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ABSTRACT

A study on the influence of al te ratior ofwater temperature on the rcspirabon rate of a catp,qfinrs cvpio L. was performed.
Oxygen c<nsumption was measured by the continuous-flow tecfurique. All fishes used in
this experiment were acclimatized to 20"c. t( reveared 6atincreasem;nt ofwater tempera-
fur€ to 30'C wotlld carsed the oxygen conumpticrn of a fish to increase.

SARI

Telah dilakukan penelitian pengaruh perubahan suhu air te rhadap pemapisan ikan mas,
C>plirus carpio L. Pengrlcrran penggun&n olaigen dilalorkan denian tefnik air mengalir.
Ikan yfirg dipakai dalam percobaan ini diaklimatisasikan pada suhu 20"C. H^it p.r.o"Uu_
menunjukkan bahwa kenaikan zuhu air hingga 30.C menyebabkan pertambahan pengguna
an olsigen pada ikan.
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I Introduction

Toxicity values for aquatic pollutants detemtined by standard bioassay are fte-
quently used to asses the industrial wastes and other pollutants. Measurement
of physical parameten such as temperature, pH, BOD, COD together with toxic-
ity values were often used to define acceptible effluent and stream quality
stan dards.

Biological assesmenl should also become ar important role for determining
these standard va.lues, Accurate and sensitive control techniques are urgenfly
required to measure threshold levels. Alteration of metabolic activity of an or-
ganism may occur due to environmental stresses (O'Hara, 1968). Fish respi-
ration rate can be used as a measure of metabolic activity of the organism. A
precise technique tbr measuring oxygen consumption rate of a fish should
therefbre be established.
In this study, respiration of carp exposed to different water temperatures werc
observed, using the modified respiration apparatus introduced by O'Hara
(197  t ) .

The objective oI this experiment is to develop an apparatus for measuring fish
activity based on respiration rate, influenced by several kinds of pollutants.

2 Materials and methods

2.1 Preparation of test fish
C.arp (Cyprinus carpio L.) was used as experimental fish, they were purchased
liom a fish farm in Lelystad, North of Holland. Fish stock were kept in a small
pond at the Biological Laboratory of the Institute of Hydraulic Engineering,
Delft. Fishes used for the experinent were kept and acclimatized in an aquar-
iurn at 20oC and placed in the laboratory. They were fed regularly three times
a week with cornmercial fish food. During the obsenation food was not given
to the test fish. Each fish used has a body weight ol less than 25 grams to en-
sllre that it can move freely in the test chamber.

2.2 Expeimental design
Equipment used in this experintent consist of: reservoir flask (E,), effluent
flask (E2 ), fish chamber (FC), air lifting pump (ALp), oxygen meters and
recorden (Fig. I ). Water from the reservoir flask was run through the hsh cham_
ber to the effluent flask and delivered back to the reservoir flask by using an air
lifting pump (ALP). The water circulation was constartly run by means of
steady air pressure through an air pressure controller (ApC). The frsh chamber
and effluent flask were fully frlled with water and frce from air bubble. To
maintain the water at a desired temperature the fish chamber was placed in a
waterbath. The oxygen content in the reservoir flask and effluent flask was
measured separately by using two different Dissolved Oxygen Meters (Model
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l5A Electronic Instrument LTD, Surrey, England) and each were connected to
a one crlanelled recorder. When the rate of flow is known, then the difference
of the Dxygen content in the reservoir llask and effluent flask is the oxygen
consumption of the test fish in the fish chamber.

2. 3 Experimental procedure
After the oxygen meten were calibrated, adjustment should be done. Oxygen
probe no. I (Pt ) and no. 2 (Pz ) we re irnmened into the water in the resewoir
flask and effluent flask respectively. In the first step water was circulated with-
out any fish in the chamber. After some time the two meten should indicate
the same rcadings. If necessary correction on the oxygen meter reading and
adjustment on the position of the probe no. 1 should be done. For each obser-
vation only one fish was placed in the fish chamber. Thgfish ohamber was cov-
ered to avoid interference from moving objects and oflrer activities outside the
chamber. The test fish was allowed to adapt for one night be fore the measure:
ment. The flow rate was adjusted so that the oxygen content reading between
the reservoir flask and effluent flask at the same time was signilicandy dif-
ferent. The measurcment was conducted within four houn a day during day-
time. During tli e period of obseryation the experimental fishes were kept in the
chamber for several days. Circulation flow rate was measured by means of a
graduated cylinder placed close to the outflow. During the flow rate measure-
ment water was caught into the graduated cylinder. The water level in the
resewoir flask was maintained by adding water from the tap at the same rate
as the outflow.

2.4 Calctrlation
The respirrtion rate of the fish .

A  DO (mg .  r ' )XQ( l . ha ' )
=  A ( m g . h r t . g r t )

bw ( er)

a
bw

A DO (= DOu, -  DOu. )  : the difference between the oxygen content in El
and E,
the water circulation flow
the fish body weight

3 Resl6 and discussion

During acclimatization all fishes were alive. They give no symptoms of disease
or abnormalities and were considered suitable for laboratory experiment.
The apparatus design for this experiment is very sensitive. Fluctuation of dis-
solved oxygen as small asone percent saturation could be recorded. The air lifting
pump used has two advantages; first, it pushes the water upward to the rcser-
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voir tlask, secondly thc pressuriz!-d air causes the watcr in thc rescnoir flask to
become saturated with oxygen. Total volume of water used in this nrodcl was
not tnorc than four liters: two lite$ in the reservoir tlask (E,), less than onc
liter in thc fish chamber and one liter i;r the effluent flask (E, ).

During a pcriod of observation (four hours a day) the rcspiration rate of thc
fishes tt'stcd was not constant even though it \i,as me:Nured at a constant tem-
peratLrre' (Table 1). TIie oxygen consumption ter.rded to decrease during the fbl-
lowing days when cornparc-d with that of tlic tlrst observatiorl days (Fig. I.t.
This was also mentionecl by Waiwood and Johansen (1914) rn lris investigation
on Whi te Sucker ,  namely thdt  thc oxygen cons0lnpt ion ot  untreated l ish.srad-
ulll5. decreasetl during thc first twenty-four hours of their expcrirnent.

ll igcr respiration rate was recorded on higherwater tempcrlturc (lboC
- j0"  ( - )  eonrpar ing wi th that  of  lower $,ater  tcmPerature ( l0" t  l5"C)
(Fig.  3) .  Jones (1964)  mcnt ioned that ,  a t  rest  as wel l  as in act iv i ty  the oxygcl
corlsLlnrption of a flsh incrcrsed rapidly as tlle tentperlnlre went up. The
incrca-se of witter tenlperature caLrsed depletion of oxygen content ind nright
intlLrencc the oxygen consumption of a llsh. In this experiment watcr in tlte
rescrvoir flask was allltost saturated with oxygen due to the airation by
thc air lifting pump, so that the increase of lish respiration was dircctly
inflrrcnced by the increasc of water tcmperature. The high water tentperaturc
causcd the test fish to be restless and tried to move away fronr the
unilvourable condition. O'Hara ( 1968). found that in Suntlsh the increase in
oxygcn consumption rates rvas due to the .increase of water temperature and
grcrter rcsponse was shown by larger tishes. Carps which were originally accli-
matized to 20"C were able to suwive lbr at least four houn ilt water of about
30'Cl, but the oxygen consurnption was ligh and irregular (Fig. 3 and Fig.4).
Scirarrrnburg et ol. (1967) in his investigation on the itrfluence ofpollutants on
fish. lbund respiratory irregularities and lluctuation on Coho Salmon exposed
to some Pollutants. The avoidance of test fish against high terlperaturc' was
shown by the increasing and irregr,rlarities of oxygen consumption. Ole of three
lishes tested at high rvater tetlperatrire tl9"C) collapsed during observation,
but recovered gradually when transl'ered irnmediately to ambient water tem-
pcrature of 10"C. lt seems that J0'C was the optimal tenlperature for the test
fish to survive and temperafure higher tlian 30"C was most likely lethal. Cher-
ry et al. (1911) tbund that the upper lethal temperature limit for l5 fish spe-
cies r:mged between 24'C to 36'C. He also rnentioned that the upper avoid-
ance tcmperatures increased with rising acclimation temperature, but the
difference betrveen upper avoidarce and the acclinration temperatures was
greater at cold than at wanner levels of acclimation temperatures.
When thc water temperature was lowered frorn 29oC to 220C the respiration
rate of the test fish decreaserl (FiB. 5).

It could bc concluded that this apparatus is sensitive enough to measure fish
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activity based on rcspiration rate. influenced by several kinds of pollutants. cir-
culation-flow technique used in this model is to minirnize water sample rc_
quiled. By this procedure a great deal of observations on frsh activity can be
fumished.
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Tabfe 1. Respiration rate oI Cyprinus carplo L. on difterent water temperature.

l)ate Sample
no.

Body
Weight
(g.)

Time
Obsr.
(dav)

Ave. (4 hls) resp. rate at t'C
(O, mg.hr-r .gr-r )

20-21.9 22-23.9 24-25.9 26-27 .9 28 29.9

3 0  6

t 7

2-  -1

9 7

l 0  7

t4 '7

1 6  1

t 7  1

2 1  1

2 2 7

2 4 7

I

2

3

1

5

6

'/

12.15

21.75

6.9 8

6 . 6 1

6.s4

1 .84

7  . 9 1

7 . 7 0

7  . 5 3

7  . t 9

7.50

6 . 5  5

6.45

I t r

I t t

l s r

I t t

I t t

2nd

4th

1 t t

2nd

1 t '

2nd

n  r a

(o=0.0a)

o . 2 2
(o=0.03)

0 . 3 1
(s=0.03)

0.20
(o=0.17)

0.26
(g=0.0)

o.46
(o=0. l0)

0.40
(o=0.0,1)

0.28
(s=0.06)

1 . 0 2
(s=0.19)

0.8 7
(o=0.  17)

0.48

Average resplation rate
0.20 o.26 0.25 0.38 0.79

* collapsed after one hour ofmeasurement
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Figure 1. A scheme of apparatus set up for measuring tish respiration rate. ALp = air l i ft ing
pump; APC = air pressure coniroller; DO-M = d issolved oxyg€n meter; E I = reservoir erlen,
meyer; E2 = " effluent" erlenmeyer: FC = fish chamber; GC = graduated cylinder; MSr and
MS2 = magnetic stirrer; Pr and P, = oxygen probe; T = thermometer: WB = water bath.
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Figure 2. The influence of observation time on daily respiration rcIe ol Cyprinus carpio L. al
diff erent water temperature.
r  =  sample  no .  5 ;  a  =  sample  no .  4 ;  a  =  sample  no ,  5 .

Oxygen

( m s  h r  ' . s r ' )

0 .3

o .2

2A 21 .9 24 25 .9 2A 29 .9
22 23.9 26 21.9 r" {centigradL,)

Figure 3. The influence of temperature on respiration rc1e ol Cyprinus carpio
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Date | 14/7

Tempera ture :22 'C

Fish Weight : 7.84 gr

Ave. Resp.
rate : 0.26 mg . hir . g-r

a

Date | 15/7

temperature : Ju u

F ish  Weigh t  :  7 .91  gr

Ave. Resp.
rate : 1.02 mg . hr-r . g-!

Figure 4, Recorded oxygen content in the effluent f lask (after consumed by a test f ish);
(a) steady respiratio n at 22o C, (b) f luctuation and irregularity of respiration at 3OoC.
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{ m g  h a r .  g a I }
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0 ,8
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4 ,4
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t rme of  observaion
l d a y s )

Figure 5. The influen@ of different water temperature on daily average respiration rate of a
carp.

29 -  C  (1s /7 )

21,5"C l17l7l


