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The	
  figure	
  depicts	
  a	
  basic	
  life	
  cycle	
  of	
  a	
  salmonid	
  fish,	
  that	
  begins	
  as	
  adults	
  spawn	
  in	
  
freshwater	
  streams,	
  rivers	
  or	
  lakes.	
  	
  Embryos,	
  fry,	
  and	
  juveniles	
  develop	
  in	
  fresh	
  water	
  
for	
  a	
  variable	
  amount	
  of	
  @me	
  depending	
  on	
  the	
  species	
  (or	
  stock)	
  and	
  environmental	
  
condi@ons.	
  	
  Fish	
  that	
  are	
  des@ned	
  to	
  migrate	
  to	
  sea	
  undergo	
  a	
  metamorphic	
  like	
  
process	
  called	
  smol@fica@on	
  that	
  involves	
  physiological,	
  morphological	
  and	
  behavioral	
  
changes	
  which	
  allow	
  them	
  to	
  adapt	
  to	
  the	
  ocean	
  environment.	
  The	
  age	
  and	
  seasonal	
  
@ming	
  of	
  smol@fica@on	
  depend	
  on	
  both	
  gene@c	
  and	
  environmental	
  factors.	
  	
  Once	
  
smolts	
  enter	
  the	
  sea,	
  they	
  can	
  spend	
  anywhere	
  from	
  a	
  few	
  months	
  to	
  several	
  years	
  
before	
  returning	
  to	
  their	
  natal	
  streams	
  for	
  spawning.	
  	
  	
  The	
  return	
  to	
  fresh	
  water	
  is	
  
occurs	
  aEer	
  the	
  ini@a@on	
  of	
  puberty	
  (ie.	
  immature	
  or	
  sterile	
  fish	
  do	
  not	
  migrate	
  back	
  
to	
  natal	
  streams).	
  	
  	
  The	
  age	
  at	
  which	
  the	
  fish	
  mature	
  varies	
  within	
  and	
  between	
  
species.	
  	
  So	
  the	
  resultant	
  life	
  cycle	
  depends	
  on	
  an	
  interac@on	
  between	
  the	
  gene@c	
  
makeup	
  of	
  the	
  fish	
  and	
  environmental	
  condi@ons.	
  	
  	
  This	
  talk	
  focuses	
  on	
  the	
  
environmental	
  factors	
  that	
  age	
  of	
  puberty	
  and	
  some	
  aspects	
  of	
  the	
  endocrine	
  
media@on	
  of	
  the	
  environmental	
  cues,	
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Puberty	
  in	
  all	
  animals	
  is	
  the	
  process	
  whereby	
  an	
  animal	
  first	
  develops	
  reproduc@ve	
  
competence-­‐	
  produces	
  fer@le	
  gametes	
  and	
  exhibits	
  appropriate	
  ma@ng	
  behavior.	
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In semelparous Pacific salmon that only spawn once in their life and die, puberty is the 
process of completion of their first and only reproductive event. The exception is 
precocious male parr that can, but infrequently, remature.  In rainbow trout and 
steelhead, that spawn repeatedly, puberty is the process of completion of their first 
reproductive cycle.  Some fish will undergo what is called a “dummy run”, which 
refers to a cycle of hormonal changes that are similar to a reproductive cycle, but the 
animals do not complete maturation and produce viable gametes.   Puberty onset  and 
“initiation of maturation” are often used interchangeably in the literature, but since 
initiation of maturation could also mean initiation of any cycle in iteroparous fish, 
puberty onset is the correct terminology for initiation of maturation for the first time.    
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Development of reproductive competence (i.e. completion of puberty) relies on the 
integration of a wide variety of internal and external cues. These signals provide 
critical information for timing of reproduction: whether it is of sufficient size or 
energy status to reproduce (metabolic cues), whether conditions are optimal for 
reproductive success (environmental cues), and whether an appropriate mate is present 
(social cues).  
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Puberty	
  is	
  a	
  complex	
  physiological	
  process	
  that	
  has	
  been	
  most	
  well	
  studied	
  in	
  
mammals	
  and	
  involves	
  three	
  stages	
  (Foster	
  et	
  al.	
  1999).	
  	
  The	
  ini@al	
  stage	
  involves	
  the	
  
development	
  of	
  neural	
  connec@ons.	
  	
  Stage	
  II	
  is	
  the	
  integra@on	
  of	
  internal	
  informa@on	
  
such	
  as	
  those	
  that	
  reflect	
  the	
  metabolic	
  status	
  of	
  the	
  animal.	
  	
  	
  Finally,	
  Stage	
  III	
  is	
  the	
  
integra@on	
  of	
  external	
  informa@on	
  such	
  as	
  photoperiod,	
  temperature,	
  social	
  cues	
  
(chemical	
  or	
  visual).	
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This	
  diagram	
  depicts	
  the	
  complex	
  life	
  cycle	
  of	
  spring	
  Chinook	
  salmon.	
  	
  Age	
  of	
  maturity	
  
in	
  males	
  is	
  highly	
  plas@c	
  and	
  can	
  occur	
  from	
  ages	
  1-­‐5.	
  	
  Most	
  spring	
  Chinook	
  salmon	
  
smolt	
  in	
  the	
  spring	
  as	
  1+	
  age	
  fish.	
  	
  	
  Males	
  that	
  mature	
  at	
  age	
  2	
  (mini-­‐jacks)	
  are	
  not	
  
common	
  in	
  nature,	
  however	
  recent	
  work	
  has	
  shown	
  that	
  some	
  hatcheries	
  produce	
  a	
  
high	
  propor@on	
  of	
  minijacks.	
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This	
  figure	
  depicts	
  a	
  PROPOSED	
  model	
  for	
  how	
  and	
  when	
  metabolic	
  and	
  
environmental	
  factors	
  influence	
  age	
  of	
  puberty	
  onset	
  in	
  male	
  spring	
  Chinook	
  salmon.	
  	
  
The	
  boxes	
  represent	
  cri@cal	
  seasonal	
  periods	
  wherein	
  growth/body	
  fat	
  levels	
  
influence	
  onset	
  of	
  puberty.	
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Reproduc@on	
  is	
  regulated	
  internally	
  by	
  the	
  endocrine	
  system,	
  which	
  includes	
  the	
  
brain,	
  pituitary	
  gland	
  and	
  gonads.	
  	
  Environmental	
  informa@on	
  in	
  perceived	
  and	
  
processed	
  by	
  the	
  brain,	
  which	
  in	
  turn	
  regulates	
  the	
  produc@on	
  and	
  secre@on	
  of	
  
pituitary	
  gonadotropins,	
  follicle	
  s@mula@ng	
  hormone	
  (FSH)	
  and	
  luteinizing	
  hormone	
  
(LH).	
  	
  	
  FSH	
  and	
  LH	
  regulate	
  the	
  growth	
  and	
  matura@on	
  of	
  gonads	
  via	
  their	
  effects	
  on	
  
the	
  produc@on	
  of	
  gonadal	
  steroids	
  and	
  growth	
  factors.	
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During	
  onset	
  of	
  puberty	
  in	
  salmon,	
  the	
  reproduc@ve	
  endocrine	
  system	
  is	
  ac@vated.	
  	
  
Increases	
  in	
  hormone	
  produc@on	
  precede	
  morphological	
  signs	
  of	
  matura@on.	
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This	
  figure	
  illustrates	
  the	
  process	
  of	
  spermatogenesis.	
  	
  It	
  includes	
  a	
  mito@c	
  phase	
  
(spermatogonial	
  prolifera@on)	
  and	
  meio@c	
  phase	
  (process	
  of	
  produc@on	
  of	
  haploid	
  
cells).	
  	
  Spermiogenesis	
  is	
  the	
  developmental	
  process	
  of	
  forma@on	
  of	
  spermatozoa	
  
from	
  sperma@ds.	
  



This	
  figure	
  illustrates	
  the	
  @ming	
  of	
  spermatogenesis	
  rela@ve	
  to	
  the	
  life	
  cycle	
  of	
  spring	
  
chinook	
  salmon.	
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Plasma	
  levels	
  of	
  an	
  androgen,	
  11-­‐ketotestosterone	
  (11-­‐KT),	
  increase	
  during	
  
spermatogenesis	
  in	
  salmon.	
  	
  11-­‐KT	
  regulates	
  spermatogenesis.	
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Levels	
  of	
  11-­‐KT	
  can	
  be	
  used	
  to	
  iden@fy	
  males	
  that	
  have	
  ini@ated	
  spermatogenesis.	
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Pa`erns	
  of	
  growth	
  in	
  spring	
  chinook	
  salmon	
  reared	
  in	
  the	
  hatchery	
  differ	
  from	
  that	
  of	
  
fish	
  in	
  the	
  natural	
  environment.	
  	
  Rates	
  of	
  age	
  2	
  matura@on	
  are	
  higher	
  in	
  hatchery	
  
reared	
  spring	
  Chinook	
  salmon	
  than	
  wild	
  fish	
  of	
  the	
  same	
  stock.	
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Hatchery	
  spring	
  Chinook	
  salmon	
  have	
  higher	
  body	
  lipid	
  levels	
  than	
  the	
  same	
  stock	
  
living	
  in	
  nature.	
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