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Hydrogen-ion Preferences and Tolerances

of Certain Freshwater Fish..
LOREN G. HILL and PHILLIP HAMPTON,

University 01 Oklahoma, Normaa
The maln emphasis of this study was to determine whether t\ahe.

,tlJlt.lngulsh between or exhibit a preference for different pH values. Tol~

"rance limit. ot certain t~hes to varioWJ pH values were also tested.
Powers (1932) states that within wide limits. the pH of water bathing the
:':lU. ot aquaUc animals has very little effect upon the organism. No
:>ecltlc range was mentioned. Powers' statement indicate. that workers

~..'lve experimented with the physiological tolerance of tlshes to various
: H values. but UtUe lnformaUon was found which might indicate pH pm­

I"'eDCa among flahea.

JlateritJl3 OM JletMcb-8pedmens were p~ within a preterenual
hamber and simultaneously confronted with aqueoua media of different
." values. During the experimental period, the fish were free to polIl~
on themaelva to the media in any manner preferred.

'!be preterenU&1 chamber, de8cribed by .rona (964), COD8l8ted of a
'yllDdrical gJau tUbe, 24 incbu long and 2 tnchea tnumal diameter (J'll-
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UN 1) TIle .. of the chamber were equipped with inflow glass tUbE-a
~ to two 6-pJ uplraton. The lntlow rate ot a solution entering
• parUeuJar eDd of tbe ehamber could be alowed or revened respectively

C
~ tJJe poIItJon of Krew elamps situated in the tUbing eOIt­

The water mixture wu removed from tbe ehamber by ventrally
ted .... tUbN, bait way between the enda of the chamber. This out­

now arranJement alloWed a sharp gradient to exist between the two
tM IOluUoNl. The gradient was eheeked vtsually by injecting a red d)'e
into one aide of the ehamber. The demarcation betwen the red and clear
.ater remained aharp. 'I11e gradient was alao checked chemically by
removtDI IamplH from the chamber through the air ports. The pH value
in each .de of the ehamber varied from its source by approximately 0.2
Ufttt on tbe pH tcaJe.

The two upirator8 were fllled with water taken from the same source.
TMy ctlftered in that one contained a mul1l amount ot 36% Hel. This
acid .... Mlected u the agent to increase the pH because it has a high
level ot dtaIoclatlon and beeallft chloride anions would be less likely to
eauae advene effeeta on ftah than other organic or inorganic anions.

Hydrocen-Ion eoneentrauona in the nonrnodified water ranged from
pH 1.e to 8.2. 'I11e water in both asp;rators was agitated before entering
mto the preference chamber. Agitation aided to eliminate CO: in the
water and to equalize the available oxygen supply in both aspirators.
'!'be Beckman Zeromatlc II pH meter W&8 used for pH determinations.

PotntlONl ot the 'lah in the chamber were recorded at 1-min intervals
on a chart which IChemaUcally represents the chamber (Figure 2). An)'
vertical Une on the chart represents the fish in a quiescent position in
the correaponding area In the tube Where the behavior occurred, and the
a«ompanying minute. on the ordinate of the chart indicates the time
.nt durtnK auch behavior. IJkeWise, horizontal lines represent the fish
In a movin, .tate. Sixteen teats, each luttng 32-.0 min, were conducted.
During thi. time. the contents of the aspirators were randomly switched
from one .nd of the chamber to the other. By maneuvering the water
.uppUe. In thl. manner. experimental blaB was kept to a minimum.
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J'lIUft 1. g:e:pH~of apparatus tor obeerviDg the reactions of

aaplratora B &D4 C :-pp'~~ witlWl the chamber, I.:
1&-. wa"CC to the ebamber.
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For the pH tolerance teste, aquaria were set up containing solutions
with the ume pH values as the water used in the preference chamber.
The8e were .tocked with several .epecles of f18hes and observed for 2. hrs.
The pH vaJuu of the test solutions were not maintained because the con­
UDuoua nttrogenoua waste produced by the fish butfered the water.

Speclu tested were: BtM08toma apecttJbUe, Lepomia macrochirua,
Micropt61'lUl Mdmoidea, l1UndWU3 kaMae, GGmbt43ia al/inia, IctcJlufV8
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Figure 2. Reactions of a carp to waters of different pH values. Time 18
recorded in minutes on the ordinate and the figures indicate
the pH values tested. Thus, the experiment was started with
water of pH 3 flowing in on the lett side; after 19 minutes
water of pH 1.8 waa introduced from the lett side.
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'I talis, Notropl3 bOOp8, Notropia lutetl8i8, OOn~p08toma ot&OmGl"m,
. hrosomua erythrogost6T, Oyprinua caTpio, and LcpI308t6US sp.

ReStIlt3 and Di8Ct4!8iotI - Reactions of fishes to various pH values
<,re presented tn- Table I and Figure 2. There were 380 observations
. 62.5% ) made of fishes in the end of the chamber possessing alkaline
waters compared to 225 observations (37.5%) in acidic waters. For a
more detailed account, the preference tests were divided into three groups.

Test species in Group I exhibited a slight preference for the acidic
water (pH 6.0 ± 0.2), although the preference was significant only for
the plains killifish, JI'. kat&8a6. Species of Group II, which were subjected
to hydrogen ions 10 times more concentrated than Group I, reacted nega­
tively to the acidic water. The red shiner, N. lutretl8i8, however, exhibited
no observable preference. Species of Group m presented wlth pH values
ot 3.0 ± 0.2 vs 8.0 ± 0.2, 1000 times more acidic than concentrations
tested in Group I, generally recated negatively to the acid condition. Four
ot the species in Group TIl did not exhibit observable preferences.

TABU] n. ToLERANCE TEsTs OF CERTAIN FISHES TO DIFFmENT pH VALUES.

'died

pH 3.1

Gambusia &ffinis*

Fundulus kansae*

Cyprinus carpio*

Lepomis macrochirus·

Ictalurus natalis

Lepisosteus osseus·

Notropls lutrensls*

pH 6.4

Gambusia affinis

Fundulus kansae

Cyprinus carpio

Lepomis macrochirus

campostoma anomalurn

Etheostoma spectabile

Ictalurus natalls

Chrosomus erythrogaster

pH 5.5

Gambusla afflnls

Fundulus kansae

Cyprinus carpio

Lepomis macrochlrus

Campostoma anomalum

Etheostoma spectablle

Ictalurus natalis

Chrosomus erythrogaster

pH 8.2

Gambusia afflnis

Fundulus kansae

Cyprlnus carpio

Lepomis rnacrochirwl

C&mpostoma anomalum

Etheostoma spectabile

Leplaosteus 088eUS

Chro80rnus erythroguter
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'I'be neet.toM aDd bebaYior of the carp, C. CGrfrio, to pH vales of 30
.. 7.1 .... depIeUct lD J'IIUre 2. At the beg1DnlDg of the experiment, ac:d
water wu lJdrocIuced lJIto the end of tM cbamber the tJab occupied. The
ftR nmalDed bI t.be addie water tor 11 miD before It eroued the boundalj
bdo alJcaUDe water. Tbe tJah appeared ealm In the alkaline water and
awnaJDed 1D the riCbt ... of the chamber unW acidic water was intro­
duced. Tbe flab became ...ue-. appeartng to detect the acidic condi·
uoa of the water &lid, while randomly awlmmlng, crossed the boundary
beek iIlto a1JcallDe water.

Tbe two tat tIOJutiOD8 were randomly exchanged between ends of the
chamber throulbOUt the experiment; however, the carp consistently Be­
IeeUd the alkaUM water.

&lnJta of the pH tolerance tNta are shown in Table n. During a
U.br period, death occurred only in fiabes subjected to extremely acidic
c:oDditlou (pH 3.1). Tbla concentration W8.1 lethal to all species tested
except the yellow bullbead, I. MtalU. Death of these fishes might be
comparable to increued CO, ten8ion8 of the blood, associated with lower
pH of the blood (Lagler et al. 1962). ThJs condition could possibly result
In uphyxjaUon. Another potential cause of death might have been thedlnuC: ot the bWterinl .ystem, with a possible breakdown of enzyme
comp .

Althougb prellmlnary, these data indicate that certain fishes exhibit
a preferellce in regard to the pH ot their environments. The rapidity with
wbleh they reacted to pH chang.. seems to be related to their sensitivity.
.. determined by tolerance teats, and also perhaps to the degree that the
pH varied from the water in which they were normally found.
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