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Abstract 

Svobodova Z.: Seasonal Changes of Glycogen Content in the Hepatopancreas and 
Musculature of the Carp (Cyprinus carpio L.). Acta vet. Bmo, 47, 1978: 39-50. 

The seasonal changes in the mass of hepatopancreas, its absolute and relative 
amount of glycogen, and hepatopancreas glycogen content per 1 g body mass were 
investigated in 1211 carP aged 4 months (Kr -1) to two years (KI ). Mter a sharp in
crease of these parameters during September and October, the highest glycogen amounts 
were found in November and December (28. 1 ± 1.23 g; 5.58 ± 0.369 g; 19.6 ± 
± 0.2 % and 13.5 ± 0.76 mg, respectively). After a considerable drop in April 
and May, the lowest amounts of glycogen were noted in June and July (4.30 ± 
± 0.200 g; 0.19 ± 0.018 g; 4.24 ± 0.326 % and 0.96 ± 0.117 mg, respectively). 
The parameters under study were closely correlated with water temperature and 
daylight length. 

Glycogen content of the white skeletal musculature, measured in 456 C8rP, 
oscillated from 0.34 ± 0.008 % to 0.81 ± 0.041 % and was found to be rather 
independent on the water temperature but highly dependent upon the daylight length. 
Glycogen content in the red musculature near the lateral line tin 300 carP) oscillated 
from 1.04 ± 0.063 % to 2.71 ± 0.083 % and was found to be highly dependent 
upon the daylight length. Glycogen content in the heart muscle of 300 carP oscil
lated from1.46 ± 0.077 % to 2.56 ± 0.049 %, and showed a close correlation to 
water temperature but only a mild one to daylight length. 

Circannual variations, water temperature, daylight length, carp. 

Intensification of fish farming brings about new problems resulting from occurrence of dift'e
rent predisposition factors. Health control in fish farms thus becomes increasingly important. 
It consists of external indicators such as the volume value and Fulton's conditional index (Kru
pauer and Hamai!kova 1973), and internal indicators such as the dry matter and fat content 
of the fish body (Vavruika and Janei!ek senior 1973). Up to now, little attention has been paid 
to the fish body glycogen content which is the immediate and readily available source of energy 
for biological processes, and, in addition, the main source of energy in the hypoxic environment; 
and the only source of energy in the anoxic water environment of the fish. 

The aim of the present study was, therefore, to investigate the complex of changes which 
may occur in the C8rP farming and are likely to inftuence the body glycogen stores of the fish 
(Svobodova 1976). Patterns of seasonal changes in glycogen content of the hepatopancreas, white 
and the red skeletal musculature and in the h~ musculature of the C8rP are presented in this 
paper. 

Materials and Methods 

In the years 1968-1970, the seasonal cycle of changes in the hepatopancreas mass and its gly
cogen content was investigated in monthly intervals in C8rP aged 4 months to 2 years (Kr_l and 
KJ from the experimental ponds No. 70 and No. 64. The fish were reared under semi-operational 
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Relative glycogen content in hepatopancreas of the carp 
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conditions. Further were analyzed carp from the operational ponds (NovY u Mniiku, NovY u Stail.
kova). Body mass was recorded in 867 fish, hepatopancreas mass, its relative (in 867 fish) and ab
solute glycogen content in 171 carp. The second group of carp (Kl - Ka) from the experimental 
ponds No. 66 and 67 was analyzed in the years 1971 and 1972 in monthly intervals. The carp were 
reared under semi-operational conditions. For analyses, 176 carp from the pond No. 66 and 168 
from the pond No. 67 were employed. 

The glycogen content of the white skeletal muscular tissue was measured in 456 carp aged 
4 months to 2 years (Kr_l - K a), in monthly intervals. The fish were held under semi-opera
tional and operational conditions (ponds No. 70,64; NovY u Mnisku and NovY u Stail.kova, res
spectively). The glycogen content of the heart muscle and of the red musculature near the lateral 
line was measured in 300 carp aged 1 to 2 years (K 1 - Kz). The carp were reared under semi
-operational conditions in pond No. 65 and analyzed in monthly intervals. 

All specimens were treated as described previously (Svobodova 1976). 
During the experimental period, the water temperature was recorded daily (pressure termo

graph) and the daylight length data for the area were obtained from the Hydrometeorological 
Institute. In 2-to-4-week long intervals the pond water quality was recorded and according to 
these data it was maintained at the optimum. 

The results of the experiments were evaluated by the simple linear regression method and 
correlation analyses were made according to Shiler et aI. (1967). 

Results and Discussion 

The average body mass of the carp K l - K2 reared under the operational con
ditions (ponds Novj u Mnisku, Novj u Staiikova) and under semi-operational 
conditions (ponds No. 70 and 64) rose during the experimental period from 
10.1 ± 0.77 g to 472 ± 29.5 g (September 1968 to May 1970). Changes in the 
mass of hepatopancreas (Fig. 1), its relative (Fig. 2) and absolute (Fig. 3) glycogen 
content and the hepatopancreas glycogen content per 1 g body mass (Fig. 4) had 
a similar character during the year. From August till mid-October, a sharp in
crease of these parameters was noted culminating in December. Later a mild de
crease occurred. In April and May a remarkable drop of all the above-mentioned 
parameters occurred with the lowest values found in June. The average hepato
pancreas mass ranged from 11.4 ± 0.48 to 28.1 ± 1.23 g, the relative glycogen 
amount of hepatopancreas ranged from 5.26 ± 0.28 to 19.6 ± 0.26 %, the 
absolute glycogen amount of this organ ranged from 0.67 ± 0.044 to 5.58 ± 
± 0.369 g, and the glycogen amount per g body mass ranged from 1.56 ± 0.083 
to 13.5 ± 0.76 mg. 

Between changes in the mass and glycogen content of the hepatopancreas and 
water temperature and daylight length close to very close correlations were found. 
The correlation coefficients were r = -0.92 (hepatopancreas mass to water 
temperature), r = -0.78 (hepatopancreas mass to daylight length), r = -0.81 
(relative hepatopancreas glycogen content to water temperature), and r = -0.84 
(relative hepatopancreas glycogen content to daylight length), r = -0.88 (absolute 
hepatopancreas glycogen content to water temperature) and finally r = -0.87 
(absolute hepatopancreas glycogen content to daylight length). 

The seasonal changes in hepatopancreas mass (Fig. 5), its relative (Fig. 6) and 
absolute (Fig. 7) glycogen content and hepatopancreas glycogen content per 
1 g body mass (Fig. 8) of the carp Kl - K2 from the ponds No. 66 and 67 followed 
almost exactly the pattern observed with the fish from the ponds Novj u Mnisku 
and Novj u StaJikova. The average values varied as follows: body mass ranged 
from 44.0 ± 1.32 g to 263 ± 4.8 g (pond No. 66), and from 93.8 ± 2.66 g to 
496 ± 12.3 g (pond No. 67); hepatopancreas mass ranged from 1.2 ± 0.06 g 
to 10.0 ± 0.54 g (pond No. 66), and from 2.5 ± 0.12 to 25.3 ± 0.74 g (pond 
No. 67); the relative glycogen content of hepatopancreas ranged from 4.24 ± 
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Fig. 3. 
Absolute glycogen content in hepatopancreas of the carp 
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± 0.326 to 15.5 ± 0.54 % (pond No. 66) and from 4.75 ± 0.420 to 19.5 + 
± 0.36 % (pond No. 67); the absolute glycogen amount in the hepatopancreas 
ranged from 0.07 ± 0.004 to 1.59 ± 0.134 g (pond No. 66) and from 0.13 ± 
± 0.011 to 4.96 ± 0.195 g (pond No. 67); the hepatopancreas glycogen amount 
per 1 g body mass ranged from 0.96 ± 0.117 to 6.07 ± 0.515 mg (pond No. 66) 
and from 1.24 ± 0.126 to 10.1 ± 0.44 mg (pond No. 67). 

In the carp from the ponds No. 66 and 67 close correlation was found between 
water temperature and hepatopancreas mass (r = -0.75; r = -0.70), between 
water temperature and relative hepatopancreas glycogen amount (r = -88; 
r = -0.70), between water temperature andtheabsolutehepatopancreas glycogen 
amount (r = -0.70; r = -0.70), and a very close correlation between water 
temperature and glycogen in hepatopancreas per 1 g of body mass (r = -0.93; 
r = -0.85). Close correlation was also found in KI - K2 from these ponds 
between the daylight length and hepatopancreas mass (r = -0.75; r = -0.74), 
the dayligh length and relative and absolute glycogen amount in the hepato
pancreas (r = -0.81, r = -70; r = -0.70, r = -0.74), further between the 
daylight length and hepatopancreas glycogen content per 1 g body mass (r = 
= -0.70; r = -0.75). 

These data are in good agreement with those found in literature. The seasonal 
changes in hepatopancreas mass agree with the relative hepatopancreas mass 
changes (Svobodova and Kocova 1975) during the first two years of life of 
the carp. Glycogen accumulation in the carp hepatopancreas occurs in autumn 
and its amount again decreases in the spring (Albrecht 1966, 1967a; Gerasi
mova 1970; Gas and Serfaty 1972; Sherstneva 1972 and Fekete 1971). 
This fact was fully confirmed in our studies in fish under both semi-operational 
and operational conditions. 

The annual pattern of changes in hepatopancreas mass and its glycogen con
tent is the same; the close correlations can be explained by the direct influence 
of the glycogen amount on the hepatopancreas mass, and of the glycogen-influen
ced water retention in this organ (Albrecht 1967b; Svobodova 1977). 

Glycogen content in the white musculature of the carp K r -l to K2 reared under 
the operational conditions (in ponds Nory u Mnisku, Nory u Staiikova) and under 
the semi-operational conditions (ponds No. 70 and 64) showed a certain rhythmi
city during the experimental period of 1968-1970. The glycogen content of the 
white muscles followed the above-mentioned pattern of seasonal changes and it 
ranged from 0.34 ± 0.008 to 0.81 ± 0.041 % (Fig. 9). Dependence of the gly
cogen content in the white musculature on water temperature was only mild 
(r = -0.46), on the daylight length high (r = -0.66). 

In the fish KI - K2 analyzed for the glycogen content in the heart muscle 
and in the red musculature of the lateral line was the average weight in April 
1971 44 ± 1.33 g, and at the last fishing in June 1972 it was 548 ± 14.3 g. 
A significant decrease in the glycogen content of the heart muscle was noted 
in June (1.74 ± 0.0049 %) and the lowest value was found in July (1.65 ± 
± 0.049 %). In August again a sharp increase occurred (2.22 ± 0.059 %), and 
from September to April of the following year it oscillated between 2.18 ± 
± 0.065 and 2.56 ± 0.066 %; a sharp decrease was noted in May and June 
(1.46 ± 0.077 %), see Fig. 10. High dependence of the heart glycogen content 
upon the water temperature was found (r = - 0.68), while only a mild correla
tion between the heart glycogen content and daylight length (r = - 0.43) was 
noted. 
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More pronounced seasonal variations were found in the glycogen content of 
the red musculature near the lateral line of the carp. Its significant decrease occurr
ed in June (1.35 ± 0.086 %) with a minimum in July (1.04 ± 0.063 %). In Au
gust and September it increased again (1.77 ± 0.135 to 2.26 ± 0.141 %). From 
October to March the glycogen content in musculature near the lateral line 
oscillated from 2.19 ± 0.088 to 2.71 ± 0.083 %, and in the following months 
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Fig. 9. 
Glycogen content in the white skeletal musculature of the carp 
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a sharp decrease to 1.70 ± 0.153 % occurred (Fig. 11). This glycogen content 
was very closely correlated to water temperature during the year (r = -0.84) 
and closely correlated to the daylight length (r = - 0.67). 

In literature, no mention of detailed studies of seasonal changes in glycogen 
content of the white, red and heart muscles of the carp was found. Only Sherst
neva (1975) observed a decrease in glycogen content of the white and red muscles 
in May. Seasonal rhythms in glycogen content in the white skeletal and heart 
muscles of the tench were studied by Demael - Suard and Peres (1964). 
They found a low glycogen content in the white musculature with small seasonal 
variations. The heart muscle glycogen content varied during the year from 1.5 
to 5 %. 

In our study, moderate to close correlation between the glycogen content 
in the white, red and heart musculature of the carp and water temperature and 
daylight length was found. The most pronounced seasonal changes were observed 
with the red musculature near the lateral line. Similar conclusion was reached 

Fig. 11. 
Glycogen content in the red musculature near the lateral line of the carp 

o 0 glycogen in % 
water temperature in °C 

- - - - - daylight length in hours 

also by Wittenberger and Diaciuc (1965) and Pora et al. (1971) who found 
great differences in metabolic rate of the white and red muscle tissue, and similar 
metabolic rate in the red muscles and liver of the fish. 

In the present study, made in various vegetation periods and under different 
rearing conditions, moderate to very close correlation between the glycogen 
content in the organs under study and water temperature and daylight length 
was observed. The influence of water temperature on the seasonal biorhytms 
in the fish was observed by other authors (Albrecht 1966, 1967a). According 
to Pavlovic (1968), one of the most important factors is the light. On the basis 
of own observations Waitzenegger and Serfaty (1967) described the existence 
of circannual endogenous rhythms in the fish. Our observations serve to support 
these findings. 
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Obsah glykogenu v hepatopankreatu a ve svalovine kapru (Cyprinus 
carpio L.) v prubehu roku 

Sez6nni cyklus hmotnosti hepatopankreatu, relativniho a absolutniho mnozstvi 
glykogenu v hepatopankreatu a glykogenu hepatopankreatu na gram hmotnosti 
tela byl sledovan u 1211 kusu kapra vekorych kategorii K r- 1 - K 2• Zmmy 
jednotlivych sledovanych ukazatelu v prubehu roku byly stejneho charakteru. 
K jejich prudkemu vzestupu dochazi v prlibehu mesice zafi a rijna, nejvyssi 
hodnoty byly dosaZeny v listopadu a v prosinci (hmotnost hepatopankreatu 
28,1 ± 1,23 g, relativni mnozstvi glykogenu v hepatopankreatu 19,6 ± 0,26%, 
absolutni mnozstvi glykogenu v hepatopankreatu 5,58 ± 0,369 g, mnozstvi 
glykogenu hepatopankreatu na gram hmotnosti tela 13,5 ± 0,76 mg); v rui
sledujicim obdobi nepatrne poklesly. K velmi prudkemu poklesu hodnot 
jednotlirych ukazatelu dochazi v prlibehu mesicu dubna a kvetna; nejruzsi hod
noty byly zaznamenany v cervnu a v cervenci (hmotnost hepatopankreatu 4,30 ± 
± 0,200 g, relativni mnozstvi glykogenu v hepatopankreatu 4,24 ± 0,326 %, 
absolutni mnozstvi glykogenu v hepatopankreatu 0,19 ± 0,018 g, mnozstvi gly
kogenu hepatopankreatu na gram hmotnosti tela 0,96 ± 0,117 mg). Byla proka
zana vysoka az velmi vysoka korelace mezi jednotlivjmi sledovanymi ukazateli 
a teplotou vody a delkou slunecniho svitu. 

Obsah glykogenu v bile kosterni svalovine 456 kapru K r- 1 - K2 se v prlibehu 
roku pohyboval v rozmezi hodnot 0,34 ± 0,008 - 0,81 ± 0,041 %. Zavislost 
zmen obsahu glykogenu v bile svalovine na teplote vody je mirna, na deIce slu
necniho svitu ryznaena. Sez6nni zmeny byly zjisteny i u glykogenu ve svalovine 
srdce 300 kusu kapru Kl - K 2, obsah kolisal v rozmezi 1,46 ± 0,077 - 2,56 ± 
± 0,049 %. Vztah obsahu glykogenu v srdecni svalovine k teplote vody byl ry
znaeny, k deIce slunecniho svitu mimy. VYraznejsi sez6nni kolisam bylo nale
zeno u glykogenu cervene svaloviny v okoli postranni cary 300 kapru Kl - K 2 ; 

nejruzsi obsah byl 1,04 ± 0,063 %, nejvyssi obsah 2,71 ± 0,083 %. Zavislost 
mnozstvi glykogenu v cervene svalovine kapru v prlibehu roku na teplote vody 
byla vysoka' na deIce slunecniho svitu ryznacna. 

CO,IJ;ep)I(aHHe r JIHKOreHa B renaTonaHKpeace H B MblUIe'lHOH TKaHH KapnOB 

(Cyprinus carpio L.) B Te'leHHe rO,IJ;a 

Ce30HHhIH ~HKJI MaCChI rerraTorraHKpeaca, OTHOCHTeJIhHOrO H a6COJIIOTHOrO KO

JIHqeCTBa rJIHKOreHa B rerraTorraHKpeace H rJIHKOreHa rerraTorraHKpeaca Ha rpaMM 

MaCChI TeJIa HCCJIe,IJ;OBaJIHCh Ha 1211 Kaprrax B03pacTHhIx KaTeropHH Kr -l-Kz. 
113MeHeHHJI OT,IJ;eJIhHhIX Ha6JIIO,IJ;aeMhIX rrOKa3aTeJIeH B TeqeHHe rO,IJ;a 6hIJIH O,IJ;HHa

KOBoro xapaKTepa. I1x pe3Koe YBeJIHqeHHe Ha6JIIO,IJ;aeTCJI B TeqeHHe CeHTJl6pJl 

H OKTJl6pJl, MaKCHMaJIhHhIX BeJIHqHH 6hIJIO ,IJ;OCTHrHYTO B HOJl6pe H ,IJ;eKa6pe (Mac

ca rerraTorraHKpeaca 28,1 + 1,23 r, OTHOCHTeJIhHOe KOJIHqeCTBO rJIHKOreHa B re

rraTorraHKpeace 19,6 + 0,26 %, a6COJIIOTHOe KOJIHqeCTBO rJIHKOreHa B rerraTO

rraHKpeace 5,58 + 0,369 r, KOJIHqeCTBO rJIHKOreHa B rerraTorraHKpeace Ha rpaMM 

MaCChI TeJIa 13,5 + 0,76 Mr); B rrOCJIe,IJ;YIO~HH rrepHO,IJ; HaCTOJl~He BeJIHqHHhI 

He3HaQHTeJIhHO rrOHH3HJIHCh. Pe3Koe rrOHH)I(eHHe BeJIHqHH OT,IJ;eJIhHhIX rrOKa3aTe

JIeH Ha6JIIO,IJ;aeTCJI B TeqeHHe arrpeJIJI H MaJl; MHHHMaJIhHhIe BeJIHqHHhI 6hIJIH 

OTMeqeHhI B HIOHe H HIOJIe (Macca rerraTorraHKpeaca 4,30 + 0,200 r, OTHOCHTeJIh

Hoe KOJIHqeCTBO rJIHKOreHa B rerraTorraHKpeace 4,24 + 0,326 %, a6COJIIOTHOe KO

JIUqeCTBO rJIHKOreHa B rerraTorraHKpeace 0,19 + 0,018 r, KOJIHqeCTBO rJIHKOreHa 
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renaTonaHKpeaca Ha rpaMM MaCCLl TeJIa 0,96 + 0,117 Mr). BLlJIa YCTaHOBJIeHa 

BbICOKaJl .n;a)Ke OqeHb BLlCOKaJl KOppeJIJlqHJI Me)K.n;y OT.n;eJIbHLlMH Ha6JIIO.n;aeMLlMH 

nOKa3aTeJIJlMH, TeMnepaTypoH BO.D;Ll H npo.n;OJI)KHTeJIbHOCTblO CBeTa COJIHqa. 

Co.n;ep)KaHHe rJIHKOreHa B 6eJIOH CKeJIeTHOH MLlllIeqHOH TKaHH 456 KapnOB 

Kr-l - K2 B TeqeHHe ro.n;a .n;OCTHraJIO npe.n;eJIOB BeJIHqHH 0,34 + 0,008 - 0,81 + 
+ 0,041 %. 3aBHcHMocTb H3MeHeHHH co.n;ep)KaHHJI rJIHKOreHa B 6eJIOH CKeJIeT

HOH MLlllIeqHOH TKaHH OT TeMnepaTypLl BO.D;bI He3HaqHTeJIbHaJl, OT npo.n;OJI)KH

TeJIbHOCTH CBeTa COJIHqa - 3HaqHTeJIbHa. Ce30HHLle H3MeHeHHJI 6LlJIH TaK)Ke 

BbIJlBJIeHLl B MLlllIeqHOH TKaHH cep.n;qa 300 KapnOB Kl - K2, co.n;ep)KaHHe KOJIe-

6aJIOCb B npe.n;eJIax 1,46+0,077 - 2,56+0,049 %. OTHollIeHHe co.n;ep)KaHHJI 

rJIHKOreHa MLlllIeqHOH TKaHH cep.nqa K TeMnepaType BO.D;Ll 6LlJIO 3HaqHTeJIbHLlM, 

K npo.n;OJI)KHTeJIbHOCTH CBeTa COJIHqa - He3HaqHTeJIbHbIM. BOJIee cYIqeCTBeHHOe 

CC30HHoe KOJIe6aHHe 6LlJIO YCTaHOBJIeHO y r JIHKOreHa KpacHoH MbIllIeqHOH TKaHH 

OKOJIO nocTopoHHeH JIHHHH 300 KapnOB Kl - K2; caMoe HH3Koe co.n;ep)KaHHe 6Ll

JIO OTMeqeHO 1,04 + 0,063 %, caMoe BLlCOKoe - 2,71 + 0,083 %. 3aBHcHMoCTh 

KOJIHqecTBa rJIHKOreHa B KpacHoH MbIllIeqHOH TKaHH KapnOB OT TeMnepaTypLl BO

.n;bI B TeqeHHe ro.n;a 6bIJIa BbICOKOH, OT npo.n;OJI)KHTeJIbHOCTH CBeTa COJIHqa - 3Ha

qHTeJIbHoH. 
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