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Summary. Implantation of testosterone pellets in the brain or pituitary of male and
female parr caused an increase in pituitary gonadotropin, and in males tended to stimulate
spermatogenesis. The most effective implant locations were the nucleus lateral tuberis in
the ventrobasal hypothalamus and the pituitary. This influence of testosterone on the brain
and pituitary may be involved in control of precocious sexual maturation.

Introduction.

Precocious sexual maturity of Atlantic salmon parr occurs only in males (Jones,
1940). The prevalence of early maturity in some stocks of salmon may be related to the
incidence of grilse parents in the population (Thorpe, 1975). The parr stage, identified
by a series of pigmented bars along each side, is attained in the first year after hatch-
ing in freshwater. Smoltification terminates the parr stage in fish two years of age or
older and they are then prepared for migration to the sea. Precocious maturity of
parr males has importance for fisheries management because the phenomenon is

associated with reduced growth rates and increased susceptibility to infection, and
these young males are known to spawn with adult females returning from the sea.

The factors involved in control of precocious or early sexual maturation are

poorly understood. Because of the role of steroid feedback in sexual maturation of
mammals (Davidson, 1974), it was of particular interest in the present study to test

for the possible influence of testicular androgens on the brain-pituitary axis in the
onset or acceleration of precocious development in the salmon parr. We implanted
testosterone pellets into various brain regions or the pituitary of Atlantic salmon
parr and determined the effects on pituitary gonadotropin and gonadal activity.

Materials and methods.

Atlantic salmon parr, 1-3 years of age, were netted in mid-June 1976, near the
time of onset of precocious development of the males, from Fitzgerald’s Pond near



Placentia Bay, Newfoundland. A very high incidence of early maturity (estimated in
excess of 90 p. 100) for male Atlantic salmon of this population has been noted (Dal-
ley E. L., personal communication). The fish were held in the laboratory in 227-1

aquaria provided with a continuous supply of ambient freshwater and a simulated
natural photoperiod. The fish were acclimated for a period of 14 days before use in the
experiment. Fish weighing an average of 21.2 g (SD = 5.5) were selected for the expe-
riment.

Prior to brain or pituitary implantation of a testosterone or blank (sham control)
pellet, the fish were anesthetized with tricaine methane sulfonate (1 : :2, 500) until

opercular movements ceased. The surgical procedures and stereotaxic techniques
previously developed for goldfish and killifish were followed (Peter, 1970 ; Peter,

Macey and Gill, 1975). The sterotaxic holder developed for killifish was used for the
salmon with the tip of the mouth bar positioned 1.0 mm anterior to the leading edges of
the eye bars and the dorsal surface of the mouth bar 2.0 mm ventral to the grooves in

the eye bars. Crystalline testosterone, 5.5 p. 100 by weight, was mixed with cocoa but-
ter by warming to about 35 °C, and the pellets were prepared and implanted accord-
ing to methods previously described (Billard and Peter, 1977). Individual pellets weigh-
ed an average of 14.3 gg (SD = 2.8, N = 15) and therefore contained about 0.8 gg
testosterone each. Pellets of cocoa butter alone were used as control. Pellets were

implanted into selected brain regions or the pituitary using coordinates developed
from photographs of Atlantic salmon serial brain sections (Peter and Crim, unpublish-
ed) as follows : optic tectum region, 0, L 1.0, D 0.3 ; nucleus preopticus region, -!- 1.3,
M, D 2.4 ; nucleus lateral tuberis in the mediobasal hypothalamus, -i- 0.4, M, D 4.2 ;
and pituitary, -! 0.6, M, D 5.5. Following the operation identification tags were attach-
ed to each fish just anterior to the dorsal fin. The fish were checked for spontaneous
respiratory movements in a small recovery aquarium and then returned to the main

aquaria. In some cases the gills were prefused with aquarium water to induce recovery
from the anesthetic. During the experimental period, which lasted 7 days, the fish
were fed live worms 3 times and they were bathed once with Terramycin (Pfizer),
2 g/37.8 I.

Because sexing of young Atlantic salmon is impossible by external observations,
a large number of fish (total of 115 individuals) were used in this study. 78 fish were
implanted with testosterone pellets, and 37 received blank cocoa butter pellets or serv-
ed as intact controls. Deaths or severe fungus infections causes a 10 p. 100 loss in fish
numbers. Of the 35 male and 33 female fish implanted with testosterone and surviv-
ing the length of the experiment, 5 males and 2 females were noted with misplaced
pellets and the data were discarded.

On the days of autopsy (July 13-17, 1976) fish were anesthetized and blood sam-
ples were withdrawn from the caudal vasculature into heparinized syringes. Plasma
samples were stored at&horbar;20 °C. Pituitaries were removed and immediately frozen on
small aluminum strips over dry ice. Following storage at -20 °C, pituitaries were
lyophilized to dryness, weighed to the nearest 0.1 gg, and homogenized in 1 ml bar-
bital buffer, 0.8 M, pH 8.6, using small glass homogenizers. The supernatant was
recovered after centrifugation and stored at -20 °C. The brain and gonads were
placed in Bouin’s fluid. Pellet locations for nucleus lateral tuberis and pituitary targets
were determined by gross steromicroscopic examination at the time of autopsy. The



accuracy of all brain pellet locations was further checked using serial microscopic
sections of the brain. An estimate of the spermatogenic development of the testes was
determined by microscopic examination of the gonad. The results were analyzed
according to the final location of the pellets. Pituitary and plasma gonadotropin was
determined using a radioimmunoassay specific for salmonid gonadotropin (Crim,
Watts and Evans, 1975) and parallel responses, compared with the standard employed,
were obtained with most Atlantic salmon parr pituitaries excepting the female pitui-
taries of very low gonadotropin potency. The results were compared using student’s
« t » test.

Results.

The control males that received a cocoa butter pellet in various areas (nucleus
preopticus, nucleus lateral tuberis or pituitary, N = 10) and three intact males were
pooled for analysis. In 5 of these 13 fish no pituitary gonadotropin was detectable.
For the remaining 8 fish in the group the mean values for pituitary gonadotropin
content and pituitary gonadotropin concentration were significantly lower (P < 0.01)
than the values for fish receiving testosterone implants in the brain or pituitary
(table 1). Males implanted with testosterone in the optic tectum provided a base-line
pituitary gonadotropin level for comparison with the other testosterone implanted
groups (table 1), as the optic tectum is an unlikely brain region for steroid feedback
receptors. The fact that the males implanted with testosterone in the optic tectum had
significantly greater pituitary gonadotropin, than in the combined intact-cocoa butter
implant groups, indicates that the dose of testosterone included in the pellets must
have diffused or been otherwise transported to an effective feedback site elsewhere,
either in the brain or the pituitary. In comparison with the optic tectum group (table 1),
there was no effect on pituitary gonadotropin due to testosterone implantation in the
nucleus preopticus region. In contrast, pituitary gonadotropin was significantly greater
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in males receiving testosterone implants in the nucleus lateral tuberis region in the

ventrobasal hypothalamus or the pituitary (table 1).
Low pituitary gonadotropin values, mean pituitary content and mean pituitary

concentration were observed for a randomly selected subsample of control female
salmon which were implanted with cocoa butter in either the pituitary or the nucleus
preopticus. Pituitary gonadotropic hormone increased significantly (P < 0.01) when
immature female salmon received testosterone implants irrespective of implant sites
(table 2). Like the male salmon, the most effective testosterone implant locations in

females were the pituitary and the nucleus lateral tuberis region in the ventrobasal

hypothalamus (P < 0.01).

Plasma collected from male and female salmon parr produced no significant res-
ponse in the radioimmunoassay. Circulating gonadotropin levels in both control and
treated fish were therefore less than 0.2 ng/ml of plasma, the limit of sensitivity for the
salmon gonadotropin radioimmunoassay.

Microscopic examination of testes sections from gonads collected at this early
stage of the reproductive season revealed that a variable degree of spermatogenic
development was present in all experimental groups of males. However, 63 p. 100 of
the males that received a testosterone implant had advanced beyond the resting sper-
matogonia to the spermatocyte and/or spermatid stage. Only 38 p. 100 of the combined
unimplanted -cocoa butter implanted groups had advanced beyond the spermatogo-
nia stage. Control males with undetectable pituitary gonadotropin levels had inac-

tive gonads with only resting spermatogonia present in the testes. In control or
testosterone implanted female salmon parr there was no evidence of ovarian deve-
lopment.

Discussion and conclusion.

Significant increases in pituitary gonadotropin in both male and female Atlantic
salmon parr following brain or pituitary implantation of testosterone indicates that



testosterone has an effect to increase gonadotropin accumulation in fish of both sexes
at this particular stage. The effect of testosterone implanted in any location in

males always tended to be greater, and in some cases was significantly greater, than
in the females. Greater pituitary gonadotropin accumulation in the male parr could
result from their relatively advanced state of maturity or they might be more respon-
sive to testosterone. This is of interest because the plasma levels of testosterone and
11-keto-testosterone in female teleosts are substantial, and in some species equal to
levels found in males (Campbell, Walsh and Idler, 1976 ; Katz and Eckstein, 1974 ;
Schreck and Hopwood, 1974 ; Wingfield and Grimm, 1977). Within each sex (tables 1
and 2) testosterone implants in the nucleus lateral tuberis region and the pituitary
were more effective than preoptic or optic tectum implants, indicating that these are
the effective sites for stimulation by testosterone. This fits with earlier findings showing
that the effective site for negative feedback by estrogens in goldfish with a mature
ovary is primarily the pituitary, with the nucleus lateral tuberis region being a less
effective site (Billard and Peter, 1977). Also, the binding of testosterone to cells in the
nucleus lateral tuberis and pituitary in male green sunfish has been demonstrated by
radioautography (Davis, Morrell and Pfaff, 1977).

Since plasma gonadotropin was not detectable in the male or female Atlantic
salmon parr using the present GtH radioimmunoassay procedure, the influence of

testosterone, if any, on GtH secretion is unknown. Testosterone does have a stimula-

tory effect upon the pituitary accumulation of gonadotropin and the supporting evi-
dence can be summarized as follows :

1. Elevated pituitary gonadotropin levels can be induced in those fish which

normally have extremely low levels or no detectable pituitary gonadotropin. Pitui-

taries of sexually immature male control fish were devoid of gonadotropin activity
and very low levels were observed for pituitaries of control immature female parr. Since
the gonadotropin potency of female pituitaries remains uniformly low throughout
the year (Crim and Evans, 1978), it was surprising to find elevated levels of gonadotropin
in Atlantic salmon female parr treated with testosterone. Similar increases in gona-
dotropin were observed after testosterone implantation of males which remained
sexually immature at the termination of the experimental period.

2. Pituitary gonadotropin levels are elevated in precocious male parr which
have been treated with small quantities of testosterone. Testicular activity was appa-
rently more advanced in a greater proportion of the androgen treated males compar-
ed with the control group of fish.

3. Pituitary gonadotropin levels are greatly increased in the ripe male Atlantic
salmon parr (Crim and Evans, 1978), and the presence of high androgen levels are also
to be expected. Elevated plasma gonadotropin levels have been reported forthe mature
adult male salmon (Crim, Watts and Evans, 1975), and substantial quantities of andro-
gen are also known to be present at this advanced stage of sexual development
(Idler, Horne and Sangalang, 1971).

The increased pituitary gonadotropin in males with a brain or pituitary implant
of testosterone, coupled with the greater proportion of males that commenced sper-
matogenesis, indicates that precocious sexual maturation was apparently advanced
by the testosterone treatment of the immature parr. Whether testicular androgens



also have an influence on the onset of precocious sexual development in male parr
under normal conditions cannot be discerned by the present study, but our results
suggest that it may be a part of the mechanism. The lack of evidence for ovarian deve-
lopment in the females suggests that gonadotropin secretion was insufficient or other
physiological conditions were not appropriate for the ovaries to respond.
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Résumé. Des implants de testostérone placés dans le cerveau et l’hypophyse de parrs
mâle et femelle induisent une augmentation de gonadotropine hypophysaire, et chez les
mâles tendent à stimuler la spermatogenèse. La localisation la plus efficace se trouve dans
l’hypothalamus ventrobasal (nucleus latéral tuberis) et dans l’hypophyse. Cette influence
de la testostérone sur le cerveau et l’hypophyse peut être impliquée dans la maturation
sexuelle précoce.
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