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REPORT OH TID~: MINI!\lj'UM OX.YGJi:N· Dl<M.IU1DS ron VARIOUS 

SPECIES OF FISH 

This report was -prepared. at the rr.;quest of' the Yim i,o;:m Strea.m Control Commission. 

It is unfortunate to have to report th~.t the information on thh subject is very 

sc,anty, a.l though na.pers on eloaely related "-;hases a.re rather numerous. The information 

imparted ea"lnot be rendered as absolute for we are convinced thf':t the technie employed 

by some of the :1 nvestigators could. have been irnp!'oved upon. E.n,eriments by others were 

too arti ficisl and of too short a, du.rstion to be of e:ny practical value. 

Since more information WM obtained on trout than on other fhhes the findings on 

trout wil 1 be presented, in oro.er to bri. ne; out sorre of the dif:ficultt.'Ets encountered in 

arri V'ing at any conelusion regarding the amount of oxygen in the water need.ed to sup:oort 
\ 

fish life. 

Moore (1929) reports that in an eastern hatchery the water su:oply cont·i ned 4.lt 

parts of oxygen rer million. The temperature of the water was 9.7°0. The brook trout 

which survived an Octomitis epidemic made a splendid erowth. but the mortality resulting 

from the dhea.se was high. In the hatchery trough the,, water cor,t~ ned. 6 .. o perts of 

oxygen per million. t~oore also reports that at Bath, New York the water delivered to 

the hatchery trough had 2.1 parts per million at a temperature of 9°c. If the trout 

were not taken by- disease they made a good growth. Gu~sell (1929) found th ,t brook trout 



could stand as little oxygen as 1.2 parts per million for a short time. Gardner and 

Leetham (1914) have shown that a trout uses twice as nu.ch oxygen 6or re~piration 

i• the temperature of the water is raised from 10 to 20°c. Juday and Wagner (1908) 

found th:,>,t lalr.e trout commonly entered deep w11ter with so little oxygen that they could 

not H ve long .. Paton (1902) observed thn.t brook trout kept in wat r with a small 

amount of oxygen were able to survive for some time by rem .. -..ining inactive 0'n. the bottom 

and thus reduci~·g their metabolism to a minimum. This author says thnt water with 

2. ~ :parts per mil 1.ion of' oxygen is :fatal to younr; so.lmonoids. but he used only ratt.nbow 

trout in his experiments. Gardner and Leetham (1914) found the a•phT,Xtal points for 
' I • 

brown trout to be as follows: temperature 6. 4°0 - oxygen 1.13 parts -per mil lion; 

tempera.tu.re 9. ;°O to lo0 c - Oxygen 1.16 parts per million; temperature 17°C - oxygen 
I 

l. 96 p!lrts per million: telT!)&ratu,:,e 18°c. - oxygen 2.13 parta per million; tert1perature 
I • 

24°0 • .,.. oxygen 2.s2 :parts per million; temperature 25°0. - oxygen 3.43 parts per million. 

Embody (1927) thinks that th~se figuree a.re about right for lake trout too, He states 

that the e.sph:,xia1 point fw fish varies directly with the water temperature, therefore 

making the requirements of fie greater a.t higher temperatures. Consequently. the 

rebt ion between dapth and oxygen eontent as~mmes gre11.ter importance. 

In natural brook trout streams ,of Michigan, OreatJer (1930) found the dis?olved 

oxygen content to be 6.~ to a.9 p.p.m. where trout were present; a value as low as 
WOv<>fr,,-ol 

4. 2 in one :point in a trout stream tfhere trout did not occur, a.11d as low a.s 2. 3 and 3. 7 
/l 

:p. p. m. where trout are often caught thou.g1 they could not be located here when the 

tests were made. Many tests by Powers (1929) in Tennessee brook trout st:rel!BS showed 6.2 t< 

11.3 p.p.m. 

Taking into consideration all t::·e inforni.ation available to us, we believe that 

trout water should contain at least 4.o pa-rts per million of oxygen to be considered 

satisfactory for e:d stence with a margin of safety. 'i/e do not, however, have evidence 

to 1~dicate thnt so low a value would ndt serio.Jsly a~feot the trout sunply 1n some other 



way than the mere killing of tb~ 

Cal'p according to,J.l.eighard (testimony, River Raisin pollution ca.se) can live 

in water with an oxygen oontent of less than one part per million. 

Winterstein (190S) found that one pal't pe:r mil lion of o:it,vgen was sufficient 

to sustain a :~ouea.n ayprinid. fish, Sg#diniull ~l:thro,Pth1~Jrru111. 

Pearse and Achtaa'f.ierg (1920) sa.r that perch Cla.1'1 remain 'below the thermocline 

an hour or two without su.ffooation and these authors claim that the fish use oxygen 

in the swim bladder for respiration when in sta.:,~ant water. Other authors doubt the 

conclusion. th:?.t enough oxygen ean be thus obt~.ined to be of much significance. 

Packard (1905. •07, 108) k;e:pt top minnows, Fu:nd.ulus aeteroglitue in oxygen tree 

water and fo,-1nd that they lived a.bout three hours. 

Pea:rs.e and Aehtenberg (1920) say thp.t most fishes show signs of distress when the 

oxygen h :from 1.43 to 5. 72 '."3ar~s per millton. It is also state4 by these authors 

that in natural bod.iee of water e"Sl'bon diorld.e 1ncrease9 as oxygen decreases but in 

the anounts which occur in nature the or,rbon dioxide is not !)articularly detrimental 

provided enouffp oxygen is also nresent. 

Well! (1913) has shown thPt fishes· are rnore active in water oontrdning a scanty 

su.p'!)ly of. oxygen and has demonstrated (1915) that a number of freshwater species aalect 

slightly a.ctd water in preference t<? thr.t wtich is alkaline. le also determined that 

abundant oxygen and. carbon dioxide was less injurious to fishes than small airounts of 

both or thal'l m1ch carbon dioxide and a little oxygen. 1,, quatat1on from Wells whioh rr,ay 

be of UfJtH nJ'ish die :from lack of dissolved ozygen or excess of dissolved carbon 

dioxide. Oxygen in large amounts (10 co. per liter) antagonizes the detrirr.ental eff-ect 

of high carbon dioxide (50 c.c. per lit!:r)., Low oxygim (0.1 c.c. per liter) in alkaline 

water causei death sooner than low oxygen in slightly add ~ater. Thie suggests the.t 

the fishes have a carbon dio~ide optimum. The resistance of the fishes to fatal 

conoentra.tione and combinations of oxygen and carbon dioxide V8ries with the individual, 
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111th the species. a.."1.d wt th the size (! .• e. weight). Small fishes e.re more res ht ant 

" per unit weight than are large one& 

Shelford (1918) gives a table ehowi.n0 tlui rel;;,,t i'lfe re11bta.nce of common species 

of fish in water of low oxy-gen and bigh carbon dioxide; trout not included. The 

list of fish in order of resi~tance :from least to most is &-s follows: brook dlversides, 

red.horse, sucker. llrnmll-1111-u\h be.as. l~ge-mout~a.ss, white cranple. eaHao bass. rock 

bass. perch 1 orange.spotter1 sunfish, f·old.fish, ~ue-spotted sunfish, black bullhead. 

According to Shelford (1914) encl Wells (1913, '15) oxygen COTitent of water over 

breeding ground.:: should be about 4c.o. per liter (5. 72 parts per mUUon) and carbon 

dioxid.e probehly not ,more .than 1 to 5 e. o. per liter. 

Wells (1918} ta,v-s that it 1s doubtful whether fish co:ild. live in water the ye$l' 

around where the carbon dioxide wail as high as 6 <l.o. per liter. Common fish in order 

of resistance to carbon dioxide according to Wells: (least to 1'tlC.6 t ) red,..horse, atra.w­

colored minnow t blu.nt ... nose(.'l minnow. o:range...spotted sunfish, itreen sunfish, black bullhead.. 

We are quite confident that ffl'lOUgh material has 'been pesented to convince the reader 

thnt saturation or near saturation of O'Jr,Ygen in the water is of mi.nor signiticanee as 

far as f'i sh lite is coneerned. Of course• it is true thFl,t a certain :percentage of 

oxygen is nece8$al'Y and judging from our knowledge at the present time i\ aeeq that 

wa.tElr ha.-v1ng constantly at leaet l+ parts per million would be suftiolent to take care 

of the existence needs of. the me.Jori ty of fi she\:!. Whether the fishes would. freely 

reproduce and not mo!e out of eueh waters is a rriore ditficult quesHon. 

It is qu.ite obvious that the oxygen content is me:niy oneHsolated faetor in 

a vast comnlex of conditions. How extensive is this complex: at the present tirre cnnnot 

be told. '.!'}wt t• makes t'he techni c of eX1Jerin.ienta,tion a very difficult problem is fully 

realized. 

We are aecu.mula.ting eorr~ evidence to i nd.ieate tlvt it is detrimental to change 

abruptly some snecies of fish from water supersaturated with oxygen to water ndt so well 



oxygenated but containing a. sufficiency to take ca:re of fish whici'" have not been 

su'bJeoted to on abrupt change. It is possible th,•,t a. dP.~er to fleh liff3 exists 

in the r&ln.tively :rapid ohan.ges i.n oxyge·n content in highly polluted wat(c::rs. which 

may vary in oxygen-content f:rom a high su.-persatura.tion ln bright sunlight to e. marked 

deficiency at night. 

Tnis great diurnal variation in oxygen content of polluted water~ makes it difficult 

to obtain an aoeura.te figure tor the lowest oxygen. level :reached. The tendency of 

low.est value~ to occur at nitX>.ts, especially following cloudy days,. when tests usuP-.lly 

are not ma.de, causes the recorded values to be usu2lly higher than the actual oxygen 

minima. oocur:rtng in the streams.. 

The difficulty ot bei~-; on the stream when the oxygen is lowest is dlJ.S not only 

to this diurnal V1'll'iation. but ulso to seasonal variations in. stream flow, stream 

temperature, activities o-f- polluting agencies. etc. The variations in po1luting 

agencies me..v be very sud.den of course, as during 11 olean,..outett ,. or breaks it'i settling 

basint. 

further diff'tcu.lties in a:rrirln,1 at any evaluation of the effects of pollution 

on fish life may be enumerated. -

(1) Other polluting substances than the oxygen,..consuming me.::1 be involved - either 
in directly affecting the flab. or in modifying the OxY&en req..iirement. 

(2) The pollution ma,y remove desirable fish while allowing coarse fish to remain 
or even increase. Jwidence ca...,_ be cited to support this point. 

(3) nsh reae.t negat1~1ely to :polluted water fmat does not kill them, and thus 
vacate polluted. portions o·r stream~. 

(4) B,1cter!,:,l diseases have been observed. by us to flourish in polluted waters -
especially the f'in .. consurrJ.ng organisms, 

(5) 

(6) 

Worm d.i~ea.sas ms:,- be ex_peoted to i "'-Crease in polluted. wa.tdrs which e1::mse a grest 
increase';ttu, population of snails which aot ari the hosts of :uaratttes which 
in a later stage attack fishes. 

Pollution may hoe an affect on gro\ll'th rate. causing eorre sped es to grow 
faster on account of richer food, and causing othere to grow more slowly. 
r:re ha.vr:, found the cf'll"p of the polluted part of the lower Rlier Re.idn to grow 
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~ more slowly and to ref\Ch a nuch smaller size than in the clea1?el" 
waters above Monroe. 

(7) Polluted. water that w111 not kill the adults may kill the young, or more 
likely ld.11 the spawn or sn.erm of the :fi eh. 

(S) Mc-.ny pollutions i,roduce bottom deposits unfavorable to fishes, especially 
from the standpoint of breeding. 

Report prepared. 'by Wen.dell 'H. K'.ru.ll and Carl L. Hubbs. 

Report to: Adams 
Dr. Emmeline Moore 
Institute 

INSTITUTE JOR FISR!i!RlES llSE/JtCH 

Carl L. Iiubbs 
nireetor 
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SUPPL».rn:NT TO HEPO .'>1.r NO. 53 

ON THE MINIMUM OXYGEN DE!./!A!ID FOR VARIOUS SPECIES OF FISH 

From a series of experinents on the minimum oxygen demand for fish, uonduoted 

under laboratory conditions, we have obtained some information which is, perhaps, 

of interest to The Stream Control Commission. 11' nothinr, else it empahsized the 

innnel\si ty and c:>mplexi ty of this problem. 

0 0 Running, 1ron-1'ree water W1 th a tenrpe rature ranging from 12 c., to 13 c., was 

used in these ex'.\erix:ents. Aql:l'iria With a capacity of 46 liters 'were used for containers 

and fitted with screen placed below the surface of the water so that the fish could not 

get to the surface. The sU13"ply of' wa te:r to the aquaria was constant for each and 

regulated by gravity siphons. The water was dropped into a metal pipe which reached 

to near the bottom of the aquarium to insure oirculo.tion. The water was oxycenated 

by natural means, by dropping 1 t varying distances to obtain the desired amount of 

oxygen. Numerous tests of water from various parts of the aquarium. and at different 

depths showed the oxygen supply to be surprisingly constant. 

In the folloWing experiment fish were trar.t~ferred from water containing a.o p.p.m. 

o:t' oxygen to water containing 2.0 p.p.m. and left for 24 hours. then trimsferred to 

water with l.O p.p.m. of oxygen. The temr~rature at the time the fish were placE.ld 

in the aquarium was 12°c. The water during the eJCI)9rirrent was added to the aquarium 

at the rate of 820 cc. per minute. The experi:cient was continued for 9 days during 

which t 11e oxygen *:a the w:1ter varied from o.9 p.p.m. to 1.3 p.p.m., { the highest 

value was re'.Jorted for one day only, near the close of the experiment; } aside from 

that one there was no determination higher than l.O p.p.rn. 

None of the fish died when transferred to the water containing 2.0 p.p.m. but 

the following died in 24 hours after being transferred to the water containing 1.0 

p.p.m.; C•postoma anom.alum ( stone roller), male, 127 nm., Poecilichth7s eoeruleus 
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fomale, 51 imn. 

!J'he follo.w.1.nc fish lived and showed no sir,ns of' distress; i:1aroptei:,u'!, .!,~idea 

( b1rge-mouth bass) 105 m., f:.omoti&us aoromaoulatus ( a.reek chub) 54 mm., 1!?,'?.!, 

vermioulntus (mud pi okcrol) 100 and 170 na. • J\I'.1bloj!li te~ .rup••-r1'!, ( rock be.as) 9t: mm.• 

Cntostomus eomeraonii -
(muddler) .. a and 46 mm. , Umbra 11mi {mud minnow) oo mm., Poeoilichthl.! 

coeruleua { N.tnbow darter) 54 nm. ( breeding r'l!l.le) • .. - .... . 

.l t will b& noted, from tho foregoine lists that only one out of the f1 ve raiubow 

darters lived. "te have tried to t:ronater nmae.roue othor ruinbow darters the same way 

bii.t have t 1t suoooeded in ::etting uny of them to 11 ve. 37 trying addi tlonal individuals 

of Cottus we found thet the sueller ones lived. but the la~e IM.tu.re specimens always -· 
died. 

In the :follomng experirrent tho fish were kept under the some cond1 tiona as the 

ones ci ven in tho previous experiment bat tho rate of' flow or wn ,. or waa 775 o.c. per 

was oontinuod tor 7 days.. 'I'Wenty-two !':Lah wore o.ddod to the aquariwi. When it hHd an 

oxyc_-en oontont of 1.9 p.p.m. rron ~m aquarium oon aining water with an oxyc:en content 

of e.o p.p.m. 1'he follow in fish were uGed; OgoatomA anomalur:is{ atc::me roller) bO Dill., 

.•:;omotilus atroroocul~ ( oreHk chub) 57 o.nd t'.ll; mm.• !h,YAiohth,ie at:ro~ :,eleagri e 

(b1aok-nosed dace) 08, 67, 57, 5?• 152• 41, 38 ••• ~ vo:nnioulatue (mud pickerel) 

lij4 u:m., LMf111GJ.r,e:t;~a. r,1bboaua ( puw.pkin-eo()d} 82 and ~,6 mu., Cottus bf11rd11 (mud.G ler) 

72, 66, 47, 45 mm., Poeci,llohthzs oooruleus {rainbow darter) 60, GO, 42, :38, 51 mm. 
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All of the fish lived and shewed no signs of beine inconvenienced by laok of oxygen 

except Oottus and Poeci'.Uchthys during the first twenty-four hours. 

In the following experiment fish were transferred l'tireotly from an aquarium 

containing water with an oxygen content of 10.0 p.p.m. and temperature of 13°c. to an 

aquarium of water containing 0.9 p.p.m. an.d having a temperature of 12.5 c. Rate of 

flow of water into the aquarium was 820 c.c. per minute. The experiment was continued for 

24 hours. At the end of that time the following fish were dead; Cottus bat,:,dii 

(muddler) 70 and 45 lllll., Mloropt,erus salmoides ( large-mouth baas) 74 mm., P~ 

flavas™ (peroh) 60 mm. ,Notropis heterodon ( blaok•ohin shiner) 50 mm., .R!!Ynichthys 

atromasus meleagris (blao~-nosed dace) 46 mm., All showed signs of distress immediately 

(l:f.'ter trans:f'ar·. The f'ollowing fisl1 lived and af these only the common sucker showed 

signs of distrtlss: ~ vermiculatus (mud pickerel) 108 Dill., Catostamus commerson11 

(common sucker) 102 nm., Eu;pomoti,!. gibbosus (pumpkin-seed) 70 mm., Erimy:aon sucetta 

kennerlie (lake ohub suokerl 57 Irmo 

From these experiments we conclude that most non-salmonoid Michigan fishes can 

probably endure,for at least short periods, water with as little as 2 p.p.m. of 

dissolved oxygen, but that most of them are killed by water with l p.p.m. of dissolved 

oxygq. The experiments do not prove that water with 2 pop.m. ot oxygen may not 

kill the same fish over a longer period and certainly do not prove that such water 

will be normally occupied by such fish, for they may swim away from such water in 

nature. 

Nor does this report apply to trout or other salmonoid fishes. 0ome experiments 

have also been made on the cold-water fishes but these will not be reported upon until 

a further oceaston. 

These e:x;perim.ents were performed and the report pll'•.lared by Dr. Vi. H. Krull, 

Fish Pathologist. Report prepared for St:ream Contr~l Commission. 

Carl L. Hubbs 

Direct1sr·, 

Inst1 tu•e for Fisheries Research 
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