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Abstract. The experiment was carried out in the period 2004-2006 on seven fish ponds of the 
Institute for Fishery and Aquaculture in Plovdiv city, Bulgaria with a single area varying from 1.8 
to 3.9 daа. Powered fertilization with cattle manure on dose 3000 kg.ha-1 was applied. The aim of 
the experiment was to study the relations between the biotic factors (zooplankton, phytoplankton, 
zoobenthos, chlorophyll a, macrophytes, bacterioplankton, percent of energy utilization by primary 
productivity (PEU), their influence on the primary productivity and the effect of manuring on the 
fish ponds. The bigger part of the biotic factor variation was defined by the differences between the 
monthly samplings compared to the changes between the ponds within the period of investigation 
(2004/05/06). There was a difference between the first and last months concerning the biotic 
factors. This great seasonal variability decreases the opportunity for revealing the differences 
between the manured and the control ponds. The biotic factors as the PP (primary productivity), 
respiration and PEU in the manured ponds were higher compared to the control ponds during 
2005. More macrophytes and higher PP/respiration and PP/chlorophyll а ratios were detected in 
the control ponds. Increased biotic variable values of the PP, respiration and chlorophyll а were 
found in the manured ponds during 2006. The derived relationships might contribute for enhanced 
productivity of carp ponds and for improvement of existing management practices in the view of 
better water quality in fish farming. 
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Introduction 
Despite the fact that fishponds are not 

distinguished to support high species 
diversity, their organisms sustain the main 
trophic levels. The abiotic environmental 
factors and biotic components determine the 
behavior and vital activity of the living 
organisms in these ponds. The bio-
productivity in the fishponds is one of the 
main biotic characteristics of pond water 
being a natural source of food in the 
fishponds. There are a lot of intermediate 

stages, biological and biochemical processes 
between the bio-productivity and the final 
production of the fishpond – the fish 
(NORIEGA-CURTIS, 1979). The fishpond is a 
specific artificial aquatic ecosystem, where 
these interactions take place. Photosynthesis 
is the basic source for the increasing of 
oxygen concentration and saturation in the 
aquatic ecosystems. Its contribution is 
comparable to the atmospheric aeration. At 
„bottom-up“ manipulations (i.e. manuring) 
a positive correlation is observed between 
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nutrient concentrations on one side and 
phyto- and zooplankton on the other, which 
indicates that high nutrient concentrations 
caused high primary productivity and 
finally high fish yield (DELINCE, 1992).  

The aim of the study was investigation 
of the relations between the biotic factors, 
their influence on the primary productivity 
and the effect of manuring on fish ponds. In 
this context basic environmental factors and 
biotic components in manured and control 
ponds were studied. 

 
Materials and Methods 
The institute of Fishery and Aqua-

culture, Plovdiv is located in the western 
part of the Upper Thracian valley. The 
region is characterized by a transitional-
continental climate. The study was carried 
out in the Plovdiv basis during three 
consecutive years (2004, 2005 and 2006). The 
ponds are supplied with water from 
“Maritsa” River by means of “Eni-Ark” 
irrigation canal. Seven earthen ponds were 
involved in the experiment, which 
individual size varies between 1.8 and 3.9 
dаa (Table 1). According to ZHANG et al. 
(1987) the ponds of this size are among the 
most productive and easy for management. 
Their bottom is silty, but the periphery and 
the shallowest parts of some of them have a 
strip of 1-2 m width with increased content 
of sand.  

The pond size, their shallowness, 
prevailing vertical and horizontal homoge-
neity are part of the preconditions for 
choosing them for model object.  

About 3000 kg.ha-1 mineralized manure 
once in April each year was applied to 
ponds No 6, 12 and 17. The ponds No 8, 15, 

16 and 18 were used as control ponds 
without manuring. Additionally to the 
natural food grain forage was given to the 
fish according to a scheme related to their 
seasonal growth rate. The periodical 
examination did not reveal any fish diseases.  

The applied polycultural technology 
(NIKOLOVA et al., 2008a, b) included mixed 
breeding of 30 individuals of daa one-year 
old bighead carp (Т1), (Aristhichthys nobilis 
Richardson, 1845), 50 individuals of daa 
one-year old common carp (К1), (Cyprinus 
carpio Linnaeus, 1758) and 10 individuals of 
daa grass carp (one and two-year old) (А1/2), 
(Ctenopharyngodon idella Valenciennes, 1844).  

The samples were taken from a station 
localized 1-2 m away from the shore before 
the outlet device (savak) of each fishpond. 
The sampling was carried out fortnightly 
between 8:30 and 11:00 a.m. from May to 
September (2004, 2006) and from June to 
September (2005). The final sampling was 
carried out in the last decade of September. 
Due to the large number of investigated 
characteristics some of the samples were 
taken with one to three days difference. All 
the samples were taken from the surface 
layer (0.3-0.5 m depth) according to the 
Bulgarian and European standards (e.g. EU 
Water Framework Directive 2000/60/EC).  

We studied the following biotic 
factors: PP, zooplankton, phytoplankton, 
zoobenthos, chlorophyll a, macrophytes, 
bacterioplankton, PEU (Table 2). The total 
solar radiation in MJ m-2 was recorded by 
pyranometer type М 80 М manufactured in 
the former Soviet Union. The PP (g.O2.m-2.24 
h-1) was determined by a light/dark bottle 
technique in its oxygen modification 
(VOLLENWЕIDER et al., 1969). 

 
 
Table 1. Schedule of the ponds included in the experiments 2004, 2005 and 2006 year 

(pond number and area in daa is shown in the brackets). 
 

 
Year 

Variants of breeding 
Manured ponds Control ponds 

2004 6 (3.8) 17 (2.6) 8 (3.8) 16 (2.7) 
15 (3.1) 18 (1.8) 

2005 12 (3.9) 17 (2.6) 8 (3.8) 16 (2.7) 
2006 12 (3.9) 17 (2.6) 8 (3.8) 16 (2.7) 
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Table 2. The methods applied for studying biotic variables in the current study. 
  

 
Zooplankton 
 

The zooplankton numbers were calculated by the method of DIMOV 
(1959). The biomass quantity was obtained by the volume-weight 
method of PRIKRYL (1980). 

Phytoplankton The phytoplankton was qualitatively determined, quantitatively counted 
and biovolume calculated afterwards (LAUGASTE, 1974). 

Zoobenthos The zoobenthos was first dried on filter paper and then weighted in 
order to obtain the biomass. 

Chlorophyll a The chlorophyll a was extracted and measured after ISO 10260 (1992).  
Macrophytes The macrophyte cover was visually estimated as percentage of total 

aquatic area.  
 
Bacterioplankton 

The bacterioplankton was microscopically determined by direct 
counting after RAZOUMOV (1932) in its contemporary modification of 
NAUMOVA (1999), and biomass after STRASKRABOVA et al. (1999). 

 
PEU,% 

The Percent of solar Energy Utilized by phytoplankton gross primary 
production was calculated as ratio of released oxygen converted into 
joules after ABAKOUMOV (1983) to measured solar energy multiplied by 
100. 

 
Firstly, the pond water was taken and 

homogenized in a 10 l plastic bucket and 
then the bottles were filled with water. 
Three pairs of light dark and initial bottles 
were used for each sample. The 
determination of the exposure period of the 
bottles was calculated as the light part of the 
day was separated in 5 equal time intervals. 
The bottles were exposed in 0.1, 0.3 and 0.5 
m depth layers for a period including the 
second and third part of the above 
mentioned five time intervals. Within this 
period about 55-60% of total daily 
production was synthesized according to 
VOLLENWЕIDER et al. (1969). The exposure 
depths depended on the measured Secchi 
transparency (S) and they usually were in 
the range 0.25.S - 3.S approximately. 

Due to the high productivity of 
fishponds we frequently had to shorten the 
exposure time. In fact, the exposure time 
took one hour in most of the cases. In order 
to avoid the problem with oversaturation of 
water sample with oxygen and bubbles 
appearance in the bottles an original 
author’s methodology was developed. The 
water sample was transferred to an empty 
plastic bottle double bigger volume than the 
sample. The bottle was pressed by hand 
until the liquid reached the bottleneck. Then 
the bottle was tightly closed and vigorously 

shaken. The elastic bottle walls tried to 
return to its normal position by creating 
reduced pressure insight the bottle. This 
drove the excessive dissolved oxygen to 
convert into a gaseous phase. Finally, the 
oxygen concentration in the water was 
lower than the saturation value under the 
instant atmospheric pressure and there were 
no bubbles released in the bottles during the 
exposure. The obtained productivity values 
were calculated for 1 m2. 

The diverse characteristics of fishponds 
presented by a great number of 
measurements allowed applying statistical 
methods. The application of statistical 
package Canoco for Windows 4.55 (TER 
BRAAK & SMILAUER, 2002) provides the 
opportunity to generalize the relative power 
and interactions of the whole multitude of 
factors in the presented study by means of 
principal component analysis.  

 
Results and Discussion 
Principal Component Analysis (РСА) – 

biotic factors (2004) 
Spatial changes between the ponds. There 

was no separation between the manured 
and the control (without manure added) 
ponds concerning the biotic factors within 
2004 (Fig. 1). The control ponds were more 
than the manured ponds and this probably 
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increased the heterogeneity. Thus, accord-
ing to the analysis performed there was no 
clear difference due to the applied manur-
ing presented by all measured biotic factors.  

The first main axis explains 23.1% of the 
variability in the biotic factors. This is the 
biggest part from the general spatial 
variation of the analyzed biotic variables. 
The changes in the zooplankton number 
and the zooplankton biomass together with 
the changes in the benthos biomass were the 
main contributors for the first main axis 
formation. The first and the second axes 

explain cumulatively 44.7% (Table 3) from 
the total spatial variation. Concerning the 
second axis, the gross primary productivity 
(GPP), percentage of the solar energy 
utilization (PEU), respiration and the GPP/ 
respiration ratio were the main factors 
explaining the bigger part of the variation. 
The explained cumulative spatial variation 
significantly increases with the adding of the 
third axis (60.0%) and the fourth axis 
(73.5%). The last two axes add considerably 
lower percentage of the explained variability 
compared to the first two axes. 
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Fig. 1. PCA of the spatial changes between ponds No 6, 17 (manured) and No 8, 15, 16, 18 
(control) of the biotic factors (2004). 

 
 

Table 3. Variation distribution among the main axes for the spatial changes between the 
ponds of the biotic factors (2004). 

 
Factor Main axes, No Total 

variation 1 2 3 4 
Eigenvalues 0.167 0.156 0.111 0.097  

1.000 
Cumulative variability, % 23.1 44.7 60.0 73.5 

Total Eigenvalues     0.723 

4 
 



  Doychin I. Terziyski, Roumen K. Kalchev, Hristina V. Kalcheva, Vesselin P. Alexandrov 

-1.5 2.5

-1
.0

1.5

Macroph

BMbentos

Pgr

PEU
R

Pgr/ChlPgr/R

BMphyto

Nzoopl

BMzoopl
Chla

BMrot

BMcop

BMclad

Nrot

Ncop

Nclad

  SPECIES

  SAMPLES

May June July Aug Sept

 
Fig. 2. PCA of the temporal changes (monthly) of the biotic factors (2004). 

 
Temporal changes between the monthly 

sampling. According to the monthly sampling 
May and June differed from the rest of the 
months included in the vegetation season. 
The Cladocera’s number and Cladocera’s 
biomass were higher in this period. 
Cladocera composed the main part of the 
total zooplankton biomass, thus the 
mentioned trend is valid for the biomass of 
all zooplankton groups (Fig. 2). There was a 
similar trend for the zoobenthos biomass as 
well. Usually during the mentioned months 
the zooplankton and the zoobenthos had a 
biomass peak. This peak rarely could be 
influenced by the presence of the 
ichthyofauna species in the ponds, because 
the fish in the beginning of the vegetation 
period are too small in size and have less 
nutrition needs (TAKAMURA et al., 1995; 
CAREY & WAHL, 2011). The chlorophyll а 
concentration and the phytoplankton 
biomass have increased during both August 
and September. Production factors as PP, 
respiration, Percent of solar Energy Utilized 
(РЕU), assimilation number (AN), 
zooplankton number, rotatorian’s number 
and biomass did not contribute for 
separation between months. The first main 

axis clearly separate the variation between 
the months of sampling – 29.2%, (Table 4). 
The bigger part of the variation is explained 
by the differences between the months of 
sampling (0.859) compared to the changes of 
the investigated factors between the different 
ponds (0.723), (Tables 3 and 4). The climatic 
variables explain 58-70% of the variation 
according to KIPKEMBOI et al. (2010). 

Spatial changes between the ponds. During 
2005 (Fig. 3) the manured ponds showed an 
increased level of PP, respiration, PEU%, and 
chlorophyll а. Similarly to our results, 
KIPKEMBOI et al. (2010) also reported a high 
chlorophyll а level in manured ponds. There 
was a trend to higher rotifer numbers and 
total zooplankton number in this type of 
ponds. The control ponds had higher 
PP/respiration and PP/chlorophyll а ratios. 
Macrophyte covering also increased. The 
biggest part of variation is explained by the 
first main axis – 34.8%. The next axes 
explained about 10% each (Table 5). 

 
Principal Component Analysis (РСА) – 

biotic factors (2005) 
Temporal changes between the sampling months. 

Concerning the first main axis (the abscissa) there 
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was separation between samplings of two 
vegetation periods: June-July and August-
September (Fig. 4). The first two months had a 
higher zoobenthos and zooplankton (all groups) 
biomass and a higher chlorophyll а values. 
During August the PP/respiration and 
PP/chlorophyll а ratios increased and there was 

an increase (a little bit lower) of the 
bacterioplankton biomass and PEU of the 
phytoplankton (see also JANA, 1979). The 
variation between the months of sampling 
(temporal component, 0.892) is considerably 
higher compared to the variation between the 
ponds (spatial component, 0.429) (Table 5 and 6). 

 
Table 4. Main axes distribution of the temporal changes (monthly) of the biotic factors 

(2004). 
 

Factor Main axes, No Total 
variation 1 2 3 4 

Eigenvalues 0.251 0.178 0.135 0.092  
1.000 

Cumulative variability, % 29.2 50.0 65.6 76.3 

Total Eigenvalues 29.2 50.0 65.6 76.3 0.859 
 

 

-1.0 1.0

-0.
8

1.0

Macroph

BMbentos

Pgr

PEU
R

Pgr/Chl

Pgr/R

BMphyto

Nzoopl

BMzoopl

Chla

BMrot

BMcop
BMclad

Nrot

Ncop
Nclad

Nbac

BMbac

  SPECIES

  SAMPLES

Bas12 Bas17 Bas8 Bas16

 
Fig. 3. PCA of the spatial changes between ponds No 12, 17 (manured) and No 8, 16 

(control) of biotic factors (2005). 
 

Table 5. Variation distribution among the main axes for the spatial changes of the biotic 
factors (between the ponds 2005). 
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Factor Main axes, No Total 

variation 1 2 3 4 
Eigenvalues 0.149 0.057 0.049 0.039  

1.000 
Cumulative variability, % 34.8 48.2 59.6 68.7 

Total Eigenvalues     0.429 
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Fig. 4. PCA of the temporal changes (monthly) of the biotic factors (2005). 
 
Table 6. Variation distribution among the main axes for the temporal changes of the 

biotic factors (2005). 
 

Factor Main axes, No Total 
variation 1 2 3 4 

Eigenvalues 0.339 0.186 0.090 0.090  
1.000 

Cumulative variability, % 38.0 58.9 69.0 77.2 

Total Eigenvalues     0.892 
 

Principal Component Analysis (РСА) – 
biotic factors (2006). Higher values of the 
GPP, respiration and chlorophyll a were 
detected during the most of the samplings 
from both of manured ponds (especially the 
pond No 12) (Fig.5). The positive relation of 
the manuring with the GPP and chlorophyll 

а was reported also by other authors 
(HEPHER, 1962; NORIEGA-CURTIS, 1979; 
KAGGWA et al., 2009). Using different 
schemes of fertilizing by organic and 
inorganic fertilizers DIANA et al. (1991) came 
to the following conclusions: the high doses 
of fertilizing lead to similar levels of PP and 
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chlorophyll a in all ponds. The fish growth 
and the yield are significantly higher in the 
ponds fertilized with organic fertilizers 
compared to the ponds with inorganic 
fertilizers used. The control ponds differ 
with an increased level of macrophyte 
growth, PP/respiration and PP/chlorophyll 
a ratios. In fact, the separation 
manured/control ponds by the biotic factors 
was not highly expressed. The bigger part of 
the dispersion is explained by the first main 
axis – 36.1%, the other axes explain about 10 
– 16.4%, (Table 7). 

Temporal changes between the sampling 
months. There was an apparent difference 
between May as a sampling month and the 
rest of the sampling months within year 
2006 (Fig. 6). The benthos biomass, PEU%, 

zooplankton components and the 
bacterioplankton biomass increased during 
May, while in June PP/respiration and 
PP/chlorophyll a ratios and particularly PP 
were higher (similar to JANA, 1979). There 
was an increased level of the respiration and 
the macrophyte covering. The first main axis 
explains 47.8% of the biotic factor changes 
month by month. The other axes explain 
about 8 – 10%, (Table 8). 

The bigger variation part (Tables 7 and 
8) is explained by the differences between 
the months of sampling (0.889) compared to 
the changes of the investigated factors 
between the ponds (0.594). 

Regularly the fish were checked for 
health problems during the experiments. No 
diseases were found.  
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Fig. 5. PCA of the spatial changes between ponds, No 8, 12 (manured) and No 16, 17 
(control) of the biotic factors (2006). 
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Table 7. Variation distribution among the main axes for the spatial changes (between 
the ponds) of biotic factors (2006). 

 

Factor Main axes, No Total 
variation 1 2 3 4 

Eigenvalues 0.214 0.097 0.081 0.058  
1.000 

Cumulative variability, % 36.1 52.5 66.2 75.9 

Total Eigenvalues     0.594 
 

-1 4

-2
4

Macroph

BMbentos

Pgr

R/24

Pgr/Chl
Pgr/R24

Nphyto Nzoopl
BMzoopl

Chla

BMrot
BMcop

BMclad
Nrot

Ncop
Nclad

Nbac BMbac
PEU

  SPECIES

  SAMPLES

May June July Aug Sept

 

Fig. 6. PCA of the temporal changes (monthly) of the biotic factors (2006). 
 

Table 8. Variation distribution among the main axes for the temporal changes of the 
biotic factors (2006). 

 

Factor Main axes, No Total 
variation 1 2 3 4 

Eigenvalues 0.425 0.097 0.071 0.068  
1.000 

Cumulative variability, % 47.8 58.8 66.7 74.4 

Total Eigenvalues     0.889 
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Conclusions 
1. Differences between the manured 

and the control ponds concerning the biotic 
factors observed were not found during 
2004. Probably the reason, leading to 
increased dispersion, is the different 
number of the manured (2) and the control 
(4) ponds included in the experiment. 

2. The bigger part of the biotic factor 
variation was defined by the differences 
between the monthly sampling compared to 
the changes between the ponds within the 
period of investigation (2004/05/06). There 
was a difference between the first and last 
months concerning the biotic factors. This 
great seasonal variability decreases the 
opportunity for revealing of the differences 
between the manured and the control 
ponds. 

3. The biotic factors as the PP, 
respiration and PEU in the manured ponds 
showed higher values compared to the 
control ponds during 2005. More 
macrophytes and higher PP/respiration and 
PP/chlorophyll а ratios were detected in the 
control ponds.  

4. An increased level of the biotic 
factors as the PP, respiration and 
chlorophyll а was found in the manured 
ponds during 2006. More macrophytes and 
higher PP/respiration and PP/chlorophyll а 
ratios were detected in the control ponds.  
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