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Introduction
Anadromous salmonids undertake a metamorphosis, the parr-smolt 

transformation, as they prepare for migration to the sea. Photoperiod, 
induced changes in physiology, body shape, and behavior transform 
the cryptic, bottom-oriented resident form, or parr, to the migratory, 
scholling form.1-7

  This metamorphosis is termed smoltification and the resulting 
migrant is termed a smolt. The process of smoltification is a major life 
history event, with fundamental changes in body form. Timing and 
duration of the metamorphosis and downstream migration to the sea is 
determined by a species-specific, genetically-determined life history 
pattern and environmental events governing growth rate and size. For 
example, chum and pink salmon smoltify almost immediately upon 
absorption of their yolk sacs and swim up in the late winter or early 
spring.8,9

Chinook, Coho, Sockeye, and steelhead normally smolt as 
yearlings or two year-olds during the period of increasing day length 

in late spring (Houston, 1961).4 Depending on life history type (stream 
or ocean form), or the size attained in their first year of life, some 
chinook may smoltify as yearling or sub-yearlings.

Caspian trout (Salmo trutta caspius kessler) is the most expensive 
and luxury sea food in the south of Caspian sea. It has a rare and 
limited distributions in the coastal sea and rivers of the southern of 
Caspian sea. For this reason, Shaheed Bahonar rearing and breeding 
center of salmonids fishes in Kelardasht-Iran, releases 300 × 103 to 
400 × 103 smolts of Caspian trout in many rivers of the region every 
year.

Teleosts are hypoosmotic in seawater and balance the influx of 
ions and the efflux of water by excreting excess monovalent ions in 
the gills, absorbing fluid from ingested seawater in the intestine, and 
excreting excess divalent ions via the kidney. The key enzyme to 
transport processes in the gill and intestine is the membrane-spanning 
protein Na+,K+-ATPase. In fish, gills play a very important role in 
regulating serum salt concentrations and transporting ions between 
the blood and the seawater. Unique cells, called chloride cells in the 
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Abstract

This study investigated the changes of osmoregulatory ability of different size of Caspian 
trout (Salmo truuta  caspius  kesller), Salmo trutta released from freshwater to 13 ppt 
seawater. Authors concluded that the 20g fish with 12 cm is suitable for release into 
seawater for sea ranching purpose.

This study was implemented to determine the smolt weight of Caspian trout,  Salmo 
truuta  caspius  kesller, for sea ranching purposes. In this survey, the osmoregulatory of 
the experimental juveniles (including 3, 5, 10, 15, or 20 g groups) were followed by 
investigation the concentration of serum sodium of the fish blood in seawater and the time-
course of changes in serum sodium concentration was followed after direct transfer to 
seawater containers (13 ppt in salinity).

According the results, the concentrations of the serum sodium were 137-144 meq/l in 
juveniles in freshwater, and increased slightly after 3 hours of direct transfer to seawater 
simultaneously (149-156 meq/l). After 7-13 hours, it was measured in a maximum level 
(152-158 meq/l), and then attained seawater-acclimated level after 24 h (148-154 meq/l). 
When acclimated juveniles in seawater were transferred back into the freshwater, the 
concentrations of serum sodium reduced in all of the weight groups after 48 h (142-147 
meq/l), but were slightly higher than those in freshwater before direct transfer into seawater 
containers. Serum sodium concentration increased slightly in the juvenile with weight of 
20 g (153-154 meq/l); therefore, better osmoregulatory were detected in juvenile of 20 
weight g, than the others. Also, the chloride secretory cells were not detectable in their 
freshwater stage, and appeared only after transfer to seawater. In addition, it seems the 
chloride secretory cells in juvenile with weight of 20 g, were better adjusted than the other 
weight groups after transfer to the seawater.

In this study, behaviour migratory changes of Caspian trout juveniles were evaluated by 
tagging method (cutting the adipose fin) after releasing into Tonekabon river of Caspian 
sea. The three stations in the river were selected (including: estuary, 250 m to the estuary 
and 500 m to the estuary) to evaluate behaviour migratories. The juveniles with weight of 
20 g were found at the estuary zone more than the other zones. Tendency to leave river 
toward the sea in compare of others. So, this is the recommended weight of Caspian trout as 
smolt size and could be used for releasing operations into the rivers of Caspian Sea.
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gills, are specialized in transporting sodium, potassium, and chloride. 
These cells have large concentrations of Na+,K+-ATPase channels 
and hence play a major role in regulating serum sodium/potassium 
levels in fish.10-13

The present study was carried out to examine the changes in 
osmoregulatory ability of the juvenile during growth and prolonged 
rearing in freshwater, by following the changes in serum sodium 
concentration after transfer from freshwater to seawater or vice versa. 
Also, behaviour migratory changes were evaluated by tagging method 
(cutting the adipose fin) at three zones of Tonekabon river (including: 
the estuary, 250 m to the estuary-releasing point- and 500 m to the 
estuary). The purpose of this study was to determine the smolt weight 
of Caspian trout (Salmo trutta caspius) for releasing into the selected 
rivers of the south of Caspian sea in Iran.

Materials and methods
All of the experimental fish juveniles (Salmo trutta caspius) were 

reared in freshwater tanks in Shaheed Bahonar hatchery center. The 
seawater (13 ppt in salinity) was transported by a tanker from Caspian 
sea shore to Shaheed Bahonar hatchery center and it was kept in the 
fiberglass tanks equipped with an electrical air injection system. About 
2000 of the juveniles were randomized five different weight groups 
(Table 1) and kept in 5 freshwater tanks. The blood of 60 samples 
of these juveniles in different groups were collected by cut of caudal 
vein and their serum sodium concentrations were examined by flame 
photometer. Then, the rest of the juveniles in all groups transferred 
from freshwater tanks into the similar fish tanks with 13 ppt seawater 
to evaluate subsequent changes of serum sodium concentrations of 
the juveniles for 24 hours at intervals of 3, 7, 13, or 24 h. Then, about 
60 juveniles in every group were transferred back to freshwater tanks, 
and serum sodium concentrations were examined after 48 h (twice 
tests for each group).

  For evaluate the behaviour migratory changes of Caspian 
trout,  Salmo trutta caspius, juveniles, about 10020 juvenile from 
available total juvenile numbers (66500 fish), which kepts in 
freshwater (with different group weights of 3, 5, 10, 15, 20 & >25 
g and number of 1670 fish) were selected and tagged (by cutting the 
adipose fin) (Table 2). Then, they were released into Tonekabon river 
just in three considered stations (Including: Station 1-Estuary Zone: 
in the estuary zone, Station 2-Releasing zone of juveniles to the river: 
250 m to the estuary and Station 3-Underbridg zone: 500 m to the 
estuary) in the river. For this propose, the juvenile were recatched 
by a cast net (with 1.5 meters opening and 6 mm mesh size) in four 
attempts at the three mentioned stations.

Table 1 The number of the juveniles in different weight groups, which were 
used for serum sodium concentration examination

Group Number Weight (gram) Length (cm)
1 400 3±1 5.5±2
2 400 5±1 7.0±1
3 400 10±2 9.8±2
4 400 15±2 11±1
5 400 20±2 12.2±1

The data were statistically analyzed by one-way analysis of 
variance (ANOVA). The differences were considered significant, 
when p < 0.05.

Results
The seawater challenge test indicated that serum sodium 

concentrations increased in all of the weight groups when the juveniles 

transfer from freshwater tanks to seawater containers. There were 
significant increasing in serum sodium concentrations after 3 h and 
13 h of direct transfer to seawater; while these concentrations were 
decrease in 7 or 24 h of direct transfer to seawater. Serum sodium 
concentration decreased in all of the weight groups when juveniles 
were transfer back into freshwater tanks after 48 h; but were still 
higher than those in freshwater before direct transfer into seawater 
containers. Serum sodium concentration changes were in the juvenile 
groups with weight of 20 g than those in the other weight groups (p < 
0.05) (Figure 1).

Table 2 The number of the labled juveniles in different weight groups, which 
were released in Tonekabon River to evaluata their behaviour migratory 
changes

Group Number Weight (gram) Length (cm)
1 1670 3±1 5.4±1
2 1670 5±2 7.1±2
3 1670 10±2 9.8±2
4 1670 15±2 10.9±1
5 1670 20±1 12.1±2
6 1670 >20 >13

Behaviour migratory changes of  Salmo trutta caspius  juveniles 
were followed after releasing into Tonekabon river. In Station 1, the 
percentage rates of recatched juveniles with weight of 20 g were more 
than other stations (p < 0.05) (Figures 2-4). Also, at the same station, 
the percentage of the recatch rate of the tagged juveniles with weight 
of 20 g, ratio of the total recatched fish in the same weight showed 
more significant values than the other weight groups (p < 0.05) 
(Figure 5).

Figure 1 Time-course changes in serum sodium concentration after direct 
transfer of Caspian salmon juveniles to seawater..

Figure 2 Percentage of the recatch of labled juveniles in the estuary zone..

Discussion
The Caspian trout, Salmo trutta caspius, used in this study showed 

a relatively good tolerance in salinity changes during different stages 
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of life development periods in weights of 3, 5, 10, 15, 20 and more 
than 20 g. In the present survey, the time-course of changes in serum 
sodium concentration of Caspian trout was evaluated in salinity of 
13 ppt (the salinity of Caspian sea). When Caspian trout juveniles 
were transferred directly into the seawater (salinity of 13 ppt), serum 
sodium concentration of the blood increased significantly after 3 
hours simultaneously (149-156 meq/l) and after 7-13 h, it was reached 
in a maximum level (152-158 meq/l), and then attained seawater-
acclimated level after 24 h (148-154 meq/l). The juveniles of 20 g 
were able to adjust serum sodium concentration within 12 h without 
showing any sharp peak rate. However, serum sodium concentration 
changes of smaller juveniles weighing 3, 5, 10, 15 g increased 
significantly after 3 h, and then decreased after 7 h, and again increased 
after 13 h of the stay in seawater. These results indicates better 
adaptability characteristics in seawater of the juveniles weighing 
20 g, than the other groups. According to the results, it seems that 
the osmoregulatory ability of the juveniles weighing 20 g is better 
than the other weight groups. These changes allow these juveniles 
to successfully adapt for the osmoregulatory challenges of moving 
from river to sea. Appropriate timing of entry into the seawater results 
in reduce death or growth retardation.14 The gills of teleost fish play 
an important role in ion regulation.15,16,10 Recent studies on fin fishes 
have documented the changes in a number of hormones, during the 
parr-smolt transformation.11,12,13 Although the regulation of gill Na+, 
K+-ATPase is now well understood, a large gap in our knowledge 
concerns how ion and water absorption by the intestine are regulated 
by smolt-related hormones.11,12 

Figure 3 Percentage of the recatch of labled juveniles in the under bridge 
zone.

Figure 4 Percentage of the recatch of labled juveniles in the releasing zone

In addition, the present results indicated that the juveniles of 20 g 
(average size of 121 mm) were recatched more in the estuary zone at 
the Station 1, than others. It seems that the juveniles of 20 g (average 
size of 121 mm), have more tendency to migrate to the seaward `than 
the other groups. Similar results have been concluded at the base of 
investigations on smoltilification changes of Atlantic salmon, brown 
trout (Salmo trutta) (110-200 mm), Masu salmon (Oncorhynchus 

masou) (110-130 mm), Chinuk salmon – “stream type” (75-125 mm), 
Steelhead trout (Oncorhynchus mykiss) (125-225 mm).17-21

Figure 5  Percentage of the recatch of labled juveniles ratio of the total 
recatched juveniles in the same weight in the three zones of Tonekabon river

Therfore, it is suggested that Caspian trout juveniles of 20 g 
(average size of 121 mm) are better smolt weight for releasing into 
the southern Caspian sea rivers in Iran.

In conclusion, it is recommended that gradual acclimation in 
juveniles weighing 20 g was more effective than other groups in 
stimulating the osmoregulatory mechanisms. Future studies are 
needed to understand the combined effects of acclimation methods 
and salinity on the osmoregulatory organs of  Salmo trutta caspius. 
Moreover, interactions from other physiological factors, water 
qualities, and stresses should also be taken into considerations.

Acknowledgements
The authors would like to thank Mr. Ali Farzanfar for their expert 

assistance.

Conflicts of interest
None.

References
1.	 Hoar WS. Smolt transformation: Evolution, behaviour, and physiology. 

J Fish Res Board Can. 1976;33(5):1233–1252.

2.	 Folmar LC, Dickhoff WW. The parr–smolt transformation 
(smoltification) and seawater adaptation in salmonids. A review of 
selected literature. Aquaculture. 1980;21:1–37.

3.	 Wedemeyer GA, Saunders RL, Clarke WC. Enviromental factors 
affecting smoltification and early marine survival of anadromous 
salmonides. Mar Fish Rev. 1980;42:1–14.   

4.	 Houston AH. Influence of size upon the adaptation of steelhead trout 
(Salmo gairdneri) and chum salmon (OncoryhnchusKeta) to sea water. J 
Fish Res Board Can. 1961;18:401–415.

5.	 Bilton HT. Returns adult coho salmon in relation to mean size and time 
at release of juveniles. Fish Mar Serv Tech Rep. 1978;832:73.

6.	 Eliassen RA. The value of large salmon smolt. Rapport Nordlands 
Forskning. 1993;17:29.

7.	 Dickhoff WW, Beckman BR, Larsen DA, et al. Physiology of migration 
in salmonids. Mem Fac Fish Hokkaido Univ. 1997;44:14–16.  

8.	 Clarke WC, Shelbourn JE, Brettm JR. Effect of artifical photoperiod 
cycles, temperature, and salinity on growth and smolting in underyearling 
coho (Oncorhynchus hisutch), chinook (O. tshawy tscha), and sockeye 
(O. nerka) salmon. Aquaculture. 1981;22:105–116.                                  

https://doi.org/10.15406/jamb.2017.05.00125
http://www.nrcresearchpress.com/doi/abs/10.1139/f76-158#.WOIWTjhkc1k
http://www.nrcresearchpress.com/doi/abs/10.1139/f76-158#.WOIWTjhkc1k
http://agris.fao.org/agris-search/search.do?recordID=NL19810622185
http://agris.fao.org/agris-search/search.do?recordID=NL19810622185
http://agris.fao.org/agris-search/search.do?recordID=NL19810622185
http://spo.nmfs.noaa.gov/mfr426/mfr4261.pdf
http://spo.nmfs.noaa.gov/mfr426/mfr4261.pdf
http://spo.nmfs.noaa.gov/mfr426/mfr4261.pdf
http://www.nrcresearchpress.com/doi/abs/10.1139/f61-036#.WOIXvjhkc1k
http://www.nrcresearchpress.com/doi/abs/10.1139/f61-036#.WOIXvjhkc1k
http://www.nrcresearchpress.com/doi/abs/10.1139/f61-036#.WOIXvjhkc1k
http://www.dfo-mpo.gc.ca/Library/64553.pdf
http://www.dfo-mpo.gc.ca/Library/64553.pdf
http://agris.fao.org/agris-search/search.do?recordID=XE8180196
http://agris.fao.org/agris-search/search.do?recordID=XE8180196
http://agris.fao.org/agris-search/search.do?recordID=XE8180196
http://agris.fao.org/agris-search/search.do?recordID=XE8180196


Determination of suitable weight of caspian trout, salmo trutta caspius kessler, for sea ranching purposes 96
Copyright:

©2017 Abdollhay et al.

Citation: Abdollhay H, Bahramian B, Lashgari SN. Determination of suitable weight of caspian trout, salmo trutta caspius kessler, for sea ranching purposes. J 
Aquac Mar Biol. 2017;5(4):93‒96. DOI: 10.15406/jamb.2017.05.00125

9.	 Reisenbichler RR, Rubin P. Genetic changes from artificial propagation 
of Pasific salmon affect the productivity and viability of supplemented 
populations. ICES Journal of Marine Science. 1999;56(4):459–466.

10.	 Weng CF, Chiang CC, Gong HY, et al. Acute changes in gill Na+,K+–
ATPase and creatine kinase in response to salinity changes in the 
euryhaline teleost, Tilapia (Oreochromis mossamicus). Physiol Biochem 
Zool. 2002;75(1):29–36.

11.	 Seidelin M, Madsen SS. Endocrine control of Na+,K+–ATPase and 
chloride cell development in brown trout (Salmo trutta): interaction 
of insulin–like growth factor–1 with prolactin and growth hormone. J 
Endocrinology. 1999;162(1):127–135.

12.	 Seidelin M, Madsen SS, Byrialsen A, et al. Effects of insulin–like growth 
factor–1 and cortisol on Na+,K+–ATPase expression in osmoregulatory 
tissues of brown trout (Salmo trutta). General and Comparative 
Endocrinology. 1999;113:331–342.

13.	 Lingwood D, Harauz G, Ballantyne JS. Regulation of fish gill by 
selective sulfatide–enriched raft partitioning during seawater adaptation. 
J Biological Chemistry. 2005;280(44):36545–36549.

14.	 Aarestrup K, Koed A. Survival of migrating Sea Trout (Salmo trutta) 
and Atlantic Salmon (Salmo salar) somolts negotiating weirs in small 
Danish rivers. Ecology of freshwater fish. 2003;12:169–176.

15.	 Cioni C, De Merich D, Cataldi E, et al. Fine structure of chloride cells 
in freshwater– and seawater–adapted  Oreochromis niloticus(Linnaeus) 
and    Oreochromis mossamicus  (Peters). J Fish Biol. 1991;39(2):197–
209.

16.	 Ay O, Kalay M, Tamer L, et al. Copper and lead accumulation in tissues 
of a freah water fish Tilapia zillii and its effects on the branchial Na+, 
K+–ATPase activity. Bull Environ Contam Toxicol. 1999;62:160–168.

17.	 Power G. Salmon investigations on the Whale River, Ungava in 1960 
and development of an Eskimo fishery for salmon in Ungava Bay. 
Arctic. 1961;14:119–120.

18.	 Okland F, Jonsson B, Jensen AJ, et al. Is there a threshold size regulating 
seaward migration of brown trout and Atlantic salmon? J Fish Biol. 
1993;42(4):541–550.

19.	 L`Abée–Lund JH. Effect of smolt age, sex and environmental conditions 
on sea age at first maturity of anadromous brown trout, Salmo trutta, in 
Norway. Aquaculture. 1994;121:65–71.

20.	 Aida K, Kato T, Awaji M. Effects of castration on the smoltification of 
precocious male masu salmon Oncoryhnchus masou. Bull Jpn Sci Fish. 
1984;50:565–571.

21.	 Heard WR. Life history of pink salmon (Oncoryhnchus gorbuscha). P: 
119–230. In: C.Groot andL. Margolis (Eds.), Pacific salmon life 
histories. Univ. British Columbia Press, Canada. 1991.

https://doi.org/10.15406/jamb.2017.05.00125
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.560.3062&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.560.3062&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.560.3062&rep=rep1&type=pdf
https://www.ncbi.nlm.nih.gov/labs/articles/11880975/
https://www.ncbi.nlm.nih.gov/labs/articles/11880975/
https://www.ncbi.nlm.nih.gov/labs/articles/11880975/
https://www.ncbi.nlm.nih.gov/labs/articles/11880975/
https://www.ncbi.nlm.nih.gov/pubmed/10396029
https://www.ncbi.nlm.nih.gov/pubmed/10396029
https://www.ncbi.nlm.nih.gov/pubmed/10396029
https://www.ncbi.nlm.nih.gov/pubmed/10396029
https://www.ncbi.nlm.nih.gov/pubmed/16096276
https://www.ncbi.nlm.nih.gov/pubmed/16096276
https://www.ncbi.nlm.nih.gov/pubmed/16096276
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1991.tb04356.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1991.tb04356.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1991.tb04356.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1991.tb04356.x/full
http://pubs.aina.ucalgary.ca/arctic/Arctic14-2-119.pdf
http://pubs.aina.ucalgary.ca/arctic/Arctic14-2-119.pdf
http://pubs.aina.ucalgary.ca/arctic/Arctic14-2-119.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb00358.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb00358.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1993.tb00358.x/abstract
https://www.jstage.jst.go.jp/article/suisan1932/50/4/50_4_565/_article
https://www.jstage.jst.go.jp/article/suisan1932/50/4/50_4_565/_article
https://www.jstage.jst.go.jp/article/suisan1932/50/4/50_4_565/_article

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results
	Discussion
	Acknowledgements
	Conflicts of interest 
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

