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Executive Summary
Abstract

Study on the growth performance of rainbow trout Bhutan population from
133.27+5.60 g, 20.07+0.36 cm (240 days old) to mature. The study composed of two
phases. In the first phase, fish were reared to marketable size (250-300 g), and the
second phase, fish were reared to mature stage. Fish were fed 40% protein, 7% fat
feed, and reared in three of 28 m’ concrete raceways.

At the first phase, fish were reared during December 2018 to February 2019 in
11.0 - 19.5 °C water temperature. At the end of first phase (330 days old), fish had
average weight, length, weight gain per day, percentage weight gain per day, specific
growth rate, the thermal growth coefficient, feed intake rate, feed conversion rate
ratio, and survival rate were 304.57+22.67 ¢ ; 27.68+1.28 cm ; 2.19+0.97, 2.04+0.25,
1.90+0.31 ¢/day ; 49.30+24.13, 29.75+11.15, 19.30+8.30 % ; 1.31+0.53, 1.08+0.13,
0.92+0.13 %/day ; 1.42+0.59, 1.03+0.32, 0.76+0.31 ; 1.00+0.06, 1.21+0.11, 1.10+0.04
%/day ; 0.87+0.36, 1.56+0.69, 2.20+1.18 and 99.13+0.33, 98.53+0.64, 85.33+0.74 9%,
respectively. The highest in size distribution of 250 — 300 ¢ was 22.67 %. The weight —
length coefficiency condition factor was 1.44 — 1.54.

In the second phase, fish were reared during March to August 2019 in 14.5 -
24.5 °C water temperature. At the end of second phase (520 days old), (six months
rearing period) fish had average weight, length, weight gain per day, percentage
weight gain per day, specific growth rate, the thermal growth coefficient, feed intake
rate, feed conversion rate ratio, and survival rate were 660.90+232.32 ¢ ; 35.49+4.28 cm ;
1.92+0.40, 1.95+0.36, -2.57+0.85, 4.45+0.58, 3.51+1.30, 2.46+7.74 g/day ; 19.26+5.22,
17.04+8.99, -17.83+4.15, 38.53+5.67, 21.64+7.22, 12.56+39.57 % ; 0.83+0.13, 0.77+0.10,
-0.66+0.17, 1.08+0.14, 0.65+.02, 0.21+1.10 %/day ; 0.81+0.24, 0.75+0.38, -0.95+0.27,
1.59+0.20, 1.05+0.35, 0.41+£1.70 ; 0.99+0.02, 1.10+0.01, 0.52+0.04, 1.48+0.05, 1.46+0.06
%/day ; 1.77+0.46, 2.47+1.10, -0.85+0.32, 1.46+0.24, 2.46+1.01 and 69.50+1.85, 62.04+2.53,
58.73+2.61, 55.83+2.74, 55.25+2.65 %, respectively. The highest in size distribution of
601 — 800 ¢ was 38.80 % with another portion size. The weight — length coefficiency
condition factor was between 1.29 - 1.60.

In conclusion, the rainbow trout Bhutan population showed normal pattern

of growth performance when reared in specific condition at Doi Inthanon, Thailand.



Introduction

Rainbow trout (Oncorhynchus mykiss) is a freshwater fish that lives in the
natural streams of North America such as Canada and the United States. Due to its
good taste, and could be cocked in varieties of dishes. Therefore, trout was one of
the popular fish. Rainbow trout has been developed from nature to domesticate
since 1874 (Wales, 1939). It could be raised as well in earthen ponds, concrete
ponds, and raceways. The first successful shipment of rainbow trout eyed ovas
outside of North America to Europe, Asia and Australia was done later (MacCrimmon,
1971). In Asia, trout become a native species in some countries such as India and
Korea. In Japan, trout was imported rainbow trout eyed ovas from California, USA
since 1877 (Wales, 1939). Nowadays, Japan had exported rainbow trout product to
America, Canada and other countries at least 16,000 tons per year.

In 2017, under the cooperation between the Royal Project Foundation,
Thailand and The Ministry of Agriculture in Bhutan, the 10,000 eyed ova stage of
trout from Bhutan was gave to Thailand in exchange for eyed ova state of sturgeon.
Therefore, it is necessary to study on the growth performance of rainbow trout

Bhutan population under specific condition, Thailand.

Objectives

To study the growth performance and survival rate of rainbow trout Bhutan

population until marketable size and maturity.



Research methodology

The study was composed of 2 phases: Phase |, Fish with the average weight
of 133.27+5.60 ¢ were reared to marketable size 250-300 ¢. Phase |l, Fish were reared
from marketable size until mature. The experiment was design as following:

1. Experimental ponds

Three ponds of 28 m’ concrete raceway fill with 1,400 liters per minute of
average water flow rate. (Figure 1).

- The water flow into each pond was measured every three hours.
- The pond were cleaned three times a week.

2. Experimental fish

The 240 days old of 2,400 no. of rainbow trout Bhutan population with the
average weights and lengths 133.27+5.60 g, and 20.07+£0.36 cm, were stocked in 28 m
pond at the rate of 800 no./pond.

Figure 1: The 28 m’ experimental unit of concrete raceway

3. Feed and feeding
Fish were fed with complete floating pellet feed with 40% protein and 7% fat
(Figure 2), one time a day at 09.00 a.m. Feeding level were adjusted according to

water temperature and size of fish (Table 1).



Table 1: Feeding level (% of fish biomass) according to water temperature and size

Figure 2: The complete floating pellet feed

of the rainbow trout, Bhutan population

Average weight of fish (g/fish)

temvgztrjture 0.00- 0.18- 1.50- 5.15- 1230- 23.70- 39.18- 61.40- 92.10- 130.90- 179.66-
(OC) 0.17 1.50 515 12.30 23.70 39.80 61.84 92.10 130.90 179.66 up
g g g g g g g g g g
10.00 52 4.3 3.4 2.7 2.0 1.7 1.4 1.2 1.1 1.0 0.9
10.56 54 4.5 385 2.8 2.1 1.7 1.5 13 1.1 1.0 0.9
11.11 54 4.5 3.6 2.8 20 1.7 1.5 1.3 1.1 1.0 0.9
11.67 56 4.7 38 29 2.2 1.8 1.5 1.3 1.1 1.1 1.0
12.22 58 4.9 5. 3.0 L) 129 1.6 14 15 1.1 1.0
12.78 6.1 51 42 50 24 20 1.6 1.4 13 1.1 1.0
13.33 6.9 53 4.3 85 2.5 i) 1.7 1.5 1.3 1.2 1.0
13.88 6.7 55 4.5 3.5 2.6 20 1.8 1.5 14 12 1.1
14.44 7.0 58 4.8 3.6 2.7 2.2 1.9 1.6 14 1.3 1.2
15.00 7.3 6.0 50 3% 2.8 28 1.9 1.7 15 13 1.2
15.56 7.5 6.3 51 3.9 3.0 2.4 2.0 1.7 1.5 1.4 13
16.11 7.8 6.5 53 4.1 3.1 by 2.0 1.8 1.6 1.4 13
16.67 8.1 6.7 55 4.3 3.2 2.6 2.1 1.8 1.6 15 1.4
17.22 8.4 7.0 57 4.5 3.4 2.7 2.1 1.9 1.7 15 14
17.78 8.7 7.2 59 4.7 35 2.8 2.2 1.9 1.7 1.6 15
18.33 9.0 7.5 6.1 4.9 3.6 2.9 2.2 2.0 1.8 1.6 15
18.89 9.3 7.8 6.3 51 3.8 3.0 23 2.0 1.8 1.6 16
19.44 9.6 9.1 6.6 53 3.9 3.1 24 2.1 1.9 1.7 1.6
20.00 9.9 9.4 6.9 55 4.0 3.2 25 2.1 2.0 1.8 1.7
Source : Leitritz and Lewis (1976)



4. Data recording

During the study, The 100 fish per pond were randomized for weight and
length, recorded for one time a month. Feed were recorded and adjusted every
month after weighing. At the end of experimental, all fish were measured weight and

length. The size distribution and Fultun’s condlition factors were studied.

Research results

Rainbow trout Bhutan population at 240 days old were fed with complete
floating pellet feed, 40% protein, and 7% fat. The study were composed of 2 phases:
Phase I, Fish with the average weight of 133.27+5.60 ¢ were reared to marketable size
(250-300 g). Phase II, Fish were reared from marketable size until mature. The results
of the experiment as following;

1. Growth performance

1.1 Average weight (gram ; g)

Phase |, after three months (at 330 days old) of rearing period, fish have
average weight of 304.57+22.67 g (marketable size of 250-300 g).

Phase Il at 520 days old (six months of rearing), fish have the average
weight of 660.90+232.32 g (Table 3, Figure 3, 5 and 6).

1.2 Average length (centimeter ; cm)

Phase |, after three months (at 330 days old) of rearing period, fish have
average length of 27.68+1.28 cm.

Phase Il at 520 days old (six months of rearing), fish have the average
length of 35.49+4.28 cm (Table 3, Figure 4, 5 and 7).

1.3 Feeding fish

Fish were fed with complete floating pellet feed with 40% protein and 7%
fat. Fish were fed one time a day at 09.00 a.m. The amount of feed (¢) were showed
in Table 2.



Table 2: The amount of feed (g) for rainbow trout Bhutan population during
December 2018 to August 2019

Month Pond Amount of feed (g)

December, 2018 38,844
39,806
40,404

January, 2019 60,787
77,874

54,919

February, 2019 68,424
75,771

71,340

March, 2019 66,147
70,197

60,966

April, 2019 74,025
19,506

63,226

May, 2019 30,000
30,000

30,000

= W N L, W N L[N P, LN PN~ L NN -

June, 2019 82,937
85,973

77,395

W N

July, 2019 99,137
111,042

98,669

August, 2019 67,485
74,003

59,955

W N =, [N -




1.4 Fultun’s condition factor

Rainbow trout Bhutan population at 240 days old fed with complete
floating pellet feed (40% protein, and 7% fat). At the three months of rearing period
(at 330 days old) found that the Fultun’s condition factor were 1.44 - 1.54. At the
end of 520 days old (six months rearing period) were 1.29 - 1.59 (Table 3).

Table 3: Average weight (¢), average length (cms) and Fultun’s condition factor of
the rainbow trout Bhutan population reared with pellet feed for 9 months
period during December 2018 to August 2019

Rearing period age Average weight  Average length Fultun's
(months) (day) (9 (cm) condition factor
Phase 1
Trial start 240 133.27+5.60 20.07+0.36 1.65+0.16

1 270 198.10+23.66 23.41+0.69 1.54+0.05
2 300 255 5810 67 25.74+0.55 1.50+0.07
2 330 304.57+22.67 27.68+1.28 1.44+0.10
Phase 2
1 360 363.97+42.53 29.10+1.20 1.47+0.22
2 390 425.34+50.79 29.80+0.93 1.60+0.05
3 420 348.11+25.33 29.96+0.46 1.29+0.05
4 450 481.71+29.88 31.21+0.16 1.58+0.08
5 4380 587.13+66.86 33.29+1.77 1.59+0.07
6 520 660.90+232.32 35.49+4.28 1.46+0.33
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December 2018 to August 2019

Figure 6: Weighing of the rainbow trout Bhutan population at 330 days of age



Figure 7: The length measuring of the rainbow trout Bhutan population

at 330 days of age

1.5 Size distribution
At the end of three months period (at 330 days old) found that the
average weight was achieved to marketable size (251-300 g¢/fish). Which highest of

size distribution was 22.67 percentage compared other weight range, and 66.67

percentage of size distribution among 201-400 ¢/fish (Table 4).

Table 4: Size distribution of the rainbow trout Bhutan population were reared from

marketable size for three months during December 2018 to February 2019

Weight range

Size distribution (percent)

(g) Pond 1 Pond 2 Pond 3 Average
51-100 1 6 8 5.00+£3.61
101-150 3 3 2 2.67+0.58
151-200 6 9 7 7.33+1.53
201-250 14 11 19 14.67+4.04
251-300 23 13 32 22.67+9.50 2% &7
301-350 24 12 13 16.33+6.66
351-400 13 16 10 13.00+£3.00
401-450 9 15 11.00+3.46
451-500 10 6.33+3.21
501-550 3 1.33+1.53
551-600 1 2 1.00+£1.00
Total 100 100 100 100.00




1.6 Average daily weight gain per day (gram per day)

Rainbow trout Bhutan population at 240 days old fed with complete
floating pellet feed, 40% protein, and 7% fat. At the end of three months period (at
330 days old), the average weight gain per day were 2.16+0.97, 2.04+0.25 and
1.90+0.31 grams per day, respectively. At 520 days old (six months rearing period)
found the highest of average daily weight gain per day was 4.45+0.58 grams per day
at 4" month, and the lowest average daily weight gain per day was -2.57+0.85 grams
per day at 3 month of rearing period (Table 5).

1.7 Percentage weight gain per day (percentage)

Rainbow trout Bhutan population at 240 days old fed with complete
floating pellet feed, 40% protein, and 7% fat. At the end of three months period (at
330 days old), the percentage weight gain per day were 49.30+24.13, 29.75+£11.15
and 19.30+8.30 percentage, respectively. At 520 days old (six months rearing period)
found the highest of percentage weight gain per day was 38.53+5.67 percentage at
g" month, and the lowest percentage weight gain per day was -17.83+4.15
percentage at 3 month of rearing period (Table 5).

1.8 Average specific growth rate (percentage per day)

Rainbow trout Bhutan population at 240 days old fed with complete
floating pellet feed, 40% protein, and 7% fat. At the end of three months period (at
330 days old), the average specific growth rate were 1.31+0.53, 1.08+0.13 and
0.92+0.13 percentage per day, respectively. At 520 days old (six months rearing
period) found the highest of average specific growth rate was 1.08+0.14 percentage
per day at 4" month, and the lowest average specific growth rate was -0.66+0.17
percentage per day at 3 month of rearing period (Table 5).

1.9 Growth coefficient

Rainbow trout Bhutan population at 240 days old fed with complete
floating pellet feed, 40% protein, and 7% fat. At the end of three months period (at
330 days old), the growth coefficient were 1.42+0.59, 1.03+0.32 and 0.76+0.31,
respectively. At 520 days old (six months rearing period), found the highest of growth
coefficient was 1.59+0.20 at 4th month, and the lowest growth coefficient was
0.95+0.27 at 3" month of rearing period (Table 5).



Table 5: Average daily weight gain (gram per day), percentage weight gain (percentage), specific growth rate (percentage per day),
water temperature (°C) and growth coefficient of rainbow trout Bhutan population were reared during December 2018 to
August 2019

Rearing period  Age  Weight gain per day  Percentage weight cain Specific growth rate Water temperature Growth coefficient

(month) (day) (gram per day) (percentage) (percent per day) o)

Phase 1
1 270 2.16+0.97 49.30+24.13 1.31+£0.53 16.83 1.42+0.59
2 300 2.04+0.25 29.75+11.15 1.08+0.13 14.15 1.03+£0.32
3 330 1.90+0.31 19.30+8.30 0.92+0.13 15.78 0.76x0.31

Phase 2
1 360 1.92+0.40 19.26+5.22 0.83+0.13 16.43 0.81+0.24
2 390 1.95+0.36 17.04+8.99 0.77+0.10 18.63 0.75+0.38
3 420 -2.57+0.85 -17.83+4.15 -0.66+0.17 23.04 -0.95+0.27
4 450 4.45+0.58 38.53+5.67 1.08+0.14 19.27 1.59+0.20
5 480 3.51+1.30 21.64+7.22 0.65+.0.02 19.00 1.05+0.35
6 520 2.46x7.74 12.56+39.57 0.21+1.10 18.75 0.41£1.70




During the trial, since the 6-month Phase 2 occurs flash flood sediment
brought into experimental ponds. Affect feed intake rate and survival rate of rainbow
trout population in Bhutan. Use the information for a period of 5 months, raising the
rate of feed intake rate, feed conversion rate and survival.

2. Feed intake rate

The feed intake rate of rearing rainbow trout Bhutan population at 240 days
old, fed with complete floating pellet feed, 40% protein, and 7% fat. At the first
phase of rearing (330 days old) found that the average feed intake rate was between
1.00-1.21 percent per day, and the highest feed intake found in the second month of
rearing. In the second phase of rearing (480 days old) found that the average feed
intake between 0.52-1.48 percent per day, and the lowest feed intake found at 3"
month, and the highest rate at 4" month (Table 6).

3. Feed conversion rate (FCR)

The feed conversion rate of rearing rainbow trout Bhutan population at 240
days old, fed with complete floating pellet feed, 40% protein, and 7% fat. At the end
of three months (330 days old) rearing found the average of feed conversion rate
between 0.87-2.20, and the highest rate at 3rd month was 2.20+1.18. In the second
phase of rearing (480 days old) found that the average FCR between 0.85 — 2.47, and
the highest rate at second months, and lowest rate at 3rd month (Table 6).

4. Survival rate

The survival rate of rearing rainbow trout Bhutan population at 240 days old,
fed with complete floating pellet feed, 40% protein, and 7% fat. At the end of three
months (330 days old) rearing found the average survival rate was 83.33+0.97
percentage. In the second phase of rearing (480 days old) found that the survival rate
was 55.25+2.65 percent which the survival rate was increasing from 83.39 to 98.96

percent at the end of rearing (Table 6).



Table 6: Average feed intake rate, Feed conversion rate and survival rate of the
rainbow trout Bhutan population that were reared for 9 months during
December 2018 to August 2019 (240 days old till 480 days old)

Rearing period Age feed intake rate Feed conversion Survival rate (percent)
(month) (day)  (percent per day) rate cumulative Monthly
Phase 1

i 270 1.00+0.06 0.87+0.36 99.12+0.33 99.13+0.34
2 300 1.21+0.11 1.56+0.69 97.67+0.94 98.53+0.64
3 330 1.10+0.04 2.20+1.18 83.33+0.97 85.33+0.74
Phase 2
i 360 0.99+0.02 1.77+0.46 69.50+1.85 83.39+1.28
2 390 1.10+0.01 2.47+1.10 62.04+2.53 89.25+1.29
3 420 0.52+0.04 -0.85+0.32 58.73+2.61 94.69+0.67
4 450 1.48+0.05 1.46+0.24 55.83z2.74 95.02=0.70
5 480 1.46+0.06 2.46+1.01 552522 65 98.96+0.22

5. Growth performance till mature

The growth performance of rearing rainbow trout Bhutan population at 240
days old, fed with complete floating pellet feed, 40% protein, and 7% fat. At the end
of the experiment, nine months period at 520 days old. The 250 individuals were matured,
and could be distinguish between sex differentiate. The secondary characteristics in
male was slender than the female, mouth had a narrow lower jaw and pointed than
the upper jaw. While female had equal of the lower and upper jaw (Figure 8). The sex
ratio male : female was 1 : 1.43 (41.20 percent in male, and 58.80 percent in female).
The final weight and length of males and females were 659.82+239.26, and 661.66+228.15
g/fish, and 35.55+4.04, and 35.45+4.45 cm, respectively. The maximum size distribution
range of 601-800 g/fish was 38.80 percent which was found 70.40 percentage of 401-800
g/fish size distribution. Size distribution between sex, it was found that the male fish
with the highest weight distribution was 16.00 percent in the weight range 401-600 ¢
and female fish had size distribution of 23.60 percent in the weight range 601-800 ¢
(Table 7).



Table 7: Average size distribution of rainbow trout Bhutan population at 520 days old,
6 months period of rearing during March and August 2019

Size distribution in weight

Weight ,
range (2 Mixed sex Male Female
(number)  (percent) (number) (percent) (number) (percent)
201-400 25 10.00 7 2.80 18 7.20
401-600 79 31.60 40 16.00 39 15.60
601-800 9 38.80}70'40 38 15.20 59 23.60
801-1000 35 14.00 12 4.80 23 9.20
1001-1200 8 3.20 2 0.80 6 2.40
1201-1400 2 0.80 1 0.40 1 0.40
1401-1600 1 0.40 1 0.40 £ -
1601-1800 2 0.80 2 0.80 = -
2001-2200 1 0.40 = = 1 0.40
Total 250 100 103 41.20 147 58.80
Female
Male

Figure 8: Males and females of the rainbow trout Bhutan population at 520 days old



Research summary

Study on the growth performance of rainbow trout Bhutan population from
133.27+5.60 g, 20.07+0.36 cm (240 days old) to mature, fed with complete floating
pellet feed, 40% protein, and 7% fat. The study was composed of two phases: Phase |,
Fish with the average weight of 133.27 g were reared to marketable size 250-300 ¢
and Phase ll, Fish were reared from marketable size until mature. The conclusion as
following;

At the end of first phase, three months of rearing at 11.0-19.5°C water temperature,
the rainbow trout Bhutan population could grow to the marketable size (250-300 g)
at the age of 330 days. This size range showed the highest size distribution of
22.67%, with wide range of 0.87-2.2 in FCR. In contrast, the domestic rainbow trout
from Doi Inthanon could reach the marketable size within the age of 240 days, and
FCR was between 1.1-1.3 (Gomut et al., 2001). Fultun’s condition factors was 1.29-1.65,
corresponding to the standard value of wild rainbow trout which is 1.3-1.6 (Goddard,
1996). The thermal growth coefficient was 0.76-1.42 at 11.0-19.5 °C of a rising water
temperature during the rearing. While, rearing of rainbow trout in 130-297 ¢ at 12.5-13.5
°C of a stable water temperature is 2.06-2.85 (Davidson et al., 2014).

In the end of second phase, six months of rearing at 14.5 - 24.5 °C water
temperature, The marketable of the rainbow trout Bhutan population till mature
(520 days old) had shown the highest size distribution of 38.80% (601 — 800 ¢/fish).
The growth performance had declined, and lowest on May, 2019 which was highest
average water temperature between 22.1 — 23.9 °C that was higher than the optimum
water temperature for rainbow trout growth between 10 — 20 °C (Kafuku and lkenoue,
1983)

In conclusion, the rainbow trout Bhutan population showed normal pattern

of growth performance when reared in specific condition at Doi Inthanon, Thailand.
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