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Abstract

KALCHEVA, H., D. TERZIYSKI, R. KALCHEV, K. DOCHIN and A. IVANOVA, 2010. Control of zoop-
lankton and nutrients on bacterioplankton in fish ponds with carp larvae. Bulg. J. Agric. Sci., 16: 284-297

Bacterioplankton dynamics was investigated in fish ponds with carp polyculture in two-year experiment (2007-
2008, summer months). A total of seven ponds, separated in two variants of fish stocking densities with larvae of
Cyprinus carpio and Aristichthys nobilis, in ratio 3:1 (Var1) and 1:3 (Var2) were studied. The total number and
biomasses of bacteria ranged widely (mean cell volumes from 0.0301 to 0.1026 μm3), being twice higher in 2008
than in 2007. Most of bacteria were free-living, while those attached to detritus varied from 2 to 37%. The
influence of abiotic factors, phytoplankton and zooplankton on the dynamics of bacterioplankton was revealed by
different statistical analyses.

Many abiotic factors (more strongly transparency and pH) influenced bacteria negatively. The greatest nega-
tive impact on number (Spearman rank correlation RS=–0.64), morphology and size groups of bacteria in spatial
and temporal aspect (redundancy analysis, RDA) was caused by NO3-N, while PO4-P influence was positive
(RS=0.35, in 2008 only). Phytoplankton and bacterioplankton (mostly presented by their cell volumes) were posi-
tively related.

Negative correlations (RDA) were found in 2007 between free bacteria and rotifers and between cells larger
than 0.9 μm and zooplankton biomass, while in 2008 cladocerans directly reduced 2 μm-large cells and indirectly
stimulated smaller and largest cells. High numbers of bacteria with various sizes, found in presence of copepods
mainly in 2008 in Var1, showed their indirect positive relationships. In 2008 the two stocking variants showed
significant differences (ANOVA) in morphological and size groups. Trophic cascades by carp larvae on lower
levels (zooplankton and probably protozoa) resulted in high abundances of small cells (mainly cocci) in Var1, but
of larger free cells and of attached to detritus bacteria and detritus particles in Var2. Our results support the
findings that zooplankton grazing pressure (top-down control) negatively affects number and cell sizes, while
nutrients and phytoplankton (bottom-up control) and some abiotic factors determine morphology and biomass of
bacterioplankton.

Key words: bacterioplankton, sizes, trophic cascade, bottom-up, top-down, correlations
Abbreviations: MCV – mean cell volume; RDA - Redundancy analysis; RS - Spearman rank order correlation;
Var1 - variant 1:  ratio of densities (pieces) “common carp: bighead carp” = 3:1; Var2 - variant 2:  ratio of
densities (pcs.) “common carp: bighead carp” = 1:3
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Introduction

Resource-based bottom-up and consumer-driven
top-down effects are the main control factors regu-
lating bacterioplankton distribution in aquatic ecosys-
tems (Jurgens and Matz, 2002). Autochthonous DOC,
mainly produced and extracellularly released during
photosynthesis by phytoplankton, often forms a basis
for bacterial growth in the pelagial of lakes (Boulion,
2002). Until recently, the availability of labile organic
C is considered to exclusively limit bacterioplankton
in aquatic ecosystems.

Recent studies indicate that mineral nutrients, rather
than organic C, often limit bacterial growth, abundance
and biomass (Matz and Jurgens, 2003). Allochthonous
DOC, although provides an additional and evidently
dominating C source for bacteria (Cole, 1999), es-
pecially in organic fertilized fish ponds (Pekar and Olah,
1998), in high quantities may increase the possibility
for mineral nutrient limitation of bacteria (Jana et al.,
2001). The top-down effect of predators on the lower
trophic levels is regarded as another significant factor
in structuring communities in lakes (Boulion, 2002).
Large zooplankton species are more vulnerable to
predation by planktivorous fish than small-sized zoop-
lankters in ecosystems with abundant planktivorous
fish populations. Viruses (Middelboe et al., 2008),
nanoflagellates (Jurgens and Matz, 2002), ciliates
(Sherr and Sherr, 1987), nauplii (Havens, 1998), ro-
tifers (Bonecker and Aoyagui, 2005) and some cla-
doceran species, like Daphnia (Zollner et al., 2003),
can markedly contribute to the grazing on bacteria or
their mortality in lakes.

Besides bacterivory, Daphnia can indirectly af-
fect the bacterial communities by grazing on algae and
protozoa (Zollner et al., 2003). The nutrient regen-
eration of consumers depends on the elemental com-
position of their prey, nutrient requirements of the
predator, and the structure of the food web (Jurgens
and Matz, 2002). The use of organic manure in fish
farming is based on the assumption that the manure is
utilized through two pathways (Pekar and Olah, 1998).

The manure organic matter provides dissolved and
particulate substrates for bacteria and the bacterial

laden particles provide food to the filter-feeding and
detritus-consuming animals, while the mineralized frac-
tion of the manure stimulates phytoplankton produc-
tivity similarly to the action of inorganic fertilizers.
Bacterial biomass forms an important link between
the various trophic levels in a pond ecosystem. In in-
tensively manured ponds both autotrophic and het-
erotrophic production and biomass contribute to fish
growth and such results in investigations in Bulgaria
have been reported (Kalchev et al., 2006 and Terziyski
et al., 2007). Environmental factors that control abun-
dance, biomass, morphological and size structure of
bacterioplankton, although have been recently inves-
tigated (Kalcheva et al., 2008a, b), have not been
studied in ponds stocked with carp larvae.

This study focuses on plankton communities in or-
ganic manured carp fish ponds and aims to estimate:
(I) the bottom up effect of nutrient supplies (organic
C and inorganic N and P) on bacterioplankton by
organic fertilization, phytoplankton development and
interactions with abiotic factors; (II) the top-down
control of zooplankton on bacterioplankton in ponds
with different variants of stocking with larvae of carp
polyculture.

Materials and Methods

Seven ponds were investigated in two-year ex-
periment in 2007-2008, from June until September at
biweekly interval. The ponds were with area 0.2-0.38
ha and depth of 0.8 m and were from eutrophic to
hypertrophic and polymictic. Two of them, ponds 8
and 9 in 2007, were located in the experimental base
of the Institute of Fisheries and Aquaculture in the town
of Plovdiv (42o9’N, 24o45’E, 185 m a.s.l.), South-
ern Bulgaria. The rest five (ponds 3, 6, 10 and ponds
8 and 9 in 2008) were in the experimental base of the
same institute in the village of Trivoditsi, Plovdiv dis-
trict. Ponds 6 and 10 were investigated during 2 years.
Ponds were limed before organic fertilization and fish
stocking. The applied dose of liming was 2000 kg.ha-

1 and the dose of fertilizer of cattle origin was 3000
kg.ha-1. The ponds were stocked with larvae of com-
mon carp (Cyprinus carpio L.), bighead carp
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(Aristichthys nobilis Rich.) and grass carp
(Ctenopharyngodon idella Val., 20000 pcs.ha-1) and
one-year-old common carp, 500 pcs.ha-1. The ponds
were distributed in two variants, according to the den-
sities of larvae as follows: 3:1 (60000:20000 pcs.
ha-1) was the ratio common carp: bighead carp in Vari-
ant 1 (Var1) and 1:3 ratios in Variant 2 (Var2). Ponds
6 and 8 were included in Var1 in both 2007 and 2008.
Var2 included ponds 9 and 10 in both 2007 and 2008
and the additional pond 3 in 2008. In 2008 in pond 9
analyses started later (at second sampling in July). The
carp polyculture was fed directly with sunflower groats
and indirectly by stimulation of natural plankton by
manuring.

Bacterioplankton Sampling
and Determination
Water samples were collected at depth of 0.3 m

under surface layer and were preserved with formal-
dehyde to a final concentration of 2 %. To determine
the number, morphological and size structure the
method of a direct microscopic count of bacteria,
stained with erythrosine (contemporary modification
of Razoumov’s method, Naumova, 1999), was ap-
plied. Kalcheva et al. (2008a, b) described the method
in details. Briefly, we use nitrocellulose membrane fil-
ters (Sartorius, Germany) with a pore size of 0.2 μm
and a phase contrast microscope (Zeiss, Jena, Ger-
many) with total magnification of 1600x.

During the counting we classified bacteria into four
fractions, depending on their morphology (cocci and
rods) and on their association to detritus particles: free
(-living) cocci, free (-living) rods, attached cocci and
attached rods. Detritus particles (5-60 mm in length)
with attached bacteria on them also were counted.
Cell sizes of bacteria during the measurements (with
an eyepiece micrometer) were distributed in size groups
(similarly to size classes in Pernthaler et al., 1996)
and the median of the group was used to calculate the
cell volume. The size groups and their median (in μm)
were as follows: 0.2-0.5 μm (0.35), 0.5-0.9 μm (0.7),
0.9-1.2 μm (1.05), 1.2-1.6 μm (1.4) and 1.6-2.6 μm
(2.1). The medians are given in all statistical analyses
in the place of size groups. Largest rods (2.8, 3.5 and

4.2 μm) were used in their real length and volume.
Biomass was indirectly calculated from mean cell vol-
ume (MCV) and converted in carbon content, ac-
cording to the allometric relationship after Norland’s
formula (Straskrabova et al., 1999).

Environmental factors
Physico-chemical (temperature, transparency, pH,

hydraulic retention time (RT), dissolved oxygen, NO3-
N and NH4-N - nitrate ions and ammonium ions of
nitrogen (N), PO4-P - phosphate ions of phosphorus
(P) and oxidability by KMnO4) and biological (plank-
ton chlorophyll-a, number and biomass of phytoplank-
ton, number and biomass of zooplankton and taxo-
nomic composition of the three main groups -
Cladocera, Rotatoria (Rotifera) and Copepoda) vari-
ables were biweekly monitored and analyzed by stan-
dard methods (for details see in Kalcheva et al., 2008
a, b) simultaneously with bacterioplankton sampling.
Biomasses of phytoplankton and zooplankton were
converted into carbon biomasses multiplying their fresh
biomasses by factor 0.07, rotifers by factor 0.03
(Sorokin, 1982). Presented data in this study for fish
growth by ponds (kg.ha-1 and %) were only by com-
parison, but not in details.

Statistical Analyses
The multivariate redundancy analysis (RDA) in its

partial variants, separating temporal (RDAseason) and
spatial variations (RDAbas), by means of statistical
software Canoco for Windows 4.5 (ter Braak and
Smilauer, 2002), was applied. Bacterioplankton vari-
ables were included in RDA as dependent (response)
variables, while abiotic, phytoplankton and zooplank-
ton data as independent (explanatory) variables. Par-
tial RDA analyses applied two groups of response
variables: morphological groups and size groups, us-
ing the number of bacteria in them. If necessary some
of the data were log-transformed before analyses, in
order to normalize their distribution and to balance
variances.

We also applied two-way ANOVA with repeti-
tions and nonparametric Spearman (RS) and gamma
(RG) correlations.
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Results and Discussion

The average-annual values of abiotic factors in
2007 were similar to 2008, despite differences in their
range, while the biotic factors were with higher values
in 2008 than in 2007, except biomass of zooplankton
(Table 1). Lower values of dissolved oxygen (<4.0
mg.L-1), higher NO3-N (>10 mg.L-1) and higher pH
values (>8.5) on some dates were the only deviations
of the optimum water quality. The ratio of inorganic N
and P (N: P) varied widely in temporal aspect (range
1-153, excluding the highest ratio in each year) with a
mean value of 21. Jana et al. (2001) suggested inor-
ganic N: P from 4:1 to 8:1 as most appropriate ratios
to the activity of bacteria in manure ponds. The ratio
of N: P in this study was mostly higher than lower of
stated above. Higher N: P ratios can cause P-limita-
tion of bacteria in eutrophic waters, because phy-
toplankton is better competitor for P than bacteria
(Heath et al., 2003).

Bacterioplankton numbers and biomasses were
twice higher in 2008 than in 2007 and MCV was
higher in 2008 (Table 1). The Spearman correlation
was applied to reveal relations between changes in
environmental factors and these bacterial variables
(Table 1, RS). We found significant positive correla-
tions between bacteria and phytoplankton biomass
(in 2007) and number. MCV correlated positively with
oxidability, phytoplankton number and biomass for
pooled data of both years. This was indication of bot-
tom-up control on bacterial growth by utilization of
organic C, released by phytoplankton and also re-
corded in oxidability measurements. Most of the abi-
otic factors impacted bacterioplankton negatively. The
highest negative correlation was found with number
of bacteria and NO3-N (RS=–0.64), while relation
with PO4-P was positive (RS=0.35, in 2008). Nega-
tive correlations between zooplankton and
bacterioplankton numbers and biomasses were found
in 2007. They are evidence of top-down control on
bacterioplankton by zooplankton in that year.

Most bacteria were free-living, while those attached
on detritus particles varied from 2-37 %. The domi-
nant morphological group was the group of free cocci,

while free rods reached to 22 % only in 2008.
Differentiation of bacteria (number and biomass)

during the two-year experiment in two variants was
not significant, but differences in these variables and
in morphological groups between two years were sig-
nificant, except the number of free cocci, while the
total number was on the border of significance (Table
1, ANOVA). Cell sizes varied from 0.2 to 3.5 μm in
2007, but in 2008 rods were longer (4.2 μm). We
observed atypical bacteria in 2008, which were ex-
cluded, because of their very low numbers and pres-
ence in one (filaments > 10 μm, similar to those in
Schauer et al., 2005) or two ponds (long rods <10
μm, vibriones) only in single samplings in July, August
or September. Presence of vibriones, long rods and
filaments is indication of adverse conditions or strat-
egy against predation by protozoa (Pernthaler, 2005).
In both years bacteria of the smallest size group (0.2-
0.5 μm) marked as cocci, prevailed, which most prob-
ably also included smallest rods (ratio from 1 to 3 of
length: width) (Blackburn et al., 1998).

Dominance of smallest sized bacteria caused by
strong top-down control or dormant state of cells as
adaptation to adverse conditions was reported in many
studies in lakes (Pernthaler et al., 1996; Cole, 1999;
Jurgens and Matz, 2002 and Zollner et al., 2003) and
in fish ponds (Markosova and Jezek, 1993 and Jana
et al., 2001). In 2007 the small sized bacteria clearly
dominated while in 2008 some longer cells (0.9-1.6
ìm) in higher quantities and various sized bacteria in
lower numbers occurred. Significantly higher
(ANOVA) numbers of attached bacteria and free rods
in 2008 than in 2007 and results in 2008, stated above
(sizes, atypical bacteria), were indicative of higher
quantities of organic matter and its more difficult de-
composition in 2008.

Temporal and spatial dynamics in numbers and
biomasses of bacterioplankton (Figure 1) showed dif-
ferences between the experimental bases in 2007
(lower values in ponds in Trivoditsi than in Plovdiv),
between ponds of one and same variant (in 2007 and
Var2 in 2008), or in one and same month and pond,
but in different years (pond 10).

Rotatoria and Copepoda were main zooplankton
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Variables  \year 2007 2008

Nbac Bbac MCV
Temperature, °C 22.7 (12.5-27.8) 22.5 (14.2-29.0) –0.491 –0.441 n.s.
Transparency, m 0.32 (0.17-0.70) 0.32 (0.09-0.70) –0.28 –0.26 n.s.
pH 8.6 (7.3-9.8) 8.4 (7.6-9.4) –0.29 –0.31 n.s.
RT, L.min-1/0.1 ha 37 (0-200) 14 (0-120) n.s. n.s. n.s.

Oxidability, mg.L-1 12.9 (3.2-22.1) 12.3 (2.4-22.9) n.s. n.s. 0.33

Diss. oxygen, mg.L-1 8.9 (2.1-17.2) 9.0 (3.5-14.0) –0.28 –0.35 –0.43

NH4-N, mg.L-1 0.1 (0.01-0.29) 0.1 (0.01-0.41) n.s. n.s. n.s.

NO3-N, mg.L-1 1.5 (0.08-8.42) 1.4 (0.2-10.7) –0.64 –0.53 n.s.

PO4-P, mg.L-1 0.1 (0.02-0.61) 0.1 (0.01-0.21) 0.352 n.s. n.s.

Chlorophyll-a, µg.L-1 90 (3.6-311) 110 (9.7-370) n.s. n.s. n.s.

Nphy, x 107 cells.L-1 302 (88-760) 922 (238-3080) n.s. 0.34 0.51

Bphy, mg.L-1 0.63 (0.14-1.49) 1.35 (0.26-4.60) 0.611 0.581 0.38

Nzoo, x 103 ind.m-3 132.8 (3.2-834.2) 143.7 (21.2-414.5) –0.461 –0.451 n.s.

Bzoo, g.m-3 0.88 (0.002-9.75) 0.80 (0.01-4.89) –0.421 –0.381 n.s.
Bacterioplankton
N, x 105 cells.ml-1 1.58 (0.35-2.96) 2.93 (1.14-6.24)

MCV, µm3 0.0486 (0.03-0.075) 0.0766 (0.057-0.1026)

CC, fg C.cell-1 13.5 (9.6-18.6) 18.8 (15.3-23.3)

B,  µg C.L-1 2.20 (0.44-5.16) 5.44 (1.83-11.55)
N in Var1 and Var2 1.24 and  1.91 3.05 and 2.83 
B in Var1 and Var2 1.97 and 2.27 5.56 and 5.35
Free-living cocci
Free-living rods
Attached cocci
Attached rods

2007-2008 (n=65)

Abiotic and biotic factors
Mean value (range) 

or  % of total
Mean value (range) 

or % of total
Spearman correlation (RS)

0.053

Abbreviations:  B - biomass; bac - bacterioplankton; CC - carbon content; MCV - mean cell volume; N - 
number; n - total number of water samples; phy - phytoplankton; Var - variant; Var1 - prevalent common carp; 
Var2 - prevalent bighead carp; zoo - zooplankton. Correlations (RS) are significant at p<0.05 in the two-year 

experiment (2007-2008), except: 1 - in 2007 only; 2 - in 2008 only; n.s. - not significant; p - level of significance in 
ANOVA (p<0.05); 3 - on the border of significance; bold values - significant.

0.391
0.308

71-98 %, rods <14% 63-95 %, rods <22 %
0.145
0.045

2-29 % 5-37 % 0.016
0.001

Table 1
Abiotic and biotic factors, bacterioplankton parameters (mean values) and their range (or % of total) 
in 2007 and 2008, Spearman correlations (RS) between environmental factors and bacterioplankton 
and two-way ANOVA with repetitions between two years and between two variants in development of 
bacteria in 2007-2008 (the two-year experiment)

two-way ANOVA (p)

–
–

0.018



groups in 2007 both in Var1 and Var2 (Figure 2A).
The Cladocera group was with highest biomass (37
%) and higher presence solely in pond 10 in Trivoditsi
(not shown in figure). Cladocera distribution was twice
higher in Var2 than in Var1 and twice higher in 2008
than in 2007 (Figure 2B). Better development of
Copepoda, known as consumers of ciliates, but not
bacteria, was found in 2008 than in 2007 with domi-
nation (>70 %) in Var1. According to Wurts (2004),
organic fertilizers stimulate predominantly development
of Copepoda in fish ponds. The key cladoceran
Daphnia (Zollner et al., 2003) was rarely found, while
Moina was the main cladoceran in the ponds, espe-
cially in Var2 (no figure). Moina is dominant and more
adaptive in fish ponds and is used as preferable food
by common carp juveniles (Jana and Chakrabarti,
1993).

Fish growth in 2007 (Figure 3A) varied from 463
to 1000 kg.ha-1 with maximum values in the ponds
with lower numbers of bacteria, delivering an
insignifcant negative tendency between them
(RG=0.60, P=0.26, gamma correlation). Fish growth
in 2008 (Figure 3B) was in the range 385-1070 kg.
ha-1 and higher values in the ponds with higher bacte-
rial numbers, delivering a strong signifcant positive re-
lation between them (RG=1.00 P=0.014).

The total plankton biomass (phyto-, zoo- and
bacterio-) in carbon content in 2007 was in the range
from 0.016 to 0.772 (average: 0.108) g C.m-3 and in
2008 - 0.027-0.375 (average: 0.156) g C.m-3. The
contribution of bacterioplankton biomass to the total
plankton biomass was in average 4-6 %. Our results
are in agreement with established findings that in
eutrophic aquatic ecosystems the trophic significance

Fig. 1. Temporal and spatial dynamics in total numbers and biomasses of bacterioplankton in ponds
(6-10), stocking variants (I, II) and years 2007-2008. Note: annual minimal and maximum values of
biomasses (B, bold) and numbers (N) were pointed; ponds 8 and 9 in 2007 are situated in Plovdiv,

and all the rest – in Trivoditsi
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Nbac (%) Fish growth (%)

20 21

22 22

13 11

17 15

28 31

B 
2008 

pond-Var

10-II

9-II

3-II

8-I

6-I

Nbac (%) Fish growth (%)

22
33

26
15

34
19

18
33

A 
2007

pond-Var

10-II

9-II

8-I

6-I

of bacteria and microbial loop to higher trophic levels
diminish (Straskrabova et al., 1999). In 2007 the con-
tribution of bacterioplankton was in the range 0.2-
19.3 % (Figure 4A). Strong top-down control of
zooplankton was found in pond 10 only, according to
the ratio Bzoo/Bphyto (by Havens 1998; Bzoo/

Bphyto>1), in pond 6 was moderate (Bzoo/
Bphyto=0.2), while it was weak (Bzoo/Bphyto=0.06)
in ponds 8 and 9. In 2008 bacterial share in total bio-
mass varied from 1 to 22.4 % (Figure 4B).

Strong predatory pressure was estimated in ponds
6, 8 and 10 in June and July, followed by moderate

Fig. 2. Zooplankton groups by average percentages (%) from total zooplankton numbers and
biomasses in two stocking variants (Var1, Var2), presented in 2007 (A) and 2008 (B)

Fig. 3. Bacterioplankton numbers (Nbac) and fish growth in percentages (%) in 2007 (A) and 2008
(B). Note: ponds (3-10) and variants (I, II) are given; 8 and 9 in 2007 are situated

in Plovdiv, and all the rest – in Trivoditsi
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Fig. 4. Seasonal dynamics of bacterioplankton (bacterio-), phytoplankton (phyto-) and zooplankton
(zoo-) shares (in %) from the total carbon plankton biomass in different experimental ponds (3-10),

stocking variants (I, II) and years 2007 (A) and 2008 (B)
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control, in pond 9 was also moderate and a weak
one in pond 3. In ponds with weak top-down control
of zooplankton on phytoplankton small part of algal
organic C passed directly through classical grazer food
chain to fish, due to large and inedible phytoplankton
cells, however, the role of bacteria and microbial food
web increased, as reported by Havens (1998). Thus
the bacterial biomass utilization was low passing
through more trophic levels via protozoa
(nanoflagellates and ciliates), rotifers and nauplii
(Copepoda) to fish, but nutrient recycling was better
(as was reported by Boulion, 2002).

In ponds with strong zooplankton control (Bzoo/
Bphyto>1) and higher number of Cladocera, the share
of bacterial biomass in energy flow to higher trophic
levels was more efficient, because of direct inclusion
in grazer food chain by cladoceran grazing, resulting
in higher fish growth and low numbers of bacteria (see
in Figure 3A, B). Fish growth and Bzoo/Bphyto ratio
calculated separately for each pond deliver a highly
statistically significant positive relationship (RS=0.77,
P=0.016). It means that in both years the grazing ef-
ficiency of zooplankton on phytoplankton is decisive
for fish growth.

However, in 2008 the strong positive relations
between the variables Bbac %, Bzoo/Bphyto ratio
and fish growth demonstrate bottom up
bacterioplankton contribution to fish growth, while in
2007 the negative variations of Bbac % with Bzoo/
Bphyto ratio and fish growth (confirmed by correla-
tions) rather suppose top-down effect and depletion
of bacterioplankton.

Results of multivariate statistical analyses
Temporal variations (RDAseason) in 2007 of num-

bers of morphological groups were explained by in-
organic N and P nutrients correlated significantly and
negatively with them (P=0.002, Figure 5A). Size
group numbers were connected negatively and sig-
nificantly (P=0.01) with NO3-N (Figure 5B). Large
sized bacteria were strongly affected than small sized
(< 1µm). Detritus particles with attached bacteria were
not impacted. Water transparency was the environ-
mental factor, which negatively correlated with most
size groups. Both graphs of Figure 5 showed that the
first month of experiment was poor in bacteria and
rich in inorganic nutrients and the following months
despite increased bacterial development did not dif-

Fig. 5. Partial RDA analyses of temporal (month) variations of bacterioplankton morphology (A) and
size (B) groups presented by numbers in 2007 (RDAseason). (A): Total variation by sum of all

eigenvalues (EV=0.599); explained variation by sum of all canonical EV=0.320, significance level
P=0.002; (B): All EV=0.792, Can EV=0.137, P=0.01. Abbreviations: N -  numbers, fc - free cocci,

free rods - fr, attached cocci - ac, attached rods - ar, det - detritus, 0.35 - sizes in μμμμμm, PO4-P - phos-
phate phosphorus, NO3-N – nitrate nitrogen, Transp – transparency, ln – natural logarithm, Arcsin  -
arcus sinus; months:    June     July     August     September; → - response variables, empty arrow

- explanatory variables

A B
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fer in between. The clear negative relation between
NO3-N and bacterial abundance in seasonal aspect
indicates the active consumption by bacterioplankton
of this nutrient.

Significant part of the spatial variations (RDAbas)
in 2007 in morphological group numbers was due to
changes in three environmental factors: NO3-N, the
number of detritus particles and of rotifers (Figure 6A).
However, significant negative correlations were found
only with free bacteria. Division of groups between
variants was no clear and insignificant. Bonecker and
Aoyagui (2005) found a direct consumption by roti-
fers, leading to a significant reduction in the number of
bacterioplankton. Spatial differences in cell sizes (Fig-
ure 6B) were explained with negative correlations
(P=0.032) between zooplankton biomass and free
bacteria, except the smallest cocci (<0.5 µm) and rods
(< 0.9 µm). Detritus particles occurring mostly in
ponds in Trivoditsi were not affected by zooplank-
ters. Significant differences in bacterial size composi-
tion exist between Trivoditsi and Plovdiv sites. We
supposed that abundance differences in Plovdiv and
Trivoditsi were caused by underground water applied
in latter for ponds filling. Most probably it was poorer

in allochthonous organic matter and bacteria than the
surface water from the Maritsa River in Plovdiv.

Significant part of temporal variations in morpho-
logical group numbers (RDAseason) in 2008 (Figure
7A) was explained by detritus numbers and NO3-N.
They were related strongly negatively confirming the
thesis that excessive supply of bacteria with organic
substances might lead to limitation of bacterial growth
by depletion of inorganic nutrients. In 2007 spatial
variations in morphological groups were negatively
related to both detritus and NO3-N indicating their
shortage. Similarly like in 2007 a strong negative cor-
relation existed between NO3-N and free cocci and
a weak negative with free rods, while the attached
forms showed strong connections to detritus in 2008
only. Two factors explained significant part (P=0.002)
of temporal variations in bacterial cell sizes (Figure
7B): number of Cladocera and RT. Cladocera nega-
tively correlated with larger free bacteria, 1.6-2.6 µm
(2.1 µm), which supposed direct grazing; however,
the strongest positive correlation was observed with
largest bacteria and with detritus particles, indicative
to indirect influence of Cladocera on bacteria via
cilates and nanoflagellates. Daphnia grazing (Moina,

Fig. 6. Partial RDA analyses of spatial (pond) variations of bacterioplankton morphology (A) and
sizes (B) groups, presented by numbers in 2007 (RDAbas). (A): All EV=0.510, Can EV=0.310,
P=0.006; (B): All EV=0.496, Can EV=0.064, P=0.032. NO3-N - nitrate nitrogen, rot - rotifers
(Rotatoria), BMzoop - zooplankton biomass, Var - variants:     Var1     Var2. For other applied

symbols and abbreviations see Figure 5
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as daphnid) is known to eliminate nanoflagellates as
well as larger bacteria and to shift bacterial size struc-
ture towards small cell sizes (Pernthaler et al., 1996).
A positive correlation was found between RT and rods
with sizes 0.5-2.6 µm, probably due to the increase
of dissolved oxygen in ponds with higher RT, neces-
sary to cells, known as faster growing and dividing
(Jurgens and Matz, 2002).

Spatial differences (RDAbas) in 2008 within mor-
phological groups (Figure 8A) were explained by two
factors: water transparency and fish stocking variants.
All morphological groups (attached bacteria to greater
extent) correlated negatively with transparency. Free
rods were more abundant in ponds with higher den-
sity of bighead carp larvae (Var2), than in ponds with
common carp larvae (Var1). Detritus particles nega-
tively correlated with transparency and similarly to
temporal variations also promote bacterioplankton
increase in spatial aspect. Stocking variants and wa-
ter transparency also strongly and significantly affected
cell sizes (Figure 8B). Free cocci and rods with smaller
sizes occurred in Var1, while largest free rods and
detritus particles with attached bacteria were charac-
teristic of Var2.

In both 2007 and 2008 NO3-N correlated nega-
tively with numbers of morphology and size groups.

In organics rich year 2008 NO3-N is related reversely
to number of detritus, while in organics poor year 2007
they are related positively. It seems that in 2007 both
NO3-N and detritus were limiting bacterial growth
while in 2008 NO3-N was the only limiting factor.
Kalinowska (2004) found a similar negative correla-
tion between NO3-N (and PO4-P, as we found in
2007 by RDAseason) and bacteria during diurnal
experiments in an eutrophic lake and proposed inten-
sive uptake of N (and P) by bacteria, but also prob-
able high impact of bacterivores.

The appearance of transparency as significant fac-
tor in 2008 might be explained by stronger cladoce-
ran grazing (Zollner et al., 2003) or relationship with-
out causal character. According to Boulion (2002), in
supplement to the conception for the trophic cascade,
the quantity of the nutrients determines only the po-
tential productivity of a lake, while the real productiv-
ity might depend on the structure of communities and
their relationships of predator-prey type.

In our experiment despite equal doses of organic
manure and supplemental food received by the two
stocking variants the different top-down influence
caused different effect on bacterioplankton. We sup-
pose that larvae of common carp (Var1) prefer to
consume cladocerans (Moina) but also detritus par-

Fig. 7. Partial RDA analyses of temporal (month) variations of morphological (A) and size (B)
groups, presented by number in 2008 (RDAseason). (A): All EV=0.575, Can EV=0.229, P=0.002;

(B): All EV=0.573, Can EV=0.099, P=0.002. NO3-N - nitrate nitrogen, ln – natural logarithm, Nclad
- number of Cladocera, Flow = RT – retention time. For other applied symbols and abbreviations

see Figure 5
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ticles with attached bacteria on them like juvenile and
adult forms. On the other hand, larvae of bighead carp
(Var2) prefer to feed on other zooplankters like roti-
fers, copepods and probably protozoa. Protozoa,
known as most abundant in eutrophic ecosystems,
mainly ciliates (Sherr and Sherr, 1987), were not stud-
ied in this experiment, although, higher abundance of
bacterivorous nanoflagellates, known as size-selec-
tive (Jurgens and Matz, 2002) can lead to morpho-
logical changes in bacterial cells (Hahn and Hofle,
2001). Larval fish are displaying a faster growth and
metabolism than juveniles and adults (Vilizzi and
Walker, 1999).

Therefore, they need energy-rich food like zoop-
lankton to sustain growth and good physiological con-
dition. Trophic cascades by carp larvae to lower lev-
els on zooplankton and on protozoa simultaneously,
are resulting in shifts of bacterial structure. Small sized
cells, mainly cocci, were found in the ponds with preva-
lence of larvae of common carp in Var1, while larger
sized cells and detritus particles occurred in ponds
with higher densities of bighead carp in 2008.

Conclusions

The cocci forms strongly dominated over rods by
numbers and biomass in all ponds. Bacterioplankton

biomass in 2007 was lower than in 2008 due to more
rich in organics manure applied in the latter year. This
also was confirmed by higher abundance of free rods,
attached cocci and rods in 2008 as well as by vibriones
and filaments, encountered in some ponds in the same
year.

The years also differ in the effect of two fish stock-
ings. The two stocking variants influenced
bacterioplankton total number, biomass, morphologi-
cal and size groups only in 2008.

However, when applying ANOVA on pooled data
from both years we found no significant difference be-
tween two stocking variants. The type of water (sur-
face, riverine or underground spring water), supplied
for fish ponds filling was another factor strongly influ-
encing the number of bacterial size groups. It should
be bear in mind when designing new experiments for
bacterioplankton studies. The higher transparency, the
numbers and biomasses of zooplankton groups of
Cladocera and Rotatoria and the total zooplankton
biomass decreased number of bacterial cells.  Thus it
was difficult to conclude which of both top-down
(predatory pressure by fishes and zooplankton) or
bottom-up (nutrients) factors stronger influenced the
bacterioplankton abundance. It seems that in 2007
the top-down influences on bacterioplankton prevailed,
while in 2008 the opposite seems to be valid. All this

Fig. 8. Partial RDA analyses of spatial (pond) variations of bacterioplankton morphology (A) and
sizes (B) groups, presented by numbers in 2008 (RDAbas). (A): All EV=0.838, Can EV=0.440,

P=0.002; (B): All EV=0.800, Can EV=0.338, P=0.002. Secchi - water transparency by Secchi disc,
Var – version (variant):    Var1      Var2. For other applied symbols and abbreviations see Figure 5
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highlighted the significance of bacterioplankton as a
source of carbon for higher trophic levels in fish ponds
and the strong needs for further more profound stud-
ies.
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