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INTRODUCTION 
Yield characteristics and flesh quality are traits of economic importance in cultured salmonids, 
especially for net production (i.e. dressing yield), processing (i.e. lipid content and distribution) 
and consumer’s acceptance (i.e. body shape, flesh colour). Estimates of heritability for various 
body traits in salmonids indicate that selection should be efficient (Gjerde and Schaeffer, 1989, 
in rainbow trout; Rye and Refstie, 1995 and Rye and Gjerde, 1996, in Atlantic salmon; Jopson 
et al., 2000, in chinook salmon). Yet, measuring body and carcass composition related traits 
often requires fish to be slaughtered. More over, sexual maturation strongly modifies body 
composition, and records have to be performed on immature individuals. Up to now, large 
scale breeding programs based on familial selection have been implemented. Yet, individual or 
mass selection could alternatively be proposed, provided non-lethal indicators are available. 
The paper describes experimental two-way selections for fattening state in rainbow trout. Main 
goals were: (1) to test the efficiency of indirect selection based on non-lethal predictive traits, 
and (2) to provide information on direct and correlated responses in rainbow trout. Predictive 
traits used for fattening selection were belly thickness and meat lipid content. 
 
MATERIAL AND METHODS 
Biological material. Selection for belly thickness (Exp.A) was performed within the SY INRA 
experimental strain of rainbow trout at the INRA experimental farm (Gournay-sur-Aronde, 
Oise, France). Selection for lipid content of fillet (Exp.B) was performed within the INRA 
spring spawning experimental strain at SEDI (INRA experimental farm, Sizun, Finistère, 
France). Fish were fed with commercial diet, according usual daily feeding guide. 
 
Selection process. In both experiments, a two-way selection was performed on one year old 
immature fish. The few males that matured at that time were discarded. For every selection 
process, preliminary random samplings of 100 individuals were performed in the candidate 
populations, in order to determine the distribution curve of the operating criterion and the 
thresholds for about 10% upward and 10% downward selection. Selection was then performed 
within groups of 400 to 1000 individuals. 
The selection criterion in Exp. A was the relative mean belly thickness (RTW) defined as: 
RTW = (TsL+TsV)/2L, where TsL and TsV are the lateral and ventral abdominal wall thickness 
as described in Rye and Refstie (1995), measured not on cross section slice but on live fish 
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through ultrasound technology (Toshiba and Hospimédi LC 100, with a 7.5 Mhz probe 
frequency) and L is the fork length of the fish. 
The selection criterion in Exp.B was relative fat content index (FI), defined as: 
FI = Fat/Log(W), where Fat is the lipid content in the flesh estimated using microwave 
transmittance technology (Torry Fish Fat Meter®, probe placed anterior to the dorsal fin and 
above lateral line, after slight wiping of mucus according to Drouin et al.,1998) and W the fish 
total body weight. 
 
Response to selection. Response was measured after one (Exp.A) or two (Exp.B) generations 
of selection. Progeny of each upward- (U) and downward- (D) selected line was reared in 2 or 
3 replicated tanks. Measures were performed on 25 to 100 fish per replicate depending on the 
trait. The following traits were measured: body weight (W, g), fork length (L, mm), pre-dorsal 
height (mm), pre-dorsal width (mm), gutted weight (GW), whole (TW, mm) and muscle (TM, 
mm) belly thickness, fat content given by Torry Fish Fat Meter® (Fat). The following variables 
were derived: condition factor (K=W/L3), dressing percentage (D=100*(GW/W)), relative 
meatiness of abdominal wall (RM = TM/TW). In Exp.B, lipid content of skinned fillet was also 
measured directly by chemical analysis (Soxhlet device) of a sub-sample of 50 fish per line 
(L%, expressed as percents of dry matter). 
 
Statistical analyses. Analyses performed within the 4 selected lines showed that all traits were 
significantly correlated with absolute fish size, at a higher degree with weight than with length. 
Nevertheless, raw data corrected as initially proposed (thickness relative to length, and fat 
relative to logarithm of weight) remained correlated to size. Thus, covariance analysis with 
weight as covariate was used to test the response to selection (SAS® Glm procedures). Within 
experiments, there was no heterogeneity of regression slopes between U and D lines, except for 
Fat in Exp.B. In that case, simple analysis of variance was performed, U and D lines having no 
different mean weight. Otherwise, the following model was used:  
  Y = µ + Li + rep(Li) + a Ln(W) + E    
where Y is the trait value (RM, Fat, K, D and L%) or the log-transformed value (TW, TM, height, 
width), µ is the overall mean, Li is the fixed effect of the selected line (U or D), rep(Li) is the 
random effect of replicated tank within line, a is the common allometry regression slope of the 
trait on the weight, and E is the residual error term. 
 
RESULTS AND DISCUSSION 
Raw and corrected data for each experiment are reported in Table 1.  
 
Direct response for operating traits. There was a significant response to selection in both 
experiments (+12% and +61% relative increase for TW and Fat respectively). Realised 
heritabilities (calculated for the original index RTW and FI) were respectively 0.33 for the 
relative mean belly thickness and 0.25 for fat content. These realised values are in agreement 
with the medium-high estimates of heritability of the same traits (measured by microwaves and 
ultrasounds as well) in rainbow trout (Chevassus et al., submitted). 
 
Correlated responses. In Exp. A, there was a large difference in absolute size between U and 
D lines. Yet, most of the difference originated from uncontrolled environmental factors during 
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the early life of fish (data not shown) which precludes conclusion on a possible effect of 
selection on growth. Body shape was modified by selection (increased height, width and K in 
U line), as well as muscle fat content estimated by Torry Fish Fat Meter® (relative increase of 
37%). Yet, though selection for higher belly thickness affected fat deposition in muscle, there 
was no evidence that this was associated with enhanced overall body fat deposition. Muscle 
belly thickness as well as relative meatiness of abdominal wall were significantly increased in 
U line. There was no difference in dressing percentage between D and U lines. On the basis of 
previous results (Gjerde and Schaeffer, 1989; Rye and Gjerde, 1996), correlated increase in 
dressing percentage could have been expected in U line. Yet, although weight, fat, fat index, 
height and width were higher in the U line, there was an overall negative phenotypic 
relationship between dressing percentage and these traits (data not shown), which resulted in 
no change of carcass yield. 
 
Table 1. Raw (R) and adjusted values (A) in the two experiments 
 
  Exp. A Exp. B 
  D U R2 D U R2 
Weight  249 370  268 267 ns  
Length  269 297  267 263  
TW R 4.52 5.63 0.51 4.02 4.47 0.13 
 A 4.72 5.29 0.78 3.96 4.42 0.55 
TM R 3.13 4.36 0.54 3.46 3.78 0.09 
 A 3.31 4.00 0.78 3.42 3.74 0.52 
RM R 0.69 0.76 0.42 0.86 0.85 0.09 
 A 0.70 0.75 0.50 0.86 0.85 0.11 
Height R 62.6 73.7 0.35 66.7 65.8 ns 0.01 
 A 66.4 68.0 0.91 66.3 65.6 0.88 
Width R 30.7 35.8 0.31 31.2 31.8 0.04 
 A 32.6 33.1* 0.84 31.0 31.7 0.82 
K R 1.24 1.37 0.35 1.38 1.44 0.06 
 A 1.26 1.35 0.41 1.38 1.44 0.29 
D R 88.7 88.9 ns 0.05 88.9 89.0 ns 0.01 
 A 88.7 88.8 ns 0.05 88.9 89.0 ns 0.04 
Fat R 5.50 7.55 0.28 2.60 4.18 0.50 
 A 6.02 7.01 0.46 - - - 
L% R - -  24.3 27.9 0.10 
 A - -  24.3 27.9 0.11 

Adjusted values = LS means of the covariance model (see text). 
R2: coefficient of determination of the model (see text). For R data, model is the same without 
W covariate. 
Otherwise specified, all differences between D and U lines have critical probability <0.001. 
*, ns: values significantly different for P<0.05, or non significantly different (critical P>0.05). 
 
In Exp. B, values of muscle lipid content obtained by chemical analysis (L%) confirmed the 
efficiency of selection on the desired trait itself (+20% relative increase). Correlated response 
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of body size was inconsistent: no effect on weight was detected, while D line was slightly 
longer than the U one. Body shape is only slightly modified compared to Exp.A (no 
modification of height, and slight increase of K and width in U line). Belly thickness is 
increased in U line (+11%), a result consistent with the correlated response recorded in Exp.A, 
in which fat content was carried away by selection for belly thickness. Yet, in Exp.B, relative 
meatiness of abdominal wall was slightly lower in U line, against that was recorded in Exp.A. 
Thus, body fat deposition may be more prevalent after selection for fat content itself. However, 
undesired intestinal fat deposition was not recorded (same dressing percentage in D and U 
lines, despite the large change of muscle fat content). 
 
CONCLUSION 
Significant direct and correlated responses to selection were recorded for both criteria, which 
encourages the inclusion of fattening traits in individual selection schemes in rainbow trout. 
Both experiments provided consistent results: increased fattening is associated with higher 
relative belly thickness, more compact body shape and increased fillet fat content, while 
correlated effect on size is not conclusive and needs further investigation. A noticeable result is 
that fat deposition in the abdominal adipose tissue does not seem to be correlated to fat 
deposition in the muscle. Thus, a breeding objective for increased fattening should not interfere 
with dressing percentage. Fat deposition in other places (under skin, internal side of abdominal 
wall, base of dorsal fin) and effects on other quality traits (fillet yield, smoking yield) should be 
further investigated before choosing any selection criteria. Selected lines will be a valuable 
experimental material for further study of fatness and leanness effects in trout (i.e. feed intake, 
feed efficiency and interaction with diet composition). 
 
ACKNOWLEDGEMENTS 
The authors thank P. Haffray (Syndicat des Sélectionneurs Avicoles et Aquacoles Français) for 
valuable supply of ultrasound equipment, and B. Aupérin, J.M. Blanc and M.G Hollebecq 
(INRA) for useful advice and help. The response to selection in Exp.B was jointly supported 
by INRA and IFREMER in the SEMII joint experimental farm (Finistère, France). 
 
REFERENCES 
Chevassus, B., Dupont-Nivet, M., Mauger, S., Haffray, P. and Vandeputte, M. (submitted) 7th 

WCGALP, 19-23 August 2002, Montpellier, France. 
Drouin, C., Haffray, P., Vallet, J.C. and Fauconneau, B. (1998) Sci. Alim. 18 : 527-535. 
Gjerde, B. and Schaeffer ,L.R. (1989) Aquaculture 80 : 25-44. 
Jopson, N.B., Dodds, K.G., Amer, P.R. and Symonds, J.E. (2000) Genet. Aquaculture VII, 

69. 
Rye, M. and Refstie, T. (1995) Aquaculture Res. 26 : 875-885. 
Rye, M. and Gjerde, B. (1996) Aquaculture Res. 27 : 121-133. 

Session 06. Fish and shellfish breeding Communication N° 06-12 


	INTRODUCTION

