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INFLUENCE OF ABIOTIC AND BIOTIC ENVIRONMENTAL FACTORS
ON WEIGHT GAIN OF CULTURED CARP ON A CARP FARM
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Abstract — During the period from April to October in the production season of the year 2000, seven chemical param-
eters of the aquatic environment were analyzed twice a month for the amount of natural food (zooplankton and bottom
fauna) on pond No. 4 at the Dubica Carp Farm in Banatska Dubica (Vojvodina, Serbia). Correlation between natural
food and carp growth was analyzed as well. The investigations revealed negative correlation between the amount of
natural food per kilogram of ichthyomass and pH (p < 0.001, r = -0.875), electroconductivity (p = 0.0294, r = -0.673),
COD (p =0.0052, r = -0.782), total water hardness (p = 0.0186, r = -0.709), and carbonate water hardness (p = 0.0087, r
= -0.758). However, statistically significant positive correlation was found between the biomass of natural food (g/kg of
ichthyomass) and concentration of nitrates (p < 0.01, r = 0.841) and phosphates (p = 0.0427, r = 0.640). Concerning com-
ponents of natural food (zooplankton and bottom fauna), bottom fauna biomass had a very low production and showed
no statistically significant correlation (p = 0.137, r = 0.491) with total natural food biomass whereas zooplankton biomass
was very significantly correlated (p<0.001, r = 0.830) with the total amount of natural food, indicating that zooplankton
was the dominant component of natural food at the investigated fish pond. The daily weight gain (%) of cultured fish
was greatest at the beginning of the carp farming season, i.e., in April, when it comprised a value of 2.3%. After negative
growth at the end of May (-0.2%), a gradual increase of weight gain was recorded until the beginning of September. By
comparing the biomass of natural food with the daily weight gain (%) of carp, it was observed that the weight gain had a
trend similar to biomass of natural food with a 15 day interval. This relationship was justified by positive statistical cor-
relation (p = 0.006, R = 0.960). As zooplankton was the major component of natural food, fish relayed on it as the main
protein source showed by a significant positive correlation (p = 0.034, r = 0.907).
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INTRODUCTION sists of cheap and locally available raw ingredients
(Ghosh et al., 1984), in Serbia mainly cereals (wheat,
corn, barley). Similar to fish production in natural
waters, in this type of aquaculture, productivity is
considerably influenced by abiotic and biotic fac-
tors of the environment. Some negative effects of
these factors can be overcome only by application
of different technical measures (e.g. liming, fertil-
izing). Used appropriately, these interventions are

The relationship between the cultivated fish species
and the pond environment are largely dependent
on the degree of intensification of the culture. The
intensity of a system is measured in terms of inputs,
including the intensity of management required
to sustain the system, as well as the level of output
products (Milstain, 1992).

In semi-intensive fish production, natural input expected to provide higher fish yields on a small
factors are complemented by supplementary feeding area. The disadvantage of applied measures is that
and the application of manure and fertilizers, thus they can induce rapid and extensive changes in the
being the main factors for enhancing fish produc- water environment, making it unsuitable for fish
tion (Biro, 1995). Supplementary feed usually con- and leading to metabolic disturbances, disease, and
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even fish death (Markovi¢ and Mitrovi¢-Tutundzié,
2000). Therefore, for good maintenance of fish and
better yields in semi-intensive culture, it is necessary
to have good knowledge of the conditions prevailing
in the aquatic ecosystem.

In general, the basis of semi-intensive carp
(Cyprinus carpio L.) rearing is maintaining a bal-
ance between environmental factors, natural sources
of proteins (natural food) and addition of supple-
mentary food in a form of carbohydrates. However,
carp growth depends on the level of development of
natural food and to a lesser extent on the amount of
added carbohydrates. Zooplankton and macrozoo-
benthos are the main protein sources for common
carp. Additionally, they are also valuable source
of amino acids, lipids, fatty acids and enzymes
(Millamena et al. 1990; Pillay, 1990). Preferences of
different carp age groups towards different kinds of
prey change during their life and, in general, fish
have been observed to consume increasingly larger
prey as they grow. Several studies have documented
the size-selectivity of fish for their invertebrate prey
(Brooks and Dodson 1965; Dodson 1974; Zaret
1980; O’Brien 1987). Natural food for two year
old carp are apparently larger forms of zooplank-
ton (>500um) (Spataru et al., 1983, Kormendi and
Hancs, 2000), mostly from the group Cladocera,
primarily some species of Daphnia (D. magna,
D. pulex), but also organisms of bottom fauna
as Chironomidae. The availability of natural food
depends on their population dynamics and natural
decrease in some critical periods of the fish produc-
tion season can have negative consequences on the
weight gain of fish. Low productivity often comes
forward during the end of carp rearing season (end
of August and September), being the critical point in
economical production.

Acquaintance with mutual influences between
abiotic and biotic factors and determination of opti-
mal values in aquaculture constitute the basis for
realization of an adequate technology of production
and thereby for attaining maximal production at
minimal cost. With this as our goal, in the present
work we examine the effects of abiotic environmen-
tal conditions on secondary production (production
of natural food) and consider the influence of natu-

ral food itself on the weight gain of cultured carp on
a carp farm.

MATERIAL AND METHODS

The study was carried out during one production
season at pond No. 4 on the Dubica Carp Farm in
Banatska Dubica, Serbia, that has a surface area of
112 ha and volume of 1,747,685 m?. The fish pond
was stocked with approximately 44000 two-year
old carp, average weight of 800 g. The quantity of
supplementary food was determined by correcting
the accustomed percentage per kg of ichthyomass
for carp fish farms (Markovi¢ i Mitrovi¢-Tutundzic,
2003) according to the biomass of available natural
food (g/kg of ichthyomass).

Chemical characteristics of the water (pH, elec-
troconductivity, COD, total water hardness, carbon-
ate water hardness, nitrate levels, and phosphate
content) were monitored, together with production
of zooplankton and bottom fauna (as the natural
food of carp) and the dynamics of carp growth
(through the daily weight gain in %). Sampling was
carried out fortnightly at five profiles of the pond.
Two profiles were located near shore (about 50 m
from the place where water is let into the pond and
about 50 m from the opposite shore). Three profiles
were in the middle of the fish pond, one in the cen-
tral part and one each between it and the offshore
profiles.

Samples for chemical analysis were collected
in 1-liter plastic bottles in the central part of the
tish pond at a depth of 30 cm below the surface
of the water. Winkler bottles were used for deter-
mination of oxygen and COD. Chemical analyses
were performed according to current regulations
using American standard methods (APHA, 1998)
in the chemical laboratory of the Health Protection
Institute of Serbia.

Sampling of zooplankton was performed using a
slender transparent plastic tube, 2 m in length and
1 liter in volume. After taking, the water sample
was filtered using a No. 20 plankton net, mesh size
of 76 pm (Tonolli, 1971; APHA, 1998). Filtered
samples were transferred to 100-ml glass bottles and
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conserved with a 4% formaldehyde solution. Since
zooplankton is unevenly distributed in water and
has a strong vertical gradient in abundance (Wetzel,
1983), this sampling method is used to obtain aver-
age values of zooplankton abundance and biomass
in the entire water column. By applying this method
we also obtain more reliable data on the water
volume of the whole fish pond (lake). Moreover, a
transparent tube is also used for zooplankton sam-
pling on account of the similar refraction index of
transparent plastic and water, which prevents plank-
tonic organisms with good vision (for example,
Daphnia sp.) from avoiding the tube.

Samples of zooplankton were processed in the
Laboratory of Zoology and Fisheries of Belgrade
University’s Faculty of Agriculture in Zemun, Serbia
using a Carl Zeiss (Jena) microscope with maximal
magnification of 160x. Zooplankton was identi-
fied to the level of species, variety, and form.
Where this was impossible due to the use of for-
malin as a fixative, identification was to the genus
level. Identification of zooplankton was conducted
using appropriate keys (Rudescu, 1960; Harding and
Smith, 1960; Collins et al., 1961; Sramek-Hrusek et
al., 1962; Scourfleld and Harding, 1966); Dussart,
1969; Koste, 1978; Zivkovi¢, 1987).

The quantitative composition of zooplankton
was determined by direct counting of zooplank-
tonic individuals from a Sedgewick-Rafter chamber
with a volume of 1 ml. The 100 ml samples were
concentrated up to 20 ml by pouring off liquid.
Followed by mixing and homogenization, every
sample was examined with three repetitions, using
a subsampling technique, after which the number
of identified species was recalculated for the whole
sample or 1 liter. The biomass of zooplankton in the
sample was determined using tables of average val-
ues for different zooplanktonic species (Morduhai-
Boltiviskoi, 1954; Ulomski, 1958) multiplied by the
number of individuals of each species.

On the basis of the obtained values of zoo-
plankton biomass per 1 liter of water (recalculated
per cubic meter) and total volume of the fish pond
(lake), the total biomass of zooplankton of the pond
was calculated in order to determine the amount of

food consisting of zooplankton.

Samples of bottom fauna organisms were taken
with Eckmann dredge modified for use on carp
farms. The dredge had a grab area of 87.55 cm?
Substrate grabbed by the dredge was passed through
a sieve to remove the mud, and macrozoobenthic
organisms were housed in plastic jars and conserved
with a 4% formaldehyde solution. Bottom fauna
biomass was determined by direct weighing of moist
biomass on a Sartorius AC IS technical balance (with
accuracy of 10-g). Biomass of macrozoobenthos has
been calculated for the total surface of the fish lake
to define the whole amount of natural food from the
bottom fauna.

Samples of fish were taken at the feeding sites.
The fish were captured with nets. The least number
of sampled fish was 100. Individual specimens of
carp were weighed with a digital technical weighing
device (with accuracy of 1 g). Average fish mass was
determined on the basis of a test catch. To calculate
the total ichthyomass in the fish pond the average
weight of fish was multiplied by the total number of
stocked individuals and by subtracting fish loss.

Growth was studied in terms of daily weight
gain (GBW %) that was calculated after Brown
(1957) as follows:

where W, is the average fish mass (g) in the given
time period, W is average fish weight (g) in the pre-
vious time period, and t is the time period (in days)
between the two measurements.

In order to determine the amount of natural
food present in the fish pond, i.e., available to cul-
tured fish, the amount of natural food was expressed
per kilogram of ichthyomass. The amount of natural
food per kilogram of ichthyomass was determined
from the quotient of the total biomass of natural
food (the biomass of zooplankton and bottom
fauna) and total ichthyomass.

Statistical analysis was performed with the aid of
the Sigma Stat program (Version 2) and STATISTICA
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6.0. Statistical correlations were used to study the re-
lationship between abiotic and biotic parameters.

RESULTS AND DISCUSSION

During the production season pH of water ranged
between 7.03 (April 27) and 8.34 (September 18)
and was optimal for carp rearing (Svobodova et al.,
1993). Electroconductivity was in the range from 392
(May 13) to 632 (September 5) uS/cm. The recorded
values of COD fluctuated from a minimum of 11.7
(June 20) to a maximum of 21.3 (August 1) mg/L
and were within acceptable ranges for fish culture
as reported by Alabaster and Lloyd (1980) and Boyd
(1982). Moderate values of COD are an indication
good water quality, in general lower organic load,
that has a positive effect on carp growth and better
yields (Chakrabarti and Jana, 1991). Water hard-
ness (total and carbonate) tended to increase from
the outset of the rearing season to the beginning of
September (total hardness from 7.2 to 13.6, carbon-
ate hardness from 5.2 to 9.76°dH). The concentra-
tion of nitrates in the water varied in the range of
from 1.5 (September 5) to 2.5 (June 20) mg/L, while
that of phosphates varied from 0.100 (May 13) to
0.289 (August 18) mg/L.

The total biomass of zooplankton had an trend
of increasing from the end of May to beginning
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of July (Fig. 1A) and in the second half of August,
while a decrease of biomass was recorded in the
second half of July, at the beginning of August,
and in September (Fig. 1A). However, zooplankton
biomass ranged from 167.72 g/kg in the second
half of September up to 1074.46 g/kg in the second
half of May that was on average 569.8 g/kg. Such
high zooplankton biomass, comprising up to 75%
of Cladocera reported by Duli¢ (2006), is a very
good source of protein for reared fish (Delbare and
Dhert, 1996; Kibria et al., 1997), specially in tradi-
tional semi-intensive production where usually no
supplementary proteins are given to fish (Markovic,
2003). The effect of good zooplankton production
was observed through the increase of fish weight
gain that followed up the increase of zooplankton
biomass during end of April, second half of June and
August with a 15 day lag (Fig.3).

The highest values of bottom fauna biomass
were recorded at the beginning of May (32.00 g/kg,
Fig. 1B), the lowest in the second half of September
(1.70 g/kg). According to these results, even though
there was two bottom fauna maxima recorded, the
production were very low throughout the whole
season and could not have had any significant
influence on the weight gain of fish in the lake(Zur,
1979). Production of natural food under 100 g/kg
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ichthyomass is concerned as very low in terms of
carp production (Markovi¢, 2003).

In the course of the conducted investigation,
correlation was observed between seven abiotic
environmental factors (pH, electroconductivity,
COD, total hardness, carbonate hardness, nitrate
levels, and orthophosphate content) and production
of zooplankton and bottom fauna (the natural food
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of carp) expressed through their biomass (Fig. 2), as
well as correlation between components of natural
food (zooplankton and bottom fauna) and the total
biomass of available natural food.

The correlation was negative for pH (p < 0.001,
r = -0.875), electroconductivity (p = 0.0294, r =
-0.673), COD (p = 0.0052, r = -0.782), total water
hardness (p = 0.0186, r = -0.709), and carbonate

Ortophosphate (mg/l)

Biomass of zooplankton (mg/l)

Fig. 2.
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water hardness (p = 0.0087, r = -0.758) (Fig. 1). The
highest total biomass of natural food per kilogram
of ichthyomass was observed in the case of soft and
medium-hard water with neutral pH characterized
by low electroconductivity and the lowest chemical
oxygen demand. The obtained negative correlation
was expected under conditions of the recorded pH
values (Livojevi¢ et al, 1967; Kolaska-Jasminska,
1987; Markovi¢ and Mitrovi¢-Tutundzié, 2003), val-
ues of electroconductivity and COD (Markovi¢ and
Mitrovi¢-Tutundzi¢, 2003). However, negative cor-
relation between water hardness and production of
natural food (zooplankton and bottom fauna) was
not expected since harder water has a positive direct
[facilitates osmoregulation and mineral absorption
in fish (Klontz, 1995, Parker, 2002)] and indi-
rect (growth of zooplankton) (Tessier and Horwitz;
Hessen et al., 2000) effect on fish growth.

A statistically significant positive correlation was
observed during the investigation (Fig. 2) between
biomass of natural food per kilogram of ichthyomass
and nitrates (p < 0.001, r = 0.841) and phosphates
concentration (p = 0.0427, r = 0.640). Positive cor-
relation was expected in view of the fact that nitrate
and phosphate values fluctuated within the limits
desirable in carp farming (1-4 mg/L for nitrates, 0.1-
0.5 mg/L for phosphates) (Markovi¢ and Mitrovi¢-
Tutundzi¢, 2003). These nutrients incorporate into
biomass (algae and zooplankton) and, through a
complex web of nutrient assimilation and recycling,
finally incorporate into fish (Mischke and Zimba

2004). Therefore, lower concentrations of phospho-
rus and nitrates than optimal for carp production
can cause low primary (Ravera, 1980; Boyd and
Musig, 1981) and secondary production (Hessen,
1992; De Mott et al., 1998).

As for the relationship between components of
natural food (zooplankton and bottom fauna) and
the total amount of natural food (Fig. 2), bottom
fauna biomass showed no statistically significant cor-
relation (p = 0.137, r = 0.491) whereas zooplankton
biomass was very significantly correlated (p<0.001, r
= 0.830) with the total amount of natural food. This
indicates that zooplankton was the dominant com-
ponent of natural food in the investigated fish pond,
while bottom fauna was poorly developed and did
not affect the total amount of natural food.

The daily weight gain of cultured carp was the
highest (2.3%) during the initial phase of carp farm-
ing, in April. Throughout the season GBW varied,
but generally, after negative growth at the end of
May (-0.2%) a gradual increase of weight gain was
recorded until the beginning of September (Fig. 3).
As availability of natural food is one of the major
factors that contribute to fish weight gain (Lam and
Shephard, 1988; Islam, 2002) specially in semi-inten-
sive fish production (Kormendi and Hancs, 2000) a
significant decrease in production during the second
half of May (Fig. 3), could have provoked a negative
weight gain of fish at the end of May.

Comparing changes in weight gain of cultured
carp and total biomass of natural food per kilogram
of ichthyomass throughout the investigation, a 15
day interval between the increase of zooplankton
and fish weight gain was indicated (Fig. 3). The time
lag that developed between the increase of zooplank-
ton and fish biomass was predictable owing to the
fact that fish gain weight after a consuming a vast
amount of proteins. This relationship, between avail-
able proteins (natural food) and fish weight gain was
justified by a positive very significant statistical cor-
relation (p=0.006, R=0.960). Since the major com-
ponent of natural food biomass was zooplankton
biomass indicated by positive correlation (p= 0.034,
r = 0.907), therefore the main effect on the increase
of fish weight had the amount of zooplankton.
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The present study has confirmed that produc-
ing higher yields at of fish at minimal cost in semi-
intensive systems depends on a good combination of
natural and applied food and is primarily based on
the very delicate balance between abiotic and biotic
parameters prevailing in the fish pond environment.
The availability of natural food as well as its compo-
sition in a fish pond, as the major protein source,
is of big importance specially since supplementary
food in semi-intensive system is usually of low qual-
ity and with carbohydrates constituting the highest
percentage.
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YTULA] ABMOTNYKUX V1 BUOTUYKNX YMHWIIAILA CPEJVIHE HA ITPMIPACT
TAJEHOT IITAPAHA Y ITAPAHCKOM PUBILAKY

3. MAPKOBI'R!, 30PKA NYJINR!, UBAHA JXMBWR? u BEPA MUTPOBUR-TYTYHIINR!

Tomwonpuspednu daxynmem, Ynusepsumem y Beozpady, 11080 Beorpag, Cpbuja
2Buonowku paxynmem, Yrnusepsumem y Beozpady, 11000 Beorpan, Cp6uja

VY Toky mpousBomne ce3one 2000. rommue, y
HEePHO/Y Off alpHJIa 10 cenTeMOpa, JBa MmyTa Meced-
HO, BpIICHA je aHaJIn3a CellaM XEMHJCKUX YMHHOLA
BOJICHE CPEMHE Y KOpeNalMji ca TUHAMHUKOM TPH-
pomHe xpaHe (300IUIaHKTOHA M (ayHe THA), Kao U
Kopenanyja u3Mel)y npupoHe XpaHe W JAMHAMHKE
pacra mapana y puOmadkoM 00jexTy Op. 4, mapas-
ckor pubmaka “/lyounia” w3z banarcke [lyOwure,
Cpowuja.

HctpaxkuBama cy nokasajia HeraTHBHY Kopelia-
nujy usmenjy: pH (p<0,001, k=-0,875), enexrpompo-
BojubuBOCTH (p=0,0294, k=-0,673), HPK (p=0,0052,
k=-0,782), yxynue tBpaohe Bome (p=0,0186, k=-
0,709), kapbonarue TBpaohy Bome (p=0,0087, k=-
0,758) n konuYMHE MPUPOTHE XpaHE (300ITIAHKTOHA
U (ayHe JAHa) UCKazaHe 10 KUIIOTpaMy HXTHOMACE.

CraTucTHYKU 3Ha4ajHa TO3UTHBHA KOpelalyja
KOHCTaroBaHa je u3Mel)y KoHIleHTpamuje HUTpa-
ta (p<0,001, k=0,841) u oprtodocdara y Bomam
(p=0,0427, k=0,640) 1 komUIMHE TPUPOTHE XpaHe
MO KHJIOTpamMy UXTHOMACE.

[Tocmarpajyhn omHOC KOMIOHEHTH HPUPOIHE

XpaHe: 300TUIaHKTOHA M (payHe JTHA TpeMa YKYITHO]
KOJIMYMHU TMPHUPOJHE XpaHe, OMomaca QayHe aHa
HE TIOKa3yje CTAaTUCTUYKY 3Ha4dajHy KOpelarujy
(p=0,137, k=0,491) ca ykymHomM OmoMacoM IpH-
pOAHE XpaHe MO KWJIOrpaMy HMXTHOMace, JOK OHO-
Maca 300IIJIaHKTOHA TTOKa3yje 3Ha4ajHy KOpenanujy
(p<0,001, k=0,830) ca yKynmHOM KOJIMYHUHOM IpH-
poaHe xpaHe (M3pa)KeHE MO KHJIorpaMy HXTHOMa-
ce), a mTO yKa3yje Ha YNI-EHUILY Ja j€ Y UCTIUTHBA-
HOM pHOHWaKy JOMUHAHTHA KOMIIOHEHTA TIPUPOJIHE
XpaHe 300ITaHKTOH.

JlHEeBHU TNPOLEHTYalHU NPHUPACT TajeHe puoe
0mo je HajBehm MOYETKOM ce30HE Tajera IIapaHa
Tj. y anpuny -2.3%. Ilocie HeraTMBHOT TpUpacTa
KpajeM Maja (-0.2%), 3a0eneskeH je MOCTENeHO MOoBe-
hame mpupacra cBe /10 TMoYeTKa cenreMopa.

Kommapammjom 6nomace mpuponHe xpane (u3pa-
JKEHE T10 KIJIOTPaMy UXTHOMAce) U MPOICHTYaTHOT
JTHEBHOT MPHUPACTa IapaHa, KOHCTATOBAHO j€ 1a TPH-
pacT 1apaHa Hajuenihe mpaTH KOJUIHHY IPUPOIHE
XpaHe, Tako MITO ce Oesexu nmosehame npupacra 15
JaHa HaKoH rmoBehama OroMace TakBe XpaHe.



