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Abstract. The subject of the present study was the zooplankton complex in the fishery ponds of
Institute of Fisheries and Aquaculture, Plovdiv for the period 1993 - 1995 and 2012, 2015, 2016.
The composition of the communities was mainly of the crustacean type. Over the years, a trend
has  been  found  towards  reduction  in  the  number  of  taxa.  There  are  signs  of  increased
eutrophication of these pools, which we believe are due to their prolonged operation, and there
are no significant differences between the two analyzed periods based on the Shannon and Pielou
indices and the Sladecek Sample Index.
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Introduction
A  characteristic  feature  of  the  standing

continental ponds is the zooplankton complex,
which  is  the  main  structural  unit  of  the
ecosystems  formed  under  the  influence  of
ecological  conditions.  In  this  meaning,  the
information on the zooplankton appearance of
a given water basin and eventually changes in
the structure of the community would help to
clarify the causes in the ecosystems that led to
this  result.  Besides  of  being the  main link in
trophic  chains,  based  on  their  water  quality
requirements,  few  species  are  good  saprobic
indicators  (SLADECEK,  1973;  1981)  in  aquatic
ecosystems. The classic saprobiotic scheme and
method for its determination was developed by
PANTLE &  BUCK (1955).  SLADECEK (1973)
greatly improved it by taking into account the
indicating ability of each species and its share in
the planktonic cenosis for its methodology.

In  the  surveys  of  dams  in  our  country
(NAYDENOV, 1981; NAYDENOV & SAYS, 1987)
the  Rothschtein  index  (SR)  (ROTHSCHTEIN,

1962)  is  also applied.  Zooplankton organisms
are  the  basis  of  most  developed  systems  for
saprobic  analysis  of  waters  (KARABIN,  1985;
SZLAUER, 1999). Unlike chemical methods for
assessing  the  organic  and  oxygen  content  of
water,  biosaprobic ones provide more reliable
and  long-term information,  eliminating  short-
term  fluctuations  and  changes  in  the  hydro-
chemical regime. For this reason, the revelation
of the quantitative and qualitative dynamics of
zooplankton  communities  provides  valuable
information  about  the  saprophytic
characteristic of a given water basin.

The main objective of the present study is
to compare the characteristics of zooplankton
communities  in  number  of  typical  standing
water  bodies  at  the  Institute  of  Fisheries  and
Aquaculture in the past and to this day, using
the diversity indices of Shannon, Pielou as well
as  biosaprobic  analysis  of  water.  Making  a
distinctive picture of communities development
would help to monitor both the zooplankton
and the ecosystem as a whole.
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Material and Methods
The Institute of Fisheries and Aquaculture,

Plovdiv is situated in the climatic region of the
Upper  Thracian  Plain,  the  most  extensive  in
Bulgaria and more precisely in its western part
(Pazardzhik-Plovdiv  Valley).  The  region  is
characterized by a transient continental climate,
the winter season is relatively mild and warm.

The study was conducted in Plovdiv during
two comparative periods  (1993 -  1995 – first
period and 2012, 2015, 2016 – second period).
The most important topographic values of the
study  area  are  the  following:  altitude  &
longitude – 42°09'N, 24°45'E; elevation – 185
m a.s.l.;  total area: 20 ha;  maximum depth of
the pools – 0.7-0.9 m. 

During the first period under review, a total
of 43 ponds were analyzed, and in the second -
18  fish-production,  growth  and  hatchery-
breeding fish ponds ranging from 0.16 to 16 ha.
The water supply of the fish ponds is carried
out  from  the  irrigation  channel  "Enny  Ark",
having a river (from the Maritsa Рiver) origin.
The undersized dimensions of the basins used,
their  small  depth,  horizontal  and  vertical
homogeneity are part of their prerequisites for
selecting as a model object.

One sampling station was used in each fish
pond (in the case of basins over 5 ha there were
2 or 3 stations, the average of which was taken),
not far from the outflow facility. The sampling
was  performed  with  a  14-day  or  monthly
interval  in  the  period  April  –  September
between 8.30 and 11.00 before noon.

The number of organisms was determined
by  the  method  of  DIMOV (1959)  and  the
biomass by volume method of PRIKRYL (1980),
(g.m-3).  Samples  were  preserved  immediately
after sample collection in formaldehyde up to a
final concentration of 4% or with ethyl alcohol
up to 70%. Horizontal trawling was carried out
using a zooplankton net with a diameter of mesh
wholes 60 µm and inlet diameter of 0.16 m for
five meters towards the shore. Data analysis and
processing  was  performed  in  laboratory
conditions on a Carl Zeiss light microscope.

Fishery  ponds  are  manured  just  before
flooding them with 200 - 300 kg.ha-1 of manure,
in some cases with mineral fertilizers to reach a
concentration  of  nitrogen  forms  up  to  2  -  3
mg.l-1 and of phosphorus to about 0.5 mg.l-1.

Different  feeds  (grain,  granular,  groats,
waste and by-products from the food industry)
are used to grow the fish in a quantity of 3 - 5

times the planned mass gain during the growing
season. Control is also provided on fish health
status. The overgrowth rate of pools with soft
and hard aquatic vegetation was reported 1 - 2
times a month as a percentage of the occupied
area of the water mirror.

Fish  species  populated  investigated  ponds
mainly  in  the  form  of  polyculture.  The
common  carp  predominated  by  number  and
biomass, and other species covered are bighead
or silver carp (mainly hybrid), tench, grass carp
and pike-perch (in the form of larvae, one, two
and  three  year  old  fish).  The  biological
sufficiency of water in fish ponds is determined
by the SHANNON & WEAVER (1963)  diversity
index  and  the  species  evenness  index  of
PIELOU (1966).

The saprobic water index was calculated by 
the individual sampled indices of the individual 
species in the sample, taking into account the 
strength of each indicator species by SLADECEK

(1973) and SLADECEK et al. (1981).

Results
Changes in species composition 
The  zooplankton  community  is

characterized  by  a  volatile  composition  over
time in the studied fish ponds. For the period
before  and  around  the  eighties,  the  total
number of species encountered was about 19 -
25 on an annual basis, and in the nineties it was
41  (GROZEV,  1999).  According  to  the  same
author,  this  is  somewhat  due  to  the  larger
number  of  pools  surveyed  for  the  relevant
period. In 2012 - 2016 there are about 19 - 26
species  of  zooplankton  in  the  same  base  of
Institute of Fisheries and Aquaculture, Plovdiv.

Among the major  groups of  zooplankton,
Copepoda  were  most  common  since  the
nineties, with dominant species Acanthocyclops
robustus. A. vernalis is almost absent, although
in  the  past  it  was  met  almost  at  the  same
frequency as  A. robustus and even dominated.
C.  vicinus is  the  main  occupant  during  the
spring period for the entire study period,  and
the group of diaptomides was very rare in the
fish  ponds.  Although  relatively  rare  in  the
1990s  Diacyclops  languidus,  Microcyclops
bicolor,  Macrocyclops  albidus have  not  been
found at the present study (2012 - 2016). On
the  other  hand,  Metacyclops  gracilis and
Eyritemola  velox were  first  registered  in  the
surveyed fish ponds after 2012.
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In the Cladocera 10 out of 11 described before

1996 species were now also observed in the fish ponds
of the Institute of Fisheries and Aquaculture, Plovdiv.
In  the  1990s,  Pleuroxus  aduncus,  not  recently
registered, was very common. Moina macropoda and
M. micrura were among the dominant in the past.
While the first species is no longer observed, the second
continued to occur for most of the growing season in
recent years.  Scapholeberis aurita, Ilyocriptus agilis, I.
sordidus, Simocephalus expinosus and Daphnia obtusa
were missing from the zooplankton composition after
2012.

Changes in the composition of Rotatoria are
as  follows.  Dominant  species  are  basically  the
same as  in  the  1990s,  most  often  Brachionus
calyciflorus and  Asplanschna  sieboldi.  New
species  such  as  Brachionus  budapestiensis,
Euchlanis dilatata, Epiphanes senta, Polyarthra
euryptera,  Platiyas  patulus,  P.  quadricornis
appeared  in  the  1990s.  Keratella  tropica,
commonly found in 1996, has not been reported
as before this period, and now. As new species
from the Rotatoria of fishery ponds Brachionus
forficula,  Kellicottia longispina and  Rinoglena
frontalis are now recorded.

The  calculated  Shannon  diversity  index
(SHANNON &  WEAVER,  1963),  and  species
evenness  index  of  Pielou (PIELOU,  1966)  are
shown in the Table 1.

The  species  evenness  index  of  Pielou
fluctuates  from  0.027  to  0.967  in  the  first
survey period and from 0.048 to 0.968 in the
second.  In  both  analyzed  periods  there  is  a
tendency for higher values at the beginning and
end of each annual cycle of the analyzed time
range. In general, the significance of the index
ranges from 0.4 to 0.7, which is 64% of all. In
the  course  of  summer,  because  of  the
increasing  fish  feeding,  reducing  the  water
mirror as a result of aquatic vegetation growth
and increased water temperature, biodiversity in
zooplankton is declining.

Shannon's diversity index varied from a range
of 0.022 to 2.27 in 1993 - 1995 and from 0.082 to
2.246 in 2012 -  2016.  During the first  analyzed
period,  GROZEV (1999)  reported  a  trend  of
increasing biodiversity during the growth season.

In  the  second  analyzed  period,  the
dependence  found  in  the  Shannon  diversity
index is confirmed - with few exceptions, there
are higher values or bigger biodiversity  at  the
beginning or  the  end of  the  studied seasonal
cycles.

Biosaprobic analysis of the ponds' water
Based  on  the  established  zooplankton

species  in  the  investigated  ponds,  water
saprobity  characteristic  was  also  performed
during  the  two  analyzed  periods.  From  the
zooplankton  registered  for  the  period  1993  -
1995, four species are excellent indicators (5th
power),  seventeen  are  good  (4),  fourteen
medium (3) and seven are weak (2) and only
four  are  bad  indicators  according  to  the
classification of  SLADECEK (1973),  SLADECEK

et al. (1981).
For the period 2012 - 2015-16, four species

have  been  registered  as  excellent  indicators,
four  are  also  good,  eleven  are  of  medium
quality, eight are weak and three are bad in the
same classification.

The individual saprobic index for the 1993 -
1995 period ranged from 1.0 (D. galeata) to 3.4
(D. magna), but most of them were to some extent
beta-mesosaprobe. In the second analyzed period,
the  same  index  ranged  from  0.9  (Bosmina
coregoni) to 3.4 (D. magna),  as it again can be
described to be closer to β-mesosaprobity.

The  results  illustrate  the  average  saprobic
index for the ponds in Plovdiv base (1993 - 1995
and 2012, 2015 - 2016) are presented in Table 2.

Most  of  the  meanings fluctuate  around 2,
which is the average b-mesosaprobic score for
both analyzed periods. Only in April and May
the  indicator  is  higher  (2.50  -  3.00),  which
characterizes water as α-mesosaprobic in both
the 1990s and the present. Despite differences
in  species  dynamics  and  applied  technologies
over the years, the values of the saprobic index
over the entire analyzed period are very close.
This  particularly  corresponds  in  the  June  ‒
September  period,  when  the  meanings  stay
almost within range from 1.90 to 2.10. 

The increase in the saprobic index both in the
past and today to the α-mesosaprobic levels in the
spring months - April and May can be explained by
the low water temperature, which leads to lower
self-purification capacity (RUSEV et al., 1981) and
relatively  low fish  press  in  this  period,  allowing
dominance of large Cladocera like Daphnia magna
(Si=3.4),  D.  pulex (Si=2.8),  (Si=2.5),,  Moina
macrocopa (Si = 2.8), and the  Moina brachiata (Si

= 2.5), Brachionus calyciflorus (Si = 2.5).
In June,  most of the larger Cladocera drop

from  the  zooplankton  composition  under  the
influence of the fish press, but they have probably
utilized much of the increased organic load in the
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spring.  Species  that  replace  them  during  the
summer months are, as a rule, β-mesosaprobes, or

those  inhabiting  both  α-  and  β-mesosaprobic
waters (with an index of about 2.5).

Table 1. The seasonal and annual dynamics of the Shannon and Pielou indices.

Term Shannon index Species evenness index of Pielou
Year Month min max Average min max Average
1993 V 0.706 1.557 1.195 0.509 0.894 0.704

VII 0.420 1.483 0.944 0.303 0.828 0.635
IX 0.022 1.694 0.966 0.320 0.953 0.737

1994 V 0.487 1.426 0.951 0.222 0.649 0.494
VII 0.049 2.076 1.342 0.031 0.835 0.635
IX 0.757 2.032 1.469 0.393 0.852 0.632

1995 V 0.030 2.077 1.558 0.027 0.905 0.610
VII 0.549 1.847 1.300 0.307 0.967 0.567
IX 0.607 2.269 1.533 0.224 0.888 0.609

2012 V 0.616 1.228 1.002 0.316 0.788 0.642
VII 0.328 1.132 0.854 0.282 0.738 0.546
IX 0.082 1.452 0.844 0.350 0.683 0.662

2015 V 0.432 1.336 0.836 0.304 0.528 0.368
VII 0.082 1.652 1.212 0.048 0.732 0.522
IX 0.884 2.148 1.554 0.412 0.922 0.744

2016 V 0.424 2.246 1.642 0.174 0.968 0.742
VII 0.432 1.622 1.124 0.246 0.865 0.443
IX 0.531 2.112 1.311 0.124 0.654 0.506

Table 2. Average mean of the Sapropic Water Index determined by the indicator zooplankton
species.

Index values
1993 22.04 03.05 26.05 10.06 25.06 09.07 26.07 09.08 24.08 09.09 24.09

2.62 2.73 2.52 1.90 1.90 2.14 2.00 2.12 2.08 2.06 2.00
1994 18.04 05.05 18.05 03.06 17.06 04.07 19.07 02.08 18.08 07.09 22.09

2.99 2.94 2.85 2.34 1.82 2.03 2.05 2.09 2.02 2.07 2.01
1995 27.04 12.05 30.05 14.06 28.06 14.07 - 01.08 21.08 11.09 03.10

2.83 2.82 2.44 1.93 1.93 1.94 - 1.95 2.04 1.95 1.98
2012 24.04 09.05 22.05 04.06 18.06 03.07 17.07 01.08 27.08 10.09 25.09

2.73 2.83 2.46 1.85 1.92 1.85 1.94 1.96 1.88 2.17 2.10
2015 05.05 20.05 03.06 18.06 29.06 13.07 27.07 10.08 24.08 08.09 25.09

2.85 2.72 2.98 2.22 1.86 1.92 1.98 1.87 1.84 1.96 2.04
2016 - 26.05 07.06 20.06 02.07 18.07 02.08 15.08 29.08 12.09 26.09

- 2.98 2.26 1.90 1.98 1.88 1.96 1.84 1.98 1.82 1.84

Discussion
Overall,  the  comparative  analysis  of  the

zooplankton species in the Institute of Fisheries
and Aquaculture, Plovdiv from the 1990s to the
present  day  shows  minor  changes.  The
dropping of some species and the appearance
of  others  is  probably  due  to  the  progressive
eutrophication  during  pond  usage,  combined
with almost complete lack of extraction of the
excessive layer of bottom mud. Another reason

is the quality of the water used and the applied
experimental schemes in the ponds.

When comparing the two analyzed periods
(1993 - 1995 and 2012, 2015, 2016) using the
Saprobic  Index,  as  well  as  the  Shannon  and
Pielou indices, there was a tendency to reduce
species diversity and decrease the saprobity to
β-mesosaprobity in the second analyzed period.
Only  in  September  2015  and  May  2016  the
Shannon and Pielou indices were better in the
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second survey period compared to 1993 - 1995,
which  suggests  that  with  the  increase  in
exploitation of fish ponds, species diversity and
ecological potential decline. The probable cause
is  related  to  the  influence  of  plankton-eating
fish, suppressing the most effective dominants.
A similar change in diversity indicators in pond
zooplankton was also noted by other authors
under  the  influence  of  fish  feeding  pressure
(FRY & OSBORN, 1980).

When  applying  a  Student  t-test,  it  was
found that  in  relation  to the  Shannon index,
although  in  the  second  analysis  period  the
average value of the indicator was lower (1.178)
compared to the  first  one  (1.251),  (there was
some  difference  between  empirical  averages),
the difference between them is  insignificant (p
=  0.56873).  Similar  is  the  condition  of  the
Pielou index.  Nowadays,  the average value of
the relevant index is lower (0.575) than in the
past (0.625), the difference is again insignificant
(p = 0.389). Regarding the Saprobic Index, the
situation  is  again  similar  -  there  is  a  slight
tendency to decrease the saprobity (2.22) more
than  a  quarter  century  ago  (2.14).  Again,  the
difference in the mean values is insignificant (p
= 0.326).

The relatively stable scores of the Saprobic
Index, regardless of the change in zooplankton
species  composition  in  the  ponds  during  the
growing period, indicate the relative persistence
of the saprobic status of these water bodies in
seasonal and even annual terms.  This is  most
likely  due to the similar  type of  water  supply
and operational status during the period of our
survey.

With regard to species diversity  today, the
situation  is  comparable  to  that  of  the  1990s.
The  relatively  larger  number  of  species  (41)
registered in 1993 - 1995 is most likely due to
the  larger  number  of  ponds  surveyed  in  this
time  interval.  Generally,  over  a  quarter  of  a
century, it is normal for several species of the
three  main systematic  groups  to  drop out  or
new  ones  to  appear.  This  process  has  been
observed both in the 1990s (GROZEV,  1999),
and even today.

In general, similarity in the dynamics of the
Saprobic  Index  was  found  not  only  between
the two analyzed periods but also between the
years  both  in  the  1990s  and today.  The  IFA
ponds  in  Plovdiv  play  a  role  of  purification
facility and the saprobity of outflow waters is in
many cases lower than that of the water source

-  the  water  supply  channel  “Eni  Arc”  (IFA,
1995).  A  similar  phenomenon  has  been
observed  for  some  dams  in  Bulgaria
(BESHKOVA, 1995).

Conclusions
The  analysis  carried  out  on  the  structure

and dynamics of the zooplanktonic community
during two reviewed periods (1993 - 1995 - first
period and 2012, 2015 - 2016 - second) shows a
trend of increasing eutrophication of the ponds.
This results in the reduction of the biosaprobic
characteristic  of  the  water  and  zooplankton
species' diversity but statistically the difference
between the empirical averages of the Shennan,
Pielu and Saprobic indexes is insignificant. As
for  the  established  number  of  zooplankton-
forming species,  it  is  currently  comparable  to
the years before the 1990s, and nowadays the
smaller  number  of  species  observed  in  the
ponds than in the 1990s may be associated with
an increase  in  eutrophication in  those  ponds.
Probably  this  process  is  due  to  the
accumulation of organic and inorganic mass at
the bottom of the pools during their operation,
which reduces depth, increases the tendency to
excessive overgrowth and generally  aggravates
the zooplankton conditions in them.
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  . , Зоопланктона около гр Пловдив
    днес и четвърт век назад

 . ,   . ДойчинИ Терзийски ДжорджК Грозев

:  Резюме Осъщественият  анализ  върху
структурата  и  динамиката  на
зооплнактонното  съобщество  през  два
разглеждани периода (1993 - 1995 г. - първи
период  и  2012,  2015,  2016  г.  -  втори)
обуславя  тенденция  към  увеличаване  на
еутрофикацията изразяваща се в намаляване
на биосапробната характеристика на водата
и видовото разнообразие, но статистически
разликата  между  емпиричните  средни
стойности на индексите на Шанън, Пиелу и
сапробния индекс  са недостоверни.  Що се
отнася  до  установеният  брой  видове
формиращ  зоопланктона,  то  понастоящем
картината е съпоставима с годините преди
90-те и едва ли днес по-малкият брой видове
наблюдавани в басейните в сравнение с 90-
те години може да се свърже с нарастване на
еутрофикацията  в  тях.  Вероятно  този
процес  се  дължи  на  натрупването  на
органична и неорганична маса на дъната на
басейните  в  хода  на  тяхната  експлоатация,
което  намалява  дълбочината,  увеличава
склонността  към прекомерно обрастване и
като  цяло  влошава  условията  за
зоопланктона в тях.
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