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This study investigated the individual and interactive effects of body size, water 
temperature, and ambient salinity on survival and weight gain of Oncorhynchus mykiss 
during salinity acclimation using a three-factor, three-level orthogonal design to identify 
optimal acclimation regimes. Nine experimental treatments were established across three 
body sizes (100, 250, and 500 g), three temperatures (10, 15, and 20 ℃), and three 
salinities (10, 20, and 30 ppt). Standard feeding protocols and daily tank maintenance 
were implemented across the entire 60-day experimental period. Survival rate and weight 
gain rate were calculated after cultivation, and all data were subjected to three -way 
ANOVA and range analysis. Salinity significantly affected fish survival, whereas body size 
and temperature did not. None of the three factors significantly affected weight gain. 
Range analysis revealed that salinity was the primary driver of variation in survival (R = 
51.13), followed by temperature (R = 30.43) and body size (R = 1.50). By contrast, body 
size was the predominant factor governing weight gain (R = 30.40), with a much higher 
contribution than salinity (R = 3.10) and temperature (R = 2.40). Large-sized trout (500 g) 
reared at 10 ℃ and 10 ppt achieved the highest survival, and small-sized individuals (100 
g) cultured at 10 ℃ and 20 ppt obtained maximum weight increment. A comprehensive 
evaluation of survival and growth performance demonstrated that the optimal 
domestication combination for survival was 500 g-15℃-10 ppt, which is particularly 
applicable to large O. mykiss is undergoing seawater transition. The optimal growth 
conditions are 100 g, 10 ℃, 20 ppt. This may be more suitable for juvenile 
growth-oriented cultivation. Our findings provide practical technical references for the 
domestication of O. mykiss in brackish and seawater and support the industrial 
advancement of its mariculture. 

1. INTRODUCTION 

Oncorhynchus mykiss, a cold-water salmonid belonging to 
Osteichthyes, Salmoniformes, and Salmonidae, comprises 
both landlocked and anadromous ecotypes.1 Owing to its 
high flesh quality, rapid growth, and strong salinity toler
ance, O. mykiss is commercially cultured worldwide as a key 
salmonid species. It was first introduced to the Ili River 
(Xinjiang, China) in the 1960s, with China’s annual cul
tured output reaching 35,000 tons at present.2 In global 

fishery trade statistics, O. mykiss, salmon, and smelt ac
counted for 21% of the total value of aquatic product trade 
in 2023.3 

Freshwater O. mykiss farming has been increasingly con
strained by water pollution, excessive groundwater extrac
tion, and degradation of broodstock germplasm in recent 
decades. Therefore, extending O. mykiss cultivation from 
freshwater to brackish and seawater habitats has become an 
essential developmental pathway for industrial upgrading. 
Mounting evidence demonstrates that appropriate salinity 
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acclimation enhances disease resistance and growth perfor
mance in O. mykiss after transitioning to brackish/seawater 
culture.4 Salinity acclimation is a pivotal prerequisite for O. 
mykiss mariculture, whose success is strongly influenced by 
multiple environmental parameters. 
Salinity acclimation is defined as the artificial domes

tication process with stepwise salinity elevation to help 
cultured organisms adapt to high-salinity aquatic environ
ments. O. mykiss subjected to seawater acclimation exhibits 
improved growth performance, stronger disease resistance, 
and superior edible quality relative to freshwater-cultured 
conspecifics. However, O. mykiss has a finite salinity toler
ance threshold; abrupt exposure to full-strength seawater 
induces osmotic dysregulation, metabolic disturbance, and 
markedly elevated mortality.5,6 Earlier studies subjected 
~20 g juvenile O. mykiss to daily salinity increments of 2, 4, 
6, and 8 ppt and demonstrated that rapid salinity elevation 
compromised survival and growth, thereby preventing the 
successful seawater culture of the tested fish.7 Another trial 
adopting O. mykiss fry with graded body sizes found that 
the adaptive range of salinity variation narrowed gradually 
with increasing individual body weight.8 

To satisfy industrial requirements for fry adaptable to 
different marine zones, recent research has highlighted 
thermal influences on O. mykiss performance during salin
ity domestication. Fish are ectotherms whose biochemical 
and metabolic activities require adaptive regulation in re
sponse to ambient temperature fluctuations.9 The optimal 
thermal range for O. mykiss growth is 12-18 ℃; deviations 
from this range markedly affect feeding activity, somatic 
growth, and anti-stress capacity. Factorial experiments 
combining temperature and salinity revealed that O. mykiss 
cultured at 16 ℃ and 8 ppt salinity exhibited superior 
growth compared with freshwater groups.10 Within suitable 
thermal conditions, O. mykiss growth and feed digestibility 
of dry matter, gross energy, and nitrogen positively corre
lated with water temperature.11 As water temperature in
creased, weight gain and net energy deposition of O. mykiss 
rose initially and subsequently decreased, while oxygen 
consumption and basal metabolic rate kept increasing per
sistently.12 Additional research compared the differential 
utilization of carbohydrate, protein, and lipid by O. mykiss 
under two distinct thermal regimes.13 

Current published studies predominantly focus on sin
gle- or two-factor interactions on O. mykiss growth, 
whereas the integrated effects of body size, water temper
ature, and ambient salinity on growth performance during 
salinity acclimation have not been systematically reported. 
Accordingly, this study adopted a three-factor three-level 
orthogonal experimental design with three body sizes (100 
g, 250 g, 500 g), three temperature levels (10 ℃, 15 ℃, 20 
℃), and three salinity gradients (10 ppt, 20 ppt, 30 ppt) to 
quantify individual and interactive effects of tested vari
ables and determine the optimal culture combination. This 
work aims to provide theoretical foundations and practical 
parameters for seawater domestication and to promote the 
sustainable development of brackish-water O. mykiss cul
ture. 

2. MATERIALS AND METHODS 

2.1. PRE-EXPERIMENT REARING OF EXPERIMENTAL 
FISH 

Prior to formal experimentation, juveniles of three distinct 
body sizes were acclimated in indoor flow-through concrete 
tanks under a 12 L:12 D photoperiod at 15 ± 1 ℃ for 15 
days. The triploid rainbow trout used in the experiment was 
purchased from the breeding and rearing base in Weifang 
City, Shandong Province. Continuous aeration was main
tained throughout temporary rearing, with dissolved oxy
gen ranging from 7.8 to 10.0 mg/L and pH value stabilized 
at 7.1-7.5. Fish were fed commercial formulated feed daily 
at 2% of body weight (Shandong Hanye Biotechnology Co., 
Ltd., crude protein ≥ 45%), and were feed-deprived for 24 
h before the trial commenced. Healthy and injury-free O. 
mykiss with initial body weights of (100.00 ± 10) g, (250.00 
± 10) g, and (500.00 ± 20) g were selected for subsequent or
thogonal trials. 

2.2. EXPERIMENTAL DESIGN 

Three experimental variables, including O. mykiss body size 
(g), water temperature (℃), and ambient salinity (ppt), 
were set with three gradient levels for each factor (Table 1). 
A total of nine experimental combinations were set up, us
ing the orthogonal array design (Table 2). For each treat
ment, three replicate test tanks were set up and placed in 
600L breeding tanks for the experiments. The entire salin
ity acclimation trial lasted for 60 days under a constant 
water volume of 600 L per tank. Salinity was modulated 
using refined marine salt crystals, and cultivation temper
ature was controlled by circulating heating and cooling de
vices, with a temperature fluctuation of less than ± 0.2 ℃. 
At the beginning of the experiment, the water tempera
ture was adjusted at a rate of 1 ℃ per day to reach the 
target temperature. After 24 hours of stabilization, salinity 
was increased at a rate of 2‰ per day to reach the target 
values for each group. Cumulative mortality was recorded 
daily during the experimental period. Body length and wet 
body weight of all experimental fish were measured at the 
initiation and termination of trials. Feeding management 
was consistent with temporary rearing protocols. Commer
cial feed was provided twice daily until the animals reached 
apparent satiation. The dissolved oxygen level was main
tained above 8 mg/L, and the pH was within the range 
of 7-8. The number of Vibrio bacteria in the water was 
tested every Monday, and the concentrations of ammonia 
nitrogen, nitrite, and hydrogen sulfide were measured every 
three days to ensure that the O. mykiss were always in an 
appropriate environment. Every day, uneaten feed, mortal
ities and fecal waste were siphoned from each tank to keep 
the water clean. 

2.3. DETERMINATION OF GROWTH PARAMETERS 

All fish were subjected to 24 h feed deprivation prior to final 
sampling for growth measurement. The total number of fish 
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Table 1. Levels of three experimental factors in       
orthogonal test   

Level Body Size 
(g) 

Temperature 
(℃) 

Salinity 
(ppt) 

1 100 10 10 

2 250 15 20 

3 500 20 30 

and body weight per tank were recorded and weighed indi
vidually to calculate the survival rate and weight gain rate. 

where N0= initial fish number at test initiation, Nt= surviv
ing fish number at termination. 

where W0= initial body weight (g), Wt= final body weight 
(g). 

2.4. STATISTICAL ANALYSIS 

All measured data were processed using IBM SPSS Statistics 
22. Data were subjected to three-way ANOVA, with post-
hoc Duncan’s multiple range test applied. Range analysis 
was further performed for parameters with significant in
tergroup differences after preliminary ANOVA. 

3. RESULTS 

3.1. EFFECTS OF THREE FACTORS ON THE SURVIVAL 
RATE OF O. MYKISS 

Survival rates differed substantially among the nine ex
perimental treatments (Table 3; Fig. 1). For small-sized O. 
mykiss (100 g), the maximum survival rate (96.7%) was ob
served under 100 g-10 ℃-10 ppt, whereas the lowest sur
vival (18.2%) occurred at 100 g-20 ℃-30 ppt. For medium-
sized individuals (250 g), the highest survival rate was 
97.1% at 250 g-10 ℃-20 ppt, while the lowest was 44.3% at 
250 g-15 ℃-30 ppt. Large-sized O. mykiss (500 g) achieved 

Table 2. Orthogonal experimental grouping scheme     

Treatment No. Body Size Temperature Salinity Culture combination 

1 1 1 1 100 g-10 ℃-10 ppt 

2 1 2 2 100 g-15 ℃-20 ppt 

3 1 3 3 100 g-20 ℃-30 ppt 

4 2 2 3 250 g-15 ℃-30 ppt 

5 2 3 1 250 g-20 ℃-10 ppt 

6 2 1 2 250 g-10 ℃-20 ppt 

7 3 3 2 500 g-20 ℃-20 ppt 

8 3 1 3 500 g-10 ℃-30 ppt 

9 3 2 1 500 g-15 ℃-10 ppt 

100% survival under 500 g-15 ℃-10 ppt and the lowest sur
vival of 36.4% at 500 g-10 ℃-30 ppt. 
ANOVA results of the survival rate were listed in Table 

4. Body size (P = 0.985) and water temperature (P = 0.121) 
had no significant effect on survival rate (P > 0.05), whereas 
ambient salinity significantly affected O. mykiss survival (P 
= 0.048 < 0.05). 
Range value (R) reflects the relative contribution of each 

tested factor, whereby a larger R denotes a stronger regu
latory effect on the target indicator. Range analysis showed 
that the range values for survival rate across salinity, tem
perature, and body size were 51.13, 30.43, and 1.50, respec
tively, suggesting that the factors affecting survival rate in 
order of priority were Salinity > Temperature > Body Size 
(Table 5). The optimal level of each factor was screened ac
cording to average K value (K avg): K3 > K1 > K2 for body 
size (optimal: 500 g), K1 > K2 > K3 for temperature (opti
mal:10 ℃), K1 > K2 > K3 for salinity (optimal:10 ppt). The 
range analysis indicated 10 ℃ as the optimal temperature 
level. The experimental combination of 500 g at 15 ℃ and 
10 ppt (Treatment 9) achieved 100% survival. Given that 
the K avg values for 10 ℃ and 15 ℃ were nearly identi
cal, the combination 500 g-15 ℃-10 ppt was selected as the 
optimal for survival. Collectively, the optimal combination 
maximizing survival rate was 500 g-15 ℃-10 ppt. 

3.2. EFFECTS OF THREE FACTORS ON THE WEIGHT 
GAIN RATE OF O. MYKISS 

Weight gain varied significantly across different culture 
combinations (Table 6; Fig. 2). For 100 g small-sized fish, 
the highest weight gain (43.5%) was detected at 100 g-15 
℃-20 ppt, and the minimum value (32.7%) was under 100 
g-10 ℃-10 ppt. Medium-sized (250 g) O. mykiss obtained 
maximum weight gain of 15.1% at 250 g-10 ℃-20 ppt and 
the lowest value of 5.2% at 250 g-15 ℃-30 ppt. For large-
sized (500 g) individuals, weight gain peaked at 11.0% (500 
g-10 ℃-30 ppt) and bottomed at 3.0% (500 g-20 ℃-20 ppt). 
ANOVA results indicated body size (P = 0.064), temper

ature (P = 0.919) and salinity (P = 0.880) imposed non-sig
nificant effects on weight gain rate (P > 0.05, Table 7). 
Range analysis showed the R values for body size, salin

ity and temperature were 30.40, 3.10, and 2.40, respec
tively, meaning the contribution sequence for weight gain 
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Table 3. Survival rate of    O. mykiss   in nine orthogonal treatments     

Treatment No. Body Size (g) Temperature (℃) Salinity (ppt) Culture combination Survival rate (%) 

1 1 1 1 100 g-10 ℃-10 ppt 96.7 

2 1 2 2 100 g-15 ℃-20 ppt 85.5 

3 1 3 3 100 g-20 ℃-30 ppt 18.2 

4 2 2 3 250 g-15 ℃-30 ppt 44.3 

5 2 3 1 250 g-20 ℃-10 ppt 55.6 

6 2 1 2 250 g-10 ℃-20 ppt 97.1 

7 3 3 2 500 g-20 ℃-20 ppt 65.1 

8 3 1 3 500 g-10 ℃-30 ppt 36.4 

9 3 2 1 500 g-15 ℃-10 ppt 100 

Note: The numbers represent the gradient level. 

Table 4. ANOVA for survival rate of      O. mykiss   

Source of variation Sum of squares df Mean square F p 

Intercept 39893.404 1 39893.404 313.329 0.003** 

Body size (g) 3.842 2 1.921 0.015 0.985 

Temperature (℃) 1850.349 2 925.174 7.266 0.121 

Salinity (ppt) 5086.762 2 2543.381 19.976 0.048* 

Residual 254.642 2 127.321 

Note：R2 = 0.965, * p<0.05, ** p<0.01. 

Table 5. analysis for the survival rate of       O. mykiss   

Index Level Body Size (g) Temperature (℃) Salinity (ppt) 

K value 

1 200.70 230.20 252.30 

2 197.00 230.10 248.00 

3 201.50 138.90 98.90 

K avg value 

1 66.90 76.73 84.10 

2 65.67 76.70 82.67 

3 67.17 46.30 32.97 

R value 1.50 30.43 51.13 

Number of levels 3 3 3 

Replication number per level (r) 3.0 3.0 3.0 

Figure 1. Average survival rate of     O. mykiss   at different   
levels of each factor     

was Body Size > Salinity > Temperature (Table 8). Based on 
K avg values, the optimal single levels were 100 g (body 
size, K1 > K2 > K3), 10 ℃ (temperature, K1 > K2 > K3), and 20 
ppt (salinity, K2 > K3 > K1). Accordingly, the optimal combi
nation to maximize weight gain was determined to be 100 
g-10 ℃-20 ppt. 

4. DISCUSSION 

4.1. COMPREHENSIVE EFFECTS OF THREE 
EXPERIMENTAL VARIABLES ON SURVIVAL AND GROWTH 
PERFORMANCE 

Orthogonal experimental design is an efficient statistical 
tool for identifying key influencing variables, greatly reduc
ing experimental workload while yielding reliable results 
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Table 6. Weight gain rate of     O. mykiss   across nine treatments    

Treatment No. Body Size (g) Temperature (℃) Salinity (ppt) Culture combination Weight gain rate (%) 

1 1 1 1 100 g-10 ℃-10 ppt 32.7 

2 1 2 2 100 g-15 ℃-20 ppt 43.5 

3 1 3 3 100 g-20 ℃-30 ppt 38.2 

4 2 2 3 250 g-15 ℃-30 ppt 5.2 

5 2 3 1 250 g-20℃-10 ppt 10.4 

6 2 1 2 250 g-10 ℃-20 ppt 15.1 

7 3 3 2 500 g-20 ℃-20 ppt 3.0 

8 3 1 3 500 g-10 ℃-30 ppt 11.0 

9 3 2 1 500 g-15 ℃-10 ppt 9.2 

Note: The numbers represent the gradient level. 

Table 7. ANOVA for the weight gain rate of        O. mykiss   

Source of variation Sum of squares df Mean square F p 

Intercept 3147.210 1 3147.210 54.039 0.018* 

A: Body size (g) 1708.820 2 854.410 14.671 0.064 

B: Temperature (℃) 10.260 2 5.130 0.088 0.919 

C: Salinity (ppt) 15.860 2 7.930 0.136 0.880 

Residual 116.480 2 58.240 

Note: R2 = 0.937, *p<0.05, **p<0.01. 

Table 8. Range analysis for the weight gain rate of         O. mykiss   

Index Level Body Size (g) Temperature (℃) Salinity (ppt) 

K value 

1 114.40 58.80 52.30 

2 30.70 57.90 61.60 

3 23.20 51.60 54.40 

K avg value 

1 38.13 19.60 17.43 

2 10.23 19.30 20.53 

3 7.73 17.20 18.13 

R value 30.40 2.40 3.10 

Number of levels 3 3 3 

Replication number per level (r) 3.0 3.0 3.0 

Figure 2. Average weight gain rate at different levels of         
each experimental factor    

comparable to full-factorial tests.14 The current three-fac
tor orthogonal trial systematically evaluated how body size, 
water temperature, and ambient salinity modulate survival 
rate and weight gain of O. mykiss during salinity acclima
tion. ANOVA demonstrated that only salinity had a statis
tically significant effect on survival rate (P < 0.05), whereas 
all three tested factors had non-significant effects on 
weight gain (P > 0.05). 
Range analysis quantified the relative contribution of 

each variable: salinity possessed the highest R value (51.13) 
for survival rate, followed by temperature (30.43) and body 
size (1.50), confirming salinity as the dominant factor de
termining survival performance and body size as a negligi
ble factor. In terms of weight gain rate, body size showed 
the highest R value (30.40), far exceeding salinity (3.10) and 
temperature (2.40), indicating that body size is the primary 
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regulatory factor for somatic growth, with temperature and 
salinity as secondary limiting factors. 
The magnitude of the average index value (K avg) can 

serve as a basis for determining the optimal level of a given 
factor. By comparing the K avg values of different levels of 
each factor, the optimal level of each factor can be deter
mined.15 Usually, the level with the largest K avg value is 
selected as the optimal level.16,17 Overall, the combination 
of 500 g, 15 ℃, and 10 ppt achieved the highest survival 
potential. In orthogonal experiments, determining an op
timal combination is based on comparing response values 
across factor levels rather than solely on statistical signifi
cance testing. Therefore, a factor may contribute to select
ing the optimal combination even when its individual effect 
is not significant in ANOVA. In this study, range analysis 
indicated that the combination of 100 g, 10 ℃, and 20 ppt 
provided the highest weight-gain performance under the 
tested conditions. 

4.2. DOMINANT REGULATORY ROLE OF SALINITY ON O. 
MYKISS SURVIVAL 

Salinity was confirmed as the predominant factor affecting 
survival rate in both variance and range analyses, and was 
closely associated with the osmoregulatory physiological 
characteristics of O. mykiss. As an anadromous salmonid, 
O. mykiss maintains blood plasma osmolality equivalent 
to about 11 ppt environmental salinity.18 When external 
salinity is lower than the plasma isosmotic point, fish main
tain osmotic homeostasis via active ion absorption and uri
nary excretion; under hyperosmotic conditions, O. mykiss 
rely on active water ingestion, renal excretion, and 
branchial ion extrusion to balance internal osmotic pres
sure.19‑21 

In this experiment, all size classes maintained high sur
vival at 10 ppt salinity, close to the isosmotic point, because 
limited energy was required for osmotic adjustment and 
physiological stress was minimized. Survival moderately 
declined at 20 ppt due to moderate hyperosmotic stress, 
while severe survival depression was universally detected at 
30 ppt, with the minimum survival of only 18.2% for 100 g 
fish at 20 ℃-30 ppt. Excessively high ambient salinity ex
ceeds the upper limit of O. mykiss osmoregulatory capac
ity, inducing body water loss, ionic disorder, organ dysfunc
tion and eventual mortality.22 Previous salinity-gradient 
domestication trials reported that O. mykiss could activate 
endocrine-mediated osmoregulation, with elevated cortisol 
and thyroid hormone levels under high salinity, yet individ
uals still experienced severe osmotic stress at 32 ppt.23,24 

Other published data indicated mass mortality occurs for O. 
mykiss above 30-40 ppt, with 20 ppt regarded as the upper 
safe salinity threshold for sustainable mariculture.25 Con
sistent with our findings, mortality increased with salinity, 
from zero mortality under freshwater to 10 ppt and up to 
13% at 32 ppt.26 Moreover, an interactive relationship was 
observed between temperature and salinity: fish cultured at 
10 ℃ obtained better survival than counterparts at 20 ℃ 
under 30 ppt hyperosmotic stress, indicating low temper
ature alleviates energetic cost for osmotic adjustment and 
mitigates adverse impacts of high salinity, whereas high 

temperature aggravates hyperosmotic damage during salin
ity acclimation. 

4.3. DOMINANT REGULATORY ROLE OF INITIAL BODY 
SIZE ON O. MYKISS WEIGHT GAIN 

Body size was the primary determinant of weight-gain per
formance according to the range analysis, despite non-sig
nificant statistical differences among the three tested fac
tors in the ANOVA results. Small-sized O. mykiss (100 g) 
achieved substantially higher weight gain (32.7%-43.5%) 
than medium- and large-sized conspecifics, consistent with 
the universal allometric growth law in teleost fish, in which 
specific growth rate is negatively correlated with body size. 
Juveniles exhibit intensive anabolism and high feed effi
ciency, while larger fish partition most metabolic energy 
for basal metabolism instead of somatic growth, which has 
been well verified in previous O. mykiss studies.27 Although 
the correlation between specific growth rate and body 
weight can be modulated by ambient temperature and ge
netic background, their intrinsic negative association re
mains unchanged.28‑31 Juvenile O. mykiss had higher rela
tive metabolic rates and active feeding behavior to ensure 
sufficient nutrient intake for biomass deposition; addition
ally, branchial and renal osmoregulatory organs exhibited 
higher unit-weight functional efficiency in juveniles, re
ducing extra energy costs for salinity adaptation and con
serving more nutrients for growth. By contrast, large O. 
mykiss requires substantial energy expenditure to maintain 
osmotic homeostasis under salinity stress, thereby reduc
ing nutrient availability for somatic growth and resulting in 
slower weight gain. Water temperature had a limited influ
ence on weight gain within the tested 10-20 ℃ range, as 
reflected by minor discrepancies in K avg across the three 
thermal gradients. As a typical cold-water fish species, O. 
mykiss has a narrow optimal thermal window; the exper
imental temperature range in this study did not exceed 
the adaptive metabolic threshold, resulting in weak thermal 
regulation on individual growth performance. 
In practical aquaculture applications, the two optimal 

culture combinations identified in this study may corre
spond to different production scenarios rather than repre
senting interchangeable strategies. The combination of 100 
g initial body weight, 10 °C, and 20 ppt salinity may be 
more applicable to the early seawater adaptation stage of 
juvenile rainbow trout, where maintaining growth poten
tial and facilitating successful acclimation are the primary 
objectives. Smaller fish generally exhibit greater metabolic 
plasticity but may also be more sensitive to environmental 
fluctuations; therefore, appropriate salinity adjustments 
combined with relatively low temperatures may help bal
ance energy allocation between adaptation and growth. In 
contrast, the combination of an initial body weight of 500 
g, 15 °C, and 10 ppt salinity may represent a more suitable 
culture strategy for medium-sized rainbow trout during 
subsequent seawater growth. At this stage, fish have de
veloped stronger osmoregulatory capacity and may benefit 
from moderate temperature conditions that support feed 
utilization and biomass accumulation. 
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5. CONCLUSION 

In this study, a three-factor, three-level orthogonal trial 
was conducted to quantify individual and interactive im
pacts of initial body size, water temperature, and ambient 
salinity on survival and weight gain of O. mykiss during 
salinity acclimation. Salinity was the leading factor modu
lating survival rate, with optimal survival achieved under 
near-isosmotic 10 ppt across all body sizes; initial body 
size exhibited the strongest trend associated with weight-
gain performance, and small-sized (100 g) O. mykiss exhib
ited significantly faster growth than medium- and large-
sized fish. Range analysis indicated that 500 g-15 ℃-10 ppt 
was the preferred condition for survival-oriented salinity 
acclimation of larger individuals, whereas 100 g-10 ℃-20 
ppt was a growth-oriented strategy for juvenile production 
aimed at rapid biomass accumulation. 
Although this study identified optimal culture combi

nations for survival and growth performance of rainbow 
trout during salinity acclimation using an orthogonal ex
perimental design, several limitations should be acknowl
edged. First, the present experiment evaluated only three 
environmental factors, including body size, temperature, 
and salinity, while other important variables, such as di
etary composition, dissolved oxygen fluctuations, and ge
netic background, may also influence growth performance 
and salinity adaptation. Secondly, although the orthogonal 
design efficiently screened for optimal conditions, the 
number of replicates per treatment was relatively limited, 
which may have reduced the statistical power to detect sub
tle effects among experimental factors. Therefore, further 
studies with increased replication are required to validate 
the observed response trends. Finally, this study mainly fo
cused on survival and weight gain as performance indica
tors. Future investigations combining physiological mea
surements, endocrine responses, transcriptomic analyses, 
and metabolomic approaches could provide deeper insights 
into the molecular mechanisms underlying salinity accli
mation and growth regulation in rainbow trout. 

ACKNOWLEDGEMENTS 

This study was supported by Central Public-interest Sci
entific Institution Basal Research Fund, ECSFR, CAFS (NO. 
2024TD08); Central Public-interest Scientific Institution 
Basal Research Fund, ECSFR, CAFS (NO. 2025QT04); Cen
tral Public-interest Scientific Institution Basal Research 

Fund, CAFS(NO.2025ZX03);Central Public-interest Scien
tific Institution Basal Research Fund (2026ZL02)；Screen
ing, Breeding, Integrated Aquaculture Technology, Demon
stration and Promotion of Marine-adapted High-quality 
Germplasm of Rainbow Trout in Jiangsu JCTG (2025) 26；
Lianyungang Key Research and Development Program (So
cial Development) under Grant No. SF2407; Postgraduate 
Research & Practice Innovation Program of Yancheng Insti
tute of Technology, CXJH26054; Postgraduate Research & 
Practice Innovation Program of Yancheng Institute of Tech
nology, CXJH26064; The authors wish to express their sin
cere gratitude to the anonymous reviewers whose valuable 
suggestions greatly improved this paper. 

AUTHOR CONTRIBUTIONS 

Conceptualization: Yuanhao Ren (Equal), Yanming Sui 
(Equal). Writing – review & editing: Yihao Chen (Equal), Lei 
Li (Equal). Writing – original draft: Yiyun Zhang (Equal), 
Changjian Li (Equal). Resources: Jiahe Guo (Equal), Han
feng Zheng (Equal). Supervision: Zhongquan Jiang (Equal), 
Na Ying (Equal), Siping Li (Equal). Methodology: Bo Qin 
(Equal), Tingting Lin (Equal). 

ETHICAL CONDUCT APPROVAL – IACUC 

The material of this paper does not involve ethical conflicts. 
Authors got permission to take this sample. All experimen
tal protocols and methods in this study were approved by 
the Chinese Academy of Fishery Sciences East China Sea 
Fisheries Research Institute (ECSFRI 13). 

CONFLICTS OF INTEREST 

The authors declare that they have no known competing fi
nancial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY 

The data that has been used is confidential. 

Submitted: August 28, 2026 CDT. Accepted: September 15, 
2026 CDT. Published: September 27, 2026 CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license's legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Effects of body size, temperature, and salinity on survival and growth

Israeli Journal of Aquaculture - Bamidgeh 374

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/licenses/by/4.0/legalcode


REFERENCES 

1. Xiao Y, Zhao Z, Pan Y, et al. Seawater adaptation of 
freshwater cultured rainbow trout (Oncorhynchus 
mykiss): Insights into the gut microbiota and tissue 
gene expression profiles. Aquaculture. 
2025;612(1):743170. doi:10.1016/
j.aquaculture.2025.743170 

2. Chen Y, Cao K, Huang H, et al. Dietary effects of 
lipid and protein levels on growth, feed utilization, 
lipid metabolism, and antioxidant capacity of triploid 
rainbow trout (Oncorhynchus mykiss). Aquaculture 
Nutrition. 2023;2023(1):8325440. doi:10.1155/2023/
8325440 

3. FAO. The State of World Fisheries and Aquaculture 
2024-Blue Transformation in Action.; 2024. 
doi:10.4060/cd0683en 

4. Shepherd BS, Drennon K, Johnson J, et al. Salinity 
acclimation affects the somatotropic axis in rainbow 
trout. American Journal of Physiology. 
2004;288(5):R1385-R1395. doi:10.1152/
ajpregu.00443.2004 

5. Pedersen K, Skall HF, Lassen-Nielsen AM, et al. 
Surveillance of health status on eight marine rainbow 
trout, Oncorhynchus mykiss (Walbaum), farms in 
Denmark in 2006. Journal of Fish Diseases. 
2008;31(9):659-667. doi:10.1111/
j.1365-2761.2008.00941.x 

6. Nenciu M, Victor N, Nicolae C, et al. Boosting 
biomass gain and meat quality of rainbow trout 
Oncorhynchus mykiss (Walbaum, 1792)-An approach 
for fostering Romanian aquaculture. AgroLife 
Scientific Journal. 2022;11(1):145-156. doi:10.17930/
agl2022117 

7. Morgan JD, Iwama G. Effects of salinity on growth, 
metabolism, and ion regulation in juvenile rainbow 
and steelhead trout (Oncorhynchus mykiss) and fall 
chinook salmon (Oncorhynchus tshawytscha). 
Canadian Journal of Fisheries and Aquatic Sciences. 
1991;48(11):2083-2094. doi:10.1139/f91-247 

8. Xiong Y, Wang X, Dong S, et al. Comparisons of 
salinity adaptation in terms of growth, body 
composition, and energy budget in juveniles of 
rainbow and steelhead trouts (Oncorhynchus mykiss). 
Journal of Ocean University of China. 
2019;18(2):509-518. doi:10.1007/s11802-019-3770-4 

9. Hu Y, Kang C, Tang C, et al. Transcriptomic 
analysis of metabolic pathways in milkfish that 
respond to salinity and temperature changes. PLoS 
One. 2015;10(8):e0134959. doi:10.1371/
journal.pone.0134959 

10. Liu X, Wang G, Huang T, et al. Transcriptomic 
Insights into Dual Temperature–Salinity Stress 
Response in “Shuike No. 1”, a Pioneering Rainbow 
Trout Strain Bred in China. Biology. 2025;14(1):49. 
doi:10.3390/biology14010049 

11. Azevedo PA, Cho CY, Leeson S, et al. Effects of 
feeding level and water temperature on growth, 
nutrient and energy utilization and waste outputs of 
rainbow trout (Oncorhynchus mykiss). Aquatic Living 
Resources. 1998;11(4):227-238. doi:10.1016/
s0990-7440(98)89005-0 

12. Cho CY, Slinger SJ. Effect of water temperature on 
energy utilization in rainbow trout (Salmo gairdneri). 
Proc 8th Symp on Energy Metabolism. Published online 
1980:287-291. doi:10.1016/
b978-0-408-10641-2.50063-x 

13. Kieffer JD, Alsop D, Wood CM. A respirometric 
analysis of fuel use during aerobic swimming at 
different temperatures in rainbow trout 
(Oncorhynchus mykiss). Journal of Experimental 
Biology. 1998;201(22):3123-3133. doi:10.1242/
jeb.201.22.3123 

14. Martini BA, Ji P, Liu J, et al. Comparison of 
Analysis of Covariance and Analysis of Variance in 
Pharmacokinetic Similarity Studies. The Journal of 
Clinical Pharmacology. 2025;65(10):1322-1327. 
doi:10.1002/jcph.70041 

15. Shehata AI, Wang T, Jibril Habib Y, et al. The 
combined effect of vitamin E, arachidonic acid, 
Haemtococcus pluvialis, nucleotides and yeast 
extract on growth and ovarian development of 
crayfish (Cherax quadricarinatus) by the orthogonal 
array design. Aquaculture Nutrition. 
2020;26(6):2007-2022. doi:10.1111/anu.13142 

16. Dai S, Wang H, An S, et al. Mechanical properties 
and microstructural characterization of metakaolin 
geopolymers based on orthogonal tests. Materials. 
2022;15(8):2957. doi:10.3390/ma15082957 

17. Xiong Y, Huang M, Zhou Y, et al. Growth, 
osmoregulation and energy budget of rainbow and 
steelhead trout under different salinity acclimation 
methods and the best transition size of steelhead 
trout. Aquaculture Research. 2020;51(6):2369-2378. 
doi:10.1111/are.14580 

18. Bath R, Eddy F. Salt and water balance in rainbow 
trout (Salmo gairdneri) rapidly transferred from fresh 
water to sea water. Journal of Experimental Biology. 
1979;83(1):193-202. doi:10.1242/jeb.83.1.193 

Effects of body size, temperature, and salinity on survival and growth

Israeli Journal of Aquaculture - Bamidgeh 375

https://doi.org/10.1016/j.aquaculture.2025.743170
https://doi.org/10.1016/j.aquaculture.2025.743170
https://doi.org/10.1155/2023/8325440
https://doi.org/10.1155/2023/8325440
https://doi.org/10.4060/cd0683en
https://doi.org/10.1152/ajpregu.00443.2004
https://doi.org/10.1152/ajpregu.00443.2004
https://doi.org/10.1111/j.1365-2761.2008.00941.x
https://doi.org/10.1111/j.1365-2761.2008.00941.x
https://doi.org/10.17930/agl2022117
https://doi.org/10.17930/agl2022117
https://doi.org/10.1139/f91-247
https://doi.org/10.1007/s11802-019-3770-4
https://doi.org/10.1371/journal.pone.0134959
https://doi.org/10.1371/journal.pone.0134959
https://doi.org/10.3390/biology14010049
https://doi.org/10.1016/s0990-7440(98)89005-0
https://doi.org/10.1016/s0990-7440(98)89005-0
https://doi.org/10.1016/b978-0-408-10641-2.50063-x
https://doi.org/10.1016/b978-0-408-10641-2.50063-x
https://doi.org/10.1242/jeb.201.22.3123
https://doi.org/10.1242/jeb.201.22.3123
https://doi.org/10.1002/jcph.70041
https://doi.org/10.1111/anu.13142
https://doi.org/10.3390/ma15082957
https://doi.org/10.1111/are.14580
https://doi.org/10.1242/jeb.83.1.193


19. Yada T, Abe M. Comparison of osmoregulatory 
and endocrine factors in steelhead and rainbow trout 
Oncorhynchus mykiss following free selection of 
environmental salinity. Journal of Fish Biology. 
Published online 2024:1-11. doi:10.1111/jfb.15986 

20. Culbert BM, McCormick SD, Bernier NJ. Effects of 
environmental salinity on global and endocrine-
specific transcriptomic profiles in the caudal 
neurosecretory system of salmonid fishes. bioRxiv-
Zoology. 2025;39(6):e70477. doi:10.1101/
2024.12.13.627795 

21. David HE. Teleost fish osmoregulation: what have 
we learned since August Krogh, Homer Smith, and 
Ancel Keys. American Journal of Physiology-Regulatory, 
Integrative and Comparative Physiology. 
2008;295(2):R704-R713. doi:10.1152/
ajpregu.90337.2008 

22. Takvam M, Wood CM, Kryvi H, et al. Ion 
transporters and osmoregulation in the kidney of 
teleost fishes as a function of salinity. Frontiers in 
Physiology. 2021;12:664588. doi:10.3389/
fphys.2021.664588 

23. Johnston CE, Cheverie JC. Comparative analysis of 
lonoregulation in rainbow trout (Salmo gairdneri) of 
different sizes following rapid and slow salinity 
adaptation. Canadian Journal of Fisheries and Aquatic 
Sciences. 1985;42(12):1994-2003. doi:10.1139/f85-247 

24. Huang M, Yang X, Zhou Y, et al. Growth, serum 
biochemical parameters, salinity tolerance and 
antioxidant enzyme activity of rainbow trout 
(Oncorhynchus mykiss) in response to dietary taurine 
levels. Marine Life Science & Technology. 
2021;3(4):449-462. doi:10.1007/s42995-020-00088-2 

25. Pino-Martinez E, Balseiro P, Kvittingen HF, et al. 
Influence of salinity on rainbow trout (Oncorhynchus 
mykiss) smolt development and postsmolt 
performance. Aquaculture. 2024;587:740874. 
doi:10.1016/j.aquaculture.2024.740874 

26. Eddy F, Bath R. Ionic regulation in rainbow trout 
(Salmo gairdneri) adapted to fresh water and dilute 
sea water. Journal of Experimental Biology. 
1979;83(1):181-192. doi:10.1242/jeb.83.1.181 

27. McKay L, Gjerde B. The effect of salinity on 
growth of rainbow trout. Aquaculture. 
1985;49(3-4):325-331. doi:10.1016/
0044-8486(85)90089-4 

28. Groot R, Lyons P, Schrama J. Differences in 
utilisation of digestible macronutrients between two 
different size classes of rainbow trout (Oncorhynchus 
mykiss). Animal Nutrition. 2025;20:23-32. 
doi:10.1016/j.aninu.2024.05.014 

29. Lindmark M, Ohlberger J, Gårdmark A. Optimum 
growth temperature declines with body size within 
fish species. Global Change Biology. 
2022;28(7):2259-2271. doi:10.1111/gcb.16067 

30. Sae-Lim P, Mulder H, Gjerde B, et al. Genetics of 
growth reaction norms in farmed rainbow trout. PLoS 
One. 2015;10(8):e0135133. doi:10.1371/
journal.pone.0135133 

31. Wangila B, Dick T. Influence of genotype and 
temperature on the relationship between specific 
growth rate and size of rainbow trout. Transactions of 
the American Fisheries Society. 1988;117(6):560-564. 
doi:10.1577/
1548-8659(1988)117%3C0560:IOGATO%3E2.3.CO;2 

Effects of body size, temperature, and salinity on survival and growth

Israeli Journal of Aquaculture - Bamidgeh 376

https://doi.org/10.1111/jfb.15986
https://doi.org/10.1101/2024.12.13.627795
https://doi.org/10.1101/2024.12.13.627795
https://doi.org/10.1152/ajpregu.90337.2008
https://doi.org/10.1152/ajpregu.90337.2008
https://doi.org/10.3389/fphys.2021.664588
https://doi.org/10.3389/fphys.2021.664588
https://doi.org/10.1139/f85-247
https://doi.org/10.1007/s42995-020-00088-2
https://doi.org/10.1016/j.aquaculture.2024.740874
https://doi.org/10.1242/jeb.83.1.181
https://doi.org/10.1016/0044-8486(85)90089-4
https://doi.org/10.1016/0044-8486(85)90089-4
https://doi.org/10.1016/j.aninu.2024.05.014
https://doi.org/10.1111/gcb.16067
https://doi.org/10.1371/journal.pone.0135133
https://doi.org/10.1371/journal.pone.0135133
https://doi.org/10.1577/1548-8659(1988)117%3C0560:IOGATO%3E2.3.CO;2
https://doi.org/10.1577/1548-8659(1988)117%3C0560:IOGATO%3E2.3.CO;2

	Effects of body size, temperature, and salinity on survival and growth of Oncorhynchus mykiss during salinity acclimation
	1. Introduction
	2. Materials and Methods
	2.1. Pre-experiment Rearing of Experimental Fish
	2.2. Experimental Design
	2.3. Determination of Growth Parameters
	2.4. Statistical Analysis

	3. Results
	3.1. Effects of Three Factors on the Survival Rate of O. mykiss
	3.2. Effects of Three Factors on the Weight Gain Rate of O. mykiss

	4. Discussion
	4.1. Comprehensive Effects of Three Experimental Variables on Survival and Growth Performance
	4.2. Dominant Regulatory Role of Salinity on O. mykiss Survival
	4.3. Dominant Regulatory Role of Initial Body Size on O. mykiss Weight Gain

	5. Conclusion
	Acknowledgements
	Author Contributions
	Ethical Conduct Approval – IACUC
	Conflicts of Interest
	Informed Consent Statement
	Data Availability

	References


