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SUMMARY

Age at sexual maturity and its association with growth rate 
and body size has received considerable attention by geneticists 
working with salmonid fish. The three traits are highly inter
related and rapidly growing fish mature at earlier ages and at a 
larger sizes than slow growing fish, within stocks and year- 
classes. There may be a minimum threshold body size required for 
expression of sexual maturity. The effects of body size and 
growth on maturity are confounded with factors affecting season 
of spawning; fish not achieving the threshold size in one season 
continue to grow until the next season, at which time they appear 
larger and older. The heritability of age at sexual maturity 
appears to be between 0 . 2  and 0.4, similar to that for body size. 
Age at sexual maturity is negatively correlated with body size 
and body size is positively correlated with the proportion of 
early maturing fish in sib-groups. The use of precocious males 
results in an increased proportion of precocious males in the 
progeny generation.

INTRODUCTION

Age at sexual maturity has become of great economic 
importance in the production of trout and salmon. The general 
observation is that major improvements in production efficiency 
and growth rate achieved in recent years have been accompanied by 
a marked reduction in time required to reach sexual maturity. If 
fish sexually mature before reaching market size, growth rates 
and feed efficiencies decline, flesh quality deteriorates, and 
market value is reduced. The onset of sexual maturation and 
spawning activity causes growth to nearly stop for a few weeks to 
a few months. Although mature fish generally resume normal 
growth after spawning, maturation before optimal market size 
reduces productivity, restricts flexibility of market season, and 
reduces final market size.

Age at sexual maturity appears to be closely associated with 
body size and growth rate both phenotypica 1 1 y and genetically.
A hypothesis which best explains current information involves a 
complex interrelation among these three traits. First, there is 
a minimum threshold body size that is necessary before maturation 
will occur. Secondly, early maturing fish are larger at maturity 
than late maturing fish, implying that early maturity is asso
ciated with rapid growth rate. Finally, the threshold size 
required for maturation is not a constant, but is dependent on 
growth rate; fast growing fish have a higher threshold size than 
slow growing fish.
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In this review, I will attempt to describe the evidence 
which led to the formulation of this hypothesis. Care has been 
taken to avoid complications of smo 1 tification of salmon and to 
eliminate confounding of environmental factors, such as water 
temperature and ocean migration which may influence the number of 
years needed to achieve sexual maturity.

GENERAL BACKGROUND

Fish reproduction in temperate zones is seasonal and is 
influenced by a number of environmental factors. The most 
critical factors implicated in the timing of events are photo
period and temperature but the effect of these factors is highly 
variable depending on geographic region, species, and stage of 
reproductive development. Other environmental factors known to 
influence reproduction are diet, social environment and salinity.

Photoperiod appears to control the timing of gonadal d e v e l o p 
ment, gametogenesis, and ovulation. However, there does not 
appear to be a set circannual rhythm controlling season of 
spawning. Experimental evidence indicates that gametogenesis, 
ovulation and spawning occur under photoperiod regimes consisting 
of a ch a n g e  from long days to short days, p r o v i d e d  the long day 
length exceeds 16 hours of light (Billard, 1985). However, 
different stocks of rainbow trout, held at both constant and 
natural water temperatures, spawn during periods of decreasing as 
well as increasing day length. For example, hatchery stocks in 
California include fall, winter and spring spawners. The RTH 
stock spawns during July, August and September while the RTW 
stock spawns during March and April (Busack and Gall, 1980). 
Experiments have not been conducted to determine when gameto- 
genesis is initiated, nor the pattern of gamete development, in 
fall and spring spawning stocks. In addition, Lou et a 1. (19 84)
reported on a selected rainbow trout stock which spawns twice 
annually when held under natural photoperiod and constant water 
temperature. They observed that most females spawned during the 
normal season of November to January and 60-70% spawned again in 
April through July, after spawning as 2-year-olds in the winter. 
The physiological basis for spawning at 6 month intervals is not 
k n o w n .

Temperature may have similar effects to those of photoperiod, 
but it appears to be more important in determining spawning 
activity, gamete viability, and embryo survival. Thus, 
temperature is best thought of as a short-term environmental 
signal coordinating gamete release, fertilization, and embryo- 
genesis. Temperature and photoperiod effects may interact, but 
at a given photoperiod, high and low temperature advance or delay 
spawning, respectively. In these cases, temperature probably 
acts indirectly through its effect on rates of metabolism. For 
example, at low temperatures, growth rate and gonadal development 
are delayed so gametogenesis is retarded (Billard, 1985).
However, Iwamoto et al. (1984) found little effect of temperature
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on incidence of precocious male coho salmon although the fish 
held at a constant warm temperature were 2 0 % heavier than fish 
reared under ambient temperatures.

AGE, GROWTH RATE, AND BODY SIZE

Platy fish

McKenzie et al (1983) evaluated the relationship between age 
and weight at sexual maturity for male platyfish which differed 
at the sex-linked, maturation locus. Early maturing males were 
heterozygous for an early maturing allele while late maturing 
males were heterozygous for a late maturing allele. The two 
genotypes did not differ in growth rate prior to maturation; the 
locus only effects the onset of maturation (Kallman and Borkoski, 
1978).

The m i n i m u m  age at sexual m a t urity was 9 w eeks for the e arly 
males and 1 3 weeks for the late males; maturation was complete at 
3 0 and 45 weeks for the early and late genotypes, respectively. 
The average minimum weight at sexual maturity was about 36 mg for 
the e a r l y  m a l e s  and 84 mg for the late males. M a l e s  of the two 
genotypes showed a wide range in both age and weight at maturity 
with the late maturing group showing greater variability than the 
early maturing group. A two dimensional plot of weight verses 
age demonstrated there was essentially no overlap in the regions 
describing each genotype; the age-weight mean of the region 
covered by the late maturing males occurred at a later age and 
higher weight than for early maturing males.

Since growth rates prior to maturation are equal for the two 
maturation genotypes, these results suggest that the minimum 
weight (threshold) for sexual maturation was lower for early 
maturing than for late maturing males.

Mosquitofish

In a study of three stocks of m o s q uitofish, Busack and Gal l  
(1 9 8 3 ) observed that variability in body size of males and 
females at a fixed age (60 days) was determined by differences 
among stocks, rearing densities and full-sib families. Density 
of rearing contributed the greatest variance to length and weight 
among females and full-sib family differences accounted for about 
3 5 % of the phenotypic variance. Age at maturity was not deter
mined for females.

The largest influence on male length and weight.was stage of 
maturity while differences among full-sib families accounted for 
about 12? of the phenotypic variance. At the fixed age studied, 
76 percent of the males were mature. These males were smaller 
than the immature males due to the cessation of growth which 
accompanies male sexual maturity in this species. Examination of
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immature males demonstrated that sexually more advanced males 
were significantly larger than males at very early stages of 
sexual development. These results suggest a positive association 
b e t w e e n  rate of growth prior to m a t u r i t y  and rate of sexual 
development.

Male age at sexual maturity was not influenced by density of 
rearing and full-sib family differences accounted for about 2 0 % 
of the phenotypic variance. The observation that high rearing 
density decreased body size at fixed age, presumably through a 
reduction in growth rate, but did not effect age at maturity is 
difficult to interpret in light of the apparent positive associa
tion between rates of growth and sexual development. One 
possible explanation involves the assumption that there is a 
minimum body size required for sexual maturity. By this 
argument, reducing growth rate environmentally, via density 
effects, results in a lowering of the threshold requirement.
This conclusion implies that the minimum body size for sexual 
maturity shifts with growth rate such that fast growing indivi
duals have a higher threshold than slow growing individuals.

An alternative explanation is that the social environment at 
higher densities retards growth but stimulates sexual development 
at a smaller size. However, it has been observed that communal 
rearing of male mosquitofish delays age at maturation but final 
weights of communally reared males was 3 5 % greater than that of 
males reared individually. (Campton and Gall, unpublished).

Brook Trout

The interplay of growth rate, body size, and age at maturity 
was examined in brook trout by McCormick and Naiman (1984). 
Juvenile brook trout were exposed to normal and 3-month delayed 
photoperiod treatments and placed on full and 50% feeding 
regimes. In the first year of life, growth rates and body sizes 
at a given age were equal under the two photoperiods. Fish in 
the high-fed groups were about 50% h e a v i e r  than those at the low 
feeding rate, and the 3 -month delayed photoperiod delayed final 
maturation about 1 0 0 days.

Sixty percent of males under the high feeding regime matured 
in the first year, while only 4% matured in the low-fed groups. 
Since males at the two feeding levels differed in growth rate and 
body size, but not in age, the differences in incidence of early 
maturing males must have been the result of differences in either 
growth rate or body size. However, of the males maturing under 
the high feeding regime, incidence of mature males in the 3 -month 
delayed photoperiod group was twice that observed under normal 
photoperiod. Fish in the 3—month delayed group were 90 days 
older and 3 times heavier at maturity than those under normal 
photoperiod, because photoperiod had delayed maturation. Since 
growth rates were the same under the two photoperiod regimes, the 
difference in incidence of mature males must be attributed 
differences in either body size or age. The contrasting results
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obtained for the photoperiod and feeding rate treatments was 
interpreted to mean that body size was the major determinant of 
early male maturation.

Rainbow Trout

Early or precocious sexual maturity has often been cited as 
a cause of poor growth rates in rainbow trout. In a study of 
full-sib groups, Gall (1985) compared the average weight of males 
w hich were m a t u r e  at one year of age to the mean of all fish in 
their respective full-sib groups at one year and their mean 
weight at two years to f u l l  brothers that did not ma t u r e  until 
age-2. Based on family means, yearling males were 15% heavier 
than the a v e r a g e  of all fish in the family at one year of age.
At age 2, the m a l e s  which had matured as y e a r l i n g s  were i n s i g n i 
ficantly smaller (4%) than their normally maturing brothers. 
Assuming that immature male and female yearling fish are of equal 
weight, and given the conservative nature of the estimated year
ling weight differences, these results indicate that early 
maturity was associated with rapid growth rate. However, early 
maturity disrupts normal growth so the early maturing males had 
lost their size advantage by age- 2 .

Growth of rainbow trout during the six months prior to and 
through the spawning season was reported by Tveranger (1985).
Fish were slaughtered at regular intervals from July, when the 
fish were 2.5 years old, through spawning in February and March. 
Fish were categorized as maturing males, maturing females or 
immature, based on stage of gonadal development. From July to 
November, maturing males exhibited a growth rate of about 11 g/d 
while maturing females and immature fish were growing at a rate 
of only 7 g/d. However, from November to January maturing 
females showed a rapid increase in body weight of about 17 g/d, 
probably due partially to a rapid increase in ova weight. During 
this period, maturing males and immature fish were growing at 7 

to 8 g/d. For the final period from mid-January through 
spawning, males and females showed no increase in body weight 
while immature fish continued to grow at over 7 g/d. Overall the 
maturing males of Tveranger (1985) grew faster than maturing 
females prior to the spawning season and both grew significantly 
faster than immature fish. The onset of sexual maturation 
disrupted growth of maturing individuals resulting in the 
i m m ature fish being lar g e r  in body size than m a t u r e  fish by the 
time the spawning season was complete.

Naevdal (1983) followed age at maturation, from the second 
through fourth year of life, for sib-groups of rainbow trout in 
three year-classes from three hatchery stocks. He observed that 
trout maturing in the second year of life were almost exclusively 
males and there were always more late maturing females than 
males. The author concluded that there was a positive correla
tion between sib-group parent and offspring means in the propor
tion of mature fish at age two and three, suggesting the 
differences were heritable.
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Gjerde and Gjedrera (1984) scored rainbow trout at age 2 into 
groups 'not expected to spawn' and 'expected to spawn.’ The 
incidence of fish maturing ranged from 7 7 . 1  to 9 7 . 1 over several 
year-classes. The within year-class heritability was 0.21 + .10.
and the genetic correlation between body weight and incidence of 
mature fish was estimated to be 0 . 1 1  + .26, based on half-sib
analyses.

At 1 antic S a l mon

Thorpe et al. (1983) proposed that age at first maturation 
and growth rate in Atlantic salmon are genetically correlated and 
may be measures of the same developmental processes. Selection 
of m a l e s  m a t u r i n g  at a g e - 1  + (parr) r e s u l t e d  in a 2 to 5 fold 
increase in the incidence of males maturing as parr, depending on 
the age of females (grilse or salmon) used in the matings. In 
another experiment, progeny of males mature at age 1+ were com
pared with those from m a l e s  m a t u r i n g  as g r i l s e  at 2 or 3 years of 
age The percent of males maturing as parr was 1.5 to 1.7 times 
as great among progeny of yearling males than among progeny of 
sea-run maturing males.

The authors concluded that progeny of rapidly maturing fish 
grow faster than progeny of late maturing fish and rapidly grow
ing fish produce a higher proportion of early maturing progeny 
than late maturing fish. Their experiments provided strong e v i 
dence that the relationship between the two traits is stock 
specific and heritable but selection for rapid growth rate and 
late sexual maturity in Atlantic salmon may be incompatible 
objectives.

In a study of sib-groups of Atlantic salmon obtained from 
several sources but reared under the same environment, Naevdal 
(1983) showed there were clear differences between sib groups in 
age at first maturation. The incidences of maturation after one 
year at sea was much higher in males than females. When the same 
sib-groups were reared in different environments, similar sib- 
group differences were observed, but in addition, fish in envi
ronments which produced the highest growth rates tended to also 
produced the highest proportion of early maturing fish.

Gjerde (1984) examined body size and age at maturity for 
progeny of yearling male Atlantic salmon mated to mature 4 and 5 
year old females and compared them to progeny of age-4 and age-5 
parents. Using yearling males resulted in mature males at one 
year where as progeny of age-4 and age-5 parents did not mature 
until age-3. About 50? of progeny from matings of yearling males 
with age - 5 f e m a l e s  matured at 4 years of age c o m pared to o n l y  8 % 
for progeny of age-5 parents. A similar result was not observed 
when progeny of yearling males and age-4 females were compared to 
progeny of age-4 parents. The study also suggested that fish 
m a t u r i n g  in any given year after age 3 were g row i n g  faster than 
fish not maturing that year. For example, based on fish maturing
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in the 4th t h r o u g h  the 6 th year, m a l e s  were 3 2 % h e a v i e r  and 
females 18% heavier than fish not expected to mature; weights 
were taken approximately 6 months prior to spawning.

Gjerde (1984) also estimated the heritability of age at 
m a t u r i t y  for age 3 to 6 fish to be 0.48 + .2 0 , based on 
offspring-dam regression. It was also concluded that maturation 
at one year of age was also heritable, but was genetically inde
pendent from age at maturity after the salmon enter sea cages 
(age 3 - 6 ).

Gjerde and Gjedrem (1984) scored half-sib Atlantic salmon at 
age 3 as to whether they were 'not expected to spawn' or were 
'expected to spawn’. The incidence of ’expected to spawn’ ranged 
from 1.0 to 52.9, depending on year-class. Within year-class 
heritability, estimated by transforming to an underlying normal 
distribution with an average incidence of 50%, was 0.39 + .10 
and the estimated genetic correlation between body weight and 
i n cidence of mature fish was 0 . 5 2  + .13.

In a study of l e n g t h  of preco c i o u s  m a l e s  in a s tock of wil d  
Atlantic salmon, Bagliniere and Maisse (1985) found that age 1+ 
mature parr were significantly longer (155 mm) than immature parr 
(141 mm) based on data from four consecutive year classes. Back 
calculations from scale characteristics suggested the mature 
males were intermediate to large in size the previous fall. These 
results argue that early maturing males have a higher growth rate 
than parr which remain immature during freshwater rearing.

Sub-yearling Atlantic salmon characteristically show bimo
dality for length. Villarreal and Thorpe (1985) found that 
gonadal development was greater among males and females in the 
upper mode (larger fish) than those in the lower mode. Sterili
zation with c o b a l t - 6 0  had no effect on somatic growth or on the 
degree of bimodality of the length frequency distribution, sug
gesting sexual maturation is not likely to be the cause of the 
bimodal distribution. Furthermore, the results suggested that 
the rapid growth rate normally associated with early maturity is 
independent of gonadal development, eliminating gonadal hormones 
as the source of growth differences. The authors imply that the 
associations observed between rates of growth and gondal d e v e l o p 
ment are due to pleiotropic gene effects.

GENERAL DISCUSSION

Phenotypic variation for age at maturity in salmon tends to 
be large, p a r t i a l l y  due to the wide range in ages of m a t u r i t y  
possible under saltwater conditions. Atlantic salmon can mature 
during their first f ull year in freshwater, at sizes as low as 
10-15 g. Time at sea can vary from 1.5 to 5.5 years, resulting in 
ages at maturity ranging from 2 to 6 years, depending on origin of 
the stock (Gjedrem, 1985). Phenotypic variability for rainbow 
trout is lower than for salmon. Highly domesticated stocks held 
under constant temperature generally spawn at 2 years of age with
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some stocks having a high proportion of males and a few females 
mature at 1 year. Recently domesticated stocks and those held in 
cold water hatc h e r i e s  or in sea - c a g e s  spawn at 3 to 4 years of 
age with a few maturing as 2 year olds.

Environmental sources of variation appear to be responsible 
for much of the phenotypic variation reported. These factors 
include water temperature, availability of food, and freshwater 
life-cycle characteristics of the stock or species. The annual 
spawning cycle also appears to exaggerate age at spawning. Fish 
that do not a c h i e v e  m a t u r i t y  in any g i v e n  year c o n t i n u e  to grow 
for at least an additiona 1 , year before finally maturing.

Aim (1959) first suggested that growth rate was the major 
factor controlling age at sexual maturity and that both traits 
were under genetic control. There is also strong evidence 
supporting the conclusion that age at sexual maturity and body 
size are highly heritable. There are no published heritability 
estimates for growth rate but differences in body size at fixed 
ages suggests growth rate is also highly heritable. Selection of 
precocious male Atlantic salmon significantly increases the fre
quency of precocious males among progeny indicating that this 
trait is also highly heritable, but there is evidence suggesting 
that precocious maturity, at least in salmon, is inherited inde
pendently of later maturation. This apparent independence may be 
an artifact of complex hormonal changes associated with smoltifi- 
cation, the process which prepares the salmon for transfer from 
freshwater to saltwater (Gardner, 1976).

Gjedrem (1985) determined that there is a significant nega
tive correlation between age at maturity and body weight just 
prior to maturity (-.52 for Atlantic salmon and -.11 for rainbow 
trout). A positive phenotypic correlation of 0.30 between 
average weight of sib-families and percent early maturing fish 
was also reported.
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