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THE RESPIRATION OF CHIRONOAUS LARVAE
Relations of Chirono.us laervae to low Oxygen Tensions
Apperatus
In order to study the respiration of Chironomus larvae, which live
under suppesedly snserobic conditions in the profundal region of Douglga
lake, methods for keeping thec animels in an oxygenless environment for an
extended periocd of tiwe were necessary. It.was necessary to remove the oxy-
gen from the water used and to provide sgeinst its replacexent during the
experiment. Two methodé heve been devised for procuring these ccnditions.
Plate I shows the epparatus for the vecuum de-oxygzenstion method.
The air is removed by &n aspirstor attached to a high pressure water line.
A menoxeter pleced in the system shows the pressure obtained. The vacuum
chaxber consists of e vacuum‘deasicator so srrenged that it cen be shut of
from the rest of the system. Zome of the experi_.ents were carried out with
the enimels in weter in thz bottom of the deas{cator. Others were done with
individuels isoleted in =mall bottles pleced on th: n»orcelin plate. The con-
ditions will be dsscribed fully with the description of eech experiuent.
In order to checz on the effeciency of the epperatus in reumoving
dissolved oxyzen froa the weater, the spperetus wes molified so es to ellow
chezicel snslyses to be _ede in the vecuuwm. ~his modificetion is illustret-

€d in Plete II. .he ree enic ne:ded sre plsczd in upright tabss which leed

wm

into th:z vecuna chesaber. These ere closed off with screw celnaps while the
evacuation is being cerried out. Then the tests are to be mde, the stop co
cock leadin to the aspirator is closed, and the reagents ere ellowed to run
into the vacuum cheaber. They are actually forced in QJy atmospheric pressure.
If care is teken to prevent all of the reagent from running into the cham-
ber, no wmore oxygen will be sdmitted then is dissolved in the reagents. The
procedure .and results of these tests will be discussed in connection with

-

the eccounts of the experiments.




2

It became obvious early in the series of experimsnia thet the decrease
in pressure had physicel,if not chemical, éffe?ta on the animels aside from
those caused by lack of oxygen. It wee therefore necessery to prepere an
oxygenless medium for the tests whereby the effects of low oxygen tensioad
could be seperated from thoese of the iow pressure. To. this end en apparatus
was constructed for the preperation of oxygenlese weter by boiling. The pur-
oose of the epperstus wae to allow the weter to cool without comming in
contact with the air after it had been boiled. Plate III shows the construc-
tion of the equipment. As the water boils all valves are closed except the
steam outlet valve, As soon ez the steam stops comming from this velve,

it is closed,and the valves controlling the air inteke system are opened.

The condensation of water vapor in the flask draws sir in through this sys-
tem. The air ie drewn through e column of pyrogellic acid or similar reagent
which takes up the oxygen, provided the air is drewn slowly enough through
the solution. The water is then siphoned off into bottles with zround glass
stoppers. These are filled frox the bottom and overflowed so thet all the

water which hes come in contact with the &ir is washed out.

Chemical Tests

Exp. 1t. The following test wes performed as & check on the efeciency of
the vacuum de-oxygenator. Reference to °late II will essist the reader
in following the procedure.

The sspirator as allowed to run full force for four hours. It wes
then stopped and the stop cock between it end the vacuum chamber wes
closed . Afew c.c. of Mn8Jy were run into .he chewber which wes t-en
sheken to distribute the reagent. The KI=KOH wae run into the chamber.
These two reagents must not flow through the sease tube, because the
precipitete will clog the system. Upon the addition of the KI-KOH to
the chamber a white flocculent precipitate was formed. This was dis-
solved bv thne addition of concentrsted H,804. After the precipitate
wos diesolved air wes let into the chember, and it wes opened. 3tarch
solution es then added to e sa.uple of the water. If ‘here had been
oxyzen dissolved in the weter, the end prodact of the above series of
reactions wolld have besn iodine, which would heve turned the sterch
blue. No color wes produced when the starch wes sdded, therefore there

— ves no oxygen di:solved in the water in the vscuux chamber. That is,
there wes none thet could oe detected by the zmethod deescribed.
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Exp. 2t. The question erose as to whether boiling ectually reneved the dis-
solved oxygen from thw water or not. iherefore the following experi-
ment wes perforaed.

100c.c. of water were boil:d for five minutes. While it was still
boiling lc.c. of 4nSO, was edded followed by 3c.c. KI*KOH. A precip-
itete wes forued which wes dissolved with conc. H,S04.The Water was
boiling while these were being aiied. When the precipitete wes die~ °
solved sterch solution was added as a test for iodine. No iodine was
present, therefore thers was no oxygen dissblved in the water as far
as could be detersined by this nethod. Boiling rezbves practically

ell of the oxygene.

Exp. 3t. Tster wes boiled es ebove, ellowed to cool, then siphoned into
bottles with groin’ gdess stopoers, cere being taken to wash out ell
thet hed been exposed to :=e gir in the filling process. ‘his wes
tested cherically as-above eand wes found to contein & feirly high
concentration of dissolved oxygen. The oxvgen dissolved in the water
while it wes cocling in the open flsske

Exp. 4t. eter wes boiled es ebove end siphoned into the bottles waile still
givinz off steaz. The botttss hed oecen weraed to prevent their breek«
inge Unon cooliag the waw.r c.niracted ¢<nd drew eir in around the stop-
per. ihis weier, when tesied, showed & Isirly high coanceniretion of
OXy :€n.

Expe. 5t. ‘he spoerstusz illusirseted on Plate III wes built ¢s an estteapt to
urocure oxyzeales: water. The techaique of :anldling thi: Jevice is
described in the section on apperetus. Yeter treeted by this method
wes icsted end found to contein zoderste e zounts of oxygen. This me-
thod, es i% stends, will not produce oxygenless weter.

Experiments on Chironomus Larvae

Note: Observetions ere recorded et the tiae they were mmde. The times are
recorded as hours end aninutes after the stert of the »xperiment.
ixeaple: 7:09 indicates Thouirs and 9 minutes.

Exp. le. This experizent wes verforumed in & chamber of the type shown on
Plate II without the attechments for chemical work. 12 animels were
pleced in ebout 2cas. of water in the bottom of the chaunber. These
eniceels hed been washed twice in lake water to remove orgenic detritus
and were placed in laks water fot the experimente.

Shortly efter the pump was sterted ell animsls rose to the surface.
At the same time gas began to effervesce from he water.

0:20 All enimls locse activity.

4:00 Animels very inective, showing slugzish movements.

* 7:00 Experiment discontinued due to leakage of sir.

Exp. 28. 5individuals selected et random were weshed twice in lake water
and put into a large auount of water in the vecuum chamber, which was
the same type used in exp. les At the same time 5 animels were placed
in e dish of leke water which was left open to the air to serve es &
control, '
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0:0 Pump started

0:06 Effervescence from water, Pressure 32mm. Hge

0:10 Animals rose to position just under the surface film.

Large amounts of plankton were discovered in the water used. Not ex-
amined.

0:20 Animals start to secrete gas in large quantities. One began to show
less of redness in one entire segment. Pressure 16 mm. Hg.

0:30 Pressure 11 mm. Hg. Temperature 15.5 C. Vapor pressure 13.1 mm. Hg.

0:55 All the color has left one segment of the animml mentioned above to
be fading. This animel is very inactive and does not respond to the ag-
itation caused by rising buboles striking it.

1:07 The faded animal became active and semmed to be more faded following
the activity.

1:14 The unfsded animals were very deep red, much darker than controls.

3 animals very active at intervals. Faded one inactive.

1:20 A1l ective except faded one. Both ends of this eanimel very deep red.
Control animals do not rise to the top of the water.

2:00 Pump stopped end valves closed. Pressure 9man. Hge Temperature 17 C.
Vepor pressure 4.5 man. Hge
All active except faded one. All dark red wherever any color remains.

2:16 Slight movements of faded individual.

8:40 One animel turning a rusty, brownish red.

2:47 The brown color beceame quite appeasrant and the animal became clear
and transparent. ‘ :

2:54 A1l very sluggish. Faded one showed only occasionsl meak movements.
The segment that faded first is now pale green.

%222 Another individual hed turned rusty red.

3:46 This lest individusl showed a complete fede out in one seguent end a
partiel faeding in e fewx posteriop segments.

%:55 One of the dark red individuals fell to the bottom of the chamber. It
was very active on the bottom, then it floated up to the surface and sank
back ageine These sinking and rising motions continued for 27 minutes.
At times the rising and falling occured several times in one minute..
As the animal rose it wes seen to be covered with smell bubdbles of ges,,
which pessed off as the aniuel reached the surface. Then it would sink
egaine After & short period on the bottom the bubbles eppeered egein,
end the animel rose to the surface. This animal retained the desp, blu-
ish,red, color.

4:27 The derk red aniual which had not been rising end felling secreting
gase. Became very active.

4:4k? This animel secreting ges bubbles under the chiton. lad mottled

-..appearance.

4349 This individual showed feding in the 4th segment from the enterior
end.

4:51 Animel which had been rising and falling was turning rusty brown.

4:57 A1l except second faded animsl active.

5:22 The first individuasl to turn brown was quiet end rigid.

5:24 The two individuals which were la:t to fade were inesctive. The first
one to fede wasg active.

5:22 The two brown sanimals acbive, the three faded ones inactive.

7:18 The three faded end the first brown enimels weee very sluggish. The
The other brown wes moderatly active.

12:24 Second brown enimel very darkly colored.

22:31 Experiment discontinued. Faulty equipmente.




Exp. 3a. Five Chironomus larvee were washed twice with lake water and then
put into the vacuun chamber with 200c.c. of well water. The chamber
wag of the same type as was used in Exp. 1la and 2a. Five animels
treated as above were placed in 200 ce.ce Oof well water open to the air
as controls.

0:00 Pump started
0:05 Three animals hed risen to a position just under <he surface film.
Pressure 60mm. Hge Temperature 18 C.

0;07 Effervescence of gasmes from the water. Pressure 46.5 mm. HAg. Temp=
erature 18 C.

0:09 Effervescence from the animals. Pressure 52 mn. Hge Temperature 18 C.

O:11 All test animels much darker red that the controls.

0:16 Two enimels turning rust brown, almost orange.

0:27 Two animals fading in the 4th segment from the anterior end.

0:30 One of above fading in three segments posterior to the 4th. Remin-
ing color same as controlse.

0:32 One of the brown individuale fading in the 4th segment.

0:39 The enimel described at 0:30 turning brown. The color is about the
same intensity as that of the contrbls, but is not as clear.

0:43 Pressure 7.5 mm. Hg. Temperature 19 C.

0:47 One animel derk, bluihs red. 3 faded with remaining color rusty rede.
One unfaded . Rusty red.

0:54. The unfaded brown indididual fhdlng.

1:0% All faded enimels very quiet. Showed occesional movements.

1:12 Two faded animels and the dark red one moderatly activee.

1:15 Pressure 7 mu. Hg. Texpsrature 20 C.

1:16 Host faded animmls least active. Very little effervescence from water.
Some from ani:els.

1:19 Two feded animals very quiet. One had color coapletly gone from an=-
terior end, the posterior end being dark red. Sharp division between the
two zones. Anterior end is free of fluid, end the posterior is full.
fhe division line is & meniscuse It did not remin at & constant level
but fluctuated slightly. '

1:35 No etfervescence frpm water, some from animels.

1:37 Faded animels inactive, dark red one active.

1:54 Pressure 6 mme Hg. Temperature: 21.5 C.

2:02 All animels very active and effervescing. Dark red one especially
active.

2:05 Pressure 6 mm. Hg. Temperature 22 C.

"2:38 All alive, and all but one faded one moderatly active. Very slight
effervescence from animels.

2:57 Animel described at 1:19 as havigg lost all color in anterior end
had & smll thread of reddish, viscous, liquid draining from the mouth.

3:00 Above enimal gave several violent movements and became quiet. Fluid
still draining from the wouth.

3:25 Above animel shbws occasional movements. Postericr end dark red.
Anterior end faint, pale green.

3335 Pump stopped.

4:18 Pressure %35 mm. Hg. Temperaturse 20 C.

All enigele uoved when the wall of the chamnber was tepped except one
faded one.



4:52 Pressure 13 man. Hg. Temperature 20 C.
All alive

4354 Pump sterted.

5:16 Pressure 6 mm. Hg. Temperature 19.5 c.

6¢11 All respond to tapping ‘except extensivly faded animal described at
3:00.

7:29 Extensivly faded animaml described at 3:00 hed begun to replace the
red pigment. The first two segments hed almost completly recovered their
color. The color replaced is dark red.

9:43 Pressure 13 mn. Hg. Tempersture 19.5 C. Vepor Pressure 17 mm. Hg.

All elive.

9:46 Pump started.

10:45 Pressure 4am. Hg. Temperature 18 Ce.

All animels alive.Faded onee are rebuilding pigment.
Experiment discontinued. Faulty equipzent.

Exp.le. Five individuale were prepared for the test end five for the con-
troles exactly aes described in the preceding experiment.

0:00 Pump started.
0:03 Effervescence from water.
Pressure 61 mm. Hg. Temperature 17.5. Ce.
0:04 Effervescence from animalse.
0:05 Animels at position immediatly under the surface film. Lontrola did
not do this. Test animels very active.
O:41 Effervzscence from water slight.
Pressure 8mn. Hg. Temperature 17.5 C.
One enimal faded completly in 4th and 5th segments end slightly in
6th and Tthe
Another had lost all color from 4th segment and is derk red at either
end.
Another had faded evenly, although not completly, from the 4th seg=
ment back to the last few posterzor segments. Remaining color differs = .
very little from control.
The two remaining enimels showed dark red anterior ends with the rest
of the body colored like controls.
1:09 Jo effervescence from water except near enimals. This may be from
enimels. General color of tests darker that that of controls.
1:32 A1l animals faeding in middle of bodye. Ends dark red.
Pump stopped.
Pressure 6.5mn. Hge Temperatures 18 C.
%305 One animel had lost all color from anterior ende.
Pressure O.K.
4:31 A1l elive. .iost extensivly faded with unfaded perts dark rede.
Pressure Tmm. Hg Temperature 18 C.
6:08 All elive
‘ressure 0.K. Pump started
6:18 Pump stoppede.
7:05 All alive. None very active. All more or less faded.
10:52 Animal which had lost color et anterior end aa described at %:05 has
begun to replace color,.
20:51 Three enimals had sunk to bottome One of these was very quiet and did
not respond wnen the gdass was tapped. ORly one showed much fadinge




38:39 All animele quiet. Did not respodd to tapping.
Pressure 0.K.

The animale were taken from the vacuum chamber and were placed in
oxygenated water open to the eir. The controls were all alive and & bright
clear red. Two of the test enimals were faded and had no rigidity, the
other three were darkred and very stiff. None of these animals showed
any signs of recovery in the oxygenated water, Evidentally they had been
killed by the treatment applied to them. :

Exp. Sa. Five animels were washed twice with well water, and then one placed
in each of five smmll screw top "Packer" bottles. These bottles were
filled with well water and closed withou: enf air. They were then placed
in e vet of weter which completly covered them. The well water used
contained some dissolved oxygen. :

0:00 Animels sealed in bottles.
2:49 #1 showed slight fading in the 4th segument.
Others normel.

40:35 #1 Anterior portion a pale rusty red with the 4th segment almost col-
orless. Posterior portion dark red. Animel stretched out stiffly and
showed very slight movements.

#2 An even dark red color. In tightly coiled position untill <isturbed
whereupon it became quite active.

#3 Like #2.

#4 An even, pale, dull, red,color. In & tightly coiled positiocn untill
disturbed, wnereupon it becawe guite sctive.

#5 An even, pale, dull, red, color. It lay s‘retched out quietly un-
till disturbed, whereupon it became quite active.

43:35 #1 5tiff end quiet. A cloudy opeque red except for the last two or *
three segments which were dark red.

Others es described above.

48:35 £1 No .otion even when shaken. Color es at 43:35.
Others &s described ebove.

51:49 #1 Stiff and quiet. Color ss above.
#% Fastened to the bottle with silk. Tas coiled end difficult to excite.
All others as above.

75:49 #1 Definitly dead!
#2 end #3 Dark red and hardest to excite.
#4 end #5 Light red or brown and easier tb excite.
135:49 #2 end #3 DBark red color. Alive.
#4 Probebly deade-
#5 Dead.
140:49 #2 end #3 Alive.
Others dead.
166:54 #2 end #3 . No longer resting coiled up but lying et full legnth.
Very little motion when disturbed.
168:49 #2 and #3 Coiled up. Very inactive and slow to respond to disturbence.
Evenly colored derk red.
214:04 #2 end #3 Alive. Resting at full legnth, but curl up when moved. Deep
Zi .dark red.




220:59 #2 end #3 Moderatly active without being disturbed. Dark red.
221:56 #2 Inactive except on vigorous.disturBance.
#3 Active upon slight disturbence.
223:39 #2 Coils and uncoils when disturbed. Otherwise inactive.
#3 Active, no excitor needed.
237:41 #2 and #3 Show little or movement even when disturbed.
239:19 #2 end #2 Alive. No movement unless disturbed and not much then.
Dull red.
249:11 #2 end #3 Alive.
308:38 #2 Dead.
#3 Alive and quiset unless disturbed.

Exp. 68. Procedure as in Experiment 4a.

0:00 Pump startede.
0:04 Effervescence from water. Animals Just under surface film.
0:16 Effervescence from enimels.
0:45 All at surface. Very quiet.
1:10 One animel fadind in the midregion.
Others brownish red. All darker then controls.
1:25 Three animele active, two quiet. Faded one quiet. Others brownish red.
1:53 Two inective, others ective. All brownish red.
2:43 Three animels inactive. two active. One active enimel fading in 3rd
or 4th segment. ®ne quiet animel brown. Others dark red.
Pump stopped.
4:25 All elive, three inesctive.
Pressure O.K. Pump started.
5:52 All alive. Pump stopped
7:50 Three ective, two inactive. All quiet when undisturbed.
9:%2 A1l alive. All insctive unless disturbed. Two did not respond to
tapping. '
Pump started.
12:35 All but one respond to bright light. This one is faded in 4th segment.
Pressure O.K.
12:38 Pump sterted.
12:45 Pump stopped. , .
22:30 All evenly colored brownish red. One inactive, others uore or less
active.
Pump started.
22:37 Pump stopped.
27:32 Allbut one respond to tapping. One on bottom.
27:33 Pump started.
27:56 Pump stoppede.
$7:57 Two enimels on bottom, do not respond to tepping. One at surface did
not respond. Two thet responded are inactive except when disturbed.
29:17 Two :how noc motion when chexmber is tapped,others move only when dis-
turbed. One quiet enimel wes 8t the surface, the other on the bottom.
The active enimel on bottom wes deep red. “he inactive one(which moves
occagionally) was brown. All at surface were brown.
%1:11 Two on surface respond to tapping. One of these hed posterior end
at surface and hung downward from there. One at surfece quiet. Two on
bottom do not respond.



35:16 One hes dropped to bottom, not one which wes hanging from surfeace.
Is active.

40:23 Pump started.

40:27 Four on bottom inactive except when disturbed. One did not respond
to tapping. One on surface did not respond.

40:30 Pump stopped.

49:55 Four on botton, three active, one motionless. One motionless on surface.
Motionless animels are brownish red. Active animels vary from that to
dark red.

50207 Two bottom animels quiet even when disturbed.

53%:22 .Bottom animals and one on surface showed no response to tapping.

55:15 One bottom snd one surface enimel showed no responee to tapcing.

All dark, brownish, red.
Pump started.

55:22 ®ne bottom enimal very active, another moderatly so.

55:24 Another botton animel showed grest activity for a short time.

55:25 Pump stopped.

56:52 three of four bottom eniuels quite ective. The other would respond to
neither tepping or bright light.

59:35 Three of bottom enimals would not respond to tappinge Other active
without tepping. Surface animel quiet, probebly dead.

62:27 only one responded to tapping. All are brownish red.

64:0% Two bottom animels responded to tapping. One ective without stimuluse.
Surface animsl is deed.

64:07 Puup started.

64:15 Pump stopoed.

75:13 All enimels appeered tc be dead.

82:40 A1l dead, one lost color, others brownish rede.

87:25 All placed in oxygenated weter open to air. One was entirly disente-
greted, others redish brown. four recovered end regeined bright red colore.

Exp. 7a. ‘his experiuent wes perforamed in & vacuua chembér of the type il-
lustreted on Plate II. One Chironoxus larve was pleced in each of eight
small, numbered bottles. They were errenged ss follows:

#1 helf full of well weater, opei.

#2 full of well weter, closed with no eir bubble.

#% helf full of well water, open, ccnteined s2e11 esount of Jetritus
from leke bottom.

#4 Full of well water, closed with no eir bubble, conteined sx= 11l emount
of detritus from lake bottoun.

Thege four were pleced in the vecuum cheaber.

45 Half full of well water, open to air.

#6 Half f:l1l1 of weter, open to air, contained sxell amount of detritus
from lake bottoax.

#7 Full of well weter, closed without eir, not pu: in vecuum chember,

#8 Full of well water, closed without eir, not out in vecuum cheuber,
contained shell euwount of detritus froam leke bottoa.

0:00 Puxp started.
0:05 £1 At surfece, efiervescing.
#3 snd detritus &t surfsce, effervescing.




10

0:13 #1 Very active end effervescing.
#2 At surface, hidden behind cap of bottle. Effervescing.
#3 At surface, detritus on bottom. Vigorous effervescence from eni-
ml, water, and detritus.
0:20 Pressure 20mm. Hg.
#1 Brownish red.
#2 Out of view.
#% Brownish red. .
#4 In close contact with detritus,dark red.
#5 On bottom of conteiner, bright red.
26 In close contact with detritus, bright red.
£7 On bottom, active, bright red with silvery sheen.
#8 Like #7.
0:32 £1 Faded in 4th segment.
4#4 At surface end hidden by cap of bottle.
0:40 #1 Fxtensivly faded.
#5 At surfece of water.
1:20 #4 Hed fallen to view end had been closely associated with detritus.
Saxme color as controls. Rose to surface at this.tiae.
1:25 #3 Reddish brown with silvery sheen.
#4 At bottom.
#5 and #7 Se.ue color.
1:30 #2 Fell to bottom and rose slowly without movement. Repeeted several
~"times.
1:35 #1 Very still.
277 All controls epproximetly the seaxze color.
1:45 +2 On boitom end ective. :
#1 Chenzed position.
#z Blown up on side of bottle by explosive bubbdble frou detritus.
#4 7n bottom.
#2 Rising from bottom.
3:35 #1 Active; faded.
#2 Out of view.
#3 Dried up.
#4 Out of view.
45 At surfmce '
46 tt surfece end sexe color ss #5, i.e., bright red.
#7 Uike #6.
#8 Like #6.

Experianent discontinued on eccount of leek.

Exp. 8e. Set up as in Zxp. T7e with the containers erranged as follows:
In vacuum chamber: )

#1 end #2 Half full of water, one larva.

#% and #4 Helf full of water, one larva, detritus from leke bottom.
Oven to gir: »

#5 Half“full of weter, one larve,

#6 Half full of water, one larva, detritus froxm lake bottoax.

0:00 Pump started. -
0:02 #1,2,3,4, at surface.
Pressure 7Omm. Hge.
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0:0% Effervescence from enimale end water.

Pressure 24mm. Hg. Temperature 24°C.
0:12 Animmle very active. Vigorous effervescence from enimels and water.
O0:13 Pressure Omm. Hg.

1:08 #1 end #2 Feling mostly in 4th segment, but some in posterior segments.
1:18 #4 slightly and evenly faded over several middle segments. This ap-
peared to be a change to an opaque red rather than e loss o0s color.

1:28 Puap stopped.
2:08 #2 Slightly faded in 4th segment.
Othere as above. -
2:25 #6 Just under surface film,
#:3% 22 Faded again.
All enimels in chamber much derksr than controls. Control #6 some-
what duller that #5.
5:19 #4 Mottled with faded spots at irregular points.
: Others as above.
6:19 #3 Thrown up on wall of bottle by explosive bubble from detritud.
Derk red. _
#4 large bubbles exploding frou detritus.
#1 end #4 Very still,
#2 Active.
Pump sterted.
6:29 Pump stopped.
6346 #1 No response when chember is tapped.
#2 Responds to tepping.
#4 Blown up on side of bottle.
7:04 #5 At surface.
Experiuent discontinued, Faulty equipment.

e o0 oo

Exp. 98. Procedure as in 72 and 8& with the containers erranged es follows:

One larve in each bottle.
In vacuum:

%1 end ‘2 Half full of water.

#h4 and #5 Helf full of weater, detritus from lake bottom.
Open to eir:

#6 Half full of water. .

#7 Half full of water, detritus from leke bottom.

0:00 Pump sterted. _ o
0:03 Effervescence from water. Pressure 65um. Hg. Texperature 22 Ce.
0:05 Alltest animals and detritus at surface. Animals effervescing and
active.
0:16 Detritus on bottom. Bubbles had formed on the détritus, causing it to
float. Whenthese burst,it sanke.
0:38 #2 and #5 Faded in 4th segment.
Effervescence from animels, but not from water.
#1 and #2 Darker then controls.
#4 and #5 Same color as controls.
1:08 #1 Darker then control.
#2 and #5 Faded, brownish.
#4 Brown. o
Pressure l15mn. Hg. Temperature 23 C.




1:37 #1 derker than control. S T T
#2 end #5 Faded.
#4 Browniegh.
2100 Preseure l6mn. Hg. Teuperature 23°C. Puzp stopped.
4:15 #1 Dark red, not faded. Hanging with anterior at surface.
#2 end #5 Faded alike.
#4 -Brown.
All inactive. doved vwhen exposed to bright light.
Pressure 19mm.dg Temperature 27°C. Puap started.
4:20 Pump stopped.
4:57 A11 es above.
6:25 #1 No response to bright light.
Others as at 4:15,
7:05 All Alive
#"} thing.
#1 Showed no fading.
8:50 A1l respond to bright light.
11:50 #1 On botton.
#4 end #5 Hanging from surface.
2%:30 All exoept #2 on bottom.
#1 Dull brown.
#2 At top, faded, inactive, no response to light.
#4 and #5 Brownish red.
#6 Dark red, very inactive.
#7 Bright red, active.
24:10 #2 and #5 Quiet.
26345 #2, #5,- end 46 No response to bright light.
28:50 #1 Slightly active, auch derker then #7.
#2 and #5 Quiset, no response to bright light.
£4 Brown, very sluggish.
#6 Quiet; no response to bright light.
) #7 Active, biight red.
Pressure 0O.K.
47:10 Pressure l7man. Hge. Tempereture 20°Ce
#1 On bottom, dullred with whitish cloudy blotches.
#2 Completly decolorized, water reddish.
" #4, #5, and #6 Brownish, opeque, dead. .
#7 Bright cleer red, alive.
50:10 #1 Alive, motionless on bottom. Pesponds to bright light.
61:15 All test animals dead.
Pressure end tempereture O.K.
#6 Deed.
#7 Alive, bright red.
Bodies of test anizels pleced in open dish of oxygenated water. There
were no:recoveries within 10 hours.

Expe 10m. Procedure 28 in experiments 7a, 8a, and 92. The containers were
arrenged essfollows, One larve in each bottle

In vecuums
#1 end #2 Half full of Tater,
#4 end # 5 dalf full of weter, detritus from leke bottom.

Upen to air: '
#6 Half full of water.
#7 Half fullof water, detritus from lake bottom.
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0:00 Pump sterted.
03103 #1 At surface,
Pressure 7Omm. Hg.
0:04 All test enimls at surface.
Pressure 70mu. Hge
Effervescence from water eand animels.
#4 Carried detritus to top.
4:45 #1 Dark red.
#2 and #4 Feded in 4th segment.
#5 Brown.
5:10 #4 Slight fading poeterior to 4th segment.
6:20 #1 Dark red.
#2 and #4 Extensivly faded.

9:33 #1, #2, end #5 Onn bottom.
#4 Rising end felling.
#5 Showed tendancy to float to top, but never got there.
#1 Showed same tendancye.

12:37 #5 iots of time on bottom.

12:43 #5 At surface.

16:55 #2 No response to bright light.
All uniform color, & dullred of about the same intensity as controls.

Controls are bright end tramsparent redy Test enimels are dull snd opaque.

Pressuee holding at 16ma. Hg. Would not go below.

26:10 All animsls eppearantly dead.
#1 and #2 Deep red, rust color.
#4 Opaque rust.
#5 Hidden by moisture condensed on walls of chamber.
ressure lému. Jge

29:40 #1 Responded to bright light.
#2, #4, and #5 o response to light.

37:45 No response to lighte. All dead.
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Discussion
Posipion of the Animals in the Water

Ip 8ll of the experiments performed with the vacuum chambers, it was
noted that soon after the vacuum pump was sterted the test enimels rose to
e position just under the surfece film of the water. This change of position
was not due to any definite swimming motion of the animel. Animels kept both
as controls and as stock did not come to the surface, but it wes noted that,
when,in collecting the larvae, the bottom material wes dumped from the dredge
in to the tub, many individusls did rise to the surfece of the water: This
could not all have been due to mechanical sgitatione

Most of the experiments in which the pressure was noted st the time
the enimels came to the surfaece show thet they did so at pressures between
60 = 70 mu. Hg. Teble I gives & summery of these data.

Then the pressure is decressed the solubility of & ges is also decreased.
In this cese gases probably come out of solution in the body fluids of the
eanimels end form gas pockets inside the body. These increase the bouyency,
and the animel rises to a position under the suffhce film. Evidently the
bouyency is not incressed enough to force the animel through the film.

: Great emounts of gas are given off at these low pressures, end this hypoth-
osis reqﬁires only fhat some of this ges be retained as bubbles by the ani-
mals.

After e périod of time et low pressures the enimals sink again to the
botton of the containers. They would eink,; then rise and sikk again: The
force of the vacuun was evidently great enough to remove, in tiue, the
eccumilated bubbles of gss retained in the enizml. This decreased the dens-
ity of the mees and permitted it to fall through the water. If the gas was

still being secteted, the animal would floet upwards again, either because




some of the ges was retained or becau‘serbubblea stuck to the outside.

In Experiments 7a and 8e the controls rose to a position just under the
surface filam. In ’t;heae experimgnts the controls were placed in smmll Packer
botties as were the test animmle. Singa the eont::ole of other experiments, =
which were placed in largér' amounts of water, did V-not rise to the surface, it
is probable thet the small amount of water had soumething to do-rlth this ac-
tion. It mey be that this is an effect caused by the excretory préducts of
the animals. |

A This phenomenon, _or eg much of it as is made clear by these experi-
ments, sesms to be the direct result of the lowering of the pressure end
not to be directly connected with the lack of oxyger;.

Loss of Color

The summery of the date on fading end the phenomena connected with it
given in Table II snhows brief}.%he order of occturance-of the feding and the
times end conditions connected with the recovery of color. It is obvious that
no general:stateument concerning this smell and incomplete collection of
: date,,:bftw:;pearls thejt‘in the ma jority of ceses the time at which the indivi«
u“a 1s begah té show fadlgg: or loaa of color is approximatly the same. lany
exceptions occur to this however.

It is possible thst the fading is caused either by lack of oxygen or
by decrgased pressure. The total pressure difference betwéen the test animals
end the controls was never more than one atmosphere and was seldom that much.
Wheq’ﬁne enimele were collected they underwent & pressure chenge of about
two atmoapherés. They were brought up fr§3 about 20 meters of weter, the
pressure of which is about two etmospheres. No fading was noticed at that

time. One of the animmls in Experiment Se, in which there was no decrease

in pressure although there/tsa e decrease in the oxygen tension, showed
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rather extensive fading. Four others placed under the smme conditions

showed no feding. ileny animals placed in the vacuum chamber showed no fading.
Faded enimls were noted to be very inactive. It was also noticed that stren-
uous movements increased the feding. This may indicate that the fading ie
lergely due to @ reduction of the haemoglobin. If little oxygen were avail=-
eble the animel would aot be very active, and, conversly, activity would
increase the reduction of the heemoglobin. It is probeble then, judging by °
the observations made, that the lack of oxygen ceuses the fading. The possi-

bility that the excretory products of the enizmmls caused the effect is ruled

g

out becesuse controls under ‘he same conditions excegt preésure and oxygen ten-
sion did not fade. ‘

The feding noti;ed seems to heve been of'two different types. One is &n
actusl chenge in the coloration of the body fluid, while the other involves
e loss of the fluid. The lat._er type earreered in Experiments‘ﬁa, La, and Sa.
The former type is probably due to & chexiceal chgnge in the blood, as has
been pointed out. It was not possible to study this change chemically.>
The loss of fliud mey have been a physicel effect of the low pressure, but
this explanstion leaves the éuestion as to why this should occur over a
change of one atmésphere when it did not 6ccur over & change of two atmo-
spheres. ﬁbosaible answer to £hia is, that, since the loss of fluid occured
in only three eniuels out of the zeny studied, the total changa»of three
atmospherea caused tissue dauege in elready ;eakenéd individuals. An ob-
jection to this is that the eniaels in Experiuments 3a end L4e eventually re-
placed all of their éolorg The animel in “xperiment 9a, however, eventually
became completly decolorized. It had died vefore ell the cglor had gone.

Of the 25 animals which showed feding, l4 regesined some type of red

-

color while beinz maintained at the same, or in same cases more pigcrous
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conditions then those at which they hed faded. Since nothing is known concern-
ing the chemistry and physics of these changes, no conclusions are warrented.
However there is the possibility theat the animels do become aclimated to the
low oxygen tension, or other fgctora causing the fading, and are able to re-
pair the demege done to the haemoglobin. If this could be proved, it would
serve as an indication of the menner in which they adapt themselves to the

to the rigoroue conditions in the stagnation zone.

Color Changee

The change of color from a bright,clear red fo a dull, rather bluish
red is probably due to the reduction of the oxyheemoglobin. The bright red .
oxyheexoglobin occirs when there is & adequate supply of oxygen, end the dark
red Teduced form occure in situations in which there ww no aveilable oxygen.

All but very few of the enimels eventually became & reddish, rust
brown when under treataent in the vacuum chamber. It was also noted that the
individuals as drawn up from the stegnation zone hed a very similar color.
dost of the eni.uels recovering from feding built up this color. This may in-
dicate the chenge in the respiratory pigment neceeéary for the transport of
oxygen when it is present in small quentities. .he brown animels were rather
inactive, so it may be sssuwed that the lack of oxygen was causing & slowing
of the metabolic processes.

Fetalities

Teble III summerizes the times of death of the experimental enimels
and gives @& descriptiop of the ani.als at or near the time of death.

Experizents 4a end 6a were performed in the same vacuum chamber,there-
fore the reste oflexheustion are fairly comperable. The times of death do not

coincide. Experiments 92 end 1Oe were run in a different chamber in which
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the rate of exhaustion was higher than in the other type. The times of
death coincide fairly well.

It will be noted that most of the enimals were- brownish red at desth.
Reference to the experimental data will show that most of these hed been brown
for meny hours before death. Therefore the brown color is not a mark of deasth,
nor is it & chenge which will bring About desth immediatlye. One animel died
and became compleﬁly colorless. This was appearantly loss of fluid and wes
probably‘due to the physical effect of the low pressuse. In many ceses the
individuals had been faded, but most of them rec&vered their color before de
death. Only two enimals died while still faded. "hree individuals died while
they were the deeﬁ red color of reduced haemoglobine. They had failed to meke
the adjustment to brown and lived & much shorter time (relative to the rate
of exheugtion) then any of the others.

The enizals of experizent Se lived longer thet the others because they
hed to use up the supply of oxygen before they felt the lack which the others
experienced almost immediatly. 'he variations in the timee of death in ex-

periment 5e are probebly due to individuael or specific differences.

The only justificetion for supposing thet these deaths were due to
lack of oxygen rather then low pressure is thet the animals of Experiment
5#, which were not subjected to low pressure, showed the same changes in thee
respiratory pigment end in the reté of activity as did the ones subjected
to the low preasures. |
Effects of Detritus on Chenges in the Animals
¢ In B&periments 7e, 8, 92, end 102 smell amounts of detritus from

the lake bottom were placed in the conteiners with the animelse This detrit-

us was screened out of the bottom mud at the seme time that the animels

were and was mostly fiberous in nature. Then the pressure was lowered great

-
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amounte of gas were given off, sometimes explosivly, from the detritus.
The nature of this gas may have an important bearing on the problem, but
it could not be determined.

Animals in contact with this detritus showed all the movements, fadings,
recovery of color, end chenges of color that have already been described.
The anizels died more quickly in the detritus than did those which were
not exposed to.it. The controls, open to the sir, showed exactly the re-
verse, that is, the animels without detritus died sooner than those with it.
Appearantly the detritus decomposing under anaerobic conditions gave off e
substence that wae toxic to the enimels. This substance was not produced,
or had no effect, when en adequete supply of oxygen was available. ™his
result does not seen consistant with the esniusls live directly in the bottom
mud in the lake. IL may be tha-., in the lake, the dilution is great enough
to nullify the toxicity of .h: substance. It is ealso possible that the same
conditions obiein at the bottom of the lekeas did in the controls; i.e.,
tiere is enough oxygen eveileble to prevent either the forustion or the
effect of ithe suustance.

General Conclusions

l. It is indicsted thet the larveae of Chironomus require oxygen to
live. .

2. There is some adjustaent in the chemistry of the blood made .by the
larvae‘under low oxygen tension.

z, Lt very low oxygen tension the bottom mud produces a substance

toxic %o the larvae.




TABLE I

Poeition of Anima.l_.s in the Water

Fall to Bottom*

Rise to Surface*
Exp. Pressure . Expe. Pressure | Time
la more than 32mm. Hge. 2a ‘9an. Hge 3:55
Xa - 60mm. Hge 4a 20:51
be 60mn. Hg. (approx.) 6a 27:57
Te 20mn.Hge. Sa 23:30
8e 70m. Hgo 10a 9: 55
Sa 65m. Hgo .
10e 70 mi. Hge -
* Individuals in the two columns do not corresponde.
TABLE II
Fading end Recovery
;4 Fadinc* Recovery*
EXpe Tine Pressure No. Exp. Time Pressure Noe.
] 2 0:20 16ma. .Hg. | 1 3a 7:49 6ma. Hg 1
on 3:46 14.5mz. He | 1 3a 10:45 4my, Hg 3
{ 2= 4:49 | ----- 1 La 10:52 | ==-==-- 1
38 0:27 -——- 2 La 20:51 | =====-- 3
Zg 0:32 -——- 1 5a Lz:45 1
3a 0:54 | ~=--- 1 6a 29:17 | =~-=--- 1
La 0:41 8ms. Hge | 3 %a 23:30 | -------- 2
Le 1:32 6.5am. Hg | 2 % 16:55 16mas Ig. 2
5a 2:49 1
6a 1:10 | ~--==-- 1
68 82:40 Jead) ----- 1
Ta 0:32 | ----- 1
8a 1:08 |  ------ 1
Sa P38 |  =---- 2
Sa 7:05 19m.. Hg 1
10e L T 2

*Individuels in the two colu.ans do not correspond
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~PABIB III
Fatalities
Exp. | Tiae No. | Ddsoription
4o |38:39 5 A1l hed been fading before death. 2 still faded,
fdabby. 3 deep red, stiff.
5a 43:35 1l Had been faded before desth. Now opaque rust, deep
red at posterior end.
Sa 135:49 2° |Byownish rust color.
5e 308:38 1 Brownish rust color.
6a 82:40 1 Complete ‘loss of color.
% | 37:45 2 |Dull brown. _
%a 61:15 1 Dull red with whitish blotches.
10a |29:40 3% |Opaque rust.
10a | 37:45 1 Brownish rede.

o
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