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Abstract

TERZIYSKI, D., R. KALCHEV, L. HADJINIKOLOVA, K. DOCHIN and A. IVANOVA, 2010. Variability
of chemical characteristics and their relations to environmental and biological variables in two variants of ponds
stocking with fish larvae. Bulg. J. Agric. Sci., 16: 341-349

The top-down effect of common carp (Cyprinus carpio L.) and bighead carp (Aristichthys nobilis Rich.)
larvae with densities applied in two different proportions on several chemical variables (pH, NO3-N, NH4-N,
PO4-P, oxidability by KMnO4, dissolved oxygen) in fish ponds was tested. The first two ponds were stocked with
common carp and bighead carp larvae in abundance proportion 3:1 (variant 1), while further two ponds were
stocked in 1:3 ratio of the same fish species (variant 2). The experiment lasted 4 months (May to September) and
was repeated in two consecutive years (2007, 2008). The first year experiment was carried out on ponds from
two different localities (with two different water sources: surface and underground) equally presented in each
stocking variant, while second year experiment took place in one and the same locality but variant No2 was
carried out on three instead on two ponds.

The first year experiment showed a single statistically significant difference between two stocking variants
for oxidability, while the second year experiment revealed significant differences for both multiple comparison of
recorded chemical variables and for two single comparisons (pH and dissolved oxygen) in favor of variant No2.
However, the underground water proved to be richer in NO3-N, showed higher N P-1 ratio and pH after entering
the ponds. In the first year multiple seasonal variations of chemical variables were related to physical while in the
second year to biological variables.
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Introduction

Polyculture, compared to monoculture is widely
acknowledged superior method for fish rearing, due
to the more effective utilization of nutrient resources
by the fish growth.

The next step towards the optimization of the same
approach is the selection of appropriate proportions
between abundances of reared feeding types of fishes.
The principles of this approach called “biomani-
pulation” are also applied in natural aquatic ecosys-
tems, however, with the purpose to decrease the eco-
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system trophic status and to improve the water qual-
ity Benndorf et al. (1988), Biro (1995).

While in eutrophic waters the manipulating of abun-
dances of piscivorous and plankivorous fishes is sup-
posed to have a limited influence on lower food chain
elements like phytoplankton the prospects for ponds
are much better despite their similarly high trophy. This
is possible because fish ponds are considerably easier
to manipulate and to sustain desired proportions of
fish abundances and also to manage processes into
proper direction of maximal resource utilization.
Therefore the question to answer is how far the effect
of abundance manipulations can cascade down along
the food chain and which of the levels might limit the
effective resource utilization.

Materials and Methods

The effects on chemical variables of two breeding
variants of larvae of common carp (CC) and bighead
carp (BC) in two different proportions were recorded.
The experiment includes earthen fish ponds stocked
with CC and BC larvae by numeric ratio 3:1 (Variant
1) and further two fish ponds with ratio 1:3 in favor of
BC (Variant 2). To each of the two stocking variants
we added one and the same number of grass carps
larvae and 1+ or 2+ aged common carps. As a rule

each stocking variant was repeated every year by two
ponds, however, in 2008 the variant 2 was excep-
tionally experimented in 3 ponds. The Table 1 sum-
marizes the number of individuals from each fish spe-
cies, ponds and sites applied in the experiment.

Several chemical and biological variables were
monitored during the investigated period: total solar
radiation (by pyranometer in MJ m-2), water tempera-
ture (°C), water column transparency (cm, by Secchi
disk), pH (measured electrochemically), hydraulic
retention time (or flushing rate, RT, liter.min-1.0.1
ha-1), oxidability by KMnO4 (mg O.l-1, Bulgarian state
standard (BSS)), dissolved oxygen (mg.l-1, measured
electrochemically by oxygen-meter type WTW Oxi
315i/SET), oxygen saturation (%), gross primary pro-
duction (GPP, gO.m-2 .24h-1, by the light and dark
bottle technique in its oxygen modification after
Vollenweider, 1969), plankton chlorophyll a and
phaeopigments (mg.l-1, ethanol extraction according
to ISO 10260), percentage of pond area covered by
macrophytes (visual estimation), ammonium and ni-
trate  nitrogen(N, mg.l-1,colorimetrically with Nester’s
reactive, BSS 3587-79, respectively BSS 3758-85)
and phosphate phosphorus (P, mg.l-1, colorimetrically
with molybdenum reactive, BSS 7210-838). The num-
bers and biomasses of the three main components of
the pelagic food chain (bacterio, phyto and zooplank-

sites Plovdiv Trivoditsi Plovdiv Trivoditsi
Pond No and area in brackets, ha 8 (0.38) 6 (0.25) 9 (0.46) 10 (0.20)
sites
Pond No and area in brackets, ha

Table 1
Stocking variants with larvae of common carp (CC0), bighead carp (BC0), grass carp (GC0) 
and 1 or 2 year old common carp (CC1+/CC2+ with 250g average body weight) reared in 
years 2007 and 2008 in fish ponds at two sites (Plovdiv and Trivoditsi)

20
07

20
08 Trivoditsi Trivoditsi

6 (0.25), 8 (0.20) 3 (0.20), 9 (0.20), 10 (0.20)

CC1+/CC2+ 500 500
Years, Sites, Pond numbers Variant No1 Variant No2

BC0 20000 60000
GC0 20000 20000

CC0 60000 20000

Fish species groups Variants of fish stocking
Variant 1, Ind ha-1 Variant 2, Ind ha-1
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ton) were also quantitatively investigated. The sam-
pling, determining and counting procedures of
bacterio, phyto and zooplankton were described by
Kalcheva et al. (2008) and Terziyski et al. (2007)(Fig-
ure 1).

The multivariate redundancy analysis (RDA) in its
partial variant separating temporal and spatial varia-
tions (RDAtime and RDAponds taking into account the
temporal and spatial structure of the data), by means
of statistical software Canoco for Windows 4.5 (ter
Braak and Smilauer, 2002), was applied. Some of
the chemical variables which might depend on food
web manipulations like nutrients, pH, oxygen concen-
tration and saturation were included in RDA as de-
pendent (response) variables, while other environmen-
tal factors, biological variables, stocking variants, pond
sites and years were treated as independent (explana-
tory) variables.

We also applied Mann and Whitney nonparamet-
ric test for testing the differences of chemical vari-
ables between stocking variants, pond sites and years
of experiment. The resulted unbalanced design of the
experiment (inclusion of three instead of two ponds
for stocking variant 2 in year 2008) and some devia-
tions in dates of sampling made the application of vari-

ance analyses for pooled data impossible.

Results and Discussion

Obviously when considering the pooled data from
both years neither the years nor the stocking variants
show significant differences for the three nutrient com-
ponents presented on Figure 2. Despite the PO4-P
concentrations of the first year look higher than in the
second year the Mann and Whitney test and the t-test
after logarithmic data transformation did not show sig-
nificant differences. The pH was the only chemical
variables affected statistically significantly by the vari-
ants of stocking. The higher pH values of variant 2
than of variant 1 seem to be result of proved statisti-
cally higher plankton primary production of the same
stocking variant reported by Terziyski et al. (2010),
this volume. It also conforms to the Figure 4 available
later in this article, which presents the significant ef-
fect of stocking variants on the spatial (between ponds)
multiple variations of chemical variables to which the
pH variable also belongs.

However, when we analyze data of each year sepa-
rately, the inclusion of fish ponds from two different
localities (Plovdiv and Trivoditsi) affects significantly

Fig. 1. Means with standard deviations of PO4-P, NO3-N and NH4-N concentrations in ponds of the
two fish stocking variants (V1 and V2) and in the two years of experiment (2007 and 2008)
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several chemical variables in experiment of year 2007.
The reason is the difference between sources of wa-
ter supply available at two localities. In Trivoditsi vil-
lage the fish ponds were fed by pumped underground
water, while ponds in proximity of Plovdiv town got
water from the Maritsa River. The underground wa-
ter is richer in nitrates providing thus higher N P-1 ra-
tio and herewith probably better conditions for pho-
tosynthesis reflected by higher pH and dissolved oxy-
gen values than those of ponds supplied by surface
water in Plovdiv town. These site differences cause
additional variability which complicates the discovery
or distorts the effect of influences tested in the experi-
ment. As a result different variables showed statisti-
cally significant differences between the two fish stock-
ing variants in years 2007 and 2008 (Table 2). In 2007
NH4-N and oxidability appeared to be higher in ponds
of variant No2 that those of variant 1, while in 2008
ponds of variant 2 delivered higher pH and disssolved
Î2 values than those of variant 1. When we tested the
pooled data from both years the only significant dif-

ference between stocking variants which remained was
that for the pH values (Figure 2). The high pH values
of variant 2 might be considered reliable because they
coincided with high plankton primary production and
resulting high percentage of energy utilization values
for ponds of the same variant in the pooled data set
(Terziyski et al., 2009). The other differences evalu-
ated for data of single years (Table 2) seemed to be
weak and disappeared in the set of pooled data. Bear-
ing in mind the discovered differences for data sets of
single years we decided to perform the RDA analy-
ses also separately with data from each year.

The application of RDA for analyzing multivariate
spatial variations of the chemical variables as response
variables and biological and other environmental vari-
ables as explanatory variables (Figure 3) did not man-
age to select a single variable which was able to ex-
plain a significant deal of these variations. Most prob-
ably the two different sources of variation (sites and
stocking variants) involved in the experiment of the
year 2007 compensated each other and did not al-

Fig. 2. Means with standard deviations of pH and water column transparency (Secchi depth) in
ponds of the two fish stocking variants (V1 and V2) and in the two years of experiment (2007 and

2008). The pH of V2 is significantly higher than of V1 (P < 0.033), while water transparency between
variants does not prove significant (P < 0.088). The annual differences are far beyond the signifi-

cance threshold
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lowed emerging of clear spatial pattern and separa-
tion between pond samplings. The presented variants
on Figure 3 as explanatory variables have an infor-
mative character only, because their effect on multiple
variation is insignificant (P=0.0580).

On contrary, the RDA analysis of spatial variations
of data of the second year experiment carried out with
fish ponds of Trivoditsi village only determined water
transparency as first and variants of fish stocking as
second statistically significant variables (Figure 4). The
second axis separates the samples of the two stock-
ing variants. The variant 2 samples were distinguished
by higher pH, dissolved oxygen concentration and
saturation than the variant 1. The water column trans-
parency is a variable with ambivalent character, i.e.
as pure environmental factor like the temperature or
as a result of activity of biological factors. In this study
we concentrated efforts on analyzing chemical char-
acteristics as dependent variables and assumed trans-
parency as independent one. It correlates strongly
negatively with oxidability and positively with NO3-
N. Obviously fish ponds of variant 2 are distinguished
by higher plankton productivity indicated by high pH
and oxygen saturation and confirmed by the high pri-
mary production values presented by Terziyski et al.
(2010) this volume.

According to obtained sum of all eigenvalues the
seasonal variability of experiment’s chemical charac-
teristics is larger than the spatial one (compare Figure
3 and Figure 5). A significant part of seasonal (month)
variations in chemical variables of 2007 experiment
are explained by two variables: total solar radiation
and water column transparency. The solar radiation
correlates strongly negatively with oxygen concentra-
tion and saturation, which is result of coincidence of
high solar radiation and low plankton primary pro-
duction at the experiment beginning and following
opposite development towards the experiment end.
Because the two oxygen related variables mainly are
result of plankton primary production the observed
negative connection has not a causal character. A simi-
lar conclusion might be drawn for the positive rela-
tions between solar radiation on one hand and PO4-P
and oxidability on the other. There is a relatively good
separation between samples of the four months along
the first main axis, indicating that June samples are
rich in PO4-P, while September samples are distin-
guished by high oxygen concentrations. The majority
of August and July samples take an intermediate po-
sition. The positive relationship of transparency and
NO3-N also has not a causal character and indicates
the coincidence of high nitrate concentrations with
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pH Trivoditsi > Plovdiv P ≤ 0.011
NO3-N Trivoditsi > Plovdiv P ≤ 0.004
N/P Trivoditsi > Plovdiv P ≤ 0.013
Disssolved Î2 Trivoditsi > Plovdiv P ≤ 0.005
NH4-N V1 < V2 P ≤ 0.14
Oxidability V1 < V2 P ≤ 0.029
pH V1 < V2 P  ≤ 0.011

Table 2
The results of application of Mann and Whitney test for single year data sets, presenting 
variables showing statistically significant differences between localities and variants 
of the fish stocking experiment; all other not listed in the table but recorded variables 
did not deliver significant differences neither between variants nor between localities

Years Variables
Comparison of ponds from 
two sites or fish stocking 

variants
Level of significance

P  ≤ 0.038

20
07

20
08

Dissolved Î2 V1 < V2
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Fig. 3. A tri-plot diagram showing the results of partial RDA analyzing spatial variations (between
fish ponds) of data set of year 2007. The first axis delivers EV=0.034 with level of significance

P=0.0580; the sum of all eigenvalues is 0.285
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Fig. 4. A tri-plot diagram of results of partial RDA for spatial variations (between fish ponds) of data
set of year 2008. The first axis delivers EV=0.233, with level of significance P=0.0020; the second

axis EV=0.062, and the trace of all canonical axes = 0.296 with P=0.0020; the sum of all  eigenval-
ues is 0.759

waters of high transparency i.e. the nitrogen is still
unutilized by algal or bacterial development which in
its turn obligatory will lead to decreased transparency.
Similar relation between transparency and NO3-N is
shown on the diagram presenting spatial variations in

2008 experiment, carried out on ponds of Trivoditsi
village, where the nitrate plays an important role for
increase of pond productivity as already mentioned.

A significant part of multiple seasonal variations of
all recorded chemical variables in year 2008 is ex-
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Fig. 5. A tri-plot diagram showing the results of partial RDA analyzing temporal variations
(between months) of data set of year 2007 The first axis delivers EV= 0.102, with level of
significance P=0.0180; all canonical axes EV=0.163, the sum of all eigenvalues is 0.795

Fig. 6. A tri-plot diagram showing the results of partial RDA analyzing temporal variations
(between months) of data set of year 2008; The first axis delivers EV=0.118, with level of

significance P=0.0020, second axis EV=0.043; all canonical axes trace = 0.161 with level of
significance  P=0.0020; sum of all EV is 0.575

plained by two biological variables. In this case simi-
larly like the application of RDA for revealing factors
explaining multiple spatial variations of experiment in
year 2008 the top-down influence is more clearly ex-
pressed, because all the ponds involved are from
Trivoditsi village i.e. all are supplied with underground

water. The zooplankton biomass is negatively corre-
lated with NO3-N, pH and oxidability, while plank-
ton respiration is positively correlated with dissolved
oxygen concentration and saturation of water with
oxygen. The last relation most probably is result of
positive correlation between plankton primary pro-
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duction and plankton respiration and the real reason
for high oxygen concentrations is the primary produc-
tion, not the respiration. Most probably the zooplank-
ton exercises a top-down influence on phytoplankton
productivity and some variables related to it like pH
and oxidability, but unexpectedly the oxygen concen-
tration is not among these variables. High respiration
and high oxygen concentration are observed more
often in June and August, while July and September
samples have low oxygen concentration and satura-
tion. The size of seasonal variability of experiment’s
chemical characteristics is similar to the spatial one
(compare the sums of all EV from Figure 4 and Fig-
ure 6).

Obviously the proper experiment design and imple-
mentation of fish abundance manipulation like in year
2008 are able to reach and affect the lowest elements
of the food chain in fish ponds – the nutrients. There is
an alleged contradiction to the recent theory of
biomanipulations where the opinion is expressed that
in eutrophic in opposite to meso and oligotrophic
aquatic ecosystems the top-down influences caused
by changes in fish abundances are weak and hardly
could affect the low levels (phytoplankton and its nu-
trients) (McQueen et al., 1986; Benndorf et al., 1988;
Reynolds et al., 1995). Obviously the pronounced
effect of fish stocking on the level of inorganic com-
pounds of nutrients in ponds is due to the fact that fish
ponds distinctly from natural waters might be subjected
to arbitrary strong manipulations of fish abundances
(Biro, 1995). The question to answer for the purposes
of fish rearing is what combination of fish species and
what ratio between them will lead to the most efficient
utilization of nutrient resources. As shown by Figure 4
the variant 1 of fish stocking distinguished by lower
nutrients and productivity than variant 2 (due to their
depletion) might be the more effective one. This sug-
gestion is supported by the conclusions drawn in a
previous paper, dealing with the fish yield results of
the same experiments (Terziyski et al., 2009). The
variant 1 showed better survival rate of bighead carp
and better yield of common carp larvae than of vari-
ant 2.

Conclusions

The two years of the experiment with the same
ratio of abundances of fish larvae showed different
effect of fish stocking on pond chemical variables. It
was caused by differences in chemical composition
of applied water supply for pond feeding (under-
ground and surface waters). The experiment of the
year 2007 showed much weaker effect of fish abun-
dance ratio on chemical variables than that of the year
2008 when all experimental ponds were fed by un-
derground water only.

The supposed lower productivity and accompa-
nying probable nutrient depletion in variant 1 com-
pared to variant 2 of fish stocking coincided with the
better fish yield obtained in ponds of variant 1, which
suggested more efficient resources utilization for this
variant of rearing.
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