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Temperature Coefficients of Opercular

Breathing Movements in Freshwater Fish

Soichi NakaMUura* and Hiroshi KoBayasin*

Synopsis

T'he number of opercular breathing movements of seven kinds of freshwater fishes, guppy.
tilapia, medaka, carp, koina, wakin, and comet was counted in a range of temperatures lower than
that prefered by the fish. The results were used for calculation of the temperature coefficients,
Q.o and u. for opercular breathing movements of these fishes. The Q,, for all species was 2 to
3. but as the temperature fell to near the point when a chill coma would develop. ), increased
to 8 or so and there was more variation among individuals. There was one critical point for cach
species in the relationship between Log f and 1/T for guppy. tilapia. medaka, carp. and koina, but
not for wakin and comet. which are both Carassius auratus awrutus. The critical points for guppy
and tilapia were 14.7~13.9 C and those [or medaka. carp, and koina were 9.2~10.0 C. When the
temperature was higher than the critical point, the u of all species was almost the same. The
values for medaka were similar to those reported before. When the temperature was lower than
the critical point, the g of all species except wakin and comet was higher than at higher
temperatures, and there was much variation among species. Opercular breathing movements of
the tropical fish guppy and tilapia stopped at the temperature of 4.6--10.3 C; those of the other
species stopped at the temperature of 3.7~5.6 C. Almost all individuals began opercular breath-
ing movements again when the temperature rose slightly.
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Fig. 1. Experimental system. B, Beaker; S, stir-
rer: T. thermometer ; TT, test tube.
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Table 1. Frequency of opercular breathing movements per minute at various temperatures (C).

(mpp} males (;upp) females Tilapia
Temperature Frequency Temperature Frequency Temperature Frequency
27.8+0.3 )50.8+48.2 279404 288.5-36.3  28.020.0  181.0+28.2
25.8+0.6 225.1+36.7 25.9+0.7 220.8+26.2 25.9140.3 150.5+43.8
24.240.7 215.0£42.4 23.9+0.6 198.4+43.2 23.940.2 163.8£40.5
21.9+0.5 195.9+24.8 22.1+0.5 189.4+:36.6 21.9+0.2 140.5+25.6
20.140.6 178.7+28.4 20.1+0.6 175.5+27.2 20.150.3 144.2+22.0
18.1+0.7 153.7+22.6 18.1+0.6 160.9+23.8 18.00.3 123.1+22.2
16.150.6 136.0+18.8 16.2+0.5 143.8419.5 16.1+0.3 106.0+19.9
14.140.6 112.3+15.8 14.1+0.6 120.3+21.6 14.240.5 84.04£19.4
12.250.6 81.9+14.7 12.2+0.6 92.6+14.9 12.0+0.4 62.7+16.6
10.3+0.7 58.4+13.6 10.4+0.5 71.3+ 9.2 10.0+0.7 55.1=14.3
*9.6x1.2 *10.1451.4 *10.3=2.0
B Medaka m—alcs - ) ﬁed_aka fe;alu - o a Ca; -
Temperature F Frequency Temperature F Frequency ’l cmpemt ure Frequency
21.9+0.8 202.5+28.0 22.2+0.2 219.8+27.1 22.940.1 166.2+25.2
18.4+1.1 175.3+23.¢ 18.4+0.6 206.2+27.5 18.741.1 120.8+22.6
4.6 1.1 136.0+28.0 14.44+0.7 158.8 +23.1 14.5+1.3 90.7-16.3
10.5+1.2 96.7+20.5 9.9=1.0 106.0+22.5 10.5=1.2 69.7+11.8
6.0+1.7 58.4+19.2 5.3+1.8 58.4+20.9 6.71.2 16.7+12.2
*3.7+1.7 *3.9+1.8 *3.9450.7
o l\joina o - —Wa_kin - a Comet .
Temperature F requency Temperature Frequency Temperature l‘requcnq
C205+0.0 1254+ 0.0 20.841.0  153.4%23.9  21.3%0.4 149.7419.3
183.241.3 111.5514.5 18.2+1.2 118.0:+23.6 17.740.9 126.4+10.2
11.8+1.2 103.8+22.8 14.2+1.1 87.9216.5 13.6+0.9 90.3+16.3
10.5=1.2 68.3+ 9.3 10.2+1.1 64.1412.2 9.7+0.9 61.8+16.3
6.8+0.8 44.3+16.2 7.0x1.2 46.8+14.1 5.8+1.3 8.5+ 7.4
“1.810.8 - _*5641.5 B 4.2%14
Figures show the mean + standard error.
*Temperature at which operucular breathing movements stop.
7% Log f (BEZEILTNBONEAN) £ 1/T X I
FEDME) OWRERLE, 73> a4y b 2R
W FET L, Log £-1/T 7 7 742 8\ > T £ (K v % =
WiliE) Ak ah (Fig. 7), &L o Ofd ik YAMAMOTOY (2 Kk % &, # 5 OUFRGETI 351
SEM F T LA & BT AE L U 72 ik EE BEREERFET A (= /2) 4 7°C~33 COHIENEPE T
FTCOMEMHICHEVT, THEFNER D p Offind 5.9x410° $4bb p=1.18x10" £ ->Tw3, C

ol WFALOAMIIZ OV T H LA L D KR
D u DIEIDEFROLE DL DK EWi% £ -, #
WOy E— (7%) ET747ETICOVTRE
th i, hwi;mM.?’C(cﬁ"), 15.1°C(¥%), 15.9°C

B0, EAaTE DR/ AEITIZ9.2°CH 510.0°Clz e o

U)fll‘i(i'ifilfléﬁd)fﬁ?:-?ﬂ (Table 2) L IFIT—E L Tw 3,
AEBRTIRIEE#ZZ THoHROPEEMET 5
¥ TORmIEE ct ES5~W0DThH-o 1, AiHD
YAMAMOTO™ TIH#AEA L 2°ClET, BEE Vi
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u value

Table 2. Temperature characteristics and critical points for each species.

Critical point (C)

Species (Temperature range, C)
. 1.10%10° 259 10° -
. il (14.7-28.0)  (96-14.7) 4.7
sUPpPY
]L female 9.34x10° 1.97x 10¢ 15.1
: (15.1-28.00 (10.1-15.1) 9
I 9.34%10°  1.96%10* -
Filapia (15.928.00  (10.3 15.9) 15.9
1195100 2.34%10° .
male 9.2-22.00  (3.7-9.2) 9.2
Madak:
L 1.16%10°  2.52%10° N
female (9.5-22.0)  (3.9-9.5) 9.5
o 1195104 1.94%10¢ .
Carp 9.222.0)  (3.99.2) 9.2
= 1.09%10°  2.54%10°
Koina (10,0 22.0)  (4.8-10.0) 10.0
Wakin (l.)““)[_;) .;.,]l[);)
o 1,36 104

= 1 1 1 il | 1
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Fig. 5. Relationship of the logarithm of the fre
quency of opercular breathing movements
(f! to the reciprocal of the absolute temper-
ature (1/T) A, Guppy males: B, guppy
females.

Fig. 6. Relationship of the logarithm of the fre-
quency of opercular breathing movements
(f1 ta the reciprocal of the absolute temper-
ature (1/T). A, Wakin: B, comet.
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Fig. 7. Regression lines calculated by use of the
least-squares method of log f against 1/T.
A. Guppy males; B, guppy females; C,
tilapia; D, medaka males: E, medaka
females: F. carp; G. koina; H. wakin: I,
comet.
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