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3 09290 yaud e 0ol sladulxe ploul b g Lo (pod o ils co 036 2le (39 5l doyo
Sel dales Cuvs 4 a8, jom ale g oad Cilsy ale o aleasy
aidy jon o g ol cbilo g o plodzy 0 de3 90 (395 -
25 adaly sloe g (ole (59 5l (b Dy90 1) (le 10 ez g0 )5 (e (1986) (g
ol 05 s poil oolo 39 W Ol yoas 0,5 @l
%C =0.55x17.4xW **° 11)
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Table 2- Nitrogen, phosphorus and carbon contents of juveniles, harvested fish, and fish
loss in the farm number one

oS i 59 o3l 85 09
36033ty 3 0y slaesd) G oi sl Lis e Ois pSkS)
Carbon Phosphorus Nitrogen (o35 (036

concentration  concentration  concentration Size (g Weight (kg
%(freshwiw) — %(freshwiw) — %(freshwiw)  freshwy)  fresh wt)

16.170° 0.406° 2.8220 200° 80007 hleez
Juveniles

18.963° 0.406° 3.310° 1000° 300000 out e b
Harvest

18.028° 0.406" 3. 147" 600° 6000¢ 8y e ole
Fish loss

el oals &3l as 10 o lawgs aosls @
a: Data given by fish farmer

ol o0 alone (1986) (ygun pp Lawgs oo ail,l slaakal, sliws 45D
b: Calculated for whole rainbow trout according to Persson (1986)

ol 0als a3 )8 a5 (0 0550 LG o cad cudlo p ple yo 59 ke Jolas €
c: Estimated as the average weight of fish harvested at the end of production cycle

o udd 5l oo cudloy olo Jloit g 0,50 5ET jo alodzy Jlads o S L Joleo a5) ad, jom oloals [l 5l jo d
ol 00 dcloee a8, Jam lale 59 JS i, yom ale 12 59 rSoles 10 ] 0 b e el 00 Al (Co!
d: First, the number of lost fish (which is equal to the difference between the number of
juveniles at the beginning of the season and the number of fish harvested from the cages) has
been calculated. Then, by multiplying it by the average weight of each lost fish, the total
weight of the lost fish is calculated

ol ool a8 3 a5 5 0y90 by ale o 4y oad adlal 5 (12 hee al odle 4y olodzy S (59 Jobas i€
e: Estimated as the weight of a juvenile plus the half of average weight gained by a fish during
the season

Reference: Study findings B gloatdly rae
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SrSslr sl W cwslonal Jlods & galoazy ;5 35250 (25T aed) (35958 Ol 5o )k e
g ole IS 5 peei 5l Slol 4y a8) aid, jas ol jled U cwl jlo caclas Gl )
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T .A.P, =Juv xP,ContentOfJuv + FishLose x P,ContentOfLostFish
+Feed x P.ContentOfFeed — HarvestedFish x P,.ContentOfHarverstedFish ~ (12)
—NumberOfLostFish xW eightOfEachJuv x P,ContentOfJuv

JUV 0, 55LS o 5 ol e 4 oo oolyl pll s VT S Klas TAP, alaly cpl yo
P.CONENOTIUY o S5LS o 2 o & o aihy, slogaloaze S 39 ,Silis
poad, jae slele JS 59 ,Sles FIShLOSE « aleazs 1o 459 5l pll san¥T s Kilis
wid, on ole ,o 59 5l pll s s, Siles P.ContentOfLostFish s ,SolS o
P.ContentOfFeed s ,SolS cows 5 lo pudd 4y oals aBu, slae IS o35 ,Sles Feed
Sleascslby slale JS 5 ks HarvestedFish dae 55 5l pli oVl ao s Kilis
cildy ple o o5 5l pll ca¥T ws e Silzs PContentOfHarverstedFish e .48
SSiles WeightOfEachJuv 4 a8, joe olale JS ,Les ,S5lzs NumberOfLostFish oo
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el 0393 1.182 1, 5.5 (FCRD)

Sy g s

ol Lo a0l ST ad 5 55 e Gl cgle SR T ailie laalone elnil b
45 0D dloe ilite )lie p0 (288 oS £ Geizmes g od adg ol 5 e Sl @
2 0js &5 (55 oSl Syl by @l 4l n ol oad &I Q) Jpoz 50 ol @ls
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Table 3- Nitrogen, phosphorus and carbon loadings per ton of produced fish and feed
conversion ratio (FCR) for rainbow trout cage farms

N S Oler s g
& r e kS) & r e kS) &2 eSS sl
(s oabe (a5 b (s ool Feed a3 o)t
Carbon Phosphorus Nitrogen conversion Farm number

(kg pertonof (kg per ton of (kg per ton of ratio (FCR)
produced fish)  produced fish)  produced fish)

437.406 12.633 65.689 1.182 (Farm number 1) 1 o )los ac5
609.985 16.794 94.938 1.279 (Farm number 2) 2 o Lo ac 50
2160.747 57.553 341.076 4 (Farm number 3) 3 o Lot ac 3
385.107 11.213 57.299 1.100 (Farm number 4) 4 o )Los ac 5
412.695 11.995 61.629 1.154 (Farm number 5) 5 o )los ac 5
624.771 17.199 97.027 1.333 (Farm number 6) 6 o los ac 5
377.439 10.994 56.297 1.063 (Farm number 7) 7 o Lot ac 3
274.836 8.189 39.878 0.897 (Farm number 8) 8 o Los ac 5
611.859 17.099 93.560 1.463 (Farm number 9) 9 o los ac5
488.353 13.893 73.979 1.249 (39 oSl

Weighted average

Reference: Study findings EN-ESREET I e
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2 00T (6565 Glin 5 035 fiaS gy 9y50 ablaie gl50 ann 5l ] (2lié Lo g oS

ool a8l cews oS Jasmecngy (o)S 4 g 00,5 piiine laors

ooldio 42 Comnd Cali 003 <l 0 g5l Iy (ot 2L @S (F) Jguar
Table 4- Environmental efficiency of farms under constant returns to scale

by ol ac 30 0 Lo
Environmental efficiency Farm number
0.648 (Farm number 1) 1 o Lo 4,50
0.488 (Farm number 2) 2 o Lo 4,50
0.142 (Farm number 3) 3 s Loz ac 30
0.730 (Farm number 4) 4 5 Los a3
0.683 (Farm number 5) 5 o Lot 4,50
0.476 (Farm number 6) 6 o Lo 4,50
0.745 (Farm number 7) 7 s Loz ac 30
1 (Farm number 8) 8 s Lot ac 3
0.479 (Farm number 9) 9 o Lot 4,50
0.599 ol
Average
Reference: Study findings o sloandl e
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Table 5- Possible reduction in effluent loadings (assuming a constant level of production
and technology)

(32,3 (25 (2o,9) ind (32,%) 395 a0 0 ke
% Carbon % Phosphorus % Nitrogen Farm number
37.167 35.175 39.293 (Farm number 1) 1 o )les ac 5
54.944 51.239 57.996 (Farm number 2) 2 o Lo 4c 30
87.281 85.771 88.308 (Farm number 3) 3 s Lo 4c 30
28.634 26.966 30.403 (Farm number 4) 4 o Lot ac 5
33.405 31.726 35.298 (Farm number 5) 5 o Lo 4c 30
56.010 52.385 58.900 (Farm number 6) 6 o Lo 4,30
27.184 25.512 29.165 (Farm number 7) 7 o los ac 3
- - - (Farm number 8) 8 s Lot 4,50
55.081 52.107 57.395 (Farm number 9) 9 o Lo 4c 30
47.463 45.110 49.594 Sl
Average
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Abstract

The present study was conducted to assess the environmental efficiency of cage
culture fish farming system and to make suggestions for reducing the pollutants
emissions into the aquatic ecosystem in Mazandaran province. In the production
cycle of 2017-18, there were 9 active fish cage farms which the pollutants loadings
from each farm were calculated based on an indirect method. According to the
results, per ton of produced fish, an average of 73.979 kg of nitrogen, 13.893 kg of
phosphorus and 488.353 kg of carbon were released into the environment.
Furthermore, feed conversion ratio (FCR = feed supplied/ body weight gained)
varied between 0.897-4 with an average of 1.249 which indicates severe
inefficiencies of feeding. Subsequently, the environmental efficiency scores of
farms were evaluated based on an SBM-DEA model. The average environmental
efficiency of farms was 0.599, indicating that there is a high potential for reducing
pollutants emissions and improving environmental efficiency. Based on study
findings, weak technical knowledge of farmers, especially in choosing the right
time for start and the end of production cycles, and feeding mismanagements will
lead to an increase in the amount of pollutants released into the aquatic
environment. Thus, it is suggested that successful farms be encouraged by
incentive policies to transfer their experiences to other farms in order to improve
the environmental efficiency of cage culture system. This can be done through
training courses using well trained instructors and successful farmers.
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