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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. Brno, 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.,) to two years (K,). After a sharp in-
crease of these parameters during Septemberand 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 9% and 13.5 4 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 +
+0.200g; 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 carp,
oscillated from 0.34 4 0.008 % to 0.81 + 0.041 9% 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 (in 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 diffe-
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 Hamé&kov4 1973), and internal indicators such as the dry matter and fat content
of the fish body (Vavru$ka and Jane&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 carp farming and are likely to influence 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 heart musculature of the carp 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 carp aged 4 months to 2 years (Ky_, and
K,) from the experimental ponds No. 70 and No. 64. The fish were reared under semi-operational
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Fig. 1.
Hepatopancreas mass of the carp from the ponds No. 70 and 64, and Novy u Mnisku and Novy
u Stanikova.
O————0O hepatopancreas mass in g
——————  water temperature in °C
— — — — — daylight length in hours

>

Fig. 2.
Relative glycogen content in hepatopancreas of the carp
O————0O pond No. 70
é——é 5333 ggv%: Maitku } glycogenin %
® pond Novy u Staiikova

———— water temperature in °C
_____ daylight length in hours
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conditions. Further were analyzed carp from the operational ponds (Novy u Mnisku, Novy u Starni-
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 (K; — K,) 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_; — K,), in monthly intervals. The fish were held under semi-opera-
tional and operational conditions (ponds No. 70,64; Novy u Mni$ku and Novy u Stafikova, 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; — K,). 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 al. (1967).

Results and Discussion

The average body mass of the carp K;— K, reared under the operational con-
ditions (ponds Novy u MnisSku, Novy u Stafikova) and under semi-operational
conditions (ponds No. 70 and 64) rose during the experimental period from
10.1 + 0.77 g to 472 4 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 4 0.48 to 28.1 4 1.23 g, the relative glycogen
amount of hepatopancreas ranged from 5.26 4- 0.28 to 19.6 4- 0.26 9,, the
absolute glycogen amount of this organ ranged from 0.67 4 0.044 to 5.58 4+
4+ 0.369 g, and the glycogen amount per g body mass ranged from 1.56 4 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), » = —0.88 (absolute
hepatopancreas glycogen content to water temperature) and finally » = —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 K; — K, from the ponds No. 66 and 67 followed
almost exactly the pattern observed with the fish from the ponds Novy u Mnisku
and Novy u Staiitkova. 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 4- 2.66 g to
496 + 12.3 g (pond No. 67); hepatopancreas mass ranged from 1.2 + 0.06 g
to 10.0 4+ 0.54 g (pond No. 66), and from 2.5 4 0.12 to 25.3 + 0.74 g (pond
No. 67); the relative glycogen content of hepatopancreas ranged from 4.24 4
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Absolute glycogen content in hepatopancreas of the carp

——————QO glycogen in g

water temperature in °C

— — daylight length in hours

Fig. 4.
Glycogen content in hepatopancreas per 1 g body mass of the carp
————O glycogen in mg
water temperature in °C
— — daylight length in hours
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5

Hepatopancreas mass of the carp from the ponds No.

O . pond No. 66

Fig.

66 and 67

daylight length in hours

A pond No. 67 } hepatopancreas mass in g
water temperature in °C

Fig. 6.
Relative glycogen content in hepatopancreas of the carp

O pond No. 66

daylight length in hours

1 o,
A pond No. 67 } glycogen content in 9,
water temperature in °C
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4+ 0.326 to 15.5 4 0.54 %, (pond No. 66) and from 4.75 + 0.420 to 19.5 +
4+ 0.36 %, (pond No. 67); the absolute glycogen amount in the hepatopancreas
ranged from 0.07 4 0.004 to 1.59 + 0.134 g (pond No. 66) and from 0.13 +
4 0.011 to 4.96 4 0.195 g (pond No. 67); the hepatopancreas glycogen amount
per 1 g body mass ranged from 0.96 -+ 0.117 to 6.07 4 0.515 mg (pond No. 66)
and from 1.24 + 0.126 to 10.1 4 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 and the absolute hepatopancreas 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 K, — K, 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 (Svobodovéd and Kocovéd 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 ergan (Albrecht 1967b; Svobodova 1977).

Glycogen content in the white musculature of the carp K, to K, reared under
the operational conditions (in ponds Novy u Mni$ku, Novy 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 4- 0.008 to 0.81 + 0.041 9, (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 K; — K, 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 4 0.0049 9%,) and the lowest value was found in July (1.65 +
=4 0.049 9%). In August again a sharp increase occurred (2.22 4 0.059 %,), and
from September to April of the following year it oscillated between 2.18 +
4 0.065 and 2.56 4 0.066 9,; a sharp decrease was noted in May and June
(1.46 4- 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-
tiondbetween the heart glycogen content and daylight length (r = — 0.43) was
noted.
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Absolute glycogen content in hepatopancreas of the carp
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Fig. 8.
Glycogen content in hepatopancreas per 1 g body mass of the carp
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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 4 0.063 9%,). In Au-
gust and September it increased again (1.77 4 0.135 to 2.26 4 0.141 %,). From
October to March the glycogen content in musculature near the lateral line
oscillated from 2.19 4 0.088 to 2.71 + 0.083 %,, and in the following months

N & % T0. M 12 1. 2 3 & 5 6 7 8 9 %W 12 % 2 5 & 5
1968 69 970

Fig. 9.
Glycogen content in the white skeletal musculature of the carp
O———0O pond No. 70
A — A pond No. 64 .
J—————O pond Novy u Mnisku glycogen in %
® pond Novy u Starikova

————— water temperature in °C
————— daylight length in hours

Fig. 10.
Glycogen content in the heart muscle of the carp
O———0O glycogen in 9%,
— ————  water temperature in °C
————— daylight length in hours
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a sharp decrease to 1.70 4 0.153 9, 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 Pérés (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 9.

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—————O glycogen in 9%,
——  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 Pavlovi¢ (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 svaloviné kapru (Cyprinus
carpio L.) v prab&hu roku

Sezénni cyklus hmotnosti hepatopankreatu, relativniho a absolutniho mnozstvi
glykogenu v hepatopankreatu a glykogenu hepatopankreatu na gram hmotnosti
téla byl sledovin u 1211 kusi kapra v€kovych kategorii K,—;, — K,. Zmény
jednotlivych sledovanych ukazateld v pribéhu roku byly stejného charakteru.
K jejich prudkému vzestupu dochdzi v prib&hu mésice zifi a fijna, nejvyssi
hodnoty byly dosazeny v listopadu a v prosinci (hmotnost hepatopankreatu
28,1 4+ 1,23 g, relativni mnozZstvi glykogenu v hepatopankreatu 19,6 4+ 0,26%,,
absolutni mnozstvi glykogenu v hepatopankreatu 5,58 4+ 0,369 g, mnoZstvi
glykogenu hepatopankreatu na gram hmotnosti t€la 13,5 + 0,76 mg); v na-
sledujicim obdobi nepatrné poklesly. K velmi prudkému poklesu hodnot
jednotlivych ukazatelti dochazi v prib&hu mésicti dubna a kvétna; nejnizsi hod-
noty byly zaznamendny v Cervnu a v Cervenci (hmotnost hepatopankreatu 4,30 4
4+ 0,200 g, relativni mnoZzstvi glykogenu v hepatopankreatu 4,24 + 0,326 9%,
absolutni mnoZstvi glykogenu v hepatopankreatu 0,19 4 0,018 g, mnoZstvi gly-
kogenu hepatopankreatu na gram hmotnosti té€la 0,96 + 0,117 mg). Byla proka-
zéna vysokd az velmi vysoka korelace mezi jednotlivymi sledovanymi ukazateli
a teplotou vody a délkou slunecniho svitu.

Obsah glykogenu v bilé kosterni svalovin€ 456 kapri K,—, — K, se v pribéhu
roku pohyboval v rozmezi hodnot 0,34 4 0,008 — 0,81 4- 0,041 %,. Zavislost
zmén obsahu glykogenu v bilé svaloviné na teploté vody je mirni, na délce slu-
ne¢niho svitu vyzna¢nd. Sezénni zmény byly zjistény i u glykogenu ve svaloviné
srdce 300 kust kaprii K; — K,, obsah kolisal v rozmezi 1,46 + 0,077 — 2,56 +
4 0,049 9,. Vztah obsahu glykogenu v srde¢ni svaloviné k teploté vody byl vy-
znaény, k délce slune¢niho svitu mirny. Vyraznéj§i sezénni kolisdni bylo nale-
zeno u glykogenu Cervené svaloviny v okoli postranni ¢ary 300 kapri K, — K,;
nejnizsi obsah byl 1,04 4 0,063 %,, nejvyssi obsah 2,71 + 0,083 %,. Zavislost
mnozstvi glykogenu v Cervené svaloviné kaprti v pribéhu roku na teploté vody
byla vysokd, na délce slunecniho svitu vyzna¢ni.

Conepx(a}me TJIHKCI€Ha B remnatronmaHkKpeace M B MBIIIEYHOM TKaHU Kapmos
(Cyprinus carpio L.) s Teuenue roma

Ce30HHBIM LIMKJ MacChl TelaTONaHKpeaca, OTHOCUTEIBHOTO U abCOJIIOTHOTO KO-
JIMYeCTBa TJIMKOTeHa B TellaTOmaHKpeace W TJIMKOTeHa TelaTollaHKpeaca Ha IpaMM
Macchl Tejla ucciaenosasuck Ha 1211 xapmax BospactHbix Kateropuit K,-1—Ko.
VsMenenus oTHmeNbHBIX HabIOmaeMBIX [IOKa3aTesed B TeueHUe rofa ObLIM OouHa-
KoBoro xapakTepa. Vlx peskoe yBeanueHHe HabIOfaeTcsi B TedeHHe CeHTAODPS
U OKTAOpA, MaKCUMaJbHBIX BeJIMUYUH OBLIO NOCTUTHYTO B HofbOpe u mekabpe (Mac-
ca rematonankpeaca 28,1 + 1,23 r, oTHocHTeNBPHOE KOJMYECTBO TJIMKOTE€HA B Te-
natomankpeace 19,6 + 0,26 %, a6comoTHOE KOMYECTBO TJIMKOTEHA B TeIAaTo-
naukpeace 5,58 4 0,369 r, Konu4uecTBO TIMKOreHa B TellaTONAaHKpeace Ha I'PaMM
Maccet Tena 13,5 40,76 Mr); B mocienymoimuii IEpUON HACTOAIIME BEJTUIMHEL
HEe3HAYUTEJHHO MMOHU3UJNCh. Pe3dKoe MOHUKEHHE BEIMUYMH OTAEJLHBIX IIOKasaTe-
Jeil HabiionaeTcsi B TeueHHe alpeis M Mas; MHHHMAaJbHblE BEJIWYWHBl ObLIN
OTMedeHHl B HIOHe U mioje (Macca remaromankpeaca 4,30 + 0,200 r, oTHOCHTENDB-
HOe KOJMYECTBO TJHMKOTeHa B remartomankpeace 4,24 + 0,326 %, a6comoTHoe Ko-
JIUYECTBO TJHKoreHa B rematomankpeace 0,19 + 0,018 r, xoaMuecTBO TJIMKOTEHA
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remaTonankpeaca Ha rpamM Maccel Teia 0,96 + 0,117 mr). Bouia ycranosaena
BBICOKAs Na)ke OYEHb BEICOKAs KOPPEJALUA MEXKIY OTHeJbHBIMH HabJomaeMbIMK
[IOKA3aTeNAMHU, TEMIIEPATypOil BOALI M IIPONOJIKUTENBHOCTHIO CBETA COJHIIA.

ConepskaHne TaMKOreHa B 6eNOM CKeJETHOM MbimleyHoit TKaHu 456 kapmos
K,-1 — K2 B Teuenue roma mocruramo npenenos seixuuus 0,34 4 0,008 — 0,81 +-
40,041 %. 3aBucuMocTh M3MeHEHHH COmEep)KAHMA TJIMKOTeHa B GeJNOH CKeJeT-
HOH MBINIEYHON TKaHM OT TEMIEPAaTyphHl BOLBI He3HaYWTeJIbHas, OT IIPOIOJIKH-
TEJBHOCTH CBETA COJIHI[a — 3HauMTesnbHa, Ce3oHHble M3MeHEHMs ObLIM TaKKe
BBIABJIEHBL B MbleyHoi TKaHu cepiua 300 xapmoe Ki — K2, comepsxanme xooe-
famocs B mpemenax 1,46-+0,077—2,56-+0,049 %. OtHoureHue copepaHus
TJIMKOT€HA MBILIEYHOH TKaHM CepAlla K TeMIepaType BOABI ObLIO 3HAUMTENbHBIM,
K IPOIO/UKUTEJILHOCTY CBETA COJMHIIA — He3HauWTeNAbHBIM. Bosee cyujecTBeHHOe
Ce30HHOe KosefaHue GbLIO YCTAHOBJIEHO y TJIMKOT€Ha KPACHOH MBIIIEYHON TKaHU
okoiio mocropoHueit auHuu 300 xapmoB Ki — K2; camoe HuM3Koe comepskaHue Obl-
10 orMeuero 1,04 4 0,063 %, camoe Bricokoe — 2,71 -+ 0,083 %. 3asucumocts
KOJIMYECTBA TJHKOT€HA B KPACHOM MBILIEYHON TKAHU KapIIOB OT TEMIIEpaTyphl BO-
I B TedeHHe rofa Gblia BBICOKOMU, OT IPONOJIKUTENBHOCTH CBETa COJHIIA — 3Ha-
YU TEeNbHOMU.
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