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ABSTRACT

The effect of starvation and re-feeding was investigated on growth, hematology and biochemical parameters in
juvenile Persian sturgeon (Acipenser persicus). Three hundred and seventyfive fish (108+0.63 g) were divided into
five feeding groups. The control group (C) was fed to satiation three times a day during the experiment. The four
groups were starved for 1 (W1), 2 (W2), 3 (W3), and 4 (W4) weeks respectively, and then fed to satiation during a
4 week re-feeding period. The results indicated that some parameters including final weight, specific growth rate,
body weight increase, plasma enzymes (ALT, Alanine aminotransferase, AST, Aspartat aminotransferase and ALP,
Alkaline phosphatase), hematological parameters [Mean corpuscular volume (MCV), mean corpuscular hemoglo-
bin concentration (MCHC), and mean corpuscular hemoglobin (MCH)]were significantly affected by feeding re-
gimes. The plasma cortisol; hematocrit, lymphocytes, neutrophils, eosinophils, and monocytes were not affected
by starvation and subsequent re-feeding. These findings showed that short term starvations had no significant
negative effects on growth performance, most biochemical and hematological parameters in Persian sturgeon
couldrecover when re-feeding resumed.
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INTRODUCTION

The feed restriction for fish occur both in nature
and captive condition aquaculture. Wild
populations, undergo feed restriction due to
food limitation, migration, weather events, and
during the reproductive cycles (Liu et al., 2011).
In captive condition, fish species undergo
periods of starvation because of solving water
quality problems, reduce handling stress and
mortality due to disease outbreaks,
temperature changes, and also save feed to
increase farm profit (Gaylord and Gatlin III,

2000, Caruso et al., 2011, Wang et al., 2000).
During starvation, fish may employ various
behavioral, physiological, and structural
responses to cover their metabolic needs
(Navarro & Gutiérrez, 1995). However, the
metabolic and endocrine responses depend on
the species and the duration of the deprivation
period (Pottinger et al., 2003, Mommsen et al.,
1999, Navarro & Gutiérrez, 1995). There is
growing information on  physiological
responses following feed deprivation and re-
feeding in fish species due to interest in the
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compensatory growth phenomena.
Compensatory growth followed by different
feeding regimes, has been reported in several
fish species (Abolfathi et al., 2012, N Montserrat
et al., 2007, Naria Montserrat et al,. 2007, Zhu et
al,. 2005, Tian and Qin, 2003, Hayward et al.,
1997, Nicieza & Metcalfe, 1997). However, there
are few studies on the sturgeons, that have
shown the morpho-physiological responses
following starvation and re-feeding
(Falahatkar, 2012, Furné et al, 2012,
Yarmohammadi et al.,, 2012, Liu et al., 2011,
Gillis and Ballantyne, 1996, Hung et al,. 1997).

The physiological responses depending on
mobilization of energy reserves are different in
fish species. The assessment of hematological
and biochemical parameters of blood provides
valuable information for evaluating the
physiological responses followed by different
feeding regimes in fish (Bani & Vayghan, 2011,
Coles, 1986). However, the effects of feed
deprivation and re-feeding on blood
parameters of Persian sturgeon are not
understood and therefore further investigation
is needed. Regarding the physiological
responses under different feeding regimes,
changes in hematological factors such as
hemoglobin (Hb), hematocrit (Hct), white;and
red blood cells (WBC and RBC), and corpuscle
indices (Mean corpuscular volume (MCV),
mean corpuscular hemoglobin concentration
(MCHC), and mean corpuscular hemoglobin
(MCH) have been reported in fish species such
as Siberian sturgeon, A. Baerii(Morshedi et al.,
2011) and Nile tilapia, Orechromis niloticus
(Abdel-Tawwab, et al. 2006). Changes in plasma
cortisol levels are different in fish species, and
it has been shown from decrease to no
consistent changes, or increase in blood cortisol
concentration in feed deprived specimens
(Mommsen et al., 1999, Pottinger et al., 2003,
Polakof et al, 2007). The liver enzymes
including alkaline phosphatase (ALP),
Aspartat amino transfers (AST) and alanine
aminotransferase are localized within the tissue
cells of liver and other organs. However, ALP
is mainly produced in the liver compare to
other organs. Measurement of the these
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enzymes in the blood, is one of the most
valuable diagnostic tools because they reflect
the physiological conditions of fish (Shahsavani
et al. 2010, Anver 2004). Elevation of liver
enzyme activity appears to reflect liver
disorders. The stock of the Persian sturgeon,
Acipenser persicus (Borodin, 1897) has decreased
over the past 20 years (Pourkazemi et al. 1999).
Due to unique biological characteristics of
sturgeons such as very long life span and late
sexual maturation, make it a suitable species for
studies of repetitive feeding regimes or
compensatory growth. The Persian sturgeon as
a native fish with a fast growth rate and
delicious meat, it-has become a candidate
species for Iranian aquaculture in recent years
(Mohseni et<al., 2007). Persian sturgeon, like
many other fish species, experience periods of
starvation in nature and captive condition
(Falahatkar, 2012). Despite several studies in
teleost fishes regarding starvation effects on
physiological functions, there is still much to be
understood about the physiology of sturgeons
species. The aim of the present study is to assess
the metabolic strategies of Persian sturgeon
exposed to different periods of starvation and
followed by re-feeding or compensatory
growth. In this study, the effect of starvation
and re-feeding was monitored on some
hematological and plasma biochemical
parameters. Knowledge of how fish respond to
starvation periods in this study could provide a
basis for improved nutrition and rearing and
thereby help to optimize Acipenser persicus
culture.

MATERIALS AND METHODS

Test specimens and experimental conditions
Juveniles (7-month-old) Persian sturgeon (A.
persicus) were provided by Shahid Beheshti
Sturgeon Propagation and Rearing Complex
(Rasht, Iran) between October and December
2009. Prior to the experiment, fish were
acclimated to experiment conditions for 2
weeks while they fed three times a day (08:00,
13:00 and 18:00)on a commercial food
(BIOMAR, INICIO Plus 868Nersac, France)
containing 48% crude protein, 22% crude fat.
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Fish were maintained under a free-stress
condition during the experimental period.
Water quality parameters, such as dissolved
oxygen (6-8 mg.L1), pH (7.5) and temperature
(16.5-18.5 C°) were monitored daily and did
not change significantly between treatments
during the experiment.

After acclimation, 375 fish with a mean initial
weight 108 + 0.63 g were randomly assigned to
five feeding groups. Three replicates were
assigned for each group, consisting of 25 fish
per tank in a flow-through system with water
supplied from the Sefidrood River and aerated
well. The experiment lasted for 8 weeks and
was divided into two periods, starvation
periods (weeks 1 to 4) and a re-feeding period
(weeks 4 to 8). The control fish (C) were fed on
the commercial diet to satiation three times a
day throughout the experiment.

Fish in other four groups were subjected to the
following four periods of starvation: 1 week
(W1), 2 weeks (W2), 3 weeks (W3), and 4 weeks
(W4) and then fed to satiation three times a day
during the 4-week re-feeding period.
Starvation was timed so that the end of the
starvation period occurred in all groups at
week 4. The W1 fish were starved only in week
4; the W2 fish were starved from week 3 to
week 4; the W3 fish were starved from week 2
to week 4, and W4 fish were starved from week
1 to week 4. Fish from each group were fed by
hand until apparent satiety throughout the
experiment. The tanks were siphoned weeklyto
exonerate excessive food and feces. Fish in all
15 tanks were weighed (g) and measured for
total length (mm) individually at the beginning
of the experiment and at the end of starvation
and re-feeding periods.

Growth indices including final weight, body
weight increase (BWI), and specific growth rate
(SGR) were calculated according to the
formulae below:

BWI=100 x (FW -IW) / IW

SGR=100 x [In (FW-IW)] /t

Where FW stands for final body weigth, IW
refers to initial body weigth, and t is days of
experiment (Eroldogan et al., 2008).
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Blood sampling and biochemical analysis
Five fish were randomly sampled from each
tank at the end of each period of experiment for
blood sampling. The fish were killed quickly
with blow to the head and blood was taken
from the caudal vessels using heparinized
syringes. Blood sampling took less than 1 min
for each fish and then the blood was transferred
to heparinized 1.5 ml Eppendorf tubes, and
kept on ice. Theblood was divided into two
parts. In one of them, the whole blood was
suspended in the diluent (Natt &Herrick, 1952)
for red and white blood cell levels using a
hematocytometer. Hemoglobin concentration
(Hb) was measured using a commercial kit by
photometric assay of cyanomethemoglobin
method. Hematocit (Hct%) was determined by
centrifuging  whole blood in heparinized
microhematocrit capillary tubes at 3500xg for
10 min. Osterode, Germany). Mean corpuscular
volume (MCV), mean corpuscular hemoglobin
concentration (MCHC), and mean corpuscular
hemoglobin (MCH) were calculated using the
following formulaes (Houston, 1990):

MCYV (fl) = (Hct / RBC) x 10

MCHC (%) = (Hb / Hct) x100

MCH (fl) = (Hb / RBC) x 10

Differential WBC counts (lymphocytes,
neutrophils, eosinophils and monocytes ) were
conducted on Giemsa stained blood smears.
Cells were identified on the basis of
morphology and cell ultrastructure, as
documented in previous fish leukocyte studies
(Afonos et al., 1997, Rowley, 1990, Ellis, 1977).
For biochemical assays, blood samples were
immediately centrifuged (5 min at 5,000 rpm,
Hettich D7200, Germany) then plasma was
separated and stored in 1.5 ml Ependorf tubes
at -20 °C for subsequent analysis of biochemical
parameters.Plasma Cortisol was determined by
radioimmunoassay (RIA) using the Coat-A-
Count Cortisol kit (#TKCO2, Diagnostics
Products Corporation, Los Angeles, CA, USA).
The concentration of ALT (Alanine
(Apartat
aminotransferase) and ALP  (Alkaline

aminotransferase), AST

phosphatase) of blood plasma samples were
analyzed by auto-analyzer (Technicon,
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RA1000, USA) and diagnostic kits (Pars
Azmoon Co., Tehran, Iran) based on the
protocols described by Shahsavaniet al.,(2010).

Data analysis

Data was presented as mean + SEM (standard
error of mean). All statistical analyses were
conducted using SPSS statistical software,
version 17 (IBM, Chicago, IL, USA). Normality
of data and homogeneity of variance were
checked by using Kolmogorov-Smirnov and
Leven's test, respectively. The starvation/e-
feeding effects were analyzed with One-Way
ANOVA followed by Duncan’s test where
variances were homogeneous. Differences
between fed and food deprived groups at each
sampling time were estimated using a t-test.
P<0.05was the accepted significance level.

RESULTS

Growth performance

Means of fish initial weight did not
significantly differ among treatments at the
start of experiment (P>0.05). Throughout the
experiment, fish survival was 100%. The mean
final body weight of juveniles was significantly
impacted by deprivation (Table 1). Mean body
weight of W2, W3, and W4 treatments were
significantly lower than those of control fish
(P<0.05). After re-feeding for four weeks, the
W1, W2, and W4 treatments were not
significantly different compared to the final
weight of control fish (Table 1). After re-feeding,
body weight increased (BWI) and specific
growth rate (SGR) in all four starvation
treatments were significantly higher than in the
control fish (P<0.05).

Hematological and biochemical indices

The effect of different starvation treatments and
subsequent re-feeding on Persian sturgeon
blood indices are displayed in Table 2.
Starvation and re-feeding had no significant
effect on some hematological parameters
including Hematocrit, lymphocytes,
neutrophils, eosinophils, and monocytes; while
Hb, RBC, MCHC, MCV, and MCH significantly

changed during starvation and showed the
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least value for W2 group compared to control.
After a 4- week re-feeding, the hematological
and biochemical values of all food deprived
groups recovered to the normal level of full-fed
control fish.Red blood cell (RBCs) levels
significantly increased during starvation
periods in W1, W3, and W4 treatments. After
fish re-feeding, Hb and RBCs values returned
to the normal level of full-fed control fish
showing that the fish had recovered and
became healthy.

Starvation did not considerably affect plasma
cortisol levels. But after one month re-feeding
period, cortisol concentration in W groups
increased compared to control fish, so that in
W2 group, its level reached maximum (P<0.05)
(Table 2). Plasma alkaline phosphatase (ALP),
alanine ~aminotransferase and aspartate
aminotransferase (AST) increased in different
W groups during starvation period (P<0.05).
But after ‘re-feeding period, their levels
decreased in W groups and reached to the
control level.

DISCUSSION

In this study, we investigated the effects of
nutritional restriction and subsequent re-
feeding on compensatory growth and
physiological responses of Persian sturgeon.
Starvation for 2, 3, and 4 weeks resulted in
significant reduction in body weight.

After re-feeding for one month , the final
weight of fish starved for 1, 2 and 4 weeks did
not differ from the control, while those starved
for 3 weeks (W3) were significantly lower than
the control groups (C). During re-feeding
period, BWI and SGR were significantly higher
in the starved fish than that in the control
group, indicating that the experiment was
ended during a phase when the fish were still
undergoing GC. Findings showed that the
juvenile Persian sturgeon starved for 1,2, and 4
weeks showed complete compensatory growth
while fish starved for 3 weeks showed partial
compensatory growth. Thus compensatory
growth exists in the juveniles of Persian
sturgeon, and the compensatory response
depends on the length of feed deprivation.
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Table. 1:Changes in final body weight, body weight increase (BWI), specific growth rate (SGR), and survival in Persian sturgeon reared under different feeding regimes. Values are mean+SEM. Different superscripts in the

same rows indicate significant differences (P<0.05) between feeding strategies by One - Way ANOVA.

C W1 W2 W3 W4
Initial weight (g) 108.65+1.35 109.18+0.37 108.94+1.16 106.96+0.34 107.944+2.88
Weight after deprivation (g) 139.08+2.272 125.02+5.062 108.15+1.18b 100.36+1.80 99.68+2.300
Final weight (g) 218.56+8.112 219.33+2.762 190.23+£3.01 2 ® 179.6x5.2" 191.01£2.012°
BWI (%) 57.1645.56 ¢ 75.84+5.09 75.86+1.14 " 78.87£2-21" 91.81+4.042
SGR(%day) 1.61+0.12¢ 2.01+0.10° 2.01+0.02° 2.07+0.04 b 2.32+0.072
Survival (%) 100 100 100 100 100

C: Control (fed three times daily to apparent satiation); W1: Treatment 1 (one week starvation and 4 weeks re-feeding), W2 (two weeks starvation and 4 weeks re-feeding), W3 (three weeks starvation and 4 weeks re-feeding), W4 (four weeks starvation and 4
weeks re-feeding)

Table 2:Hematological indices of juvenile Persian sturgeon under different starvation periods and subsequent re-feeding. MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin, MCHC, mean corpuscular
hemoglobin concentration. Values are mean+S.E. Different superscripts in the same rows indicate significant differences (P<0.05) between feeding strategies by One - Way ANOVA.

Starvation Re-feeding
Blood parame-
ters C w1 W2 W3 W4 C w1 W2 W3 W4
He“(‘;t)ocr‘t 19.67 +0.67 19.07 £ 0.40 17.67 £0.73 18.53 0.65 17.67 £ 0.69 2173+050  21.60£089  2033+056  20.87%0.50 20.73+0.59
He‘é‘é‘%‘;bln 322+0.16b 3.65+0.13b 2,40+ 0.47b 416 +0.18a 335+ 0.16a 531+1.73 331025 2.95+0.12 3.04+0.26 3524020
106p-<RBC ( 45333+
) 43933 £3436b  540+2833a  432.67+27.68b 556 +27.36a - 559.33 +31.84a o191 464.67489.35  522+18833  434.67+59.63  494.67+186.08
WBC
1080-1)x( 24.07+8.10 19.43 + 7.85 19.03 +11.95 21.13+8.11 2083+12.05  14.40+5.69 950+4.16 14204563  14.27+835 12.30+5.30
MCHC (gdl-
D 16.44 + 0.68c 19.24 + 0.68b 14+2.88ab 2252 + 0.79a 1925+1.04b  2438+783  1547+1.09 14594065  1459+1.15 16.99 +0.85
MCH (pg) 79.30 +7.02a 69.79+370ab  5226+1034a ~7573+270ab 6278 +486b  2438+7.83  1547+1.09 14614065  1459+1.15 16.99 +0.85
MCV (fl) 47950435542 363.06£16.25bc  426.13+25.87c | 339018+12.57c  326.66+18.70c 4887141745  478.41427.93 4334343924  488.02+19.14  4555332.90
Lymg‘;’cym 75.67 £5.73 75.50+1.48 81.89+1.52 73.67+4.32 78.43£5.20 84.2241.50 82.33+2.52 83.3842.88 79.67+2.53 74.57+3 41
Ne“(t;;‘;f’hﬂ 11.67+2.40 9.67+1.09 5.330.85 10.89+2.22 10.572.72 8.56+1.08 11.6741.52 8.13+1.22 12.56+2.14 1343.09
EOS‘(T;")PM 3.67+0.33 3.17+0.70 3.2240.46 3.11£0.26 2.86+0.70 3.44+0.77 3.78+1.12 4.50+1.10 3.89+0.59 4.5740.65
Monocyte
) 11.3+0.21 9.67+0.61 9.5641.07 14.2042 64 8.14+2.22 4.00+0.96 22241.06 4.00+1.41 3.89+1.15 7.86+1.68
AST (IUL1)  311.33£18.05b 42047423232 40247+438.06a  389.6+1671ab  357+3134ab  44847+56.64 3444742904 4274045640  371.93+34.97 362.93+27
ALT (IU.L) 7 +1.44ab 8.27+1.37a 6+0.96a,b 4.27+0.67b 4.93£0.77a,b 6.131.64 4.00£0.74 6.60£1.12 4.400.83 3.67£0.73
ALP (IU.L") 301+11.22b 42533+12.54a 446 +30.78a 42293425132 461.13428.01a  33627+17.05 3092041551  298.87+1040  305.73+18.24  295.47+9.99
C(;’rct;ff)’l 3.30+0.68 5.45+1.46 3.59+0.97 5.72+1.30 5.77+0.95 093020b  1.93:049%,b  3.62+1.16a  249+0.6lab  2.77+0.66ab

Control (fed three times daily to apparent satiation); W1: Treatment 1 (one week starvation and 4 weeks re-feeding), W2 (two weeks starvation and 4 weeks re-feeding), W3 (three weeks starvation and 4 weeks re-feeding), W4 (four weeks starvation and 4 weeks

re-feeding).
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The findings of the current experiment were
similar to that shown in trout (Onchorhynchus
mykiss) whereby full compensation after 1 week
and partial compensation in 2 and 3 weeks
were observed after fasting (N Montserrat ef al.,
2007). Similar findings have also been observed
in barramundi (Lates calcalifer) (Tian and Qin,
2003) and hybrid tilapia, (Oreochromis
mossambicus x O. niloticus) (Wang et al., 2000).
However, in Atlantic cod (Gadus morhua) after
3 weeks fasting, complete compensation was
observed (Jobling et al., 1994).It is known that
starvation may inducedifferent responses on
blood hematological parameters. The responses
are dependent on the starvation term and are
also species-specific character which are related
to the metabolism and its regulation (Caruso et
al., 2010). In this study the effects of
starvation/re-feeding  on  hematological
parameters were different. In the Persian
sturgeon juveniles, the hematocrit (%) did not
seem to be affected by starvation, whereas
hemoglobin (Hb) and blood indices (MCV,
MCH and MCHC) were affected following
changes in red blood cell number in food
deprived groups. Different responses were
provioisly reported concerning the effects of
starvation on hematological parameters. The
increase in the hematocrite value in response to
different starvation periods have reported in
Japanese eel (Anguilla japonica), European eel
(A. anguilla), Atlantic cod (Gadus morhua), and
beluga (Huso huso) (Sano 1962, Johansson-
Sjobeck et al. 1975, Kamra 1966, Falahatkar
2012).0On the other hand, the decrease in the
hematocrite and haemoglobin contents have
reported in starved carp (Cyprinus carpio) ,
rainbow trout (Oncorhynchus mykiss), Lake
sturgeon (A. fulvescens), catfish (Ictalurus
punctatus) (Gillis and Ballantyne, 1996, Lim
&Klesius, 2003, Murachi, 1959). Additionally,
no effect on the hematocrite values were found
in food deprived, European sea bass
(Dicentrachus labrax), blackspot sea bream
(Pagellus bogaraveo), and red porgy (Pagrus
pagrus) (Caruso et al., 2012, Caruso et al., 2011).
No significant differences in Hct and Hb
concentrations were observerd in European
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eels which were starved for 150 and 5 days
respectively (Caruso et al., 2010, Larsson &
Lewander, 1973). In the present study the
highest level of Hb was observed in W3, which
caused high value of MCH and MCHC.

It could be as a result of the high amount of RBC
in starved groups and reflected the increase of
oxygen carrying capacity of blood and then
increased oxygen requirement of the sturgeon
during starvation periods. The observed
decrease in Hb and MCHC in some treatments
including control fish is probably due to
decrease in oxygen requirement (Falahatkar,
2012). Re-feeding of fish after starvation
periods recovered the blood indices.
Furthermore, starvation and subsequent re-
feeding had mno significant effect on the WBC
count and therefore the percentage of
lymphocytes,  neutrophils, eosinophils and
monocytes in the Persian sturgeon juveniles.
Leukocytes ‘were found to be most sensitive to
starvation (Mahajan & Dheer, 1983). While
lymphocytes are recognized as immuno-
competent cells and can affect immune
responses in fish (Ellis, 1977). The increase in
total leukocyte values was observed in an air-
breathing fish Channa punctatus Bloch (Mahajan
and Dheer, 1983) and traira (Hoplias
malabaricus Bloch) (Rios et al., 2005) during
starvation. In contrast, a successive decrease in
the white blood cells (WBC) count during the
starvation period was observed in the
European eel, Anguilla anguilla L. (Johansson-
Sjobeck et al., 1975).

In the present study, plasma cortisol levels
were not different between treatments. Due to
rapid decrease in liver size, it was expected that
cortisol in unfed fish would increase because of
the need for energy made available by cortisol
role for gluconeogenesis, but it did not occur
(Davis & Gaylord, 2011). However at the end of
the re-feeding period, cortisol concentration
increased. It seems that increased cortisol levels
in fed fish, might be a physiological result of
feeding itself or possibly a result of stress
associated with hand feeding activity, but not a
result of feeding regimes. These data, therefore,
suggest that even under severe conditions of
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feed restriction, cortisol does not appear to play
a functional role in mobilizing energy in the
Persian sturgeon. Similar findings in that feed
deprivation which did not affect plasma
cortisol concentration were observed in
rainbow trout and channel catfish (Farbridge &
Leatherland 1992, Pottinger et al. 2003, Weber &
Bosworth 2005). In contrast, other studies in a
range of species showed that feed deprivation
either suppress (Barton et al., 1988, Vijayan and
Moon, 1994) or increase plasma cortisol level
(Sumpter et al., 1991, Kelley et al., 2001, Blom et
al., 2000, Barcellos et al., 2010). Furthermore, it
has been clearly shown that cortisol possesses
atabolic properties in teleost fish (Mommsen et
al., 1999). Therefore, considering the present
study, results provide no evidence that energy
mobilization in un-fed Persian sturgeon is
cortisol-dependent which can be considered as
species-specific character.

The liver tissue of fish species appears to be rich
in ALP (Alkaline phosphatase) (Shahsavani et
al., 2010) and possible AST (Aspartat
aminotransferase) (Evans, 1996). According to
previous investigations (Zammit &News-
holme, 1979), there are positive correlations
between AST and ALT levels in the liver and
their respective levels in the blood plasma .
Therefore, the plasma activity of these enzymes
may be elevated with several hepatocellular
injuries in some fish species (Thzrall et al., 2012).
There is lack of information regarding the
influence of starvation on the plasma hepatic
enzymes activity of sturgeons. In the present
study, plasma hepatic enzymes concentration
(AST and ALP) in feed deprived fish differed
significantly from fed fishes. Plasma ALP and
AST concentrations increased in W groups
compared to control fish, and rapidly
recovered when feeding of un-fed groups were
resumed. The effect of starvation on ALT and
AST activities in other fish species is variable,
as either increases or no changes after
starvation have been reported (Moon &
Johnston, 1981, Cowey & Walton, 1989). As
aminotransferase plays a significant role in
linking carbohydrate and protein, the increase
in AST after starvation appears to indicate their
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more prominent roles in protein mobilization
as a substrate for gluconeogenesis in Persian
sturgeon. In contrast to the present study,
Johnston et al. (1994) indicated that plasma ALP
activities in feeding fish were enhanced by
increasing the processing of energy substances
in the liver. As a consequence, hepatic ALP is
transferred into the blood as plasma metabolite.
In conclusion, results of the present study
demonstrated that physiological parameters
were affected by feeding strategies following
different starvation periods and subsequent re-
feeding and also changes in blood biochemical
and hematological indices. Results showed that
most hematological parameters were recovered
upon re-feeding. With regard to the obtained
results, starvation for 1, 2, and 3 weeks and
subsequent re-feeding for at least 4 weeks has
no significant negative effects on most growth
and physiological parameters. Results of the
present study would be interesting for sturgeon
farming when under certain circumstances fish
should be starved.
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