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Carp fry reared in ponds beginning from the larval stage
was fed on live zooplankton which has been captured in river
near the place of its outflow from the lake. The best out of
the obtained results was rearing of 1830 kg/ha of young fish
during 62 days (from June4 to August4) with average
weight of 2.64 g. Average sumvival rate amounted 47%.
Density of 140 fry individuals per square meter is considered
as optimal.

INTRODUCTION

Poland has possibilities to develop the carp culture in the typical fish farms as well as
in artificially preheated waters. Moreover, stocking of the natural waters with fry of this
species, especially polluted ones is recommended. Carp is adapted to life in the
over-fertilized and polluted environments. Growing in such waters it accumulates biogens
in its body, and finally they are removed from water together with caught fishes. The
shortage of fry creates difficulties in development of stocking and culturing of this
species. It was shown in earlier works that mentioned shortage could be reduced by use of
lake zooplankton as feed for fry rearing (B. Szlauer — 1976a, b; 1977 a), and solution of
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mass catch of zooplankton in lake outflow was presented (B. Szlauer — 1977 b). The aim
of this work wasan attemptto culture the carp fry in small ponds with use of live lake
zooplankton as a feed. As an example of experiments based on analogous assumptions,
the succesful attempt of mass rearing of carp fry in preheated water with feeding on lake
zooplankton could be pointed out (E. Seidlitz and U. Seidlitz, 1972).

METHODS

The zooplankton required for carp fry feeding was captured by means of nets placed
in the river Ptonia about 100 meters below its outflow from the lake Pton. Length of the
used cylindrical nets constructed out of nylon gauze 0.28 mm mesh size, reached 4—5
meters (Fig. 1). Inlet of the net was kept in open position by the rigid frame. Rear of the
net was always placed beyond the water surface. During catch (Fig. 1A) zooplankton was
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Fig. 1. The net used for plankton catch in an ebb flowing out from a lake. A — stage of catching

operation, B — stage of pouring off of captured plankton, C — stage of the net flushing (way I),

D — stage of the net flushing (way II) 1 — net; 2 — fastening line; 3 — line serving for the net opening

and closing; 4 — filtering section of the net made out of fabric 0.2 mm mesh size; 5 — inlet frame;

6 — passage tube made out of thick fabric; 7 — outlet of the net; 8 — lifting line; 9 — vessel for the
captured plankton; 10 — pile
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concentrating in the terminal part of net. The way of harvesting collected zooplankton
from the net is shown on Fig. 1B. The catching net required often flushing. It has been
made by two means which are shown on Fig. 1C and 1D. Two or three such nets were
used simultaneously. For better results were obtained by more frequent harvesting of the
captured zooplankton from the net, the nets were emptied at possibly short time
intervals.

Freshly caught, concentrated zooplankton was transferred to barrel containing about
401 of water, and allowed to stay there for 15 minutes. Over this time dead animals,
impurities, and part of phytoplankton have fallen on the bottom. Supernatant water was
carefully poured off, leaving the sediment on the bottom of barrel. By this mean live
animals swimming in a water layer were separated, and were released into the ponds with
surrounding water through the net 1 mm mesh size. This filtration prevented introduction
of leeches, bugs and mature carp lice (4rguius) to the ponds. Because sediment which was
left on the barrel bottom still contained a lot of live animals, it was resuspended in a new
portion of water, and after sedimentation live specimens intended for fish feeding were
decanted. Unfortunately, together with the live zooplankton large amounts of planktonic
algae were introduced to the ponds.

Accordingly to assumptions the raised fry was intended to feed in excess, so that
zooplankton could be visible in the every sample of water taken from ponds. As a matter
of fact, this condition was fulfilled only at the beginning of the culture because later the
rate of fry feeding was unsatisfactory.

The quantitative samples of zooplankton were taken from the river from February to
August, 1977 and 1978. The number of animals and their weight were determined for
these samples. On the basis of these data, and flow rate of water in the river, the wet
weight of zooplankton carried out by river Ptonia from lake Pton was estimated.

At 1978, from June to August, quantitative samples of zooplankton were taken
simultaneously from culture ponds and river Ptonia for estimation of nutritional
conditions existing in ponds, as well as for determination of nutritional selectivity of carp
fry. Contents of the alimentary canals of fry were also determined for five individuals
from the sample.

Carp fry culture was conducted in the provisional ponds, lined (for sealing) with foil of
horticultural type, and with ridges formed by the pushed down soil. Foil only made the
pond bottom. At 1977 only three ponds were operation (No. [-III). Next ponds were
buildt at 1978, and marked by numbers IV—XII. Dimensions of the ponds, and their
arrangement shows Fig. 2. The ponds were flooded with water from the river to the depth
of 50—80 cm shortly before release of the fish larvae. Emptying of the ponds was done
in August during harvest of the fry. Water losses caused by evaporation and draining were
complemented in the meantime. Sporadically, part of water was replaced to improve
environmental conditions.

Temperature, oxygen content, and water reaction were registered in the ponds and
river. Over the days June 20 — June 22, 1978 these parameters were measured at the
different times of day.
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Fig. 2. Lay-out the ponds for carp fry rearing in Lubiatéw. 1 — plankton catch station; 2 — plattorms;
3 — trout cages; I-XVII — ponds for carp fry rearing,.
Dimensions in meters: I — 4,5X8.0; Il and III — 3.6X8.0; IV and VII — 1.5X4.0;
VII-X — 0.9X8.0; XI-XVII — 2.0X12.0.

The fish larvae coming from artificial spawning and incubation were used for stocking-
of the ponds. At June 4, 1977, four days old fish larvae were released into ponds I and II,
while pond III was stocked with fish larvae harvested from the natural spawning ground.
The fry was harvested at August 8, 1977. At May 28, 1978, the ponds were stocked with
several days old fish larvae coming from the Gostawice fish farm. Pond I was inhabited
most lightly — 266 fry pieces per square meter, while the ponds IV, V, and VI were
heavily stocked i.e. 1530 individuals per sq. meter. Those three ponds were intended to
serve as provisional storing place for fish larvae. Ponds VIII-X and XV—XVII were not
used for carp rearing. The fry was harvested at August, 16, 1978.

The following factors measuring culture effects were assumed: rate of fish survival,
increment, and production of the fry calculated as the difference between the total
weight of harvested, and released fish. This production was next calculated over 1 hectare
of pond area.

RESULTS

The estimation of river Ptonia plankton resources over 1977—1978 is given in Tables I
and II. From May to August 1977, i.e. over the period of fry rearing the river removed
from the lake 249.5—723.9 kg (average 510 kg) of zooplankton daily (wet weight). The
adult and growing up copepods were predominating in a plankton mass, exceeding
cladocerans, rotifers, and nauplii. Slightly different sequence was noted at July. The
following species had predominating validity in the zooplankton biomass: Daphnia



Wet weight of zooplankton removed by the river Ptonia from the lake Pton

(kilograms per day) — year 1977

Table 1

Month

Species 11 111 v \% VI VII VIII
Daphnia 0 1.5 2.5 170.5 88.3 0 124.7
Bosmina 7.6 6.4 10.6 75.2 59.2 8.0 134
Chydorus 0.2 1.1 14 12.5 2.6 12.7 28.1
Other Cladocera 0 0 0 1.5 1.7 0 0
Eudiaptomus 46.1 85.7 127.5 153.2 114.9 8.2 7.2
Mescocyclops 0 0 0 186.3 2374 119.2 190.8
Cyclops 690.0 800.5 669.7 0 0 0 0
Naupli 169.6 234.9 281.5 18.0 12.3 10.5 19.5
Rotatoria 8.8 23.2 19.8 106.7 43.8 90.9 124.7
Total Cladocera 7.8 9.0 14.5 259.7 151.8 20.7 166.2
Total Copepoda 736.1 886.2 797.2 339.5 352.3 127.4 198.0
Nauplii 169.6 234.9 281.5 18.0 12.3 10.5 19.5
Total Rotatoria 8.8 23.2 19.8 106.7 43.8 90.9 124.7
Totaly 922.3 1153.3 1113.0 723.9 560.2 249.5 508.4
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Table 2
Wet weight of zoopiankton removed by the river Ptonia from the lake Pton
(kilograms per day) — year 1978
Date
. 14 111 151V 15V 28V 6 VI 15VI 1vIl 2 VI 15 VIII

Species

Daphnia 0.1 0 0.2 15.5 268.9 184 0.2 15.0 10.2
Bosmina 0.6 0.2 0.2 0 100.5 16.5 20.8 0.5 23
Chydorus sphaericus 1.3 9.1 8.0 0 674 0.1 0 8.3 30.4
Other cladocerans 0 0 0 0 0 1.6 0.3 0 1.3
Eudiaptomus 10.5 30.0 10.4 11.3 399.6 14.5 0 56.8 17.6
Cyclopoida 35.2 103.8 114 28.2 54.9 134 3.0 13.9 194
Total Cladocera 2.0 9.3 8.4 15.5 436.8 36.6 21.3 23.8 44.2
Total Copepoda 45.7 133.8 21.8 39.5 454.5 27.9 3.0 70.7 37.0
Nauplii 11.1 30.1 11.8 23 204 2.9 3.6 24 5.1
Total Rotatoria 0.3 0.8 0.2 04 6.7 2.6 4.8 16.1 10.6
Totally 59.1 174.0 42.2 57.7 9184 70.0 32.7 113.0 96.9
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The comparison of qualitative composition and quantity of zooplankton in the river Ptonia (A)

and in the culture ponds with carp fry (B). Number of individuals per 1 liter

Table 3

Date 1978 6 VI 15 VI 1vi 2 VIII 15 VIII Mean
Species A B A B A B A B A B A B

Daphnia 264.0 0.8 9.9 0.9 0.8 1.6 24 0 4.5 1.3 56.3 0.9
Bosmina 315.0 7.3 50.4 2.7 78.0 84.2 0.8 3.6 12.0 13 91.5 19.8
Chydorus 182.0 3.9 0.6 0.3 0 16 12.0 1.2 37.0 1.2 46.3 1.6
Other Cladocera 30 0 1.5 0 0.4 0.4 0 0 0 0 0.4 0.1
Eudiaptomus 512.0 4.1 1.8 4.2 0 0.8 8.0 0.7 2.0 0.6 14.8 2.1
Cyclopoida 132.0 5.9 33.9 9.0 6.0 10.8 32.0 4.4 29.5 10.0 45.5 8.0
Nauplii 91.2 56.6 19.5 44.4 24.8 36.2 376 26.2 78.5 46.1 50.3 41.9
Rotatoria 169.6 | 1311.0 | 666.0 | 1747.5 | 120.4 | 7216.0 | 407.6 | 2330.6 | 269.5 | 2867.1 | 302.5| 3094.4
Totaly Crustacea
(excluding Nauplii) 1405.0 22.0 98.1 17.1 85.2 99.4 55.2 9.9 85.0 144 | 2588 32.5
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cucullata, D. longispina, Bosmina coregoni crassicornis, Eudiaptomus gracilis, E. gra-
ciloides, Cy clops vicinus, C. kolensis, and iiesocyclops leuckaiti (Table 1). In 1978, over
the same months (May—August), grown up, and adult crustaceans predominated with
respect to biomass over minor forms — nauplii and rotifers (Table 2). The more important
species were the same as in 1977. River Ptonia removed 32.6—918.4 kg (average 190 kg)
of zooplankton daily.

The zooplankton delivered to the ponds was there eaten up by the fry. Results of the
fish pressure upon zooplankton are shown in Table 3 where composition of zooplankton
from the ponds is displayed on the background of river Ptonia zooplankton i.e. of
zooplankton delivered to the ponds. Compared to river plankton, the plankton from
ponds was entirely different with respect to number of adult and growing up crustaceans
which was lower on the average about eight times. Average concentration of these animals
amounted in river 258.8 specimens per liter, while on the other hand only 32.5 specimens
per liter in the ponds. Especially, the number of cladocerans of Daphnia and Chydorus
spp. was markedly reduced. Situation of rotifers and nauplii appeared quite differently.
There were ten times more rotifers in the ponds than in the river plankton. On the other
hand, the number of nauplii was almost the same in the ponds (41.9 specimens per 1.),
and in the river (50.3 specimens per 1.). Distinctly lower concentration of nauplii in the
ponds was observed only at the outset of culture at June 6 (Table 3).

It should be emphasized that lessening of crustacean number was already ascertained
at June 6, i.e. after nine days of stay of the fish larvae in ponds. The other interesting
phenomenon was increase of the rotifer number in the ponds as the culture was
continued. Their concentration reached the peak at July 1 (7216 specimens per 1.).

The alimentary canal contents of the plankton fed fry presents Table 4 and 5. The
composition of the Ptonia river zooplankton which served as feed is also shown in these
tables. It proceeds from Table 4 concerning 1977 culture that mainly copepodits of
Cyclopoida, Chydorus, and Bosmina made up the feed of carp larvae at the 10th day of
life. In the later period, i.e. up to the end of June it did not change. The fish larvae almost
did not eat rotifers or ate minimal quantities of them, at the beginning period of life.
During the first month of culture, because of the small demand for feed the fish larvae
seeked food in the conditions of its excess. For this reason the composition of feed of
fish larvae reflected their alimentary selectivity. Attention should be paid to the
considerable importance of Cladocerans — Chydorus and Bosmina in the feed of fry,
although they occuppied later quantitative positions in the river plankton. The intensity
of feeding of this still very young fry was striking because at June 27, the average number
of Cyclopoida kopepodits per one alimentary canal amounted up to 1153 specimens. So
young fishes often ate up copepods of Eudiaptomus sp. which is considered as difficult to
catch animal because of its ability to make long and rapid jumps. In the later period of
culture (July and beginning of August), the crustaceans — Cyclopoida, Bosmina, and
Chydorus continued to dominate in the feed of mentioned fry, but on the other hand,
the rotifers occured always alongside of them in relatively high numbers. This created
somewhat paradoxal situation i.e. grown up fry included the smallest forms of
plankton — rotifers, to its diet.
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Table 4

The feed of carp fry fed on the river Pfonia zooplankton. Average numbers of specimens
per one alimentary canal are reported*. Year 1977.

Contribution of more
important animals in
Taxon the river Pfonia zooplan-|
No. X . . Cyclo- Eudiap- | Insect kton. In kilograms of
Date of Rotatoria | Bosmina | Chydorus | Daphnia poida tomus larvae animals removed by the
pond river from the lake -
per day
I 0.2 4.6 4.6 0.8 8.0 0.6 0.0 Cyclopoida  — 237
10 VI I B _ _ _ _ _ _ Eudiaptomus — 115
Daphnia — 88
Bosmina - 59
I 0.0 4.6 13.0 4.0 72 04 00 | Rowtoria - 44
14 VI . Nauplii — 18
i - - - - - - - Chydorus - 12
I 0.6 152 13.2 0.4 17.8 K K
17V 5.0 0.0
i 0.2 23.6 8.6 1.0 446 6.6 00
I 58.4 68.4 0.0 28.6 | 1153.0 164.0 c.0
277V o 12 | 18238 00 40 | 1554 95.8 00
1 3.7 525.0 0.0 0.0 33.0 4.0 0.3
1VII Cyclopoida  — 119
I 60.8 95.6 0.0 26 37.8 72 0.0 Rotatotia _ 9
Chydorus - 13
I\ 5.6 10.8 0.0 0.0 372 0.0 1.6 Nauplii - 10
9 VII ) Bosmina - 8
o 2.8 2.8 0.2 0.0 24 0.0 0.0 Eudiaptomus — 8
I 7.8 576.3 20.0 0.0 156.3 5.0 13
16 VII
1I 7.8 3.0 4.8 0.0 59.0 42 0.2
I 7.5 358.8 375 12.9 413.8 47.5 13
25 VIl
o 204 2.6 0.8 0.2 12.2 4.0 04
I 8.3 98.3 225.0 16.7 1608.0 6.7 1.7
29 VII
I | 1046.0 5.0 8.0 1.8 26.8 0.8 6.4
I 320 110.0 258.7 9.3 100.7 0.0 0.0 Cyclopoida — 191
4 VIII i —
o | 320 0.0 120 0.0 40 0.0 0o | Dophnia 125
Rotatoria - 125
Chydorus — 28
Napulii - 19
Bosmina - 13
Eudiaptomus —~ 7

* Calculations based on the investigations of 5 individuals.
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Table 5
The feed of carp fry fed on the river Pfonia zooplankton. Average numbers of spedmens per
one alimentary canal are reported*. Year 1978
Date, Taxor Contribution of more
a\t/_erhage . | Cyclo- | Eudiap- | Insect | important animalsin
wl:ight No Rotatoria| Bosmina | Chydorus | Daphnia poida tomus larvae the river Plonia zoo-
and of plankton.
length pond Specimens per 1 liter
I 0 22 4.8 1.0 4.4 17.6 0 Eudiaptomus — 512.0
6 VI 1 0.2 16.6 172 54 8.4 14 0.2 Bosmina —3150
212mg{ VI 04 6.2 13.0 1.2 4.6 0 0 Dapnia —264.0
1.18cm| XI 12 52 10.8 26 0.2 36 0 Chydorus ~ —182.0
XIII 0.8 4.4 5.8 1.0 1.0 04 0 Rotatoria  —169.6
mean| 0.5 6.9 10.3 22 3.7 46 0.04
I 0 120.6 2.8 45.8 730 | 140 0.4 )
15 VI i 06 | 1530 8.6 722 65.4 228 02 1;":'1’;”“" B sgg.g
390mz| VI 0.2 11322 0.4 30.6 4.8 6.6 0 o ’
37 ee| X 04 91.8 38 2238 9.0 1.0 0.2
’ X1 0 57.0 24 244 228 0 0.2
‘mean 0.2 107.1 3.6 392 330 8.9 0.2
I 1.0 56.4 238 108 240 22 04 Cyclopoida — 339
- o1 | 1160 26.6 122 10.0 214 1.0 14
40‘6’ VI | 1204 68.4 13.8 8.4 1.0 0.2 0.8 Nauplii — 195
p mgy X1 1.8 74.8 18.6 15.6 254 0.6 0.2
L47em] sqm | 116 19.0 196 3.8 35.2 02 14 | Daphnia - 99
mean| 502 49.0 17.6 9.7 214 0.8 0.8
I 0.4 454.4 0.6 3.0 482 348 0.2 »
11§ 26 | 1442 04 22 64.4 14 20 Rotatoria ~ —1204
1 VIl VI 18.6 89.6 1.0 34 130.2 8.6 0.2
792mg| X1 0.6 110.2 1.0 42 73.0 12 0 Bosmina —-780
1.67 em{ x11 0.6 944 12 44 410 14 3.0
mean 4.6 178.6 0.8 34 714 9.5 1.1
I 20 154 0.2 12 16.0 18.8 1.8 Nauplii — 2438
11 8.4 16 0 0 1.8 0.2 0.2 )
14 VI VI 08 0.2 0 0 0.6 04 0 Cyclopoida — 6.0
li64mg 25.6 0.4 0 0 20 0 0.2
1.84 cm | xyyp 164 0.2 0 0 0 0 04 Daphnia - 08
mean| 10.6 3.6 0.04 0.2 4.1 39 0.5
1| 1444 8.6 76 16 326 10.2 4.0 Rotatoria - 407.6
2 VI m | 2212 124 12.8 12 15.0 6.0 5.8 Nauplii - 376
1946mg VI 18.6 4.6 7.6 4.6 110.2 29.4 6.0 Cyclopoida — 32.0
233cm| X 8.4 6.0 14.6 3.0 62.8 204 1.8 Chydorus ~ — 120
X | 3300 2.8 11.6 1.8 64.0 72 04 Eudiaptomus — 8.0
mean| 144.5 69 10.8 24 569 14.6 36
1| 1370 76.0 101.0 29.0 162.0 3.0 53.0 Rotatoria  —269.5
ISVIIL [ 1 71.0 66.0 203.0 220 3770 10 1.0 Nauplii — 785
4200mg| VI 8.2 206.8 4240 654 4550 6.0 1.0 Chydorus - 370
28lcm| XI 5.8 15.0 212.0 19:6 210.0 1.0 0 Cyclopoida  — 29.5
XIII 1.0 222 188.8 30.6 296.0 24 0.6 Bosmina - - 12.0
mean| 44.6 772 225.7 333 300.0 2.7 11.1
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For the duration of culture at 1978, it was ascertained that about 10 days old fry ate
mainly cladocerans Chydorus and Bosmina, and in pond I also copepods of Eudiapto-
nus sp. (Table 5). It was noted that over this period Bosmina and Chydorus were not
dominating quantitatively in the Ptonia river zooplankton (Table 5). The clado-
cerans — Bosmina and Daphnia continued to dominate in the feed after the next decade
(June 15) though their number (especially Daphnia) was very low in the delivered
plankton. On the initial days of life of fish larvae, the rotifers were almost not included in
the feed. The fishes began to eat up the rotifers on the later period of culture — from the
end of June to the half of August.

Alimentary canal fillings of the fry reared in 1978 was very low. Average numbers of
plankton animals per one alimentary canal in a few cases exceeded 500 specimens even
among grown up fry at August.

The nauplii always occuring numerously in the brought in plankton have not been
found in the fry feed. The fishes might not have eaten these larvae, or the nauplii were
damaged in the alimentary canals to the extent making identification impossible.

For the almost entire duration of culture, the fry have eaten up larvae of Tendipedidae
which developed in the culture ponds.

Table 6 gives up description of thermic conditions, oxygen content, and reaction of
water in the ponds. On the basis of these, and other observations it could be stated that at
1978, only over 30 initial days of culture duration, the temperature at the daytime was
higher than 20°C, reaching even 26°C. In the later period, from the end of June to
August 16, temperature of pond waters reached only 18°C at the daytime. This cool
period, lasting about 50 days did not promoted the feeding intensity, and growth of the
warm liking carp fry. Temperatures of pond waters during warm days were higher in
comparison to river e.g. at May 28, 1978, this temperature difference amounted 5°C. The
great diurnal temperature variations were also ascertained e.g. at June 20-21, 1978 —
18.5°C was noted at 4:00 A.M. while at 2:00 P.M. — 23°C was registered.

The great variations of the oxygen content were noted — from 4.0 to 15.4 mg 0, per
liter. Periodic oversaturation and deficits of oxygen occured in the pond waters (Table 6).
Daily variations of the oxygen content were also noted (Table 7). During daily maximum,
by the days from June 20 to 22, at 3:00 P.M., oxygen content in ponds reached almost
15 mg per liter, while in the extremal cases at 4:00 and 5:00 A.M. it dropped to 4.5 and
5.1 mg 0, per liter, respectively.

Water reaction had values in the limits of pH from 7.2 to 8.8. The cultures maintained
over 62 days in 1977, gave a number of interesting results. In the pond I with the area of
36 sq meters, there were raised 2500 pieces of fry with total weight of 6.6 kg. Counting it
over one hectare of pond gives about 690 000 pieces of fry with total weight of 1830 kg.
This biomass is almost equivalent with production from one hectare obtained after 62
days. In the pond II with area of 29 sq.m. there were harvested 8330 pcs. of fry with
total weight of 3.5kg which after counting over one hectare is equivalent to
2 870 000 pcs. of fry and production of 1200 kg.



Table 6
Physical and chemical characteristics of water in the fry ponds. Doubly underlined numbers —
cases of oxygen supersaturation; singly underlined numbers — oxygen deficits
Propertics o1 water Temperature (O(‘) pH O2 mg per liter

No. of ponds I 111 VI XI | XIII | river [ 111 VI | XI | XIII | river I I VI XI | XIII | river
28 V178 25.0125.0| 250 (250(25.0|21.0 - — — - - 96| 96| 96| 96| 96| 99
6 VI 2501 25.0(26.0|255]|25.0 -1 75| 75| 76| 80| 79 — |11.0| 83| 98| 94| 9.0 -
15 VI 19.5120.320.9(20.6|209|19.0| 72| 7.2| 74| 74| 7.2 1.1 80| 86 |11.2 154|122 14.7
1 VIl 17.0 (170175174 (174|182} 7.7| 79| 80| 82| 8.1 75| 67| 86| 9.1 | 80| 80| 74
14 VII 173171176 | 18.1 | 179|178 | 7.3 7.3 73 72 72| 7.1} 56| 6.1 40| 59| 64| 7.2
16 VIII 18.0 170 - |175|17.5]|17.0} 7.8 | 8.8 - 7.7 7.6 7.8 1128|125 - 90| 86118
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Table 7
Daily variations of the oxygen content (mg O2 per liter)
in the water of fry ponds
June 20-22,1978
Hour
No. 3:00 P.M. S AM. 10 AM. 3:00 P.M. 4:00 AM,
of pond

1 12.9 7.0 7.4 12.2 9.0
3 12.3 4.5 - 11.0 7.8
6 11.5 8.6 7.3 11.5 7.2
11 - 5.1 6.7 10.7 8.2
13 11.8 8.5 8.2 9.6 7.5
river 9.6 8.6 8.5 9.9 6.9

More detailed data concerning the fry reared in pond I are given in Table 8. In the final
day of experiments (August 4, 1977), the fishes reared there reached average length
5.4 cm, and average weight of 2.64 g. The biggest individuals exceeded 5.0 g. So that was
the carp fry consistent with the approved standards. The fry reared in pond Il where.its
initial concentration was much higher than in pond I, gave smaller crop (Table 9). At
August 4, the fishes had average length and weight — 2.8 cm, and 0.42 g, respectively.
The heaviest individuals reached just 0.8 g.

In the pond III stocked with fish larvae from spawning ground, only a few individuals
there were caught, but on the other hand mass occurence of bugs belonging to Notonecta
glauca was ascertained there.

The culture lasting 80 days, maintained over summer season of 1978, gave the results
shown in Table 10. In all ponds with total area of 214 sq.m. there were reared 43 752
pes. of fry which made 47% of total number of released individuals. Average survival of
the fishes varied from 4% in pond II to 89% in pond XIV. The result of 112% survival
noted in pond III has been regarded as the result of error. Taking into account that for
the average estimation the data concerning 11 ponds were taken, this result did not
aggravate the averages too much. Total weight of the fry harvested from all ponds
amounted 19.988 kg. Average length (1,) of the fry amounted 30 mm in the range from
14 to 54 mm. However, such a broad range included the entire group of fishes.
Considerably narrower range of lengths was noted among individuals coming from the
particular ponds. Large differentiation of the average lengths was ascertained for the
individuals coming from the different ponds — from 22.8 mm in pond VI to 48.9 mm in
pond II. Average individual weight of the fry amounted 0.62 g, while the range of weight
for entire crop was 0.07 to 2.9 g. Average weights of fishes from different ponds also
varied in a considerable extent — from 0.26 g in pond VI to 2.34 g in pond IIl. More
detailed data about the rate of fry growth shows Table 10.



An increase of body weight and total length (lt) of carp fry reared from

June 4 to August 4, 1977 fed with the river Ptonia zooplankton

Table 8

Pond I
Average Rangehof lengths Ave.r age Range of weights in
Date Number of length in the weight the sample (grams)
culture days 1y (cm) sample (cm) (grams)
4.V1.77 0 0.5 - 0.001 -
10.VL.77 7 0.75 0.7-0.8 0.0024 0.0007-0.0028
14.VL.77 12 1.1 09-1.3 0.0154 0.0057-0.0263
17.VL.77 15 14 1.1-1.6 0.0320 0.0042-0.0490
27.VL77 25 24 2.1-3.0 0.24 0.1066-0.4240
1.VIL.77 29 24 2.1-2.6 0.20 0.1660-0.2460
9.VIL.77 37 3.5 2.7-3.8 0.64 0.3043-0.8610
16.VIL.77 44 4.1 3.7-4.7 1.30 0.9330-1.7310
25.VIL.77 53 4.5 4.2-5.1 1.53 1.3345-2.2874
29.VIL77 57 4.6 44-48 1.78 1.5902-2.1588
4.VIIL77 63 5.4 4.9-6.9 2.64 1.9127-5.247
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An increase of body weight and total length (lt) of carp fry reared from
June 4 to August 4, 1977 fed with the river Pfonia zooplankton

Table 9

Pond 11
Average Range of lengths Average Range of weights in
Date Number of length in the weight the sample (grams)
culture days (lt) (cm) sample (cm) (grams)
4.V1.77 0 0.5 - 0.001 -
10.VL77 7 0.75 0.7-0.8 0.002 0.0007-0.0028
14.VL.77 12 1.1 0.9-1.3 0.015 0.0057—0.6263
17.VL77 15 1.5 1.3-1.8 0.034 0.0034-0.085
27.VL71 25 1.5 1.3-2.0 0.05 0.023-0.119
1.VIL77 29 | 1.7 14-1.9 0.06 0.029-0.081
9.VIL77 37 1.9 1.6-2.3 0.12 0.053-0.143
16.VIL77 44 2.6 2.1-3.0 0.32 0.124-0.486
25.VIL77 53 24 2.1-3.0 0.26 0.135-0.454
29.VIL77 57 2.8 2.3-35 040 0.207-0.710
4.VIIL77 63 2.8 2.1-3.5 0.42 0.140-0.810
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Table 10
Results of carp fry rearing with feeding on the lake Ptor zooplankton in 1978
Stocking at the momeit
of culture beginning In the moment of harvest after 80 days culture, August 16, 1978
No.
of
i Produc-
pond Number Total Number Number Percen- | Average | Range | Average Range of Daily r9 e
of ind. . of ind. fi Total . . increa- Number of tion
) weight ) of ind. oht tage length of ind. ind. . ind. per Kilo-
in the (grams) per inthe | W¢I& of sur- ofind. | lengths | weight weights s.e 0 1 hectare rams
pond $q. m. pond (grams) vival (mm) (mm) (grams) (grams) 1n.d. &
weight per
(grams) 1 hectare
I 9600 19 266 6482 3176 68 31.1 22-51 0.49 0.22-1.47 0.006 1800556 877
11 8560 17 295 389 910 4 489 38-54 2.34 1.43-2.90 0.029 135069 310
11 8560 17 295 9578 3544 112 27.6 19-41 0.37 0.11-1.09 0.005 3325694 1225
v 9200 18 1530 3262 886 36 30.1 19-45 0.55 0.10-1.35 0.007 5436667 1447
\% 9200 18 1530 1388 500 15 254 16—41 0.36 0.07-1.10 0.004 2313333 803
VI 9200 18 1530 1584 396 17 22.8 14-40 0.26 0.07-1.00 0.003 2640000 630
VII 5500 11 920 2096 707 39 24.1 16-44 0.29 0.12-1.47 0.004 3493333 1160
XI 7860 15 327 4028 1853 51 29.2 18-46 0.49 0.11-1.24 0.006 1678333 766
XII 8400 16 350 4556 3600 54 34.7 25-417 0.79 0.34-1.64 0.010 1898333 1493
XIII 9800 20 408 2896 1419 30 29.8 18-46 0.49 0.11-1.25 0.006 1206667 583
XIv 8400 16 350 7493 2997 89 26.7 17-47 0.40 0.08—-1.40 0.005 3122083 1242
Mean} 8570 16 709 3977 1817 47 30.0 0.62 0.008 2459097 958

¥6
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In each pond a few really big specimens were met — with lengths from 6.0 to 12.0 cm,
and weights from 5 to 35 g. Because of the great divergences from the mean values, the
dimensions of these individuals were not taken into consideration when averages were
calculated.

To make possible comparisons of culture results in the particular ponds, the number of
harvested fishes and production were counted over 1 hectare of pond area. Two last
columns of Table 10 present such re-counted data. It proceeds out of them that the
highest number of fishes per 1 hectare was reared in the pond IV (5.4 milions), while the
smallest number came from pond II (135 000). Effect of culture interpreted as the weight
of the harvested fishes per 1 hectare was greatest in pond XII (1493 kg), and least in pond
11 (310 kg).

Over the period of culture duration at 1978, there were observed symptoms of
cannibalism. Weak and small fishes were attacked by the other individuals which have
sponged on them eating up eyeballs, fins, and even biting up the pieces of muscle tissue.
The reared fry was annoyed by carp lice (Argulus foliaceus). In spite of filtration of the
zooplankton furnished as feed the Argulus penetrated into ponds. At the very beginning
they were met sporadically. As the culture developed, the number of parasites increased”
as a result of multiplication and introduction of new individuals with the plankton. The
attempts to fight this parasite by means of Foschlor’” have not given any result.

Other negative phenomenon occuring during fry rearing was mass development of
filamentous algae (Spirogyra) occupying bottom of the ponds in a thick layer. An excess
of these algae made difficult harvest of fry when ponds were emptied.

The frogs living in the ponds fed on young fishes causing severe losses of the fry.
Refuge of the fishes during heavy down-pour, (night — August 8, 1978) causing overflow
of waters through causeways, was rather unexpected reason of the fry losses.

DISCUSSION

The zooplankton mass described in the results of this work which is removzd by the
river from lake Ptoni determines the largeness of easy available nutritional resources which
could be utilized for rearing of the carp fry. Assuming that fry would have been reared
from the larval stage to the stage of July fry with 3.0 g weight, and considering nutritional
coefficient as equal 5, the presumable production of such fry has been estimated. It
appeared that mass of zooplankton taken off from May to August would have been
sufficient for rearing about 4 milions pieces of the July fry at 1977, and about 1.36
milions of such fry at 1978. It proceeds from this evaluation that in the same spring
period Ptonia river carried away on the average 510 kg of zooplankton per day in 1977,
and only 190 kg in 1978. The mass of the zooplankton removed at 1978 was smaller in
comparison to 1977 and 1971, as well (B. Szlauer 1976 b). The fluctuations of this kind
should be also expected in the future. They are quite normal, resulting from the
distinctness of weather conditions in particular year. Mentioned quantities illustrate
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potential possibilities. Permanent exploitation of the whole zooplankton flowing our
from the lake is not easy to accomplish, because among others, it is difficult to capture it
entirely from the river.

On the other hand, it should be taken into consideration that zooplankton removed
from the lake by river is only part of zooplankton existing in the lake Pfon. Accordingly
to B. Szlauer (unpublished data) zooplankton biomass of the lake Ptoni reaches in the
summer months 10 g per cubic meter. Assuming the average biomass content as 5 g per
cubic meter it was calculated that 200 kg of zooplankton exists on each hectare of the
lake area which makes about 140 tons for the whole lake. This basic source of food could
be always included into exploitation when actual demand will arise.

As a feed for the fry rearing we would like to propose the zooplankton from the lake
outflow before all. The considerable flow rate of river water speaks for it because it
makes possible settling of nets for the mass catch of zooplankton. The method of the
zooplankton catch in the outflow is exceptionally simple. The catching net does not
require pulling out of the water, and servicing of its is limited to emptying and washing of
its terminal part. Single man may work on the whole set of simultaneously catching nets.
It is more difficult to exploit lake Ptori. In this case we recommend the device consisting
of the overboard boat motor with appropriately attached plankton net (Szlauer et. al.
1978). This device may be installed on the lake shore or may serve for catching of
zooplankton from boat (floating version).

The value of the live zooplankton as a feed for carp larvae is a matter requiring
explanation. The zooplankton is natural food of carp in its initial period of life, and
tentative feeding of fish larvae with artificial feed did not give positive results up to date.
Ostroumova et al. (1979) carried off extensive experiments with application of granulates
with different compositions of constituents. They proved that during five initial days of
life fish larvae do not take artificial feed, eating only zooplankton. They propose feeding
of fish larvae with zooplankton exclusively, up to the fifth day of life, and application of
zooplankton and dried feed in equal proportions over the next 15—20 days. An exclusive
use of fodder is possible when carp attains 150 mg. Similar conclusions were drawn by
Littak et. al. (1979). Their experiments have shown that giving of supplementary fodder
to carp larvae is purposeful from the 10th day of culture, and fodder quantities should
not exceed 15 percent of the total weight of reared young fishes. They did not obtain
satisfactory growth rate od fry although zooplankton was used as supplement of folder
(about 37% of food rations). The results of studies quoted as an example prove distinctly
for the use of live zooplankton for feeding of fish larvae.

On the basis of zooplankton composition in fry ponds, as well as contents of
alimentary canals of fry, it could be concluded that young fishes demonstrated distinctive
nutritional selectivity in relation to planktonic crustaceans. The fry was feeding on
species out of genus Bosmina, Chydorus, Daphnia, Cyclops, and even Eudiaptomus. It
was eating up the mature and growing up forms of these crustaceans, but on the other
hand the nauplii were not eaten. The rotifers were obviously omitted by the fry. These
animals were introduced to the ponds everyday but they were not eaten up, so number of
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rotifers and nauplii was increasing. Moreover, number of these animals increased as a
result of reproduction, especially intensive was multiplication of the rotifer species most
rarely occuring in the river.

The clear tendency toward feeding of fish larvae on planktonic crustaceans, including
species reaching length of 1 mm (Daphnia cucullata, Eudiaptomus, Cyclops) was already
shown by the ten days old carp. This finding being after all consistent with research data
of some authors (Grygierek, 1973; Trzoch-Szulkiewicz, 1970) controverts popular
opinions predicating that small rotifers serve as initial feed of carp larvae. Feeding on
rotifers was found to be more intensive in the later period of culture. Existence of this
paradoxal situation, when grown up young fishes change their feed to smaller forms
(rotifers) could be explained only by shortage of food in ponds, and resulting from this
fish starvation. For this reason the rotifers are recognized as the obligatory feed of reared
fishes.

Not looking deeper into problem of nutritional inclinations of juvenile carp, it may be
thought from the results that carp larvae, and next carp fry are able to utilize almost all
animals from the lake Pton plankton. The possibility of eating up the largest planktonic
forms by the youngest stages of carp, as well as possibility of eating up the tiny rotifers by
the several centimeters long fry should be taken into account.

Physical and chemical conditions prevailing in the ponds with cultured fry could be
defined as highly variable, and dependent on weather and the time of a day. It concerns
especially temperature and oxygen content of water. Large variations of water
temperature happening in a short time intervals resulted from the small thermic inertion
of the slight mass of pond water.

Large variations of the oxygen content (4 to 15.4 mg 0, per liter) resulted from the
overfertilization and evercrowding of ponds by living organisms. Filamentous algae were
developing in masses, concentration of fishes was high, and microflora was developing on
the plankton debris. As a result, assimilating algae caused oversaturation of water with
oxygen during sunny weather, while over cloudy days, and at nights, it has came to
oxygen deficits which resulted from respiration processes.

The results of fry culture fed on the basis of the lake zooplankton may be evaluated
from several points of view — number of grown up pieces of fry, individual weight etc.
From the standpoint of usefulness for continuation of culture the good-looking
appearance of fry and its production should be the measure for estimation of the culture
effects. Applying these criterions, the production of 1830 kg of fry i.e. 690 000 pcs. with
average individual weight 2.64 g, counted over 1 hectare of pond I in 1977, was
recognized as the best result of culture. Second place is occupied by pond XII where after
80 days in 1978, 1493 kg of fishes (1.89 milions of pcs. of fry with average weight
0.79 g) counted over 1 hectare of pond were obtained. Third result was obtained in pond
IT where production amounted only 310 kg of fry per 1 hectare mainly due to fish
escape. Large number of small fry lighter than 0.5 g has been grown in the other ponds.
This kind of fry has also value for continuation of culture or as stocking material.

7 — Acta Ichthyologica et Piscatoria
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Results of culture obtained in 1978 were considerably worse in comparison to
which were obtained in pond I at 1977. Unsatisfactory feeding at 1978 was identified
the main reason. A number of observations bears evidence about it i.e. incomplete
of alimentary canals at 1978, cannibalism, composition of plankton in the ponds.
additional evidence bearing witness to unsatisfactory feeding was the case of pond
Probably due to partial escape of the fry in the moment of harvest it contained
number of fishes — 130 specimens per sq. meter. The same portions of plankton has
made available here to the fishes like in the other ponds which created better
conditions. As a consequence, good-looking fry characterized by average weight 2.34 ¢
and relatively even size — from 1.43 to 2.9 g, has been grown here.

Accordingly to Grygierek (1973) investigations, production  of fry from fish larvae
without fertilization amounted 96—246 kg per hectare with mortality rate from 58 to 89
per cent. These results are comparable with our data, emphasizing distinctly the positive
results obtained by the use of zooplankton as feed.

Coming to an end of our deliberations about effects of fry culture we would like to
point out the result that may be taken as a basis to foresee culture effects in large ponds
with use of live zooplankton as a feed. That is production in pond I at 1977 i.e. 1830 kg
per hectare which corresponds to 690 000 pcs. of fry with mean individual weight 2.64 g
after 2-months culture without additional use of fodder. Such effects could be expected
in the relatively primitive ponds without water flow. The remaining results have been
recognized as too low — effects of 1978, culture mainly due to unsatisfactory feeding,
and on the other hand 1977, culture effects as resulting from overcrowding of the
pond II.

Commonly known rules of fish culture, as well as results of experiments indicate that
appropriate stocking of ponds is among others required to get good culture effects. In our
opinion ponds serving for carp fry rearing with use of zooplankton as a feed should be
stocked with larvae in concentration of 140 pcs, per sq. meter of pond. It was calculated
assuming 47% survival rate, and the same final culture results as obtained at 1977 in
pond L. This calculation concerns provisional ponds without water flow. The ponds with
flow of water could have been stocked more intensively.

The usefulness of June fry coming from the ponds near Ptonia river for further rearing
was checked by its use as stocking material in the experimental ponds. The positive
results concerning survival and growth rate of this fry in comunal sewage waters of
Nowogard city are reported in L. and B. Szlauer (1978) paper. Positive effects were also
obtained when rearing of this fry was continued in sewage waters of Chemical Company
“Police”. Out of the small fry with average weight 0.225 g during 100 days, culture
(July 4 to October 13, 1978) there were obtained fishes with average weight 48.3 g (range
5-240 g).

Fish cultures carried out over twoyears  have shown that the sole disease symptom
observed among fry fed with zooplankton was annoying of fishes by Argulus foliaceus. It
has shaken opinions expressed by sceptics about possibilities of fish disease transmission
by live zooplankton used as feed which is not justified from biological standpoint.
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Argulus undoubtedly causes considerable losses in fish culture but in spite of it the fish
survival is high and amounts almost 50%. The parasite could not be destroyed by use of
"Foschlor”* — it was more resistant to the action of this compound than cultured fry. In
our opinion the solution is to accept its presence in the ponds and to use appropriately
higher initial stock to compensate the losses.

Other negative phenomenons observed in pond cultures are of such nature that they
could be tempered. The excess of filamentous algae may be “raked-off”’ or their growth
could be limited by rising the level of pond water up to about 1 meter. It proceeds from
our observations that combination of this depth with the ”outburst” of planktonic algae
reduces amounts of light permeating on to bottom to the level which does not permit for
development of the lying on the bottom Spirogyra.

The ponds should be preserved against frogs by net fencing. They should be also
equipped with net preserved overflows, making possible draining away the excess of
waters after showers.

Presented method up carp fry rearing may be developed into culture of commercial
meaning. That could be made by building of appropriate center in the region of river
outflow from a lake. Considering weather variations, this kind of enterprise should be
equipped with preheated workshop similar to the horticultural glassworks with ponds for
rearing of fish larvae. Moreover, the center should contain open air ponds type of the first
nursery ponds. All culture vessels should contain devices maintaining regular water flow,
and making possible entire evacuation of water. To get selfsupport the center has to be
equipped with facilities for artificial spawning and fish eggs incubation. The size of a
center would have been dependent on the planned production of fish fry. The initial
concentration of fish larvae in ponds amounting 140 individuals per sq.m., and
production of July fry of magnitude 1800 kg may be assumed for the necessary
calculations. Feeding of fry would have been relied upon supply of plankton captured by
means of nets fastened in an outflow or in a lake. Moreover, the plankton could have
been supplied with water flowing out through the ponds. Supplementary feeding of fry
with use of traditional fodder is also foreseen in the final stage of culture.

After harvesting of the June fry the ponds could have been filled again with water, and
used for rearing of some quantity of the autumn fry.
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ZASTOSOWANIE ZOOPLANKTONU JEZIORNEGO DO KARMIENIA
NARYBKU KARPIA (CYPRINUS CARPIO L.)
W HODOWLI STAWOWE]J

Streszczenie

W latach 1977-78 hodowano karpia od wylegu do narybku lipcowego w kilkunastu nieprzepty-
wowych stawach zbudowanych tuz przy wyptywie rzeki z jeziora Pton. Narybek byt karmiony
zywym zooplanktonem odtawianym w rzece przy pomocy specjalnych sieci. Najlepszym z
uzyskanych wynikdw byto wyhodowanie 1830 kg narybku karpia w przeliczeniu na 1 ha stawu, o
srednim ciezarze 2,64 g, po 62 dniach hodowli (4 VI-4 VIII 77 r.). Stopienn przezycia narybku
wyniést Srednio 47%. Za najwlasciwsza gestos¢ obsady nieprzeptywowych stawéw uznano 140 szt.
wyleguna 1 m2.

Narybek karmiony zooplanktonem jeziornym zjadat gtdéwnie doroste skorupiaki z rodzaju
Bosmina, Chydorus, Daphnia a nawet Eudiaptomus. Wyraznie pomijat natomiast wrotki i naupliusy.
Taka wybiérczo$¢ pokarmows stwierdzono juz u dziesigciodniowego wylegu karpia. Zjadanie
wrotkéw w wigkszych ilosciach stwierdzono dopiero u pddros’nigtego narybku, w sytuacji gdy
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zabrakto w stawach skorupiakéw i ryby zaczety gtodowad. Intensywno$é zerowania narybku byta
wysoka. Liczba Cyclopoida, przypadajaca na jeden przewdd pokarmowy narybku, w wieku 30 dni,
dochodzita do 1153.

Przyjmujac wspdiczynnik pokarmowy réwny S, wyliczono, Ze zooplankton wynoszony z jeziora
Pton przez rzeke, w okresie od maja do sierpnia, wystarczytby do wyhodowania 4 mln narybku
lipcowego w roku 1977 i okoto 1360 000 takiego narybku w roku 1978. Sa to potencjalne
mozliwosci.

Warunki fizyczne i chemiczne, panujace w stawach z hodowanym narybkiem odznaczaty si¢ mata
stabilnoscia. Wahania tlenu wynositly od 4,0 do 154 mg 0,/1. Zanotowano tez duze wahania
temperatury i natlenienia w skali dobowe;j.

Zjawiskiem negatywnym w prowadzonych hodowlach byto nekanie narybku przez splewke
(Argulus foliaceus). Masowy rozwdj nitkowatego glonu (Spirogyra) w stawach utrudniat odtéw
narybku podczas spuszczania stawow.

Uzyskane wyniki wskazuja na mozliwo$¢ rozszerzenia opisanego sposobu hodowli narybku karpia
do skali gospodarstwa. Taki obiekt mégtby by¢ zbudowany w rejonie wyptywania rzeki z jeziora
Pton.

B. u I, llnmaysp

NICIIONB30BAHME O3EPHOT'O 300IMNAHKTOHA
B KAYECTBE KOPMA MOJOZIl KAPIA (CYPRINUS CARPIO L.)
BHPAIIBAEMOY B NPYIAX

Pesnome

B 1977-1978 rozax BHpauwuBaiM Kapla OT BHIYNIEHUA 4O 2-X MECAUYHOT'O BO3-
pacTa B HECKONBKUX HENPOTOUHHX [PYyZaX HOCTDOEHHX DAZOM C BHXOZOM DEKM U3
o3epa [InoHB. MONOZP KODMUNYM 300NJAHKTOHOM KOTODHH OTIABIUBANU B DEKE C
[OMOIBI CHENUaNbHNX ceTeli. CaMuM IyuymyM pe3ynbTaTOM MOXHO CUMTATE [ONyde-
Hue 1830 KI Kapna CO CpeZHUM BecOM 2,64 Tp Hocie 62 JHEBHOTO BHpAWUBAHUSA
(4 VI -4 VIII 77 rT.). Buxom mMonmomu cocTaBusil B cpelHeM 47%. Cuurampr,  4TO
ONTUMANBHOA NIOTHOCTHN MOCAZKM HENPOTOYHHX NpYyA0B ABAAETcHA 140 WT. JNuuu-
HOK Ha 1 M~. MOnOZb KODMJIEHHAS O3EDHHM 300NJIAHKTOHOM MOTPE6NANa B OCHOB-
HOM DaKOOOpa3HHE CIEAYyOWUX POLOB: Bosmina, Chydarus, Daphnia U Zaxe Eudia-
tomus. MONOZP OTYETAUBO OTpUUAJNA KOJOBPATOK ¥ HAYNINCOB. TaKyn KODMOBYD
U36MpAaTENbHOCTE OCHADYXUIM yXe y LECATUZHEBHHX NUUMHOK. [[oTpeCleHue KOIO-
BpaTOK B GOJNBUOM KONUUECTBE OCHADYXWINM JUWDb y MOApPOCHUEd MOJOZAM KOTZAA B
IpyZax HEXBaTalO DAaKOOOpPa3HHX ¥ DHOH HAUWHANM TONOAATh. IHTEHCUBHOCTE IIO-
TpeONeHUsA KOpMa MajbKaMyl OhJjla OUEHB BHCOKOf. UUCIO Cyclopoida HAXOZLAWUXCSH
B OJHOM NUIEBADUTENBHOM TDAKTE 30 ZHEBHOTO MalbKa LOXOZUJIO 70 1153 umT,
[IpuHUMAsA KOpMOBOH KO3QPUIMEHT paBHHM NATU NMOACUUTANM, UTO KOJIMUYECTBO 30-
ONJIaHKTOHA BHHOCUMOTO DE€KO#i u3 o3epa [[mOHBP B NEpuoz ¢ Mad IO aBI'ycT XBa-

“runo On I BHpaWUBAHUA 4 MJIH 2-X MECAYHHX MajlbKOB B 1977 T. u 1,36  MJH

Takoff k€ Momozu B 1978 rozy. 3TO NOTEHNVANBHHE BO3MOKHOCTH. Qu3uueckue u
XUMUUECKUE YCIOBUA B UCCIEZOBAHHHX NPyZaX XapaKTepu3oBalUCh Malofi cTaluib-
HOCTHBO, COZEpXaHUe KUCIOpOZa KoneGanoch OT 4 1o 15,4 MT Oz/n. OrMeTuan
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" GONBNME KONEOAaHUA TEMIEepaTypH 1 COAGPXAHUA KUCIOPOZA B TEeUeHUE CYyTOK. OT-
pULATENbHHM SABIEHUEM IDY BHPAWMBAHUM OHJIO NOpPaXeHue MONOAu Argulus folia-
ceus. MaccoBoe pa3MHOXEHME HUTUYATHX BOZOpoOciefi (Spirogyra ) B Npyzax  3a-
TPYZHANO OTIOB MOJOANW BO BPEMs CIyCKa NpyZoB. IIOILy4YEHHHE pPE3YABTATH yHKa-—
3HBAT Ha BO3MOXHOCTH NPUMEHEHUS ONMCAHHOI'O METOZLA Pa3BEAEHUS MOJOLU Kap-
Ila B NDPOMHUJEHHHX MacuTadaX. [IpOMHUIEHHH! DHOOBOZLHHII KOMIJNEKC MOXHO  IO-
CTDPOUTEH B pajiOHe BHXO0ZA peku U3 o3epa [IJNOHE.

[lepeBog: zp 3ed Jomaramna
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