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METHOD FOR APPLICATION OF PHYSICAL EFFORT TO FISH

METODA OBCIAZANIA RYB OGOLNYM WYSILKIEM FIZYCZNYM
Institute of Ichthyology *

A method was elaborated for application of physical
effort to fish and for calculation of fish performance
ability in physical units (kGm).

The changes appearing in fish organism under dynamic effort represent
particularly interesting problem in aspectofits adaptability to variations of
environment (temperature, salinity, contamination etc. ).

The existing methods permitted an observation or registration of motions
frequency and locomotive velocity of hydrofauna (Jones, 1955; K a s i-
mov, 1961; Kleerkoper, etal. 19613 Spencer, 1939;
Speer, 1941; Saburenkov etal. 1967).

To obtain more exact quantitative measurements, a method was elaborated
for application of physical effort to fish with possibility of calculating the
obtained results in work units kGm.

Owing to reflexogenous reaction, a fish will move into deeper waters in
case of any danger or when its liberty of motion may be hindered. Exploiting
such reaction known in majority of fish, a device was applied to coerce the
fishes to dynamic effort under aquarium conditions.

By this method, a ball float of determined force of buoyancy is fitted to
base of dorsal fin approximately at centre of fish gravity. Basing on lecomo-
tive velocity, the effort of fish required to equalize buoyancy force of float
(F ) in determined time, was calculated in physical units (kGm).

Specific weight of fish, owing to reflexive regulation of gas pressure within
the air-bladder, corresponds approximately to specific weight of environment
for determined depth at which the fish remains. A float fitted to dorsal fin
represents-additional force acting vertically upwards. A fish resisting the
force which is pulling it upwards to surface, is« coerced to intensive work
which is proportional to buoyancy force of float. It ascertained experi-
mentally that, the fishes such as Rutilus rutilus (L.), Abramis brama (L.),
Perca fluviatilis L., Tinca tincaTL ) , Anguilla anguilla (L, ), equibalanced
buoyancy force of float by continous swimming in horizontal plane, in dia-
gonal position, or down-headed under angle of 20° ¥ 30 to water surface and
their swimming speed amounted approximately to 0.125 t 0.015 m/sec. In
tests performed on 5 mentioned species ascertained that, about 90%of swim-

*) From Ex-Department of Fish Physiology



92 R.Wegrzynowicz, B.Klyszejko

ming time with attached float prevailed onlocomotive motioninvertical plane.
Fish motions in other planes were rather sporadic (particularly at begin-
ning of test) and therefore are considered as admissible errors in calcula-
tions.

Friction force of floats at speed of 0.125 : 0.015 m/sec., calculated ac-
cording to Stokes formula, did not exceed on average 2% of floats buoyancy
forece; this permits to consider frictionforce as nonessential in further cal-
culations. To calculate buoyancy force of float, following formula was ap-
plied:

1) F =gV(dC-d)

where: F_ - buoyancy force of float (N)

- accelleration of gravity (m/sec.z)

g
V - volume of float (m” 3
d_ - density of water kg/m")
dP - density of float (kg/m").
1a) m/sec.2 m3 kg/m3/ = m/kg/secz/ = (N)
1
1b) F kG) = EFW (N)

Graphic distribution of forces (simplified) acting on fish swimming in plane
parallel to surface with fitted float of buoyancy force F , is presentedinfig.1.

Fig.1l. Graphic distribution of forces (simplified) acting on fish swimming
in plane parallel to surface with fitted float of buoyancy force FW

It is apparent from fig.1 that, the force Fc may be expressed by formula:

2) Fc = FW ctg o
fish travel is defined by formula:
3) S=vt

where: s - fish travel (m)
v - fish speed (m/sec.)
t - swimming time (sec.).
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The work performed by fish may be expressed as:
4) L= Fc s, what

after substitution of value F from formula 2) gives final formula for fish
work which swims with floatof determined force of buoyancy, giving:

5) L= F s ctng(ka)

where: L - work of fish (kGm)
F, - buoyancy force of float (kG)

s - travel of fish (m)
ctgoe - angle between longitudinal axis of fish and plane of water sur-
face.

Thus, dynamic work performed by fishwas calculated from product of float
buoyancy force, of travel and of angle comprised by water surface and longi-
tudinal axis of fish. Elaborated method permits for control of fish dynamic
effort under determined conditions of environment. Qualification of physical
effort in units of work may be applicable as basic method for study of meta-
bolic changes in aspect of fish adaptability. Initial studies on biological tests
framed within the investigations of environments contaminated with toxic sub-
stances, also prove the usability of this method. :
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METODA OBCIAZANIA RYB OGOLNYM WYSILKIEM FIZYCZNYM

Streszczenie

Opracowano metode obcigzania ryb ogdlnym wysitkiem fizycznym w warun-
kach akwaryjnych.

Metoda polega na umocowaniu do ptetwy grzbietowej ptywaka o okreslonej
sile wyporu. Prace fizyczng wykonang przez ryby obliczano z iloczynu silty
wyporu plywaka, przebytej drogi oraz ctg kata zawartego pomiedzy po-
wierzchnig wody a osig podtuzng ciata ryby.

Opracowana metoda pozwala na sterowanie dynamicznym wysitkiem ryb jak
réwniez moze by¢ zastosowana przy badaniu zmian metabolicznych w aspek-
cie zdclnoéci adaptacyjnych.

BUJIOBHE CIOCOBHOCTH PHE K AVHAMIYECKOMY CUSMYECK MY YCUIIN
ABRAMIS BRAMA (L.), RUTILUS RUTILUS (L.), PERCA FLUVIATILIS L.
ANGUILLA ANGUILLA (L.)

Peswbue

JlpoBeZeHH CpABHUTENBHLE ONDEeZEeHUA CIOCOCHOCTU K IMHAMUUeCKOMy (Quam-
YeCKOMy YCWIMD UeTHDEX BUZOB DHO (Perca fluviatilis (L,)Abramis brama (L.)
Rutilus rutilus (L.), Anguilla anguilla(L.) B QKBApUYMHHX yCIO~
BUAX NP MCIOJNH30BAHUYM ABTOPCOKOTO METOZA HATPYBKM OOumM (QU3WUYECKUM YCU-
TIMEM o

B ucciezoBanuAx omnpeZeleHH IpeZeNbHHE BEJVYNHE BHTANKWBAHWA NONJIABKA,
NP KOTODHX MCCHSZyeMHe pLOH BHIONHANN HelpepHBHHE PHTMHYECKUE TOCTyma-
TeNBHbHE AUBKEHUA B TeueHME ABYX YacOB, He NDOABIAH NDPUBHAKOB YCTAJOCTH,
3aTeM yBeNMUWIN pacouyld HATPYy3Ky ZO NMOABIEHUA MPUSHAKOB OCTPOTO yTOMIe-
HUA .

B pesyapTaTe uCCJeZOBaHW yCTaHOBIEHH 2HAUUTeJBbHHE BUIOBHE DasJUuNs B
CIIOCOGHOCTY K AMHAMUYECKOMY YCUIUK B ONDEAENEHHHX yCHOBUAX CpPEXH.
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