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Brea,thing or respirat ion is the pro cess by wbich oxygen is 
supplied to, and carbon dioxide remeved from, the blood and, 
eventually~- the various cells of the bod:-f. 

Fundamentally, this process 1.3 tne sa",e in fishes C1!1C.:; in man, 
or any animal, but, in most fishes as in rr..any other aquatic forms, 
special provision has been made for breathing uEder water. Because 
of this, it is not necessary for the tyrical f'-i.s~, to come to the 
s\'1Tface for air, as it is necessary for vIi-la les and porpoises, water 
t!lrtles and some aquatic insects. lnceed, for most fishes it is 
useless, OT' nearly so, to come to the sl.!rface for air. If t.Ley 
cannot obtain tLenecessary oxygen from t he Ylater, they die G 

, The most important provision by means' of whid, th? ,n ~h 
breathe under water ~LS, of course, that of 5il1,s. GiL.3 are of 
various sorts, but those of fish, and of other vertebr~te5 suc~ 
as s::..lamanders and tadpoles, are of the general t:,';'Je knovm as 
blood gills. In such structures tiie blood f10'N5 in firle strea'T'. s 
which are ~eparate ':l from the water on~LY b~' tbin and h~.shl:;, per ­
meable membranes, tr'Tou€,h wbich carton d ioxide is !:,;ive!': up '-:.iy the 
blood and oxygen taken tn. It:s the ir blood, of cOllr:::e, U.a t 
makes gillsrlormally red. Pale g:'lls, tr!e refore, indicate an 
anemic condH;Lon. 

h.l though t.t;e gills of fis h d lifer greatly in points 0f strut:: :. ljr€ 
and arrangement, in all caset;~ Ley C2,n function effectively only if 
bathed by a curren:t of va ter cont~ ining sufficient diss olved oX:'iECen. 
Inmost fishes the-curre1t is prod~ced by water bein,! drCi'.'l!1 ~nto 
the mouth wi tL the gill covers clos8i), and then forced O',lt ti.rouh 
t.he gills under the opened gill covers, in an interrni ttent :..aniJer 
comparable to M,e inhalat.ion and exbalatior; of air ~y iT,ar.:!'!la13, 
for- example. TLis process is facilitated in sor~le iis r. es (e.[<, 
the cod and the 'JITasse) by tt,e presence of special ski!1 felds in 
the mouth, known as breat-hini: v2_1ves. TI-u5 t!':e 'wrasse, 'llr.icb 
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possesses .breathing va.lve~ breathes at-,out 15 tL-nes a 
tr:e little sti c',<:leback, which ,does not possess them, 
times as frequently. 

" 

minute; 
almost 10 

In a.:Jdi tion to gtlls, oxygen is obta ined from the 'na ter hy 
s ome fish by means 0f Lighly vascular fins (youni; of Embiotocids) 
and parts' of the alim e ntary canal (loac1 es a'1d otr.ers). 

':'-iestdes t:i is "water ~reathin~" or ~lt'ilization of oxygen 
dissolved in water, s ome fish G0mE t o He surfCic~ to '7111p a i r, 
and trnls ob tain a greater or lesser c)ort ion 0f t,;.e needw:l 0xyger.. 

In the simpl est cases (2C!me Clu pe ids c:nd otLers), thE; air 
is confined above ordinar;:i gi, -' is. ,' urtLer devt? loprr.ents are f~und 
in the more or less lun6-like air sacs (Sacco'c;ranr:;r·us, r,mpripncus). 
Ther i ghest devt lo!Jme nt for <:i ir brea thin c:, ~ n f i sr -:; s~s 1'0un.1 in 
tLe Dipno i or lungfish :Jf South kr:lerica, hfric2, awl ,J\'Jstralia. 
The Dipnoi, besijes gills, poss ess a lung or lun~s (l or 2 per 
fish) very much like t he lun5'5 of t ie r, L;r.er ver t c; bra tes'. Tr_ G 
South iu'11erican and Afr :can fer.TIs ar E' able t 'J liVE for montr:s in 
mud at tl-e bot tom of laKes ','Jbic:h haVE ::-,ecc,[,:: 'Nater less in tre 
lO!'lg dry seas on . 

As noted, in order for fish, except f or air treat~ ~ rs, to 
ob ta in suf fici ent oxyge n, there IT.us t be s ~lff icient oxygen dis­
s olved in the water in wr, i cr. t LEY live. Exact lirr_its cannot be 
set, be caus e an active fish ada[)te.:J to liff': in cuol, well-aerated 
wa ter (e. ~; ., the trout) req'lircs mere oxyge n t.r ij n a slug:.;ish fish 
wLich normally dwells in rr.uddy and more or les s sta? rant ",ater. 
I'oreovey, as th l': temperatur e of tLe water rises, tho: oxygen re­
quirements, of a given type of 1'isr-, increases. 

Low oxygen may ~)e br oug-rt about in var i ous ways. increased 
t empera ture reduces Ute capacity of Via ter to hold oxyg·_n. ?ish, 
o t he r aqua tic aniJrals, plants (in the absence of sunlif,h t) ant:: 
organic de cay utin_ze dissolved oxygen -and rn.a:,r dangerously reduce 
or even e liminate it. l:: esides such natural r".ea-ns, :-here is the 
grea t offender, pollution. T~,i s may be,; c10mestic s'2'Nage or in­
dustrial 'wastes of very many sorts. n-.e great danger fro!'! 
industrial waste ~ay, of c ourSE, b 0 due to some poisonous 
property rather than to a 11L;h oxygen demand, b u t this latter 
property, of us inC up oxyge n, is a harmful characteristic of 
many industrial discharges. 
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The dissolved oxygen of water is obtain8d oy acsorption at 
the surface, by mechanical mixing- of air and water (as by water­
falls ahd waves or by artificial aerators) and by the action of 
plants in the presence of sunlight. 

Except for such a'1lounts as may be brought in by stream3 or 
retained from the days before the cover was formed, (a-:-ount.s wh j o:f: 
may, of course, be ample, especially in deep, wen-aerated laves) 
the oxygen of lakes or ponds completely covered by ice i.s a ttr ibu­
table to tLe a ct ion of sunligi"'t on plants, either plankt.onic fonTS '." uch 
as diatoms or hiEher plants. Ligh t penetrati ~JP through th ick ice; 
is poor, especially if the ice is roWb, contains IT,any bub::,les ::' l' 
is covl?,red with a thtck layer of snow. 'frterefrxe, especially if 
the org&nic content of the water is hirh or if many fisr. eire 
present, it is not surpr is ini. that ti-:e oxygr::n content of slld; 
lakes becanes low and fish loss high in wi.nter. Rat!:er, it i. s 
remarkable that s c often there :, s suff icient oxygen t. o keep fi~r, 
and other aquatic forms,. in health. 
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