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THE RESPIFJSTIOT OF CHIROMOj,'US URVAE 

Rela t ions  of Chirono,ue l a r v a e  t o  low Oxygen Teneions 

Appa ra t u e  

I n  o r d e r  t o  s t u d y  t h e  r e e p i r a t i o n  of Chironomur Larvas, which l i v e  

under suppeeedly anaerobic  cond i t i one  i n  t h e  profundal r e g i o n  of  D o u g h s  

Le ke, method8 f o r  keeping t h e  a n i m l s  i n  a n  oxygenlaae e n v i r o m e n t  f o r  a n  

extended period of  t ime were necessary.  It was neceseary  t o  remove the oxy- 

gen fbom t h e  water  ueed and t o  provide  a g a i n a t  i t s  r e p h c e ~ e n t  du r ing  the 

experiment. Two sethode have been devised f o r  procur ing  t h e e e  ccndi t ione .  

P l a t e  I showe t h e  a p p r a t u s  f o r  t h e  vecuum de-oxygenation method. 

k e  a i r  i e  renoved by e n  a s p i r a t o r  a t t a c h e d  t o  a h igh  p re s su re  water  l ine .  

A m n o a e t e r  placed i n  t'le syetem ehone t h e  preeeure obtained.  The vacuum 

chainbet c o n e i s t e  of  a vacuus d e s s i c a t o r  s o  a r renged  t h a t  i t  can  be s h u t  of  

f r o n  t h e  r e e t  of the eyetea. ?.ome of t h e  experi-ents  were c e r r i e d  o u t  with 

t h e  e n i m l s  i n  x a t e r  i n  t h r  b o t t o ~ n  of t h e  des s i ca to r .  Othere were done with 

i n d i v i d u ~  1s i s o i e t ~ d  i n  :all b o t t l e s  pleced on t h -  ? o r c e l i n  p l ~ t e .  The con- 

d i t i o n s   ill be descr ibed ful ly  ~ i t h  t h e  2 e s c r i p t i o n  of each experinent .  

Ir, orde r  t o  cl?ecir_ on t h e  ef'fecienclr of tl-15 ap?ara+us i n  reaoving 

d isso lved  oxyger, i r o n  t.he weter ,  t h e  apgere tus  :aa s o ? i f i e d  eo  ~s t o  e l l o w  

C : I E , ~ C E ~  amlyces  t o  be z d e  i n  tl?c vecuus. ;3is m o d i f i c ~ t i o n  i s  i l l u s t r e t -  

iri to :>;_ V E C S ~ Y J  c?alibc,r. 3~:: e r ~  C ~ G S E ~  05f 1 5 t h  zicrfx C E ~ ~ ? S  whi le  t h e  

evacuat ion  i s  being c e r r i e d  out. %en t h e  t e s t s  a r e  t o  be m d e ,  t h e  s t o p  co  

cock l e a d i n  t o  t h e  a e p i r a t o r  i s  c losed ,  and the  r eagen t s  e r e  al lowed t o  run 

i n t o  t h e  vacuuz c h a ~ b e r .  They are a c t u a l l y  forced  i n  $y a t a o s p h e r i c  pressure .  

If c a r e  i s  teken  t o  prevent  a l l  of t h e  reagent  froin running  i n t o  .the cham- 

~ 

ber,  no aore  oxygen rill be s d s i t t e d  then  i s  d i s so lved  i n  t h e  reagents .  The 

procedure end r e e u l t e  of  t h e a e  t e s t s  w i l l  be d iscussed  i n  c o m e c t i o n  with - 
t h e  accounts  of  t h e  exper iaenta .  

1 



I t  became obvious e a r l y  i n  t he  a e r i e s  o f  experimente t h e t  the decreaee 

i n  preasure  had  physica1,if  n o t  c h e d c s l ,  e f f e c t e  nn t h e  a n i m l e  a e i d e  from 

those  caused by Leck o f  oxygen. It m e  t h e r e f o r e  neceseary  t o  prepare  e n  

oxygenless medium f o r  the  t e s t e  whereby the e f f e c t s  of 1011 Oxygen t e n s i o d  

could be s e p e r a t e d  from t h o s e  o f  t h e  low pressure.  To. t h i s  end a n  a p p r a t u e  

was c o n s t r u c t e d  f o r  t h e  p r e p a r a t i o n  of oxygenlees water  by bo i l i ng .  The pur- 

?ose o f  t h e  a p p e r a t u j  &a t o  a l l ow t h e  weter t o  c o o l  wi thout  cornming i n  

c o n t a c t  w i t h  t h e  a i r  a f t e r  it had been boiled. P l a t e  I11 shows t h e  construc-  

t i o n  o f  the equipment. he water  b o i l e  a l l  va lvee  a r e  c lo sed  except  the 

e t e a a  o u t l e t  valve. Aa eoon a s  t h e  s team etopa comming from t h i s  ve lve ,  

it i s  closed,and t h e  va lves  c o n t r o l l i n g  t h e  a i r  i n t a k e  system a r e  opened. 

The condensa t ion  o f  water  vapor i n  t h e  f l a s k  draw8 a i r  i n  through t h i s  sye- . 
+,em. ;'he a i r  i e  drewn through a  column of  p y r o g a l l i c  a c i d  o r  similar reegent  

which takea up t h e  oxygen, provided t h e  a i r  i s  drewn s lowly  enough through 

t h e  ao lu t ion ,  The m 5 e r  i e  t h e n  siphoned off  i a t o  b o t t l e s  with ;round g l a s s  

a t o p e r e .  Theee a r e  f i l l e d  f r o s  the bottom and overflowed s o  thret a l l  t h e  

water which hae  coae  i n  c o n t a c t  with the  sir i a  mashed out. 

Chemica 1 Tes t e  - 
Exp. It. The f o l l o ~ i n g  t e a t  m a  performed as a check on the ef- ec iency  of 

the  vacuum de-oxygenator. 3eference t o  "late I1 w i l l  a s e i e t  t h e  reader  
i n  fo l lowing  the procedure, 

The a s p i r a t o r  . a s  a l lowed t o  run  f u l l  f o r c e  f o r  f o u r  houre.  I t  was 
then  etopped and t h e  s t o p  cock between it and t h e  vacuum chamber Prae 
c losed  . Afew C.C. o f  UlnS3+ were run i n t o  .he chainber whicn me8 t:en 
eheken t o  d i e t r i b u t e  t h e  reagent .  'pie KI-I(OH was run  i n t o  t h e  c m a b e r ,  
These two reagente  must no t  f low through-the e a s e  tube,  because t h e  
p r e c i p i t a t e  w i l l  c l o g  t h e  system, Upon t h e  a d d i t i o n  of t h e  KI-KO3 t o  
t h e  chamber a white  f l o c c u l e n t  p r e c i p i t a t e  mas f s r s e d .  'Ihie Jae d i s -  
solved b;7 t h e  a d d i t i o n  of concent ra ted  9,SO*. X f t e r  the  p r e c i p i t a t e  
was d i seo lved  a i r  wes l e t  i n t o  %he cilaffiber, and it wae opened. S t a rch  
s o l u t i o n  e s  t hen  added t o  e m a p l e  of  t h e  ha t e r .  If t h e r e  had been 
oxygen d i s s o l v e d  i n  t h e  JvaLer, t h e  end p r o d ~ c t  of  t h e  above s e r i e a  o f  
r eac t ione  s o h l d  have besn i od ine ,  which woild heve  turned  t h e  e tPrch  
blue. Iio c o l o r  wee produced die11 t h e  s t a r c h  xes  added, t h e r e f o r e  t h e r e  
w s  no oxygen di:solved i n  t h e  water  i n  t h e  vscuua chamber. i%at i e ,  
t h e r e  wee none t k ~ t  could De de tec t ed  by t ! e  s e t ? o d  deecr ibed ,  



Exp. 2 t .  i'he ouee t ion  a r o e e  a s  - i  whether b o i l i n g  a c t u a l l y  reaeved the d ie -  
solved oxygen from t h w  water  o r  not.  heref fore t h e  fo l lowing  expe r i -  
m n t  was p e r f o r a d .  

1Wc.c. of water  were boiled f o r  f i v e  a inu te s .  7hile it was s t i l l  
b o i l i n g  1c.c. of  %SO+ was added followed by 3c.c. KI*KoH. A prec ip-  
i t a t e  nee formed which was d i s so lved  with conc. H,SO*  he Aater wee 
b o i l i n g  while  t h e s e  were being aq3ed. m e n  the p r e c i p i t e t e  vrae d i e -  ' . 
solved s t a r c h  s o l u t i o n  mas added a s  a t e s t  f o r  iodine.  l o  i od ine  m e  
present ,  + h e r e f o r e  L.?ers was no oxygen d i ~ o b l v e d  i n  t h e  water a s  far 
a s  could be de t e ra ined  by ' h i s  nethod. Bo i l i ng  r e d v e s  p r a c t i c a l l y  
a l l  of t he  oxygen. 

xp, 3t. 76;er vlre boi led  r e  edove, a l l o z e d  t o  cool ,  :hen siphoned i n t o  
b o t t l e s  n i t h  g r o  ;n g&ss s top?s ra ,  c e r e  being taken  t o  :=ah ou t  a l l  
t h ~ t  'zed been e ~ p o ~ e d  t o  r'-e e l r  i n  t h e  f i l l i n g  procsss .  3 i S  '-la8 
t e s t e d  che ~ i c e l l y  a s  ea3ove e.=lci .YES found t o  c o 2 t e i n  e i e i r l y  h i &  
cancenf r a t i o n  of d i s so lved  oxygen. i b e  oxjrgen d i s so lved  i n  t h e  -.mter 
while i t  zes  c o s l i n g  i n  t h e  ope2 f l s s k .  

hxp. 4t. ",'ater ; ; ~ s  b s i l e j  e z  ecove p-nc! si?honsd i n t o  t h e  b o t t l e s  x h i l e  s t i l l  
g iv ing  off s t eaz .  l'he b o t t k s s  h e 3  liken Trerned t o  ?revent  t h e i r  break& 
ii;g. 2?on  coo l ing  Cclc vra ,-r c n ~ r a c f e ?  c a d  drew e i r  i n  aroui1-l t h e  s t o p -  
per. , h i s  i i e ie r ,  wken t e s ~ e d ,  showed e ~ a i r l y  h igh  cv?ncen~ra t ion  of  
oxy,en. 

Bxp, 5t. i'ne a?3ar&zuz  i l l u s t r e t s d  on P l a t e  11; ves b u i l t  E s  a n  e t t e ~ p t  t o  
,roctire ox;-,&.:ler-; 71s t e r .  3 i e  t e c h a i ~ u e  of a n l d l i *  t h i -  3evice i s  
descr ibed i n  t h e  s e c t i o n  on ep?ere txs .  ",'eter t r e e t e d  by :his set ' tod 

mes y ~ s t e d  and found t o  con'tein s o d e r ~ t e  a  zounts of oxygen. This me- 
=iod, e s  i: s t ands ,  w i l l  n a t  produce oxygenless  rrater. 

Sxper inents  on Chironomus Larvae - 
:Tote: O b s e r v ~ t i o n s  e r e  recorded e t  t h e  ti;€ they  ne re  mde.  The times a r e  

recorded a s  h o ~ r s  end n i n u t e s  a f t e r  t h e  s t a r t  o f  :he gxperinent.  
Zxenple: 7:39 i n d i c a t e s  3o i r s  and 9 minutes. 

Exp. b. E i s  e x p e r i ~ e n t  vies ?erforlried i n  a chahber of  t h e  type  shorn  on 
P l a t e  I1 mlthout t h e  a t t e e h u e n t s  f o r  c h e a i c a l  work. 12 a n i m l s  were 
placed i n  ebou t  Scss.  of' x a t e r  i n  +he bottom o f  t h e  chaaber. These 
ani.nals hed been x-rashed twice  i n  l ake  water t s  reaove organic  d e t r i t u e  
end were placed i n  l a k e  a s t e r  f o t  t h e  experiment,  

Shor t ly  a f t e r  t h e  pump ..es s t e r t e d  a l l  a n i m l s  r o s e  t o  t h e  sur face .  
A t  t he  ease  t i n e  ges began t o  e f f e r v e s c e  from h e  water. 

0:20 A l l  a n i m l s  loose  a c t i v i t y .  
4: 03 X n i s  1s very  i n e c t i v e ,  shoxing a lugz iah  movesente. 
7:03 Experiaent  d i scon t inued  due t o  leakage of  a i r ,  

Exp. 28. Sindiv idua la  s e l e c t e d  e t  random were washed tw ice  i n  l ake  water  
and put i n t o  a l a r g e  anount  of water  i n  the v a c u u  cb lnber ,  which was 
t h e  saae  type  used i n  exp. Lee A t  t h e  same t i z e  5 a n i m l s  were placed 
i n  a d i sh  of lake water  uhich was l e f t  open t o  t h e  a i r  t o  s e r v e  a s  a 
cont ro l .  



0:O -Pump s t a r t e d  
O:O6 Effervescence from r a t e r .  Pressure 32iam. Elg. 
0:10 Aminale roae t o  pos i t ion  j u s t  under t he  surface  film. 

k r g e  a m o ~ n t e  of plankton were discovered i n  the water ueed. Not ex- 
amined. 

0:20 An iml s  start t o  eec re te  gas i n  l a rge  quant i t iee .  One began t o  ehow 
b e e  of redness i n  one e n t i r e  segment. Pressure 16 mrn. Hg. 

O:>O Pressure 11 sm. Hg. Temperature 15.5 C. Vapor pressure 13.1 mm. Hg. 
0: 55 A 11 the  co lor  has l e f t  one segment of t he  a n i m  1 mentioned a bove t o  

be fading. This a n i m l  i s  very  i nac t i ve  and does not  reepond t o  t !e  ag- 
i t a t i o n  caueed by r i e l ng  buboles striking it. 

1:07 The faded a n i m l  became a c t i v e  and s ewed  t o  be more faded following 
t he  a c t i v i t y .  

l t  14 The unf8ded a n i m l e  were very deep red, auch darker than controle.  
3 aninrsle very a c t i v e  a t  in te rva le .  Faded one inactive.  

1:20 A l l  a c t i v e  except faded one. Both ende of t h i s  a n i m l  very deep red. 
Control  a n i m l e  do not  r i e e  t o  t he  t op  of t he  water. 

2r00 Pump stopped and valvee closed. Pressure 9ma. Hg. Te~lperature 17 C. 
Vapor pressure 14.5 m. 9g. 
A l l  a c t i v e  excspt  faded one. A 1 1  dark red wherever any color  remins .  

2: 16 S l i g h t  aovements of faded individua 1. 
L:40 8ne a n i m l  turning a rus ty ,  brownish red. 
2:47 The brown co lor  became q u i t e  appearant  and the  a n i m l  became c l e a r  

and transparent .  
2:54 A 11 very eluggish. Faded one showed only occaeiona 1 l e a k  movements. 

The segment that faded f i r s t  i e  now pale green. 
3:22 Another individual  had turned ru s ty  red. 
3t46 This l e s t  individual  ehosed a complete fede out i n  one segsent  end a 

p a r t i e l  fading i n  a fez poster iop segsents. 
3:55 0ne of the  dark red individuals  f e l l  t o  t he  bottorn of the  chamber, I t  

was very a c t i v e  on t he  bottom, then it f loa ted  up t o  the  surface  and sank 
back again. These sinking and r i s i n g  motions continued f o r  27 minutes. 
A t  t i m s  the  r i s i n g  and f a l l i n g  occured severa l  times i n  one ainute,.  
hs the  a n i m l  rose  it WES seen t o  be cavered with s m l l  bubbles of gee,, 
which pessed o f f  a s  the  a n i a l  reached the  surface. %en it xould a ink 
again. After  a sho r t  period on the  bottom the  bubbles eppeered egain,  
and the  a n i m l  rose  t o  the  surface.  Thie animal retained L!e deep, blu- 
iah, red, color. 

4:27 &The dark red a n l a 1  wnich had not  been r i s i n g  end f e l l i n g  s ec r e t i ng  
gas. Becaine very active.  

4:42 ;Ilia aai-1 sec re t ing  gee bubble8 under t he  chiton. 'ad ~ o t t l e d  
. apparance.  

4:49 This individual  showed feding i n  the  4th segaent f r o s  the  a n t e r i o r  
end. 

4:51 An iml  which had been r i s i n g  and f a l l i n g  wes turning rus ty  brown. 
4:57 A l l  except second faded a n i m l  act ive .  
5:22 %e f i r a t ,  individual  t o  t u r n  brown ass qu i e t  and r ig id .  
5:24 The two individuals  which were l a : t  t o  fade were lnzct ive .  -he f i r u t  

one t o  fade via8 active.  
5:32 ;he two brown anilllala acSive, t he  t h r ee  faded onee inactive.  
7:18 The t h r ee  faded and t h e  f i r s t  brown a n i m l s  weae very sluggieh. I'he 

The other  brown wes sodera t ly  act ive.  
12: 24 Second brown a n i m  1 very darkly colored. 
22:31 Experiment discontinued. Faulty equipment. 



Exp. 9. Five chironoma l a m e  s e r e  washed t r i c e  with lake water and then 
put i n t o  the  vaouun chamber wi;h 200c.c. of well  water. The chamber 
was of the eame type a e  was used i n  ~ x p . * l r ,  and 2a. Five a n i m l s  
t r ea ted  a s  a b w e  were placed i n  200 C.C. of wel l  water open t o  t he  a i r  
a e  controle. 

0:00 Pump a t a r t e d  
0 3 0 5  Three animals had r i s e n  t o  a pos i t ion  jue t  under -"he surface  film. 

Pressure 6Omm. Hg. Temperature 18 C. 
0;07 Effervescence of gasses  from the  water. Preseure 46.5 m. Hg. T e n p  

e ra tu re  18 C. 
O t O 9  Effervescence from the  an i l~a l e .  Preseure 32 m. Hg. Teaperature 18 C4  
0: 11 A 1 1  t e a t  e n i m l s  mch darker  red t h a t  the controls. 
0: l.6 R o  a n i m  1s tu rn ing  r u s t  brown, almost orange. 
0:27 Two a n i m l s  fading i n  t h e  4th segaent from the  a n t e r i o r  end. 
0 :p  One of above fading i n  t h r e e  segments poeter ior  t o  the  4th. Remin- 

ing color  eame as controle.  
0:32 One of t h e  brow ind iv idua l s  fading i n  the  4th segment. 
0:39 The a n i m l  described a t  O:3O tu rn ing  brown. The color  i s  about the  

aane i n t e n s i t y  a e  t h a t  of the contrbl r ,  but i s  not a s  clear .  
0:43 Pressure 7.5 m. Ifg. Temperature 19 C. 
0:47 One anirml dark, b luihs  red. 3 faded w i t h  r emin ing  co lor  rus ty  red. 

One unfaded . Rusty red. 
0:54. f i e  unfaded brosn ind id idua l  fading. 
1:O3 A l l  faded a n i m  1s very quie t .  Showed occasional movements. 
1112 Tao faded a n i m l s  and t h e  dark red one moderatly ac t ive .  
1: 15 Pressure 7 ma. Hg. Tespsrature 20 C. 
l:16 Zoet faded a n i m l s  l e a a t  ac t ive .  Very l i t t l e  effervescence from water. 

So- from a n i a l e .  
1: 19 Two faded anilnale very quie t .  One had color  cosp le t ly  gone from an- 

t e r i o r  end, the  pos te r io r  end being dark red. Sharp d iv i s ion  between the  
two zonee. Anter ior  end i e  f r e e  of f l u i d ,  and the  poeter ior  i s  fu l l .  
%he d iv ie ion  l i n e  is  a seniscus.  I t  did  no t  r e m i n  a t  e constant  l eve l  
but f luctuated e l igh t ly .  

1:35 No efferveecence f v ~ m  water, eome from ani3mls. 
1x37 Faded s n i w l e  i nac t i ve ,  dark  red one ac t i ve .  
1x54 Preesure 6 ms. Hg. Temperatures 21.5 C. 
2:02 A l l  a n i m l e  very a c t i v e  and effervescing. 3 s rk  red one eepec ia l ly  

active. 
2:05 Preesure 6 am. Hg. Tenperature 22 C. 
2:38 A l l  a l i v e ,  and a l l  but one faded one sodera t ly  ac t ive .  Very s l i g h t  

effervescence from a n i m l e .  
2:57 An iml  described a t  1:19 a s  havigg l o s t  a l l  color  i n  a n t e r i o r  end 

had a am11 thread of reddish, viscous, l i qu id  draining from the moxth. 
3:00 Above a n i m l  gave s eve ra l  v i o l e n t  movesenta and becaue quiet .  Fluid 

s t i l l  dra ining from the u o ~ ~ t h .  
3:25 Above a n i m l  shbas occasional  movementa. Pos t e r i - r  end dark red. 

Anterior  end f a i n t ,  pale green. 
3:35 P u p  stopped. 
4r 18 Preseure 9Z5 rmn. Hg . Temperature 20 C. 

A 1 1  a n i m l e  soved when t he  wal l  of  the  chaaber m e  tapped except one 
faded one. 



4:52 ~ r e a e u r e  13 ms. Hg. Temperature 20 0. 
A 1 1  a l i v e  

48% P u p  e tsr ted .  
5: 16 Preeeurs 6 mm. Hg. Temperature 19.5 G. 
6611  A l l  respond t o  tapping except exteneivly faded animal deecribed a t  - 

3: 00. 
7:29 Exteneivly faded a n i m l  deecribed a t  3:OO had begun t o  replace  the 

red pigment. The f i rs t  two eegmente had almoet coap le t ly  recovered t h e i r  
color. The co lor  replaced i s  ds rk  red. 

9:43 Pressure 13 ma. Hg. Temperature 19.5 0. Vapor Preesure 17 mm. Hg. 
A l l  a l ive .  

9:46 Pump s tar ted .  
10~45 Pressure 4m. Hg. 'Temperature 18 0. 

A l l  anima la  a l ive .  Faded onee a r e  rebuilding pigment. 
Experiment discontinued. Faulty equipsent. 

Expo&. Five individuals  were prepared fo r  the  t e s t  and f i v e  f o r  t he  con- 
t r o l a  exact ly  a e  deecribed i n  t h e  preceding experiment. 

0:00 Pump etarted.  
0:03 Effervescence from water. 

Pressure 61  mm. Hg. Temperature 17.5. G I  
0 : d  Effervescence f r o 2  anims 1s. 
0:05 Anirrala a t  poa i t ion  imnediat ly under t he  eurface  f i l m .  f on t ro l e  did 

not do th is .  Test  animals very active.  
0:41 Efferv5scence from water a l igh t .  

Pressure 8m. Hg. Temperature 17.5 C. 
One a n i w l  faded completly i n  4th and 5th segments and e l i@tr ly  i n  

6th and 7th. 
Another had l o s t  a l l  co lo r  from 4th segaent and i s  dark red a t  e i t h e r  

end. 
Another had faded evenly, althoagh not  completly, from t h e  4th eeg- 

nent back t o  the last  few pos te r io r  segments. Remining co lor  d i f f e r s  - 

vsry l i t t l e  from control .  
The two r e m i n i n g  animals ehowed dark red a n t e r i o r  ends with the  r e a t  

of the  body colored l i k e  controls .  
1:09 ;<o effervescence frorn water except near a n i m l s .  This nay be from 

an iml s .  General co lo r  of t e s t s  darker t h a t  t h a t  of controls .  
1:32 A l l  animals fad ing  i n  A d d l e  of body. Ends dark red. 

Pump etopped. 
Presaure 6.5m. Hg. Te.spersturec 18 C. 

3:05 One anirral had l o e t  a l l  co lo r  from a n t e r i o r  end. 
Pressure O.K. 

4:31 A l l  a l ive .  .;oat ex t sne iv ly  fhded with unfaded p r t e  dark red. 
Pressure 7m. EIg Temperature 18 C .  

6:08 A l l  a l i v e  
Treasure O.KS Pump s t a r t e d  

6:18 Pusp stopped. 
7:05 A l l  a l ive .  :;one very act ive .  A l l  more o r  l e s s  f'aded. 

10:52 Ani lgl  which had l o e t  color  a t  an t e r i o r  end a s  deecribed a t  3!05 hae 
begun t o  replace color.  

20:51 'i'hres a n i m l s  had sunk t o  bottom. One of theee  was very q u i e t  and did 
not  respond when the  g h s a  was tapped. Oaly one ahowed much Bding.  



38:39 A 1 1  a n i m l e  quie t .  Did n o t  respolfd t o  tapping. 
Preeeure 0.K. 

Ihe a n i n a l e  r e r e  t aken  from t h e  vacuum chamber and were placed i n  
oxygenated water open t o  t h e  a i r .  m e  c o n t r o l s  were a l l  a l i v e  and a br ie f i t  
c l e a r  red. R o  of t h e  t e a t  a n i m l s  were faded and had no r i g i d i t y ,  the 
o t h e r  t h r e e  r a r e  darkred and v e r y  s t i f f .  Bone o f  t heee  aninmls ehowed 
any eigne of recovery i n  t h e  oxygenated water,  E v i d e n t a l l y  t hey  had been 
k i l l e d  by the t r ea tmen t  a p p l i e d  t o  them. 

Expo 3. Five a n i m l s  were waehed tw ice  wi th  we l l  water,  and t h e n  one placed 
i n  each of f i v e  e n a l l  e c r e r  t o p  n + c k e r " b o t t l e e .  Theee b o t t l e s  were 
f i l l e d  with we l l  water  and c l o s e d  withou; an$ air. They were then  placed 
i n  a  v a t  of m t e r  which comple t ly  covered them. Rie w e l l  water  used 
contained soae diaeolved oxygen. 

0:00 A n i m l e  sea led  i n  bo t t l ee .  
2:49 #l showed a l i g h t  f a d i n g  i n  the 4th segment. 

Others  norrral. 
40:35 #1 Ante r io r  p o r t i o n  a p a l e  r u s t y  red with t h e  4 th  segment a lmos t  c0 l -  

o r lese .  P o s t e r i o r  p o r t i o n  d a r k  red. A n i m l  s t r e t c h e d  out  s t i f f l y  and 
ehowed very  s l i g h t  uovementa. 
#2 An even dark  red co lo r .  I n  t i g h t l y  c o i l e d  p o a i t i o n  u n t i l 1  q i s tu rbed  

whereupon it became q u i t e  a c t i v e .  
#3 Like $2. 
#4 An even, pa l e ,  d u l l ,  r ed , co lo r .  I n  a  t i g h t l y  c o i l e d  p o s i t i o n  u n t i l 1  

d is turbed ,  whereupon it becaae q u i t e  e c t i v e .  
#5 An even, pa le ,  d u l l ,  r ed ,  co lo r .  I t  l a y  a ' r e t ched  o u t  q u i e t l y  un- 

till d i s tu rbed ,  vhereupon it becam q u i t e  ac t ive .  
43:35 $1 S t i f f  end qu ie t .  A c loudy opaque red except  f o r  t h e  l a s t  two o r  - 

t h r e e  seginente which were da rk  red. 
Others  e e  descr ibed  above. 

48:35 gl To Yot ion  even when shaken. Color  a s  a t  43:35. 
Others  ae  descr ibed  ebove. 

51:49 #1 S t i f f  and qu ie t .  C o l o r  e e  above. 
#3  Fastened t o  t h e  b o t t l e  w i t h  s i l k .  ? a s  c o i l e d  and d i f f i c u l t  t o  e x c i t e .  
A l l  o t h e r s  a 0  above. 

75:49 #1 D e f i n i t l y  dead! 
42 end $3 Dark red  and h a r d e s t  t o  exc i te .  
#4 end #5 Light  r ed  o r  broe~n and e a s i e r  tb exc i t e .  

135:49 #2 end #3 Bark red  c o l o r .  Al ive .  
$4 Probebly dead4 
#5 Dead. 

140:49 82 and $3 Alive.  
Othera dead. 

166:54 #2 and #3 . Wo longer  r e e t i n g  c o i l e d  up but  l y i n g  a t  fill legnth. 
Very l i t t l e  motion when d i s tu rbed .  

168:49 $2 and $3 Coi l ed  up. Very i n a c t i v e  and elovi t o  reepond t o  d ie turbance .  
Evenly co lored  da rk  red. 

214:04 #2 and #3 Alive. R ~ e t i n g  a t  f u l l  l e p t h ,  but  c u r l  up when moved. Deep 
L - -da rk  red, 



220:59 82 and #3 Moderatly a c t i v e  without being dieturbed. Dark red. 
221:56 #2 I rmct i re  except on vigoroue.disturllance. 

#3 Active upon s l i g h t  d i~ turbance .  
223:39 #2 Coile  and uncoile when dieturbed. Otherwise iaactive.  

# j  Active, no exc i t o r  needed. 
237 :41#2 and #3 Show l i t t l e  or  movement even when disturbed. 
239: 19 $2 and #2 Alive. No movement unlese dieturbed and not  much then. 

Dull red. 
249:ll #2 end #3 Alive. 
308:38 ;fh Dead. 

#3 Alive and qu i e t  unless disturbed. 

Exp. 6a. Procedure a e  i n  Experiment 4a 

0:00 Pump s tar ted.  
0:04 Effervescence from water. Aninsla J u s t  under surface f i l m .  
0: 16 Efferveecence from a n i m l e .  
0:45 A l l  a t  surface. Very quiet.  
1:10 One anil lal  fadind i n  the  midregion. 

Others brownish red. A l l  darker than controls.  
l:23 Three an iza le  ac t i ve ,  two quiet.  Faded one quiet. Othere brownish red. 
1:53 Two inec t ive ,  o thers  ec t ive .  A 1 1  brownish red. 
2:43 Three anirnels inact ive .  two act ive .  One a c t i v e  animal fading i n  3rd 

or 4th eegmnt. One qu i e t  animal brown. Others dark red. 
Pump stopped. 

4:35 A l l  a l i v e ,  t h r ee  inact ive .  
Pressure O.K. Pump e ta r ted .  

5:52 A l l  a l i ve .  Pump etopped 
7:53 Three ac t i ve ,  two inact ive .  A l l  qu i e t  when undisturbed* 
9:32 A l l  a l ive .  A l l  i nac t ive  unless disturbed. TWO did not respond t o  

tapping. 
Pump s t a r t ed .  

12:)5 A l l  but one reepond t o  br ight  l ight .  This one i s  faded i n  4th segment. 
Pressure O.K. 

12:35 Pump s t a r t ed .  
12:45 Pump stopped. 
22:3Cl A l l  evenly colored brownish red. One inact ive ,  other6 more o r  l e e s  

active.  
Pump s ta r ted .  

22:jj' PUT s t o p ~ e d .  
27:32 A1 u t  one respond t o  tapping. One on bottom. 
27:33 P a p  s t a r t ed .  
27:56 Puinp stopped. 
27157 THO az i r r t l s  on bottos,  do not reepond t o  tapping. One st eurface did 

oot respond. Two t h a t  responded a r e  inac t ive  except when dieturbed. 
29: 17 Two -her ne zotlon when chazber is +nppedis there  move only when dis-  

turbed. One q u i e t  a n i m l  wrs a t  t he  surface,  the  other on the  bottom* 
The ac t i ve  anitnal on bottom mas deep red. he  inact ive  one(which moves 
occeeionally) h e  brown. A l l  a t  surface were brow. 

31x11 Two on surface  respond t o  tapping. One of these hed pos te r io r  end 
a t  surface and hung downward from there.  One a t  surfece quiet .  Two on 
bottoa do no t  respond. 



35:16 One hae  dropped t o  bottom, n o t  one which was hanging from eurface.  
I e  a c t i v e .  

40: 25 Pump e t a r t e d .  
40:27 Four on bottom i n a c t i v e  excep t  when dieturbed.  One d id  no t  reepond 

t o  tapping. One on e u r f s c e  d i d  n o t  reepond. 
b : 3 O  Pump etopped. 
49:55 Four on bot ton,  t h r e e  a c t i v e ,  one ao t ionleee .  One motionleee on sur face .  

3o t ion leee  a n i r ~ a l s  a r e  brownish red. Act ive  animale vary from t h a t  t o  
da rk  red. 

50x07 Two bottom a n i m l e  q u i e t  even whell dieturbed.  
53:22 -;80ttor11 anilpals and one on s u r f a c e  showed no reeponee t o  tapping. 
55:15 One bottom and one s u r f a c e  an imal  showed no reeponee t o  tap;ing. 

A l l  dark, brounieh, red ,  
Pump a t a r t ed .  

55:22 Bne b o t t o a  anilnel ve ry  a c t i v e ,  ano the r  moderatly 80. 

55:24 Another bot ton  a n i m l  showed g r e e t  a c t i v i t y  f o r  a e h o r t  time. 
55: 25 Pump etopped. 
56:52 t h r e e  o f  four  bottom a n i m l s  a u i t e  e c t i v e .  The o t h e r  nould respond t o  

n e i t h e r  tapping  o r  b r i g h t  l i g h t .  
53:35 Three o f  bottom a n i m l s  would n o t  reepond t o  tapping. Other  a c t i v e  

wi thout  tapping. Sur face  a n i m l  q u i e t ,  probably dead. 
62:27 only one responded t o  tapping.  A l l  a r e  brownish red. 
64:0f, 7wo b o t t o ~  a n i m l s  responded t o  tapping. One a c t i v e  wi thout  stimulue. 

Surface a n i m  1 i s  d e ~  d.  
64:07 Puap s t a r t e d .  
64: 15 Pump etopped. 
75:13 A l l  a n i m l s  appeared t,: be deed. 
32:43 A l l  dead, one l o s t  c o l o r ,  o t h e r s  broanish red. 
87:25 A l l  placed i n  oxygenated w ~ t e r  open t o  a i r .  One mas e n t i r l y  2iaent.c- 

g ra t ed ,  o t h e r s  r ed i sh  brown. Eour recovered and r e p i n e d  b r igh t  red co lo r .  

Exp. 7a. h i s  experivent  VIES pe r fo r sed  i n  E vacu ja  cheuber of ;he type il- 
l u s t r e t e d  on P l a t e  11. One C h i r o n o ~ ~ s  l a rva  Kas pleced i n  each of e i g h t  
s m l l ,  nu~nbered b o t t l e s .  They 7;ere e rranged s s  follows: 
#1 h a l f  f u l l  of wel l  meter, open. 
#2 f u l l  of we l l  mater, c loeed  wi th  no a i r  bubble. 
F3 h e l f  f u l l  of wel l  rrater,  open, c sn t e ined  p z l l  afiount of i e t r i t u e  

f r o n  lake  botton. 
$4 F u l l  o f  we l l  water ,  c l o s e d  : v i t h  no a i r  bubble,  conta ined  SLE 11 emount 

- 
of d e t r i t u s  from l ake  bo t to s .  

,hese four  were pleced i n  t h e  vacuus chasber.  
f15 Zalf  f u l l  of n e l l  water ,  open t o  a i r .  
#6 Yalf f *ll of weter ,  open t o  a i r ,  contained s ~ l l  amount of d e t r i t u s  

f r o =  lake  botton. 
$7 F u l l  of x e l l  viater, c l o s e d  wi thout  a i r ,  n o t  pus i n  vecuua chamber, 

,,, , , ,~t  eir, r?nt >at i n  vecuua chesber ,  $9 F u i i  o i  w e l l  aeter, close? -.:+L-l 

contained s h e l l  e s o ~ n t  of  d e t r i t u s  f r o a  l eke  bot tos .  

0:00 Puxp s t a r t e d .  
0:05 #1 A t  eurfece ,  e f  i e rvesc ing .  

$3 and d e t r i t u s  a t  s a r i a c e ,  e f f e rvesc ing .  



10 
- - - 

0: 13 #1 Very a c t i v e  and efkerveecing.  
#2 A t  su r f ace ,  h idden  behind c a p  of bo t t l e .  Ef fervesc ing .  
#3 A t  eur face ,  d e t r i t u e  on bottom. Vigoroue e f fe rveecence  from ani- 

m 1 ,  rater, and d e t r i t u e .  
0:20 P res su re  20m. Bg. 

#l Brownieh red. 
#2 Out of  v i e r .  
#3 Brownish red.  
+4 In  c l o e e  c o n t a c t  with d e t r i t u e , d a r k  red. 
45 On b o t t o s  of  con ta ine r ,  b r i g h t  red. 
4% I n  c l o s e  c o n t a c t  with d e t r i t u e ,  b r l g h t  red. 
97 On bottom, a c t i v e ,  b r i g h t  r e d  with s i l v e r y  sheen. 
$8 Like $7. 

0:32 1 Faded i n  4 t h  segaent .  
44 A t  s u r f a c e  end h idden  by cap  of b o t t l e .  

0:43 #l f x t e n e i v l y  faded. 
& A t  au r f ece  of  water. 

1:23 44 9ad f a l l e n  t o  view and had been c l o s e l y  aeeoc ia t ed  with d e t r i t u s .  
Sase c o l o r  a s  c o n t r o l s .  Foes t o  s u r f a c e  a t  t h i s  . t ime  

1:25 #3 Reddish brown wi th  s i l v e r y  sheen. 
#4 A t  bottom. 
4% and F7 2 a ~ e  c o l ~ r .  

1:33 #2 F e l l  t o  b o t t o z  and r o s e  s lowly m i t h o ~ t  aoveaent.  Repeeted s e v e r a l  
'Ziines. 

1:35 4 1  Very s t i l l .  
- L 

, A 1 1  c o n t r o l s  a p p r o x i ~ t l y  t h e  saae  color .  
1:45 $2 On b o t t o n  ~ n d  e c t i v e .  

1 /31?~ nzed pos i t i on .  
f3 Blown up on s i d e  of b o t t l e  by explos ive  b u b ~ l e  fr-a d e t r i t u s .  
$4 'n bottom. 
#2 Ris ing  f r o a  bo t to s .  

3:35 fil Xct ive ;  faded. 
*2 Out o f  view. 
8 3  T r i e d  up. 
g4 Out of view. 
Y;5 A t  s u r f a c e  
$6 t s u r f a c e  end sese c o l o r  ES 3 5 ,  i.e., b r i g h t  red. 
$7 Like +6. 
#!3 Like #6. 

Experisent  d i scon t inued  on eccount  of leek. 

Exp. %. S e t  up a s  i n  lxp.  7a with t h e  con ta ine r s  a r ranged  a s  f o l l o n e :  
I n  vacuum chanber: 

$1 end $2 Half  f u l l  o f  water,  one larva.  
#3 and #4 EIalf f u l l  of water ,  one l a rva ,  d e t r i t u s  from l a k e  bottom. 

GL:nr? %CI eir: 
fS I i s l f r ' f u l l  o f  water ,  one le rva .  
f 6  ? ~ l f  f u l l  o f  water ,  one l a r v a ,  d e t r i t u s  f r o =  Lake b o t t o ~ .  

0:00 P u ~ p  s t a r t e d .  
0:02 #1,2,3,4, a t  surface.  

P re s su re  70m. Hg. 



O:O3 Efferveecence from animals and water. 
Preeeure 24m. Hg. Tespera t u r e  24O~. 

0: 12 Animsle very ac t ive .  Vigorous efferveecence from enim 1s a n d  ra te r .  
0: 13 Prereure Omm. Hg. 
1:08 #1 and 92 Fa3mng moetly in 4th eegment, but Borne i n  pos te r io r  segments. 
1:18 #4 e l i g h t l y  and evenly faded over eeveral  middle segmente. Tbie ap- 

peared t o  be a change t o  an opaque red r a the r  than a losa  oe color. 
1: 28 Pump etopped. 
2:08 #2 S l i g h t l y  faded i n  4 th  segment. 

Othere ae  above. 
2:25 #6 J u e t  under surfece  film. 
#:33 #2 Faded again. 

A l l  anirnels in chamber much darker than controla.  Control  46 eome- 
what du l l e r  t h a t  45. 

5: 19 $4 Mottled with faded epots a t  i r r e g u l a r  pointe. 
Othere a s  above. 

6:19 a3  Thrown up on wal l  of b o t t l e  by explosive bubble from detr i tud.  
Dark red. 

$4 Large bubolee exploding f rov  de t r i t u s .  
#l and #4 Very s t i l l .  
#2 Active. 
Pump s ta r t ed .  

6:29 Puap stopped. 
6:46 $1 No response when chazber i s  tapped. 

#2 Responds t o  tapping. 
f4 Blown up on s i de  of bot t le .  

7:04 +5 A t  surface. 
Experiaent discontinued, Faulty equ ip~en t .  

Exp. B. Procedure a s  i n  78 and 8e wit! t he  containers arranged a s  follows: 

One larva i n  each bot t le .  
I n  vacuum: 

and ' 2  Half f u l l  of water. 
#4 and #5 Half f u l l  of water, d e t r i t u s  f r o 3  lake bottoa. 

3pen t o  a i r :  
4% Half f u l l  of water. 
#7 I b l f  f u l l  o f  meter, d e t r i t u s  from lake bottoa. 

0:00 Pump etar ted .  
0: O j  Effervescence fro. r a t e r .  Pressure 65m.  9g. Tenperature 2 d ~ .  
0:05 A l l t e s t  a n i m l s  and d e t r i t u s  a t  eurfbce. Animals efferveecing and 

act ive .  
0:16 Det r i tus  on bottom. Bubbles had foraed on the  db t r i t ua ,  causing it t o  

f loa t .  Fhe 5ese burst ,  it sank. .I" 0:38 +2 and 15 Faded i n  4th segment. 
Ef fnrvescence from anim la ,  but not  f r on  water. 
#1 and #2 Darker then controls .  
#4 and #5 Same color  a s  controls .  

1:08 #l 9arker  than control .  
#2 and #5 Faded, bronniah. 
#4 Brown. o 
Pressure 15m. Rg. Teaperature 23 C. 



1137 #1 da rke r  t h a n  con t ro l .  
- - - 

#2 and  #5 Faded. 
# Brownieha 

2800 Preeeu re  l6u. Hg, Teaperature 23'~. Puzp etopped. 
4: 15 #1 Derk red, n o t  faded. Hanging with a n t e r i o r  a t  eurfbce. 

$2 and Faded a l i k e .  
4% Brown. 
A l l  i n a c t i v e .  Xoved r:hen expoaed t o  b r i & t  l i g h t .  
P r e s s u r e  19mm.9g Temperature 27C)C. Punp e t a r t e d .  

4: 20 Purnp e t o p p d .  
4:57 A i l  as above. 
6:25 #1 So  reeponse t o  b r i a t  l i @ t .  

Othere  a e  a t  4:15. 
7:05 A l l  A l i v e  

$4 Fkding. 
#1 Showed no fad ing .  

8:50 A 1 1  respond t o  b r i g h t  l i g h t .  
11:50 #l c)n bot toa .  

84 and +5 FIanging from surface.  
23:30 A l l  e aoep t  #2 on bottom. 

#1 D u l l  brown. 
#2 A t  t op ,  faded ,  i n a c t i v e ,  no response t o  l i g h t .  
#4 and $5 Brownish red. 
#6 Dark red,  very i nac t ive .  
#7 B r i g h t  r ed ,  a c t i v e ,  

24: 10 #2 and $5 Q u i e t ,  
26r45 42, #5,- end $6 No response t o  b r i g h t  l i g h t .  
28:50 +1 S l i g h t l y  a c t i v e ,  auch darker  t han  f7. 

$2 and $5 Quie t ,  no response t o  b r i g h t  l i g h t .  
44 Brown, v e r y  s luggish .  
+6 Quiet ,  no response t o  b r i g h t  l i g h t .  
#7 Ac t ive ,  b r i g h t  red. . 
P r e s s u r e  O.K. 

47: 10 P r e s s u r e  17m. Hg. Temperature 20°C. 
#1 On bo t toa ,  d u l l r e d  with whi t i sh  cloudy blotches. 
#2 Cornpletly d e c o l o r i i e d ,  water  reddish.  
$4, #5, and 46 Brownish, opaque, dead. 
$7 B r i a t  c l e a r  r ed ,  a l i v e .  

50:lOyl A l i v e ,  lnotionleae on bot tos .  Responds t o  b r i g h t  l i g h t .  
61: 15 A l l  t e s t  a n i m l a  dead. 

P reaeu re  and tempera ture  0.K. 
f6 Dead. 
4!7 Al ive ,  b r i g h t  red. 

Bodies of t e s t  a n i m l a  pleced i n  open d i s h  of oxygenated water. There 
were no - recove r i ea  w i t h i n  10 hours. 

Bxp,  f!k. Procedure P.S i r r  nxp~ri.rentn 7a, &, and 9~. The con ta ine r s  were 
a r m n g e d  esefol?ows. One la rva  i n  each b o t t l e  

I n  vacuums 
#1 end #2 9 a l f '  f u l l  o f  Ta ter .  
#4 and # 5 3 a l f  f u l l  o f  water,  d e t r i t u s  from l a k e  bot tos .  

U?en t o  air:  
f6  zmlf  f u l l  o f  = t e r m  
#7 S a l f  f i l l o f  water,  d e t r i t u s  f r o a  lake bottom. 



0:00 Pump rrterted. 
0803 #1 A t  eurhco .  

Pressure 7- Hg. 
0804 A l l  t e a t  anirmlr a t  aurihce. 

Preeaure 701nn. Hg. 
E f  fervescencs from water end animele. 
# Oerried d e t r i t u s  t o  top. 

4:45 #1 Dark red. 
f2 and #4 Fbded i n  4th segment. 
#5 Brown. 

5: 10 #% Sl igh t  *ding poater ior  t o  4th eegaent. 
6:20 #l Dark red. 

#2 and #4 Extenaivlg faded. 

9:33 #l, #2, and #5 Onn bottos. 
#4 Rising and fa l l ing .  
#!j Showed tendancy t o  f l o a t  t o  top, but never got there. 
#l Shored same tendancy. 

12:37 #5 Gote of t i a e  on bottom. 
12:43 #5 A t  surfice.  
16:55 #2 Ao reeponee t o  br ight  l ight .  

A 1 1  uniform color,  a du l l red  of about the  same in t ens i t y  aa  controls.  
Controls a r e  b r igh t  and t r amparen t  red, Teat anirmla a r e  d u l l  and opaa_ue. 

Presswe  holding a t  1 6 ~ .  Hg. Would not go below. 
26: 10 A 1 1  a n i m  l e  appesrantly dead. 

$1 and #2 Deep red, r u e t  color. 
#4 Opaque rust .  
#5 Sidden by moisture condensed on walls of chamber. 
' r e ~ s u r e  16m.n. 7g. 

29:40 #1 "neponded t o  b r igh t  l ight .  
#2, F4, and #5 170 responee t o  l i @ t .  

37:45 No response t o  l ight .  A l l  dead. 



Diecueeion 
Poeigion of the Aninsla i n  t he  *ator 

I n  a l l  of t he  experimente performed with t h e  vacuun chambere, it m e  . 

noted tha t  eoon a f t e r  t h e  vacuum p u p  was e t a r t e d  t he  t e s t  animila rose  t o  

a poeit ion jue t  under t h e  surface  f i l m  of t he  water. Thie change of p o i i t i o n  

r a e  not  due t o  any d e f i c i t 8  ewilnming motion of t h e  a n i m l .  ~ n i m l e  kept both 

a s  controls  and a s  s t ock  did  r o t  come t o  t h e  surface ,  but it wee noted t h a t ,  

whensin co l l ec t ing  t h e  larvae ,  the bottom m t e r h l  m e  dumped f r o a  the dredge 

i n t o  the  tub, mny individual8  did  r i e e  t o  t he  aurface of the  water; ?hie 

could not  a l l  have been due t o  mechanical ag i t a t ion .  

Xoet of t he  experinente i n  which the  preeaure m e  noted a t  t he  time 

the anirmle came t o  t he  surface  show t h a t  they did  s o  a t  preseures between 

60 - 70 ma. Hg. Table I gives  a e u a i r y  of these  data .  

men t h e  pressure i s  decreaeed t h e  a o l u b i l i t y  of o gas ia a l s o  decreased. 

In  t h i s  case gases probably cone out  of so lu t i on  i n  t i e  body f luida of t he  

a n i m l s  and form gas pockets ineide  t h e  body. These increase the bouyancy, 

and the a n i m l  r i s e s  t o  a posi t ion under the  surface  film. Evidently + h e  

boiyancy i s  ;lot increseed enoagh t o  force t h e  a n i m l  throagh the film. 

Great amounts of gae a r e  given o f f  a t  these  low pressures,  and t h i s  hyp6th- 

o s i e  requires only t h a t  sose  of t h i s  gae be re ta ined  a s  bubbles by the  a n i -  

ma le. 

After  a period of time a t  low pressures the animals s ink  a g i n  t o  t h e  

bo t tos  of the  containers.  They would sink, then  r i s e  end sii& again8 The 

f 0rc8 of the vacuun was e$idently g r ea t  enough t o  reaove, i n  t h e ,  t he  

accumuleted bubblee of gee re ta ined i n  t h e  a n i a l ,  f'nis decreased the  dens- 

i t y  of the miss and permitted it t o  f a l l  throu* the water. If the  gas m e  

e t i l l  being aecfeted,  the a n i m l  would f l o a t  upwards again,  e i t he r  because 



eome of the gae mas retained o r  becauee bubble8 atuck t o  the  outside. 

I n  Experimnts 7a and 8e the controls roes t o  a potlition juet under the 

eurface fils, I n  these experiment9 the controle were placed i n  em11 Packer 

bot t les  ae r e re  the t e e t  anizmle. Sinus the control8 of other experiments, .. 

which were placed i n  larger  amounts of r a t e r ,  did not r i s e  t o  the  eurface, it' - 
i s  probable tha t  the em11 amunt  of r a t e r  had aotnething t o  do a im t h i s  ac- 

tion. I t  nay be that t h i s  i e  an effect  cauired by the excretory product8 of 

the  a n i m  le. 

lfiia phenomenon, or  a s  much of it a e  i e  mde  c l ea r  by theee experi- 

men t~ ,  seeins t o  be the d i r ec t  reeul t  of the lowering of the pressure and 

not  t o  be d i rec t ly  connected with the lack of oxygen. 

Lose of Color 

The aummry of the data on fading and the phenomem connected with it 

given i n  Table I1 shows brieff  e order of occurance of the  fading and the + 
times and conditions connected with the recovery of color. I t  i e  obvious tha t  

, no genera1,slatesent concerning t&Pe s m l l  and incomplete col lect ion of 
6~ - -de 

detq. It appeere t h e t  i n  the  i a j o r i t y  of cases the time a t  w3ich the indivi? 
- 

uale began t o  show fadiyg or loae of color i s  approximtly t h e  same. a n y  

exception8 occur t o  th ie  however. 

It is possible thet the fading i s  caused e i the r  by lack of oxygen or 

by decreased pressure. The t o t a l  pressure difference between the t e e t  an imla  

end the controle was never more than one atlnoephere and was eeldom tha t  much. 

~ h e # t h e  aninsla ware collected they underwent a pressure change of about 

tivo staospheree. They were brought up f rc z  about 20 meters sf m t e r ,  the 

presaure of uhich i e  about two ataoepherea. To fading was noticed a t  t ha t  

t i m e .  One of the a n i m l e  i n  Experiment 9, i n  which there was no decreaee 

i n  preeaure although tberg'w e a decreaae i n  the oxygen tension, ahowed 



r a t h e r  extensive fading. Four o the r r  placed under t h e  emme conditions 

enomed no f ~ d i n g ,  a n y  animals placed i n  t h e  vacuum chamber showed no fading* 

Faded a n i n s l a  were noted t o  be very inactive.  It m e  a l e o  noticed t h a t  et ren-  

uour movementr increaeed the fading. Thie m y  i n d i c a t e  t h a t  t h e  fading i a  

l a rge ly  due t o  a reduct ion of t h e  haemoglobin. If l i t t l e  oxygen were ava i l -  

a b l e  the animl would iiot be very ac t ive ,  and, converaly, a c t i v i t y  would 

increase  t h e  reduct ion of  t h e  haeaoglobin. It i a  probable then, judging by 
' 

the observations mde,  t h a t  the lack of oxygen ceusee t h e  fading. The poeei- 

b i l i t y  that the excre tory  product8 of the  a n i a l s  caueed the  e f f e c t  i a  ru led  

o u t  because controle  under -he  $erne condit ions except pressure and oxygen ten-  

s i o n  did  not  fade. . 
The fading noticed seem t o  have been of two d i f f e r e n t  typee. One i s  an 

a c t u a l  change i n  the  c o l o r a t i o n  of t h e  body f lu id ,  while t h e  o ther  involves 

a lose  of t h e  f luid.  The lat er type a r ree r sd  i n  Experiraents 38, 48, and 9. 

The forraer type i e  probably due L O  a chexical  change i n  t ! e  blood, a8 has  

been pointed out. It wae no t  possiole t o  s tudy  Lhie change cheLca l ly .  

The loes of f l i u d  m y  have been a phyeical e f f e c t  of  the low preasure, but  

t h i s  explallstion leavee the cues t ion a s  t o  why t h i s  skodld occur over e 

change of one a tsosphere  when it did not occur over a change of two a t s o -  

apheres. J/?ossible anewer t o  t h i s  i s ,  Lla t ,  ainee the lose  of f l u i d  occured 

i n  only th ree  a n i a l s  out .  of t h e  zany studied,  t h e  t o t a l  change of t h r e e  

a t ~ o e p h e r e e  caueed t i e s u e  dalnage i n  a l r eady  weakened individusla .  An ob- 

j ec t ion  t o  t h i s  i e  t h a t  t h e  a n i m l a  i n  Experisenta p end 48 eventually re- 

placed a l l  of &he i r  co lo r ,  3 e  a n i m l  i n  Experiment %, however, eventual ly  

beeerne cosp le t ly  decolor ized.  It had d i e d  ~ e f o r e  a l l  t h e  c&lor had gone. 

O f  t h e  25 a n i m l a  which showed feding, 14 regained some type of red 

co lo r  r h i l e  be ins  m i n t a i n e d  a t  t h e  saxte, o r  i n  same caaee more Pi;gcrous 



conditions t!an those st which they had fbded. Since nothing i e  known concern- 

i ng  the  c h e d e t r y  and *yeice of theee changee, no conclueione a r e  uarrented. 

However there  i e  the p o s a i b i l i t y  that the  animals do become ac l ina ted  t o  the 

l o r  oxygen teneion, o r  o ther  fac to re  caueing the fading, and a r e  a b l e  t o  re- 
* 

p a i r  the  damage done t o  t h e  haemoglobin. If t h i e  could be proved, it would 

eerve ae  a n  ind ica t ion  of t he  manner i n  which they adapt t heme lves  t o  the 

t o  the rigoroue condit ions i n  t he  s tagnat ion zone. 

Color Changee 

The change of co lo r  from a b r igh t , c l&r  red t o  a du l l ,  r a t he r  bluieh 

red i s  probably due t o  t h e  reduction of the  oxyhaemoglobin. The b r igh t  red , 

oxyhaesoglobin occhre when t he r e  i s  a adequate supply of oxygen, and t he  dark 

red t?duced form occure i n  s i t ua t i one  i n  which the re  *& no ava i l ab l e  oxygen. 

A l l  but very few of the  a n i e l s  eventually became a reddish, r u e t  

brown wnen under t r e a t s e n t  i n  the  vacuum chamber. I t  was a l s o  noted t h a t  t he  

individuals a s  drawn up f r o s  the  s tagnat ion zone had a very s im i l a r  color .  

i o s t  of the e n i s l a  recovering from fading b u i l t  up t h i s  color. This my in-  

d i ca t e  the change i n  t he  resp i ra to ry  pigment necessary f o r  the t r an spo r t  of  

oxygen when it i a  present  i n  em11  quant i t ies .  -he  brown a n i m l s  %ere  r a t h e r  

inac t ive ,  so it my be a s a u ~ e d  t h a t  the  lack of oxygen was caueing a slowing 

of the uetabolic proceesee. 

F a t a l i t i e s  

Table I11 a u m r i z e s  the  timee of death of the  experimental a n i m l e  

and glvea a desc r ip t ion  of t h e  a n i a l s  a t  o r  near %!he t F z s  of deafhe 

Experiaents 48 end 6a were perfsrmed i n  the  same vacuus chamber,there- 

f o r e  the  r ee t e  of exheustion a r e  f k i r l y  conperable. The t i m e  of death do no t  

coincide. Experirne;lts 3 and 10a were run i n  a d i f f e r e n t  chamber i n  which 

- 



t h e  ra te  of elmeuetion m e  hi&er than i n  the other type. The t i m e  of 

d a t h  aoincide f a i r l y  well. 

It rill be noted t h a t  moet of the a n i m  la  were- b r m i e h  red a t  depth. 

Reference t o  the experimental data w i l l  =how that moet of theae hed been brom 

f o r  many hour8 before death. Therefore the brom color is  n o t 6  m r k  of dm#, 

nor i s  it a change which w i l l  bring about death imedia t ly .  One animal died 

and became completly colorleas.  This was appearantly lose of f lu id  and was 

probably due t o  L\e physical e f fec t  of the l o r  pressuse, I n  rmny cases the 

individuale had been faded, but most of t!em recovered t h e i r  color before de 

death. Only two anixmls died while s t i l l  faded. 3 r e e  individmls died while 

they were the deep red color of reduced haemoglobin. They had fai led t o  rmke 

the adjustment t o  brown and lived a much shorter  time ( r e h t i v e  t o  the r a t e  

of exhaustion) than any of the others. 

ihe an iza ls  of experiaent 58 lived longer t h a t  the other8 because they 

hed t o  use up the supply of oxygen before 'they f e l t  t h i  lack which t!e others 

experienced almost imed ia t ly ,  the variations i n  the timee of death i n  ex- 

perisent 5a a r e  probably due t o  individual or spec i f ic  differences. 

The only jus t i f i ca t ion  lor  auppoeing t h a t  these deaths were due t o  

lack of oxygen rather  then low pressure i s  that the  a n i m l s  of Experiment 

5a, which were not subjected t o  low pressure, showed the same changes i n  thee 

respiratory pigment and i n  the r ~ t e  of a c t i v i t y  a s  did the ones subjected 

t o  the low preasuree. 

Effec ts  of Detritus on Changes i n  the Anim l e  

c I n  Bxperiaenta 7al Ba, B, and 13a am11 amounts of de t r i tu s  from 

the Lake bottom were ?laced i n  the containers with the an imla .  '?his de t r i t -  

ue was screened out of the bottom md a t  the  aane time that the a n i e l a  

re re  and was mostly fiberous i n  nature. ;;hen the pressure m e  loaered great  



19 

amounts of  gae were g i v e n  of f ,  sanet imes exp los iv ly ,  from t h e  d e t r i t u s .  

The m t u r e  o f  t h i e  gas  m y  have a n  important  bear ing  on t h e  problem, bu t  

it could no t  be determined. 

Anirmle i n  c o n t a c t  w i t h  t h i s  d e t r i t u e  ehowed a l l  t h e  movements, fadingo,  

r e c w e r y  of c o l o r ,  and  change0 of  c o l o r  that have a l r e a d y  been descr ibed .  

The a n h a l s  d i ed  =ore q u i c k l y  i n  t h e  d e t r i t u e  Clan d i d  tkose  which were 

n o t  exposed t o  it. The c o n t r o l e ,  open t o  t h e  a i r ,  ehowed e x a c t l y  the r e -  

veree,  t h a t  i e ,  t h e  a n i m l a  wi thout  d e t r i t u s  d ied  sooner  t han  thoee  w i t h  it. 

Appearantly t h e  d e t r i t u e  decomposing under anae rob ic  condi t ion8  gave o f f  a 

eubs+%ence t h a t  m e  t o x l c  t o  t h e  a n i z l e .  C i a  subetance m e  n o t  produced, 

o r  had no e f f e c t ,  when a n  adeqae te  supply o f  oxygen was a v a i l a b l e .  his 

r e s u l t  does n o t  Been c o n s i s t a n t  with t h e  a n i a l e  l i v e  d i r e c t l y  i n  t h e  bo t toa  

mud i n  :he lake. It m y  be tha;, i n  t h e  lake,  t h e  d i l u t i o n  i s  g r e a t  enough 

t o  n u l l i f y  t h e  t o x i c i t y  of .As  substance. It i s  a l s o  p o s s i b l e  t h a t  t h e  same 

condi t ions  o b ~ s i n  a t  tile S o t t o s  of ;he lekeas  d id  i n  t h e  c o n t r o l s ;  i - e - ,  

t i l e re  i s  enough oxygen a v a i l a b l e  t o  ;;revent e i t h e r  t h e  fo r l l a t i on  o r  t h e  

e f f e c t  of ;he au l s t ance .  

Genera 1 C one l u s  i one 

I. It i s  i n d i c a t e d  thet t h e  l a rvae  of  Chironozius r e q u i r e  oxygen t o  . 
l i ve .  

2. There i e  s o s e  a d j : ~ e t s s n t  i n  t h e  c h e a i s t r y  of  the blood m d e  .by t h e  

l a rvae  under low oxygen t ens ion .  
- . . 
5 .  k t  very  low oxygen t e n s i o n  t h e  b a t t o n  m d  produces a subs t ance  

t o x i c  t o  the la rvae .  



Position of Anir~ale i n  the  Water - 

I Riee to Surface* 

* Jndividuale i n  the two columns do not correspond. 

Fa11 t o  Bottom* 

Exp. 

la 
3 .  
43 

?a 
0e 
9a 

10a 

. Expo 
2a 
46 
6a 
98 

103 

Preesure 

lnore than 3%. Hg. 
6Om. Hg. 
60m. Hg. (approx.) 
~ O Z U L H ~ .  
7om. Hg. 
65m. Ago 
70 m. Hg. 

Pressure 
Pu. Sg. 

Time 
3:55 
20: 51 
27: 57 
23: 33 
9: 33 

* - 



d > 

~ d e o r i p t i o n  

A l l  had been %ding before death. 2 e t i l l  faded, 
f b b b y .  3 deep red, e t i f f ,  
Had been fbded before death. Tor  opaque rue t ,  deep 
red a t  p o e t e r i o r  end. 
Bpun ieh  r u e t  ;olor. 
S r o m i s h  r u e t  color.  
Complete .loas of color.  
Dullbrown. 
Dul l  red  with whitieh 'blotchee.  
Opaque ruet .  
Bromieh red. f 

No. 

5 

1 

2 
1 
1 
2 
1 
3 
1 

Tiae 

35:39 

43:35 

135:49 
308:38 
52:40 
37:45 

-. 
Expo 

k 

5s 

5a 
5a 
68 ' 

4ra 
10a 
10a 

61:15 
29:40 
7345 










