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Growth rate possible connection bctrreen growth rate and age at sexual maturity were 
studied on individually tagged rainbow trout from clifferent sib groups. Considerable variation 
in growth rate and age at first sexual maturity was founcl among sib groups. Significant 
correlations were found between size (length) of the inclividual fish and group mean, measured 
at clifferent tinles during the sea phase. The rr~eall lengths within groups of fish maturing 
during their third year were significantly higher than for fish still immature in the autumn 
preceding spawning, as well as half a year before anct even one year before spawning. 

The relationship between sex and size of the fish was not clear, but in some groups the males 
ryere on average larger than the females. Fish maturing during their second year (mostly males) 
showed nearly the same mean size as immature fish of the same age before the spawing season. 
They grew considerably less ciuring the spawing season, and showed somewhat increased 
mortality rate, but ciuring the next summer they matured again and showed greater relative 
growth rate than the other fish. 

I N T R O D U C T I O N  

Tentative results from experiments with selective breeding of rainbow 
trout, Salrno gairdneri, were described in two previous reports ( N E V D A L ~ ~ .  al. 
1975, M ~ L L E R  et al. 1976). T h e  first year class of these experiments hatched 
in 19'72. Since then, new material has been collected each year, and gradual- 
ly more study has been carried out on selected fish from the first two year 
classes. 

T h e  first year classes were used to study the variability in traits of 
economical importance for fish farming, especially growth rate and age at 
first sexual maturity. The  influence of genetic factors on these traits was 
estimates from full sib and half sib correlations. 

Some of the fish from the first and second year classes were individually 
tagged. In the present report the data of the individually tagged fish are 
used to study correlations between growth rates at different ages and the 
possible connection between growth rate and age at first sexual maturity. 



M A T E R I A L S  A N D  M E T H O D S  

Egg and milt material for the experiments were obtained from a corn- 
mercial Norwegian fish farm in the winter of 1972 and 1973. In 1973 milt 
from three males from another fish farm was also included. 

T h e  experiments were based on sib groups. Nor~nally the egg portion of 
each fe~nale was divided into two equal parts and fertilized with milt from 
two different males. Each male was nor~nally used for two females. This 
2 x 2 pattern of combinations was only partly followed in 1973. 

The  eggs were hatched in the hatchery at the field research station in 
Matredal (Akvakulturstasjonen Matre). From start of feeding to a11 age of 
16 months (1972 year class) or  8 nlonths (1973 year class), the fish were kept 
in 1.7 1n3 cylindrical tanks. Afterwards they were kept in floating cages in 
brackish water near the station until they were transferred to full strength 
sea water. The  1972 year class was sent to a shore enclosure at the fish farm 
Eros Laks, Bjordal, when aged about 18 months, and the 1973 year class to 
floating cages at another fish farm, Risnesfisk, Brekke, when the fish were 
about 14 months old. 

During their first year, each group was kept in a separate tank. At the age 
of about six months they were marked with combinations of fin clipping 
(adipose fin or  pelvic fins). In November 1973 about 100 fish of each of 
eight sib groups of the 1972 year class were individually tagged with diffe- 
rent types of Floy Tags (FT 4 Spagetti Tag, FT  4 Lock-on, FT  6 Dart Tag 
and FD 67C, all from Floy Tag and Mfg., Inc. 4616 Union Bay, PI. N.E. 
Seattle, Washington 98105, USA). In April 1975, 125 fish from each sib 
group of the 1973 year class were tagged with FT  4 Lock-on tags. 

Due to fouling with mussels and algae, tag losses were heavy after about 
6 months, especially the FT  6 Dart Tag gave few clata. The  results of the 
tagging experiments and comparisons of the different types of tag are dealt 
with in a separate report (NEVDAL, HOLM and KNUTSSON 1977). 

The  lengths of 100-200 fish of each sib group were recorded in spring 
and autumn each year. Individual weights were recorded at slaughtering 
for the 1972 year class and at 24 and 30 months for the 1973 year class. Stage 
of maturity was recorded in the autumn and spring of the second year, and 
in the autumn of the third year. Aged 30 months, most of the fish were 
slaughtered, while 20-30 individuals of each group were kept alive for 
producing the F2 -generation. 

In the present report, mainly data for the individually tagged fish are 
dealt with. Standard methods were used for calculating means, correlation 
coefficients ctc. and also for variance analysis. 



R E S U L T S  

GROWTH RATE AT DIFFERENT AGES 

Marked differences between sib groups in mean growth rate and age at 
first sexual maturity were observed. These differences were dealt with in 
previous reports (NIEVDAL et al. 1975, M ~ L L E R  et al. 1976). Tentative estima- 
tes of heritability factors also gave rather high values. 

To compare the g r o ~ ~ t h  rate at different ages, correlation and regression 
factors between mean length for each group at the different measurements 
were calculated. The results are presented in Tables 1 and 2. Fish maturing 
during their second year were not used in these calculations because matu- 
ration greatly affects the growth rate. 

Correlations were high for observations taken within 6 or 12 months, but 
rather low for those taken at broader time intervals, especially in the 1973 
year class. 

To analyse correlation between individual sizes at different ages, the size 
of the individually tagged fish at the different measurements was compared 
(Table 3). The coefficients were in the same order of magnitude for indivi- 
duals as for the sib groups means, and for the time interwals up to 12 months 
the correlations were rather high. 

Table 2. Correlation coefficients (above diagonal) and coefficient of regression (below diago- 
nal) of mean length of rainbow trout hatched in 1973 and measured at five different 
ages. 

Table 1. Correlation coefficients (above diagonal) and coefficients of regression (below diago- 
nal) of mean length of rainbow trout hatched in 1972 and measured at five different 
ages. 

Age (months) 24 

30 Age (months) 

30 6 

6 

12 18 

12 18 24 



Table 3. Correlation coefficients (above diagonal) and coefficient of regression (below diago- 
nal) of lengths and waights of rainbow trout at different ages. 

1972 length 18 . . . . .  
26 . . . . . .  
30 . . . . . .  

1973 length 24 . . . . .  
30 . . . . . .  

1973 weight 24 . . . . .  

1972 

Year class 
and age 

RELATIONSHIP BETWEEN AGE AT FIRST SEXUAL MATURITY Ah'D GROWTH RATE 

1973 

The fish of each year class were separated according to sib group, sex 
and age of maturation (maturing in their third year or later), and lengths 
and weights were subjected to an analysis of variance to see if any of these 
factors influenced the size at one and a half, two, and two and a half years of 
age. Early maturing fish (i.e. mostly males, maturing during their second 
year of life) were omitted from the present analysis because they were rather 
few in most groups, and because most fish were tagged after the maturation 
of these males. They are, however, dealt with in a later chapter (p. 8, 
Table 12). 

The results for the 1972 year class are shown in Tables 4-7. 
Tables 4 and 5 show that whether the fish are maturing or not influences 

the size in the autumn when the fish are two and a half years old. Maturing 
fish of both sexes have a somewhat greater mean size than fish that are still 
immature, and the variations between sib groups are also evident from the 
original data. No effect of sex could be seen, even when eliminating the 
variation caused by the two other sources. 

Likewise, Tables 6 and 7 show that the effect of group and of age at 
maturation may be seen both in the spring half a year before maturation and 
in the autumn one year before maturation. The effect of sib groups has been 
found to be clear at all ages ( M G L L E R ~ ~  al. 1976), and from the present data it 
is evident that the late maturing fish, that is those maturing at an age of three 
and a half years or older, show a lower mean growth rate than their early 
maturing sibs. 

length length weight 

30 18 30 26 24 24 30 



Table 4 . Analysis of length varia~lce in rainbow trout two and a half year's old 
- - - 

Source of variation 

Table 5 . Analysis of weight variance in rainbow trout two and a half years old . 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Between age of nlaturation . . . . . . . . . . . . . . . . . . .  
Withi11 age of maturation . . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d.f. 

1 150.50 p 40.2  
223 

2 229.65 O.OO1ip<0.O1 
231 
28 40.8 p<O.OOl 

203 19.03 

234 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Between age of maturation . . . . . . . . . . . . . . . . . . .  
Within age of maturation . . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  

Source of variation 

Mean 
squares 

table 6 . Analysis of length variance in rainbow trout two years old . 

probability 

c1.f. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  234 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Between age of maturation . . . . . . . . . . . . . . . . . . .  
Within age of maturation . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mean 
squares 

Source of variation 

Total 

probability 

d.f. Mean 
squares 

probability 



Table i . Analysis of length variace in rainbow trout one and a half years old 

Source of variation d.f  1 probability 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Betrueen age of maturation . . . . . . . . . . . . . . . . . . .  
Within age of maturation . . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Total 

Between sex . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . .  

Between age of maturation . . . . . . .  

Table 8 . Analysis of length variance in rainbow trout two and a half years old . 

Within age of maturation . . . . . . . . . . . . . . . . . . . . . .  
Between sib groups . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Source of variation 

Table 9 . Analysis of weight variance in rainbow trout two and a half years old . 

d.f. 

I 

Source of variation 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d.f. I Mean I probability 

Mean 
squares 

1289 

squares 

probability 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Within sex 

Between age of maturation . . . . . . . . . . . . . . . . . . .  
Within age of maturation . . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  



Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Between age of maturation . . . . . . . . . . . . . . . . . . .  
Within age og tnaturation . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 10. Analysis of length variance in rainbow trout two years old. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 1286 

Source of variation 

Table 11. Analysis of weight variance in rainbow trout two years old. 

Source of variation I d.f I Mean I probability 
squares 

Between sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Within sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Betuwen age of maturation . . . . . . . . . . . . . . . . . . .  
Within age of maturation . . . . . . . . . . . . . . . . . . . . .  

Between sib groups . . . . . . . . . . . . . . . . . . . . . . . .  
Within sib groups . . . . . . . . . . . . . . . . . . . . . . . . . .  

probability d.f. Mean 
squares 

Corresponding results of the 1973 year class are shown in Tables 8-1 1. A 
significant effect both of sib groups and age of maturation could be seen on 
lengths and weights at slaughtering when the fish were 2% years old (Tab- 
les 8 and 9), and these effects were also evident the preseeding spring 
(Tables 10 and 1 1). Also in this year class, late maturing fish showed a lower 
mean growth rate than their earlier maturing sibs. 

Effect of sex could not be seen when analysing the material this way, but 
when eliminating the effect of sib groups and age of maturation, a signifi- 
cant effect of sex was found. In the total material the mean sizes of the males 
were a little greater than those of females, but this sexual dimorphism was 
more evident within some groups than in others. 

I 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1285 



GROWTH RATE AND SURVIVAL OF THE EARLIEST IMATURIA~G FISH 

N ~ V D A L  et al. 1995 and M ~ L L E R  et al. 1976 mentioned that very clear 
differences between sib groups were found in relation to proportions of fish 
maturing in their second year (nearly exclusively males). The  individual 
taggings were made when the first maturing fish were already near to 
spawning (1972 year class) o r  spent (1973 year class). These early maturing 
fish were eliminated from the material when making the analysis of correla- 
tions and variance. However, especially in the 1973 year class, the growth 
and survival of these early maturing inales could be observed from Novem- 
ber 1974, when they could be classified as maturing, until slaughterirlg one 
year later. Of the 1972 year class only few early maturing fish were tagged, 
and they are omitted here. 

Of the early maturing males, all but three surviving fish matured again 
the next year. The  proportions of mature fish in the groups were approxi- 
mately the same in April 1975 as in November 1974, indicating that no 
higher mortality had occured among mature than among immature fish 
during the winter. Mature (spent) fish, tagged in April 1975, showed about 
8% lower survival rate until October the same year. This observation is to 
some extent in contrast to the experience of fish farmers who claim that 
mature fish show lllarkeclly increased ~nortality during winter and spring. 

Observations on growth rate of the early maturing males compared to 
later maturing fish are summarized in Table 12. Prior to the spawning 
season (November 1974), when maturing fish coulct barely be recognized by 
visual inspection of live fish, the total meall lengths of maturing and imma- 
ture fish were nearly the same. In April of the next year after the spawing 
season, lllature fish were considerably smaller than immature fish, and also 
at slaughtering next autunln (October 1975) the early maturing fish (now 

Table 12. Growth ratc o f  nlales maturing at an age o f  one and a half years, comparecl to later 

maturing fish. 
- 
1 = rncatl length, 7 = (growth ratc) = 

I i C, - I I L  li, 
12 - t l  

November 74, 1, 1 April 75, t2 1 October 75, t3 

t2 - I ,  = 5 months, l3 - t2 = 6 months, t3 - t l  = I 1 ni~n ths  



rnostly re-maturing) \.irere still smaller than fish still inlnrlature or maturing 
for the first time. But the difference was smaller than in April, and conver- 
ting the figures to specific growth rate (WEATHEKLK 1972), the re-maturing 
fish showed the higher specific growth rate during sunnrner, but lower both 
in the winter period and the total period from Novernber ro the following 
October. 

D I S C U S S I O N  

KOTO (1975) found that the mean length of maturing fish was larger 
than that of immature fish before the spawning season while the immature 
fish grew faster and reached a higher mean length after the spawning 
season. He also found higher percentages of early maturing males in groups 
reared with a larger amount of food, but the percentages of mature fish also 
seemed to be affected by genetic factors. 

F r o ~ n  the present investigation it is evident that the percentages of 
mature fish both in their second and third year of life are affected by genetic 
factors. (This will be more closely clealt wit21 in later reports when similar 
results from other year classes also will be dealt with.) Concerning inaturati- 
on in their third year of life, the analysis of variance has shown that the mean 
size of inaturing fish is greater than of iminature fish, and this difference 
may be tracecl back 6 months ancl even a year before onset of maturation. 

Difference in growth rate between inales and females is more obscure, 
and it seems to be more prono~lnced in some sib groups than in others. 
Differences in growth rate between sib groups are significant, implying that 
genetic factors are of importance for differences in growth rate. (These 
observations will also be more closely dealt with in later reports.) 

As observed by KOTO (1975), the growth rate of early maturing fish was 
greatly retarded during the spawning season compared to immature fish. 
However, after the spawning season, the spent fish showed a higher specific 
growth rate than the others (Table 12), and the length difference at 
slaughtering was less than half a year before, but the early inaturing males 
did not reach the size of the later maturing fish, and thus they are less 
valuable for fish farming in spite of their rather high growth rdte after the 
spawning season. Thus it seems clear that rainbow trout used h r  fish 
farming in Norway are of varying value both concerning their ability of 
growth and their age at first maturation, implying that selective breeding 
may give genetic gain which will be of practical interest. 

T h e  present data indicate that males maturing in their second year were 
of the same mean size before onset of maturation as those maturing later. 
However, maturation was recognized in live fish in November, and at that 
time the growth rate of maturing fish coulcl already have been retarded. 
The  present data therefore give no information about whether early matu- 



ring fish have a higher mean growth rate during their first year of live, as 
claimed, a.o., by HALLINGSTAD (1 978). 

Correlations for individual growth rates were found to be significant for 
measurements up to one year apart (observations at broader time intervals 
are lacking). High correlation factors were found between measurements 
taken half a year apart, and thus selection for individual growth rate may be 
made after at least one sea year. 

As far as could be compared, correlations of mean size of sib groups 
measured at different ages, were in the same order of magnitude as correla- 
tions of individual growth rate. Correlations between the earliest measure- 
ments and measurements during the sea period were generally low for the 
1972 year class, but somewhat higher for the 1973 year class. As a conclusion 
it may be said that mean size of the sib groups after a year in the sea (18 
months of age) may be used as measurement of the groups ability of growth, 
but size after one year in the sea (24 months of age) or size at slaughtering 
(30 months of age) should be preferred for selecting fast growing groups. 

R E F E R E N C E S  

HALLINGSTAD, F. 1978. Sortering og kjennsmodning hos regnbue@rret. Norsk Fiskeoppdrett, 3 
(1): 9-10. 

KOTO, T. 1975. The relation between the growth and reproductive characters of rainbow trout, 
Salino gairdneri. Bull. Freshruat.Fish. Res.Lab., Tokyo, 2 5  (2): 83-1 15. 

M ~ L L E R ,  D., NEVDAL, G., HOLM, M. and LERBY, R. 1976. Variation in growth rate and age at 
sexual maturity in rainbow trout. F A 0  Technical Coi@erencr on Aquaculturr, Japa~z 1976 (E 
61):  1-7. 

NEVDAL, G., HOLM, M ,  and KNUTSSON, S. 1977. Erfaring med bruk av ytre merker p; 
oppdrettsfisk. Fisken og Havet Srr. B, I977 (1): 1-2 1. 

NEVDAL, G., HOLM, M., L E R ~ Y ,  R. and M ~ L L E R ,  D. 1975. Variation in age at sexual maturity in 
rainbow trout. Coun. M ~ e t .  i~zt.  COUIZ. Explo~.  Sra, 1975 ( M :  23): 1-7. 

WEATHERLY, A. H. 1972. Groruthandecology offishpopulatio17s. Academic Press, Lnd., N.Y. 293 p. 

Recei\.etl 24 October 1978 
Prin~ecl 15 September 1079 


