(Salmo trutta caspius)

(FFF)
(FSF) - -
FFF
( )
(
FS ( mOsmol/kg) FFF
(P<0.05)

[l

(SSS)

(P<0.05)

mOsmol/kg

(g
(FS)
(SF) -
SSS  FS
FFF
.(P<0.05)
SSS

Salmo trutta caspius :

mOsmol/kg

E-mail: jamirimoghadam@gmail.com



(Toften et al., 2003)

Stradmeyer, 1994; )

Stradmeyer,

(2003)

(Usher et al., 1991

(Salmo salar)

1994)

Toften .(McCarthy et al., 1996;

Usher

Jobling Jergensen

(Salmo trutta caspius)

(Oulad et al., 2010)

Furne Gurney et al., 2003 )

(etal., 2008;
(Milaja, 2006)
Evans et) Hyperosmoregulation
(al., 2005
( )
(Baldisserotto et al, 2005)
Hypoosmoregulation

(Evans et al., 2005)

Vijayan et )
(al., 1996



) SE FSF SSS FS FFF .

( -

[(Falahatkar et al., 2007)

mg 1!
(Sudagar et al., 2009 )
Pooling

+
(Kiron et al., 2004)
*g

(Uchida et al., 1996)

)

I+

I+

' Feeding
2 Starvation

I+

(Fresh Water: FW)

(S?) (F')

I+




(/ mEg/L) FFF

SSS FS
/ /
/ SF  FSF
(P<0.05) /
)
A (
SSS FS
SF FSF
(A )
(B )
(SSS FS)
FSF) ( mOsmol/kg) FFF
FS (SF
SSS
(B )

Jenway ) ( )
(pfp 7, England

USA ) RA-1000
(TECNICON
(Krayushkina, 2006)

(OsmoTech, England)
(Krayushkina, 2006)

Leven

.(Jackson et al., 2005)
SPSS

Excel

? Completely Randomized Design
* One Way ANOVA



( ) -
SF FSF SSS FS FFF)

( - - -
n=). + (SW) (FW)
.(P<0.05) (
FSF SF SSS FS FFF
+ + |/ t/ + | + FW
+/ + + |/ +/ t CSW
|+ [+ |+ [+ [+ | FW
[+ | I I [+ [+ CSW
[+ [+ [+ [+ [ £ FW
[+ ° o« P o+l o] * | ox] € CSW
[+ [+ [+ [ 1 I+ FW
| +/°* [ £/ o+l sl ]t @ CSW
.(P<0.05)
o O 2 Electrolites O I Electrolites
- d .
1\‘:. ] osmolahtyh 1 m osmolality
A b 8] A ..
Bl 3
= Yo = own.
£ c 27
o} 3 c
E; Yo E vy T
L fre
Aoe oo
3 3
f., \E 2 z . .
= =
g & T A
5 IR
FFF FS 885 ~ FSF SF FFF FS  SSS  FSF SF
&1 asdai Lyl

1 a0 bl

SF FSF SSS FS FFF)
A ( - - -
n=). (SW) B (FW)
.(P<0.05) (

I+



(Taylor and Grosell, 2006)

( ppt)

Na'K"-ATPase

(Stefansson et al., 2009)

(Tseng and Hwang, 2008)

(B A )

Stubhaug et al., )
(2006; Lim and Webster, 2001

> Osmolyte

Jirss et al., )
(Kiiltz and Jirss, 1991)

(1996)

Na'K"-ATPase

(1991) Jurss

Vijayan

Ferreire .

(1986)

Kultz

(1987

(2005)

)

Dabrowski



Liebert and )
(Schreck, 2006; Stefansson et al., 2009

(Levings et al., 1994; Andreassen et al., 2001)

(FSF SF) (Emadi, 2010; Fallah, 2009)

References
- Andreassen, P.M.R., Martinussen, M.B., Hvidsten, N.A., Stefansson, S.O., 2001. Feeding and prey-

selection of wild Atlantic salmon post-smolts. Journal of Fish Biology 58, 1667-1679.
- Baldisserotto, B., Mancera, J.M., Kapoor, B.G., 2005. Fish Osmoregulation. Science Publishers, Enfield,

NH, USA, 527 pp.
- Dabrowski, K., Leray, C., Nonnotte, G., Colin, D. A., 1986. Protein digestion and ion concentrations in

Rainbow trout (Salmo Gairdnerii Richardson) digestive tract in sea- and fresh water. Comparative
Biochemistry and Physiology 83A, 27-39.



- Emadi S. M., 2010. Effects of starvation and refeeding on pyloric caeca and liver of +2 Caspian trout
(Salmo trutta caspius, Kessler 1877) fry. Master thesis. Natural Resources and Marine Sciences Department,
Tarbiat Modares University, 121 pp.

- Evans, D.H., Piermarini, P.M., Choe, K.P., 2005. The multifunctional fish gill: dominant site of gas
exchange, osmoregulation, acid-base regulation and excretion of nitrogenous waste. Physiological Review
85,97-1717.

- Falahatkar, B., Foadian, A., Abbasalizadeh, A. Tolouei Gilani., M.H., 2007. Effect of starvation and
feeding strategiels on growth performance in sub-yearliny great sturgeon (Huso huso). Aquaculture Europe
Conference 2007.

- Fallah, S., 2009. Effects of salinity stress on mortality rate and some osmoregulatory factors in intestine of
+2 Caspian trout in different weights. Master thesis. Master thesis. Natural Resources and Marine Sciences
Department, Tarbiat Modares University, 107 pp.

- Furne, M., Garcia-Gallego, M., Hidalgo, M.C., Morales, A.E., Domezain, A., Domezain, J., Anz, A., 2008.
Effect of starvation and refeeding on digestive enzyme activities in sturgeon (Acipenser naccarii) and trout
(Oncorhynchus mykiss). Comparative Biochemistry and Physiology (A) 149, 420-425.

- Gurney, W., Jones, W., Veitch, R., Nisbet, R., 2003. Resource allocation, hyperphagia and compensatory
growth in juveniles. Ecology 84(10), 2777-2787.

- Jackson, L.F., McCormick, S.D., Madsen, S.S., Swanson, P., Sullivan, C.V., 2005. Osmoregulatory effects
of hypophysectomy and homologous prolactin replacement in hybrid striped bass. Comparative
Biochemistry and Physiology 140(B), 211 -218.

- Jorgensen, E.H., Jobling, M., 1994. Feeding and growth of exercised and unexercised juvenile Atlantic
salmon (Salmo salar) in fresh water, and performance after transfer to sea water. Aquaculture 2, 154—164.

- Jurss, K., Bittorf, T., Volker, T., Wacke, R., 1987. Effects of temperature, food deprivation and salinity on
growth, RNA/DNA ratio and certain enzyme activities in rainbow trout (Salmo Gairdneri Richardson).
Comparative Biochemistry and Physiology 87(B), 241-253.

- Kiron, V., Puangkaew, J., Ishizaka, K., Satoh, S., Watanabe, T., 2004. Antioxidant status and nonspecific
immune responses in rainbow trout (Oncorhynchus mykiss) fed two levels of vitamin E along with three lipid
sources. Aquaculture 234, 361-379.

- Krayushkina, L.S., 2006. Considerations on evolutionary mechanisms of osmotic and ionic regulation in
Acipenseridae. Journal of Applied Ichthyology 22, 70-76.

- Kiiltz, D., Jiirss, K., 1991. Acclimation of chloride cells and Na/K-ATPase to energy deficiency in tilapia
(Oreochromis mossambicus). Zoology Journal of Physiology 95, 39-50.

- Levings, C.D., Hvidsten, N.A., Johnsen, B.@., 1994. Feeding of Atlantic salmon (Salmo salar) postsmolts
in a fjord in central Norway. Canadian Journal of Zoology 72, 834—839.

- Liebert, A.M., Schreck, C.B., 2006. Effects of acute stress on osmoregulation, feed intake, IGF-1, and
cortisol in yearling steelhead trout (Oncorhynchus mykiss) during seawater adaptation. General and

Comparative Endocrinology 148, 195-202.

- Lim, C., Webster, C. D., 2001. Nurition and fish health, Food Products Press, New York, London, Oxford,
pp 365.

- McCarthy, I.D., Carter, C.G., Houlihan, D.F., Johnstone, R., Mitchell, A.I., 1996. The performance of all-
female diploid and triploid Atlantic salmon smolts on transfer together to sea water. Journal of Fish Biology
48, 545—548.

- Milaja, N., 2006. Effects of temperature and feeding regime on compensatory growth of rainbow trout,
Oncorhynchus mykiss. PhD Thesis, University of Jyviskyld, Department of Biological and Environmental
Science Hydrobiology and Limnology.1-33.

- Oulad, S., Khodabandeh, S., Abedian Kenari, A., 2010. Effect of different levels of dietary nucleotides on
osmoregulation of pyloric caecain caspian seasalmon (Salmo trutta caspius). Journal of Veterinary Research
65(4), 273-280.

- Stefansson, S.O., Imsland, A.K., Handeland, S.O., 2009. Food-deprivation, compensatory growth and
hydro-mineral balance in Atlantic salmon (Salmo salar) post-smolts in sea water. Aquaculture 290, 243-249.
- Stradmeyer, L., 1994. Survival, growth and feeding of Atlantic salmon, Salmo salar L., smolts after
transfer to sea water in relation to the failed smolt syndrome. Aquaculture 25, 103— 112.



- Stubhaug, 1., Lie, @., Torstensen, B. E., 2006. B_oxidation Capacity in Liver Increases During Parr—Smolt
Transformation of Atlantic Salmon Fed Vegetable Oil and Fish Oil. Journal of Fish Biology 69, 504—517.

- Sudagar, M., Mohammdizarenajad, A., Mazandarani, R., Pooralimotlagh, S., 2009. The Efficacy of Clove
Powder as an Anestethic and its Effects on hematological Parameters on Roach (Rutilus rutilus). Journal of
Aquaculture Feed Science and Nutrition 1, 1-5.

- Taylor, J.R., Grosell, M., 2006. Evolutionary aspects of intestinal bicarbonate secretion in fish.
Comparative Biochemistry and Physiolgy 143(A), 523-529.

- Toften, H., Arnesen, A.M., Jobling, M., 2003. Feed intake, growth and ionoregulation in Atlantic salmon
(Salmo salar L.) smolts in relation to dietary addition of a feeding stimulant and time of seawater transfer.
Aquaculture 217, 647—662.

- Tseng, Y.C., Hwang, P.P., 2008. Some insights into energy metabolism for Osmoregulation in fish.
Comparative Biochemistry and Physiology(C) 148, 419-429.

- Uchida, K., Kaneko, T., Yamauchi, K., Hirano, T., 1996. Morphometrical analysis of chloride cell activity
in the gill filaments and lamellae and changes in Na',K'-ATPase activity during seawater adaptation in
Chum Salmon Fry. Journal of Experimental Zoology 276, 193-200.

- Usher, M.L., Talbot, C., Eddy, F.B., 1991. Effects of transfer to SW on growth and feeding in Atlantic
salmon smolts (Salmo salar L.), Aquaculture 94, 309-326.

- Vijayan, M.M., Morgan, J.D., Sakamoto, T., Grau, E.G., Iwama, G.K., 1996. Food-deprivation affects
seawater acclimation in tilapia: hormonal and metabolic changes. Journal of Experimental Biology 199,
2467-2475.



Journal of Fisheries, Iranian Journal of Natural Resources, Vol. 65, No. 2, 2012, pp.109-118 118

The Effect of Starvation and Refeeding Periods on lono-
osmoregulation of 2+ Caspian Trout

J. Amiri Moghaddam®*, F. Maniei?, S. Khodabandeh® and J. Imanpoor Namin?
'Fisheries Group, Natural Resources and Marine Sciences Department, Tarbiat Modares University,
Noor, I.R. Iran
? Fisheries Group, Natural Resources Department, Guilan University, Some'e Sara, I.LR. Iran
3 Marine Biology Group, Natural Resources and Marine Sciences Department, Tarbiat Modares
University, Noor, I.R. Iran
(Received: 23/05/2011, Accepted: 17/06/2012)

Abstract

Effects of different nutritional conditions on iono-osmoregulation in juvenile of Caspian trout
(Salmo trutta caspius) parrs were studied. Following adaption to the new environment, 750 Caspian
trout parrs (12.5+1 g) were kept under the treatments of six weeks of full feedings (FFF), three
weeks of feeding-three weeks of starvation (FS), six weeks of starvation (SSS), two weeks of
feeding-two weeks of starvation-two weeks of re-feeding (FSF) and three weeks of starvation-three
weeks of re-feeding (SF). Fish were fed with rainbow trout commercial feed three times a day up to
satiation. There was no significant difference in serum sodium, chloride, potassium and magnesium
between treatments, but serum osmolality decreased from 299 mOsmolkg™ in FFF to 286 and 271
mOsmolkg™ in FS and SSS (P <0.05), and re-feeding, after starvation periods, compensated the
osmolality reduction to the similar levels in FFF. Five days after transferring the parrs to Caspian
Sea (salinity: 13 gL™), serum magnesium reached to 3.55 and 3.40 mEqL" in FS and SSS
respectively (P <0.05), in comparison to FFF group (2.36 mEqL'l). Serum potassium showed also
irregular significant difference between treatments (P <0.05), while chloride and sodium presented
no significant difference. Serum osmolality levels increased to a maximum of 415 mOsmolkg™ in
FS and were decreased to a minimum of 306 mOsmolkg"1 in SSS (P<0.05), compare to FFF (366
mOsmolkg™). We concluded that starvation has negative effects on ion regulatory capacity of
Caspian trout parrs and although re-feeding can increase this capacity but effects of long period
starvation cannot be compensated.
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