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Abstract. The results of observations of intensive sturgeon
production integrated with an extensive earthen fish pond are
described. The main objective of the study was to show how
technological modifications applied to enhance nitrogen
assimilation in ponds and nutrient retention in aquaculture
products influenced fish production. Each of two integrated
systems, A and B, consisted of four intensive fish tanks
stocked with sturgeon and one extensive carp pond stocked
with carp (Cyprinus carpio L.), silver carp
(Hypophthalmichthys molitrix (Val.)) and common nase
(Chondrostoma nasus L.). The fish tanks were supplied with
water from the extensive pond and the effluent from the tanks
was discharged into the same pond, which acted as
a biological filter for fish production. System B pond was
supplemented with carbohydrates (methanol) and plastic
substrates for periphyton development that were installed to
increase nutrient utilization. The results of the observations
showed better water quality and higher fish production in
pond B, but no differences were noted in sturgeon growth
performance in system A. The combination of these
modifications appeared to be an efficient way of increasing
nutrient retention and improving water quality.

Keywords: extensive carp production, integrated
aquaculture systems, intensive sturgeon production,
nutrient retention, wastewater utilization

Introduction

The growth of intensive aquaculture production in

recent years and the related problem of ensuring that

discharged waters are of adequate quality have

prompted the search for alternative waste disposal

methods. The most widely operated type of intensive

fish production systems are based on animals from

one trophic level, and most often these are predatory

fish. In these systems, nutrient retention in fish bio-

mass is low at only about 20-30% of the feed con-

sumed (Hargraves 1998, Avnimelech 1999, Brune et

al. 2003, Schneider et al 2005). This can be im-

proved by coupling intensive and extensive

aquaculture. Unconsumed feed, feces, and waste

products negatively affect rearing conditions in in-

tensive aquaculture, and these must be disposed of

outside the system. However, in sufficient quantities,

these same substances can be the basis for the devel-

opment of primary and secondary producers that are

responsible for the productivity of extensive fish

ponds, and, thus, for fish biomass yields (Kestemont

1995, Liu and Cai 1998). The main goal of integrat-

ing intensive and extensive fish production should be

to increase nutrient retention within a single system

through the production of organisms comprising the
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largest possible share of the ecosystem’s trophic web.

Although integrated intensive-extensive aquaculture

systems have already proven to be profitable, espe-

cially in tropical climate zones, there are ways to fur-

ther enhance their nutrient retention. One such

approach is to apply additional substrate to promote

the growth of periphyton (i.e., the complex of at-

tached biota, including associated detritus and mi-

croorganisms) that can be a source of food for fish or

other organisms (Azim et al. 2001, 2002, 2003a,

2003b, Gal et al. 2010).

Earthen carp ponds are known for their trophic
complexity and efficiency that facilitates significant
contributions of natural food to fish biomass. How-
ever, such integrated systems receive large amounts
of waste during operation, including toxic nitroge-
nous species (NH4

+ and NO2
-). One of the strategies

to remove excessive nitrogen is to enhance its assimi-
lation into microbial proteins by providing a source
of organic carbon to the system (Avnimelech et al.
1994, Avnimelech 1999, Crab et al. 2007,
Asaduzzaman et al. 2008). In this paper we describe
the results of observations of intensive fish produc-
tion integrated with an extensive earthen fish pond.
The intensive unit was based on Siberian sturgeon
(Acipenser baerii Brandt) and its hybrid with Russian
sturgeon (Acipenser gueldenstaedtii Brandt &
Ratzeburg), which are the best suited sturgeon spe-
cies for Central European climatic conditions and
provide high quality meat that is in consumer de-
mand (Steffens et al. 1990). The objective of monitor-
ing was to show how the treatments applied for
controlling inorganic nitrogen and enhancing nutri-
ent retention influenced fish production.

Materials and methods

The investigation was conducted in southern Poland

(49°52’14.4”N 18°47’47.1”E) where climatic condi-

tions are moderate. We observed two integrated sys-

tems, each of which was composed of an intensive

and an extensive subsystem. Each of the intensive

subsystems was comprised of four identical detached

10 m3 fish tanks. These tanks were located on the
banks of earthen ponds, each approximately 0.18 ha,
that were the extensive subsystems. System A con-
sisted of tanks 1 to 4 and pond A, and system B con-
sisted of tanks 5 to 8 and pond B (Fig. 1). Separate
electric pumps were used to supply each tank with
water from the extensive ponds at a withdrawal rate

of 25 m3·h-1, thereby ensuring 25-30% water vol-
ume exchange from each fish tank per hour. Tank ef-
fluent was discharged gravitationally back into the
same ponds. The tanks were aerated with fine bubble
diffusers connected to a side channel blower. Paddle
aerators were used in the extensive ponds to provide
additional aeration and water circulation. These cy-
cled through a regime of 1 h on followed by 1 h off to
provide sufficient aeration and optimal electricity
consumption.

Throughout the production season, ammonia ni-
trogen was measured twice weekly (modified
Clesceri et al. 1998), and pH, dissolved oxygen, and
water temperature were measured three times
weekly (MultiLine P3 with OxiCal–SL and SenTIx 41
electrodes, WTW, Germany) in both ponds and all
the tanks. Pond water was further sampled weekly
(on one of the above sampling days) for measure-
ments of total Kjeldahl nitrogen (TKN; Kjeldahl
method), nitrate (PN-82 C-01576/08), nitrite
(Hermanowicz et al. 1976), total phosphorus (TP),
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Figure 1. Setup of the integrated systems.



and phosphates (PN – EN ISO 6878). Water quality
was assumed to be homogeneous throughout each
pond’s surface are thanks to the paddle aerators de-
ployed in each pond. Water samples were collected
and measurements were conducted in the morning,
between 08:00 and 09:00.

Modifications aimed at increasing nutrient as-
similation were applied in pond B. Sections of plastic
substrate 80 cm in length were attached to ropes and
stretched out across the pond to serve as additional
substrate for periphyton development. A total of 650
linear meters was installed, which corresponded to
about 240 m2 of substrate for periphyton growth. In
order to stimulate bacterioplankton development,
and hence nitrogen, 1 L of methanol (99.8%) was
added directly to the pond for every kg of feed used in
the intensive subsystem. The amount of carbohy-
drate supplementation was evaluated based on pub-
lished data and was the theoretical stoichiometric
C/N proportion in bacterial cells taking into account
the nitrogen load introduced with the feed and the
ammonia concentration in the pond water
(Avnimelech et al. 1994, Avnimelech 1999,
Playchoom et al. 2011).

Four of the tanks (3, 4, 7, and 8) were stocked
with 1-year-old Siberian sturgeon of a mean weight
of 310 (± 44.5) g, and the other four tanks (1, 2, 5,
and 6) were stocked with hybrid (Russian x Siberian)
sturgeon fry of a mean weight of 14.8 (± 0.4) g. The
stocking density in the tanks of both systems was
equal; therefore, it was assumed that both ponds re-
ceived equal nutrient loads. Tank stocking is detailed
in Table 1. The number of sturgeon and their mean
body weight (n = 30) were recorded for every tank on
the day of stocking, every three weeks during the
156-day growing season (May – October), and at fi-
nal harvest. The sturgeon were fed Aller Aqua Bronze
(Aller Aqua, Poland). Feeding rates were adjusted af-
ter every weighing to compensate for weight gain and
were maintained at about 2% of body weight, but not
lower than 1.8%. All the tanks were subjected to the
same feeding regime.

Each pond was stocked with 227 individuals of
common carp (Cyprinus carpio L.) with a cumulative
weight of 82.5 kg and 81.2 kg in ponds A and B,

respectively, 39 specimens of silver carp

(Hypophthalmichthys molitrix) with a cumulative

weight of 45 kg (pond A) and 48 kg (pond B), and

1,000 specimens of common nase (Chondrostoma

nasus L.) with a cumulative weight of 10 kg (see Ta-

ble 1 for details). These fish were only counted and

measured on the day of stocking and at the end of the

experiment because catching fish at other times

would have required suspending water exchange be-

tween the ponds and the tanks, thereby risking the

loss of sturgeon from poor water conditions. No sup-

plemental feed was supplied to the ponds. Feed con-

version ratios (FCR), specific growth rates (SGR), and

body weight gain were calculated.

Results

The basic hydrochemical parameters were similar for
both of the systems and did not exceed levels that
were harmful to the fish (Table 2). Average seasonal
values of ammonia nitrogen, nitrite, nitrate, TKN, to-
tal phosphorus, and phosphates (Table 2) differed
between the two systems. Chlorophyll content in the
pond water is shown in Fig. 2. The final average body
weight per sturgeon fry was 419 (±18.8) g. The mean
body weight of sturgeon yearlings was 1,800
(±149.5) g per fish. Data on fish yields and the
growth performance in the intensive units are sum-
marized in Table 1.

At the beginning of the season (days 1–32), the

sturgeon yearling SGR was 1.39% in system A and

1.28% in system B. Over time, the SGR decreased,

and the average seasonal values were 0.65% and

0.56% in systems A and B, respectively. The fish fry

growth rates were very high at the beginning and in

the middle of the rearing season (days 32–105). The

average SGR at this time was 2.6% in both the A and

B systems. That sturgeon fry SGR values did not drop

significantly when water temperatures were high

(days 58–84) and in excess of 23°C is noteworthy.

The FCR for fish fry ranged from 0.72 to 0.85 in dif-

ferent tanks. The average FCR for all the tanks with

fish fry was 0.8. The FCR for yearling fish was high at
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2.8. Changes in SGR and FCR values are

shown in Fig. 3.

The sturgeon weight gain in system

A was 400.4 kg, while the amount of feed uti-

lized was 812.4 kg. In system B the fish

gained 357 kg of biomass and consumed 798

kg of feed. The nitrogen load of the feed deliv-

ered to the ponds was about 320 kg ha-1 (see

Table 2).The final sturgeon survival rates in

tanks 1, 2, 3, and 4 were 90%, 82%, 100%,

and 99% respectively, and in tanks 5, 6, 7,

and 8 they were 88%, 83%, 94%, and 97%.

The total weight of the 191 carp harvested

from pond A was 139.75 kg. In pond B, 215

fish were caught and their total weight was
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Table 1
Characteristic of fish stocking and harvesting

System A System B

Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8

Stocked

fish

Number of fish 374 374 250 250 374 374 250 250
Mean fish

weight (g)
15.1±3.6 14.2±4 477.8±110 458.8±92 14.8±4.39 15.2±3.09 456.9±64 484.4±96

Tank biomass

(kg)
5.65 5.31 119.5 114.7 5.54 5.68 114.2 121.1

Subsystem

biomass (kg)
245.16 246.52

Harvested

fish

Number of fish 337 305 250 247 328 311 234 243
Survival (%) 90 82 100 99 88 83 94 97
Mean fish

weight (g)
212.9±94 218±98 870±320 880±299 238.5±63 213.5 ±82 750±448 860±380

Tank biomass

(kg)
71.75 66.49 217.5 217.4 78.23 66.4 175.5 209

Subsystem

biomass (kg)
573.14 529.13

Pond A Pond B

Silver
carp

Common
carp

Common
nase

Silver
carp

Common
carp

Common
nase

Stocked

fish

Stocking

density (fish

ha-1)

213 1240 5464 213 1240 5464

Biomass

(kg·ha-1)
246 450 55 246 450 55

Harvested

fish

Survival (%) 97 84 25 97 95 68
Biomass gain

(kg·ha-1)
225.3 313.7 -40.2 346.9 417.2 15.2

Table 2
Average seasonal hydrochemical parameters of water, amount of feed
utilized, and nitrogen input from the feed

System A System B

Tanks 1-4 Tanks 5-8

O2 (mg l-1) 5.93±0.57 5.83±0.5
pH 7.39±0.03 7.48±0.03
Temp. (°C) 20.37±0.6 20.94±0.4
Feed (kg) 812.4 798.8

Pond A Pond B

TKN (mg l-1) 1.73±0.73 2.14±0.25
N-NO3 (mg l-1) 0.88±0.53 0.49±0.49
N-NO2 (mg l-1) 0.006±0.0017 0.0034±0.0029
N -NH4 (mg l-1) 0.24±0.12 0.17±0.13
PO4 (mg l-1) 0.15±0.12 0.11±0.06
TP (mg l-1) 0.35±0.08 0.36±0.08
Nitrogen input (kg/pond) 58.6 57.6
Nitrogen input (kg ha-1) 325.4 320.0



158.7 kg. Thirty-eight silver carp specimens were
harvested from each pond at a total weight of 86.25
kg in pond A and 108.45 kg in pond B. The number
of common nase caught in pond A was 245 at
a weight of 2.7 kg, while in pond B 676 fish were
caught at a total weight of 12.85 kg. Data on fish
yield in the extensive ponds is detailed in Table 1.

Discussion

We described observations of a real aquaculture
unit, which we believe can be of interest to a very
broad audience of fishery biologists. As a preface to
the discussion, it should be stated that because ap-
plied treatments have no replications, we did not
perform any statistical analysis.

The concentrations of nitrogen and phospho-
rus species measured and, most of all, the chloro-
phyll content indicated that the treatments applied
in pond B had a positive affect on the water quality
in system B. Of all the nutrients measured, the ni-
trogen load was the main factor that limited pond
capacity (Hargraves 1998). Excessive fish produc-
tion in the intensive unit expressed as the amount
of feed utilized feed (protein was the main source of
nitrogen) resulted in higher nutrient loads in the
extensive pond, which affected water quality. Ac-
cording to Schneider et al. (2005), fish only retain
about 30% of the nitrogen as biomass, while the
rest is released into the water. Data obtained dur-
ing the SustainAqua (2009) project suggested that
the maximum nitrogen input into the extensive
unit was 1.7-1.9 g·m2 per day. The protein content
of the feed utilized in our monitoring was 45%.
Based on Schneider et al. (2005), for every kilo-
gram of the feed used about 50 g of nitrogen was
introduced into the water. The nutrient load
changed along with the amount of feed utilized;
however, because sturgeon yearlings were gaining
weight more slowly than expected, feed utilization
was underestimated. Therefore, the load of organic
matter (fish waste, uneaten feed, metabolic prod-
ucts) released into the extensive units was
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Figure 2. Chlorophyll content in the water of ponds A and B.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

1-31 32-57 58-84 85-105 106-130 131-156

Time

1(A)

2(A)

3(A)

4(A)

5(B)

6(B)

7(B)

8(B)

(A)

SG
R

(%
)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

1-31 32-57 58-84 85-105 106-130 131-156

Time

1(A)

2(A)

3(A)

4(A)

5(B)

6(B)

7(B)

8(B)

(B)

FC
R

Figure 3. Values of (A) Specific Growth Rate (SGR) and (B) Food
Conversion Ratio (FCR) of the fish in the tanks.



relatively low. The nitrogen load did not exceeded

0.5 g·m2 per day for the major part of the rearing sea-

son. Therefore, the ammonia nitrogen content, pH

values, and other water parameters measured did not

exceed levels that were harmful to the fish in the

ponds or the tanks.

The number of fish in each system was the same,

hence the load of organic matter was similar and the

potential inequalities resulting from the mortality of

several fish can be disregarded. Therefore, the differ-

ences observed in water quality between the ponds

was the result of the technological modifications ap-

plied (additional substrate for periphyton and carbo-

hydrate supplementation). It is essential to explain

that the substrate for periphyton provided an area

equivalent to 13% of the pond surface, which was

lower than in examples from the literature (Azim et

al. 2004, Uddin et al. 2008, Gal et al. 2010). How-

ever, when combined with carbohydrate

supplementation, these treatments effectively af-

fected water quality. Therefore, in our observations

we did not consider the separate effects of periphyton

and methanol on water or fish parameters. Instead,

we applied both treatments moderately in one pond

to maintain costs at an optimal level.

Fish in the extensive part of the system

The yields obtained from the extensive ponds indi-
cate the high growth potential of the fish and the nat-
ural productivity of these ecosystems when
integrated with intensive aquaculture systems. Ac-
cording to Kestemont (1995), extensive carp rearing
allows for fish production of 150-300 kg·ha-1 per
year. When using fertilization, it is possible to in-
crease production to 500-800 kg·ha-1 per year. We
managed to produce 313.7 and 417.2 kg·ha-1 per
year in ponds A and B, respectively. The results indi-
cate that post-production water with high nutrient
loads effectively increased pond productivity without
additional fertilization. Despite the fact that carp had
no chance to directly utilize the matter flowing in
from the intensive unit, the increase in biomass for
the given pond surface area was higher than that

recorded in similar ponds on the same fish farm. It
should be noted that the carp in the extensive ponds
had also an important technical function. In the
farming model presented, the carp age range meant
that presumably they would utilize both the benthos
and the larger zooplankton forms. At the same time,
carp unit weight was large enough to efficiently
re-suspend bottom sediments, which accelerated the
transfer of matter and biochemical changes in the
pond ecosystem. However, the most important fact is
that the treatments designed to improve
hydrochemical conditions improved the efficiency of
carp farming. In pond B, where additional treatments
were applied, carp biomass gain was 25% higher
than in pond A. Carp survival in system B was also
higher (10%). This indicated that it was possible to
improve not only productivity directly in the water
but also in the supply of natural food for carp.

An essential aspect of properly designing the
stocking of the extensive unit was the choice of addi-
tional fish species and age ranges of fish that have
different food preferences from carp, such as Chinese
carp. In our case, silver carp provided a filter feeder
that utilizes species from lower levels of the food
chain. The results of production of silver carp provide
important information on the production capability
of the systems described. The data proved how much
the available food bases differed in ponds A and B.
The increases in biomass and survival of this species
were satisfactory in both ponds and much higher
than in traditional earthen ponds. It was noteworthy
that even though the survival of silver carp was iden-
tical in both ponds, the biomass in pond B was 54%
higher than in pond A. Again, this reflects the higher
natural productivity and higher production capacity
of system B, and it is directly associated with the
treatments applied in pond B. The larger share of sil-
ver carp food is phytoplankton. Data on chlorophyll
content show that phytoplankton was more abun-
dant in pond B; therefore, silver carp growth perfor-
mance was better in this pond. This concurs with
studies by Avnimelech (1994), Azim and Little
(2006), and Gal et al. (2010) that show that in favor-
able conditions unused nitrogen can be recycled and
utilized by fish.
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Literature data indicate that periphyton can as-

similate nutrients. Autotrophic periphyton use the

mineral share of the nutrients, while heterotrophic or-

ganisms that live on the periphyton decompose the

growing biomass into organic matter. This process

alone is essential for the ecosystem since it accelerates

decomposition compared to that in the midwaters or

on pond bottoms. However, the main point of using

periphyton in the integrated system is to retain in

aquaculture products as much nutrient and waste

matter as possible. Therefore, it is important to in-

clude in the extensive unit species of fish or other or-

ganisms of potential economic value that can build

biomass using periphyton (Azim et al. 2003b). This is

why common nase was tested in the present study.

The result of its production is more evidence of the

better productivity of pond B. Common nase survival

was 43% better and average unit weight was 80%

higher in pond B than in pond A. This indicated that

the development of periphyton in pond A was poor,

and the fish did not have enough food to survive. The

example illustrates the great potential of periphyton

utilization in integrated systems. However, the sur-

vival of the common nase was unsatisfactory in both

ponds. The most probable reason for this was the

predatory bird pressure and physical injury caused by

pumps. Some individuals were found in the fish tanks

indicating that the pumps should be covered to protect

smaller organisms from being drawn into them.

Fish in the intensive part of the system

The sturgeon yearling growth rate must be analyzed
separately from that of the fish fry. Even though the
SGR values achieved would be sufficient in other
production systems (carp ponds), they were not eco-
nomically advantageous in the integrated systems
studied. The reason for the unsatisfactory fish growth
rates might have been the high biomass that these
fish achieved, which, along with the number of fish
per tank, exceeded 25 kg·m3 of water. This high fish
density might have influenced growth rates since
stocking density is one of the factors that affects the
final results of fish rearing. High stocking density can

lead to limited access to feed, body weight disparity
among fish, and even cannibalism (Folkvord 1997,
Fessehaye et al. 2006). Potthoff and Christman
(2006) suggest that, in some cases, higher density
can promote fish growth since increased competition
for food also increases fish appetite. Nevertheless, as
reported by Szczepkowski et al. (2011) and Jodun et
al. (2002) in studies on Atlantic sturgeon (Acipenser

oxyrinchus Mitchill) and by Rafatnezhad et al. (2008)
in a study on beluga (Huso huso (L.)), average fish
growth decreased as fish density increased, which
concurs with our observations. The most probable
reason is that the greater competition for feed and/or
living space increased fish stress, and this affected
their appetites negatively.

During the rearing season, the sturgeon fry
achieved satisfactory growth that was similar to val-
ues reported in the literature (Koksal et al. 2000,
Coada et al. 2011). The mean seasonal growth rate of
~1.7% in the tanks of both systems was a good, satis-
factory result. During the initial period of the season
(days 1 to 31), sturgeon mortality was observed, but
it did not exceed 12%. It is possible that some fish did
not prey on food properly because of stress from
transport and stocking. According to Steffens et al.
(1990), high mortality is frequently noted in young
fish (under 30 g body weight), and in addition to
weight gain, survival rates were better at high stock-
ing densities. These observations were confirmed
with the sturgeon yearlings, the survival rates of
which were 100% (average in system A tanks) and
96% (average in system B tanks), which were very
good results. Slightly better results were noted in sys-
tem A than in system B, in which brief technical
problems occurred that resulted in high water tem-
peratures and short periods of unfavorable water pa-
rameters (especially in tanks 7 and 8). Therefore, it
was assumed that the technological modifications to
the pond that resulted in different water parameters
in the extensive part of system B did not affect the
outcome of fish rearing in the intensive part of the in-
tegrated system either positively nor negatively.

Feeding schedules are an important factor that
influences the profitability of fish rearing. Coada et
al. (2011) and Luo et al. (2015) report that feeding
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hybrid sturgeon, (Acipenser schrenckii Brandt and A.

baerii) in short intervals with smaller quantities of
feed resulted in improved production at lower feed
costs. Based on this information, we started feeding
in the early morning and extended it using an auto-
matic feed dosing system. This resulted in a favorable
fish fry FCR; however, based on data from the previ-
ous season (not included), the sturgeon yearlings
were fed higher feed doses than those calculated to
eliminate this possible cause of declines in weight
gain. Therefore, the average FCR of 2.8 for yearling
fish was unfavorable and worse than that recorded by
Jodun et al. (2002) in a study of Atlantic sturgeon of
similar weight, rearing density, and feeding rate. We
assumed that the growth of the fish throughout the
system depended on the amount of feed delivered in
the intensive part of it. This relationship illustrated
the system nutrient budget. The profitability of fish
production depends on the FCR value, which is why
the overall weight gain of the fish in the whole system
was calculated. The FCR for system A was 1.9, and
for system B it was 1.89. Feed application should be
more controlled in profitable fish production.

The intensive-extensive aquaculture system de-
scribed was the first of its kind to be operated to this
extent in Poland. Fish rearing was carried out under
actual environmental conditions using real
aquaculture facilities. The data obtained confirmed
the possibility of rearing sturgeon in an integrated
system based on an earthen pond. The tank water pa-
rameters during the season allowed for sufficient fish
growth. The additional treatments applied in pond B
did not result in differences in fish yield between sys-
tems A and B, but fish production in the extensive
part of system B was higher. While providing addi-
tional substrates for periphyton growth did not re-
quire any significant investment, supplementing with
organic carbon was a considerable expense. Another
possibility for reducing costs is to utilize another car-
bon source that is cheaper than the one we used in
this study. The combination of these two treatments
was an efficient way to reduce ammonia nitrogen
when there was a high load of feed and fish biomass.
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