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Effect of water current and temperature on growth
of juvenile Acipenser baeri

HUANG Ning-yu, CHENG Qi-qun, GAO Lu-jiao, YAO Zong-li, XIA Lian-jun
(Key Laboratory of Marine and Estuarine Fisheries Certificated by the Minisiry of Agriculiure, East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract ; Effect of water current and temperature on growth of juvenile sturgeon Acipenser baeri in intensive
indoor ( semi-recirculating) tank culture was investigated in a 90-day rearing trial. Fish were reared in
continuous water current with three levels of velocity of 0.12(V,), 0.16(V,) and 0.20 m - s™' (V,)
respectively, and isochronic water current (in half an hour with a velocity of 0.20 m - s™*, then in the next
half an hour of intermission with a velocity of 0 m + s™') (V,), under water temperature varying between
13.8 C and 24.7 C. Within a range of water temperature of 16.7 — 22.5 C, growth efficiency ( GE)
and daily growth rate (DGR) increased with the increase of velocity of water current, and maximum DGR
occurred in V, group. There was significant positive linear relation between GE and V. GE =52.5 V +
69.567 (R* = 0.997, P< 0.05), when the velocity of water current ranged from 0.12 m - s~ ' t0 0.20 m -
s~'. In contrast, within a range of water temperature of 13.8 — 16.7 C or22.5 — 24.7 C, DGR of V,
group were lower than that of V, and V, groups. Fish in the group with intermission of non-water current
obtained the highest GE while lowest FCR at a water temperature of 20. 7 C. It suggested that water current
and water temperature have reciprocal effect on the growth of juvenile sturgeon A. baeri. The fish has
different optimal water temperatures at different velocity of water currents, and the optimum temperatures
are between 20.2 C and 20.7 C. This result suggests that group V, is the best among these groups that can
produce better economic benefits.
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and provide water circulation; water temperature is

1 Intr ion
troductio monitored and controlled throughout the whole

Intensive indoor ( semi-recirculating ) tank culture period. The practical issue is how to sirike a
culture is increasing recently in China, especially in balance between sustaining large quantities of
the arid area of northwestern China on account of the aquatic biomass and saving energy in operating this
shortage of freshwater resource. In this type of fish fish culture system. In order to acquire the
culture system, water is usually recycled; aeration is fundamental data of management of the intensive
applied continuously to enhance dissolved oxygen indoor fish culture system, it is important to study
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the effect of water current and temperature on the
growth of culture species of high-value table fish.
As a non-biological factor of fish living
environments, water current can stimulate the sense
organs of fishes, and make it produce corresponding
activity manners and response mechanism. Some
considered that water current

researchers can

stimulate the metabolism systems and has effect on
the growth and development of fishes' =/,

But others argued that water current is a
masking factor contributing to retardation of fish
growth. On the other hand, water temperature can
control metabolism rate of fishes, and successively
impacts the  physiological and  biochemical
processes, such as ingestion, aspiration, as well as
assimilation and catabolism of living materials of
fish, thus it becomes a control factor in regulation of
fish activity and growth =71

Acipenser baeri is mainly distributed in all
tributaries of River Ebi and River Kroma. In 1956,
it was successfully introduced from River Ebi into
River Pechora. From then on, A. baeri was
introduced into Baltic sea and the Volga River
systems, and natural populations came into being in

these water systems'®'.

In Xinjiang Autonomous
Region of China, A. baeri appears occasionally in
some rivers which link up into Europe, such as
River Eqis, Bruent Sea and Lake Bosten'”’. There
are three ecotypes of A. baeri in nature: semi-
migration, river-resident and lake-river migration
101 It suggests that A. baeri can be adapted to
different water current and temperature, but how to
affect the growth of A. baeri, there were no
correlative researches up to the present. Purpose of
this paper is to acquire the fundamental data about
water current and temperature on the growth of
juvenile A. baeri, which can direct and improve the
technology of intensive indoor ( semi-recirculating)
tank culture of A. baeri. While A. baeri as a
growing popular freshwater culture species, its
aquaculture is increasing rapidly all over China in

recent years'" 711,

2 Materials and methods

2.1 Experimental fish

Sturgeon A. baeri(50 —80 mm) were obtained
from Beijing Fisheries Institute ( Beijing, China)
on June 5, 2004. They were acclimatized to the
experimental conditions for a period of 25 days in
Haima Spring Base(Jiuquan City, Gansu Province,
China) , during which time they were fed a soft
pellet feed compounded by ourselves in East China
Sea Fisheries Research Institute ( Shanghai,
China). Strong and active A. baeri were selected
and the average body weight of the fish at the
beginning of the experiment was (25.04 +1.85) g
[ standard length (SL) (220.02 +1.35) mm].
2.2 Experimental conditions

Groups of 1 500 fish were randomly allocated
into each of 12 cement tanks (10 m x10 m x1.2 m
with chip angles at circumferences and 110mm
limber tube at the center) with three replicates per
treatment of four velocities (V;, V,, V; and V,) of
water current.

The tanks were supplied with a mixture of
filtered well water and bio-purified recycling water

- min~"

at 200 L in a cycling purifying flow-
through system. In addition, a probiotics
Rhodospirillaceae  RP.  Sphaeroides ( PSB,

photosynthetic bacteria; East China Sea Fisheries
Research Institute, Shanghai, China) was also
added into rearing water to maintain water quality.
The water temperature was not manipulated
artificially either, varying at a range of 13. 8 to
24.7 C during the experimental period of 90 days
(June 30 - Sep 28, 2004). Photoperiod cycle
was not manipulated artificially, changing with
variation of hours of sunlight seasonally.

Three tanks each were allocated to each water
current treatment. Three velocities (0.12 m - s™',
0.16 m-s™',0.20 m - s™') of continuous water
current( groups V,, V, and V,) were provided and
maintained with 0. 55, 0.75 and 0.9 kW oxygen-

enhancers; while in isochronic water current V,
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group (in half an hour with a velocity of 0.20 m -
s", then in the next half an hour of intermission
s™'), a0.9 kW oxygen

enhancer and a 1. 1 kW fan were used to provide

with a velocity of 0 m -

water current and to enhance oxygen every 30 min
alternatively. The dissolved oxygen during the
rearing period was kept about (5.5 £0.5) mg -
L.

During the whole experimental period, pH,
dissolved oxygen, and ammonia content in water
were monitored, and all of them were maintained
in the expected range. The activity of experimental
fish was checked everyday. The ponds were
disinfected by bromine (0.2 g - m™*) every 15
days to prevent diseases.

Fish were hand-fed to satiation 6 times daily
with soft pellet compounded for sturgeon produced
by ourselves in East China Sea Fisheries Research
Institute (Shanghai, China). The protein contents
are 40% —44% . The feed consumptions for each
tank were recorded everyday.

2.3 Fish growth measurement

Fifty fish were sampled randomly for
measurement of standard length ( SL, mm) and
body weight (BW, g) every 10 days. The growth
performances of sturgeons were described as daily
net weight gain (DWG, g - d™'), net yield (NY,
g-d™"), daily growth rate (DGR, % - d'),
feed conversion (FC, % ) and growth efficiency
(GE, % )'™!. The calculations of these parameters
are as follows:

DWG = (W, _Wl)/[n(tZ _tl)]

NY =W,/n-W,/n

DGR(% ) =100(LnW, -LaW,)/(t, —¢t,)

FC(%)=F/(W,-W,) x100

GE(% ) =100(W, -W,)/F

Where W, and W, are body weight (g) at
initiating time (¢,) and ending time (¢,),F is the
total food-taking ( g ) during the experimental
period, and n is the number of fish in each
experimental tank. Statistical analysis is performed
using the statistical software, SPSS .

3 Results

3.1 Growth of A. baeri of each water current
group at different temperature

DGR of fish in each water current group
showed significant quadratic functional relationship
with temperature ( Tab. 1 ). The relationships
between the DGR and water temperature were
expressed by the following formula.

SGRy, = - 0. 05637° +2. 30837 - 19. 902
(r* =0.9366,P <0.05)

SGRy, = -0. 06327 +2.5839T -22. 30
(r* =0.9674,P <0.05)

SGRy, = - 0. 11827° + 4. 7635T - 43. 295
(r* =0.9026,P <0.05)

SGRy, = -0. 054T% +2.2366T - 19. 266
(r* =0.9813, P <0.05)

Based on the regression formula, it was found
that DGR of juvenile A. baeri in V, group showed
the highest of 3.5764 (% -d™') at20.5 C. It
suggested that 20. 5 C may be the optimum
temperature for juvenile A. baer: cultured in the
water current velocity of 0.12 m - s~' in the indoor
Similarly, the
optimum temperature for fish in group V,, V, and
V, are 20.4 C, 20.2 C and 20.7 C, respectively
(Fig.1). Fish in V; group showed the highest DGR
only when the water temperature between 16.7 C
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intensive fish culture system.
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Fig.1 Relationships between daily growth rate and
water temperature under varied water currents
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and 22.5 C. If the water temperature is between
23.3 and 24.7 C, or between 13.8 C and 15.4
C, fish in V; group showed the lowest DGR.
3.2 Relationship between growth of A. baeri
and velocity of water current

Growth performance and feeding conversion of
A. baeri in different water current groups show
some differences after being cultured for 90 days
(Tab.2). From Tab. 2, it is found that the final
body weights of juvenile A. baeri in V, group( with
velocity of 0.20 m - s™') are significantly higher

than V, group (with velocity of 0. 12 m - s™'). At
the same time, DGR and NY of V; group are 1. 11
and 1. V, group,
respectively. The feed conversion ( FC) of fish in
V, group ( with velocity of 0.20 m - s™') is the

times 36 times those of

lowest among the four groups, and their growth
efficiency ( GE) is the highest. What’ s more, the
DGR of this group has the tendency of increase than
other groups at both higher temperature segment
and lower temperature segment.

Tab.1 Daily growth Rate( DGR) of juvenile A. baeri of each group at different temperature

temperature daily growth rate(DGR) (% -d™!)
date

() 14 Vy Vs V,
June 30 24.3
July 10 24.7 2.78 2.78 2.47 3.07
July 20 23.3 3.10 3.49 2.95 3.45
July 30 22.5 3.52 3.91 4.28 3.77
Aug. 9 20.6 4.16 4.34 5.20 4.15
Aug. 19 19.9 3.88 3.96 4.55 3.8
Aug. 29 18.4 3.20 3.48 4.07 3.46
Sept. 8 16.7 2.77 3.12 3.36 3.11
Sept. 18 15.4 2.29 2.48 2.06 2.32
Sept. 28 13.8 1.34 1.31 1.03 1.36

Tab.2 Growth performance and feeding conversion of juvenile Acipenser baeri cultured

in different velocity of water current for 90 days

(means =SD)

group " Vs Vs Vy

initial body weight (g) 25.0 £ 2.0 25.0 + 1.7 25.0 £ 1.8 25.0 £ 1.7
finally body weight (g) 374.2 £ 2.5° 441.1 + 3.1° 501.3 + 3.4° 432.1 + 3.1°
net yield (g) 349.2 * 24.5% 416.3 * 27.5° 476.2 + 32.5° 407.1 + 21.5%

daily weight gain (g) 3.9 + 1.4% 4.6 +1.5% 5.3 +1.8° 4.5 +1.3*%
average daily growth rate (% - d ') 3.01 +0.2° 3.2 £0.2° 3.3 +£0.2° 3.2 £0.1°
growth efficiency (% ) 75.8 £ 1.4*% 78.1 £ 1.5% 80.0 + 1.6° 82.0 +1.3°

feed coefficent 1.3 +0.1° 1.4 +0.1° 1.3 +0.1° 1.2 +0.1°

Notes: The difference letters on the parameters in one row means significant differences(P < 0.05)

Comparing the growth of juvenile A. baeri in
three different groups V,, V, and V, (with velocity of
water current between 0.12 m - s~ and 0.20 m -
s™'), it was found that the final body weight,
body length, GE, NY, DGR and DWG of juvenile
increased, while FC decreased with the increase of
velocity of water current. GE of juvenile A. baert
and V
relationship (Fig.2). The relation formula is;:GE =
53.5V+69.567 (¥ = 0.997, P <0.05).

showed significant positive correlated
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Fig.2 The regression linear between GE and

velocity of water current
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4. Discussion

4.1 Influence of water current on the optimum
temperature of juvenile A. baeri

From the regression equation, it was found
that the juvenile A. baeri in V; group showed the
highest DGR of 3.57 % - d ™' at 20.5 C. Thus,
20.5 C maybe was the optimum temperature for
juvenile A. baeri cultured in water current velocity
of 0.12 m - s~ under the conditions of the indoor
intensive fish culture system. Similarly, the
optimum temperature for juvenile A. baert in group
V,, V,, and V, were 20.4 C, 20.2 C and 20.7
C, respectively. The results suggested that the
optimum temperature for juvenile A. baeri growth
was not constant, they changed in the range
between 20. 2 C and 20.7 C. It fluctuates with
concrete environmental condition. Besides food,

illumination , [15]

[16]

population  density and body

weight , the interaction of water current and
temperature has effect on the growth of juvenile A.
baeri. Based on these results, it was found that
though the optimum temperatures were not the
same, they fluctuated between 20.2 C and 20. 7
C. It suggests that the optimum temperatures are
stable for juvenile A. baeri. Based on optimum
growth temperature of fishes, we can adjust the
temperature of tank, save the expenses, and enhance
the growth efficiency'"”’
may be helpful to direct the temperature-controlled

aquaculture of juvenile A. baeri.

. Thus, our conclusion here

4.2 Influence of velocity of water current on
the growth of juvenile A. baeri
Water

corresponding pattern of behavior and mechanism

current stimulates fish to make

of response. It also acts on the fish body

metabolism and then has effects on the growth and
development of fish. The effects are positive or

negative according to existing reports. Yin

considered water current as a negative factor on

[18]

growth of fishes' . In the culture of salmons,

people make efforts to avoid exposing fish to the
riptide in fish culture systems, otherwise fish are
thought to increase the expenditure of energy to
keep original position, and result in lower growth
rate and higher food cost 7). But some recent
studies showed that growth rate could be improved
when salmons were forced to swim with a

d . Houlihan et al. "

controlled spee proved
that the growth rate of rainbow which swim
continuously within a fatigue range was two fold as
the control group for the biosynthetic rate of protein
increasing accordingly. In the present study, DGR
gradually increased with the velocity of water
st 0.20 m -

s~ when water temperature varied within a range
between 16.7 C and 22.5 C. The result that NY

of V, group was significantly higher than V; and V,

current increased from 0. 12 m -

group suggested that properly increased water
current stimulation may be effective on the growth
of A. baeri. A similar phenomenon was also found
in Amur sturgeon Acipenser sturgeon (21

As for the intermittent water current (in half
an hour with a velocity of 0.20 m - s~', then in
the next half an hour of intermission) , the NY and
DGR of V, group were found to be similar to that of
V, group, but its FC lower than that of the other
three groups. The oxygen supplying system of our
fish culture systems is well designed to ensure a 1. 1
kW fan supplying oxygen to 6 — 8 culture tanks
when the oxygen-enhancers stop working. Thus,
V, group can save 30% - 40% power than V,
group. Thus, V, group could be the ideal water
current supplying for indoor intensive fish culture
systems that attach importance to economic
efficiency. Further studies are needed to examine
the reasonable water current for sturgeon at
different developmental stages, as well as sturgeon

[22]

of other strains'“'. The present study provides a

useful reference to water current and temperature
indoor ( semi-

control for the intensive

recirculating) tank culture.
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