y  w i l l  show, a

H
1

Adermin
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th ir d  h e a t s ta b le  fa c to r  e x i s t s  in  y e a s t  and l i v e r  very  v i t a l  in  

th e  growth and developm ent o f m osquito larva©*

In th e  l a s t  few  weeks o f  t h i s  stu d y  in  m osquito la r v a e  n u tr it io n  

th e  author was a b le  to  secu re  in  pure c r y s t a l l in e  form th e  fo llo w in g  

amino a c id s }  l e u c in e ,  g ly c in e ,  h i s t i d i n e ,  try to p h a n e , a sp a r g in e , d . 

c y s t in e ,  and 1 . t r y o s in e .  C oncentrated  s o lu t io n s  o f th e se  amino a c id s  

were made and combined w ith  Q .l^  l i v e r  e x t r a c t ,  0 *1% g lu c o s e ,  0 .1 ^  

Osborne-M endel s a l t  m ix tu re , p lu s  V itam ins B, , B , B - ,  (each  1 m g ./5 0 0 c c .)
X M ^

and s t e r i l i z e d  by f i l t e r i n g  through B erk efe ld  W* Time p erm itted  

on ly  a stu d y  o f  t h i s  d ie t  in  th e  p resen ce  o f m icroorgan ism s. However, 

th e  author f e e l s  th a t  h i s  r e s u l t s  are s ig n i f i c a n t  enough t o  rep o rt and 

w i l l  be p resen ted  in  th e  ch ap ter  d evoted  to  r e s u l t s -



REVIEW OF LITERATURE

The e n to m o lo g ic a l l i t e r a t u r e  on th e  s u b je c ts  o f in s e c t  d ig e s 

t i o n ,  n u t r i t io n ,  m eta b o lism , and growth su b sta n ces  i s  volum inous.

Dr* W igglesw orth  in  h i s  new te x tb o o k , The P r in c ip le s  o f I n s e c t  

P h y s io lo g y , l i s t s  and p a r t ia l l y  rev iew s two hundred and s i x t y - f i v e  

s c i e n t i f i c  p u b lic a t io n s  in  h i s  ch ap ter on d ig e s t io n  and n u tr it io n  and 

two hundred and th r e e  r e fe r e n c e s  a re  found in  th e  ch a p ter  d evoted  to  

m etabolism * I t  i s  beyond th e  a b i l i t y  o f t h i s  worker t o  rev iew  by any 

means a l l  o f t h e s e  p u b l ic a t io n s .  At th e  same t im e , th e  fa c to r s  o f  

tim e and space a re  a ls o  p r o h ib it iv e .  However, many o f  th e  resea rch  

papers d ir e c t ly  and i n d ir e c t ly  r e la t e d  to  t h i s  problem  w i l l  be con

s id e r e d  i n  t h i s  review *

Boyce and Lew is (1910) n o t ic e d  th a t  m osquito la r v a e  in  ord inary  

ta p  w ater caused  an in c r e a s e  in  th e  numbers o f  b a c te r ia  p r e s e n t .

Loeb, J* (1 9 1 5 ) ,  in  some o f h is  e a r ly  work, s tu d ie d  th e  r o le  o f  

in o r g a n ic  s a l t s  and m icroorganism s i n  th e  developm ent o f  D ro so p h ila * 

A ccording t o  t h i s  g rea t s c i e n t i s t , th e  la r v a e  o f  th e  f r u i t  f l y  r e 

q u ire  on ly  p otassiu m  a c id  phosphate and magnesium su lp h a te  as th e  

in o r g a n ic  s a l t  components o f  t h e ir  d ie ts *  In  a d d it io n  to  t h e s e ,  grape  

su g a r , cane su g a r , ammonium t a r t r a t e ,  and b a c te r ia  were p resen t*

These su b sta n ces  m ixed w ith  w ater in  chopped up b i t s  o f a s h le s s  f i l t e r  

p ap er.w ere used  as a d ie t  and normal growth r e su lte d *  In  an oth er d i e t ,  

Loeb ob ta in ed  normal growth w ith  grape sugar and th e  two in o rg a n ic  

s a l t s  w ith  th e  a d d it io n  o f th e  amino a c id s  g lu tam ic  a c id  and a la n in e*  

These two amino a c id s  were th e  on ly  n itr o g e n  compounds r e q u ir e d , and



e i t h e r  one o f  them , p ro v id ed  th e  o th er  was p r e s e n t ,  cou ld  be rep la ced  

w ith  ammonium t a r t r a t e  or  s u c c in a te .  Of c o u r se , b a c te r ia  and y e a s t  were 

p re se n t in  th e  d ie t s *  Sodium c h lo r id e  and l ik e w is e  ca lcium  c h lo r id e  

were u n ab le  t o  r e p la c e  e i t h e r  o f  th e  two s a lt s *

A tk in  and B acot (1917) s tu d ie d  th e  e f f e c t s  o f b a c te r ia  and y e a s ts  

on th e  developm ent o f  th e  la r v a e  o f Aedes a e g y p t i* They concluded  th a t  

th e  la r v a e  o f t h i s  m osquito grow on ly  e x c e p t io n a lly  on dead fo o d s , and 

th a t  l i v i n g  b a c te r ia  and y e a s ts  are a much more s u i t a b le  food  than  

dead forms*

Northrup (1 9 1 7 ,2 6 )  d id  e x te n s iv e  resea rch  on th e  r o le  o f y e a s t  in  

th e  n u tr it io n  o f  D ro so p h ila  la rvae*  He found th a t  th e  t o t a l  numbers 

of em erging f l i e s  were g r e a te r  on d e f in i t e  q u a n t it ie s  o f y e a s t  when 

banana, c a s e in ,  or sugar was added* Growth o f th e  la r v a e  was more 

rap id  on a m ixtu re o f  banana and y e a s t  than  on y e a s t  a lo n e , p rovided  

th a t  a t l e a s t  t h ir t y - t h r e e  p ercen t o f th e  d ie t  was y ea st*  Northrup  

found th a t  k id n e y , l i v e r ,  and pancreas were a l s o  adequate so u r ces  o f  

fo o d  fo r  th e  la r v a e . In  h i s  l a t e r  paper t h i s  worker reared  a s e p t ic  

D ro so p h ila  la r v a e  fo r  two hundred and t h ir t y  g en e r a tio n s  in b red  in  th e  

dark on h e a t - k i l l e d  y e a s t  and banana* H ence, he con clu d es th a t  th e  

absence o f m icroorganism s has no e f f e c t  on th e  d u ration  o f  l i f e  and 

growth o f  th e  f r u i t  f l y .

Baumberger (1919) s tu d ie d  th e  form er problem o f Loeb on th e  r e 

la t io n  of m icroorganism s and t h e ir  su b s tr a ta  and t h e ir  r o le  in  th e  

n u tr it io n  o f D ro so p h ila  la r v a e . He used  th e  su g a r s , in o r g a n ic  s a l t s  

(p o tassiu m  a c id  phosphate and magnesium s u lp h a te ) ,  ammonium t a r t r a t e ,  

and a g a r-a g a r  as a re a r in g  medium* He observed  th a t  t h i s  medium when 

s t e r i l i z e d  by a u to c la v in g  supported  th e  growth of la r v a e  from s t e r i l e



e g g s , but th ey  l iv e d  fo r  on ly  f i v e  days and showed no in c r e a s e  in  s iz e *  

Baumberger th en  in o c u la te d  th e  medium w ith  l i v i n g  y e a s ts  and th e  la r v a e  

grew a t  a normal r a t e ,  rea ch in g  t h e i r  maximum s i z e  in  te n  days and pu

p a t in g  n orm a lly . In  th e  p resen ce  o f  l i v i n g  y e a s t ,  th e  on ly  source o f

n itr o g e n  was ammonium ta r tr a te *  T h is  worker con clu d es th a t  su g a r s ,  

s a l t s  and th e  n u c le o p r o te in  o f y e a s t  are an adequate food  f o r  D rosop h ila  

la r v a e . However, as th e  p re se n t au thor would l i k e  t o  p o in t o u t , during  

th e  era  o f  Loeb, Northrup ( h i s  e a r ly  w ork ), and Baumberger, most o f  th e  

re sea r c h  w orkers thought a lo n g  th e  l i n e s  o f p r o te in  requirem ents and 

overlook ed  i n  many in s ta n c e s  th e  im portance o f  th e  a c c e sso r y  growth  

f a c to r s  or v ita m in s , many o f  which a re  s y n th e s iz e d  by th e  m ic ro sco p ic  

form s o f l i f e *

Bacot and Harden (1922) perform ed some very  sim p le  experim ents on 

th e  v itam in  requ irem ents o f D ro so p h ila * They a re  p o s s ib ly  th e  e a r l i e s t  

w orkers t o  c o n s id e r  v ita m in s  and in s e c t  n u tr it io n *  U sing b u t t e r fa t  a s  

a sou rce  o f  v ita m in  A> y e a s t  as a sou rce  o f B, and lemon j u ic e  fo r  C>

th e y  s tu d ie d  th e  n eed s o f t h e s e  th r e e  f a c to r s  by D rosop h ila  la r v a e  under

s t e r i l e  co n d itio n s*  I t  was rep o rted  by them th a t  developm ent o f  a s e p t ic  

la r v a e  occurred in  th e  p resen ce  o f  v ita m in s  A and B* The la r v a e  d id  not 

r eq u ire  v itam in  C in  lemon j u ic e  f o r  t h e i r  developm ent under s t e r i l e  

co n d itio n s*  The b a s a l  d ie t  used  by t h e s e  w orkers, which c o n s is te d  o f  

c a se in o g e n , s ta r c h , and s a l t s ,  was a u to c la v e d  a lon g  w ith  th e  v a r io u s  

so u r c e s  o f  th e  v itam in s*  As w i l l  be p o in te d  out l a t e r  by th e  p resen t  

w r it e r ,  i t  seems odd th a t  growth cou ld  b e ob ta in ed  w ith  th e  a u to c la v ed  

y e a s t  s in c e  th e  im portant f a c t o r  th iam in  (B^) i s  c e r t a in ly  d estro y ed  by 

th e  h e a t o f  a u to c la v in g .



G la ser  (1924) determ ined  th e  r e la t io n , o f  m icroorganism s to  th e  

developm ent and lo n g e v ity  o f  f l i e s *  Working w ith  D ro so p h ila  m e la n o g a ste r , 

Musca d o m estica , Stomoxys c a lc i t r a n s  % and L y p ero sia  i r r i t a n s  he found  

th a t  th e  com p letion  o f th e  l a r v a l  s ta g e  o f f l i e s  was dependent upon 

c e r t a in  a c c e s so r y  growth f a c to r s  which must be in g e s te d  w ith  th e  fo o d .

The n e c c e ssa r y  growth su b sta n ces  a re  o b ta in ed  a cco rd in g  t o  Dr. G la ser  

from b a c te r ia  and y e a s t s ,  a s  w e l l  as from h ig h e r  p la n ts  and anim al 

t is s u e *  He s t e r i l i z e d  m edia a t  h igh  tem p eratu res and observed  th a t  

th e s e  v i t a l  su b sta n ces  were d e s tr o y e d . On th e  o th er  hand, con tam in atin g  

th e  m edia w ith  l i v i n g  b a c te r ia  or  y e a s t s  brought about normal growth  

when in o c u la te d  w ith  s t e r i l e  e g g s . These su b sta n ces  cou ld  a l s o  be r e 

turned  t o  c u ltu r a l  media by adding p la n t j u ic e s  or  la r g e  q u a n t it ie s  o f  

dead b a c te r ia  or y e a s t  k i l l e d  a t  low  h e a t . G la ser  th en  con clu d es th a t  

"m icroorganism s and t h e ir  a c t i v i t i e s  are  n o t a b s o lu te ly  e s s e n t ia l  to  

norm al grow th , developm ent, and lo n g e v ity  o f  th e  f l i e s  in v e s t ig a t e d .4* 

However th e  m icroorgan ic  f lo r a  "may be one o f th e  p r in c ip a l  sou rces  

f o r  th e  a c c e sso r y  growth f a c t o r s  o f some la r v a l  f l i e s  found b reed in g  i n  

c e r ta in  ty p e s  o f media in  a s t a t e  o f  n a tu re  but cannot be regarded as  

a proved f a c t . 1* The p resen t author w i l l  l a t e r  show th a t  a l l  th e  

n e c essa ry  growth fa c to r s  (a c c e sso r y )  req u ired  by m osquito la r v a e  are  

p re se n t in  y e a s t .

Boyd (1926) r e p o r ts  th a t  y e a s t  se r v e s  as an adequate food  f o r  th e  

la r v a e  o f A nopheles quadrim aculatus and A nopheles c r u c ia n s .

Wo lim an (19 26) reared  th e  roach B la t e l la  germ anica fo r  tw e lv e  

g e n e r a tio n s  f r e e  from m icroorganism s and f r e e  from v ita m in s .
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He a l s o  c la im s t h a t  v ita m in s  A and B fe d  to  o th e r  in d iv id u a ls  had 

no e f f e c t  i n  in c r e a s in g  th e growth r a t e .  Seldom d oes one read  in  

th e  l i t e r a t u r e  such a  rem arkable a r t i c l e  a s  t h i s  o n e . None o f  th e  

American resea rch  w orkers u s in g  B la t e l la  a s  a  t e s t  anim al have come 

to  th e se  c o n c lu s io n s .

R ichardson (1926) s tu d ie d  th e  growth o f  th e  M editerranean f lo u r  

moth (E p h estia  k u e h n ie lla  Z .) in  w heat f lo u r .  He found th a t  h ighly- 

m ille d  w heat f lo u r  was n o t a good r e a r in g  medium f o r  the la r v a e  o f  

t h i s  moth u n le s s  an a lc o h o l ic  e x t r a c t  o f  y e a s t  was added. He c la im s  

th a t  v ita m in  B p r e se n t  in  y e a s t ,  a l s o  in  th e  embryo o f  the w heat 

k e r n e l ,  i s  req u ired  f o r  normal d evelop m en t. However, th e  a d d it io n  o f  

egg y o lk  and b u t t e r  a l s o  caused  an improved growth r a t e .  Hence,

Dr. R ichardson b e l ie v e s  th a t  v ita m in  A i s  l ik e w is e  needed by t h i s  

in s e c t .  E ther and ch loroform  e x tr a c te d  t h i s  su b sta n ce  from egg y o lk  

and b u t t e r .

B arber (1927) r e p o r ts  on th e  food  o f  A nopheline la r v a e  and in  1928  

on th e  food  o f  C u lic in e  la r v a e *  A u toclaved  pond w ater supported  th e  

growth o f  A nopheline la r v a e  f o r  one month, when th ey  d ied  a t  th e  " h a lf -  

grown" s t a g e .  E ith e r  a u to c la v e d  pond w a ter  or b roth  f a i l e d  to  y ie ld  

pupae under s t e r i l e  c o n d it io n s .  C u lic in e  la r v a e  cou ld  l i v e  f o r  tw elve  

days in  a u to c la v e d  b r o th  b u t could  n o t p u p a te . However, when th e  b ro th  

was contam inated , normal growth was r e s to r e d  in  b o th  groups o f  m osquito  

la r v a e .  C ontinu ing h i s  experim ents w ith  pure c u ltu r e s  o f  l i v in g  y e a s t  

p lu s  th e  p ro to zo a , C olpidium  or a pure c u ltu r e  o f  th e  a lg a ,  Scenedesm us, 

Barber was a b le  to  r e a r  to  m a tu r ity  A nopheles c r u c ia n s . A. quad rim acu latu s» 

Aedes arg en teu s (a e g y p t i ) ,  and C ulex fa t ig a n s  ♦ He d e f i n i t e l y  shows 

th a t  m icroorganism s a re  im p ortan t in  th e  normal l i f e  o f  m osquito la r v a e .
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Sweetman and Palmer (1928) in v e s t ig a t e d  th e  v itam in  requirem ents

o f  th e  f lo u r  b e e t l e ,  T rib oliu m  confusum , D uval. They used  as a b a sa l

d ie t  or r a t io n  p u r if ie d  c a s e in ,  d e x tr in ,  and s a lt s *  Removal of th e
of

e x tr a c t  o f  th e s e  m a te r ia ls  pro lon ged  growth but th e  occurrence pupation  

show£di th a t  T ribolium  d id  not a b s o lu te ly  need a f a t - s o lu b le  v ita m in .  

However, p ro lon ged  e x tr a c t io n  w ith  a lc o h o l  p reven ted  pu p ation  which  

dem onstrated  a need f o r  one or more v ita m in s  o f th e  B complex* H ighly  

p u r i f ie d  v itam in  B from y e a s t  when added t o  th e  a lc o h o l e x tr a c te d  

r a t io n  r e s u lte d  in  th e  p rod u ction  of pupae in  o n e -h a lf  th e  p eriod  

norm ally  required* Hence th e  need f o r  one or more of th e  B v itam in  i s  

shown* However f a t  o f  some n ature a lth ou gh  f r e e  from v ita m in  A d id  

sh o rten  th e  la r v a l  p er io d  but t h i s  may have been a food  f a c t o r .

C leveland (1928) d e s c r ib e s  h i s  a d d it io n a l  o b se r v a tio n s  and e x p e r i

ments on th e  sy m b io sis  betw een te r m ite s  and t h e ir  i n t e s t i n a l  protozoa*

When te r m ite s  o f  th e  genera R e t ic u l i t e r n e s > C a lc a r it e r n e s , N eoterm es, 

and K a lo tern es  were t r e a te d  w ith  oxygen a t  s ix t y  pounds p ressu re  fo r  one 

hour a l l  o f t h e i r  i n t e s t i n a l  p rotozoa  were removed. The te r m ite s  which  

were un in jured  by t h i s  p ro cess  were th en  fe d  on wood, c e l l u l o s e ,  c o t to n ,  

and o th er  p rod u cts. In  no ca se  cou ld  th e y  su r v iv e  and th ey  d ied  of  

s ta r v a t io n .  S p iro ch a e te s  were removed by fe e d in g  te r m ite s  5% aqueous 

a c id  fu c h s in  p lu s  c e l lu lo s e  le a v in g  th e  protozoa  in s id e  th e  d ig e s t iv e  

tr a c t*  The te r m ite s  were s t i l l  a b le  to  d ig e s t  wood and c e l lu lo s e ;  h en ce , 

sp ir o c h a e te s  p la y  no r o le  in  th e  d ig e s t io n  of wood and c e l l u l o s e .  On th e  

o th er  hand p ro tozoa  a re  in d isp e n s a b le  in  th e  l i f e  o f  th e  t e r m ite s .

R udolfs and Lackey (1929) rep o rted  some unusual o b se rv a tio n s  of th e  

e f f e c t  of food  upon th e  p h o to tro p h ic  b eh av ior o f  m osquito la r v a e . Working 

w ith  C ulex p ip ie n s . Aed.es s y l v e s t r i s , and Aedes can ad en sis th ey  observed
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th a t  so  lo n g  a s  th e  la r v a e  o f  th e s e  th r e e  m osq u itoes fe d  on a mixed 

d ie t  th e y  were p o s i t i v e l y  p h o to tro p ic*  H owever, on a d ie t  o f  pure 

c i l i a t e s  th e  s ig n  o f  t h e i r  p h ototrop ism  was changed w ith in  two days from  

p o s i t iv e  t o  n e g a tiv e *  On a d ie t  o f  d i n o f l a g e l l a t e s , Chlamydomonas or  

E uglena t h e ir  p o s i t i v e  s ig n  was g r e a t ly  i n t e n s i f i e d  and rem ained so  

u n t i l  th e  pu p ation  period*

MacGregor (1929) rea red  t h e  la r v a e  o f Aedes argen teu s ( a e g y p t i) 

t o  m a tu rity  in  1 0 -1 5  days a t  3 0 °G on a s t e r i l e  d ie t  on o n e -te n th  p ercen t  

"standard bread'* th a t  had been a u to c la v e d  f o r  1 5 -2 0  m inutes a t  120°C*

T h is experim ent has been rep ea ted  by s e v e r a l  w orkers in c lu d in g  th e  

p rese n t au thor (u n p u b lish ed  M a ste r 's  T h e s is )  and no one has been a b le  to  

d u p lic a te  MacGregor*s r e s u l t s .  He c la im s th a t  " b a c te r ia  th em se lv es  

fu r n is h  th e  la r v a e  w ith  some im portant a c c e sso r y  food  fa c to r s  (v ita m in s? )  

from t h e ir  own b o d ie s  or produce t h i s  fa c to r  by co n v ersio n  o f  th e  m a te r ia ls  

o f th e  bread". He fu r th e r  p o in ts  out th a t  p o s s ib ly  in  th e  baking o f  

ordinary bread th e  y e a s t  v ita m in s  are  not d estroyed *  L ik ew ise  th e  a u to -  

c la v in g  from MacGregor*s v iew p o in t may have no e f f e c t  on th e  a c cesso ry  

food  fa c to r  or f a c t o r s .  He argues th a t  " it  i s  q u e stio n a b le  w hether v ita m in s  

can e f f e c t  th e  l i f e  o f  some in s e c t s  a t  l e a s t ,  s in c e  many e x h ib it  a 

s u c c e s s fu l  e x is te n c e  on such m a te r ia ls  as p ap er, s ta r c h  p a s t e ,  spun c o t to n ,  

and s i l k ,  etc*  However, in  th e  l i g h t  o f Dr. C le v e la n d 's  work on th e  r o le  

o f p ro tozoa  in  th e  d ig e s t iv e  t r a c t s  o f  t e r m it e s ,  i t  does seem th a t  wood 

and pure c e l lu lo s e  f a l l  in to  th e  ca tegory  o u t lin e d  by MacGregor*

He f a i l s  t o  c o n s id e r  th a t  b a c t e r ia ,  y e a s t s ,  m old s, and p ro tozoa  a re  cer 

t a in ly  p r e sen t "on such m a te r ia ls  as p a p er , s ta r ch  p a s t e ,  spun c o t to n , and 

s i l k , e t  c ."

M atheson and Hinman (19 29) observed  th a t  Chara f r a g i l i s  was t o x ic  to



*the la r v a e  of C ulex p ip ie n s , Aedes vexans , and Anopheles p u n c tip e n n is . 

Ghara i s  a s i l i c e o u s ,  u n ic e l lu la r  a lg a ,  r a r e ly  ea ten  as fo o d  by a n im a ls .

In  aq u aria  co n ta in in g  Chara t h e s e  workers found th a t  la r v a e  o f th e  above 

m osq u ito  s p e c ie s  were k i l l e d  in  a lm ost 100 p ercen t o f t h e ir  o b se r v a tio n s .  

Watery s o lu t io n s  c o n ta in in g  one h a l f  t o  one ounce o f d r ie d  Ghara t o  every  

tw e lv e  and one h a l l  p in t s  of w ater were a ls o  l e t h a l .  These n o ta t io n s  are  

very  in t e r e s t in g  in  th a t  an a lg a l  form o f a d e tr im en ta l n ature i s  rep o rted  

s in c e  most a lg a e  a re  im portant in  m osquito la r v a e  n u t r i t io n .

Howland (1930) s tu d ie d  th e  r e la t io n  of a lg a l  food  t o  th e  n u tr it io n  

of m osqu ito  la r v a e . She d is s e c t e d  th e  la r v a e  of Aedes arg en teu s ( a e g y p t i) 

and found many forms o f a lg a e  p resen t and concluded th a t  th e y  formed an 

im portant p art o f  th e  la r v a l  d i e t .  On th e  o th er  hand she was a b le  to  

rear them on o th er  d ie t s  c o n ta in in g  no a lgae*  Thus t h i s  worker b e l ie v e s  

th a t o th er  organ ic  forms assume th e  r o le  p layed  by a lg a e  in  n a tu r e .

These o th er  forms were undoubtedly b a c te r ia  and y e a s ts  s in c e  Howland made 

no attem pt to  s t e r i l i z e  e i t h e r  m edia or eg g s .

The R ussian  worker B eklem ishev (1930) by means o f m ic r o d is se c t io n  

tech n iq u e  in v e s t ig a te d  th e  fo o d  o f A nopheline la r v a e .  He rep o r ts  th a t  th e  

la rv a e  o f A nopheles m acu lip en n is  u t i l i z e  p a r t ic le s  sm a lle r  than o mu 

and d evelop  as f a r  a s th e  fo u r th  in s t a r  on c o l lo id  f r a c t io n s  o f  organ ic  

su b stan ces p resen t in  w a ter . These sm a ll p a r t ic le s  were i n s u f f i c i e n t  to  

b rin g  about m atu rity*  Larvae o f" th e  fo u r th  in s t a r  u t i l i z e d  c o a rser  

p a r t ic le s  and album inous s u b s ta n c e s . B eklem ishev con clu d es th a t  c o l l o i d a l  

p a r t ic le s  a re  very  im portant in  th e  n u tr it io n  o f young A nopheline la rv a e  

which fe e d  c h ie f ly  by f i l t e r i n g .  B a c te r ia  were p resen t in  th e  pond water

*1  mu s  1 m icron , 0 .00025  in c h ,  0 .0 0 1  m il l im e te r .
1 m. mu •  *001 m icron , 0 .0000025  in c h , 0 .0 0 0 1  m il l im e te r .
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and m osquito  la r v a e  an a lyzed  by t h i s  worker*

S h ip itz in a  (1930>35) l ik e w is e  s tu d ie d  th e  n u tr it io n  problem o f  

m osquito  la r v a e  as a f f e c t e d  by organ ic  c o l lo id s  and used fe e d in g  e x p e r i

m ents and m ie r o d is s e c t io n  tech n iq u e*  She fe d  f i r s t  in s t a r  la r v a e  o f  

A nopheles m a cu lip en n is  s o lu t io n s  o f  C hinese in k  ( p a r t i c l e  s i z e ,  1 mu to  

0 .1  mu in  d ia m e te r ) , carm ine, and m ed ica l p rep a ra tio n  o f c o l lo id a l  s i l v e r  

(d ia m eter  * 2 0 .m. m u). In  h er l a t e r  paper she r ep o r ts  th e  u se  o f quartz  

sand of v a ry in g  d eg rees o f f in e n e s s  and c o l l o i d a l  g o ld  and haem oglobin . 

S h ip i t z in a 's  o b se r v a tio n s  r e v ea le d  th a t  th e  f i l t e r i n g  apparatus o f th e  

la r v a e  was cap ab le of c a tc h in g  c o l lo id a l  p a r t i c l e s ,  as th e  co n cen tra tio n  

of th e  su b sta n ces  t e s t e d  was much g r e a te r  in  t h e ir  g u ts  than in  th e  w ater. 

P a r t ic l e s  o f s o lu b le  s ta r c h  (5  m. mu.) were not f i l t e r e d  from th e  w ater  

by th e  f i r s t  in s ta r  la r v a e .  liVhen w ater was p assed  through f i l t e r  paper 

th e  growth o f la r v a e  in  i t  was reta rd ed  showing th a t  co a rser  p a r t ic le s  

in  su sp en sio n s  a re  im portant as fo o d . F ir s t  in s t a r  la r v a e  f i l t e r e d  out 

sand p a r t i c l e s  from 2 2 .8  mu. to  3 4 .2  mu. (d ia m eter  o f p a r t ic le s  -  20^ 

head w id th ) . Larvae o f th e  fo u r th  in s t a r  were a b le  to  f i l t e r  p a r t ic le s  

of sand as la r g e  a s 68 mu. to  1 65 .3  mu. (3 1 .2 ^  d iam eter of head w id th ).  

C o llo id a l g o ld  p a r t ic le s  (2 6 -3 1 .5  m. mu.) and haem oglobin p a r t ic le s  

(2 -4  m. mu.) were recovered  from th e  g u ts  o f  a l l  in s t a r s .

The work o f  th e s e  two R u ssian s w i l l  be d isc u sse d  la t e r  as i t  might a id  

in  th e  ex p la n a tio n  fo r  th e  f a c t s  th a t  a u to c la v in g  and B erk e fe ld  f i l t e r i n g  

of pond w ater ren d ers i t  in ca p a b le  o f  su p p ortin g  growth o f m osquito la rv a e  

beyond th e  fo u r th  in s t a r .

Hinman (1 9 3 0 , 3 2 (a ) > 32(b) » 33) dicL e x te n s iv e  resea rch  on th e  food  o f  

m osquito la r v a e . He s tu d ie d  th e  r o le s  of m icroorgan ism s, s o lu t e s ,  and th e  

u t i l i z a t i o n  of w ater c o l l o i d s .  From d is s e c t io n s  of th e  la rv a e  o f e ig h t



s p e c ie s  o f  A ed es , s i x  s p e c ie s  o f C u lex , A nopheles p u n c tip e n n is ..

T h eob ald ia  d y a r i , Th. in o m a t a , and Wycomyia s m ith ii  he found th a t  " d if 

fe r e n t  s p e c ie s  o f  m osquito  la r v a e  (w ith in  th e  same genera) from th e  same 

h a b ita t  norm ally  d ig e s t  about th e  same m ateria l" *  He fu r th e r  observed  

th a t  th e  la r v a e  a re  n o t s e l e c t i v e  in  t h e ir  fe e d in g  but sweep a co n sta n t  

stream  o f w ater c o n ta in in g  organism s and o th er  m a te r ia ls  in to  th e  i n t e s 

t i n a l  t r a c t*  Prom inent among th e  b io ta  were V o r t i c e l l a * c i l i a t e s ,  

Trachelm onas» E u g len a » r o t i f e r s ,  many f ila m e n to u s  green  a lg a e ,  u n i c i l l u l a r  

green  a lg a e ,  d esm id s, d ia to m s, b lu e  green  a lg a e ,  and cru stacea*  Hence 

Hinman i s  o f  th e  op in ion  th a t  m osq u itoes cannot be c o n tr o lle d  by th e  

e lim in a t io n  o f  la r v a l  food* He th en  t r i e d  to  rear la r v a e  o f  Aedes a e g y p ti  

on s t e r i l e  media* A utoclaved  pond w ater i f  uncontam inated f a i l e d  to  

support th e  growth o f  th e  la r v a e  of t h i s  s p e c ie s  beyond th e  th ir d  in s ta r *

On th e o th er  hand many o f  th e  contam inated c u ltu r e s  supported growth 

through p u p ation  and em ergence. S im ila r  r e s u l t s  were ob ta in ed  w ith  

Culex p ip ie n s  as th e  t e s t  animal* As Hinman s t a t e s  " a u to c la v in g s  o f w ater  

from b reed in g  p o o ls  d estro y ed  c e r ta in  elem en ts n ecessa ry  fo r  la rv a e  t r a n s 

form ation"* L ik ew ise  b a c t e r ia l  c e l l s  k i l l e d  ch em ica lly  f a i l e d  to  support 

growth under s t e r i l e  c o n d it io n s .  With B erk efe ld  W or N f i l t e r e d  pond 

w ater he was a b le  to  rear  to  m a tu r ity  sm a ll numbers o f Aedes a e g y p ti under 

a s p p t ic  c o n d itio n s*  R epeated experim ents w ith  s p e c ie s  o f  C ulex or  

A nopheles r e s u lt e d  in  f a i lu r e  to  ob ta in  a d u lts  in  s t e r i l e  B erk e fe ld  f i l t e r e d  

pond w a ter . In  some l a t e r  experim ents (1932) Hinman s tu d ied  d ia ly z e d  water  

th a t  was s t e r i l i z e d  by f i l t r a t i o n .  During d i a l y s i s  m ost o f  th e  c o l lo id s  

are  removed from th e  medium and th e  d ia ly z e d  pond w ater f a i l e d  to  support 

th e  growth o f  C u lic id  la rv a e*  A nopheline la r v a e  l iv e d  f o r  e le v en  days in



S eitz-W erka f i l t e r e d  pond w ater whereas in  pure s o lu t io n  th e  la r v a e  could  

su r v iv e  fo r  only th r e e  days* C o llo id s  o f sm a ll m o lecu le s  supported growth 

fo r  s ix  days* The com plete ab sen ce o f s o lu t e s  caused death  a lthough  on a 

s o lu t e  d ie t  a lo n e  th e  la r v a e  l i v e d  fo r  th e  s h o r te s t  p er io d s in  a l l  o f th e  

ex p er im en ts . The p re se n t w r ite r  a t  t h i s  tim e would l i k e  to  b rin g  out th e  

f a c t  th a t  a c c e s so r y  growth fa c to r s  a re  o fte n  w ater s o lu b le  and hence  

so lu te s *  At th e  same tim e th e r e  i s  th e  p o s s i b i l i t y  th a t  Hinman may have 

removed a l l  o f h i s  s a l t s  in  th e  d i a l y s i s  op era tion s*

W hite (1931) r e p o r ts  th a t  s t e r i l e  maggots fo r  s u r g ic a l  u se  can be 

reared  on a u to c la v e d  g lu c o s e ,  p ep to n ized  a g a r , and meat*

Hobson (1 9 3 1 , 3 2 (a ) > 3 2 ( b ) » 32 ( e ) ’ 3 3 * 35( a ) » 35( b ) » 33( c ) )  has con~ 

tr ib u te d  much t o  th e  f i e l d  o f in s e c t  n u tr it io n  and m etabolism  in  a s e r ie s  

of papers on th e  p h y s io lo g y  o f b lo w fly  larvae*  In  an e a r ly  paper (32) 

he rep orted  th a t  b lo w fly  (L u c i l ia )  la r v a e  cou ld  be reared  on s t e r i l e  b rain  

(gu in ea  p ig )  mush and th a t th e  r a t e  o f  growth was th e  same as on in f e c t iv e  

t i s s u e .  T h erefo re  he concluded th a t  m icroorganism s p layed  no part in  

in t e s t in a l  d ig e s t io n *  Hobson a ls o  n o t ic e d  th a t  when s t e r i l e  unheated  

m uscle was used as a r e a r in g  medium fo r  a s e p t ic  la rv a e  t h e ir  growth r a te  

was decreased* When t h i s  m uscle was in fe c te d  w ith  B a c il lu s  c o l i  normal 

growth was resto red *  The a d d it io n  o f y e a s t  e x tr a c t  to  th e  m uscle d id  th e  

same th in g*  T his w orker th en  concluded th a t  some growth prom oting fa c to r  

was la c k in g  in  s t e r i l e  m u sc le . He then  s tu d ied  th e  growth o f  b lo w fly  la rv a e  

on b lood  which a ls o  was d e f ic ie n t  in  growth substance* S t e r i le  h orse  

blood was absorbed on s t e r i l e  co tto n  and a llow ed  to  co agu la te*  Hobson 

found th a t  fo r  normal growth to  occur under a s e p s is  w ith  t h i s  b lood d i e t ,  

at l e a s t  th r e e  growth fa c to r s  must be added! a sub stan ce ab sent from  

aqueous or a lc o h o l ic  e x tr a c ts  o f y e a s t s ,  but p resen t in  a s o lu b le  form in



y e a s t  a u t o ly s a t e ,  a h e a t - la b i l e  fa c to r  which cou ld  be su p p lie d  by P e te r s  

" a n t in e u r it ic  c o n c e n tr a te 1*, a h ea t s ta b le  fa c to r  p rese n t in  a u to c la v e d  

y e a s t  ex tra c t*  In  th e  a n a ly s is  o f th e  r e s u l t s  o f  experim ents on m osquito  

la r v a e  th a t  are t o  be p re sen te d  l a t e r ,  th e  p rese n t w r ite r  w i l l  dem onstrate  

a t  l e a s t  th r e e  fa c to r s  p resen t in  y e a s t  s im ila r  t o  th o se  d esc r ib e d  by 

Hobson. A ccording to  Hobson " t e s t s  w ith  a u to c la v ed  y e a s t  have shown th a t  

b lo w fly  la r v a e  re q u ir e  a h e a t - l a b i l e  f a c to r  which i s  jprobably analogous  

to  members o f  th e  v itam in  B com plex and th ey  may a ls o  be id e n t i c a l  w ith  

v ita m in s  req u ired  by h ig h er  an im als" . One o f  th e  f a c to r s  p resen t in  y e a s t  

i s  very  r e s i s t a n t  and s ta b le  in  th e  p resen ce  o f  both h eat and a lk a l i s  th e  

oth er  s e n s i t iv e  t o  a l k a l i  and somewhat l a b i l e  t o  lo n g  p er io d s o f  h ea tin g *  

Hobson d isco v er ed  an oth er fa c to r  req u ired  by b lo w fly  la r v a e ,  >a f a t  so lu b le  

su b sta n ce  o f which in  an e a r l ie r  paper he s t a t e s  th a t  " the d is t r ib u t io n  

o f  th e  b lo w fly  fa c to r  shows th a t  i t  i s  n ot v itam in  A, D, or Ew. However 

he l a t e r  shows th a t  t h i s  f a t  s o lu b le  fa c to r  i s  c h o le s t e r o l  which i s  

c h em ic a lly  r e la te d  t o  v itam in  D* The e x te n s iv e  work o f t h i s  E n g lish  in s e c t  

p h y s io lo g is t  has been a g rea t a id  to  th e  p resen t w r ite r  in  h is  experim ents  

on th e  v itam in  requ irem ents o f m osquito  larvae*

M ich elb a ch er , H o sk in s , and Herms (1932) in v e s t ig a te d  th e  adequacy of 

s t e r i l e  s y n th e t ic  d ie t s  in  th e  n u tr it io n  o f th e  f l e s h  f l y  la r v a ,  L u c i l ia  

s e r i c a t a * These w orkers reared  b lo w fly  la r v a e  under a s e p t ic  c o n d it io n s  on 

p u r if ie d  c a s e in ,  brew ers y e a s t  powder, F le ish m an n 's y e a s t  (bakerssjl b u tte r  

f a t s or d o d - l iv e r  o i l ,  s a l t  m ix tu r e , c y s t in e ,  and agar* The a d d it io n  o f  th e  

amino a c id  c y s t in e  had a rem arkable e f f e c t  in  in c r e a s in g  th e  numbers o f  

pupae* I t  can be noted  th a t  c a s e in  i s  a p r o te in  very low  in  c y s t in e  con

t e n t .  C y stin e  or r e la te d  su lp h u r -co n ta in in g  amino a c id s  i s  a very impor

ta n t  su b sta n ce  in  th e  n u tr it io n  o f h ig h er  anim als*



Cook and S c o tt  (1933) rep o rted  th a t  th e  te r m ite  Zooterm op sis

a u g u s t ic o l l ia  must have in  i t s  d ie t  v ita m in s A, B, D, and G. They fed
c o n s is t in g

t h i s  t e r m ite  on a d ie t  o f  s u c r o s e , c a s e in ,  C r is c o , s a l t s ,  and agar g e l .  

V itam ins A and D were g iv en  as th e  n o n -s a p o n if ia b le  p o r t io n s  o f  cod l i v e r  

o i l  and B and G in  r i c e  p o l i s h in g s .  The food  and c o n ta in e r s  were changed 

d a ily  t o  in h ib i t  th e  growth of b a c te r ia  and m olds. I t  must be remembered 

th a t  th e s e  w orkers d id  n ot co m p le te ly  c o n tr o l th e  e f f e c t s  o f m icroorganism s  

(cQmjblete s t e r i l i t y )  nor d id  th e y  use ch em ic a lly  pure m a te r ia ls  (v ita m in s)*  

H oog, v a n 't  (1 9 3 5 ,3 6 ) s tu d ied  th e  e f f e c t  of v ita m in s on th e  a s e p t ic  

c u ltu r e  o f  D ro so p h ila  m ela n o g a ster .  He c la im s th a t  th e  l i f e  h is t o r y  of t h i s  

s p e c ie s  can be com pleted in  th e  absence o f v ita m in s  A, D, and E. However 

D ro so p h ila  la r v a e  need th e  n o n -s a p o n if ia b le  f r a c t io n  o f f a t s  in  t h e ir  food*  

The a c t iv e  p r in c ip le  a cco rd in g  t o  t h i s  worker was c h o le s t e r o l  fo r  which th e  

fo llo w in g  cou ld  be s u b s t itu te d :  s i t o s t e r o l ,  p h y to s te r o l ,  s t ig m a s te r o l ,  or

e r g o s te r o l i  but i t  cou ld  not be rep la ced  in  th e  food by c a l c i f e r o l  or  

lu m i,s te r o l. A d ia ly s a t e  o f  y e a s t  e x tr a c t  c o n ta in s  a l l  o f  th e  n e ce ssa ry  

w ater s o lu b le  fa c to r s *  I r r a d ia t io n  o f  th e  d ia ly s a t e  by means o f  v i s i b l e  

l i g h t  rendered  i t  in a c t iv e  and th e  a d d it io n  o f  la c t o f la v in  p a r t ia l l y  r e s to r e d  

th e  a c t i v i t y .  V an't Hoog in f e r s  th a t  th e  v ita m in s  B^, Bg» and oth er w ater  

s o lu b le  fa c to r s  of y e a s t  are  req u ired  by D ro so p h ila  larvae*

N elson  and Palmer (1935) determ ined th e  phosphorus co n ten t o f th e  e g g s ,  

la r v a e ,  pupae, and a d u lts  o f  T ribolium  confusum and s tu d ie d  th e  need fo r  

v itam in  D. A n a ly s is  showed th a t  phosphorus con ten t o f  th e  e g g s , la r v a e ,  

pupae, and a d u lts  was Q.445/£, 0*456^ , Q.522J&, 0*598/£ o f  th e  d r ied  w eight  

r e s p e c t iv e ly .  They a ls o  observed th a t  v itam in  D was not needed f o r  any 

p h y s io lo g ic a l  fu n c tio n  th a t  cou ld  be d e te c te d  by le n g th  t>f tim e to  p u p a tio n , 

a ls o  th a t  th e  phosphorus co n ten t o f  th e  pupae was in  no way e f fe c t e d  by



26.

v ita m in  D*

S tr e e t  and Palmer (1935) s tu d ie d  th e  req u irem en ts o f T ribolium  confusum  

fo r  v ita m in s  o f B group* They used  a b a sa l d ie t  c o n s is t in g  o f 15 p a r ts  of  

c a s e in ,  3 p a r ts  of C r is c o , 4 p a r ts  O sborne-m endel s a l t  m ix tu r e , and 10 p a r ts  

of d e x tr in .  A 5 gram p o r tio n  o f th e  b a sa l d ie t  was mixed w ith  th e  v a r io u s  

v itam in  requirem ent supplem ents and p la ced  in  a v i a l  w ith  tw enty  tw o-hour  

o ld  la r v a e .  A l l  v i a l s  were in cu b a ted  a t 32°G and 10% hum idity  and average  

tim e o f p u p ation  recorded* In  th e  p resen ce  o f a v ita m in  co n cen tra te  no 

p u p ation  r e su lte d *  L ik ew ise  in  th e  p resen ce  o f 5% a u to c la v e d  y e a s t  no 

p u p ation  r e su lte d *  On th e  o th er  hand when th e s e  workers m ixed a v ita m in  

c o n c en tr a te  (2%  r ic e  p o l is h )  and 1% a u to c la v ed  y e a s t  th e  average p u p ation  

tim e was 192 d a y s. Thus i t  can be seen  th a t  a h e a t - la b i l e  f a c to r  (B^) and 

a h ea t s t a b le  f a c t o r  a re  req u ired  by th e  la r v a e  o f th e  con fu sed  f lo u r  

b e e t le .  S tr e e t  and Palmer a ls o  observed  th a t  a t  a pH* o f 13 th e  h ea t s ta b le  

f a c to r  was d estro y ed  by fo u r  hours of a u to c la v in g .

Rozeboom (1935) s tu d ie d  th e  r e la t io n  of b a c te r ia  and b a c t e r ia l  f i l t r a t e s  

to  th e  developm ent o f m osq u ito  larvae*  He found th a t  th e  f i l t e r i n g  o f pond 

w ater by means o f  a B e r k e fe ld  f i l t e r  f a i l e d  to  support th e  growth of Aedes 

a e g y p t i , Culex p ip ie n s » C* t e r r i t a n s , and C* s a l in a r iu s  under a s e p t ic  con

d it io n s *  When th e  same f i l t e r e d  pond w ater was in o c u la te d  w ith  a mixed c u l

tu r e  o f  E sc h e r ic h ia  c o l i , B a c i l lu s  s u b t i l i s , and B* megatherium i t  was n o tic e d  

th a t  144 la r v a e  o f A* a e g y p ti y ie ld e d  60 fo u r th  in s t a r  w ater la r v a e  and 4  

a d u lt s .  'With t h i s  same m ix tu re  230 f i r s t  in s t a r  la r v a e  of C ulex spp. f a i l e d  

to  en ter  th e  second in s ta r *  On th e  o th er  hand a contam inated bread m ixture  

produced 90 a d u lt s ,  102 fo u r th  in s t a r  la r v a e ,  out o f  147 in o c u la te d  f i r s t  

in s t a r  la r v a e  o f Aedes a e g y p t i . Both e x t r a - c e l lu la r  and i n t r a - c e l lu la r  

e x tr a c ts  o f  E* c o l i  and B* s u b t i l i s  were prepared and added by means o f th e



s t e r i l e  B er k e fe ld  f i l t e r  t o  a medium composed o f  a u to c la v ed  dove f e c e s  in  

w a te r . Growth cou ld  n ot proceed  on e i t h e r  o f  th e s e  d ie ts *  Hence Rozeboom 

co n clu d es th a t  th e  growth fa c to r s  were not in tr a  or e x t r a - c e l lu la r  products  

of b a c t e r ia l  m etab o lism . Pond w ater when a u to c la v ed  gave n e g a t iv e  r e s u lt s  

but when contam inated  produced good grow th.

T rager (1935a , 35^, 3 6 , 37) and T ra g er , M i l le r ,  and Rhoads (1938) have 

in v e s t ig a t e d  th e  growth su b sta n ces  req u ired  by th e  la r v a e  o f Aedes a eg y p ti  

under s t e r i l e  c o n d it io n s .  Trager in  h is  e a r l i e r  work dem onstrated th a t  th e  

growth o f t h i s  m osquito  to  m atu rity  cou ld  occur on a s t e r i l e  medium com

posed  o f  v ita m in -fr e e  c a s e in ,  s a l t s ,  and e x tr a c ts  from E l i  L i l l y  l i v e r  

e x tr a c ts  No. 343 and H arris  y e a s t  ex tra c t*  I t  was concluded by Trager th a t  

two a c c e s so r y  growth f a c t o r s ,  one in  l i v e r ,  and an oth er in  y e a s t  were re 

qu ired  by m osquito la r v a e  fo r  normal developm ent. F actor A* in  l i v e r ,  

was found t o  be s o lu b le  in  w ater and d i lu t e  a lc o h o l ,  h eat s t a b le ,  but was 

d estro y ed  by a l k a l i  and absorbed by f u l l e r ' s  e a r th . T h is fa c to r  was la t e r  

shown t o  be p resen t in  sm a ll q u a n t it ie s  in  y e a s t .  F actor  B , found in  y ea st  

and y e a s t  e x t r a c t ,  a ls o  in  egg w h ite  and w heat, was both h eat and a lk a l i  

s t a b le  and was n ot absorbed by f u l l e r ' s  e a r th . L ater  Trager reared  mos

q u ito  la r v a e  on th e  y e a s t  e x tr a c t  m a te r ia l w ithout th e  l i v e r  ex tra c t*

However, th e  c o n c e n tr a tio n  of th e  y e a s t  had to  be g r e a t ly  in c r e a se d  in  

ord er t o  support growth w ith out th e  l i v e r  ex tra c t*  When l^ercks c r y s t a l l in e  

v ita m in  was a u to c la v e d  and used to  r e p la c e  th e  y e a s t  e x tr a c t  th e  la r v a e  

d ied  in  th e  f i r s t  or second in s ta r *  However, when s t e r i l i z e d  by f i l t r a t i o n  

through  a S e it z  f i l t e r  th e  la r v a e  cou ld  reach  th e  th ir d  in s t a r ,  but none 

reached th e  fo u r th . At th e  same tim e r e la t iv e ly  la r g e  amounts o f  were 

r e q u ir e d . Trager d e f in i t e l y  s t a t e s  th a t  v itam in  B  ̂ was n ot th e  l i v e r  growth 

f a c t o r  req u ired  by m osquito la rv a e*  The a b i l i t y  o f la r v a e  t o  u t i l i z e  s o lu te s



was a l s o  in v e s t ig a t e d  by ’t h is  w orker. He found th a t  la r v a e  o f Aedes a e g y p t i  

co u ld  e x i s t  on s o lu t e s  a lo n e  a s  fa r  a s  th e  fo u r th  in s t a r .  Calcium io n s  had 

t o  be p r e se n t  in  th e  s o lu t e  d i e t ,  in  order f o r  th e  la r v a e  t o  reach  th e  

fo u r th  in s ta r *  T ra g er , M i l l e r ,  Rhoads, (38) ob served  th a t  e x tr a c ts  prepared  

from t h e  u r in e  o f norm al in d iv id u a ls  or  p a t ie n t s  w ith  a p la s t ic  anemia 

co n ta in ed  a  su b sta n ce  w hich “enhances th e  growth o f  th e  la r v a e  o f  th e  mos

q u ito ,  Aedes aegyp ti**. T h is  su b stan ce  a cco rd in g  t o  them , i s  p o s s ib ly  a  

f la v in e  or a f la v in e  compound. I t  i s  “la c k in g  or i s  p resen t in  sm a ller  

q u a n t i t ie s  or e x tr a c t s  from th e  u r in e  o f  p e r n ic io u s  anemia p a t ie n t s  showing  

symptons o f th e  d is e a s e " .  However, when th e s e  same p a t ie n t s  were g iv e n  

adequate tr e a tm e n t, th e  u r in e  th en  co n ta in ed  a s  much o f th e  su b sta n ce  as  

normal u r in e  e x t r a c t s .

F r o s t ,  Harms*, and H oskins (1936) have s tu d ie d  th e  n u t r i t io n a l  r e q u ir e 

m ents o f th e  la r v a e  o f th e  m o sq u ito , T h eob ald ia  in c id e n s  ThoijcU T hese  

w orkers found th a t  y e a s t  (Fleisehm ann* s)  was an ad eq u ate  fo o d  f o r  th e  la r v a e .  

The most fa v o r a b le  c o n c e n tr a tio n  was 2—2 .5  m illig r a m s  p er  cc* Brewers 

y e a s t  in  a c o n c e n tr a tio n  o f 1 m illig r a m  per c c .  was a l s o  s a t i s f a c t o r y .  

T heobald ia  in c id e n s  was reared  to  m a tu rity  under a s e p t ic  c o n d it io n s ,  but 

most o f th e  experim ents w ere made under non s t e r i l e  c o n d it io n s  by a d a i ly  

t r a n s fe r  o f th e  la r v a e  to  f r e s h  fo o d s . T ec h n ic a l and p u r i f ie d  c a s e in  a lo n e  

proved t o  be in ad eq u ate  as r e a r in g  media but were improved by th e  a d d it io n  

of c e r t a in  in o r g a n ic  s a lt B .  The a d d it io n  of d r ied  y e a s t  t o  v ita m in  f r e e  

c a s e in  supported th e  growth o f la r v a e  to  m a tu r ity . The e s s e n t i a l  growth  

f a c to r  co n tr ib u ted  by y e a s t  accord in g  t o  t h e s e  workers was th e rm o sta b le  

and not f a t  so lu b le  and was thought t o  be v ita m in  G or a member of th e  G 

complex* “P r o te in s  a re  by fa r  th e  most im portant c la s s  of food  s t u f f s ,  and 

carb oh yd rates and f a t s  a re  r e q u ir e d ,i f  a t  a l l ,  in  sm a ll am ounts", a cco rd in g



to  th e s e  w ork ers. They a ls o  c la im  th a t  v ita m in s  A, B, C, D, and E d id  not 

appear to  be needed f o r  th e  developm ent o f t h i s  in s e c t .

The te c h n iq u e  o f F r o s t ,  H e m s, and H oskins was adopted fo r  two e x p e r i

m ents s in c e  i t  o c c a s io n s  much l e s s  l o s s  o f  tim e because o f contam ination  

and consequent n e c e s s i t y  o f  re p e a tin g  exp erim en ts. However, i t  i s  l i k e l y  

th a t  i t s  r e s u l t s  a re  n ot so a ccu ra te  as th o se  ob ta in ed  by th e  use o f  s t e r i l e  

m edia , s in c e  m icroorganism s may in  24 hours produce s u f f i c i e n t  v ita m in s to  

v i t i a t e  th e  r e s u lt s *

Jacobs and Raichoudhury (1937) reared  t o  m atu rity  E p h estia  k u e h n ie lla  Z. 

(M editerranean  f lo u r  moth) under a s e p t ic  c o n d ito n s . They used wholem eal 

f lo u r  th a t  had been kept a t  180°C f o r  two hours and no b a c t e r ia l  growth was 

o b serv ed . Eggs o f t h i s  moth were immersed in  0*1^ m ercuric c h lo r id e  s o lu t io n  

fo r  te n  m in u tes and in o c u la te d  in to  th e  medium. These workers noted  th a t  

growth was s low er and th a t  emergence o f th e  f i r s t  moths occurred fo u r  days 

l a t e r  on th e  s t e r i l i z e d  m edia , th an  on th e  same unheated media* I t  was 

claim ed by them th a t  th e  s lo w in g  o f  th e  growth r a te  was probably due t o  th e  

d e s tr u c t io n  o f th e  A and B v ita m in s .

Rakhmanova (1937) in v e s t ig a te d  th e  r o le  o f  b a c te r ia  in  th e  growth of  

th e  la r v a e  of A nopheles m a cu lip en n is . In  su sp en sio n s  of B a c i l lu s  f lu o r e sc e n s  

th e  la r v a e  g ra d u a lly  d ied  o f f  in  th e  course o f t h e ir  developm ent. However, 

in  pure c u ltu r e s  of B* c o l i  in  s t e r i l i z e d  tap  w a ter , normal growth o f la rv a e  

o ccu rred , and a d u lts  were ob ta in ed  in  h ig h  co n c en tr a tio n s  o f th e  b a c te r ia .

He thought th a t  th e  medium was not s u f f i c i e n t l y  n o u r ish in g  to  a llo w  th e  

b a c te r ia  to  in c r e a s e  in  a p p re c ia b le  numbers and t o  become " to x ic ” . In  too  

low  a b a c t e r ia l  c o n c e n tr a t io n , th e  larva© d ied  o f hunger.

Melampy and Maynard (1937) s tu d ied  th e  n u tr it io n  o f th e  cock roach ,

B la t e l l a  germ anica. They found d ie t s  o f m ilk  and m ilk products in ad eq u ate  

fo r  th e  growing roach . Ground wheat and d r ied  skim m ilk  or ground wheat and



meat w ere very  s u i t a b le  d i e t s .  An e th e r  e x tr a c t  o f  m ilk  which w ith sto o d  

s a p o n if ic a t io n  produced a growth s t im u la t in g  su b sta n ce . Lard or b u tte r  o i l  

cou ld  n o t be s u b s t itu te d  fo r  th e  o i l  ( f a t )  from w heat. A v ita m in  o f  th e  

B com plex which was h ea t and a l k a l i  s ta b le  was a ls o  r eq u ir e d .

C row ell and McCay (1937) rep o rt th a t  th e  webbing c lo th e s  m oth,

T in e o la  b i s s e l l i e  11a r e q u ire s  p art or a l l  o f  th e  v itam in  B complex* F at and 

th e  f a t  s o lu b le  v ita m in s  were n o t needed by t h i s  in s e c t*  They a l s o  rep ort  

th a t  p u r if ie d  c a s e in  was n ot an adequate p r o te in  fo r  optimum developm ent, 

but when p u r if ie d  la c ia lb u m in  was added, normal growth o f  T in eo la  re su lted *  

C y stin e  cou ld  not r e p la c e  la c ta lb u m in  in  th e  d ie t*

B u sn el (1937) in  an an a to m ica l and p h y s io lo g ic a l  study of th e  la rv a e  

of E p h e s tia  k u e h n ie l la  r e p o r ts  th a t  th e  la r v a e  cou ld  n ot mature on f lo u r  

which had i t s  v ita m in s  removed by treatm en t w ith  X -rays or h e a t .

M.cCay (1938) s tu d ie d  th e  n u t r i t io n a l  requirem ents o f  B la te  11a 

g e r a a n ic a * He s t a t e s  th a t  "the combined ev id en ce  from a l l  o f  th e se  ex p e r i

m ents in d ic a te d  th a t  t h i s  s p e c ie s  has l i t t l e  i f  any need fo r  v itam in s A 

and D, but th a t  th e r e  i s  a requirem ent fo r  some o f th e  fa c to r s  o f y e a s t" •

The y e a s t  f a c to r s  were in  p art s o lu b le  in  w ater and in  p art in  th e  fa t  

s o lv e n t s .

B u sh n e ll (1938) r ep o r ts  th a t  th e  la r v a e  o f T ribolium  confusum req u ire  

th e  a d d it io n  o f y e a s t  t o  t h e ir  cornm eal re a r in g  media fo r  a h igh  p ercen tage  

o f  em ergence. At th e  same tim e th e  d evelop m enta l p er io d  was reduced by 

t h ir t e e n  days when y e a s t  was added t o  th e  cornmeal d i e t .

Ludwig and Fox (1938) s tu d ie d  th e  growth and s u r v iv a l  o f  Japanese  

b e e t le  la r v a e  in  d i f f e r e n t  media* They observed th a t  wheat or y e a s t ,  when 

added to  s o i l s  c o n ta in in g  b e e t le  la r v a e  and p la n t m a te r ia ls ,  in c r e a se d  th e  

numbers o f su r v iv in g  b e e t l e s ,  shortened th e  metamorphic p e r io d , and produced



in d iv id u a ls  o f  la r g e r  s i z e .  The f a c t s  were a t tr ib u te d  by Ludwig and Fox 

t o  th e  p resen ce  o f  a c c e sso r y  food fa c to r s  b e lo n g in g  to  th e  v itam in  B complex 

in  wheat and y e a s t •

G la ser  (1938) rev ea led  th a t th e  common h o u s e f ly ,  Musea d o m estica , 

cou ld  be reared  under s t e r i l e  con d iton s on a medium composed o f a u to c la v ed  

y e a s t ,  l i v e r ,  w a te r , and saw dust.

C hiu, Shin Foon and McCay (1939) have con tin u ed  th e  study o f th e  

n u t r i t io n a l  requ irem ents o f th e  confused  f lo u r  b e e t l e ,  T ribolium  confusum  

Duv* These workers a ls o  s tu d ie d  th e  food requirem ents o f  th e  bean b e e t l e ,  

A c a n th o sc e lid e s  o b te c tu s  Say* A h igh  p r o te in  d ie t  was needed fo r  th e  

developm ent o f  T rib o liu m . A p u r if ie d  d ie t  composed o f c a s e in ,  corn s ta r c h ,  

y e a s t ,  c o tto n  seed  o i l ,  and Gsborne-Mendel S a lt  m ixture was s u f f i c i e n t  fo r  

normal developm ent. V itam ins add G ( la c t o f la v in )  a lo n e  did not f u l f i l l  

th e  requ irem ents fo r  th e  growth o f T rib oliu m . They confirm ed th e  p rev iou s  

work o f McCay, th a t  th e  f a t  s o lu b le  v ita m in s A and D were not needed by th e  

con fu sed  f lo u r  b e e t l e .  One or more a d d it io n a l  fa c to r s  p resen t in  y e a s t  

were e s s e n t ia l  fo r  th e  growth o f t h i s  b e e t l e .  T ribolium  la r v a e  grew  

norm ally when fe d  d e x tro se  as t h e ir  on ly  source of carbohydrate.



METHODS

The r o l e  o f  m icroorganism s i n  th e  n u t r i t io n  and m etabolism  o f  

in s e c t s  has b een  co n s id ere d  in  th e  p o r t io n  o f  t h is  t h e s i s  devoted  

to  th e  r ev iew  o f  l i t e r a t u r e *  I t  can  b e  r e a d i ly  seen  th a t  f o r  

s ig n i f i c a n t  r e s u l t s  exp erim en ts m ust be conducted  on s t e r i l e  media 

in o c u la te d  w ith  e i t h e r  s t e r i l e  eg g s  or s t e r i l e  la rv a e*

P re lim in a ry  exp erim en ts were conducted  b y  the p r e se n t  w r ite r  

to  d eterm in e a  s u c c e s s fu l  tech n iq u e  f o r  s t e r i l i z i n g  th e  eggs o f  

m osquitoes*  "White (1931) and Trager (1935) recommended a s o lu t io n  

composed o f  m ercuric c h lo r id e  0*25 gram, sodium c h lo r id e  6*5 grams, 

h y d ro ch lo r ic  a c id  1 .2 5  c c * , e t h y l  a lc o h o l  (9 5 /0  250 c c * , and d i s 

t i l l e d  w a ter  750 cc* They exposed  the e g g s  f o r  p e r io d s  o f  f i v e  to  

te n  m in u tes and tr a n s fe r r e d  them b y  means o f  a s t e r i l e  lo o p  or s t e r i l e  

p ip e t t e  to  the v a r io u s  media* Other w orkers have u sed  B0% a lc o h o l ,  

0 .1 $  aqueous m ercuric c h lo r id e ,  and 5$ form alin* The au thor adopted  

th e tech n iq u e  d e s c r ib e d  b y  Hinman (1932) and l a t e r  u sed  b y  Rozeboom 

(1 9 3 5 )•  Eggs were submerged i n  a d i lu t e  soap  s o lu t io n  fo r  f i v e  

m in u tes , r in se d  i n  s t e r i l e  w a ter , and th en  immersed i n  a 1 /1000  

d i l u t i o n  o f  h e x y lr e s o r c in o l  (com m ercial S .T .3 7 )  fo r  a p er io d  o f  

two m inutes*

A ll m ethods have two w ea k n esses , th e  d i f f i c u l t y  o f  o b ta in in g  

s t e r i l e  c u ltu r e s  and o f  o b ta in in g  a rea so n a b le  p ercen ta g e  o f  hatch*  

Many tu b es had to  b e d isca rd ed  b eca u se  o f  contam ination* The 

m osquito egg p r e s e n ts  a  r e l a t i v e l y  la r g e  su r fa c e  and p e n e tr a tio n  

o f  th e  d is in f e c t a n t  through the ch o r io n  k iH s  th e  embryo. The



au th or co n s id er e d  60 -80$  h a tch  o f  th e  tr e a te d  eggs f r e e  from m icro

organ ism s v e r y  fo r tu n a te *  S t e r i l i t y  was checked e i t h e r  by  p la t in g  

a p o r t io n  o f  th e  rea r in g  m edia on P e t r i—d is h e s  on stan d ard  b a c te r io 

l o g i c a l  n u tr ie n t  agar or b y  making s tr e a k s  on agar p la n t s .

A nother problem  i n  tech n iq u e  was th e  m a tter  o f  egg m anipula

t i o n .  The method o f  MacGregor (1929) o f  u sin g  g la s s  "boats" proved  

t o  b e  th e  m ost f e a s i b l e .  G lass cover s l i p s  were c u r le d  in  the flam e  

o f  a  Bunsen b u rn er and eggs were p ip e t te d  in t o  th e se  “b oats"  where 

th e y  adhered to  th e  in n e r  s u r fa c e s .  The "boats" w ere e a s i l y  

m anipu lated  w ith  s t e r i l e  f o r c e p s .  The r a f t - l i k e  egg m asses o f  

C ulex p ip ie n s  had t o  b e  te a se d  a p a r t and th e  eggs separated#. Eggs 

o f  Aedes a r e  l a i d  s in g ly  and are more r e a d i ly  h a n d led . In  many ex

p erim en ts s t e r i l e  eggs w ere in o c u la te d  d ir e c t ly  in t o  t e s t  tu b es or  

Erlenm eyer f la s k s  c o n ta in in g  th e  d e s ir e d  d i e t s .  However, i f  e x c e ss  

o f  th e  m a te r ia ls  to  make up one o f  th e  d i e t s  was on hand th e  eggs  

w ere tr a n s fe r r e d  to  s t e r i l e  w a ter  and a f t e r  th e  la r v a e  had hatched  

th e y  were tr a n s fe r r e d  to  th e  d i e t .  This l a t t e r  method enhances th e  

p o s s i b i l i t i e s  o f  con tam in ation  b u t has an advantage when a low p er

c en ta g e  o f  h a tch in g  o c c u r s .

Another problem  en cou n tered  in  n u t r i t io n a l  s tu d ie s  in  in s e c t  

p h y s io lo g y  i s  in  th e  p r ep a r a tio n  o f  d ie ts *  M icroorganism s can be 

e a s i l y  d estro y ed  in  food  s t u f f s  b y  means o f  h ea t  (u s u a l ly  b o i l in g  

or a u to c la v ip g ) ,  c h e m ic a ls , o r  u l t r a v i o l e t  l i g h t .  S in ce  b io c h e m is ts  

have p resen ted  d ata  show ing th a t  the u se  o f  h e a t , u l t r a v i o l e t  or  

even  v i s i b l e  l i g h t  d e s tr o y s  s e v e r a l  o f  the v ita m in s , i t  was fo r 

tu n a te  th a t  th e v ita m in s  u sed  b y  t h i s  au thor are  s o lu b le  i n  w a ter  

and co u ld  b e  s t e r i l i z e d  by b e in g  p a ssed  through a s t e r i l e  B er k fe ld  ¥



f i l t e r .  The o y s te r  meal p r o te in  used  in  th e s e  experim ents was 

v ita m in - fr e e  m a te r ia l  and was a u to c la v e d . G lucose and th e  O sborne- 

Mendel s a l t  m ixtu re and d r ie d  y e a s t  w ere a u to c la v e d .

Two rea r in g  ca g es  w ere m ain ta in ed  i n  a la r g e  in cu b a to r
JL

(2B0°C . — 1 ° ) .  I n  one cage Aedes a e g y p t i  c u ltu r e s  w ere m aintained  

th rou gh ou t th e  y e a r .  C ulex p ip ie n s  was bred i n  th e  o th er  c a g e .  

M ales o f  b o th  s p e c ie s  w ere fe d  on m o is t  r a i s in s  and the fem ales on 

l i v i n g  p lu ck ed  p ig e o n s . E ith e r  s p e c ie s  o v ip o s i t s  r e a d i ly  on f i l t e r  

p aper f lo a t in g  on la r g e  f in g e r  bow ls o f  w a ter . O v ip o s it io n  a ls o  

o ccu rs  on th e  top  o f  w a te r . Eggs o f  Aedes a e g y p t i a re  la id  s in g ly  

w hereas eggs o f  C ulex p ip ie n s  a r e  l a i d  i n  r a f t s  o f  200—300 or m ore.
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RESULTS

Growth o f  M osquito Larvae in  Pure C u lture o f  M icroorganism s.

In  th e s e  exp erim en ts i t  was th ough t a d v isa b le  to  a l t e r  th e  b a sa l  

d i e t  o f  0*1$ o y s te r  m eal, d r ie d  y e a s t ,  g lu c o s e , and Osborn e-M endel 

s a l t  m ixture* A t t h i s  c o n c e n tr a tio n  o f  o y s te r  m eal, d r ied  y e a s t ,  and 

g lu c o s e  th e  b a c t e r ia l  grow th i s  too  g r e a t  fo r  th e  w e ll-b e in g  o f  m osquito  

la r v a e *  T herefore a  d i e t  o f  0 .0 5 $  o y s te r  m eal, 0*05$ d r ie d  y e a s t ,

0*05$ g lu c o s e ,  and 0 .1 $  Osborne-M endel s a l t  m ixture was made in  d i s 

t i l l e d  w a ter  and a u to c la v ed *  P o r tio n s  20 -50  c c .  in  volume w ere tra n s

fe r r e d  to  s t e r i l e  t e s t  tu b e s  or f la s k s  and in o c u la te d  w ith  th e  d e s ire d  

o rgan ism s. Tw enty-four hours l a t e r ,  s t e r i l e  d a y -o ld  la r v a e  o f  the  

m osq u itoes were in o c u la te d  in t o  th e  v a r io u s  tubes and f la s k s *

Table I  shows th e  r e la t io n  o f  E. c o l i  to  th e  growth o f  th e  

la r v a e ,  Table I I ,  th e  r e la t io n  o f  B . s u b t i l i s * and Table I I I ,  th e  

r e la t io n  o f  £>* c e r e v is a e *

Thus i t  can b e  seen  th a t  o f  the th re e  m icroorganism s, o n ly  

two o f  them, B a c i l lu s  s u b t i l i s * and Saccharom ycetes c e r e v is a e  (y e a s t )  

co u ld  su p p ort th e  growth o f  m osquito la r v a e  in  pure c u ltu r e .  The 

r e s u l t s  o f  th e  t e s t s  w ith  E sc h e r ic h ia  c o l i  r e v e a l th a t  some o f  the  

fo u r th  in s t a r  la r v a e  w ere a b le  to  pupate b u t  none o f  them em erged.

This may b e co n s id ere d  unusual in  th a t  when an i n s e c t  s p e c ie s  p u p ates  

i t  i s  g e n e r a lly  a b le  to  em erge. Many d i e t s  w i l l  support th e  growth 

o f  m osquito la r v a e  to  th e  fo u rth  in s t a r  b e fo r e  death  o c c u r s . On in 

adequate or in co m p lete  d i e t s  the pupal s ta g e  i s  a lm ost n ev er  rea ch ed .



T able I#  S u r v iv a l o f  S t e r i l e  M osquito Larvae on A utoclaved  0*05% 
O yster  M eal, 0 .0 5 $  D ried  Y e a s t , 0*05$ G lu cose , and 0 .1 $  
O'sb.-Mendel S a l t  M ix tu re . In o c u la te d  -with E sch er ich ia  
c o l i .  p .H . 6*8 -7*0  -  NaOH -  KH2P0^

Aedes a e g y p t i

T est N o.
N o. Day 

Old Larvae
No* 4-th 

I n s ta r  Larvae
N o.

Pupae
No*

A d u lts

1 20 14 2 0
2 20 11 0 0
3 20 16 3 0
4 20 12 1 0
5 20 1 4 2 0
6 20 10 0 0
7 20 11 0 0
8 20 8 2 0
9 20 12 4 0

10 20 15 1 0

TOTAL 200 123 15 0

C ulex p ip ie n s

No. Day No* 4 th No. No.
T e s t  No. Old Larvae I n s ta r  Larvae Pupae A d u lts

1 10 2 0 0
2 10 4 1 0
3 10 2 0 0
4 10 3 0 0
5 10 5 2 0
6 10 2 1 0
7 10 3 0 0
8 10 1 0 0
9 10 3 1 0

10 10 2 1 0

TOTAL 100 27 6 0



T ab le XX. S u r v iv a l o f  S t e r i l e  M osquito Larvae on A utoclaved  0 .05^  
O yster M eal, 0*05% D ried  Y e a s t , 0.05%  G lu cose , and 0*1% 
C sb.-M endel S a lt  M ixtu re. In o c u la te d  w ith  B a c i l lu s  
s u b t i l i s . p .H . 6 .8 - 7 .0

Aedes a e g y p t i

No. Day No. 4 th No. No.
T est No. Old Larvae I n s ta r  Larvae Pupae A dults

1 20 15 14 14
2 20 12 12 12
3 20 16 15 14
4 20 14 14 12
5 20 12 12 12
6 20 13 10 9
7 20 16 13 13
8 20 15 12 11
9 20 12 12 12

10 20 15 14 14

TOTAL 200 140 128 123

C ulex p ip ie n s

No. Day No. 4 th No. No.
T est No. Old Larvae I n s ta r  Larvae Pupae Adult s

1 10 7 4 4
2 10 8 4 3
3 10 7 3 3
4 10 5 2 2
5 10 7 5 4
6 10 6 2 2
7 10 5 2 2
8 10 8 4 3
9 10 7 3 3

10 10 8 3 3

TOTAL 100 68 32 29



T able I I I .  S u r v iv a l o f  S t e r i l e  M osquito Larva© on A utoclaved  0 .0 5 ^  
O yster M eal, 0*05^ D ried  Y e a s t , 0 .0 5 ^  G lu co se , and 0*1% 
Osb*-Mendel S a lt  M ixture* In o c u la te d  w ith  Saccharom ycetes 
c e r e v is a e . p.H* 6 .8 - 7 .0

Aedes a e g y p ti

T est No.
No. Day 

Old Larvae
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No.

A dults

1 20 18 18 16
2 20 16 15 15
3 20 16 16 16
4 20 17 15 14
5 20 15 14 14
6 20 18 16 14
7 20 17 17 16
8 20 16 15 15
9 20 14 12 12

10 20 15 12 12

TOTAL 200 162 150 144

C ulex p ip ie n s

T e s t  No.
No. Day 

Old Larvae
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No.

A dults

1 10 9 9 9
2 10 8 8 8
3 10 7 6 6
4 10 6 6 6
5 10 8 7 6
6 10 8 8 8
7 10 9 8 8
8 10 6 6 6
9 10 8 8 7

10 10 9 8 8

TOTAL 100 78 74 72



Of Aedes a g e y p t i ,  62*5$ o f  th e  la r v a e  reached  th e  fo u rth  

in s t a r  and 7*5$ pupated when rea red  on a pure c u ltu r e  o f  E . c o l i ;

27$ o f  th e  la r v a e  o f  C ulex p ip ie n s  reached th e  fo u rth  in s t a r  and 

6$ pupated  on t h i s  same c u l tu r e .

When rea red  on a  pure c u ltu r e  o f  B. s u b t i l i s  70$ o f  th e  la r v a e  

o f  Aedes a e g y p t i  reach ed  th e  fo u r th  in s t a r ,  6^$ p upated , and 62*5$ 

appeared a s  a d u lt s ;  68$ o f  th e  la r v a e  o f  C ulex p ip ie n s  reached th e  

fo u r th  i n s t a r ,  32$ w ere a b le  to  p u p a te , and 29$ appeared a s  a d u lts  

on a  c u ltu r e  o f  t h i s  same b a c t e r ia l  organism*

On & pure c u ltu r e  o f  y e a s t  81$ o f  th e  la r v a e  o f  Aedes a e g y p ti  

reach ed  th e  fo u r th  i n s t a r ,  75$ su r v iv ed  to  th e pupal s ta g e  and 72$  

appeared a s  a d u lt s ;  78$ o f  th e  la r v a e  o f  C ulex p ip ie n s  w ent in t o  th e  

fo u r th  i n s t a r ,  75$ p u p ated , and 72$ o f  them emerged a s  a d u lts*

Growing on pure c u ltu r e s  o f  th e  f i r s t  two m icroorganism s,

A* a e g y p t i seem ed to  be a  more v ig o ro u s type than C * p ip ie n s  *

Growth o f  M osquito Larvae i n  A u toclaved  and B erk efe ld  F i l t e r e d  Pond 
W ater

Some o f  the n a tu r a l pond w ater in  the v i c i n i t y  o f  th e  campus 

a t  C o lle g e  Park, in  w h ich  numerous m osquito la r v a e  w ere found , was 

brought in t o  th e  la b o r a to r y  and f i l t e r e d  through c o t to n  to  remove 

a l l  o f  the d e b r is .  P a r t o f  th e  pond w ater was a u to c la v ed  in  la r g e  

t e s t  tu bes a t  15 pounds p r e ssu r e  (1 2 0 ° C .) ,  fo r  t h ir iy  m in u tes . Eggs 

s t e r i l i z e d  b y  th e  d e sc r ib e d  h e x y lr e s o r c in o l  method were in o c u la te d  

in t o  th e  tu b e s . R e s u lts  a re  p r ese n ted  in  Table IV .



Some o f  th e  same pond w ater d e sc r ib e d  above was f i l t e r e d  

through c o t to n  to  remove the d e b r is  and f i l t e r e d  through th e  B er k e fe ld  ¥  

to  remove th e  m icroorganism s* A fte r  f i l t r a t i o n  the s t e r i l e  w a ter  was 

tr a n s fe r r e d  t o  t e s t  tu b e s  or sm a ll Erlenm eyer f la s k s  and s t e r i l e  eg g s  

w ere in o c u la te d  in t o  them* The r e s u l t s  a re  shown in  Table V*

Thus i t  can  b e r e a d i ly  seen  t h a t  the a u to c la v in g  o f  pond w ater  

d e s tr o y s  i t s  c h e m ic a l, p h y s ic a l ,  or  b i o t i c  f a c to r  or f a c t o r s  n e c e s sa r y  

fo r  developm ent o f  m osquito la r v a e  s in c e  o n ly  12*9$ o f  th e  la r v a e  o f  

A edes a e g y p t i  and 7*6$ o f  th e  la r v a e  o f  C ulex p ip ie n s  reached  th e  

fo u r th  in s t a r  b e fo r e  death  occurred* Those la r v a e  reach in g  th e  

fo u r th  in s t a r  w ere sm a ll and v e r y  in a c t iv e *

The B e r k e fe ld  f i l t r a t i o n  o f  pond w ater  l ik e w is e  ren d ers  i t  

u s e le s s  f o r  th e  developm ent o f  m osquito la r v a e .  Only £*3% o f  the  

la r v a e  o f  A* a e g y p t i  and 4*7% o f  th e  la r v a e  o f  C ulex su rv iv ed  t o  th e  

fo u r th  in s ta r *

Growth o f  M osquito Larvae on A lco h o l and Heated S t e r i l i z e d  Y east  

From th e  r e s u l t s  p resen ted  in  th e  author f s M aster t h e s i s  

( ib id )  and th e  a n a ly s is  o f  th e  r e s u l t s  o f  o th er  w ork ers, i t  can be  

se e n  th a t y e a s t  p la y s  an im p ortan t r o l e  in  th e  developm ent o f  

m osquito la r v a e .  I t  was d ecid ed  t o  s tu d y  th e  r e la t io n  o f  d r ied  

y e a s t  s t e r i l i z e d  b y  means o f  70% e t h y l  a lc o h o l  to  the n u tr it io n  

o f  m osquito  la r v a e*  The a lc o h o l  was p la ced  over a r e l a t i v e l y  la r g e  

amount o f  y e a s t  (d r ie d )  and a llo w ed  to  rem ain fo r  p e r io d s  o f  4 -6  

w eeks* From tim e to  tim e th e  m ixture was a g ita te d  in  order th a t  th e  

a lc o h o l cou ld  p e n e tr a te  a l l  p a r ts  o f  th e  y e a s t  and f la s k *  The 

a l c o h o l  was removed b y  vacuum d i s t i l l a t i o n *  B a c t e r io lo g ic a l



te c h n iq u e  was employed in  order t o  prevent con tam in ation . A heavy su s

p e n sio n  of t h i s  ch e m ic a lly  s t e r i l i z e d  y e a s t  was mixed w ith  0.1% g lu c o se  

and 0*1% Osborne-M endel s a l t  m ixtu re and p o r t io n s  o f  i t  were tr a n sfe r r e d  

t o  s t e r i l e  t e s t  tu b es  or f l a s k s .  S t e r i l e  d ay-o ld  la r v a e  were added to  th e  

tu b e s  and f l a s k s .  The r e s u l t s  a re  shown in  T able V I.

The e f f e c t s  o f  a u to c la v ed  y e a s t  (0.1%) in  a d d it io n  to  a u to c la v ed  0.1% 

o y s te r  m ea l, G.1% Osbom e-M endel s a l t  m ix tu re , and 0*1% g lu c o se  were th en  

s tu d ie d .  T hese su b sta n ces  a f t e r  a u to c la v in g  were tr a n sfe r r e d  to  s t e r i l e  

t e s t  tu b e s  and sm a ll s t e r i l e  f la s k s  and s t e r i l e  la r v a e  o f Aedes a e g y p t i . 

These r e s u l t s  are  p resen ted  in  T able V II•

S in ce  i t  was th ough t th a t  s o lu b le  products of b a c t e r ia l  m etabolism  

m ight c o n ta in  growth f a c to r s  req u ired  by m osquito la r v a e , an attem pt was 

made t o  rea r  la r v a e  in  a s t e r i l e  s o lu t io n  c o n s is t in g  of a u to c la v ed  0.1/a 

d r ied  y e a s t ,  0.1% o y s te r  m ea l, 0.1% g lu c o s e , and 0.1% Osborne-Wendel s a l t  

m ixtu re th a t  was connected  t o  a contam inated s o lu t io n  o f th e se  same 

su b sta n c e s  by means o f a s t e r i l e  S e it z  f i l t e r .  However, in  every in s ta n c e  

b a c te r ia  were a b le  t o  grow through th e  a s b e s to e s  f i l t e r  and contam ination  

o ccu rred .

I t  can be e a s i l y  seen  by a n a ly s is  of T able VI th a t  a lc o h o l s t e r i l i z e d  

y e a s t  b e s id e s  b e in g  a s u i t a b le  food  fo r  th e  la r v a e  o f  m o sq u ito es , p rov id es  

a l l  o f  th e  a c c e sso r y  food  (grow th) f a c t o r s .  As th e  r e s u l t s  in  Table VI 

show, 75% of la r v a e  o f  Aedes a e g y p ti reached th e  fo u r th  in s t a r ,  71% pupated , 

and 69.5% were a b le  t o  emerge as a d u lt s .  In  th e  ca se  o f Culex p ip ie n s  

74% o f th e  la r v a e  reached  th e  fo u r th  in s t a r ,  71% pupated , and 65% emerged.

On th e  a u to c la v e d  y e a s t  d ie t  none o f  th e  la r v a e  o f e i th e r  s p e c ie s  was 

a b le  t o  le a v e  th e  fo u r th  in s t a r .  Of th e  day old  la r v a e  o f Aedes a eg y p ti  

17.9% reached  th e  fo u r th  in s t a r  b efo re  death  occu rred , whereas on ly  10.6% 

o f th e  larva© o f  C ulex p ip ie n s  reached th e  fo u r th  in s t a r  s ta g e .



T a b le  IV . S u r v iv a l o f  M osquito Larvae from S t e r i l i z e d  Eggs
I n o c u la te d  in t o  A u toclaved  Pond Water* p*H* 6 * 8 -7 .0

Aedes a eg y p ti

No. No. No. 4 th No. No.
T est No* Eggs Larvae H atch. I n s ta r  Larvae Pupae A d u lts

1 15 12 1 0 0
2 15 8 0 0 0
3 15 11 0 0 0
4 15 7 2 0 0
5 15 7 1 0 0
6 15 12 3 0 0
7 15 8 0 0 0
8 15 9 2 0 0
9 15 10 3 0 0

10 15 11 0 0 0

TOTAL 150 95 12 0 0

*C ulex p ip ie n s

T est No#
No.

Eggs
No.

Larvae H atch.
No. 4th  

I n s ta r  Larvae
No.

Pupae
No.

A d u lts

1 5 2 0 0 0
2 10 6 0 0 0
3 30 18 2 0 0
4 15 9 2 0 0
5 5 3 0 0 0
6 5 2 0 0 0
7 12 10 1 0 0
8 22 16 0 0 0
9 14 9 0 0 0

10 5 3 1 0 0

TOTAL , 133..- 78 6 0 0

^ R esu lts  on C ulex p ip ie n s  in  t h i s  t a b le  taken  from  
a u th o r 's  M a ster 's  T h e s is  (N on-B uffered  Media)*



T ab le  V* S u r v iv a l o f  M osquito Larva© from S t e r i l i z e d  Eggs
In o c u la te d  in t o  Pond Water F i l t e r e d  Through B erk e fe ld  W.

Aedes a e g y p ti

T e st  No.
No.

. Eggs
No.

Larvae H atch.
No. 4th  

I n s ta r  Larvae
No.

Pupae
No.

A d u lts

1 15 7 0 0 0
2 15 8 0 0 0
3 15 8 1 0 0
4 15 9 a 0 0
5 15 7 0 0 0
6 15 10 l 0 0
7 15 6 l 0 0
8 15 11 0 0 0
9 15 11 a 0 0

10 15 7 0 0 0

total 150 84 7 0 0

*C u lex  p ip ie n s

T e st  No. No. No. No. 4 th No. No.
Eggs Larvae H atch. I n s ta r  Larvae Pupae Adult s

1 6 2 0 0 0
a 12 8 0 0 0
3 8 3 0 0 0
4 13 10 1 0 0
5 9 6 0 0 0
6 15 8 1 0 0
7 12 5 0 0 0

TOTAL 75 42 2 0 0

• R e s u lt s  on Culex p ip ie n s  in  t h i s  t a b le  taken  
from a u th o r 's  M a ster 's  T h es is  (Non—Buff©red Media*)
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S u r v iv a l o f  S t e r i l e  M osquito Larvae on Heavy S uspension  
o f A lco h o l K i l le d  Y east p lu s  A u toclaved  0*1^ G lu cose  
and 0 .1 $  Osb-Mendel S a lt  M ixture* p*H* 6*8-7*0

Aedes a e g y p ti  

No* Day No* 4 th  No. No.
Old Larvae I n s ta r  Larvae Pupae Adult

20 17 17 16
20 10 10 10
20 16 15 15
20 13 12 11
20 17 15 15
20 18 16 16
20 16 16 16
20 12 12 11
20 15 15 15
20 16 14 14

200________________  ISO______________ 142___________ 139

C ulex p ip ie n s

No. Day No* 4 th  No* No.
Old Larvae______ I n s ta r  Larvae_________Pupae_________A dults

10 8 8 6
10 10 9 9
10 7 7 7
10 8 8 8
10 9 9 9
10 7 7 7
10 6 5 5
10 7 6 4
10 6 6 4
10 6 6 6

100 74 71 65,
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The r e s u l t s  o f  T ab le VI and T able VII show th a t  a t  l e a s t  one or more f a c to r s  

p r e se n t  in  th e  y e a s t  a re  d estro y ed  by h ea t (a u to c la v in g ) .

Growth o f M osquito  Larvae on S t e r i l e  Media w ith  th e  A d d itio n  o f

V itam ins

S in ce  h e a t in g  d estro y ed  th e  growth prom oting q u a l i t i e s  o f  y e a s t , th e  

au th or th en  s tu d ie d  th e  e f f e c t s  o f adding pure c r y s t a l l i n e  v ita m in s . S in ce  

th e  v ita m in s  o f y e a s t  (B com plex) a re  w ater s o lu b le ,  t h i s  cou ld  be done 

under a s e p t ic  co n d ito n s  by means o f  th e  s t e r i l e  B er k e fe ld  f i l t e r #  A uto- 

c la v ed  v ita m in -fr e e  o y s te r  m ea l, g lu c o s e ,  and O sbom e-M endel s a l t  m ixtu re  

was used as a b a sa l d i e t .  Y east was added t o  t h i s  b a sa l d ie t  p r e v io u s  to  

a u to c la v in g  in  some o f  th e  t e s t s  and i t  was om itted  in  oth ers*  Thiam in(B^} ,  

a v ita m in  found in  y e a s t ,  was t e s t e d  a lo n e  in  th e  presence o f y e a s t .  R ibo

f l a v i n  (B2) 9 a l s o  found i n  y e a s t ,  was l ik e w is e  t e s te d *  A com bination  o f  

a u to c la v e d  y e a s t ,  th ia m in , and r ib o f la v in  was n ext t r ie d  to  determ ine th e  

e f f e c t s  o f th e  th r e e  su b sta n ces  on la r v a l  growth and developm ent. T able V III  

g iv e s  th e  r e s u l t s  o f  growth under a s e p t ic  co n d ito n s  on th e  b a sa l d ie t  p lu s  

th ia m in  h y d ro ch lo r id e  and a u to c la v e d  y e a s t ,  T ab le IX p lu s  r ib o f la v in  and 

a u to c la v e d  y e a s t  5 T able X p lu s  th iam in  h y d r o c h lo r id e , r ib o f la v in ,  and au to 

c la v e d  y e a s t } T able XI p lu s  th iam in  h y d ro ch lo r id e  and r ib o f la v in  (no 

y e a s t ) .

A n a ly s is  o f T ab les V I I I , IX , X , and XI r e v e a ls  th a t  th r e e  su b stan ces  

a r e  req u ired  fo r  th e  growth and developm ent o f  th e  la r v a e  o f Aedes a eg y p ti  

and C ulex p ip ie n s . The v itam in s th iam in  h yd ro ch lo r id e  (B^) and r ib o f la v in  

(B 2) a re  req u ired  in  a d d it io n  to  a t  l e a s t  one heat s ta b le  f a c to r  p r esen t  

in  a u to c la v e d  y e a s t .  I f  any one o f  th e  th r e e  f a c t o r s ,  B^, B2» °r  a u to 

c la v e d  y e a s t  were rem oved, growth cou ld  not proceed  beyond th e  fo u r th  in s t a r .
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S u r v iv a l o f M osquito Larvae from S t e r i l i z e d  Eggs 
I n o c u la te d  in to  A u toclaved  0*l/£ O yster M eal, 0 .1 % 

Y e a st , O.lf* G lu co se , and 0*1^ Osb -Mendel S a lt  
M ixtu re , p .H . 6 .8 -7 * 0

Aedes a e g y p ti

No. No. No. 4th  No.
Eggs Larvae H atch. I n s ta r  Larvae Pupa

15 12 2 0
15 11 0 0
15 9 0 0
15 9 3 0
15 13 6 0
15 11 1 0
15 15 2 0
15 10 1 0
15 12 2 0
15 15 4 0

150_________ 117_____________ 21____________ ' 0

Culex p ip ie n s

No* No. No* 4 th  No.
Eggs Larvae Hatch* I n s ta r  JLarvae Pupae

10 6 0 0
10 7 2 0
10 4 0 0
10 8 1 0
10 5 0 0
10 4 0 0
10 4 0 0
10 6 2 0
10 10 2 0
10 6 0 0
10 8 0 0
10 9 3 0
10 4 0 0
10 9 0 0
10 4 0 0
10 5 1 0
10 10 1 0
10 8 0 0
10 7 1 0
10 6 1 0

200_______  1 3 2  14________________ 0



4 7 .

T ab le V I I I . S u r v iv a l o f  M osquito Larvae from S t e r i l i z e d  Eggs
I n o c u la te d  in to  A utoclaved  0 .1 % O yster  M eal, 0*1% Dr. 
Y e a s t , 0 . 1 /  G lu co se , and 0 . 1 /  Qsb—Mendel S a lt  M ixture  
p lu s  Thiamin HGL ( l  m g ./  5 0 0 c c .)  p .H . 6 .8 - 7 .0  Thiamin 
added by B er k e fe ld  W

Aedes aegypti
No. No. No. 4th No. No.

T es t  No. Eggs Larvae H atch . I n s t a r  Larvae Pupae A d u lts

1 15 12 0 0 0
2 15 9 2 0 0
3 15 8 0 0 0
4 15 8 0 0 0
5 15 10 2 0 0
6 15 11 1 0 0
7 15 11 1 0 0
8 15 7 0 0 0
9 15 9 3 0 0

10 15 10 0 0 0
n 15 13 0 0 0
12 15 12 1 0 0
13 15 12 1 0 0
14 15 10 2 0 0
15 15 13 0 0 0

TOTAL 225 155 13 0 0

C ulex p ip ie n s

T est  No.
No.

Eggs
No.

Larvae H atch.
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No.

A d u lts

1 15 9 0 0 0
2 15 a 0 0 0
3 15 12 2 0 0
4 15 10 1 0 0
5 15 6 0 0 0
6 15 9 3 0 0
7 15 9 2 0 0
8 15 10 2 0 0
9 15 7 2 0 0

10 15 9 3 0 0

TOTAL 150 89 15 0 0
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T ab le  XX* S u r v iv a l o f  M osquito Larvae from S t e r i l i z e d  Eggs In o c u la ted  
in to  A u toclaved  Q.L% O yster  Meal* 0 .1 ^  D ried  Y east* 0 .1 ^  
G lucose* and 0*1/£ Osb—Mendel S a lt  M ixture p lu s  R ib o fla v in  
( l  m g*/ 5 0 0 c c .)  p*H* S*8~7.Q R ib o f la v in  added B erk efe ld  W

Aedea a e g y p ti

No* No. No. 4th No. No.
T e st  No* __ S ggs Larvae H atch. I n s ta r  Larvae Pupae Adult s

1 15 12 2 0 0
2 15 9 0 0 0
3 15 12 3 0 0
4 15 11 1 0 0
5 15 8 1 0 0
6 15 8 0 0 0
7 15 14 0 0 0
8 15 8 2 0 0
9 15 15 4 0 0

10 15 12 3 0 0
11 15 12 0 0 0
12 15 8 1 0 0
13 15 9 2 0 0
14 15 14 1 0 0
15 15 10 0 0 0

TOTAL 225 162 20 0 0

C ulex p ip ie n s

No. No. No. 4th No. No.
T est No* Eggs Larvae H atch. I n s ta r  Larvae Pupae A d u lts

1 15 12 1 0 0
2 15 9 2 0 0
3 15 10 4 0 0
4 15 8 1 0 0
5 15 8 0 0 0
6 15 14 2 0 0
7 15 12 4 0 0
8 15 9 2 0 0
9 15 5 1 0 0

10 15 8 2 0 0

TOTAL 150 95 19 0 0



T ab le  X* S u r v iv a l of M osquito Larva© from S t e r i l i z e d  Eggs
I n o c u la te d  in to  A u toclaved  0 . 1 /  O yster M eal, 0 . 1 /  D ried  
Y e a s t , 0 * 1 / G lu c o se , and 0 . 1 /  OdD-Mendel S a lt  M ixture  
p lu s  Thiamin HCL and R ib o f la v in  (Both v ita m in s  1 m g*/ 500cc* 
and added th ru  B e r k e fe ld  W.) p*H. 6 * 8 -7 .0

Aedes a e g y p ti

T est No*
No.

_Eggs
No.

Larvae H atch.
No. 4 th  

I n s ta r  Larvae
No.

Pupa©
No.

A d u lts

1 15 12 12 12 11
2 15 12 12 11 11
3 15 11 10 10 9
4 15 9 9 9 9
5 15 13 12 10 10
6 15 14 12 12 11
7 15 14 14 13 13
8 15 12 10 10 10
9 15 9 6 7 7

10 15 13 11 11 10

TOTAL 150 119 110 105 101

C ulex p ip ie n s

T est  No.
No.

Eggs
No.

Larvae H atch .
No. 4 th  

I n s t a r  Larvae
No.

Pupa©
No. 

Adult s

1 15 12 10 11 11
2 15 8 8 8 8
3 15 11 11 11 11
4 15 9 8 7 7
5 15 9 7 7 7
6 15 14 12 12 12
7 15 6 6 6 6
8 15 10 8 8 8
9 15 13 11 10 10

10 15 8 6 6 6
11 15 8 8 8 8
12 15 10 8 8 8
13 15 12 12 11 11
14 15 8 7 7 7
15 15 5 5 5 5

TOTAL 225 143 127 125 125
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In  "the p resen ce  o f  v ita m in  B-̂  and a u to c la v ed  y e a s t  8 .3 ^  o f  th e  la r v a e  

o f Aedes a e g y p t i  reach ed  th e  fo u r th  in e t a r  and 1 6 .8^  o f th e  la rv a e  o f  Gulex 

p ip ie n s reached t h i s  same s ta g e .

In  th e  p r e sen c e  o f  v ita m in  B2 and a u to c la v ed  y e a s t ,  s im i la r  r e s u l t s  

w ere o b ta in e d . Of th e  Aedes a e g y p ti la r v a e ,  on ly  12 .3^  o f them reached th e  

fo u r th  in s t a r  b e fo r e  d eath  occurred* In  th e  case  o f  C ulex p ip ie n s  1 9 .8 ^  

o f th e  la r v a e  su r v iv e d  t o  th e  fo u r th  in s t a r .

I t  can be seen  th a t  when a com bination  of th ia m in  h y d ro ch lo r id e  (B^ ) 9 

r ib o f la v in  (Bg) » and a u to c la v ed  y e a s t  i s  used as a rea r in g  medium, both  

s p e c ie s  o f  m o sq u ito es  reached  m a tu r ity . Aedes a e g y p ti 91.6/C o f  th e  la r v a e  

reached  th e  fo u r th  i n s t a r ,  8 8 .2 ^  p u p ated , and 84/C appeared as a d u lts  on 

t h i s  medium i 88*8^ o f  th e  la rv a e  o f  C ulex p ip ie n s  reached th e  fo u r th  in  s t a r ,  

8 7 .4 ^  pupat e d , and 8 7 .4 ^  em erged.

In  th e  p resen ce  o f th iam in  h y d ro ch lo r id e  and r ib o f la v in  but w ith o u t  

th e  a d d it io n  o f  a u to c la v ed  y e a s t  growth beyond th e  fo u r th  in s t a r  was im

p o s s ib le *  The r e s u l t s  show t h a t  6*3^ o f  th e  A* a e g y p ti la r v a e  and 1 6 .3 ^  

o f  th e  C. p ip ie n s  la r v a e  reached th e  fo u r th  in s t a r .

I t  was th en  d ec id e d  t o  remove th e  a u to c la v e d  y e a s t  and add o th er  

v ita m in s  to  th e  B i and B2 d i e t .  V itam in C (a sc o r b ic  a c id )  and n ic o t in ic  

a c id  rep la ced  th e  y e a s t .

I t  can be seen  th a t  n ic o t in i c  a c id  and a sc o r b ic  a c id  cou ld  n ot r e p la c e  

th e  a u to c la v e d  y e a s t  in  th e  d ie t  of m osquito la r v a e  as growth beyond th e  

fo u r th  in s t a r  was im p o s s ib le . The r e s u l t s  show th a t  14.7^. o f  th e  la r v a e  

o f  Aedes a e g y p ti and 2 3 .4 $  o f  C ulex p ip ie n s  reached th e  fo u rth  i n s t a r .

At a very  l a t e  d ate a sm all q u a n tity  o f adennin (Bg) was ob ta in ed  

through  th e  co u r tesy  o f  Dr. Hugo N e ilso n  o f th e  U nited  S ta te s  Bureau o f  

F is h e r ie s  a t  C o lle g e  Park. T h is v ita m in  was s u b s t itu te d  fo r  th e  a u to c la v ed
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y e a s t  and combined w ith  th ia m in  h y d ro ch lo r id e  and r ib o f la v in  in  a prepared  

d i e t .  H owever, b ecau se o f  co n ta m in a tio n , caused p o s s ib ly  by a m inute h o le  

in  th e  B er k e fe ld  f i l t e r ,  th e  author was unable t o  secu re  s ig n i f i c a n t  r e s u l t s .  

An attem p t was made t o  employ th e  d a i ly  t r a n s f e r  o f  la rv a e*  tech n iq u e  

d escr ib e d  by F r o s t ,  H ern s, and H oskins (1936) but by th a t  tim e th e  supply  

o f  v ita m in  Bg was exh au sted  and th e  experim ent must be rep eated  a t a l a t e r  

d a te .

A nother sou rce  o f  w ater s o lu b le  v ita m in s , th e  ex a ct n atu re o f which 

i s  unknown, i s  l i v e r .  The author s u b s t itu te d  th e  0.1j£ a u to c la v ed  y e a s t  

w ith  a  Q«l/£ a u to c la v ed  c o n c e n tr a te  o f  l i v e r .  Thiamin h y d ro ch lo r id e  and 

r ib o f la v in  w ere added by means o f  th e  B er k e fe ld  f i l t e r  to  th e  l i v e r  con

c e n tr a te  (0*1^) w hich had been  a u to c la v e d  w ith  th e  o y s te r  m eal, g lu c o s e ,  

and Gsborne-M endel s a l t  m ix tu r e . The r e s u l t s  are p resen ted  in  T able XXII.

Thus i t  can be seen  th a t  a u to c la v ed  l i v e r ,  as does a u to c la v e d  y e a s t ,  

c o n ta in s  one or more h e a t  s t a b le  su b sta n ces  req u ired  by m osquito la r v a e .

The r e s u l t s  show th a t  9 1 . o f  th e  la r v a e  o f Aedes a eg y p ti reached th e  

fo u r th  i n s t a r ,  81*8^ pupated and 19*3% emerged as a d u lt s ;  whereas 90*2% 

o f  th e  la r v a e  o f  C ulex p ip ie n s  reached th e  fo u r th  in s t a r ,  85*8% pupated , 

and 81.6/& appeared a s a d u lts*

In  order to  study th e  e f f e c t s  o f m a te r ia l in  tr u e  s o lu t io n  upon th e  

growth and developm ent o f  m osquito la r v a e ,  th e  amino a c id s ,  le u c in e ,  

g ly c in e ,  h i s t i d i n e ,  tr y p to p h a n e , a sp a r g in e , c y s t in e ,  and ty r o s in e  were 

ob ta in ed  and a s tr o n g  s o lu t io n  o f  them was made. Thiamin h y d r o c h lo r id e , 

r ib o f la v in ,  aderm in, Q .l^  l i v e r  c o n c e n tr a te , g lu c o s e ,  and Osbom e-M endel 

s a l t  m ixtu re were added t o  th e  amino a c id  s o lu t io n  and f i l t e r e d  through  

th e  s t e r i l e  B e r k e fe ld . A sh o r ta g e  o f tim e fo rced  th e  author t o  in o c u la te  

n o n - s t e r i le  day o ld  la r v a e  in to  t h i s  d i e t .  The r e s u l t s  can be seen  in  

T able XIV*



The r e s u l t s  show th a t  no la r v a e  were a b le  to  d evelop  beyond th e  fo u r th  

in s t a r  on t h i s  d ie t*  In  th e  ca se  o f Aedes a e g y p ti 71/C o f  th e  la r v a e  

reach ed  th e  fo u r th  i n s t a r 9 whereas 63.5/C o f  th e  la r v a e  o f Culex p ip ie n s  

reach ed  t h i s  s t a g e .



T ab le X I. S u r v iv a l o f  M osquito Larva© from S t e r i l i z e d  Eggs
In o c u la ted  in to  A u toclaved  0 .1 ^  O yster M eal, 0 .1 ^  G lu co se , 
and Q*lfa Osb-Mendel S a lt  M ixture p lu s  Thiamin HCL and 
R ib o f la v in  (Both v ita m in s 1 m g ./  500cc* and added th ru  
B er k e fe ld  W-) p.H . 6 .8 - 7 .0

Aedes a e g y p ti

T est No.
No.

Eggs
No.

Larvae H atch .
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No.

Adult s

1 15 6 0 0 0
2 15 8 0 0 0
3 15 10 1 0 0
4 15 5 0 0 0
5 15 7 2 0 0
6 15 8 0 0 0
7 15 8 0 0 0
a 15 11 1 Q 0
9 15 6 0 0 0

10 15 10 1 0 0

TOTAL 150 79 5 0 0

C ulex p ip ie n s

T est No.
No.

Eggs
No.

Larvae H atch.
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No • 

A dults

1 15 12 2 0 0
2 15 9 0 0 0
3 15 9 0 0 0
4 15 8 0 0 0
5 15 10 1 0 0
6 15 15 4 0 0
7 15 8 2 0 0
8 15 8 3 0 0
9 15 11 2 0 0

10 15 8 3 0 0

TOTAL 150 98 17 0 0
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S u r v iv a l o f M osquito Larvae from S t e r i l i z e d  Eggs 
In o c u la te d  in to  A u toclaved  0 .1 ^  O yster  M eal, 0.1/C G lu co se , 
0*1/4 Osb—Mendel S a lt  M ixture p lu s  Thiamin HCL, R ib o f la v in ,  
A sco rb ic  A c id , N ic o t in ic  A cid  (A ll  v itam in  1 m g ./ 5Q0cc. 
added th ru  B e r k e fe ld  W). pH 6 . 8 - 7 .0  -  NaOH -  KH2PO4

Aedes a e g y p ti

No. No. No. 4 th  No. No.
Eggs Larvae H atch. I n s t a r  Larvae Pupae A d u lts

15 10 2 0 0
15 1 2 2 0 0
15 8 0 0 0
15 11 1 0 0
15 10 4 0 0
15 10 2 0 0
15 9 1 0 0
15 12 1 0 0
15 8 0 0 0
15 12 2 0 0

150 102 15 0 0

C ulex p ip ie n s

No. No. No. 4th  No. No.
Eggs Larvae Ha~tch. I n s ta r  Larvae______Pupae_____ A dults

15 8 2 0 0
15 10 6 0 0
15 12 4 0 0
15 IP 0 0 0
15 9 0 0 0
15 8 3 0 0
15 6 1 0 0
15 8 2 0 0
15 7 1 0 0
15 7 1 0 0

150 20 0 0



T able X III* S u r v iv a l o f  M osquito  Larva© from S t e r i l i z e d  Eggs
In o c u la te d  in t o  A txtoclaved 0*1% O yster M ealj 0*1% L iv er  
Cone* , and 0 * 1 /  Osb—Mendel S a lt  M ixture p lu s  Thiamin 
HCL and R ib o f la v in  (Both v ita m in s  1  m g*/ 5©0cc. and 
added th ru  B e r k e fe ld  ¥ • )  p.H* 6 .8 -7 * 0

Aedes a e g y p ti

T est No.
No.

_ Eggs
No.

Larvae H atch .
No. 4 th  

I n s ta r  Larvae
No.

Pupae
No.

A d u lts

1 15 10 8 8 8
2 15 12 12 10 10
3 15 14 12 12 11
4 15 11 11 9 9
5 15 11 10 9 . 8
6 15 12 12 10 10
7 15 13 12 12 12
8 15 10 8 8 8
9 15 12 11 9 8

10 15 11 10 8 8

TOTAL 150 116 106 95 92

C ulex p ip ie n s

T est No.
NO.

Eggs
No.

Larvae H atch .
N o• 4 th  

I n s ta r  Larvae
No.

Pupae
No-

A d u lts

1 15 12 10 10 9
2 15 8 7 7 7
3 15 8 8 8 8
4 15 9 7 6 6
5 15 7 6 6 5
6 15 7 7 7 7
7 15 12 11 10 9
8 15 10 9 8 8
9 15 12 11 11 10

10 15 7 7 6 6

TOTAL 150 92 83 79 75
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S u r v iv a l o f M osquito Larvae (N o n -S te r ile )  In o c u la te d  in to  a 
S t e r i l e  B er k e fe ld  F i l t e r e d  S o lu te  D ie t ,  C o n s is t in g  o f:  0 * 1 /  
G lu co se , 0*1% Obs-Mendel S a lt  M ix tu re , 0*1% L iv er  Cone*, 
T hiam in, R ib o f la v in ,  Adermin (Each v itam in  1 rag*/ 5 0 0 c c .)  
and Seven Amino A c id s . pH 6 .8 - 7 .0

Aedes a e g y p ti

No. Day No. 4 th  Nol No.
Old Larvae______ I n s ta r  Larvae______ Pupae___________ A d u lts

20 14 0 0
20 15 0 0
20 11 0 0
20 9 0 0
20 10 0 0
20 16 0 0
20 16 0 0
20 18 0 0
20 15 0 0
20 18 0 0

200______________ 142________________ 0___________  0

C ulex p ip ie n s

No* Day No* 4 th  No* No.
Old Larvae______I n s ta r_Larvae_______ Pupae__________ A dults

20 14 0 0
20 16 0 0
20 9 0 0
20 11 0 0
20 13 0 0
20 8 0 0
20 12 0 0
20 14 0 0
20 15 0 0
20 15 0 0

200 ___________ 127 ______  0________________ 0

*y-
Concesnfcrated S o lu tio n  o f  : L eu c in e , G ly c in e , H is t id in e ,
Tryptophdne, A sp arg in e , C y s t in e , and T y ro sin e .



DISCUSSION*

I t  lias b een  shown b y  th e  w r it e r  th a t  th e  la r v a e  o f  Aedes a e g y p t i  

and C ulex p ip ie n s  in  th e  p re se n ce  o f  c e r t a in  ty p es  o f  l i v i n g  b a c te r ia  

and y e a s t s  grew and d ev e lo p ed  i n  th e normal manner* B a c i l lu s  s u b l i t i s  

and S accarom ycetes c e r e v is a e  w ere v ery  u s e f u l  organism s in  th e d i e t s  

o f  m osqu ito  la r v a e *  However* i f  E s c h e r ic h is  c o l i  produced s u ita b le  

growth su b sta n ces*  th e y  w ere in  q u a n t i t ie s  to o  sm a ll to  be e f f e c t iv e *

On th e  o th e r  hand* E* c o l i  may have produced su b sta n ces  u n favorab le  

or t o x ic  in  th e  medium* Oddly enough, Hobson (1932) was a b le  to  r e s to r e  

th e  grow th o f  b lo w f ly  la r v a e  on s t e r i l e  m uscle b y  th e  a d d it io n  o f  a  

c u ltu r e  o f  t h i s  bacterium * Rafchmanova (1937) con clu d ed  th a t  pure 

c u ltu r e s  o f  th e  c o lo n  b a c i l l u s  i n  a u to c la v ed  ta p  w a ter  was n o t " to x ic ” 

to  th e  la r v a e  o f  A nopheles m acu lip en n is  * However* he ob served  t h a t  

B a c i l lu s  f lu o r e s c e n s  would n o t  support th e  growth o f  Anopheles la r v a e *

The a u to c la v in g  and B e r k e fe ld  f i l t e r i n g  o f  pond w a ter  d estro y ed  

i t s  p r o p e r t ie s  a s  a  re a r in g  medium f o r  th e  la r v a e  o f  b o th  s p e c ie s*  

S h ip it z in a  (1 9 3 0 , 1935) has shown th e  v a lu e  o f  c o l l o i d s  in  m osquito  

la r v a e  n u t r i t io n  a s  h a s B eklim shen (1 9 3 0 )*  Many o f  th e  c o l lo id s  a re  

removed by b o th  th e  a u to c la v in g  and B e r k e fe ld  f i l t e r i n g  tech n iq u e*  

S h ip it z in a  o b served  th a t  th e  sm a ll la r v a e  ( 1 s t  through 3rd in s t a r s )  

u t i l i z e d  v e r y  sm a ll c o l lo id s *  but t h a t  th e  fo u r th  in s t a r  la r v a e  

req u ired  th e  c o a r s e r  p a r t i c l e s  in  su sp en sio n s  fo r  food* Her o b se r v a tio n s  

a re  an a lagou s to  th o se  o f  B ek lem ishev who n oted  th a t  th e  la r v a e  o f  

A nopheles m a cu lip en n is  cou ld  d ev e lo p  o n ly  a s  fa r  a s th e  fo u r th  in s t a r s  

on p a r t i c l e s  5 mm* o r  l e s s  i n  d iam eter* Hinman (1932) found th a t  upon 

d i a l y s i s  o f  pond w ater A n op h elin e la r v a e  co u ld  l i v e  f o r  o n ly  th r e e  

d a y s , w hereas i n  S e i t z —Werke f i l t e r e d  pond w ater  la r v a e  o f  t h is  same
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group su r v iv e d  f o r  e le v e n  days* The d ia ly z e d  w a ter  c o n s is t e d  o f  

su b s ta n c e s  i n  tr u e  s o lu t io n ,  w hereas th e  S eitz-W erk e f i l t r a t e  

c o n ta in e d  sm a ll c o l l o i d s  i n  a d d it io n  to  s o lu t e s .

The p r e s e n t  au th or w ould l i k e  to  p o in t  o u t th a t  a u to c la v in g  

had o th e r  im p ortan t e f f e c t s  on pond w a te r , and on th e  o y s te r  m eal, 

d r ie d  y e a s t  s u b s tr a te .  The prim ary e f f e c t  was th e  d e s tr u c t io n  o f  

th e  m icroorgan ism s p r e se n t  i n  th e s e  m ed ia . Should th e  growth fa c to r s  

b e produced b y  l i v i n g  organ ism s, and th e  a u th o r 's  r e s u l t s  j u s t  

p r e se n te d  have shown t h i s  to  b e  t r u e ,  th e  rem oval o f  th e  m icro sco p ic  

f lo r a  removed th e  p r in c ip a l  so u rce  o f  th e  a c c e s so r y  food  f a c t o r s .

H eat a l s o  b reak s down many ch em ica ls  and th e  d e s tr u c t io n  o f  th e  

h e a t - l a b i l e  grow th f a c to r s  by a u to c la v in g  i s  in e v ita b le *  However, th e  

e x p la n a tio n  o f  th e  in a c t iv a t io n  o f  pond w a ter  b y  th e  B e r k e fe ld  

f i l t e r i n g  trea tm en t i s  somewhat hard to  e x p la in .  I f  gorwth su b sta n ces  

a re  w a te r  s o lu b le ,  hence s o l u t e s ,  th e y  should  r e a d i ly  p a ss  through th e  

f i l t e r  and appear in  the f i l t r a t e .  This may be t r u e ,  b u t in  th e  

a b sen ce  o f  la r g e r  c o l lo id ^  th e  apparent need fo r  w hich t h e  author has 

d is c u s s e d ,  grow th was l ik e w is e  r e ta r d e d , (T rager (1935) c la im ed  th a t  

th e  grow th f a c t o r s  req u ired  b y  th e  la r v a e  o f  Aedes a e g y p t i w ere s o lu te s  

and t h a t  th e  la r v a e  on s o lu t e s  a lo n e  su r v iv e d  t i l l  th e  fo u r th  i n s t a r ,  

Rozeboom (1 9 3 5 ) , a s  m entioned b e fo r e , was a b le  to  r e a r  the la r v a e  o f  

v a r io u s  m osq u itoes on a  contam inated  medium o f  bread m ixture or  one o f  

dove f e c e s .  However, when th e  dove f e c e s  were a u to c la v e d  and in tr a 

c e l l u l a r  and e x t r a c e l lu la r  e x t r a c t s  o f  E , c o l i  and B , s u b t i l i s  added, 

grow th t o  m a tu r ity  was im p o s s ib le .  The work o f  t h i s  l a t t e r  au thor  

c o n fu se s  th e  n u t r i t io n a l  r e q iirem en t o f  m osquito la r v a e  problem  along  

th e  ex p er im en ta l r e a so n in g s  o f  B ek lim shev,  S h ip itz a n a , Hinman, T rager , 

and th e  p r e se n t  au thor in  t h a t  he had c o l l o i d a l  m a te r ia ls  and th e



f a c to r s  o f  b o th  ty p e s  o f  b a c t e r ia l  m etabolism  p r esen t in  h is  d i e t .  

However, i t  i s  th e  o p in io n  o f  th e  p r e se n t  w orker t h a t  amounts o f  growth 

su b sta n c e s  e x tr a c te d  from  b a c t e r ia l  c e l l s  b y  no means compare w ith  th e  

amount and n a tu r e  o f  th e  growth su b sta n ce s  produced b y  l i v i n g  b a c te r ia  

on a n u tr ie n t  medium. The u se  o f  b a c t e r ia l  f i l t r a t e s  in  in s e c t  

n u t r i t io n a l  s t u d ie s  has produced no p o s i t i v e  r e s u l t s ,  w hereas a  c a r e fu l  

ex a m in a tio n  o f  th e  p h y s io lo g ic a l  l i t e r a t u r e  r e v e a ls  numerous c a s e s  o f  

n e g a t iv e  d a ta . For in s ta n c e ,  th e  work o f  Hobson n oted  above on th e  

n u t r i t io n a l  req u irem en ts o f  b lo w f ly  la r v a e  shows th a t  b lo w f ly  la r v a e  

r e q u ir e d  i n  a d d it io n  t o  two aqueous or  a lc o h o l ic  e x tr a c ta b le  f a c to r s  

p r e s e n t  i n  y e a s t ,  a  th ir d  su b sta n ce  “a b se n t from aqueous or a lc o h o l ic  

e x t r a c t s  o f  y e a s t s . 1* I t  i s  u n fo r tu n a te  t h a t  apparatus has n o t a s  y e t  

b een  p e r fe c te d  w h ere in  m osquito la r v a e  co u ld  grow in  a s t e r i l e  medium 

con n ected  by means o f  a  s t e r i l e  sem i—perm eable membrane fo  some n a tu re  

w ith  a  con tam inated  medium o f  th e same com p osition *  I f  t h i s  co u ld  be  

done, th en  any grow th su b sta n ce s  produced b y  th e  c e l lu la r  a c t i v i t i e s  

o f  m icroorganism s cou ld  b e b e t t e r  in v e s t ig a te d *  The author *s e x p e r i

m ents w ith  th e  S e i t z  f i l t e r  f a i l e d  b eca u se  b a c t e r ia  w ere a b le  t o  grow  

through  th e  f i l t e r *

A c a r e f u l  c o n s id e r a t io n  must be g iv e n  th e  v ita m in s  a s  th e y  

in f lu e n c e  th e  norm al grow th, m etab olism , and developm ent o f  th e  la r v a e  

o f  Aedes a e g y p t i  and C ulex p ip ie n s .  The r e s u l t s  d e f i n i t e l y  show th a t  

th ia m in  (th ia m in h y d r o c h lo r id e ) , r ib o f la v in ,  and a h e a t  s ta b le  su b stan ce  

p r e s e n t  in  y e a s t  or  a w a ter  c o n c e n tr a te  o f  l i v e r  were req u ired  by  

m osquito la r v a e .  Ni&dt&nic a c id  or  a s c o r b ic  a c id  f a i l e d  t o  supplem ent 

th e  h e a t—s ta b le  f a c to r  o f  y e a s t  o r  l iv e r *  The p r e se n t  author would  

l i k e  t o  compare th e se  su b sta n ce s  w ith  t h e  fa c to r s  th a t  Hobson (1932) 

has shown to  be req u ired  by L u e i l ia  la rv a e *  Hobson* s r e s u l t s  i l l u s t r a t e



th e  p r esen ce  o f  th r e e  f a c t o r s  in  y e a s t .  One was h e a t - la b i l e  fa c to r  

w hich  co u ld  b e su p p lie d  b y  P e te r* s  ’’a n tin eW r itic  c o n c e n tr a te ,11 

a  h e a t - s t a b le  f a c to r  i n  a u to c la v e d  y e a s t ,  and a s o lu b le  f a c to r  in  

y e a s t  a u t o ly s a t e .  I t  i s  f e l t  by  th e p r e se n t  author th a t  s in c e  

P eter*  s  fla n t in e u r i t i c  c o n c e n tr a te 1* i s  a r ic h  sou rce o f  th e  h e a t -  

l a b i l e  v i t im in  t h i s  f a c to r  p rob ab ly  was th iam in  or i t s  

d e r r i v i a t iv e • The same s ta b le  y e a s t  f a c t o r  o f  b lo w f ly  n u tr it io n  may 

have b een  th e  same h e a t - s t a b le  y e a s t  f a c t o r  o f  m osquito la r v a l  n u tr i

t i o n .  R ib o f la v in  may p o s s ib ly  have b een  th e su b sta n ce  in  Hobson* s  

y e a s t  a u t o ly s a t e .

Gyorgy (1935) in v e s t ig a te d  th e  G com plex req u irem en t o f  r a t s #

I n  a d d it io n  to n  la c t o f la v in e  ( r ib o f la v in )  a secon d  a n t id e r m a t it is  

f a c t o r  was n eed ed . T h is l a t t e r  f a c to r  was h e a t - s t a b le  even i n  th e  

p resen ce  o f  s tr o n g  a l k a l i .  C hick, Copping, and Edgar (1935) s tu d ie d  

th e  3  com plex and confirm ed th e  r e s u l t s  o f  Gyorgy th a t  v e r y  h e a t— and 

a l k a l i - s t a b l e  f a c t o r  was p r e s e n t  in  the complex# T h is fa c to r  has b een  

c a l l e d  v ita m in  B^# U n fo r tu n a te ly , th e  p r e se n t  w r i t t e r  cannot in  t h i s  

t h e s i s  r ep o r t th e  e f f e c t  o f  t h i s  v ita m in  on m osquito la r v a e .  W illia m s  

(1 9 3 4 , 193S) and co-w orkers have s tu d ie d  th e  B v ita m in s  and t h e ir  

e f f e c t  on th e  growth o f  y e a s t#  These w orkers c4®im th a t  a f i l t r a t e  

f a c t o r  or **pantothenic?! a c id  w hich  i s  h e a t - s t a b le  in  th e  p resen ce  o f  

a c id  i s  q u ired  f o r  th e  normal growth o f  y e a s t  c e l l s #  W illiam s has 

c a l le d  t h i s  su b sta n ce  th e  Y fa c to r #  Dann and SubbanfcSfl* (1938) in  a  

s tu d y  o f  r a t  d e r m a t it is  f a c t o r s  and c h ic k  d e r m a tit is  fa c to r s  con clu d e  

th a t  "the v ita m in  com plex co n ta in s  th e  fo llo w in g  fo u r  d i f f e r e n t  

sh a r p ly  c h a r a c te r iz e d  e n t i t i e s ;  r ib o f la v in ,  n i c o t in i c  a c id ,  v ita m in
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B^, and th e  f i l t r a t e  fa c to r * 11 I n t e r e s t in g  r e s u l t s  can be exp ected  

when th e s e  su b sta n ce s  a re  s tu d ie d  under c o n t r o l le d  c o n d it io n s  i n  in s e c t  

n u t r i t io n  e s p e c i a l l y  i n  th e  d i e t s  o f  m osquito la rv a e*

T rager (1935) h as determ ined  two fa c to r s  req u ired  by m osquito  

la r v a e ,  b oth  o f  w h ich  a re  s o lu te s *  However, Trager was unable to  rea r  

th e  la r v a e  beyond th e  fo u r th  in s t a r .  I t  i s  u n u su al th a t  Trager g o t  

m osquito  la r v a e  to  grow under s t e r i l e  c o n d it io n s  in  th e  p resen ce  o f  

a u to c la v e d  l i v e r  and y e a s t  e x t r a c t s  i n  th a t  h ea t d e s tr o y s  v ita m in  

v e r y  r e a d i ly  and h as a marked e f f e c t  on r ib o f la v in .  S in c e  a l l  th ree  

grow th f a c t o r s  r e q u ir ed  by m osquito  la r v a e  are p r e sen t in  y e a s t ,  i t  i s  

o n ly  n a tu r a l t h a t  F r o s t , H em s, and H oskins (1933) cou ld  rea r  th e  la r v a e  

o f  T h eob a ld ia  in c id e n s  to  m a tu r ity  on y e a s t  a lon e*  ^he work o f  I^dwing 

and Fox (1933) on Japanese b e e t le  la r v a e ,  and the work o f  Chiu and 

McCay (1939) w ith  th e  con fu sed  H o u r  b e e t le  te n d s  t o  fu r th e r  show th e  

v a lu e  o f  y e a s t  i n  p ro v id in g  grow th su b sta n ce s  th a t  are  e s s e n t i a l  fo r  

l a r v a l  growth*



SUMMARY.

1«  M osquito la r v a e  can d evelop  on pure c u ltu r e  o f  some b a c te r ia  

and cannot d dvelop  on o th e r s ,  E sc h e r ic h ia  c o l i  f a i l s  to  support th e  

grow th o f  th e  la r v a e  o f  Aedes a e g y p ti qnd C ulex p ip ie n s  * B a c i l lu s  

s u b t i l i s  and Saccharom ycetes c e r e v is a e  support th e gorwth o f  la r v a e  

t o  m atu rity *

2* A u toclaved  and B erk e fe ld  W f i l t e r e d  pond w ater su p p orts  th e

grow th o f  m osquito  la r v a e  o n ly  as fa r  a s th e  fo u r th  in s t a r  under

s t e r i l e  c o n d it io n s*

3* M osquito la r v a e  d evelop  to  m a tu r ity  on a lc o h o l s t e r i l i z e d  

y e a s t ,  b u t cannot d ev e lo p  beyond th e  fo u r th  in s t a r  on a u to c la v e d  

y e a s t  a lo n e  under s t e r i l e  co n d itio n s*

4* M osquito la r v a e  r e q u ir e  fo r  developm ent to  m a tu r ity  a t  

l e a s t  th ree  f a c to r s ;  th iam in h yd roch lorid e  (B ^), r ib o f la v in  (B2 )> and 

a h e a t—s t a b le  f a c t o r  i n  y e a s t  under a s e p t ic  c o n d it io n s*

5* N ic o t in ic  a c id  and a sc o r b ic  a c id  do n o t r e p la c e  th e  h e a t -  

s t a b le  f a c t o r  i n  y e a s t*

6* The h e a t - s t a b le  f a c t o r  o f  y e a s t  i s  a l s o  p r esen t in  auto

c la v e d  l i v e r  co n cen tra te*

7* The h e a t - s ta b le  fa c to r  has p r o p e r t ie s  s im ila r  to  th o se  o f

v ita m in  and pantothe'lm iic a c id *

8* M osquito la r v a e  f a i l e d  to  d ev e lo p  beyond t h e  fo u r th  in s t a r  

on a s o lu t e  d i e t  c o n ta in in g  amino a c id s ,  v ita m in s , g lu c o s e , and 

Osborne-MendftL s a l t s *
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THE SURVIVAL OF MOSQUITO LARVAE IN DIFFERENT CONCENRATXONS
OF THE HYDROGEN ION.

INTRODUCTION.

P a rt I  o f  t h i s  d is s e r a t io n  t lie  e f f e c t s  o f  m icroorganism s * 

v ita m in s , and s o lu t e s  on th e  normal grow th and developm ent o f  th e  

la r v a e  o f  A edes a e g y p t i  and C ulex p ip ie n s  has been  con sid ered *

However, b e fo r e  s u c c e s s f u l  exp erim en ts on th e  d ie ta r y  needs o f  m osquito  

la r v a e  co u ld  be perform ed, a knowledge o f  th e  optimum pH ran ges was 

g r e a t ly  n eed ed . As th e  rev iew  o f  th e  l i t e r a t u r e  w i l l  show, la b o r a to r y  

ex p er im en ta tio n  on th e  in f lu e n c e  o f  th e  hydrogen io n  on th e  la r v a e  

o f  m o sq u ito e s , has n ever  been  c a r e f u l ly  c o n s id e r e d . H ence, th e  

p r e s e n t  worker deemed i t  h ig h ly  d e s ir a b le  to  s tu d y  t h i s  problem, b e fo r e  

th e  growth exp erim en ts w ere perform ed .

S in c e  P a r t I I  o f  t h i s  t h e s i s  i s  o f  a  supplem entary n a tu re  and 

th e  author does n o t  th in k  i t  e i t h e r  n e c e s sa r y  or a d v isa b le  t o  d is c u s s  

o r  e x p la in  th e  p h y s ic o -c h e m ic a l phenomena a s s o c ia t e d  w ith  th e  hydrogen  

io n  and i t s  a c t iv i t y #  B r i e f l y  s t a t e d ,  e l e c t r o l y t e s  i n  aqueous 

s o lu t io n  a r e  ca p a b le  o f  d i s s o c ia t io n  in to  t h e ir  com ponents o r  io n s#  

T his d i s s o c ia t io n  r e s u l t s  i n  th e  p ro d u ctio n  o f  an a c id ,  n e u t r a l ,  or  

b a s ic  ( a lk a l in e )  c o n d it io n  i n  w a ter  s o lu t i o n s .  The measurement o f  th e  

a c i d i t y  o r  a l k a l i n i t y  o f  a system  c o n s t i t u t e s  w hat i s  known a s  a 

measurement o f  th e  pH (hydrogen io n  c o n c e n tr a t io n ) .

The a u th o r  has s tu d ie d  th e  in f lu e n c e  o f d i f f e r e n t  c o n c e n tr a tio n s  

o f  th e  hydrogen io n  on th e  developm ent o f  th e  la r v a e  o f  the y e l lo w  

f e v e r  m osquito and th e  common house m osquito* The f a c t o r s  o f  s i z e  o f"  

th e  larVste sat a  d e f in i t e  age and p ercen ta g e  emergence o f  th e  a d u lts  

have b een  co n sid ered #
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MacGregor (1921*29) endeavored to  s tu d y  th e  in f lu e n c e  o f  th e  

hydrogen io n  c o n c e n tr a tio n  upon the developm ent o f  m osquito la rv a e*  

I n  h i s  e a r ly  work he n o t ic e d  th a t  an a c id  c o n d it io n  (pH. 4 V 0  was 

l e t h a l  to  A nopheles m a c u lip e n n is , a .  b ifu r c a t u s , and O ch lero ta tu s  

nem orosous. On th e  o th er  hand a pH- range o f  8 .2 -8 * 4  to  9 .6  was 

fa v o r a b le .  His e a r ly  paper c o n s is te d  o f  a few f i e l d  o b se r v a tio n s ,  

b u t  l a t e r  MacGregor perform ed some exp erim en ts on th e  e f f e c t  o f  

pH. under la b o r a to r y  c o n d it io n s .  He observed  th a t  under s t e r i l e  

c o n d it io n s  on h i s  a u to c la v e d  ”standard bread” d i e t ,  w hich  o th er  

w orkers have been  -unable to  d u p l ic a te ,  th e  la r v a e  o f  Aedes a rg en teu s-  

( a e g y p t i ) d ev e lo p ed  e q u a lly  w e l l  a t  hydrogen io n  c o n ce n tr a tio n s  o f  

4 * 0 , 6 .0 ,  and 8 .0 .  In  a  0.5% r a i s i n  d i e t  th e  pH. a t  f i r s t  was

4—6 .5  b u t on s ta n d in g  fo r  tw enty—fo u r  hours i t  dropped to  a 2—3 

range; " N e v e r th e le s s ,” a cco rd in g  to  MacGregor, "the la r v a e  a t  th e  

end o f  24  hours a re  u n a ffe c te d  and i n  t h i s  medium d evelop  a lm o st as  

w e l l  a s  th e y  do in  th e  stan d ard  bread  medium.*1 A l l  o f  th e  la r v a e  

d ie d  on d i e t s  -whose c o n c e n tr a tio n s  o f  th e  hydrogen io n  w ere betw een

8 .5  and 9 . 0 ,  made up w ith  d i l u t e  ammonia to  in c r e a s e  th e  a l k a l i n i t y .  

But when th e s e  same d i e t s  w h erein  la r v a e  had d ied  b eca u se  o f  e x c e s s  

a l k a l i  w ere made a c id  w ith  a c e t i c  a c id  to  pH.4* 0 , in o c u la te d  la r v a e  

w ere a b le  to  d evelop  and reach  m a tu r ity . MacGregor u n fo r tu n a te ly  

made the m ista k e  o f  u sin g  u n b u ffered  m ed ia . Throughout h is  paper  

he c o n s ta n t ly  e x p la in s  th e  sudden changes in  hydrogen io n  concen

t r a t io n .



Barber and Komp (1922) in  t h e ir  w ater surveys observed  th a t  

A nopheles p u n c tip e n n is  « A .  gu ad rim acu la tu s. and A ,cru cian s were found  

b reed in g  in  w a te r s  whose pH. ranged from 5 .0  to  8 .0 .

M o r ish ita  (1925) working w ith  C ulex fa t ig a u s  in  Japan n o t ic e d  

t h a t  a l l  b reed in g  w a te r s  v a r ie d  in  pH. from 6 .5  to  7 .6 .  However, 

b etw een  5*3 and 9*6 under la b o r a to r y  c o n d it io n s  t h i s  m osquito cou ld  

s u r v iv e .  He con clu d ed  th e  hydrogen io n  c o n c e n tr a tio n  w as o f  l i t t l e  

im portance i n  m osquito d evelop m ent.

P r u th i (1926) in v e s t ig a te d  the r o le  o f  pH in  the developm ent 

o f  the May—f l y  la r v a  C loen d ipterum  L . He observed  tha t  in  a pH 

raqge o f  6 .0  — 9*5 th e  la r v a  d id  n o t s u f f e r  an y  g r e a t  harm. O pti

mum ranges were 7 .0  — 9*5* Death was e a r l i e r  below  6 .0  than above

9 .5  and a t  a  pH o f  3 .0  d ea th  occurred  i n  8 h o u rs . P ru th i con clu d es  

th a t  " i t  d oes n o t r e q u ir e  a  lo n g  argument to  show th a t  hydrogen  

io n  c o n c e n tr a tio n , as su ch , i s  a ls o  a f a c to r  o f  g r e a t  im portance."

Harold (1926) ob served  th a t Aedes m a cu la tu s , A. a n n u lip e s ,

A .  g e n ic u la tu s , and A. r u s t ic a n s  were found o n ly  in  a c id  w a te r s ,  

b u t th a t  o th e r  members o f  the same gen u s, Aedes p u n cto r , A. c in e r e u s  

a lon g  w ith  T heobald ia  m o rsita n s  were found i n  w a ters  a s  a lk a l in e  a s  

p H .7 .5 . A nopheles s p e c ie s  w ere found in  w aters from  6 .0  to  6 . 8 .

C ulex p ip ie n s  was n ever found in  a c id  w a te r s .  S in ce  t h i s  w orker*s 

o b se r v a tio n s  w ere made i n  th e  f i e l d  over a  sm all area  th ey  c o n tr ib u te  

but l i t t l e  to th e  problem . Many o th e r  f a c t o r s ,  e s p e c i a l l y  h o s ts  f o r  

th e  a d u lt  fem a le , govern  th e  b reed in g  p la c e s  fo r  m o sq u ito e s .

B ek lem ishev and M itrofanova (1926) s tu d ie d  the problem  o f  

la r v a l  d is t r ib u t io n  o f  A nopheles m a cu lip en n is .  They n ever record ed
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the la r v a e  o f  t h is  m osquito i n  w a ter  whose pH was b elow  7 * 0 . A pH 

range from 7*1  -  7 .9 5  a lw ays p r ese n te d  th e  g r e a t e s t  number o f  la r v a e .

S en ior-W h ite  (1926) made an e x te n s iv e  survey o f  th e  m osq u itoes  

of C eylon  and s tu d ie d  th e  p h y s ic a l  f a c to r s  i n  m osquito p o p u la t io n s .  

This w orker ob served  th a t  n a tu r a l w a ters  in  C eylon had a  pH range

from 5*4 t o  9*2  b u t th a t  m osquito la r v a e  i n  g e n e ra l w ere found w ith 

i n  a  pH range o f  5*8 to  8 . 6 .  He a ls o  n o t ic e d  th a t  m osq u itoes l i v in g  

i n  moving w a ters  had w id er  to le r a n c e s  than th o se  in  sta n d in g  w a te r s .  

A n op h elin es had w id er  to le r a n c e s  than C u lic in e s .

R u sse l (1927) s tu d ie d  th e  hydrogen io n  c o n c e n tr a tio n  o f  b reed 

in g  w a te r s  in  M acedonia. She found th a t  th e  A nophelines o f  t h i s  area  

p r e fe r r e d  a  range o f  pH 8 .0  to  9»5* However th e  C u lic in e s  were n ot  

so  s e l e c t i v e  a s  th ey  were found i n  a  pH range o f  6 .5  to  1 0 .0 .

R u d o lfs  and Lackey (1929) rep o rted  th a t  th e  c o n c e n tr a tio n  o f  

the hydrogen io n  had l i t t l e  e f f e c t  on th e  developm ent o f  Aedes 

ca n a d en sis  a s  f a r  a s  th e  la r v a e  th em selv es were concerned , b u t th a t  

i t  p rob ab ly  d eterm in ed  to  a c o n s id e r a b le  e x te n t  th e  abundance o f

d ia to m s, p r o to z o a , fu n g i ,  and o th er  food form s.

S in o ro d in zen  and Adowa (1930) rep o rted  th a t  th ey  found 

A nopheles m a cu lip en n is  b reed in g  in  w a ters  whose pH ranged betw een  

5 .0  and 1 0 .0 .  However a  pH o f  7 .5  was co n sid ered  to  be optimum.

Buchmann (1931 ) s tu d ie d  the r o le  p la y ed  b y  hydrogen io n  con

c e n tr a t io n  in  th e  l i f e  o f  C ulex p ip ie n s  and s p e c ie s  o f  A edes.  

A ccording to  t h is  worker the la r v a e  o f  C# p ip ie n s  w ere in d i f f e r e n t  

to  pH v a lu e s  from  4*4 to  8 .5 -9 * 0 .  The la r v a e  o f  Aedes s t i c t i c i u s  

A . yexans and A . c a sp iu s  d evelop ed  o n ly  in  w a ter  betw een 6 .5  andS.O.
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V arash i (1931) n o t ic e d  th a t  the la r v a e  o f  A nopheles m acu lip en n is  

w ere found i n  w a ters  whose pH v a r ie d  betw een 5*8  and 7 . 7 .

B rad ley  (1932) has s tu d ie d  th e b reed in g  o f  A nopheline m osq u itoes  

under f i e l d  c o n d it io n s *  In  arters whose pH v a r ie d  betw een 6 .8  and 9 .2  

A n opheline la r v a e  were fo u n d . However a t  6 .8  and above 8 .3  o n ly  v e r y  

sm a ll numbers o f  la r v a e  o ccu rred . Between a pH o f  7 .0  and 7 .8  th e  

g r e a t e s t  nunber o f  la r v a e  w ere o b serv ed .

B e a t t ie  (1932) w orking i n  T rin idad  s tu d ie d  th e  b reed in g  o f  

A nopheles ta r s im a c u la tu s  in  the f i e l d .  Her o b se r v a tio n s  r e v e a le d  

th a t  th e  la r v a e  cou ld  b e  found betw een  a  pH o f  5 .8  and one o f  7*5*

She s t a t e s  th a t no d e f i n i t e  c o r r e la t io n  e x is t e d  betw een th e  hydrogen  

io n  c o n c e n tr a t io n  and numbers o f  m osquito la r v a e .

W ood h ill (1938) rep o r te d  th a t  v a r ia t io n s  i n  th e  pH from A .2 

to  6 .8  up to  9 .0  s l i g h t l y  re ta rd ed  th e  developm ent o f  the la r v a e  

to th e  a d u lt  s ta g e  b u t  had no e f f e c t  on the t o t a l  numbers o f  th e  

a d u lt s  produced .



METHODS

I n  P a r t I I  o f  t h i s  r e p o r t  no a ttem p t was made to  r e a r  th e  la r v a e  

under s t e r i l e  c o n d it io n s  s in c e  optimum growth occu rs  i n  th e  p resen ce  

o f  m icroorganism s* A H  m edia was b u ffe r e d  and checked a t  th e  end o f  

24- hours in  c a s e  any changes i n  pH had occurred* O c c a s io n a lly  th e  

pH o f  a  b u ffe r e d  media would su d d en ly  change and th e  Jar had to  be 

d isca rd ed *  At e v e r y  pH co n s id ere d  8 t e s t s  were p e r fo r ed  w ith  25—day  

o ld  la r v a e  p er  t e s t *  At *11  c o n c e n tr a tio n s  o f  th e  hydrogen io n  from

5 -8  ( in c lu d in g  th is o n e )  up t o  9 *0 ,  th e  media w ere b u ffe r e d  w ith  NaOH 

and KH2P0^* Below  5*8 th e  a u th or  u sed  NaOH and KH p h th a la te  t o  

b u f fe r  th e  media*

Hydrogen io n  d e ter m in a tio n s  w ere made w ith  a  s l i d e  com parator 

and s e r i e s  o f  dyes m anufactured b y  W. A. T ay lor and Co* T h is  p ie c e  

o f  equipm ent was lo a n ed  by D r. W* C. S u p p lee o f  th e  Department o f  

C hem istry h ere  a t  th e  U n iv e r s ity *  The a ccu ra cy  o f  t h i s  in stru m en t  

was checked  a g a in s t  a  Beckman e le c tr o m e tr ic  pH m eter , u s in g  b u f f e r s  

o f  a  known hydrogen io n  co n cen tra tio n *

A ll la r v a e  w ere rea red  on a 6*3#o y s te r  m ea l, 0 . 1# d r ie d  y e a s t ,

0*1# g lu c o s e ,  and o . l #  Osborne-M endel s a l t  m ixtu re d i e t  i n  th e  p resen ce  

o f  m icroorganism s* However, th e  a u th o r  w ould l i k e  to  p o in t  o u t t h a t  

a t  th e  hydrogen io n  c o n c e n tr a t io n s  o f  4 *0 ,  5 *0 ,  5 *2 ,  5 *4-* and 5*6 

th e  p h th a la te  io n  was p r e s e n t  ( in  b u ffe r )*  A lthough  i t  was g iv e n  no 

ex p er im en ta l c o n s id e r a t io n , th e  a u th o r  fee&& t h a t  th e  p h th a la te  io n  

was n ot a  t o x ic  fa c to r *

A n a ly ses  o f  r e s u l t s  w ere made on t h e  p ercen ta g e  o f  a d u lt  em ergence 

and s i z e  o f  th e  la r v a e  a t  th e  end o f  5 d a y s .



RESULTS.

The r e la t io n  o f  pH to  th e  developm ent o f  Aedes a e g y p t i are  

p r e se n te d  in  th e  g e n e r a l t a b le ,  Table XV, and th e  com p osite  t a b le ,

T a b le  XVII3 w hereas th e  r e s u l t s  fo r  C ulex p ip ie n s  a re  shown i n  th e  

g e n e r a l t a b le ,  T able XVI, and th e  com p osite  t a b le ,  Table X V III.

A t a  pH o f  4*0  i t  can b e  seen  th a t  a l l  o f  th e  la r v a e  o f  b o th  

s p e c ie s  co u ld  n o t  s u r v iv e  f o r  a  24 hour p e r io d ; a t  5 .0  a l l  la r v a e  

w ere dead a t  th e  end o f  4-8 h ou rs; and a t  5*2 th e  la r v a e  cou ld  su r v iv e  

f o r  72  hours b e fo r e  d eath  o ccu rred .

The la r v a e  o f  Aedea a e g y p t i  were a b le  to  d ev e lo p  a t  a  pH o f

5 .4  and 24$ o f  them emerged a s  a d u l t s .  On th e  o th er  hand, th e  la r v a e  

o f  C u lex  p ip ie n s  l i v e d  fo r  120 hours (5 d ays) and d ea th  o ccu rred .

Between th e  pH range o f  5 .6 - 6 .0  la r v a e  o f  b o th  s p e c ie s  responded  

s im i la r ly  a s  shown b y  th e  t a b le s .  In  f a c t ,  a t  a pH o f  6 .0  b oth  Aedes 

and C ulex y ie ld e d  60$ emergence*

C o n cen tra tio n s  o f  th e  hydrogen io n  betw een a  pH range o f  6 .2 ~

7 .4  were v e r y  fa v o r a b le  f o r  th e  grow th and developm ent o f  th e  la r v a e  

o f  b oth  A . a e g y p t i  and £ .  p ip ie n s .

However, a t  a  pH o f  7 .4  th e  la r v a e  o f  C ulex  p ip ie n s  d id  n o t  

su r v iv e  i n  a s  g r e a t  a  number a s  d id  th e  la r v a e  o f  Aedes a e g y p t i .  At 

t h i s  hydrogen io n  c o n c e n tr a tio n  o n ly  64$  em ergence was ob served  fo r  

C u lex  p ip ie n s « w hereas 80$ em ergence was n oted  fo r  Aedes a e g y p t i .

At a  pH range o f  7 .6  th e  d if f e r e n c e  i n  th e  em ergence p ercen ta g e  

betw een  th e  two s p e c ie s  i s  l ik e w is e  v er y  w id e . Only 4$ o f  th e  la r v a e  

o f  Cule x  p ip ie n s  em erged. On th e  o th er  hand, 24$ o f  th e  la r v a e  o f  

A edes a e g y p t i  em erged. In  b o th  c a se s  t h e  f a l l  i n  t h e  em ergence p ercen ta g e  

compared t o  a  pH o f  7*4 i s  trem endous.



The la r v a e  o f  b o th  s p e c ie s  cou ld  su r v iv e  fo r  72  hours a t  a  

pH o f  7 * 8 j a t  8*0 d ea th  occu rred  in  48 h ou rsj a t  9*0 i n  24 hours*

The la r v a e  o f  b o th  A edes a e g y p t i  and C ulex p ip ie n s  a t  th e  

end o f  5 d ays w ere v e r y  sm a ll a t  pH ra n g es 5*4—5*8* However, on th e  

h ig h e r  hydrogen io n  c o n c e n tr a t io n  s id e ,  th a t  i s  a  pH range o f  7 * 4 -  

7 *6 ,  no d i f f e r e n c e  co u ld  b e seen  when compared w ith  a 5 day o ld  

la r v a e  grown a t  a  pH range o f  6 *4—7*2*



T able XV* E f f e c t  of pH* on th e  Development o f Aedes a e g y p t i*

pH* 4 .0  -  NaOH -  KHphthalate 
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la rv a e  dead a t  end of 24 hours.

pH* 5 .0  -  NaOH -  KHphthalate 
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t end o f  48 hours*

pH* 5 .2  -  NaOH -  KHphthalate
8 t e s t s  w ith  25 la r v a e  in  t e s t
A l l  la rv a e  dead a t  th e  end o f  72 hours*

pH* 5*4 -  NaOH -  K Hphthalate

No* No*
T est No* Larvae A dults

1 25 2
2 25 5
3 25 7
4 25 6
5 25 8
6 25 7
7 25 8
8 25 5
9 25 4

10 25 8

TOTAL 250 60
AVER. 25 6



T able XV* -  C ontinued. 

pH. 5 .6  NaOH -  KH2PO4 pH* 5 .8  NaOH -  KH^PO^

T est  No.
No.

Larvae
No.

A d u lts

1 25 8
2 25 12
3 25 5
4 25 7
5 25 3
6 25 9
7 25 9
8 25 7
9 25 11

10 25 9

TOTAL 250 80
AVER* 25 8

pH. 6 .0 NaCH -  KH2PQ4,

No. No*
T est No . Larvae A dult s

1 25 17
2 25 13
3 25 15
4 25 12
5 25 10
6 25 18
7 25 20
8 25 17
9 25 15

10 25 13

No. No.
T est Ho. Larvae A d u lts

1 25 15
2 25 9
3 25 12
4 25 12
5 25 8
6 25 17
7 25 12
8 25 10
9 25 14

10 25 11

TOTAL 250 120
AVER* 25 12

pH. 6 .2 NaOH -  KHg PO^

No* No.
T est No. Larvae A d u lts

1 25 22
2 25 19
3 25 24
4 25 20
5 25 17
6 25 20
7 25 24
8 25 22
9 25 16

10 25 17

TOTAL________ 250______ 150
AVER*__________ 25________15

TOTAL ______ 250 201
AVER* 25  20



T able XV* — Continued*

pH • 6*4 NaOH -  KĤ PÔ pH. 6 .6 NaOH -  KBgPO^

No. No. No. No*
T est No* Larvae A d u lts T est No • Larvae A d u lts

1 25 24 1 25 25
2 25 21 2 25 22
3 25 25 3 25 23
4 25 25 4 25 25
5 25 18 5 25 25
6 25 19 6 25 24
7 25 24 7 25 22
8 25 23 8 25 24
9 25 18 9 25 25

10 25 23 10 25 25

TOTAL 250 220 TOTAL 250 240
AVER* 25 22 AVER. 25 24

pH» 6 .8 NaOH -  KHgBO^ pH* 7 .0 NaOH -  KHgPO^

No. No. No. No.
T est No • Larvae ^ d u lt s T est No . Larvae Adult s

1 25 21 1 25 25
2 25 25 2 25 24
3 25 25 3 25 24
4 25 25 4 25 24
5 25 24 5 25 22
6 25 23 6 25 24
7 25 25 7 25 23
8 25 24 8 25 25
9 25 25 9 25 24

10 25 23 10 25 25

TOTAL 250 240 TOTAL 250 240
AVER. 25 24 AVER. 25 24



T able XV* -  Continued*

pH. 7 .2  NaOH -  KHgEQ^

T est No.
No.

Larvae
No. 

A dult s

1 25 18
2 25 23
3 25 19
4 25 24
5 25 20
6 25 24
7 25 23
8 25 20
9 25 24

10 25 25

TOTAL 250 220
AVER.__________25 22

pH* 7 .4  NaOH -  KĤ PÔ .. .

T est No.
No.

Larvae
No * 

Adult s

1 25 17
2 25 18
3 25 22
4 25 20
5 25 21
6 25 24
7 25 22
8 25 18
9 25 20

10 25 18

TOTAL 250 200
AVER*_________ 25  20

pH. 7 .6  NaOH -  KH^O^. . . . . . .

No. No.
T est  No. Larvae Adult s

1 25 4
2 25 7
3 25 7
4 25 8
5 25 3
6 25 5
7 25 8
8 25 6
9 25 5

10 25 7

TOTAL 250 60
AVER. 25 6

pH. 7*8 NaOH -  KHgP-Ô
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t  end of 72 hours

pH* 8 .0  NaOH -  KRgPOx 
8 t e s t s  w ith  25 la rv a e  in  t e s t  
A ll  la r v a e  dead a t end of 48 hours

pH* 9 .0  NaOH -  KHgEQ^
8 t e s t s  w ith  25 la rv a e  in  t e s t  
A ll  la r v a e  dead a t  end of 24 hours
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Table XVI. E f f e c t  o f  pH* on th e  Development o f  Culex p i p i ens *

pH* 4*0 -  NaOH -  K Hphthalate 
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead at end of 24 hours*

pH* 5*0 -  NaOH -  K Hphthalate 
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t  end o f 48 hours*

pH* 5 .2  -  NaOH -  K Hphthalate 
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t  end o f 72 h ou rs.

pH* 5 .4  -  NaOH -  KHphthalate 
8  t e s t s  w ith  25 larsrae in  t e s t  
A ll  la r v a e  dead a t end o f 120 hours*

pH* 5*6 NaOH -  K H phthalate pH. 5 .8 NaOH -  KHgRĜ .

No* No. No. No.
T est No- Larvae A dults T est No. Larvae Adult s

1 25 6 1 25 15
2 25 3 2 25 11
3 25 5 3 25 13
4 25 2 4 25 9
5 25 7 5 25 8
6 25 10 6 25 8
7 25 8 7 25 14
8 25 9 8 25 11
9 25 7 9 25 12

10 25 6 10 25 9

TOTAL 250 63 TOTAL 250 110
AVER. 25 7 AVER. 25 12

pH* 6 .0 NaOH -  KHgRO-4 - pH. 6 .2 NaOH -  KHgPO^

No. No. No. No.
T est No . Larvae A dult s T est No-• Larvae Adult s

1 25 17 1 25 14
2 25 11 2 25 17
3 25 12 3 25 21
4 25 18 4 25 13
5 25 22 5 25 11
6 25 18 6 25 16
7 25 16 7 25 16
8 25 13 8 25 18
9 25 16 9 25 10

10 25 17 10 25 15

TOTAL 250 160 TOTAL 250 151
aver. 25 15 AVER. 25 15



T able XVI* -  C ontinued .

pH. 6 .4  NaOH -  KHgEO  ̂ ' pH. 6 .6 NaOH -  KH^PO^

T est No.
No.

Larvae
No. . 

A dult s T est No
No.

Larvae
No. 

Adult s

1 25 17 1 25 24
2 25 22 2 25 183 25 23 3 25 25
4 25 17 4 25 21
5 25 18 5 25 17
6 25 15 6 25 23
7 25 15 7 25 25
8 25 21 8 25 20
9 25 17 9 25 24

10 25 15 10 25 23

TOTAL 250 180 TOTAL 250 220
AVER. 25 18 AVER. 25 22

pH* 6 .8 NaCH -  KH2po4 pH. 7 .0 NaOH -  KHgBO^

No. No. No. No.
T est No. Larvae A d u lts T est No. Larvae A d u lts

1 25 25 1 25 18
2 25 22 2 25 23
3 25 25 3 25 21
4 25 22 4 25 17
5 25 25 5 25 15
6 25 24 6 25 22
7 25 25 7 25 22
8 25 22 8 25 23
9 25 25 9 25 18

10 25 25 10 25 21

TOTAL 250 240 TOTAL 250 200
AVER. 25 24 AVER. 25 20



T able XVT* -  Continued*

pH* 7 .2  NaOH -  KH2P0^

No. No*
T est  No* Larvae A d u lts

1 25 16
2 25 21
3 25 14
4 25 12
5 25 18
6 25 22
7 25 19
3 25 23
9 25 16

10 25 19

TOTAL 250 180
AVER. 25 18

pH. 7 .6 NaOH -  KH

No. No.
T est  No • Larvae A dults

1 25 0
2 25 0
3 25 1
4 25 2
5 25 0
6 25 1
7 25 1
8 25 2
9 25 3

10 25 0

TOTAL 250 10
AVER. 25 1

pH* 7 .4  NaOH -  KH2 PO4.

T est No.
No.

Larvae
No. 

Adult s

1 25 12
2 25 17
3 25 19
4 25 11
5 25 9
6 25 20
7 25 19
8 25 21
9 25 16

10 25 16

TOTAL 250 160
AVER. 25 16

pH* 7 .8  NaOH -  KH^FO^
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t  end o f  72 hours

pH* 8 .0  NaOH -  KH^PO ,̂
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  la r v a e  dead a t end of 48 hours

pH* 9 .0  NaOH -  KH2 PO4  
8 t e s t s  w ith  25 la r v a e  in  t e s t  
A ll  larva© dead a t end of 24 hours



T able X V I I *  Com posite T able Showing E f f e c t  o f  pH. on Development of th e  
Larvae o f Aedes a e g y p t i . Average o f  8 t e s t s .

No. End End End No. %
p H . Larvae 24 Hrs* 48 H rs. 72 H rs. A dults A dults

4 .0 25 A l l  dead
5*0 25 L iv in g A ll  dead
5 .2 25 H L iv in g A ll  dead
5 .4 25 tt m L iv in g 6 24
5 .6 25 tl tt tt 8 3 2
5 .8 25 •I tt » 12 48
6 .0 25 tl tt tt 15 60
6 .2 25 II tt tt 20 80
6 .4 - 25 It «% tt 22 88
6 .6 25 It tt tt 24 96
6 *8 25 tt M tt 24 96
7 .0 25 tt tt t> 24 96
7 .2 25 tt tt tt 22 88
7 .4 25 ft tt tt 20 80
7 .6 25 tt tt tt 6 24
7.8' 25 tt tt A ll  dead
8 .0 25 tt A ll  dead
9 .0 25 A l l  dead

T ab le X V I I I .  Com posite T able Showing E f f e c t  o f  pH* 
Larvae o f  C ulex p ip ie n s .  Average of

on Development 
8 t e s t s .

of th e

No. . End End End No. %
pH. Larvae 24 H rs. 48 H rs. 7 2 .Hrsi. A d u lts A dults

4 .0 25 A ll  dead
5 .0 25 L iv in g A ll  dead
5 .2 ; 25 « L iv in g A H  dead
5 .4 25 tt L iv in g Larvae dead end 5 days
5 .6 25 tt « »t 7 28
5 .8 25 « m tt 12 48
6 .0 25 it tt tt 15 60
6 .2 25 n tt t» 15 60
6 .4 25 tt tt » 18 76
6 .6 25 t$ tt t* 22 88
6 .8 25 tt tt tt 24 96
7 .0 25 it tt tt 20 80
7 .2 25 « it tt 18 76
7 .4 25 «. tt n 16 64
7 .6 25 m tt w 1 4
7 .8 25 tt tt A ll  dead
8 .0 25 n A ll  dead
9 .0 25 A ll  dead
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Fig* X* E f f e c t  o f  pH* on th e  Development o f  Aedes 
a S g y p ti and C ulex p ip ie n s



DISCUSSION
t

The author has shown th a t  th e  la r v a e  o f  Aedes a e g y p t i  su r v iv e  in  

media whose hydrogen io n  c o n c e n tr a tio n  v a r ie d  betw een  a pH* range o f  

5*4 — 7*6 w hereas th e  la r v a e  o f  C ulex p ip ie n s  su rv iv ed  a range o f  pH* 

betw een  5*6 -  7 * 6 . MacGregor (1929) working w ith  Aedes a e g y p t i  c la im ed  

th a t  th e  la r v a e  d ev elo p ed  e q u a lly  a s  w e l l  a t  4 * 0 , 6 * 0 , and 8 * 0 . However 

when th e  ex p er im en ta l tech n iq u e  employed b y  MacGregor i s  exam ined i t  can  

be se e n  th a t  he f a i l e d  t o  u se  b u ffe r e d  media o f  any ty p e .  Under th e s e  

c o n d it io n s  the p r e s e n t  w orker can n ot f e e l  th a t  t h i s  w orker (MacGregor) 

has drawn s c i e n t i f i c  c o n c lu s io n s . In  th e  p r e se n t  w o r k e r ^  own work he 

has ob serv ed  th a t  th e  o y s te r  meal and d r ie d  y e a s t  medium (a lo n g  w ith  

g lu c o s e  and Osborne M endel s a l t s )  when l e f t  u n b u ffered  changed from day  

to  d a y . T his was p ro b a b ly  due t o  a c t io n  o f  b a c t e r ia l  m etab olism  and 

m eta b o lic  a c t i v i t y  o f  th e  la r v a e  th e m s e lv e s .

The o b se r v a tio n s  o f  M o r is h it ia  (1925) r e v e a le d  th a t  Cu le x  f a t ig a n s  

la r v a e  was found o n ly  i n  b reed in g  w a ters  whose pH. v a r ie d  , from 6*5 to  7 .6  

By comparing th e s e  o b se r v a tio n s  w ith  th e  r e s u l t s  p resen t in  t h is  r e p o r t  

c lo s e  agreem ent can be seen*

H arold (1926) c la im ed  th a t  C ulex  p ip ie n s  la r v a e  w ere n ever found in  

a c id  w a te r s .  However, th e  p r e se n t  worker would l i k e  t o  p o in t  out th a t  

H aro ld ts  o b se r v a tio n s  w ere made o v er  a v e r y  sm a ll area  under f i e l d  con

d i t i o n s .  O ther f a c to r s  o f te n  govern th e  b reed in g  p la c e s  fo r  m osq u itoes  

and i t  i s  in c o n c e iv a b le  th a t a d u lt  fem a les can s e l e c t  b reed in g  w a ters  

whose hydrogen io n  c o n c e n tr a tio n  i s  fa v o r a b le  t o  la r v a l  d evelop m en t.

B arber and Komp (1922) on th e  o th e r  hand d id  conduct e x te n s iv e  

su rv ey s on th e  b reed in g  p la c e s  o f  A nopheline la r v a e  and r ep o r ted  th a t  

betw een  a pH. range o f  5*0 — 8 .0  la r v a e  d id  o c cu r . These r e s u l t s  do c l o s e l y



8 7 .

approxim ate th e  r e s u l t s  o b ta in ed  b y  th e  p resen t worker b reed in g  Aedes 

a e g y p t i  and C ulex  p ip ie n s  i n  th e  la b o r a to r y .

The o b se r v a tio n s  o f  S en ior-W h ite (1926) w ere in  agreem ent to  a  

c e r t a in  e x te n t  m t h  th o se  p re se n te d  b y  th e  p resen t w ork er. This w orker  

ob serv ed  th a t  m osqu ito  la r v a e  in  C eylon w ere found w ith in  a  pH. range o f  

5 .8  t o  6 . 6 .

I t  i s  u n fo r tu n a te  th a t  o n ly  a few la b o r a to r y  exp erim en ts have been  

con d u cted  a long th e s e  l i n e s  o f  r e s e a r c h .



SUMMARY

X. The la r v a e  o f  Aedes a e g y p t i su r v iv e  in  m edia whose hydrogen  

io n  c o n c e n tr a t io n  v a r ie s  betw een  a pH. range o f  5*4 ~  7*6; w hereas th e  

la r v a e  o f  C ulex p ip ie n s  su r v iv e  i n  a pH. range o f  5*6 — 7 #6

2 .  The optimum ranges fo r  b o th  s p e c ie s  l i e  betw een a pH# range o f  

6*2 -  7 *4 .

3# The la r v a e  o f  Aedes a e g y p t i  are a b le  t o  d evelop  in  w id er ranges  

o f  hydrogen io n  c o n c e n tr a tio n s  than th e la r v a e  o f  C ulex p ip ie n s #

4# M osquito la r v a e  a r e  sm a ller  when reared  in  media whose pH# 

range i s  b etw een  5*4 -  5*8 than i n  th o se  c lo s e r  to  n e u tr a li ty *
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