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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 aspect of its adaptability to variations of 
environment (temperature, salinity, contamination etc, )', 

The existing methods permitted an observation or registration of motions 
frequency and locomotiv:e velocity of hydrofauna (J o n e s, 1955; 1( a s i
m o v, 1961; Kl e erkope r, et al.1961; S pen c e r, 1939; 
$ p e e r, l941; S a b u r e n k o v et al. 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 locomo
tive velocity, the effort of fish required to equalize buoyancy force of float 
(F w) 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, ) , A bramis brama (L. ) , 
Perea fluviatilis L. , Tinca tinca (L,), Anguilla anguiUa (L,), equibalanced 
buoyancy force of float by continous swimming in horizontal plane, in dia
gonal position, or down-headed under angle of 20° :" 3° to water surface and 
their swimming speed amounted approximately to O .125 :': 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, W �grzynowicz, B. Klyszejko 

ming time with attached float prevailed on lr.>comotive motion in vertical plane, 
Fish motions in other planes were rat�r sporadic (particularly at begin
ning of test) and therefore are considered as admissible errors in calcula
tions. 

Friction force of floats at speed of O. 125 � 0. 015 m/ sec. , calculated ac
cording to Stokes formula, did not exceed on average 2% of floats buoyancy 
force; this permits to consider friction force as non essential in furtner cal
culations. To calculate buoyancy force of float, following formula was ap
plied: 

1) 

where: 

F = g V(d - d ) 
W C p 

F - buoyancy force of float (N)
g 

w 
- accelleration of gravity (m/ sec. 2)

V - volume of float (m3 ', 3
d - density of water (kg/m )
de - density of float (kg/m3) .

p 

la) m/sec. 2 m3 kg/m3 / = m/kg/sec2 / = (N)

lb) F (kG) = .!, F (N)w g w 

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

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

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

2) 

fish travel is defined by formula: 

F = F ctg et 
C W 

J) 5 = V t 

where: s - fish travel (m) 
v - fish speed (m/ sec. ) 
t - swimming time (sec. ) . 



Method for applicati on ... 

The work performed by fish may be expressed as: 

4) L = F s, what 
C 
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after substitution of value F from formula 2) gives final formula for fish 
work wkich swims with float 

c
of determined force of buoyancy, giving: 

5) L = F s ctgoc(kGm) 
w 

where: L work of fish (kGm) 
F w 

- buoyancy force of float (kG)
s - travel of fish (m) 

ctgOt - angle between longitudinal axis of fish and plane of water sur
face. 

Thus, dynamic work performed by fish was 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 biokrgical tests 
framed within the investigations of environments contaminated with toxic sub
stances, also prove the usability of this method. 
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METODA OBCIJ\ZANIA RYB OGOLNYM WYSILKIEM FIZYCZNYM 

S t r e s z c z en i e

Opracowano metod� obci3cza11ia ryb ogolnym wysilkiem fizycznym w warun
kach akwaryjnych. 

Metoda polega na umocowaniu do pletwy grzbietowej plywaka o okr�slonej 
sile wyporu. Prac� fizyczn3c wykonan3c przez ryby obliczano z iloczynu sily 
wyporu plywaka, przebytej drogi oraz ctg k3cta zawartego pomi�dzy po
wierzchni3c wody a osiq podluzn3c ciala ryby. 

Opracowana metoda pozwala na sterowanie dynamicznym wysilkiem ryb jak 
rcSwniez moze bye zastosowana przy badaniu zmian metabolicznych w aspek
cie zdcl.nosci adaptacyjnych. 

B.vi;n:OBblE CITOCOEHOCT!t1 Pb!E K .I(lt1HAM!t1l:!ECKOMY \Illil8WIECKr1i!J YC!t1Jl!tll0 

.ABRAf/IIS BRAMA (L.), RUTILUS RUTILUS (L.), PERCA FLUVIATILIS L. 

ANGUILLA ANGUILLA (L.) 

P e s JO M e

I1poBe.l(eH1r cpamrnTeJU,Hhie orrpe,l(eJieHHH crroco6HocTH K .l(HHairn11ecKoMY qinsw-
11ecK0My ycmrnIO 'I8Thlpex BH;l(OB pu6 (Perea fluviatilis (L.) Abramis brama (L.) 

Rutilus rutilus (1.), Anguilla an:guilla (L.) B aKBapwyMHh!X ycJio-
BHffX rrpm HCIIOJII,30Bamrn aBTOpCOIWro M8TO,l(a Harpy3K11 06I11MM qll'.l3lil'I8CRUM ycJi1-

Jlli!8M 9 

B wccJre.l(oBamrnx onpe.l(eJieH1r npe.l(eJIJ:,Hble BeJiw111rn11 Bb!TaJimrnamrn nonJiaBRa, 

npH ROTOph!X 1'1CCJI8.l(Y8Mb18 p116bl BbllIOJIHffJlj,\ - Henpepb!l3Hbie pMTJv!l,1'18CR1'!8 TIOCTyna
T8Jl:E,Hbie ,l(HBlK8H11H B <rei!eHHe lI.BYX i!3COB, He IIPORBJ!Hff .IIpH3H8KOB Y.CT8JIOCT11. 

BaTeM YB8Jllii!.vlJI1'1 pa60i!YJO HarpysRy ,l(O IIOffBJleHJ1H IIp113H8ROB OCTporo YTOMJie

HHff. 

B pe3yJIJ:,T8Te HCCJI8,l(OB3HHti ycT8HOBJI8Hhl 3'rl3i!:VIT8JIJ:,Hble BH,I(OBble pa8JI11i!1'1ff B 

cnoco6HOCTH K ,l(11H3Mlii!8CKOMY YCHJIJ/l!O B orrpe,l(eJieHHbIX yCJIOB1'1HX cpelI,bl. 
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