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Best	
  current	
  estimates	
  are	
  based	
  on	
  first	
  year	
  hatchery	
  survival	
  of	
  15%	
  (recent	
  average),	
  88%	
  per	
  year	
  for	
  ages	
  1-­‐3,	
  and	
  96%	
  
thereafter.	
  	
  The	
  shaded	
  box	
  represents	
  planned	
  family	
  size	
  production	
  targets.	
  
	
  
Figure	
  6.	
   Effect	
  of	
  release	
  group	
  size	
  on	
  number	
  of	
  adult	
  recruits	
  from	
  that	
  cohort.	
  	
  	
  

	
  

Beginning	
   in	
   2005,	
   fish	
   were	
   released	
   at	
   younger	
   ages	
   and	
   smaller	
   sizes	
   in	
   an	
   attempt	
   to	
   increase	
  
production	
   numbers	
   while	
   working	
   within	
   the	
   current	
   limitations	
   of	
   the	
   Tribal	
   Sturgeon	
   Hatchery.	
  	
  
Concerns	
  about	
  ongoing	
  natural	
  recruitment	
  failure	
  led	
  the	
  Tribe	
  to	
  increase	
  release	
  numbers	
  and	
  family	
  
sizes	
  within	
   the	
   constraints	
   of	
   the	
   existing	
   hatchery	
   facilities	
   as	
   a	
   precaution	
   for	
   the	
   coming	
   interval	
  
when	
   too	
   few	
   wild	
   fish	
   will	
   remain	
   to	
   provide	
   broodstock.	
   	
   The	
   Tribal	
   Sturgeon	
   Hatchery	
   and	
   the	
  
Kootenay	
   Sturgeon	
   Hatchery	
   had	
   the	
   capacity	
   to	
   raise	
   greater	
   numbers	
   of	
   each	
   family	
   if	
   fish	
   were	
  
released	
  at	
  a	
  smaller	
  size.	
  	
  Numbers	
  were	
  increased	
  by	
  releasing	
  fish	
  at	
  10	
  to	
  15	
  g	
  as	
  Age-­‐0+	
  in	
  fall	
  rather	
  
than	
   30	
   g	
   at	
   Age-­‐1+	
   or	
   Age-­‐2.	
   	
   This	
   avoided	
   the	
   space	
   limitation	
   in	
   the	
   existing	
   hatchery	
   caused	
   by	
  
simultaneously	
   rearing	
   multiple	
   overlapping	
   brood	
   years.	
   	
   Minimizing	
   time	
   in	
   the	
   hatchery	
   was	
   also	
  
expected	
  to	
  minimize	
  opportunities	
  for	
  hatchery	
  selection	
  effects	
  and	
  unforeseen	
  rearing	
  catastrophes	
  
(disease,	
  equipment	
  failure,	
  etc.).	
  	
  	
  

Previous	
   production	
   levels	
  were	
   constrained	
   by	
   the	
   need	
   to	
   raise	
   all	
   fish	
   to	
   sizes	
   suitable	
   for	
   PIT-­‐tag	
  
placement	
  and	
  retention,	
  and	
  to	
  rear	
  families	
  separately	
  so	
  that	
  family	
  sizes	
  could	
  be	
  equalized	
  within	
  
an	
  order	
  of	
  magnitude	
  upon	
  release.	
  	
  Subsequent	
  evaluations	
  concluded	
  that	
  low	
  population	
  size	
  in	
  the	
  
next	
  generation	
  is	
  a	
  much	
  more	
  acute	
  demographic	
  and	
  genetic	
  risk	
  than	
  unequal	
  family	
  contributions	
  
in	
  the	
  following	
  generation.	
  	
  Batch	
  marking	
  of	
  fish	
  with	
  scute	
  removal	
  patterns	
  allowed	
  a	
  smaller	
  size	
  at	
  
release	
  while	
  preserving	
  a	
  means	
  of	
  distinguishing	
  hatchery-­‐reared	
  fish	
  in	
  the	
  wild.	
  	
  Eliminating	
  the	
  PIT-­‐
tag	
  requirement	
  provided	
  the	
  flexibility	
  to	
  release	
  fish	
  at	
  smaller	
  sizes	
  and	
  ages	
  which	
  opened	
  up	
  space	
  
for	
  more	
  family	
  groups	
  in	
  the	
  hatchery.	
   	
  Upon	
  release,	
  smaller	
  fish	
  were	
  expected	
  to	
  survive	
  at	
  similar	
  
annual	
   rates	
  as	
   those	
  observed	
   in	
  previous	
  groups,	
  although	
  an	
  extra	
  year	
  of	
  natural	
  mortality	
  means	
  
that	
  slightly	
  fewer	
  fish	
  from	
  any	
  release	
  group	
  would	
  be	
  expected	
  to	
  survive	
  to	
  a	
  given	
  age.	
  	
  Increased	
  
release	
  numbers	
  allowed	
  by	
  this	
  change	
  in	
  use	
  of	
  hatchery	
  space	
  was	
  expected	
  to	
  more	
  than	
  offset	
  this	
  
effect.	
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However,	
   subsequent	
  monitoring	
   found	
   that	
   survival	
   of	
   the	
  more	
   recent	
   release	
   groups	
   has	
   declined	
  
substantially	
   from	
   the	
   early	
   estimates	
   (Justice	
   et	
   al.	
   2009).	
   	
   Where	
   very	
   high	
   recapture	
   rates	
   were	
  
observed	
   for	
   the	
   initial	
   release	
   groups,	
   recaptures	
   of	
   later	
   releases	
   occurred	
   at	
   a	
   much	
   lower	
   rate	
  
(Justice	
  et	
  al.	
  2009).	
   	
  The	
  decline	
  was	
  most	
  pronounced	
  among	
  the	
  small	
  hatchery	
  fish	
  (<25	
  cm)	
  while	
  
survival	
  of	
  the	
  larger	
  hatchery	
  fish	
  was	
  similar	
  to	
  previous	
  estimates.	
  	
  This	
  negative	
  relationship	
  between	
  
release	
   numbers	
   and	
   survival	
   suggested	
   that	
   density-­‐related	
   competition	
   or	
   predation	
   may	
   be	
  
influencing	
  mortality	
  of	
  juvenile	
  sturgeon	
  during	
  their	
  first	
  year	
  at	
  large.	
  	
  However,	
  this	
  effect	
  appeared	
  
limited	
   to	
   the	
   first	
  year	
  at	
   large,	
  as	
   indicated	
  by	
   the	
   relatively	
  stable	
  survival	
   rates	
   for	
   fish	
   recaptured	
  
two	
  or	
  more	
  years	
  following	
  release.	
  	
  	
  

Although	
   larger	
   releases	
  were	
   intended	
   to	
   increase	
   the	
  number	
  of	
  hatchery	
   juveniles	
   in	
   the	
  wild,	
   the	
  
release	
  of	
  fish	
  at	
  smaller	
  sizes	
  beginning	
  in	
  2005	
  actually	
  produced	
  the	
  opposite	
  effect.	
  	
  The	
  benefit	
  of	
  
this	
  adaptive	
  experiment	
  was	
  the	
  identification	
  of	
  a	
  second	
  life	
  history	
  bottleneck	
  during	
  the	
  first	
  year	
  of	
  
life	
  that	
  may	
  affect	
  both	
  hatchery	
  and	
  wild	
  fish.	
  	
  The	
  effect	
  of	
  the	
  Tribe’s	
  habitat	
  restoration	
  measures	
  
on	
   this	
   first	
   year	
   bottleneck	
  will	
   be	
   one	
   of	
   the	
   outcomes	
   that	
   are	
  monitored.	
   	
   To	
   date,	
   large	
   release	
  
numbers	
   have	
  not	
   translated	
   into	
   a	
   large	
   juvenile	
   population	
   size.	
   	
  As	
   a	
   result,	
   the	
  program	
  has	
  now	
  
returned	
  to	
  releasing	
  fewer,	
  smaller,	
  older	
  fish	
  (yearling	
  and	
  Age-­‐1)	
  that	
  continue	
  to	
  demonstrate	
  high	
  
survival	
  rates	
  (Beamesderfer	
  et	
  al.	
  2009).	
  	
  

From	
   2008-­‐2012,	
   Age-­‐0	
   free	
   embryos	
   were	
   released	
   upstream	
   from	
   Bonners	
   Ferry	
   based	
   on	
   the	
  
recommendation	
  of	
   the	
  Recovery	
  Team	
  members.	
   	
  These	
   releases	
  are	
  also	
   identified	
  as	
  a	
  Reasonable	
  
and	
  Prudent	
  Alternative	
  (RPA)	
  in	
  the	
  2006	
  Biological	
  Opinion	
  and	
  2008	
  BiOp	
  clarification	
  for	
  Libby	
  Dam	
  
operations	
   (USFWS	
   2006,	
   2008).	
   	
   This	
   5-­‐year	
   experiment	
   was	
   intended	
   to	
   evaluate:	
   	
   1)	
   post-­‐release	
  
survival	
  of	
  free	
  embryos	
  produced	
  at	
  the	
  Tribal	
  Sturgeon	
  Hatchery,	
  and	
  2)	
  suitability	
  of	
  receiving	
  habitat	
  
for	
   completion	
   of	
   Age-­‐0	
   life	
   stages.	
   	
   Experimental	
   in	
   situ	
   rearing	
   documented	
   14-­‐day	
   survival	
   of	
   free	
  
embryos	
  over	
  gravel/cobble,	
  which	
  supports	
  the	
  program	
  objectives	
  of	
  encouraging	
  upstream	
  sturgeon	
  
migration	
  to	
  these	
  habitats.	
  	
  However,	
  monitoring	
  post-­‐release	
  survival	
  has	
  determined	
  that	
  the	
  survival	
  
rate	
  of	
  Kootenai	
  sturgeon	
  embryos,	
  free	
  embryos	
  and	
  larvae	
  has	
  been	
  essentially	
  zero	
  (Rust	
  et	
  al.	
  2003;	
  
Rust	
  and	
  Wakkinen	
  2004).	
   	
   To	
  date	
   there	
   is	
  no	
  evidence	
  of	
   survival	
   from	
  these	
   free	
  embryo	
   releases,	
  
with	
  the	
  exception	
  of	
  a	
  single	
  14-­‐day	
  post-­‐hatch	
  larva	
  captured	
  as	
  part	
  of	
  a	
  side-­‐channel	
  incubation	
  and	
  
early	
  rearing	
  experiment	
  10	
  (pers.	
  comm.,	
  Pete	
  Rust,	
  IDFG,	
  December	
  2009).	
  

Target	
  

Stocking	
  Age-­‐1	
  and	
  older	
  fish	
  is	
  the	
  preferred	
  (and	
  currently	
  the	
  only	
  successful)	
  method	
  for	
  rebuilding	
  
the	
  population.	
  	
  	
  

Rationale	
  

There	
   are	
   obvious	
   production	
   trade-­‐offs	
   at	
   the	
   existing	
   facility	
   between	
   releasing	
   younger	
   fish	
   with	
  
reduced	
  survival	
  rates	
  and	
  releasing	
  fewer	
  larger	
  fish	
  that	
  exhibit	
  higher	
  post-­‐release	
  survival	
  rates.	
  	
  Net	
  
contributions	
   to	
   the	
  natural	
  population	
  can	
  still	
  be	
  greater	
  with	
   reduced	
  survival	
  as	
   long	
  as	
   the	
   larger	
  
release	
  compensates	
  for	
  the	
  decrease	
  in	
  survival	
  (Figure	
  7).	
  	
  Unfortunately,	
  that	
  was	
  not	
  the	
  case	
  for	
  the	
  
Kootenai	
   sturgeon	
   and	
   the	
   program	
  now	
  has	
   reverted	
   to	
   releasing	
   larger	
   fish.	
   	
   It	
   remains	
   to	
   be	
   seen	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
10	
  	
  The	
  Tribe’s	
  habitat	
  restoration	
  program	
  includes	
  measures	
  to	
  reconnect	
  Kootenai	
  River	
  side	
  channels	
  and	
  may	
  
create	
  additional	
  side	
  channel	
  habitat	
  by	
  redirecting	
  flow	
  into	
  the	
  primary	
  channel.	
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whether	
   the	
   larger	
   fish	
  will	
   survive	
  at	
   similar	
   rates	
   to	
   the	
   like-­‐sized	
   fish	
  groups	
   released	
  before	
  2004,	
  
given	
   increasing	
   density	
   of	
   hatchery-­‐reared	
   juvenile	
   sturgeon	
   in	
   the	
   river.	
   	
   In	
   addition,	
   as	
   the	
   habitat	
  
restoration	
  program	
  is	
   implemented,	
  the	
  magnitude	
  of	
  the	
  habitat	
  carrying	
  capacity	
   limitation	
  may	
  be	
  
reduced.	
  	
  

It	
  might	
  be	
  argued	
  that	
  release	
  of	
  younger,	
  smaller	
  fish	
  would	
  reduce	
  opportunities	
  for	
  selection	
  in	
  the	
  
hatchery	
  or	
  the	
  development	
  of	
  domesticated	
  behavior	
  that	
  is	
  not	
  adaptive	
  in	
  the	
  wild.	
   	
  However,	
  the	
  
Tribe’s	
   studies	
  have	
  concluded	
   that	
   the	
  demographic	
   risks	
  of	
   releasing	
   fewer	
   larger	
   fish	
  outweigh	
  any	
  
presumed	
  natural	
  selectivity	
  or	
  behavioral	
  benefits	
  (Justice	
  et	
  al.	
  2009).	
  	
  We	
  have	
  observed	
  that	
  releases	
  
at	
  a	
  smaller	
  average	
  size	
  actually	
  compound	
  hatchery	
  selectivity	
  risks	
  by	
  favoring	
  survival	
  of	
  the	
  larger	
  
fish	
   in	
   the	
   release	
   group.	
   	
   Instead,	
  we	
   are	
  managing	
   hatchery	
   culling	
   practices	
   (currently	
   required	
   to	
  
limit	
  total	
  release	
  numbers)	
  irrespective	
  of	
  size.	
  	
  

	
  

Figure	
  7.	
   Tradeoff	
  in	
  recruitment	
  between	
  release	
  number	
  and	
  survival.	
  

	
  

Unfortunately,	
   there	
   is	
   little	
   or	
   no	
   published	
   information	
   addressing	
   the	
   degree	
   of	
   “in-­‐hatchery	
  
evolution”	
  for	
  any	
  sturgeon	
  species.	
   	
  Most	
  of	
  what	
  we	
  know	
  about	
  this	
  comes	
  from	
  the	
  salmon	
  world	
  
and	
  much	
  of	
  that	
  is	
  either	
  hypothetical	
  or	
  based	
  on	
  production	
  programs	
  that	
  were	
  not	
  designed	
  with	
  
conservation	
   in	
  mind.	
   	
   In	
   practice,	
   it	
   is	
   extremely	
   difficult	
   to	
   operate	
   any	
   hatchery	
   program	
  without	
  
some	
   degree	
   of	
   inadvertent	
   artificial	
   selection.	
   	
   That	
   is	
   why	
   minimizing	
   the	
   length	
   of	
   time	
   in	
   the	
  
hatchery	
  is	
  desirable.	
  	
  Unfortunately,	
  sturgeon	
  released	
  as	
  post	
  larvae	
  or	
  Age-­‐0	
  juveniles	
  survive	
  either	
  
very	
  poorly	
  or	
  not	
  at	
  all	
  in	
  the	
  Kootenai.	
  	
  Thus,	
  the	
  Kootenai	
  program	
  must	
  rely	
  on	
  releases	
  of	
  Age-­‐1	
  or	
  
older	
  fish	
  to	
  be	
  effective.	
   	
  The	
  hatchery	
  strategy	
  has	
  been	
  designed	
  to	
  recognize	
  and	
  minimize	
  genetic	
  
risks	
   to	
   the	
   greatest	
   extent	
   possible	
   in	
   both	
   the	
   existing	
   and	
   proposed	
   facilities.	
   	
   The	
   proposed	
   Twin	
  
Rivers	
  hatchery	
  is	
  an	
  essential	
  element	
  of	
  this	
  strategy.	
  	
  

As	
  previously	
  noted,	
  Age-­‐0	
  larval	
  releases	
  in	
  the	
  Kootenai	
  were	
  implemented	
  as	
  a	
  5-­‐year	
  experiment	
  to	
  
evaluate	
  the	
  benefits	
  of	
  this	
  alternative,	
  but	
  have	
  provided	
  no	
  measureable	
  recruitment	
  to	
  date.	
  	
  It	
  was	
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hypothesized	
   that	
   sufficient	
  numbers	
  might	
   survive,	
   thereby	
   reducing	
   the	
  need,	
  with	
  associated	
  costs	
  
and	
  risks,	
  of	
  hatchery	
  rearing	
  from	
  the	
  post-­‐larval	
  to	
  the	
  YOY	
  stage.	
  	
  We	
  were	
  also	
  hopeful	
  that	
  release	
  
of	
   embryos,	
   free	
   embryos,	
   or	
   larvae	
  might	
   prove	
   to	
   be	
   an	
   effective	
   alternative	
   to	
   extended	
  hatchery	
  
rearing	
  because	
  pallid	
   sturgeon	
   recovery	
  efforts	
   in	
   the	
  Missouri	
  River	
   system	
  have	
  documented	
  some	
  
survival	
   from	
   larval	
   releases.	
   	
   However,	
   no	
   survival	
   has	
   been	
   documented	
   following	
   the	
   release	
   of	
  
millions	
  of	
  embryos,	
  free	
  embryos,	
   larvae	
  and	
  YOY	
  over	
  many	
  years.	
   	
  By	
  contrast,	
  releases	
  of	
  Age-­‐1	
  or	
  
older	
  fish	
  are	
  documented	
  to	
  result	
   in	
  reasonable	
  post-­‐release	
  survival	
  (Ireland	
  et	
  al.	
  2002b;	
  Justice	
  et	
  
al.	
   2009;	
   Beamesderfer	
   et	
   al.	
   2009,	
   2012a),	
   consistent	
   with	
   genetic	
   and	
   demographic	
   objectives.	
  	
  
Therefore,	
  Age-­‐1	
  releases	
  are	
  expected	
  to	
  continue	
  (at	
  most	
  annually)	
  and	
  are	
  considered	
  the	
  highest	
  
priority	
   until	
   repeatable,	
   adequate	
   natural	
   production	
   is	
   restored.	
   Experimental	
   Age-­‐0	
   (free	
   embryo)	
  
releases	
  are	
  scheduled	
  to	
  end	
  after	
  2012.	
  	
  	
  

4.4 Total	
  Releases	
  

Background	
  

A	
  total	
  of	
  200,274	
  Kootenai	
  white	
  sturgeon	
  have	
  been	
  released	
  from	
  1992	
  through	
  2011	
  (Figure	
  8,	
  Table	
  
8).	
  	
  Juvenile	
  sturgeon	
  are	
  typically	
  released	
  at	
  1	
  to	
  1.5	
  years	
  of	
  age.	
  	
  Fish	
  are	
  released	
  from	
  the	
  Kootenay	
  
Trout	
   Hatchery	
   in	
   British	
   Columbia	
   in	
   the	
   spring	
   after	
   reaching	
   suitable	
   tagging	
   size	
   (30	
   g).	
   	
   Fish	
   are	
  
released	
   from	
   the	
   Tribal	
   Sturgeon	
   Hatchery	
   in	
   the	
   fall	
   at	
   Age-­‐1+	
   and	
   include	
   the	
   faster	
   growing	
  
individuals	
  from	
  a	
  brood	
  year	
  cohort.	
  	
  Smaller	
  fish	
  from	
  the	
  same	
  brood	
  year	
  are	
  typically	
  retained	
  in	
  the	
  
hatchery	
  and	
  released	
  in	
  the	
  following	
  spring	
  as	
  2-­‐year-­‐old	
  fish.	
  	
  

	
  

	
  

Figure	
  8.	
   Annual	
  (bars)	
  and	
  cumulative	
  (line)	
  numbers	
  of	
  juvenile	
  white	
  sturgeon	
  released	
  into	
  the	
  
Kootenai	
  River	
  and	
  Kootenay	
  Lake.	
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Table	
  8.	
   Numbers	
  of	
  hatchery	
  produced	
  white	
  sturgeon	
  juveniles	
  released	
  into	
  the	
  Kootenai	
  River	
  
and	
  Kootenay	
  Lake	
  in	
  Idaho	
  and	
  British	
  Columbia,	
  1992-­‐2011.	
  

Year	
  
Class	
  

Rearing	
  
Facility	
  a	
  

Release	
  Number	
   Mean	
  Total	
  Length	
  
(mm)	
  (SDb)	
  

Mean	
  Weight	
  
(g)	
  (SDb)	
  

Release	
  Season	
  &	
  
Year	
  Tagged	
   Untagged	
  

1990	
   KTOI	
   14	
   -­‐-­‐	
   457	
  (53)	
   321	
  (112)	
   Summer	
  1992	
  
1991	
   KTOI	
   104	
   -­‐-­‐	
   255	
  (17)	
   66	
  (13)	
   Summer	
  1992	
  
1992	
   KTOI	
   123	
   -­‐-­‐	
   483	
  (113)	
   549	
  (483)	
   Fall	
  1994	
  
1995	
   KTOI	
   1,075	
   -­‐-­‐	
   228	
  (27)	
   47	
  (17)	
   Spring	
  1997	
  
1995	
   KTOI	
   884	
   -­‐-­‐	
   344	
  (44)	
   148	
  (64)	
   Fall	
  1997	
  
1995	
   KTOI	
   97	
   -­‐-­‐	
   411	
  (68)	
   288	
  (138)	
   Summer	
  1998	
  
1995	
   KTOI	
   25	
   -­‐-­‐	
   582	
  (40)	
   863	
  (198)	
   Summer	
  1999	
  
1998	
   KTOI	
   309	
   -­‐-­‐	
   260	
  (42)	
   79	
  (44)	
   Fall	
  1999	
  
1999	
   KTOI	
   828	
   -­‐-­‐	
   256	
  (22)	
   71	
  (18)	
   Fall	
  2000	
  
1999	
   KH	
   1,358	
   -­‐-­‐	
   248	
  (33)	
   67	
  (28)	
   Fall	
  2000	
  
1999	
   KTOI	
   491	
   -­‐-­‐	
   284	
  (54)	
   108	
  (60)	
   Spring	
  2001	
  
1999	
   KH	
   1,583	
   -­‐-­‐	
   306	
  (40)	
   56	
  (39)	
   Spring	
  2001	
  
2000	
   KTOI	
   2,286	
   -­‐-­‐	
   244	
  (39)	
   64	
  (31)	
   Fall	
  2001	
  
2000	
   KH	
   1,654	
   -­‐-­‐	
   240	
  (23)	
   58	
  (16)	
   Fall	
  2001	
  
2000	
   KH	
   2,209	
   -­‐-­‐	
   283	
  (29)	
   99	
  (30)	
   Spring	
  2002	
  
2000	
   KH	
   30	
   -­‐-­‐	
   365	
  (14)	
   195	
  (20)	
   Summer	
  2002	
  
2000	
   KTOI	
   214	
   -­‐-­‐	
   409	
  (54)	
   294	
  (110)	
   Fall	
  2002	
  
2000	
   KTOI	
   907c	
   -­‐-­‐	
   333	
  (36)	
   193	
  (63)	
   Jan.	
  2003	
  
2000	
   KT	
   10d	
   -­‐-­‐	
   558	
  (28)	
   88	
  (18)	
   Feb.	
  2004	
  
2000	
   KT	
   3e	
   -­‐-­‐	
   662	
  (61)	
   425	
  (66)	
   Summer	
  2006	
  
2001	
   KT	
   2,672	
   -­‐-­‐	
   200	
  (38)	
   33	
  (16)	
   Fall	
  2002	
  
2001	
   KH	
   4,469	
   -­‐-­‐	
   227	
  (24)	
   52	
  (17)	
   Fall	
  2002	
  
2001	
   KH	
   1,715	
   -­‐-­‐	
   257	
  (26)	
   72	
  (24)	
   April	
  2003	
  
2001	
   KT	
   1e	
   -­‐-­‐	
   570	
   750	
   Summer	
  2006	
  
2001	
   KH	
   1e	
   -­‐-­‐	
   560j	
   1152	
   Spring	
  2009	
  
2002	
   KH	
   5,864	
   -­‐-­‐	
   217	
  (25)	
   41	
  (14)	
   May	
  2003	
  
2002	
   KT	
   856	
   -­‐-­‐	
   214	
  (44)	
   42	
  (23)	
   Oct.	
  2003	
  
2002	
   KT	
   ~550f	
   -­‐-­‐	
   	
   	
   Nov.	
  2003	
  
2002	
   KT	
   3,852	
   -­‐-­‐	
   215	
  (37)	
   43	
  (20)	
   Winter	
  2003	
  
2002	
   KT	
   3,663	
   -­‐-­‐	
   214	
  (55)	
   43	
  (27)	
   Winter	
  2003-­‐2004	
  
2002	
   KT	
   1e	
   -­‐-­‐	
   550	
   740	
   Summer	
  2006	
  
2003	
   KH	
   9,020	
   -­‐-­‐	
   223	
  (26)	
   49	
  (24)	
   Spring	
  2004	
  
2003	
   KH	
   19g	
   -­‐-­‐	
   230	
  (27)	
   52	
  (19)	
   Sept.	
  2004	
  
2003	
   KT	
   3,519	
   -­‐-­‐	
   227(47)	
   55	
  (32)	
   Late	
  winter	
  2004	
  
2003	
   KT	
   3e	
   -­‐-­‐	
   437	
  (27)	
   347	
  (49)	
   Summer	
  2006	
  
2004	
   KT	
   -­‐-­‐	
   3,000h	
   	
   	
   Fall	
  2004	
  
2004	
   KT	
   -­‐-­‐	
   1,275h	
   	
   	
   Winter	
  2004-­‐2005	
  
2004	
   KT	
   -­‐-­‐	
   17,	
  723h	
   	
   	
   Spring	
  2005	
  
2004	
   KH	
   1,238	
   800i	
   196	
  (28)j	
   57	
  (33)	
   Spring	
  2005	
  
2004	
   KH	
   -­‐-­‐	
   3,440h	
   	
   	
   Spring	
  2005	
  
2004	
   KT	
   -­‐-­‐	
   8,637h	
   	
   	
   Summer	
  2005	
  
2004	
   KT	
   1	
   -­‐-­‐	
   510	
   490	
   Winter	
  2007	
  
2004	
   KH	
   5e	
   -­‐-­‐	
   452(23)j	
   563(116.5)	
   Spring	
  2009	
  
2005	
   KT	
   -­‐-­‐	
   6,200h	
   	
   	
   Fall	
  2005	
  
2005	
   KH	
   14k	
   -­‐-­‐	
   299	
  (14)j	
   174	
  (28)	
   Spring	
  2006	
  
2005	
   KH	
   1,765	
   -­‐-­‐	
   198	
  (25)	
  j	
   54	
  (22)	
   Spring	
  2006	
  
2005	
   KH	
   -­‐-­‐	
   13,665h	
  	
   	
   	
   Spring	
  2006	
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Year	
  
Class	
  

Rearing	
  
Facility	
  a	
  

Release	
  Number	
   Mean	
  Total	
  Length	
  
(mm)	
  (SDb)	
  

Mean	
  Weight	
  
(g)	
  (SDb)	
  

Release	
  Season	
  &	
  
Year	
  Tagged	
   Untagged	
  

2005	
   KT	
   -­‐-­‐	
   3,947h	
   	
   	
   Spring	
  2006	
  
2005	
   KT	
   510l	
   -­‐-­‐	
   171(47)	
   27	
  (20)	
   Fall	
  2006	
  
2005	
   KH	
   1e	
   -­‐-­‐	
   330j	
   225	
   Spring	
  2009	
  
2006	
   KH	
   -­‐-­‐	
   6,900h	
   	
   	
   Fall	
  2006	
  
2006	
   KH	
   -­‐-­‐	
   600i	
   149	
  (11)j	
   23	
  (5)	
   Fall	
  2006	
  
2006	
   KT	
   -­‐-­‐	
   6,175h	
   	
   	
   Fall	
  2006	
  
2006	
   KH	
   -­‐-­‐	
   5,800h	
   	
   	
   Spring	
  2007	
  
2006	
   KH	
   1,877	
   1,000i	
   182	
  (15)j	
   44	
  (12)	
   Spring	
  2007	
  
2006	
   KT	
   -­‐-­‐	
   12,973h	
   	
   	
   Spring	
  2007	
  
2006	
   KT	
   4,922	
   -­‐-­‐	
   171	
  (30)	
   22	
  (11)	
   Winter	
  2007	
  
2007	
   KH	
   2,167	
   -­‐-­‐	
   241(24)j	
   92(27)	
   Spring	
  2008	
  
2007	
   KT	
   884	
   203i	
   151(36)	
   20(10)	
   Fall	
  2008	
  
2008	
   KH	
   9,982	
   -­‐-­‐	
   198(35)j	
   56(19)	
   Spring	
  2009	
  
2008	
   KT	
   3,875	
   882	
   194(52)	
   32(19)	
   Fall	
  2009	
  
2009	
   KH	
   7,884	
   0	
   	
   	
   Spring	
  2010	
  
2009	
   KT	
   5,343	
   808	
   	
   	
   Fall	
  2010	
  
2010	
   KH	
   5,759	
   0	
   	
   	
   Spring	
  2011	
  
2010	
   KT	
   7,785	
   1,825	
   	
   	
   Fall	
  2011	
  
Total	
   	
   200,274	
   	
   	
   	
  

a	
  Kootenai	
  Tribal	
  Hatchery	
  in	
  Idaho	
  (KT)	
  or	
  Kootenay	
  Hatchery	
  in	
  British	
  Columbia	
  (KH)	
  
b	
  Standard	
  deviation	
  
c	
  Ten	
  fish	
  from	
  this	
  group	
  held	
  over	
  for	
  later	
  upriver	
  release	
  with	
  transmitters	
  
d	
  These	
  10	
  fish	
  were	
  released	
  upriver	
  (rkm	
  306.5)	
  with	
  sonic	
  and	
  radio	
  tags.	
  
e	
  These	
  fish	
  were	
  held	
  over	
  for	
  later	
  release	
  (2006-­‐released	
  with	
  Vemco	
  tags).	
  
f	
  No	
  measurements	
  available	
  for	
  these	
  fish;	
  exact	
  number	
  not	
  known	
  
g	
  These	
  fish	
  were	
  first	
  taken	
  to	
  Kokanee	
  Creek	
  Provincial	
  Park,	
  then	
  released	
  in	
  Sept.’04.	
  
h	
  These	
  fish	
  were	
  not	
  given	
  a	
  PIT-­‐tag	
  or	
  measured.	
  
i	
  These	
  fish	
  did	
  not	
  have	
  a	
  PIT-­‐tag	
  added	
  and	
  were	
  all	
  given	
  fish	
  #999.	
  
j	
  Value	
  given	
  is	
  for	
  mean	
  fork	
  length	
  (mm)	
  
k	
  These	
  fish	
  were	
  released	
  upriver	
  (299.0	
  and	
  258.7),	
  6	
  of	
  them	
  with	
  Vemco	
  sonic	
  tags.	
  
l	
  There	
  were	
  200	
  fish	
  held	
  over	
  at	
  the	
  Tribal	
  Sturgeon	
  Hatchery	
  for	
  Biopar	
  study.	
  

	
  

Significant	
   releases	
   began	
   in	
   1997	
   after	
   the	
   hatchery	
   was	
   identified	
   as	
   a	
   critical	
   component	
   of	
   the	
  
Recovery	
  Plan.	
  	
  Hatchery	
  releases	
  prior	
  to	
  1997	
  were	
  largely	
  experimental.	
  	
  Production	
  was	
  increased	
  in	
  
2003	
  after	
  hatchery	
  upgrades.	
   	
  Annual	
  releases	
  have	
  ranged	
  from	
  about	
  3,000	
  to	
  37,000	
  fish	
  per	
  year	
  
from	
   2003	
   to	
   2009	
   (average	
   21,000).	
   	
   Past	
   production	
   averaged	
   about	
   16,000	
   yearlings	
   or	
   33,000	
  
subyearlings.	
   	
   The	
  2008	
   release	
  of	
  only	
  3,254	
   fish	
  was	
  a	
   transition	
  year	
   from	
  a	
   subyearing	
   to	
  yearling	
  
release	
  protocol	
  (fish	
  that	
  would	
  have	
  been	
  released	
  in	
  2008	
  as	
  yearlings	
  had	
  already	
  been	
  released	
  in	
  
2007	
  as	
  subyearlings).	
  	
  Current	
  production	
  is	
  approximately	
  15,000	
  per	
  year	
  from	
  the	
  combined	
  U.S.	
  and	
  
Canadian	
   facilities.	
   Initial	
   monitoring	
   of	
   hatchery-­‐reared	
   fish	
   after	
   release	
   revealed	
   excellent	
   initial	
  
survival	
   in	
   the	
  wild	
   (Figure	
   9).	
   	
   These	
   fish	
  were	
   primarily	
   Age-­‐1+	
  when	
   released	
   in	
   spring	
   or	
   fall	
  with	
  
average	
  weights	
  of	
  30	
  g	
  or	
  greater	
  at	
   release.	
   	
   Survival	
  was	
  estimated	
  at	
  60%	
  during	
   the	
   first	
   year	
  as	
  
hatchery	
   fish	
   adapt	
   to	
   the	
  wild	
   environment	
   and	
  90%	
  per	
   year	
   thereafter	
   based	
  on	
   analysis	
   of	
  mark-­‐
recapture	
  data	
  (Ireland	
  et	
  al.	
  2002b).	
  	
  Juvenile	
  sturgeon	
  mortality	
  is	
  significant	
  in	
  the	
  first	
  year	
  following	
  
release	
   from	
   the	
   hatchery	
   as	
   individual	
   success	
   in	
   adapting	
   to	
   natural	
   conditions	
   is	
   variable.	
   	
   Similar	
  
patterns	
   are	
   observed	
   in	
  many	
   other	
   species,	
   including	
   salmon	
   and	
   steelhead.	
   	
   It	
   is	
   simply	
   a	
   difficult	
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transition	
   to	
   go	
   from	
   the	
   benign	
   hatchery	
   environment	
   where	
   food	
   is	
   readily	
   available	
   to	
   a	
   natural	
  
environment	
  where	
  food	
  must	
  be	
  foraged	
  and	
  predators	
  avoided.	
  	
  	
  

	
  

	
  

Figure	
  9.	
   Estimates	
  of	
  year	
  1	
  survival	
  and	
  release	
  numbers	
  for	
  1992-­‐2011	
  hatchery	
  release	
  groups	
  
(Beamesderfer	
  et	
  al.	
  2012a).	
  

	
  
Growth	
   and	
   condition	
   of	
   many	
   sturgeon	
   has	
   also	
   been	
   found	
   to	
   be	
   poor	
   in	
   the	
   first	
   year	
   following	
  
release	
  (Ireland	
  et	
  al.	
  2002b).	
   	
  Many	
  fish	
  recaptured	
  within	
  a	
  year	
  or	
  two	
  of	
  release	
  weighed	
  less	
  than	
  
when	
  released	
  from	
  the	
  hatchery.	
  	
  However,	
  after	
  several	
  years	
  at	
  large,	
  most	
  recaptured	
  fish	
  exhibited	
  
significant	
   growth	
   in	
   length	
   and/or	
   weight.	
   	
   Fish	
   that	
   initially	
   struggled	
   may	
   have	
   adapted	
   or	
   died,	
  
leaving	
   only	
   the	
   successful	
   survivors.	
   	
   Size	
   and	
   condition	
   in	
   the	
   wild	
   were	
   not	
   related	
   to	
   size	
   and	
  
condition	
  at	
  release.	
  	
  Thus,	
  how	
  well	
  fish	
  performed	
  in	
  the	
  hatchery	
  did	
  not	
  appear	
  strongly	
  related	
  to	
  
how	
  well	
  they	
  survived	
  in	
  the	
  wild.	
  	
  This	
  dynamic	
  illustrates	
  the	
  importance	
  of	
  producing	
  a	
  diversity	
  of	
  
individuals	
  across	
  the	
  genetic	
  spectrum	
  on	
  which	
  natural	
  selection	
  can	
  operate	
  (Brannon	
  1993;	
  Anders	
  
1998).	
   	
   It	
   also	
  highlights	
   the	
   importance	
  of	
   avoiding	
   selective	
   rearing	
  practices	
   that	
   favor	
   fish	
   that	
  do	
  
well	
  in	
  the	
  hatchery.	
  

Substantially	
   lower	
   survival	
   rates	
  were	
  documented	
  among	
  more	
   recent	
   release	
   groups	
   (Justice	
   et	
   al.	
  
2009).	
  	
  First	
  year	
  survival	
  rates	
  fell	
  to	
  about	
  15%	
  or	
  less.	
  	
  The	
  reduction	
  in	
  survival	
  was	
  correlated	
  with	
  
increasing	
  abundance	
  of	
  hatchery-­‐reared	
   juveniles	
   in	
   the	
  wild.	
   	
  However,	
   the	
  comparison	
  was	
  at	
   least	
  
partially	
   confounded	
   by	
   changes	
   in	
   size,	
   season,	
   and	
   location	
   at	
   release.	
   	
   Earlier	
   releases	
   generally	
  
consisted	
  of	
  larger	
  fish	
  that	
  were	
  more	
  likely	
  to	
  be	
  released	
  in	
  the	
  spring.	
  	
  More	
  recent	
  releases	
  included	
  
smaller	
  fish	
  released	
  at	
  Age-­‐0	
  in	
  the	
  fall	
  and	
  Age-­‐1	
  in	
  the	
  spring.	
  	
  It	
  is	
  unclear	
  how	
  much	
  of	
  the	
  observed	
  
decrease	
  was	
  due	
  to	
  increased	
  density	
  (including	
  the	
  release	
  groups	
  and	
  other	
  juveniles	
  from	
  previous	
  
releases)	
  and	
  how	
  much	
  was	
  due	
  to	
  reduced	
  size,	
  timing,	
  or	
  location	
  of	
  release.	
  	
  Unfortunately,	
  release	
  
and	
  recapture	
  sample	
  sizes	
  are	
  not	
  adequate	
  to	
  conduct	
  a	
  more	
  stratified	
  analysis	
  needed	
  to	
  tease	
  apart	
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the	
   respective	
   effects	
   of	
   size	
   at	
   release,	
   location,	
   number	
   in	
   release	
   group,	
   release	
   season,	
   and	
  
subsequent	
  density.	
  	
  Because	
  of	
  observed	
  low	
  survival	
  rates	
  among	
  the	
  small-­‐sized	
  fish,	
  size	
  at	
  release	
  
has	
  now	
  been	
  increased	
  similar	
  to	
  those	
  in	
  the	
  early	
  years	
  of	
  the	
  hatchery	
  program.	
  	
  	
  

The	
   actual	
   population	
   size	
   of	
   hatchery-­‐reared	
   juveniles	
   in	
   the	
   wild	
   is	
   much	
   smaller	
   than	
   the	
   total	
  
hatchery	
   release	
   numbers	
   due	
   to	
   significant	
   mortality	
   during	
   the	
   first	
   year	
   post-­‐release	
   adjustment	
  
period	
  (Figure	
  10).	
  	
  Only	
  about	
  10%	
  (19,800)	
  of	
  the	
  200,274	
  hatchery	
  sturgeon	
  released	
  into	
  the	
  system	
  
from	
   1992	
   through	
   2011	
   were	
   estimated	
   to	
   have	
   survived	
   through	
   2011	
   (based	
   on	
   mark-­‐recapture	
  
survival	
  estimates).	
  	
  	
  

	
  

	
  

Figure	
  10.	
   Estimated	
  population	
  of	
  hatchery-­‐reared	
  sturgeon	
  one	
  year	
  following	
  release	
  into	
  the	
  
Kootenai	
  River	
  from	
  1999-­‐2011.	
  	
  

	
  

Target	
  

Release	
   numbers	
   consistent	
   with	
   family	
   number	
   and	
   family	
   size	
   number	
   targets	
   developed	
   to	
   meet	
  
genetic	
   objectives	
   would	
   be	
   15,000	
   to	
   30,000	
   sturgeon	
   per	
   year.	
   	
   This	
   represents	
   an	
   increase	
   from	
  
existing	
   production	
   targets	
   of	
   15,000	
   to	
   20,000	
   per	
   year.	
   	
   While	
   current	
   production	
   targets	
   are	
  
expressed	
   as	
   a	
   range,	
   recent	
   release	
   levels	
   have	
   typically	
   been	
   around	
   the	
   low	
   end	
   of	
   this	
   range	
  
(15,000).	
  

While	
   family	
   number	
   is	
   being	
   increased	
   from	
   about	
   15	
   per	
   year	
   to	
   30	
   per	
   year,	
   family	
   size	
   has	
   been	
  
reduced	
  from	
  1,000-­‐1,500	
  to	
  500-­‐1,000.	
  	
  This	
  change	
  has	
  been	
  made	
  to	
  ameliorate	
  potential	
  risks	
  of	
  a	
  
strong	
  negative	
  density-­‐dependent	
  response	
  due	
  to	
  large	
  release	
  numbers.	
  	
  The	
  reduction	
  in	
  family	
  size	
  
(and	
  corresponding	
  total	
  releases)	
   is	
  a	
  change	
  from	
  the	
  target	
  numbers	
   identified	
  in	
  the	
  Step	
  I	
  Master	
  
Plan	
  and	
  addresses	
  concerns	
  raised	
  by	
  the	
  ISRP	
  in	
  their	
  review	
  of	
  the	
  Master	
  Plan	
  and	
  by	
  the	
  Tribe’s	
  co-­‐
manager	
  and	
  agency	
  partners	
  during	
  the	
  Tribe’s	
  hatchery	
  workshop	
  in	
  February	
  2012.	
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Figure	
  11	
  depicts	
  annual	
  and	
  cumulative	
  release	
  numbers	
  to	
  date	
  and	
  projections	
  through	
  the	
  year	
  2030	
  
with	
   and	
   without	
   the	
   new	
   facilities.	
   	
   Projections	
   assume	
   current	
   annual	
   production	
   levels	
   of	
   15,000	
  
could	
  be	
  maintained	
  for	
  at	
  least	
  the	
  next	
  12	
  years	
  after	
  which	
  it	
  is	
  anticipated	
  that	
  family	
  numbers	
  will	
  
begin	
  to	
  be	
  limited	
  by	
  declining	
  broodstock	
  availability.	
  	
  The	
  new	
  facilities	
  are	
  projected	
  to	
  increase	
  total	
  
annual	
   production	
   for	
   at	
   least	
   a	
   10-­‐year	
   period	
   following	
   completion	
   of	
   the	
   new	
  hatchery.	
   	
   Although	
  
family	
  number	
  is	
  planned	
  to	
  double	
  during	
  this	
  period,	
  reductions	
  in	
  family	
  size	
  result	
  would	
  result	
  in	
  an	
  
annual	
   increase	
   in	
   releases	
  of	
  only	
  7,500	
  yearlings	
  per	
   year	
   (assuming	
  an	
  average	
   family	
   size	
  of	
  750).	
  	
  
With	
  the	
  increased	
  production,	
  cumulative	
  releases	
  through	
  2030	
  increase	
  by	
  about	
  17%	
  from	
  450,000	
  
to	
  520,000.	
  	
  	
  

	
  

Figure	
  11.	
   Release	
  numbers	
  of	
  first	
  generation	
  hatchery	
  fish	
  and	
  projections	
  with	
  and	
  without	
  new	
  
facilities.	
  

	
  

Rationale	
  

Juvenile	
  production	
  capacity	
  is	
  regulated	
  by	
  the	
  need	
  to	
  rear	
  family	
  groups	
  separately	
  and	
  to	
  size-­‐grade	
  
fish	
   to	
   age	
   1+	
   prior	
   to	
   release.	
   	
   Families	
   are	
   reared	
   separately	
   to	
   enable	
   genetic	
   and	
   demographic	
  
accountability,	
  and	
  to	
  guard	
  against	
  inadvertent	
  hatchery	
  selection	
  for	
  some	
  families	
  at	
  the	
  expense	
  of	
  
others.	
   	
  Fish	
  are	
  again	
  being	
  reared	
  to	
  a	
   larger	
  size	
   (>30	
  g)	
   to	
  avoid	
  empirically	
  confirmed	
  size-­‐related	
  
post-­‐release	
  mortality	
  (Justice	
  et	
  al.	
  2009).	
   	
  Not	
  every	
  circular	
  tank	
  is	
  ultimately	
  filled	
  to	
  its	
  theoretical	
  
capacity	
  with	
   juveniles	
  every	
  year	
  due	
   to	
  differential	
   fertilization	
   success	
  and	
  survival	
  among	
   families.	
  	
  
However,	
   it	
   is	
   not	
   appropriate	
   to	
   fill	
   underutilized	
   tank	
   space	
   by	
  moving	
   unmarked	
   (too	
   small	
   to	
   be	
  
marked)	
   fish	
   from	
  different	
   families	
   into	
   the	
   same	
   tanks.	
   	
   A	
   significantly	
   greater	
   number	
   of	
   juveniles	
  
cannot	
   be	
   reared	
   in	
   the	
   existing	
   facility	
   without	
   increasing	
   risks	
   of	
   potentially-­‐detrimental	
   hatchery	
  
selection	
   effects	
   that	
   the	
   conservation	
   program	
   is	
   actively	
   managing	
   to	
   avoid	
   (differential	
   growth,	
  
condition,	
  disease,	
  pre-­‐	
  and	
  post-­‐release	
  survival,	
  etc.).	
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Annual	
  and	
  total	
  release	
  numbers	
  are	
  largely	
  a	
  function	
  of	
  broodstock	
  number	
  and	
  family	
  size	
  guidelines	
  
adopted	
   to	
   balance	
   near-­‐term	
   and	
   long-­‐term	
   genetic	
   and	
   demographic	
   risks.	
   In	
   practice,	
   genetic	
   and	
  
density-­‐related	
   risks	
   argue	
   for	
   contrary	
   strategies.	
   	
   Genetic	
   risks	
   are	
   mediated	
   by	
   releasing	
   large	
  
numbers	
  of	
  fish	
  from	
  many	
  families.	
  	
  Density-­‐related	
  demographic	
  risks	
  are	
  mediated	
  by	
  releasing	
  fewer	
  
fish.	
  

Of	
   course,	
   the	
   hatchery-­‐origin	
   population	
   size	
  will	
   be	
  much	
   less	
   than	
   the	
   cumulative	
   number	
   due	
   to	
  
post-­‐release	
   mortality.	
   	
   This	
   large	
   difference	
   between	
   total	
   numbers	
   stocked	
   and	
   total	
   numbers	
  
surviving	
  reflects	
  the	
  normal	
  reproductive	
  strategy	
  of	
  sturgeons	
  in	
  the	
  wild	
  rather	
  than	
  a	
  failure	
  of	
  the	
  
hatchery	
  program.	
  	
  Although	
  individual	
  female	
  sturgeon	
  have	
  high	
  fecundity	
  (produce	
  and	
  spawn	
  large	
  
numbers	
  of	
  eggs),	
   very	
   few	
  survive	
   to	
  maturity	
  given	
  no	
  parental	
   care	
   following	
  broadcast	
   communal	
  
spawning	
   (i.e.,	
   sturgeons	
   are	
   “r-­‐selected”	
   vs.	
   “k-­‐selected”	
   reproductive	
   strategists	
   [MacArthur	
   and	
  
Wilson	
  1967]).	
   	
  Natural	
   selection	
  among	
   individuals	
   is	
  a	
  normal	
  process	
   	
  Hence,	
  all	
  other	
   things	
  being	
  
equal,	
   it	
   may	
   be	
  more	
   desirable	
   from	
   a	
   long-­‐term	
   population	
   viability	
   standpoint	
   to	
   release	
   a	
   larger	
  
number	
  (within	
  reason)	
  and	
  let	
  natural	
  selection	
  prevail	
  rather	
  to	
  artificially	
  select	
  fewer	
  hatchery	
  fish	
  in	
  
order	
  to	
  avoid	
  natural	
  mortality.	
  

The	
  current	
  program	
  acknowledges	
  concerns	
  regarding	
  potential	
  negative	
  density-­‐related	
  effects	
  of	
  very	
  
large	
  hatchery	
  releases	
  into	
  the	
  wild	
  (see	
  Section	
  5.5	
  for	
  additional	
  discussion	
  of	
  density	
  dependence).	
  	
  
Potential	
  negative	
  density-­‐related	
  population	
  responses	
  are	
  longer-­‐term	
  risk	
  that	
  must	
  be	
  anticipated	
  by	
  
the	
  program.	
   	
  However,	
   the	
  program	
   is	
   focused	
  on	
   the	
  near-­‐term	
  need	
   to	
   capture	
   remaining	
   genetic	
  
diversity	
   and	
   propagate	
   this	
   diversity	
   into	
   the	
   next	
   generation.	
   	
  While	
   the	
   pursuit	
   of	
   short-­‐term	
   and	
  
long-­‐term	
  goals	
  need	
  not	
  be	
  mutually	
  exclusive,	
  the	
  failure	
  to	
  meet	
  short-­‐term	
  genetic	
  and	
  demographic	
  
goals	
  will	
  all	
  but	
  guarantee	
  population	
  failure	
  in	
  future	
  generations.	
  

Current	
   habitat	
   capacity	
   for	
   sturgeon	
   is	
   unknown	
   and	
   cannot	
   be	
   defensibly	
   estimated	
   from	
   existing	
  
information	
   (see	
   Section	
   5.5).	
   	
   However,	
   even	
   if	
   capacity	
   could	
   be	
   estimated,	
   process	
   uncertainty,	
  
natural	
  variability	
  and	
  measurement	
  errors	
   in	
  survival	
   rates	
  confound	
  the	
  accurate	
  back-­‐calculation	
  of	
  
appropriate	
   release	
   numbers.	
   	
   Even	
   very	
   small	
   differences	
   in	
   annual	
   survival	
   result	
   in	
   vastly	
   different	
  
calculations	
  of	
  release	
  numbers	
  needed	
  to	
  establish	
  any	
  given	
  population	
  level.	
  	
  Figure	
  12	
  highlights	
  the	
  
sensitivity	
   of	
   abundance	
  projections	
   to	
   estimated	
   survival	
   rates	
   due	
   to	
   the	
   compounding	
   effects	
   over	
  
the	
  long	
  sturgeon	
  lifespan.	
  	
  Just	
  a	
  ±1%	
  change	
  in	
  annual	
  survival	
  amortized	
  throughout	
  the	
  sturgeon	
  life	
  
span	
  can	
  shift	
  projected	
  adult	
  abundance	
  by	
  thousands	
  of	
  fish	
  in	
  either	
  direction.	
  	
  These	
  values	
  are	
  well	
  
within	
  the	
  range	
  of	
  error	
  of	
  current	
  empirical	
  estimates	
  of	
  stage-­‐specific	
  survival	
  rates.	
  	
  The	
  sensitivity	
  of	
  
abundance	
   to	
   very	
   small	
   variation	
   in	
   survival	
   rates	
   results	
   in	
   low	
   confidence	
   in	
   using	
   release	
   number	
  
target	
  back-­‐calculations	
  to	
  accurately	
  predict	
  (and	
  meet)	
  future	
  abundance	
  goals.	
  	
  	
  

Large,	
  diverse,	
  near-­‐term	
  hatchery	
  releases	
  provide	
  the	
  best	
  prospects	
  for	
  the	
  experimental	
  detection	
  of	
  
density-­‐dependent	
   effects.	
   	
   Habitat	
   capacity	
   will	
   be	
   experimentally	
   estimated	
   by	
   intensive	
   annual	
  
monitoring	
   of	
   post-­‐release	
   survival,	
   condition,	
   and	
   growth	
   in	
   relation	
   to	
   juvenile	
   abundance	
   and	
   size	
  
distribution.	
  	
  Results	
  will	
  provide	
  a	
  quantitative,	
  empirical	
  basis	
  for	
  subsequent	
  adaptive	
  adjustments	
  in	
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hatchery	
   production	
   which	
   will	
   be	
   managed	
   adaptively	
   based	
   on	
   feedback	
   from	
   the	
   monitoring	
  
program.11	
  

	
  

Figure	
  12.	
   Sensitivity	
  of	
  projected	
  adult	
  abundance	
  to	
  small	
   changes	
   in	
  annual	
   survival	
   rates	
   (based	
  
on	
  an	
  actual	
   releases	
  and	
   survival	
   through	
  2011,	
  annual	
   releases	
  planned	
   for	
  2012-­‐2030,	
  
and	
   recent	
   average	
   survival	
   estimates	
   of	
   0.12	
   in	
   the	
   first	
   year	
   following	
   release,	
   0.95	
  
annually	
  through	
  age	
  3,	
  and	
  0.96	
  thereafter).	
  

	
  

4.5 Population	
  Projections	
  
Population	
   projections	
   suggest	
   that	
   planned	
   production	
   targets	
   at	
   current	
   estimates	
   of	
   survival	
   will	
  
produce	
   a	
   sizable	
   juvenile,	
   subadult	
   and	
   adult	
   sturgeon	
   population	
   (Figure	
   13).	
   	
   Increased	
   release	
  
numbers	
   associated	
  with	
   the	
   new	
  hatchery	
   produce	
   a	
   relatively	
  modest	
   increase	
   in	
   life	
   stage-­‐specific	
  
abundance	
   relative	
   to	
   current	
   production	
   levels	
   because	
  of	
   reductions	
   in	
   family	
   size.	
   	
   Effects	
   of	
   large	
  
release	
  numbers	
  (up	
  to	
  22,500	
  per	
  year)	
  are	
  also	
  limited	
  by	
  relatively	
  high	
  first	
  year	
  mortality	
  which	
  has	
  
averaged	
  88%	
  for	
  the	
  most	
  recent	
  7	
  years	
  of	
  mark-­‐recapture	
  data	
  (2002-­‐2008	
  release	
  years).	
  	
  Note	
  that	
  
these	
  years	
  include	
  all	
  releases	
  following	
  the	
  last	
  significant	
  program	
  expansion,	
  include	
  both	
  Age-­‐0	
  and	
  
Age-­‐1	
   releases,	
   and	
   that	
   survival	
   has	
   varied	
   from	
   <1%	
   to	
   23%	
   for	
   different	
   release	
   groups	
   over	
   this	
  
period.	
  

Population	
   projections	
   include	
   only	
   first	
   generation	
   hatchery-­‐origin	
   fish	
   and	
   make	
   no	
   assumptions	
  
regarding	
  the	
  amount	
  of	
  hatchery	
  or	
  natural	
  production	
  contributing	
  to	
  a	
  second	
  sturgeon	
  generation	
  
following	
  extinction	
  of	
  the	
  remaining	
  wild	
  fish.	
  	
  At	
  this	
  point,	
  it	
  	
  is	
  unknown	
  whether	
  natural	
  production	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
11	
  	
  In	
  the	
  longer	
  term,	
  the	
  Tribe	
  is	
  developing	
  a	
  comprehensive	
  adaptive	
  management	
  plan	
  that	
  will	
  incorporate	
  
monitoring	
  information	
  from	
  the	
  conservation	
  aquaculture	
  program,	
  habitat	
  restoration	
  efforts,	
  nutrient	
  
supplementation	
  program	
  and	
  other	
  efforts,	
  in	
  order	
  to	
  better	
  understand	
  the	
  interrelated	
  effects	
  of	
  these	
  efforts	
  
and	
  adaptively	
  manage	
  each	
  program.	
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can	
  be	
  restored	
  or	
  if	
  substantial	
  numbers	
  of	
  sexually	
  mature	
  hatchery	
  fish	
  will	
  be	
  available	
  to	
  produce	
  a	
  
second	
  hatchery	
  generation	
  if	
  natural	
  recruitment	
  continues	
  to	
  fail.	
  	
  	
  

	
  

Figure	
  13.	
   Projected	
  numbers	
  of	
  first-­‐generation	
  hatchery-­‐origin	
  juveniles	
  (ages	
  1-­‐10),	
  subadults	
  (ages	
  
11-­‐24)	
  and	
  adults	
  (ages	
  25+)	
  based	
  on	
  expected	
  release	
  levels	
  from	
  the	
  Kootenai	
  Tribal	
  and	
  
Twin	
  Rivers	
  facilities	
  and	
  current	
  estimates	
  of	
  survival.	
  	
  	
  

Projections	
  are	
  based	
  on	
  an	
  actual	
  releases	
  and	
  survival	
  through	
  2011,	
  annual	
  releases	
  of	
  
corresponding	
  to	
  the	
  proposed	
  facility	
  expansion	
  2012-­‐2030	
  at	
  recent	
  average	
  survival	
  
estimates	
  of	
  0.12	
  in	
  the	
  first	
  year	
  following	
  release,	
  0.95	
  annually	
  through	
  age	
  3,	
  and	
  0.96	
  
thereafter.	
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Juvenile	
  (age	
  1-­‐10)	
  abundance	
  is	
  projected	
  to	
  stabilize	
  at	
  around	
  15,000-­‐20,000	
  over	
  the	
  next	
  20	
  years.	
  	
  
Numbers	
   are	
   similar	
   to	
   current	
   levels	
   as	
   the	
   age	
  1-­‐10	
   span	
  has	
  been	
   filled	
   in	
   by	
   annual	
   releases	
   that	
  
began	
  in	
  2002.	
  	
  Although	
  some	
  of	
  the	
  earlier	
  releases	
  in	
  this	
  period	
  were	
  limited,	
  survival	
  was	
  generally	
  
greater	
  than	
  in	
  later	
  releases.	
  	
  Survival	
  was	
  relatively	
  poor	
  in	
  release	
  groups	
  of	
  smaller	
  fish	
  from	
  2005-­‐
2007,	
  but	
  this	
  disadvantage	
  was	
  offset	
  by	
  the	
  large	
  release	
  number.	
   	
  Juvenile	
  numbers	
  would	
  begin	
  to	
  
fall	
   off	
   after	
   2030	
   if	
   natural	
   recruitment	
   is	
   not	
   restored	
   and	
   broodstock	
   are	
   no	
   longer	
   available	
   for	
  
hatchery	
  production.	
  	
  

Subadult	
   (age	
  11-­‐24)	
  abundance	
   is	
  projected	
   to	
  slowly	
  build	
   to	
  around	
  15,000	
   fish	
  between	
  2020	
  and	
  
2040	
  as	
  age	
  classes	
  will	
  be	
  filled	
  out	
  by	
  contining	
  hatchery	
  releases.	
  	
  	
  

Adult	
  abundance	
  is	
  projected	
  to	
  gradually	
  increase	
  beginning	
  around	
  2020	
  as	
  fish	
  from	
  the	
  first	
  release	
  
groups	
  reach	
  age	
  25.	
  	
  White	
  sturgeon	
  in	
  other	
  Columbia	
  River	
  populations	
  typically	
  begin	
  to	
  reach	
  sexual	
  
maturity	
  around	
  25	
  years	
  of	
  age	
  but	
   it	
   is	
  unclear	
  whether	
  the	
  same	
  pattern	
  will	
  occur	
   in	
  the	
  Kootenai	
  
where	
  we	
  have	
  no	
  historical	
  reference.	
  	
  Virtually	
  all	
  of	
  the	
  wild	
  population	
  is	
  currently	
  50	
  years	
  of	
  age	
  or	
  
older.	
  	
  Maturation	
  appear	
  to	
  be	
  a	
  function	
  of	
  both	
  size	
  and	
  age	
  –	
  effects	
  of	
  slower	
  growth	
  rates	
  in	
  the	
  
cold	
  Kootenai	
  River	
  system	
  remain	
  to	
  be	
  determined.	
   	
  Adult	
  numbers	
  are	
  projected	
  to	
  peak	
  at	
  around	
  
15,000	
  by	
  year	
  2050.	
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5 CRITICAL	
  UNCERTAINTIES	
  
5.1 Future	
  Survival	
  of	
  Hatchery	
  Fish	
  
Population	
  projections	
  displayed	
  in	
  Figure	
  13	
  represent	
  the	
  most	
  likely	
  patterns	
  of	
  future	
  survival	
  based	
  
on	
   the	
   best	
   information	
   currently	
   available.	
   	
   Actual	
   numbers	
   will	
   depend	
   on	
   survival	
   rates	
   of	
   future	
  
release	
  groups,	
  which	
  remain	
  highly	
  uncertain.	
  	
  Since	
  the	
  program	
  began	
  releasing	
  substantial	
  numbers	
  
of	
  fish	
  each	
  year,	
  first	
  year	
  survival	
  rates	
  have	
  averaged	
  an	
  estimated	
  12%	
  but	
  ranged	
  from	
  less	
  than	
  1%	
  
to	
   23%	
   (Figure	
   9).	
   	
   This	
   range	
   includes	
   years	
   of	
   predominately	
  Age-­‐0	
   (2005-­‐2007)	
   and	
  Age-­‐1	
   releases	
  
(2002-­‐2004,	
  2008).	
   	
  High	
  and	
   low	
  values	
  were	
   seen	
   for	
  both	
   types	
  of	
   releases.	
   	
   It	
   remains	
   to	
  be	
   seen	
  
what	
   rates	
  will	
  be	
  consistently	
  associated	
  with	
  a	
   return	
   to	
  Age-­‐1	
   releases.	
   	
   It	
   is	
   reasonable	
   to	
  assume	
  
that	
   survival	
  will	
   rebound	
   to	
   intermediate	
   values	
   (~12%)	
  between	
   recent	
  extremes	
  but	
  nowhere	
  near	
  
the	
  high	
  rates	
  (40	
  to	
  90%)	
  seen	
  in	
  the	
  early	
  years	
  of	
  the	
  program.	
  

Projections	
  of	
   future	
   sturgeon	
  abundance	
  are	
  extremely	
   sensitive	
   to	
  differences	
   in	
   survival	
  within	
   the	
  
range	
  observed	
   in	
   recent	
  years	
   (Figure	
  14).	
   	
  For	
   instance,	
  a	
  3%	
  to	
  20%	
  difference	
   in	
   first	
  year	
  survival	
  
results	
  in	
  abundance	
  projections	
  over	
  the	
  next	
  20	
  years	
  ranging	
  between	
  5,000	
  and	
  35,000	
  for	
  juveniles,	
  
7,000	
  and	
  30,000	
  for	
  subadults,	
  and	
  6,000	
  and	
  22,000	
  for	
  adults.	
  	
  	
  

Given	
  the	
  very	
  high	
  level	
  of	
  sensitivity	
  of	
  projections	
  to	
  uncertain	
  survival	
  rates,	
  population	
  projections	
  
of	
  this	
  type	
  need	
  to	
  be	
  considered	
  with	
  extreme	
  caution.	
   	
  Depending	
  on	
  what	
  we	
  assume,	
  projections	
  
can	
  indicate	
  anything	
  from	
  releases	
  that	
  are	
  too	
  few	
  to	
  avoid	
  damaging	
  genetic	
  bottlenecks,	
  to	
  releases	
  
that	
  are	
  too	
  great	
  to	
  avoid	
  damaging	
  density	
  dependence.	
  	
  We	
  expect	
  that	
  large	
  process	
  variation	
  and	
  
uncertainty	
   related	
   to	
   future	
   broodstock	
   availability,	
   post-­‐release	
   survival	
   trends,	
   habitat	
   capacity	
  
limitations,	
  and	
  the	
  potential	
  for	
  density-­‐dependent	
  feedback	
  could	
  produce	
  very	
  substantial	
  departures	
  
between	
  current	
  projections	
  and	
  actual	
   future	
   trends.	
   	
  While	
  projections	
  of	
   this	
  nature	
  are	
  useful	
   for	
  
illustration	
  purposes,	
  they	
  should	
  not	
  be	
  the	
  primary	
  driver	
  for	
  identifying	
  sturgeon	
  program	
  production	
  
targets.	
  	
  In	
  practice,	
  ongoing	
  monitoring	
  and	
  evaluation	
  efforts	
  will	
  be	
  used	
  to	
  continually	
  refine	
  future	
  
estimates	
  of	
  population	
  parameters	
  and	
   trends.	
   	
  This	
   information	
  will	
  be	
  used	
   to	
   implement	
  adaptive	
  
management	
  responses	
  like	
  those	
  that	
  have	
  characterized	
  this	
  program	
  since	
  it’s	
  inception.	
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Figure	
  14.	
   Projected	
  numbers	
  of	
  first-­‐generation	
  hatchery-­‐origin	
  juveniles	
  (ages	
  1-­‐10),	
  subadults	
  (ages	
  

11-­‐24)	
  and	
  adults	
  (ages	
  25+)	
  based	
  on	
  expected	
  release	
  levels	
  from	
  the	
  Kootenai	
  and	
  Twin	
  
Rivers	
   facilities	
   and	
   alternative	
   estimates	
   of	
   survival	
   representing	
   low,	
   average	
   and	
   high	
  
annual	
  values	
  estimated	
  from	
  2002-­‐2008.	
  	
  	
  

	
  

5.2 Future	
  Broodstock	
  Availability	
  
How	
  long	
  wild	
  broodstock	
  will	
  continue	
  to	
  be	
  available	
  to	
  support	
  either	
  natural	
  or	
  hatchery	
  production	
  
remains	
   a	
   critical	
   unknown.	
   	
   Although	
   recent	
   status	
   assessments	
   indicated	
   that	
   current	
   population	
  
numbers	
  are	
  greater	
  than	
  previously	
  estimated	
  (Beamesderfer	
  et	
  al.	
  2012a),	
  the	
  endangered	
  population	
  
condition	
  remains	
  essentially	
  unchanged:	
  	
  meaningful	
  natural	
  recruitment	
  has	
  not	
  occurred	
  for	
  40	
  or	
  50	
  
years.	
   	
   Remnant	
  numbers	
  of	
  wild	
   adults	
   continue	
   to	
  decline	
  every	
   year.	
   	
   Beamesderfer	
   et	
   al.	
   (2012a)	
  
estimated	
  abundance	
  of	
  wild	
  Kootenai	
   sturgeon	
   to	
  be	
  approximately	
  910	
   in	
  2009	
  based	
  on	
   long-­‐term	
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mark	
  recapture	
  data	
  (Figure	
  15).	
   	
  Projections	
  of	
  future	
  broodstock	
  numbers	
  are	
  extremely	
  sensitive	
  to	
  
uncertain	
  annual	
   survival	
   rates.	
   	
  Analysis	
  of	
  mark-­‐recapture	
  data	
   from	
   floy	
   tags,	
  PIT	
   tags	
  and	
  acoustic	
  
transmitters	
  yields	
  annual	
  mortality	
  estimates	
  ranging	
  from	
  2%	
  to	
  over	
  8%	
  depending	
  on	
  various	
  model	
  
assumptions	
  (Figure	
  15).	
  	
  At	
  a	
  2%	
  annual	
  mortality	
  rate,	
  abundance	
  would	
  not	
  fall	
  below	
  500	
  wild	
  adults	
  
until	
   after	
   2050.	
   	
   At	
   an	
   8%	
   annual	
  mortality	
   rate,	
   numbers	
   could	
   be	
   expected	
   to	
   fall	
   below	
   500	
  wild	
  
adults	
  within	
  the	
  next	
  10	
  years.	
  	
  	
  	
  	
  

	
  

Figure	
  15.	
   Estimated	
  abundance	
  (and	
  95%	
  confidence	
  intervals)	
  of	
  Kootenai	
  white	
  sturgeon,	
  1978-­‐
2009,	
  and	
  projected	
  abundance	
  at	
  various	
  annual	
  survival	
  rates.	
  

These	
   projections	
   do	
   not	
   include	
   adjustments	
   for	
   any	
   increased	
   mortality	
   or	
   reduced	
   spawning	
  
periodicity	
  that	
  might	
  accompany	
  any	
   increase	
   in	
  senility	
  of	
  the	
  aging	
  wild	
  population.	
   	
  The	
  remaining	
  
fish	
  are	
  very	
  old	
  and	
  we	
  do	
  not	
  know	
  how	
  long	
  they	
  will	
  remain	
  reproductive.	
  	
  At	
  some	
  point,	
  too	
  few	
  
wild	
   fish	
  will	
   be	
   available	
   to	
   sustain	
   the	
   hatchery	
   program	
  or	
   to	
   take	
   advantage	
   of	
   improved	
   natural	
  
conditions	
  if	
  they	
  occur.	
  	
  Without	
  an	
  effective	
  conservation	
  aquaculture	
  program,	
  the	
  population	
  will	
  go	
  
extinct.	
  

The	
  good	
  news	
  is	
  that	
  there	
  are	
  more	
  fish	
  than	
  previously	
  estimated	
  and	
  the	
  rate	
  of	
  decline	
  is	
  less	
  than	
  
previously	
  estimated	
  (Paragamian	
  et	
  al.	
  2005;	
  Beamesderfer	
  et	
  al.	
  2012a).	
   	
  This	
  could	
  explain	
  why	
  the	
  
program	
   has	
   not	
   yet	
   encountered	
   difficulty	
   in	
   collecting	
   broodstock.	
   	
   The	
   finding	
   also	
   suggests	
   that	
  
prospects	
   for	
  broodstock	
  availability	
  are	
  good	
  for	
  the	
  foreseeable	
  future.	
   	
   If	
  hatchery-­‐reared	
  fish	
  from	
  
past	
  releases	
  mature	
  in	
  a	
  timely	
  fashion,	
  we	
  might	
  avoid	
  an	
  extended	
  gap	
  in	
  adult	
  numbers	
  between	
  the	
  
demise	
  of	
  the	
  wild	
  fish	
  and	
  the	
  availability	
  of	
  hatchery-­‐origin	
  adults.	
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At	
   the	
   same	
   time,	
   observations	
   suggest	
   a	
   significant	
   population	
   segment	
   in	
   Kootenay	
   Lake	
   appear	
   to	
  
enter	
   the	
   river	
   spawning	
   population	
   at	
   a	
   lower	
   frequency	
   than	
   fish	
   that	
   occupy	
   the	
   river	
   upstream.	
  	
  
These	
   fish	
   appear	
   to	
   be	
   of	
   reproductive	
   sizes	
   and	
   ages,	
   but	
   we	
   don’t	
   know	
   if	
   they	
   represent	
   late	
  
maturing	
   fish	
   that	
  will	
  be	
  available	
   in	
   future	
  years,	
   fish	
  with	
  greater	
   spawning	
  periodicity	
   (more	
  years	
  
between	
  successive	
  spawning	
  events),	
  or	
  a	
  post-­‐reproductive	
  component	
  of	
  the	
  aging	
  population.	
  	
  The	
  
most	
  likely	
  explanation	
  is	
  that	
  different	
  individuals	
  spend	
  different	
  amounts	
  of	
  time	
  in	
  the	
  river,	
  where	
  
they	
  are	
  vulnerable	
  to	
  capture	
  and	
  tagging.	
  	
  Those	
  that	
  enter	
  the	
  river	
  more	
  frequently	
  are	
  more	
  likely	
  
to	
  be	
   tagged	
   than	
   those	
   that	
   spend	
  more	
   time	
   in	
   the	
   lake.	
   	
   There	
   is	
   surely	
   a	
   continuum	
  of	
   behavior,	
  
some	
   related	
   to	
   spawning	
  periodicity	
   and	
   some	
   related	
   to	
  preferred	
   foraging	
  habitats.	
   	
   This	
  does	
  not	
  
mean	
  there	
  is	
  a	
  different,	
  unique	
  population	
  of	
  fish	
  in	
  the	
  lake.	
  	
  Variability	
  in	
  spawning	
  periodicity	
  and	
  
movement	
   patterns	
   is	
   common	
   to	
   virtually	
   all	
   sturgeon	
   populations	
   where	
   information	
   on	
   these	
  
attributes	
   has	
   been	
   reported.	
   	
   Reproductive	
   senescence	
   would	
   be	
   of	
   particular	
   concern	
   for	
   future	
  
broodstock	
  availability.	
  

5.3 Homing	
  and	
  Attraction	
  
Homing	
  fidelity	
  in	
  sturgeon	
  is	
  implied	
  but	
  not	
  proven	
  by	
  1)	
  consistent	
  use	
  of	
  common	
  spawning	
  reaches	
  
every	
  year	
  by	
  different	
  sturgeon	
   in	
  the	
  Kootenai	
  and	
  other	
  populations,	
  2)	
   tagging	
  of	
   fish	
   in	
  spawning	
  
areas,	
  and	
  3)	
  genetic	
  metapopulation	
  structure	
  of	
  species	
  with	
  access	
  to	
  multiple	
  spawning	
  areas.	
  	
  This	
  
work	
   collectively	
   and	
   consistently	
   supports	
   a	
   hypothesis	
   of	
   homing	
   site	
   fidelity	
   in	
   shortnose	
   sturgeon	
  
(Acipenser	
  brevirostrum),	
  Atlantic	
  sturgeon	
   (Acipenser	
  oxyrinchus	
  oxyrinchus),	
  Gulf	
  of	
  Mexico	
  sturgeon	
  
(Acipenser	
   oxyrinchus	
  desotoi)	
   and	
   lake	
   sturgeon	
   (Acipenser	
   fulvescens)	
   (Dadswell	
   1984;	
  MacNeill	
   and	
  
Busch	
  1994;	
  Stabile	
  et	
  al.	
  1996;	
  Lucas	
  and	
  Baras	
  2001;	
  Wirgin	
  et	
  al.	
  2002,	
  2008,	
  2007;	
  Grunwald	
  et	
  al.	
  
2007;	
  Kynard	
  et	
  al.	
  2007;	
  Welsh	
  et	
  al	
  2010).	
  	
  For	
  instance,	
  shortnose	
  sturgeon	
  in	
  the	
  Connecticut	
  River	
  
spawn	
   in	
   the	
  same	
  general	
   reach	
  each	
  year,	
  and	
  may	
  change	
   their	
   specific	
   spawning	
   locations	
  among	
  
years	
  within	
  that	
  reach	
  as	
  dictated	
  by	
  annual	
  variation	
   in	
  discharge.	
   	
  Tagging	
  of	
  shortnose	
  sturgeon	
   in	
  
the	
   Connecticut	
   River	
   identified	
   males	
   and	
   females	
   repeatedly	
   returning	
   to	
   the	
   same	
   spawning	
   site	
  
(Kieffer	
   and	
   Kynard	
   1996).	
   	
   Tagged	
  male	
   and	
   female	
   Chinese	
   sturgeon	
   (Acipenser	
   sinensis)	
   have	
   also	
  
been	
  reported	
  to	
  return	
  repeatedly	
  to	
  the	
  same	
  site	
  in	
  the	
  Yangtze	
  River	
  (Wang	
  et	
  al.	
  2012).	
  	
  The	
  starry	
  
or	
  stellate	
  sturgeon	
  (Acipenser	
  stellatus)	
  in	
  the	
  Danube	
  River	
  shows	
  genetic	
  differences	
  that	
  could	
  only	
  
be	
  present	
  if	
  the	
  adults	
  consistently	
  home	
  to	
  several	
  areas	
  (Kynard	
  and	
  Suciu	
  2002).	
  	
  

One	
  of	
  the	
  biggest	
  unknowns	
  is	
  how	
  the	
  hatchery	
  fish	
  will	
  behave	
  upon	
  maturity,	
  in	
  terms	
  of	
  migration,	
  
spawning	
  site	
  selection,	
  and	
  success	
  of	
  natural	
  production.	
   	
  The	
  new	
  hatchery	
  will	
  enable	
  the	
  Tribe	
  to	
  
spawn	
  and	
  rear	
  fish	
  farther	
  upstream	
  in	
  the	
  Kootenai	
  system	
  in	
  an	
  effort	
  to	
  induce	
  fish	
  to	
  spawn	
  where	
  
habitat	
  conditions	
  are	
  more	
  suitable.	
  	
  Because	
  significant	
  numbers	
  of	
  hatchery-­‐reared	
  sturgeon	
  are	
  not	
  
expected	
   to	
  mature	
   for	
  at	
   least	
  10	
   to	
  20	
  years,	
   the	
  answers	
   to	
   these	
  questions	
  will	
  not	
  be	
  known	
   for	
  
some	
  time.	
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5.4 Food	
  and	
  Feeding	
  
Feeding	
  ecology	
  of	
   juvenile	
   sturgeon	
   in	
   the	
  Kootenai	
  River	
  has	
  not	
  been	
   investigated	
  extensively,	
  and	
  
would	
  be	
  a	
  valuable	
  subject	
  for	
  future	
  study.	
  	
  Sturgeon	
  are	
  opportunistic,	
  omnivorous	
  predators	
  that	
  as	
  
adults,	
  occupy	
  an	
  upper	
  trophic	
  niche	
  that	
  likely	
  plays	
  an	
  important	
  regulatory	
  role	
  in	
  shaping	
  prey	
  taxa	
  
assemblages,	
  affecting	
   food	
  web	
  dynamics.	
   	
  The	
  magnitude	
  of	
   this	
  effect	
   is	
  expected	
   to	
   increase	
  with	
  
population	
  size.	
  	
  	
  

The	
  diet	
  of	
  white	
  sturgeon	
  varies	
  with	
  fish	
  size.	
   	
  Juveniles	
  typically	
  rely	
  on	
  benthic	
  invertebrates.	
   	
  Sub-­‐
adults	
   consume	
   a	
   variety	
   of	
   benthic	
   organisms.	
   	
   Larger	
   white	
   sturgeon	
   are	
   increasingly	
   picivorous.	
  	
  
Because	
  of	
   very	
   large	
  differences	
   in	
   size	
   over	
   their	
   lifespan,	
   different	
   size	
   classes	
   of	
   sturgeon	
  exploit,	
  
affect,	
  and	
  are	
  limited	
  by	
  very	
  different	
  components	
  of	
  the	
  aquatic	
  community.	
  	
  We	
  expect	
  that	
  carrying	
  
capacity	
  will	
  be	
  specific	
  to	
  different	
  size	
  classes	
  of	
  sturgeon	
  over	
  the	
  course	
  of	
  their	
  lifespan.	
  	
  So	
  while	
  
juveniles	
  might	
  be	
  limited	
  for	
  a	
  time	
  by	
  the	
  productivity	
  and	
  availability	
  of	
  benthic	
  invertebrates,	
  these	
  
limitations	
  might	
  be	
  relaxed	
  as	
  fish	
  grow	
  to	
  larger	
  sizes	
  where	
  they	
  may	
  take	
  advantage	
  of	
  more	
  diverse	
  
food	
  sources.	
  

Some	
  information	
   is	
  available	
  on	
  general	
   food	
  habits	
  of	
  white	
  sturgeon	
   in	
  other	
  areas.	
   	
   Juvenile	
  white	
  
sturgeon	
  (>	
  than	
  80	
  cm	
  total	
  length)	
  in	
  the	
  lower	
  Columbia	
  River	
  have	
  been	
  reported	
  to	
  feed	
  mainly	
  on	
  
invertebrates,	
  with	
  amphipods	
  (Corophium	
  sp.)	
  being	
  the	
  most-­‐often	
  selected	
  prey	
  items	
  (McCabe	
  et	
  al.	
  
1993;	
  Romano	
  et	
  al.	
  2002).	
   	
  McCabe	
  et	
  al.	
   (1993)	
  also	
  noted	
  that	
  a	
  substantial	
  portion	
  of	
   the	
  diet	
   for	
  
white	
  sturgeon	
  in	
  this	
  size	
  class	
  consists	
  of	
  eulachon	
  eggs,	
  isopods,	
  mysids,	
  Asian	
  clams,	
  snails,	
  and	
  small	
  
fish	
   (such	
   as	
   sculpins	
   and	
   assorted	
   fry).	
   	
   As	
   white	
   sturgeon	
   grow,	
   their	
   diets	
   typically	
   become	
  more	
  
diverse.	
   	
   Larger	
   sturgeon	
   in	
   the	
   lower	
   Columbia	
   River	
   feed	
   increasingly	
   on	
   fish	
   including	
   euchalon,	
  
northern	
  anchovy,	
  American	
  shad,	
  lamprey,	
  Pacific	
  herring	
  and	
  various	
  salmonids	
  (McCabe	
  et	
  al.	
  1993).	
  	
  
Large	
  adult	
   sturgeon	
  are	
  capable	
  of	
   consuming	
   large	
  prey,	
   including	
  adult	
   salmon.	
   	
  Fish	
  dominate	
   the	
  
adult	
  sturgeon	
  diet	
  through	
  most	
  of	
  the	
  year	
  (50%);	
  in	
  winter,	
  benthic	
  invertebrates	
  become	
  dominant	
  
with	
   clams	
   being	
   the	
   most	
   important	
   item	
   (12	
   to	
   41%)	
   (Semakula	
   and	
   Larkin	
   1968;	
   McKechnie	
   and	
  
Fenner	
  1971;	
  Scott	
  and	
  Crossman	
  1973).	
  	
  	
  	
  	
  

Diet	
  information	
  is	
  particularly	
  limited	
  for	
  Kootenai	
  white	
  sturgeon,	
  where	
  sacrifice	
  to	
  identify	
  stomach	
  
contents	
   is	
   precluded	
   by	
   their	
   low	
   numbers	
   and	
   ESA-­‐listed	
   status.	
   	
   Partridge	
   (1980)	
   collected	
  
information	
  on	
  22	
  stomachs	
  of	
  sturgeon	
  turned	
  in	
  by	
  anglers	
  in	
  1979.	
  	
  Plant	
  material	
  was	
  found	
  in	
  19	
  of	
  
these.	
  	
  Chironomid	
  larvae	
  occurred	
  in	
  virtually	
  all	
  stomachs	
  where	
  plant	
  material	
  was	
  found.	
  	
  Fish	
  parts	
  
were	
   found	
   in	
   three	
   stomachs.	
   	
   Small	
   clams	
   were	
   found	
   in	
   three	
   stomachs.	
   	
   One	
   fish	
   contained	
  
numerous	
   mayfly	
   and	
   stonefly	
   larvae.	
   	
   Examination	
   of	
   24	
   stomachs	
   in	
   1981	
   commonly	
   found	
   plant	
  
material	
   and	
   chironomid	
   larvae,	
   followed	
   by	
   fish,	
   clams,	
   snails,	
   and	
   leeches	
   (Partridge	
   1982).	
   	
   Similar	
  
findings	
  were	
  reported	
  in	
  1982	
  (Partridge	
  1983).	
  

Stomach	
   contents	
   were	
   collected	
   from	
   41	
   juvenile	
   Kootenai	
   River	
   white	
   sturgeon	
   in	
   Idaho	
   and	
   B.C.	
  
during	
   2002.	
   	
  Chironomid	
   spp.	
   were	
   the	
  most	
   common	
   diet	
   item	
   by	
  weight	
   and	
   number	
   (Rust	
   et	
   al.	
  
2003).	
  	
  During	
  2003,	
  15	
  additional	
  juveniles	
  were	
  found	
  to	
  contain	
  primarily	
  Chironomid	
  larvae	
  (Rust	
  et	
  
al.	
   2004).	
   	
   Diets	
   of	
   juvenile	
   white	
   sturgeon	
   from	
   other	
   areas	
   of	
   the	
   Columbia	
   Basin	
   also	
   included	
  
significant	
   numbers	
   of	
   Chironomids,	
   along	
   with	
   large	
   numbers	
   of	
   other	
   benthic	
   organisms	
   such	
   as	
  
mollusks	
  and	
  amphipods	
  (Sprague	
  et	
  al.	
  1993).	
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Survival	
   data	
   indicate	
   that	
   there	
   is	
   a	
   period	
   of	
   acclimation	
   following	
   release	
   that	
  might	
   be	
   related	
   to	
  
success	
   in	
  transitioning	
  to	
  a	
  natural	
  diet	
  (Ireland	
  et	
  al.	
  2002b;	
  KTOI	
  2008).	
   	
  Food	
  limitations	
  could	
  well	
  
account	
  for	
  possible	
  density-­‐related	
  differences	
  in	
  survival	
  of	
  Age-­‐0	
  and	
  Age-­‐1	
  fish.	
  	
  A	
  narrower	
  array	
  of	
  
prey	
  items	
  may	
  be	
  available	
  for	
  Age-­‐0	
  than	
  Age-­‐1	
  fish	
  due	
  to	
  differences	
  in	
  fish	
  size,	
  gape	
  limitation,	
  and	
  
foraging	
   strategies.	
   	
   Other	
   factors,	
   including	
   increased	
   vulnerability	
   to	
   predation	
   and	
   effects	
   of	
   food	
  
reserves	
  on	
  first	
  overwinter	
  survival,	
  may	
  also	
  contribute	
  to	
  the	
  differences.	
   	
  Current	
  production	
  goals	
  
are	
  for	
  release	
  of	
  Age-­‐1	
  fish	
  to	
  avoid	
  the	
  apparent	
  Age-­‐0	
  survival	
  bottleneck	
  that	
  was	
  identified	
  through	
  
monitoring	
  the	
  post-­‐release	
  survival	
  of	
  hatchery-­‐reared	
  fish.	
  	
  

In	
   the	
   future,	
   hatchery	
   produced	
   fish	
   are	
   expected	
   to	
   provide	
   a	
   means	
   of	
   collecting	
   much	
   better	
  
information	
   on	
   Kootenai	
   sturgeon	
   diet.	
   	
   One	
   of	
   the	
   benefits	
   of	
   hatchery-­‐origin	
   fish	
   is	
   that	
   they	
   have	
  
been	
  released	
  in	
  sufficient	
  numbers	
  to	
  conduct	
  food	
  habitat	
  studies.	
  	
  	
  

5.5 Habitat	
  Capacity	
  and	
  Density	
  Dependence	
  
Carrying	
  capacity	
  of	
  the	
  Kootenai	
  system	
  is	
  a	
  critical	
  issue	
  for	
  this	
  program,	
  and	
  could	
  ultimately	
  prove	
  
to	
  be	
  a	
  significant	
  factor	
  that	
  could	
  limit	
  the	
  extent	
  of	
  recovery.	
  	
  Carrying	
  capacity	
  is	
  currently	
  unknown	
  
and	
  density	
  dependence	
   in	
  sturgeon	
   is	
  poorly	
  understood.	
   	
  Large	
  numbers	
  and	
  densities	
  might	
  elicit	
  a	
  
strongly-­‐negative	
   density-­‐dependent	
   response	
   that	
   could	
   reduce	
   survival,	
   slow	
   growth,	
   and	
   delay	
  
maturation.	
  	
  	
  

A	
  significant	
  density	
  dependent	
  response	
  to	
  increasing	
  sturgeon	
  abundance	
  has	
  not	
  yet	
  been	
  observed,	
  
except	
  possibly	
  among	
  Age-­‐0	
  sturgeon.	
  	
  It	
  remains	
  unclear	
  if	
   low	
  survival	
  rates	
  of	
  the	
  smaller	
  hatchery	
  
fish	
  released	
  in	
  recent	
  years	
  are	
  due	
  to	
  smaller	
  size	
  of	
  release	
  or	
  increased	
  competition	
  with	
  increasing	
  
numbers	
  of	
  hatchery	
  fish	
  (Justice	
  et	
  al.	
  2009).	
  	
  However,	
  the	
  effect	
  appears	
  to	
  be	
  limited	
  to	
  the	
  smaller	
  
Age-­‐0	
  or	
  Age-­‐1	
  fish	
   in	
  the	
  release	
  groups.	
   	
  Survival	
  of	
   larger	
  fish	
  appears	
  to	
  have	
  remained	
  consistent.	
  	
  
To	
   date,	
   no	
   obvious	
   reduction	
   in	
   growth	
  or	
   condition	
   factor	
   of	
   surviving	
   fish	
   is	
   apparent	
   as	
  might	
   be	
  
expected	
  under	
  conditions	
  of	
  limiting	
  competition.12	
  	
  It	
  is	
  also	
  possible	
  that	
  observed	
  low	
  rates	
  of	
  some	
  
groups	
  of	
  fish	
  might	
  be	
  an	
  artifact	
  of	
  changing	
  release	
  strategies	
  (e.g.,	
  smaller	
  size	
  at	
  release)	
  or	
  density-­‐
independent	
  factors.	
  	
  

Production	
   in	
  every	
  system	
   is	
  ultimately	
   limited	
  by	
  carrying	
  capacity.	
   	
   Increasing	
  numbers	
  of	
  sturgeon	
  
must	
  theoretically	
  stimulate	
  a	
  density	
  dependent	
  response	
  at	
  some	
  point.	
  Therefore,	
  the	
  key	
  distinction	
  
is	
   whether	
   carrying	
   capacity	
   for	
   white	
   sturgeon	
   in	
   the	
   current	
   and	
   future	
   Kootenai	
   River	
   ecosystem	
  
exceeds	
  demographic	
  and	
  genetic	
  threshold	
  for	
  viability	
  and	
  persistence.	
  

In	
   an	
   ideal	
   world,	
   we	
   could	
   accurately	
   estimate	
   sturgeon	
   carrying	
   capacity	
   of	
   the	
   system	
   and	
   scale	
  
hatchery	
  production	
  accordingly.	
  	
  However,	
  little	
  information	
  currently	
  exists	
  regarding	
  habitat	
  carrying	
  
capacity	
  for	
  sturgeon	
  in	
  general,	
  and	
  in	
  the	
  Kootenai	
  River	
  specifically.	
  	
  We	
  have	
  generated	
  hind-­‐casted	
  
projections	
   of	
   historical	
   sturgeon	
   abundance,	
   but	
   the	
   Kootenai	
   ecosystem	
   has	
   been	
   altered	
   and	
   we	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
12	
  It	
  should	
  be	
  noted	
  that	
  recent	
  sample	
  data	
  on	
  fish	
  collected	
  in	
  the	
  Montana	
  portion	
  of	
  the	
  river	
  upstream	
  has	
  
documented	
  apparent	
  high	
  growth	
  rates	
  and	
  condition	
  factors	
  for	
  hatchery	
  fish	
  that	
  have	
  migrated	
  upstream.	
  	
  
Densities	
  of	
  sturgeon	
  in	
  these	
  areas	
  are	
  very	
  low.	
  	
  Hence,	
  individuals	
  are	
  unlikely	
  to	
  be	
  limited	
  by	
  intra-­‐specific	
  
competition.	
  	
  However,	
  habitat	
  conditions	
  and	
  productivity	
  are	
  much	
  different	
  from	
  the	
  meander	
  reach	
  of	
  the	
  river	
  
in	
  Idaho	
  where	
  most	
  hatchery	
  sturgeon	
  occur.	
  	
  At	
  this	
  point,	
  it	
  is	
  uncertain	
  how	
  much	
  of	
  the	
  growth	
  and	
  condition	
  
difference	
  is	
  related	
  to	
  habitat	
  or	
  density.	
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cannot	
  accurately	
  infer	
  current	
  capacity	
  from	
  historical	
  numbers.	
  	
  It	
  is	
  also	
  likely	
  that	
  capacity	
  varies	
  for	
  
different	
  sturgeon	
  life	
  stages,	
  which	
  utilize	
  different	
  resources	
  and	
  habitats,	
  and	
  we	
  do	
  not	
  know	
  which	
  
life	
  stages	
  will	
  ultimately	
  be	
  limiting.	
  	
  	
  

The	
  ISRP	
  recommended	
  the	
  Tribe	
  use	
  trophodynamic	
  modeling	
  to	
  develop	
  at	
  least	
  ballpark	
  estimates	
  of	
  
carrying	
  capacity.	
   	
  The	
  ISRP	
  also	
  inquired	
  about	
  bioenergetics	
  modeling	
  and	
  feeding	
  ecology	
  as	
  part	
  of	
  
this	
  program.	
   	
  Based	
  on	
  these	
  comments,	
  we	
  conducted	
  additional	
  exploration	
  of	
  these	
  methods	
  (see	
  
Attachment	
  1	
  of	
  this	
  document).	
  	
  This	
  exercise	
  highlighted	
  the	
  challenges	
  of	
  attempting	
  to	
  infer	
  capacity	
  
based	
  on	
  limited	
  information	
  and	
  inherently	
  variable	
  parameters.	
  	
  Capacity	
  estimates	
  might	
  be	
  derived	
  
using	
  various	
  models,	
  but	
   these	
   inferences	
  would	
  be	
  speculative	
  at	
  best	
  given	
   the	
  broad	
  assumptions	
  
required	
  to	
  parameterize	
  the	
  models.	
  	
  	
  

Given	
   these	
   uncertainties,	
   the	
   Tribe	
   has	
   elected	
   to	
   experimentally	
   identify	
   habitat	
   capacity	
   based	
   on	
  
monitoring	
   the	
   population	
   response	
   to	
   increasing	
   sturgeon	
   numbers	
   or	
   densities.	
   	
   After	
   extensive	
  
consideration	
  of	
  various	
  alternatives	
  for	
  inferring	
  capacity,	
  we	
  concluded	
  that	
  an	
  experimental	
  approach	
  
is	
   the	
  only	
  effective	
  approach.	
   	
   Rather	
   than	
   speculating	
  on	
  where	
   capacity	
   lies	
   and	
  artificially	
   limiting	
  
production	
  based	
  on	
  questionable	
  assumptions,	
  the	
  proposed	
  experimental	
  approach	
  will	
  provide	
  a	
  real	
  
answer	
   with	
   no	
   significant	
   downside	
   risk.	
   	
   Consequently,	
   the	
   recovery	
   program	
   incorporates	
   an	
  
intensive	
  hatchery	
  marking	
  and	
  annual	
  monitoring	
  program	
   (see	
  Appendix	
  B	
  of	
   the	
  Step	
  2	
  document,	
  
Monitoring	
  and	
  Evaluation	
  Plan	
   for	
   	
   the	
  Kootenai	
   Sturgeon).	
   	
   Post-­‐release	
   fish	
  growth,	
   condition,	
   and	
  
survival	
  are	
  being	
  monitored	
  in	
  the	
  wild	
  in	
  relation	
  to	
  population	
  size	
  and	
  density.	
  	
  Habitat	
  capacity	
  will	
  
be	
   identified	
  by	
   a	
  detectable	
   response.	
   	
   Future	
   juvenile,	
   subadult,	
   and	
  adult	
   population	
   levels	
  will	
   be	
  
managed	
  adaptively	
  based	
  on	
  continuing	
  monitoring	
  and	
  evaluation.	
  	
  	
  

Not	
   all	
   density-­‐dependent	
   responses	
   are	
   detrimental.	
   	
   Much	
   of	
   the	
   concern	
   over	
   potential	
   density-­‐
dependence	
   appears	
   founded	
   on	
   an	
   unstated	
   presumption	
   that	
   this	
   effect	
   will	
   be	
   entirely	
   negative.	
  	
  
While	
   there	
   are	
   certainly	
   potentially	
   negative	
   aspects	
   (e.g.,	
   reduced	
   survival,	
   delayed	
   maturation),	
  
significant	
   positive	
   responses	
   can	
   also	
   be	
   anticipated	
   which	
   could	
   balance	
   or	
   surpass	
   the	
   negative	
  
effects.	
   	
  For	
   instance,	
  the	
  upstream	
  expansion	
  of	
   juvenile	
  distribution	
  into	
  Montana	
  might	
  represent	
  a	
  
behavioral	
   response	
   to	
   high	
   densities	
   in	
   the	
  meander	
   reach.	
   	
   It	
  would	
   be	
   a	
   huge	
   benefit	
   if	
   increased	
  
competition	
  stimulates	
  a	
  wider	
  dispersal	
  of	
  fish	
  into	
  upper	
  river	
  reaches	
  where	
  they	
  subsequently	
  may	
  
spawn	
  in	
  more	
  favorable	
  habitats.	
  	
  It	
  is	
  also	
  unclear	
  whether	
  current	
  recruitment	
  failure	
  is	
  simply	
  related	
  
to	
   spawner	
   stock	
   abundance	
   and	
   might	
   be	
   at	
   least	
   partially	
   ameliorated	
   by	
   rebuilding	
   the	
   adult	
  
population	
  to	
  higher	
  levels.	
  

The	
   role	
   of	
   density	
   dependence	
   in	
   a	
   normally	
   functioning	
   natural	
   sturgeon	
   population	
   is	
   unclear.	
  	
  
Density-­‐related	
  processes	
  are	
  a	
  normal	
  dynamic	
  in	
  many	
  healthy	
  wild	
  fish	
  populations.	
  Natural	
  selection	
  
will	
  act	
  to	
  regulate	
  year	
  class	
  abundance	
  and	
  density	
  dependence	
  might	
  serve	
  some	
  functional	
  role	
   in	
  
sustaining	
  long-­‐term	
  viability.	
   	
  Natural	
  selection	
  acting	
  upon	
  natural	
  or	
  enhanced	
  production	
  might	
  act	
  
to	
  favor	
  more	
  successful	
  traits.	
  	
  	
  

Habitat	
   capacity	
   and	
   density	
   dependence	
   are	
   just	
   two	
   of	
   many	
   unknowns	
   and	
   risks	
   that	
   must	
   be	
  
considered	
  by	
   this	
   program	
   (Table	
   5).	
   	
  Many	
   risks	
   pose	
   competing	
   challenges.	
   	
   For	
   instance,	
   stocking	
  
very	
   large	
   numbers	
   to	
   optimize	
   diversity	
   risks	
   could	
   trigger	
   a	
   potentially	
   counterproductive	
   density-­‐
dependent	
   response.	
   	
   Conversely,	
   limiting	
   stocking	
   rates	
   to	
   avoid	
   the	
   risk	
   of	
   a	
   negative	
   density-­‐
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dependent	
   response	
   will	
   exacerbate	
   the	
   risk	
   of	
   reducing	
   genetic	
   diversity.	
   	
   Program	
   objectives	
   and	
  
targets	
  have	
  been	
  designed	
  in	
  an	
  attempt	
  to	
  balance	
  a	
  wide	
  spectrum	
  of	
  very	
  uncertain	
  demographic,	
  
genetic,	
  and	
  ecological	
  risks	
  and	
  benefits	
  over	
  multiple	
  generations	
  of	
  sturgeon	
  recovery.	
  

The	
  near-­‐term	
  hatchery	
  strategy	
   is	
   focused	
  on	
  addressing	
  the	
   immediate	
  genetic	
  risks	
  while	
  collecting	
  
information	
  needed	
  to	
  weigh	
  future	
  density-­‐related	
  risks.	
  	
  The	
  central	
  issue	
  here	
  is	
  one	
  of	
  balancing	
  the	
  
risk	
  of	
  losing	
  genetic	
  diversity	
  versus	
  the	
  risk	
  of	
  negative	
  density-­‐dependent	
  responses	
  in	
  the	
  population	
  
and	
   the	
   ecological	
   community.	
   	
   Loss	
   of	
   genetic	
   and	
   phenotypic	
   diversity	
   is	
   an	
   acute,	
   immediate,	
   and	
  
terminal	
  risk	
  associated	
  with	
  the	
  continuing	
  decline	
  of	
  wild	
  fish	
  in	
  the	
  current	
  generation.	
  	
  We	
  have	
  an	
  
opportunity	
   to	
   capture	
   and	
   express	
   representative	
   genetic	
   diversity	
   before	
   the	
   wild	
   population	
  
disappears.	
   	
   Failure	
   to	
   conserve	
   remnant	
   locally-­‐adapted	
   genetic	
   material	
   from	
   this	
   endangered	
  
population	
  would	
  likely	
  be	
  irreversible.	
  	
  If	
  we	
  fail	
  to	
  capture	
  critical	
  elements	
  that	
  might	
  allow	
  the	
  next	
  
generation	
  to	
  effectively	
  utilize	
  the	
  available	
  habitat,	
  we	
  may	
  be	
  dooming	
  the	
  population	
  regardless	
  of	
  
what	
  happens	
  with	
  density	
  dependence.	
  

Habitat	
  capacity	
   limitations	
  and	
  negative	
  density	
  dependence	
  are	
   intermediate	
   to	
   long-­‐term	
  risks	
   that	
  
we	
  will	
  confront	
  as	
  the	
  age	
  and	
  size	
  structure	
  population	
  gradually	
  rebuild	
  over	
  the	
  next	
  ten	
  to	
  twenty	
  
years.	
   	
   The	
   carrying	
   capacity	
   of	
   the	
   Kootenai	
   River	
   remains	
   unknown	
   and	
   we	
   are	
   unsure	
   when	
   a	
  
significant	
   negative	
   density-­‐dependent	
   response	
   will	
   be	
   triggered.	
   	
   These	
   risks	
   will	
   be	
   addressed	
   by	
  
empirically	
   evaluating	
   system	
   carrying	
   capacity	
   at	
   each	
   sturgeon	
   life	
   stage	
   by	
   releasing	
   significant	
  
numbers	
  of	
  hatchery-­‐reared	
  sturgeon	
  and	
  monitoring	
  the	
  system	
  response	
  in	
  terms	
  of	
  survival,	
  growth	
  
and	
   condition.	
   	
   This	
   information	
  will	
   provide	
   a	
   sound	
   technical	
   basis	
   for	
   appropriate	
  management	
   of	
  
density	
  dependence.	
  	
  

In	
  weighing	
  tradeoffs	
  among	
  risks	
  and	
  benefits,	
   it	
   is	
  useful	
   to	
  consider	
  the	
  down-­‐side	
  consequences	
   if	
  
we	
  are	
  wrong:	
  

• The	
  greatest	
  risks	
  associated	
  with	
  large	
  stocking	
  rates	
  probably	
  revolve	
  around	
  density-­‐related	
  
decreases	
   in	
  survival	
  or	
  growth.	
   	
  Reduced	
  survival	
  would	
  offset	
   the	
   large	
   initial	
   stocking	
  rates.	
  	
  
However,	
   depressed	
   survival	
   could	
   be	
   a	
   problem	
   if	
   it	
   affects	
   different	
   brood	
   years	
   so	
   as	
   to	
  
reduce	
  representation	
  of	
  family	
  groups	
  in	
  the	
  next	
  generation.13	
  	
  	
  

• In	
   the	
   extreme	
   case,	
   reduced	
   growth	
   might	
   also	
   delay	
   maturation	
   of	
   adults	
   in	
   the	
   next	
  
generation	
  and	
  extend	
  the	
  interval	
  between	
  the	
  demise	
  of	
  the	
  wild	
  fish	
  and	
  the	
  maturation	
  of	
  
the	
  hatchery-­‐reared	
  generation.	
  	
  	
  

• Another	
  concern	
  might	
  be	
  the	
  limitation	
  or	
  swamping	
  of	
  natural	
  production	
  by	
  large	
  numbers	
  of	
  
hatchery	
   fish.	
   	
   Prospects	
   for	
   natural	
   production	
   remain	
   uncertain.	
   	
   Small	
   levels	
   of	
   sporadic	
  
natural	
  recruitment	
  seen	
  in	
  the	
  data	
  will	
  not	
  be	
  adequate	
  to	
  sustain	
  a	
  population	
  after	
  nearly	
  50	
  
years	
  of	
  recruitment	
  failure.	
  	
  By	
  marking	
  hatchery	
  fish	
  and	
  continuing	
  the	
  monitoring	
  program,	
  
we	
   will	
   be	
   able	
   to	
   detect	
   significant	
   natural	
   recruitment	
   if	
   it	
   occurs	
   and	
   the	
   necessary	
  
accomodations	
  can	
  be	
  made.	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
13	
  Equal	
  representation	
  among	
  families	
  at	
  maturity	
  should	
  not	
  be	
  assumed	
  relative	
  to	
  genetic	
  and	
  environmental	
  

variability,	
  even	
  in	
  wild	
  populations.	
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Ultimately,	
   density-­‐dependent	
   circumstances	
   are	
   reversible	
   and	
   would	
   eventually	
   be	
   self-­‐regulating,	
  
albeit	
   at	
   some	
   level	
   of	
   ecological	
   cost.	
   	
   Hatchery-­‐related	
   measures	
   will	
   be	
   adjusted	
   accordingly	
   to	
  
achieve	
   an	
   optimum	
  balance	
   between	
   competing	
   risks	
   and	
   demographic	
   and	
   genetic	
   objectives.	
   	
   For	
  
instance,	
  total	
  releases	
  and	
  family	
  sizes	
  might	
  be	
  reduced,	
  fish	
  might	
  be	
  reared	
  to	
  a	
  larger	
  size	
  to	
  avoid	
  
size-­‐related	
   post-­‐release	
   survival	
   bottlenecks,	
   biomass	
   might	
   be	
   reduced	
   by	
   removing	
   fish	
   from	
   the	
  
population,	
   or	
   the	
   program	
  might	
   be	
   adjusted	
   to	
   simply	
   allow	
  demographic	
   selection	
   to	
   occur	
   in	
   the	
  
current	
  environment.	
  

5.6 Effects	
  of	
  Ecosystem	
  Improvement	
  
Current	
  ecosystem	
  improvement	
  plans	
  include	
  a	
  combination	
  of	
  flow,	
  physical	
  habitat	
  restoration,	
  and	
  
nutrient	
   enrichment	
   actions.	
   	
   These	
   actions	
   could	
   have	
   significant	
   effects	
   on	
   habitat	
   conditions	
   and	
  
capacity	
   for	
   sturgeon,	
   as	
   well	
   as	
   the	
   entire	
   ecosystem.	
   	
   Actions	
   are	
   experimental	
   and	
   effects	
   are	
  
uncertain.	
   	
   The	
   net	
   effects	
   of	
   all	
   these	
   changes	
   on	
   system	
   trophic	
   dynamics	
   and	
   habitat	
   capacity	
   are	
  
difficult	
   to	
   predict.	
   	
   These	
   limitations	
   are	
   why	
   an	
   empirical	
   monitoring	
   and	
   evaluation	
   approach	
   to	
  
identifying	
   sturgeon	
   capacity	
   is	
   being	
   implemented	
   using	
   releases	
   of	
   hatchery-­‐reared	
   sturgeon.	
  	
  
Improvements	
  may	
  or	
  may	
  not	
  be	
  significant	
  but	
  will	
  be	
  monitored.	
  	
  Future	
  recovery	
  efforts,	
   including	
  
the	
  conservation	
  aquaculture	
  program,	
  will	
  be	
  adapted	
  accordingly.	
   	
   Following	
   is	
  a	
   summary	
  of	
  major	
  
ecosystem	
  restoration	
  actions	
  that	
  are	
  underway	
  and	
  planned:	
  	
  

Kootenai	
  River	
  Habitat	
  Restoration	
  Project	
  (BPA	
  Project	
  No.	
  200200200)	
  	
  

The	
  goal	
  of	
   the	
  Kootenai	
  River	
  Habitat	
  Restoration	
  Program	
   is	
   to	
   restore	
  and	
  maintain	
  Kootenai	
  River	
  
habitat	
  conditions	
  that	
  support	
  (1)	
  all	
  life	
  stages	
  of	
  endangered	
  Kootenai	
  sturgeon	
  and	
  (2)	
  all	
  life	
  stages	
  
of	
   native	
   focal	
   species	
   (i.e.,	
   burbot,	
   bull	
   trout,	
   kokanee,	
   westslope	
   cutthroat	
   trout,	
   redband	
   trout)	
  
through	
  design	
  and	
  implementation	
  of	
  a	
  suite	
  of	
  habitat	
  restoration	
  projects	
  in	
  the	
  Braided,	
  Straight	
  and	
  
Meander	
  reaches	
  of	
  the	
  Kootenai	
  River.	
  	
  	
  

The	
  Kootenai	
  River	
  Habitat	
  Restoration	
  Program	
  is	
  a	
  large-­‐scale,	
  collaborative,	
  adaptively	
  implemented	
  
and	
   managed,	
   ecosystem-­‐based	
   habitat	
   restoration	
   program	
   to	
   restore	
   and	
   maintain	
   Kootenai	
   River	
  
habitat	
  conditions	
  that	
  support	
  all	
  life	
  stages	
  of	
  endangered	
  Kootenai	
  sturgeon	
  and	
  other	
  aquatic	
  focal	
  
species	
  within	
  a	
  55-­‐mile	
  reach	
  of	
  the	
  Kootenai	
  River.	
  	
  In	
  2009,	
  the	
  Kootenai	
  Tribe	
  finished	
  the	
  Kootenai	
  
River	
  Habitat	
  Restoration	
  Master	
  Plan.	
  	
  This	
  plan	
  identified	
  a	
  toolbox	
  of	
  different	
  restoration	
  treatments	
  
designed	
   to	
   help	
   restore	
   or	
   enhance	
   different	
   habitat	
   conditions	
   for	
   Kootenai	
   sturgeon,	
   burbot,	
   bull	
  
trout,	
  kokanee,	
  and	
  other	
  native	
  fish.	
  	
  	
  

Building	
  on	
  nearly	
  two	
  decades	
  of	
  data	
  collection	
  and	
  modeling	
  related	
  to	
  physical	
  habitat	
  conditions	
  in	
  
the	
  Kootenai	
  River,	
  and	
  on	
  monitoring	
  and	
  evaluation	
  data	
  collected	
  through	
  IDFG’s	
  project	
  198806500,	
  
and	
   the	
   Tribe’s	
   Nutrient,	
   Operational	
   Loss	
   Assessment,	
   Reconnect,	
   and	
   Conservation	
   Aquaculture	
  
projects,	
   the	
   expertise	
   of	
   regional	
   and	
   local	
   experts,	
   the	
   Tribe	
   in	
   collaboration	
  with	
   regional	
   partners	
  
developed	
   the	
   Kootenai	
   River	
  Habitat	
   Restoration	
  Master	
   Plan.	
   	
   The	
  Habitat	
   Restoration	
  Master	
   Plan	
  
identifies	
   limiting	
   factors	
  associated	
  with	
   river	
  morphology,	
   riparian	
  habitat,	
  aquatic	
  habitat	
   (including	
  
limiting	
  factors	
  associated	
  with	
  the	
  six	
  focal	
  fish	
  species),	
  and	
  other	
  constraints,	
  treatments	
  to	
  address	
  
those	
  limiting	
  factors,	
  and	
  restoration	
  strategies	
  for	
  each	
  river	
  reach.	
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Restoration	
   treatments	
   implemented	
   through	
   this	
   project	
   are	
   designed	
   to	
   address:	
   bank	
   erosion	
   and	
  
fine	
  sediment	
  inputs	
  to	
  downstream	
  reaches,	
   lack	
  of	
  cover	
  for	
  juvenile	
  fish,	
   lack	
  of	
  off	
  channel	
  habitat	
  
for	
  rearing,	
  insufficient	
  depth	
  for	
  Kootenai	
  sturgeon	
  migration,	
  lack	
  of	
  mainstem	
  hydraulic	
  complexity	
  in	
  
the	
  form	
  of	
  variable	
  depth	
  and	
  velocity,	
  insufficient	
  pool	
  frequency,	
  simplified	
  food	
  web,	
  lack	
  of	
  surfaces	
  
that	
   support	
   riparian	
   recruitment,	
   loss	
  of	
   floodplain	
   connection,	
   lack	
  of	
   coarse	
   substrate	
   for	
  Kootenai	
  
sturgeon	
  egg	
  attachment	
  and	
  larval	
  hiding,	
   lack	
  of	
  bank	
  vegetation,	
   lack	
  of	
  off-­‐channel	
  habitat,	
   lack	
  of	
  
fish	
   passage	
   into	
   tributaries,	
   and	
   grazing	
   and	
   floodplain	
   land	
   use.	
   	
   Project	
   actions	
   are	
   based	
   on	
  
ecosystem	
  restoration	
  principles	
  and	
  will	
  help	
  to	
  provide	
  habitat	
  attributes	
  for	
  Kootenai	
  sturgeon	
  that	
  
are	
  identified	
  in	
  the	
  Libby	
  Dam	
  Biological	
  Opinion	
  (implementation	
  of	
  the	
  project	
  is	
  included	
  in	
  the	
  Libby	
  
Dam	
  settlement	
  agreement),	
  in	
  addition	
  to	
  habitat	
  needs	
  for	
  a	
  range	
  of	
  life	
  stages	
  of	
  burbot,	
  bull	
  trout,	
  
kokanee,	
  westslope	
  cutthroat	
  trout,	
  and	
  redband	
  trout.	
  	
  	
  

The	
  Tribe	
  is	
  coordinating	
  with	
  IDFG,	
  Montana	
  Department	
  of	
  Fish,	
  Wildlife	
  &	
  Parks	
  and	
  other	
  partners,	
  
including	
   the	
  B.C.	
  Ministry	
  of	
   Fish,	
   Forests,	
   Land,	
   and	
  Natural	
  Resource	
  Operations	
   (BC	
  Ministry),	
  U.S.	
  
Army	
  Corps	
   of	
   Engineers	
   (USACE),	
  USFWS,	
   and	
  Bonneville	
   Power	
  Administration	
   (BPA)	
   to	
   incorporate	
  
the	
  most	
  recent	
  data	
  and	
  analysis	
   in	
  each	
  stage	
  of	
  the	
  project	
  design	
  process	
  and	
  in	
  development	
  and	
  
implementaton	
  of	
  the	
  monitoring	
  and	
  evaluation	
  and	
  adaptive	
  management	
  program.	
  	
  	
  

Reconnect	
  Kootenai	
  River	
  with	
  the	
  Historical	
  Floodplain	
  Project	
  (BPA	
  Project	
  No.	
  200200800)	
  	
  

The	
   primary	
   goal	
   of	
   the	
   Reconnect	
   Project	
   is	
   to	
   investigate	
   and	
   implement	
   actions	
   that	
   enhance	
  
terrestrial	
   and	
   lentic	
   habitats	
   by	
   reconnecting	
   the	
   Kootenai	
   River	
   with	
   its	
   historical	
   floodplain	
   in	
   the	
  
Kootenai	
  River.	
   	
  This	
  project	
  was	
  originally	
  categorized	
  as	
  a	
  wildlife	
  habitat	
  restoration	
  project	
  and	
  the	
  
project	
   was	
   closely	
   linked	
   to	
   work	
   conducted	
   under	
   the	
   Albeni	
   Falls	
   Wildlife	
   Mitigation	
   Project	
  
(199206105)	
  and	
  the	
  Ecosystem	
  Operational	
  Loss	
  Assessment,	
  Protection,	
  Mitigation	
  and	
  Rehabilitation	
  
(Oploss)	
  Project	
  (Project	
  No.	
  200201100).	
  	
  The	
  Oploss	
  Project	
  is	
  developing	
  the	
  framework	
  to	
  assess	
  and	
  
monitor	
  reconnection	
  opportunities.	
   	
  Each	
  reconnect	
  or	
  mitigation	
  project	
  can	
  be	
  folded	
  back	
  into	
  the	
  
ecological	
  framework	
  developed	
  by	
  the	
  Oploss	
  Project	
  to	
  assess	
  cumulative	
  impacts	
  of	
  multiple	
  projects	
  
over	
   time.	
   	
   Floodplain	
   reconnection	
   activities	
   under	
   this	
   project	
   are	
   purposely	
   associated	
   with	
   the	
  
Tribe’s	
  wildlife	
  mitigation	
  program	
  to	
  ensure	
  long-­‐term	
  protection	
  and	
  designed	
  to	
  address	
  both	
  lentic	
  
and	
   terrestrial	
   objectives.	
   	
   Under	
   this	
   project	
   the	
   Tribe	
   has	
   examined	
   the	
   feasibility	
   of	
   reconnecting	
  
floodplain	
  habitats	
  with	
  the	
  mainstem	
  in	
  the	
  Meander	
  Reaches	
  of	
  the	
  Kootenai	
  River.	
  	
  Since	
  2002,	
  this	
  
included	
   identification	
   and	
   initial	
   assessment	
   of	
   the	
   feasibility	
   of	
   reconnecting	
   six	
   tributary/wetland	
  
complexes	
  to	
  the	
  mainstem	
  Kootenai	
  River.	
  	
  	
  

In	
   addition	
   to	
   supporting	
   feasibility	
   assessment	
   work	
   for	
   Ball	
   Creek	
   and	
   completing	
   initial	
   feasibility	
  
analysis	
   for	
   reconnecting	
   six	
   other	
   tributary/wetland	
   complexes	
   in	
   the	
  Meander	
   Reaches,	
   LiDAR	
   data	
  
collected	
   as	
   part	
   of	
   this	
   project	
   has	
   helped	
   develop	
   a	
   2D	
  hydrodynamic	
  model	
   that	
   is	
   used	
   to	
   assess	
  
Libby	
   Dam	
   hydraulic	
   impacts,	
   model	
   vegetation	
   succession,	
   and	
   simulate	
   restoration	
   effects	
   to	
   the	
  
floodplain	
  under	
   the	
  Oploss	
  Project	
  along	
  with	
   supporting	
  development	
  of	
   the	
  Kootenai	
  River	
  Habitat	
  
Restoration	
  Project	
  Master	
  Plan	
  and	
  conceptual	
  design	
  of	
  projects	
  to	
  be	
  implemented	
  under	
  Project	
  No.	
  
200200200.	
  	
  

This	
  project	
  will	
   complement	
  and	
  augment	
  habitat	
   restoration	
  work	
  planned	
   in	
   the	
  Meander	
  Reaches	
  
under	
   Phase	
   3	
   of	
   Project	
   No.	
   200200200	
   by	
   creating	
   conditions	
   that	
   help	
   support	
   an	
   enhanced	
   food	
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web,	
   and	
   contribute	
   to	
   a	
   more	
   complex	
   and	
   diverse	
   terrestrial	
   habitat	
   communities	
   for	
   a	
   variety	
   of	
  
wildlife	
   focal	
   species	
   and	
   aquatic	
   species.	
   	
   An	
   important	
   aspect	
   of	
   the	
   Reconnect	
   Project	
   is	
   that	
   it	
  
purposefully	
   focuses	
   on	
   wildlife	
   mitigation	
   in	
   the	
   Kootenai	
   River	
   floodplain	
   to	
   ensure	
   long-­‐term	
  
protection	
  and	
  enhancement	
  opportunities.	
   	
  Moreover,	
  the	
  Reconnect	
  Project	
  targets	
  floodplain	
  biotic	
  
communities	
   identified	
  by	
  Oploss	
   Project	
   assessments	
  with	
   an	
   emphasis	
   on	
   the	
   intersection	
  between	
  
aquatic	
  and	
  terrestrial	
  connectivity.	
  	
  The	
  complementary	
  work	
  conducted	
  under	
  Project	
  No.	
  200200200	
  
will	
  be	
  addressing	
  sturgeon	
  and	
  other	
   focal	
   species	
   (e.g.,	
  burbot,	
  kokanee,	
  etc.)	
  mitigation	
  restoration	
  
opportunities	
  in	
  the	
  Meander	
  Reaches	
  and	
  focusing	
  primarily	
  on	
  aquatic/riparian	
  restoration	
  objectives.	
  	
  

Biomonitoring	
   data	
   conducted	
   under	
   the	
   Nutrient	
   Project	
   (Project	
   No.	
   199404900)	
   are	
   used	
   to	
   help	
  
inform	
  project	
  design	
  and	
  will	
  help	
  measure	
  the	
  biological	
  benefits	
  of	
  this	
  project.	
  

Kootenai	
  River	
  Ecosystem	
  Restoration	
  (Nutrient	
  Enhancement)	
  (BPA	
  Project	
  No.	
  199404900)	
  

The	
  Tribe,	
  in	
  coordination	
  with	
  IDFG,	
  is	
  also	
  implementing	
  an	
  experimental	
  river	
  fertilization	
  program	
  to	
  
improve	
  productivity	
  of	
  the	
  system	
  (Kootenai	
  River	
  Ecosystem	
  Restoration	
  [Nutrient	
  Project]	
  Project	
  No.	
  
199404900).	
  	
  The	
  primary	
  goal	
  of	
  this	
  project	
  is	
  to	
  recover	
  a	
  productive,	
  healthy	
  and	
  biologically	
  diverse	
  
Kootenai	
  River	
  aquatic	
  ecosystem	
  across	
  multiple	
  trophic	
  layers.	
  	
  This	
  work	
  is	
  important	
  to	
  help	
  mitigate	
  
the	
  effects	
  of	
   Libby	
  Dam	
   impoundment	
  on	
  aquatic	
  processes	
   in	
  downstream	
   river	
   reaches.	
   	
  Currently	
  
the	
   project	
   is	
   implementing	
   several	
   nutrient	
   restoration	
   efforts	
   to	
   help	
   mitigate	
   30	
   years	
   of	
   lost	
  
productivity	
  due	
  to	
  Libby	
  Dam	
  hydro	
  operations.	
  

The	
   primary	
   objective	
   of	
   the	
   project	
   has	
   been	
   to	
   address	
   factors	
   limiting	
   key	
   fish	
   species	
   within	
   an	
  
ecosystem	
   perspective.	
   	
   Major	
   project	
   components	
   completed	
   include:	
   establishment	
   of	
   a	
  
comprehensive	
   and	
   thorough	
   biomonitoring	
   program,	
   investigation	
   of	
   ecosystem-­‐level	
   productivity,	
  
testing	
  the	
  feasibility	
  of	
  a	
  large-­‐scale	
  Kootenai	
  River	
  nutrient	
  addition	
  experiment,	
  the	
  rehabilitation	
  of	
  
key	
   Kootenai	
   River	
   spawning	
   and	
   rearing	
   tributaries,	
   the	
   provision	
   of	
   funding	
   for	
   the	
   Canadian	
  
government	
  for	
  nutrient	
  enrichment	
  and	
  monitoring	
  in	
  Kootenay	
  Lake,	
  providing	
  written	
  summaries	
  of	
  
all	
   research	
   activities,	
   and,	
   holding	
   an	
   annual	
  workshop	
  with	
   other	
   agencies	
   to	
   discuss	
  management,	
  
research,	
  and	
  monitoring	
  strategies	
  related	
  to	
  Kootenai	
  River	
  basin	
  activities.	
  	
  	
  

A	
  portion	
  of	
   this	
  project	
   is	
   jointly	
   implemented	
  by	
   the	
  Kootenai	
  Tribe	
  and	
   IDFG	
   (the	
  nutrient	
  addition	
  
component	
  for	
  the	
  river	
   is	
  a	
  shared	
  responsibility	
  between	
  the	
  agencies).	
   	
  The	
  Tribe	
   is	
   responsible	
   for	
  
the	
  monitoring	
  of	
  lower	
  trophic	
  levels	
  (water	
  quality,	
  algae	
  and	
  invertebrates)	
  while	
  IDFG	
  is	
  responsible	
  
for	
  fish	
  community	
  data	
  collections	
  and	
  analyses	
  associated	
  with	
  nutrient	
  addition	
  in	
  the	
  Kootenai	
  River.	
  	
  
Additionally,	
   the	
   Tribe	
   purchases	
   the	
   nutrient	
   supply	
   on	
   an	
   annual	
   basis	
   and	
   IDFG	
   is	
   responsible	
   for	
  
nutrient	
  site	
  day-­‐to-­‐day	
  management	
  activities.	
  	
  IDFG,	
  the	
  BC	
  Ministry,	
  and	
  the	
  Tribe	
  coordinate	
  to	
  hold	
  
an	
   annual	
   2-­‐day	
   workshop	
   centering	
   largely	
   around	
   the	
   nutrient	
   restoration	
   efforts	
   on	
   the	
   Kootenai	
  
River	
  and	
  Kootenay	
  Lake,	
  referred	
  to	
  as	
  the	
  IKERT	
  meeting.	
  	
  	
  

Addition	
  of	
  nutrients	
  in	
  the	
  Canyon	
  Reach	
  of	
  the	
  Kootenai	
  River	
  and	
  in	
  the	
  south	
  arm	
  of	
  Kootenay	
  Lake	
  
(where	
  Kootenai	
  River	
  discharges	
   into	
   the	
  Lake)	
   in	
  Canada	
  are	
  being	
  used	
  as	
  a	
  mitigative	
  approach	
  to	
  
addressing	
  nutrient	
   losses.	
   	
  Nutrient	
  addition	
  of	
   this	
   type	
  are	
  not	
  possible	
   in	
   the	
  Meander	
  Reaches	
  of	
  
the	
   Kootenai	
   River	
   because	
   critical	
   environmental	
   conditions	
   that	
   allow	
   for	
   significant	
   primary	
  
productivity	
   (i.e.,	
   clear,	
   shallow	
   water,	
   rocky	
   substrates)	
   are	
   not	
   present	
   in	
   this	
   reach.	
   	
   However,	
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nutrient	
   effects,	
   such	
   as	
   organic	
   matter	
   spiraling	
   from	
   the	
   upriver	
   nutrient	
   addition	
   zone,	
   and	
   fish	
  
migrations,	
   such	
   as	
   kokanee	
   spawner	
   returns	
   from	
   Kootenay	
   Lake,	
   will	
   likely	
   augment	
   trophic	
  
productivity	
   in	
   the	
   Meander	
   Reach	
   over	
   time.	
   	
   Nutrient	
   additions	
   in	
   the	
   Canyon	
   reach	
   have	
   helped	
  
reestablish	
  the	
  food	
  web	
  in	
  the	
  Canyon	
  and	
  further	
  downstream	
  into	
  the	
  Braided	
  Reach	
  (to	
  a	
  somewhat	
  
lesser	
   degree,	
   but	
   still	
   significant)	
   since	
   inception	
   in	
   2005.	
   	
   The	
   Tribe	
   anticipates	
   that	
   Canyon	
   Reach	
  
nutrient	
   addition	
   will	
   compliment	
   habitat	
   restoration	
   work	
   implemented	
   through	
   Project	
   No.	
  
200200200	
  in	
  the	
  Braided	
  	
  and	
  Straight	
  Reaches.	
  	
  	
  

The	
  large-­‐scale	
  biomonitoring	
  program	
  associated	
  with	
  this	
  project	
  covers	
  approximately	
  235	
  kilometers	
  
(km)	
  of	
  the	
  Kootenai	
  River	
  and	
  key	
  tributaries.	
  	
  This	
  biomonitoring	
  program	
  is	
  designed	
  to	
  be	
  sensitive	
  
to	
   water	
   borne	
   nutrients,	
   species	
   and	
   community	
   level	
   responses	
   within	
   the	
   water	
   chemistry,	
   algal,	
  
macroinvertebrate,	
  and	
  fish	
  communities.	
  	
  In	
  addition,	
  the	
  project	
  developed	
  a	
  fine-­‐scale	
  biomonitoring	
  
program	
   in	
   2005,	
   specifically	
   to	
  monitor	
   the	
   effectiveness	
   of	
   the	
   nutrient	
   addition	
   experiment	
   in	
   the	
  
Kootenai	
  River.	
   	
  This	
   targeted	
  monitoring	
  project	
   is	
  collecting	
  data	
  on	
  algae	
  species	
  dynamics	
  and	
  key	
  
water	
  chemistry	
  parameters	
   in	
  the	
  heart	
  of	
  the	
  nutrient	
  addition	
  zone	
  to	
  provide	
  managers	
  with	
  fine-­‐
scale	
  information	
  for	
  adaptive	
  management	
  of	
  the	
  nutrient	
  project	
  on	
  a	
  timely	
  basis.	
  	
  

The	
   biomonitoring	
   program	
   provides	
   critical	
   monitoring	
   data	
   to	
   help	
   measure	
   and	
   evaluate	
   the	
  
biological	
   response	
   of	
   habitat	
   restoration	
   actions	
   conducted	
   under	
   BPA	
   project	
   nos.	
   200200200	
   and	
  
200200800	
  as	
  well	
  as	
  supporting	
  the	
  Tribe’s	
  conservation	
  aquaculture	
  program.	
  	
  Data	
  gathered	
  through	
  
this	
   biomonitoring	
   program	
   will	
   also	
   be	
   critical	
   to	
   implementation	
   of	
   the	
   Kootenai	
   River	
   Habitat	
  
Restoration	
  Program	
  adaptive	
  management	
  plan	
  and	
  the	
  Tribe’s	
  subbasin-­‐scale	
  adaptive	
  management	
  
plan.	
  	
  	
  	
  

The	
  Tribe	
  began	
  a	
  multi-­‐year	
  stream	
  habitat/biota	
  survey	
  of	
  lower	
  Kootenai	
  River	
  tributaries	
  (between	
  
Bonners	
  Ferry	
  and	
  Porthill,	
  Idaho)	
  in	
  2000.	
  	
  Similar	
  to	
  efforts	
  in	
  the	
  Kootenai	
  River,	
  an	
  ecosystem-­‐based	
  
perspective	
   has	
   been	
   used	
   in	
   development	
   of	
   monitoring	
   plans	
   and	
   restoration	
   work	
   in	
   tributaries.	
  	
  
Streams	
  where	
  historical	
  kokanee	
  salmon	
  spawning	
  has	
  occurred	
  were	
  given	
  top	
  priority	
  in	
  the	
  selection	
  
of	
  tributaries	
  segments	
  to	
  be	
  restored.	
  	
  The	
  critical	
  stream	
  segments	
  this	
  project	
  has	
  and	
  will	
  continue	
  
to	
   focus	
  on	
  are	
   the	
  area	
  near	
   the	
   confluence	
  of	
   several	
   key	
   tributaries	
  with	
   the	
  Kootenai	
  River	
  on	
   its	
  
historical	
   floodplain.	
   	
   This	
   tributary	
   restoration	
   work	
   and	
   the	
   kokanee	
   response	
   is	
   an	
   important	
  
component	
   of	
   larger-­‐scale	
   efforts	
   to	
   enhance	
   the	
   Kootenai	
   River	
   food	
  web.	
   This	
   project	
   addresses	
   in	
  
river	
   conditions	
   only	
   i.e.,	
   work	
   is	
   targeted	
   to	
   the	
   aquatic	
   ecosystem	
  within	
   the	
   confines	
   of	
   the	
   river	
  
banks,	
  for	
  the	
  most	
  part	
  (some	
  tributary	
  riparian	
  work	
  has	
  occurred	
  and	
  is	
  planned).	
  	
  

Analysis	
   is	
   ongoing	
   to	
   assess	
   effects	
   of	
   nutrient	
   addition	
   on	
   condition,	
   growth,	
   and	
   survival	
   of	
   post-­‐
release	
   juvenile	
   sturgeon	
   before	
   and	
   after	
   the	
   onset	
   nutrient	
   addition.	
   	
   The	
   Kootenai	
   River	
   has	
   now	
  
undergone	
   5	
   years	
   of	
   experimental	
   nutrient	
   addition	
   in	
   a	
   reach	
   at	
   the	
   Idaho-­‐Montana	
   border.	
   	
   A	
  
significant	
   response	
  has	
   been	
   confirmed	
  by	
   analysis	
   of	
   pre-­‐	
   and	
  post-­‐fertilization	
   nutrient	
   availability,	
  
algae	
   abundance,	
   chlorophyll	
   accrual	
   rates,	
   invertebrate	
   biomass,	
   diversity,	
   and	
   richness,	
   and	
  
recruitment	
  and	
  size	
  of	
   juvenile	
  mountain	
  whitefish	
   	
  (Holderman	
  et	
  al	
  2009a,	
  Holderman	
  et	
  al.	
  2009b;	
  
Ericksen	
  et	
  al.	
  2009;	
  Shafii	
  et	
  al.	
  2010).	
  	
  	
  

Statistically	
   significant	
   (p<0.05)	
   increases	
   in	
   biological	
   productivity	
   have	
   also	
   been	
   documented	
   in	
  
portions	
  of	
  the	
  Kootenai	
  River	
  where	
  nutrients	
  have	
  been	
  added	
  since	
  2005.	
  	
  Kootenay	
  Lake	
  fertilization	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  63	
  

has	
   also	
   stimulated	
   a	
   biological	
   response	
   that	
   has	
   been	
   successfully	
  managed	
   since	
   the	
   early	
   1990s.	
  	
  
Significant	
   positive	
   trophic	
   level	
   responses	
   have	
   also	
   been	
   documented	
   in	
   Kootenay	
   Lake	
   following	
  
annual	
  fertilization	
  which	
  began	
  in	
  the	
  North	
  Arm	
  in	
  1991	
  and	
  in	
  the	
  South	
  Arm	
  during	
  2004	
  (Ashley	
  and	
  
Thompson	
  1993;	
  Schindler	
  et	
  al.	
  2010).	
  	
  	
  

Kokanee	
  Restoration	
  

Kokanee	
   restoration	
   efforts	
   have	
   significantly	
   increased	
   annual	
   returns	
   to	
   the	
   Kootenai	
   River	
   and	
  
tributaries.	
   	
   Kokanee	
   will	
   be	
   an	
   important	
   part	
   of	
   the	
   food	
   web	
   for	
   the	
   sturgeon	
   population	
   and	
   in	
  
addition,	
  will	
  provide	
  a	
  general	
  indicator	
  of	
  improving	
  ecosystem	
  health.	
  

A	
  population	
  of	
  kokanee	
  which	
  historically	
  migrated	
  from	
  the	
  South	
  Arm	
  of	
  Kootenay	
  Lake	
  into	
  Kootenai	
  
River	
   tributaries	
   to	
   spawn	
  was	
   largely	
   extirpated	
   due	
   to	
   the	
   loss	
   of	
   spawning	
   habitat	
   and	
   declines	
   in	
  
productivity	
   and	
   food	
   availability	
   in	
   Kootenay	
   Lake	
   (Ashley	
   and	
   Thompson	
   1993).	
   	
   This	
   kokanee	
  
population	
  has	
  begun	
  to	
  rebuild	
  due	
  to	
  restocking	
  and	
  nutrient	
  supplementation	
  efforts	
  (Anders	
  et	
  al.	
  
2007;	
  Ericksen	
  et	
  al.	
  2009).	
  	
  	
  

Kokanee	
  abundance	
  and	
  escapement	
  has	
  increased	
  from	
  a	
  low	
  in	
  the	
  hundreds	
  of	
  thousands	
  to	
  recent	
  
escapment	
  estimates	
  of	
  millions	
  and	
  abundance	
  estimates	
  in	
  the	
  tens	
  of	
  millions.	
  	
  Substantial	
  increases	
  
in	
  kokanee	
  escapement	
  to	
  seven	
  lower	
  Kootenai	
  River	
  tributaries	
  were	
  documented	
  in	
  2007	
  and	
  2008.	
  	
  
Substantial	
   kokanee	
  escapement	
  was	
   also	
   reported	
   in	
   2009	
  and	
  2010.	
   	
   In	
   2011,	
   counts	
  of	
   over	
   1,000	
  
kokanee	
  were	
  recorded	
  for	
  just	
  one	
  stream	
  (pers.	
  comm.,	
  Chris	
  Lewandowski,	
  KTOI	
  Hatchery	
  Manager,	
  
Sept.	
  27,	
  2011).	
  

5.7 Stochastic	
  Processes	
  
The	
  ISRP	
  noted	
  that	
  studies	
  on	
  sturgeons	
  in	
  natural	
  settings	
  suggest	
  that	
  there	
  may	
  be	
  big	
  differences	
  in	
  
year	
  class	
  strength,	
  and	
  that	
  for	
  a	
  variety	
  of	
  reasons,	
  it	
  may	
  not	
  be	
  optimal	
  to	
  have	
  every	
  year	
  class	
  be	
  
“strong”	
   and	
   of	
   the	
   same	
   approximate	
   size.	
   	
   In	
   fact,	
   the	
   reproductive	
   and	
   life	
   history	
   strategies	
   of	
  
sturgeons	
   can	
   provide	
   long-­‐term	
   population	
   sustainability	
   in	
   the	
   face	
   of	
  missing	
   year	
   classes	
   or	
   even	
  
periods	
  of	
  missing	
  year	
  classes.	
  	
  However,	
  the	
  protracted	
  recruitment	
  failure	
  in	
  the	
  Kootenai	
  River	
  has	
  
created	
   a	
   very	
   large	
   hole	
   in	
   the	
   current	
   population	
   structure.	
   	
   Failing	
   to	
   incorporate	
   as	
  much	
   of	
   the	
  
remaining	
   genetic	
   and	
   life	
   history	
   diversity	
  would	
   be	
   inconsistent	
  with	
   the	
   stated	
   goals	
   and	
   inherent	
  
approach	
   of	
   the	
   Tribe’s	
   program.	
   	
   The	
   current	
   production	
   strategy	
   is	
   to	
   support	
   significant	
   annual	
  
production	
  to	
  compensate	
  for	
  this	
  unnatural,	
  extended	
  period	
  of	
  recruitment	
  failure.	
  	
  

Stochastic	
   analysis	
   suggested	
   by	
   the	
   ISRP	
   is	
   a	
   commonly	
   used	
   approach	
   in	
   conservation	
   biology	
   to	
  
evaluate	
   the	
   chances	
   that	
   a	
   population	
   might	
   “bottom	
   out”	
   due	
   to	
   combined	
   effects	
   of	
   reduced	
  
productivity	
   and	
   normal	
   environmental	
   variation.	
   	
   These	
   Population	
   Viability	
   Analyses,	
   or	
   PVAs,	
   have	
  
been	
  widely	
  applied	
  to	
  salmon	
  (Beamesderfer	
  2010)	
  but	
  are	
  used	
   less	
   frequently	
   for	
  sturgeon.	
   	
  These	
  
models	
  very	
  effectively	
  consider	
  the	
  status	
  of	
  listed	
  salmon	
  populations	
  in	
  a	
  risk-­‐based	
  framework	
  based	
  
on	
   the	
   interaction	
   of	
   low	
   numbers	
   and	
   productivity	
   with	
   environmentally-­‐mediated	
   variability	
   in	
  
recruitment	
  and	
  survival.	
   	
  Stochasticity	
   is	
  an	
  essential	
  element	
   in	
  the	
  salmon	
   life	
  cycle	
  and	
  population	
  
viability	
  cannot	
  be	
  effectively	
  evaluated	
  without	
  models	
  that	
  incorporate	
  stochastic	
  processes.	
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Stochastic	
   models	
   have	
   been	
   employed	
   for	
   population	
   viability	
   analysis	
   of	
   a	
   variety	
   of	
   sturgeon	
  
populations	
   (Jager	
   2001,	
   2005,	
   2006a,	
   2006b;	
   Jager	
   et	
   al.	
   2001,	
   2010;	
   Paragamian	
   and	
  Hansen	
   2008;	
  
Schueller	
   and	
  Hayes	
   2011;	
   ODFW	
   2011).	
   	
   Jager	
   (2001,	
   2005,	
   2006a,	
   2006b)	
   used	
   an	
   individual-­‐based	
  
stochastic	
   population	
  model	
   to	
   explore	
   the	
   effects	
   of	
   river	
   fragmentation	
   and	
   individual	
   variation	
   on	
  
risks	
  for	
  sturgeon.	
  	
  Paragamian	
  and	
  Hansen	
  (2008)	
  also	
  used	
  a	
  PVA	
  approach	
  to	
  evaluate	
  the	
  effects	
  of	
  
episodic	
  natural	
   recruitment	
  on	
  sturgeon	
  demographics.	
   	
  However,	
   this	
  approach	
  offers	
   limited	
  utility	
  
when	
  applied	
  to	
  Kootenai	
  River	
  sturgeon,	
  for	
  which	
  annual	
  natural	
  recruitment	
  at	
  the	
  population	
  level	
  
(to	
  maturity)	
  has	
  been	
  zero	
  since	
  the	
  late	
  1950s	
  to	
  early	
  1960s	
  (Paragamian	
  et	
  al.	
  2005).	
  	
  

These	
   analyses	
   have	
   been	
   most	
   useful	
   for	
   evaluating	
   the	
   relative	
   influence	
   of	
   different	
   parameters,	
  
assumptions	
   and	
   actions	
   on	
   risk,	
   but	
   have	
   also	
   demonstrated	
   that	
   absolute	
   estimates	
   of	
   risk	
   depend	
  
strongly	
  on	
  speculative	
  underlying	
  assumptions	
  regarding	
  depensatory	
  thresholds.	
  	
  Flather	
  et	
  al.	
  (2011)	
  
highlighted	
   the	
   difficulties	
   inherent	
   in	
   applying	
   generic	
   threshold	
   values	
   to	
   the	
   development	
   of	
  MVP	
  
sizes.	
   	
   Morris	
   and	
   Doak	
   (2002)	
   further	
   emphasized	
   the	
   limitations	
   of	
   stochastic	
   population	
   viability	
  
analysis	
   when	
   too	
   few	
   data	
   are	
   available	
   upon	
   which	
   to	
   base	
   quantitative	
   assessments	
   and	
   when	
  
models	
   omit	
   many	
   ecological,	
   economic,	
   and	
   political	
   factors	
   that	
   can	
   affect	
   population	
   viability.	
  	
  
Absolute	
   estimates	
   of	
   risk	
   hinge	
   on	
   arbitrary	
   decisions	
   regarding	
   what	
   risk	
   level	
   is	
   acceptable,	
   what	
  
population	
  thresholds	
  pose	
  risk,	
  and	
  over	
  what	
  length	
  of	
  time	
  risks	
  should	
  be	
  considered.	
  	
  These	
  models	
  
are	
  most	
  robust	
  in	
  relative	
  comparisons	
  of	
  the	
  effects	
  of	
  different	
  conditions	
  or	
  parameters	
  on	
  risk.	
  	
  	
  

Conventional	
  PVAs	
  of	
   the	
  effects	
  of	
  environmental	
  variability	
  on	
  population	
  cycles	
  are	
  not	
  particularly	
  
informative	
  for	
  Kootenai	
  sturgeon	
  where	
  the	
  problem	
  is	
  not	
  variable	
  recruitment,	
  but	
  no	
  recruitment.	
  	
  
Long-­‐term	
   trends	
   in	
   sturgeon	
   populations	
   with	
   large	
   overlap	
   in	
   the	
   age	
   structure	
   of	
   successive	
  
generations	
  are	
  essentially	
  driven	
  by	
  long-­‐term	
  trends	
  and	
  averages	
  in	
  recruitment	
  and	
  mortality	
  rather	
  
than	
   annual	
   patterns	
   of	
   variability.	
   	
   Where	
   annual	
   patterns	
   cause	
   large	
   and	
   risky	
   fluctuations	
   in	
  
abundance	
   of	
   impaired	
   salmon	
   populations,	
   sturgeon	
   populations	
   are	
   very	
   well-­‐buffered	
   from	
   the	
  
effects	
  of	
  short-­‐term	
  variability.	
  	
  This	
  is	
  the	
  cornerstone	
  of	
  the	
  successful	
  sturgeon	
  life	
  history	
  strategy;	
  
however,	
  the	
  cost	
  of	
  this	
  life	
  history	
  strategy	
  is	
  that	
  populations	
  that	
  take	
  a	
  long	
  time	
  to	
  go	
  extinct	
  also	
  
take	
  a	
  long	
  time	
  to	
  recover.	
  

Because	
   of	
   their	
   longevity	
   and	
   delayed	
  mortality,	
   the	
   viability	
   of	
   sturgeon	
   populations	
   over	
   the	
   long-­‐
term	
  is	
  relatively	
  insensitive	
  to	
  normal	
  annual	
  variation	
  in	
  demographic	
  parameters.	
  	
  Variation	
  tends	
  to	
  
average	
  out	
  over	
  the	
  long-­‐term,	
  producing	
  population	
  trajectories	
  and	
  risk	
  estimates	
  that	
  are	
  essentially	
  
the	
  same	
  in	
  stochastic	
  and	
  deterministic	
  models.	
  	
  While	
  there	
  may	
  be	
  hypothetical	
  circumstances	
  where	
  
stochastic	
  models	
  and	
  deterministic	
  models	
  produce	
  different	
  results	
  –	
  for	
  instance,	
  where	
  recruitment	
  
consists	
   of	
   periodic	
   large	
   year	
   classes	
   –	
   that	
   is	
   not	
   the	
   situation	
   in	
   the	
   Kootenai.	
   	
  We	
   expect	
   that	
   a	
  
stochastic	
  population	
  analysis	
  would	
  highlight	
   the	
  point	
   that	
   it	
   is	
   not	
  necessary	
   to	
  produce	
   fish	
  every	
  
year	
   in	
  order	
  to	
  forestall	
  extinction	
  if	
  demographic	
  extinction	
  is	
  the	
  primary	
  metric.	
   	
  The	
  particulars	
  of	
  
what	
   risk	
   level	
   is	
   associated	
   with	
   what	
   level	
   of	
   production	
   and	
   variability	
   would	
   depend	
   on	
  
parameterization	
   of	
   the	
   simulation.	
   	
   Since	
   we	
   currently	
   have	
   no	
   significant	
   natural	
   recruitment	
   and	
  
variability	
   is	
   essentially	
   zero,	
   the	
   purpose	
   of	
   this	
   analysis	
   would	
   be	
   largely	
   to	
   illustrate	
   the	
   concept	
  
rather	
  than	
  to	
  provide	
  any	
  specific	
  guidance.	
  	
  	
  

Extinction	
  probabilities	
  in	
  stochastic	
  risk	
  models	
  are	
  typically	
  a	
  function	
  of	
  variability	
  (stochasticity)	
  and	
  
generation	
  times.	
   	
  High	
  extinction	
  probabilities	
  are	
  associated	
  with	
  high	
  variability,	
  shorter	
  generation	
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times,	
   and	
   low	
   overlap	
   in	
   cohorts.	
   	
   Meaningful	
   calculations	
   of	
   risk	
   typically	
   require	
   simulations	
   over	
  
multiple	
  generations.	
   	
   In	
  salmon	
  for	
   instance,	
  many	
  PVAs	
  are	
  currently	
  based	
  on	
  100-­‐year	
  simulations	
  
that	
  include	
  20	
  or	
  more	
  salmon	
  generations.	
  	
  A	
  particular	
  problem	
  with	
  application	
  and	
  interpretation	
  of	
  
these	
  models	
   to	
   sturgeon	
   is	
   the	
  need	
   to	
   calculate	
   risks	
   over	
  multiple	
   generations.	
   	
  Multiple	
   sturgeon	
  
generations	
  might	
   typically	
   span	
   several	
   hundred	
   years.	
   	
   A	
   comparable	
   time	
   calculation	
   for	
   sturgeon	
  
would	
  be	
  500	
  years	
  at	
  a	
  25-­‐year	
  generation	
  time.	
  	
  However,	
  simulations	
  must	
  also	
  represent	
  conditions	
  
throughout	
  the	
  period	
  of	
  interest	
  and	
  it	
  would	
  be	
  difficult	
  to	
  argue	
  that	
  we	
  can	
  realistically	
  parameterize	
  
conditions	
   for	
   the	
   next	
   five	
   centuries,	
   as	
   this	
   approach	
  would	
   suggest.	
   	
   Simulations	
   for	
   this	
   duration	
  
would	
   entail	
   critical	
   assumptions	
   regarding	
   future	
   conditions	
   far	
   beyond	
   our	
   ability	
   to	
   reasonably	
  
represent	
  corresponding	
  uncertainties.	
  	
  	
  

Rather	
   than	
   employing	
   a	
   stochastic	
   PVA	
   approach	
   like	
   that	
   suggested	
   by	
   the	
   ISRP,	
   we	
   identified	
  
production	
   targets	
   for	
   this	
   program	
   based	
   on	
   a	
   series	
   of	
   deterministic	
  model	
   projections	
   focused	
   on	
  
time-­‐specific	
  risks.	
  	
  Risks	
  are	
  compartmentalized	
  into	
  specific	
  periods,	
  which	
  is	
  an	
  effective	
  alternative	
  to	
  
the	
  problem	
  of	
  unstable	
  population	
  patterns	
  addressed	
  by	
  the	
  PVA.	
  	
  This	
  approach	
  includes	
  sensitivity	
  
analyses	
  of	
  the	
  effects	
  of	
  alternative	
  assumptions	
  that	
  reflect	
  the	
  uncertainty	
   in	
  population	
  parameter	
  
estimates.	
  	
  	
  

In	
   the	
   course	
   of	
   reviewing	
   the	
   literature	
   on	
   stochastic	
   and	
   deterministic	
   modeling,	
   we	
   evaluated	
   an	
  
intriguing	
  and	
  potentially	
  useful	
  alternative	
   to	
  conventional	
  PVA	
   type	
  modeling	
   for	
   sturgeon,	
  using	
  an	
  
individual-­‐based	
  approach	
  like	
  that	
  of	
  Jager	
  (2001,	
  2005)	
  and	
  Schueller	
  and	
  Hayes	
  (2011).	
  	
  This	
  approach	
  
considers	
  the	
  effects	
  of	
  individual	
  variability	
  on	
  genetic	
  and	
  demographic	
  questions	
  related	
  to	
  sturgeon	
  
aquaculture.	
   	
   We	
   are	
   currently	
   exploring	
   development	
   and	
   application	
   of	
   this	
   approach	
   to	
   Kootenai	
  
sturgeon	
   and	
   expect	
   to	
   implement	
   this	
   approach	
   in	
   the	
   future.	
   	
  We	
   are	
   in	
   the	
   process	
   of	
   adapting	
   a	
  
stochastic	
   individual-­‐based	
  model	
  for	
  Kootenai	
  sturgeon.	
   	
  However,	
  model	
  analyses	
  will	
  be	
  focused	
  on	
  
the	
  effects	
  of	
   individual	
  variability	
  on	
  population	
  dynamics	
  and	
  risk.	
   	
   In	
  particular,	
  we	
  anticipate	
  using	
  
this	
  approach	
  to	
  evaluate	
  effects	
  of	
  various	
  hatchery	
  production	
  and	
  mating	
  alternatives	
  on	
  genetic	
  and	
  
demographic	
  population	
  structure.	
  

5.8 Long-­‐term	
  Viability	
  of	
  Hatchery	
  Strategy	
  
The	
  conservation	
  aquaculture	
  program	
   is	
   intended	
   to	
  be	
  an	
   interim	
  strategy	
  until	
  natural	
   recruitment	
  
can	
  be	
  restored.	
  	
  The	
  period	
  of	
  hatchery	
  need	
  has	
  proven	
  to	
  be	
  a	
  lot	
  longer	
  than	
  was	
  originally	
  hoped	
  
and	
  the	
  program	
  has	
  been	
  adapted	
  in	
  response	
  to	
  the	
  continuing	
  need.	
  	
  However,	
  significant	
  questions	
  
remain	
   regarding	
   the	
   potential	
   for	
   inadvertent	
   hatchery	
   selection	
   over	
   the	
   long	
   term.	
   	
   The	
   practical	
  
limitations	
  of	
  hatchery	
  production	
  mean	
  that	
  no	
  program	
  can	
  completely	
  mirror	
  natural	
  processes	
  and	
  
the	
  corresponding	
  risks	
  to	
  continuing	
  natural	
  population	
  viability	
  can	
  be	
  expected	
  to	
  increase	
  the	
  longer	
  
the	
  hatchery	
  must	
  be	
  employed.	
  

The	
   present	
   hatchery	
   protocols	
   relax	
   natural	
   selection	
   on	
   many	
   important	
   behavioral	
   traits	
   allowing	
  
many	
   individuals	
   to	
  survive	
  that	
  would	
  not	
   in	
   the	
  wild	
   (B.	
  Kynard,	
  personal	
  communication).	
   	
  This	
  can	
  
lead	
  to	
  a	
  general	
  decrease	
   in	
  diversity	
  of	
  traits	
  and	
  a	
   lowering	
  of	
  population	
  "fitness"	
  and	
  a	
   long-­‐term	
  
failure	
  of	
  the	
  enhancement	
  program.	
  	
  Brannon	
  (1993)	
  noted	
  that	
  "The	
  failure	
  to	
  account	
  for	
  the	
  natural	
  
range	
  of	
  species-­‐specific	
   life	
  history	
  trait	
  expressions	
  and	
  behaviors	
   in	
  the	
  hatchery	
  can	
  jeopardize	
  the	
  
success	
  of	
  any	
  hatchery	
  program.”	
  	
  Brannon	
  (1993)	
  further	
  suggested	
  that	
  if	
  hatchery	
  programs	
  neglect	
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the	
   requirements	
   of	
   natural	
   populations,	
   and	
   therefore	
   the	
   traits	
   they	
   possess	
   that	
   allow	
   them	
   to	
  
synchronize	
   their	
   life	
   history	
   with	
   specific	
   environmental	
   constraints,	
   failure	
   is	
   all	
   but	
   certain.	
   	
   Thus,	
  
well-­‐designed	
   conservation	
   aquaculture	
   programs	
   should	
   focus	
   on	
   hatchery	
   protocols	
   and	
   facility	
  
designs	
  and	
  operations	
  that	
  best	
  mimic	
  and	
  complement	
  natural	
  reproductive	
  and	
  life	
  history	
  attributes	
  
of	
  the	
  target	
  species	
  and	
  the	
  adaptive	
  and	
  evolutionary	
  benefits	
  of	
  those	
  attributes.	
  	
  

Hatchery	
   protocols	
   that	
   start	
   with	
   mate	
   selection	
   and	
   spawning	
   (particularly,	
   the	
   egg	
   fertilization	
  
environment)	
   is	
   where	
   natural	
   selection	
   begins	
   to	
   operate	
   on	
   the	
   next	
   generation	
   to	
   produce	
   "fit",	
  
genetically-­‐diverse	
  individuals.	
  	
  The	
  current	
  program	
  employs	
  protocols	
  during	
  this	
  period	
  and	
  the	
  early	
  
rearing	
  environment	
  for	
  free	
  embryos,	
  larvae,	
  early	
  juveniles	
  that	
  are	
  essentially	
  the	
  same	
  as	
  those	
  used	
  
in	
   commercial	
   production	
  of	
   young	
   sturgeon	
   that	
  will	
   not	
  be	
   released	
   to	
   any	
   river.	
   	
   Kynard	
   (personal	
  
communication)	
  suggests	
  that	
  if	
  the	
  program	
  wants	
  to	
  produce	
  fit,	
  diverse	
  individuals	
  for	
  conservation	
  
stocking,	
   the	
  early	
   rearing	
  procedures	
   in	
   the	
  hatchery	
   should	
  be	
  different	
   from	
  commercial	
   protocols	
  
and	
  reflect,	
  as	
  much	
  as	
  possible,	
   the	
  natural	
  environment,	
  so	
  selection	
  can	
  operate	
  to	
  produce	
  young	
  
sturgeon	
  with	
  the	
  genetic	
  and	
  behavioral	
  diversity	
  most	
  similar	
  to	
  wild	
  fish.	
   	
  Kynard	
  hypothesizes	
  that	
  
changes	
   to	
   the	
   hatchery	
   protocols	
   may	
   reduce	
   the	
   number	
   of	
   individuals	
   produced,	
   but	
   the	
   few	
  
individuals	
   produced	
   will	
   be	
   more	
   fit	
   than	
   the	
   previous	
   thousands	
   released	
   and	
   better	
   reflect	
   the	
  
genetic	
  and	
  behavioral	
  diversity	
  needed	
  for	
  supplementation	
  or	
  restoration	
  of	
  a	
  wild	
  population.	
  	
  	
  

Kynard	
  et	
  al.	
  (2010)	
  have	
  demonstrated	
  the	
  use	
  of	
  a	
  semi-­‐natural	
  stream	
  for	
  spawning,	
  incubation	
  and	
  
rearing	
  of	
  shortnose	
  sturgeon	
  at	
  a	
   limited	
  scale.	
   	
   Initial	
  plans	
   for	
   the	
  new	
  Kootenai	
  sturgeon	
  hatchery	
  
contemplated	
   the	
   feasibility	
   of	
   developing	
   similar	
   systems	
   for	
   application	
   to	
  white	
   sturgeon.	
   	
   At	
   this	
  
time,	
  these	
  systems	
  have	
  been	
  assigned	
  a	
  lower	
  priority	
  for	
  development	
  given	
  the	
  experimental	
  nature	
  
of	
  the	
  associated	
  protocols.	
  	
  Of	
  particular	
  concern	
  is	
  the	
  potential	
  for	
  elevated	
  mortality	
  in	
  an	
  unproven	
  
semi-­‐natural	
   system.	
   	
   At	
   this	
   time,	
   the	
   most	
   precautionary	
   strategy	
   would	
   appear	
   to	
   be	
   avoiding	
  
potentially	
   selective	
   survival	
   through	
   the	
   hatchery	
   system.	
   	
   The	
   Tribe	
   will	
   continue	
   to	
   work	
   with	
  
interested	
  parties	
  to	
  explore	
  and	
  develop	
  more	
  natural	
  spawning,	
  incubation	
  and	
  rearing	
  conditions.	
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6 MONITORING	
  AND	
  EVALUATION	
  
6.1 True	
  Adaptive	
  Management	
  
Kootenai	
   sturgeon	
   conservation	
   and	
   recovery	
   efforts	
   continue	
   to	
   face	
   daunting	
   challenges	
   and	
  
uncertainties.	
   	
  We	
  do	
  not	
  know	
   if	
  and	
  when	
  natural	
   recruitment	
  will	
  be	
   restored,	
  how	
   long	
   the	
  aging	
  
wild	
  population	
  will	
   remain	
   reproductive,	
  and	
  whether	
  hatchery-­‐reared	
   fish	
  will	
  ultimately	
   spawn	
  and	
  
recruit	
   successfully	
   in	
   the	
   wild.	
   	
   We	
   also	
   don’t	
   know	
   if	
   returning	
   to	
   a	
   yearling	
   release	
   strategy	
   will	
  
improve	
  hatchery	
  sturgeon	
  survival	
  from	
  recent	
  low	
  rates,	
  where	
  future	
  density-­‐related	
  limitations	
  may	
  
reduce	
   survival	
   of	
   older	
   sturgeon,	
   or	
   to	
  what	
   extent	
   future	
   habitat	
   productivity	
  may	
   be	
   improved	
   by	
  
nutrient	
  enrichment	
  and	
  habitat	
  restoration	
  actions.	
  	
  

The	
   Tribe	
   has	
   attempted	
   to	
   use	
   the	
   best	
   available	
   science	
   to	
   identify	
   and	
   qualify	
   potential	
   risks	
   and	
  
benefits	
  associated	
  with	
  these	
  important	
  demographic	
  issues.	
  	
  However,	
  the	
  best	
  available	
  science	
  and	
  
our	
  understanding	
  of	
  the	
  system	
  is	
  currently	
  limited.	
  	
  In	
  many	
  cases,	
  the	
  relative	
  magnitudes	
  of	
  risks	
  and	
  
benefits,	
   and	
   associated	
   response	
   curves	
   and	
   thresholds	
   can	
   be	
   modeled,	
   but	
   are	
   impossible	
   to	
  
accurately	
  predict.	
   	
  While	
  the	
  Kootenai	
  sturgeon	
  conservation	
  and	
  recovery	
  effort	
  has	
  made	
  strides	
   in	
  
avoiding	
   near-­‐term	
   extinction,	
   the	
   history	
   has	
   also	
   been	
   confounded	
   with	
   unresolvable	
   arguments	
  
involving	
  value	
  judgments	
  of	
  relative	
  risks	
  and	
  responses	
  based	
  on	
  opinion.	
  	
  	
  

Rather	
   than	
  pursing	
  a	
   speculative	
   reductionist	
   approach	
   to	
  key	
  uncertainties,	
   the	
  Program	
  supports	
   a	
  
“true”	
  or	
   active	
  adaptive	
  management	
   strategy	
   involving	
  a	
   systematic,	
   rigorous	
  approach	
   for	
   learning	
  
through	
  designing	
  management	
  actions	
  as	
  experiments.14	
  	
  True	
  adaptive	
  management	
  is	
  an	
  appropriate	
  
strategy	
  when	
  uncertainty	
  is	
  high,	
  risks	
  are	
  acceptable	
  or	
  reversible,	
  and	
  answers	
  can	
  be	
  obtained	
  in	
  a	
  
reasonable	
  time	
  frame	
  (Marmorek	
  2011).	
  	
  Far	
  from	
  “trial	
  and	
  error”,	
  this	
  involves	
  a	
  structured,	
  iterative	
  
process	
  designed	
  to	
  support	
  optimal	
  decision	
  making	
  in	
  the	
  face	
  of	
  uncertainty,	
  with	
  an	
  aim	
  to	
  reducing	
  
uncertainty	
   over	
   time	
   by	
   learning	
   via	
   experimental	
  management	
   and	
   system	
  monitoring	
   as	
   originally	
  
conceived	
  by	
  Holling	
  (1978)	
  and	
  Walters	
  (1986)	
  and	
  reiterated	
  by	
  Ludwig	
  and	
  Walters	
  (2002).	
  

With	
  Kootenai	
  sturgeon,	
  we	
  are	
  presented	
  with	
  the	
  rare	
  opportunity	
  to	
  manage	
  fish	
  recovery	
  in	
  a	
  truly	
  
adaptive	
  fashion	
  involving	
  large	
  scale	
  implementation,	
  monitoring	
  and	
  evaluation	
  of	
  actions	
  to	
  test	
  the	
  
limits	
   of	
   the	
   system	
  and	
   to	
  monitor	
   the	
   response(s).	
   	
   This	
   approach	
   has	
   already	
   proven	
   successful	
   in	
  
identifying	
  critical	
  new	
  information	
  during	
  the	
  initial	
  20	
  years	
  of	
  the	
  program.	
  	
  Research	
  and	
  monitoring	
  
efforts	
   have	
   produced	
   a	
   number	
   of	
   surprises,	
   each	
   with	
   significant	
   implications	
   for	
   recovery.	
   	
   For	
  
instance,	
   age	
   validation	
   studies	
   showed	
   that	
   the	
   wild	
   fish	
   are	
   substantially	
   older	
   than	
   previously	
  
thought,	
  which	
   led	
   to	
   reassessing	
   the	
   importance	
  of	
  non-­‐flow-­‐related	
   (pre-­‐dam)	
  habitat	
   requirements	
  
and	
   the	
  nature,	
   timing	
   and	
   causes	
  of	
   natural	
   recruitment	
   failure.	
   	
  Monitoring	
  post-­‐release	
   survival	
   of	
  
hatchery-­‐reared	
   fish	
   identified	
   a	
   second	
   critical	
   life	
   history	
   bottleneck	
   at	
   the	
   YOY	
   stage	
   that	
   may	
  
constrain	
  our	
  ability	
   to	
  restore	
  natural	
   recruitment	
   (Justice	
  et	
  al.	
  2009).	
   	
  Expanded	
  sampling	
  efforts	
   in	
  
Kootenay	
  Lake	
  demonstrated	
  that	
  the	
  wild	
  population	
  is	
  larger	
  than	
  previously	
  estimated	
  but	
  that	
  many	
  
of	
   these	
  fish	
  rarely	
  appear	
  to	
  participate	
   in	
  spawning	
  (Beamesderfer	
  et	
  al.	
  2012a).	
   	
  And	
  finally,	
   recent	
  
sampling	
   in	
  Montana	
  has	
   found	
   large	
   juvenile	
  hatchery	
   fish	
  dispersing	
   into	
  upstream	
  riverine	
  habitats	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
14	
  “True”	
  adaptive	
  management	
  is	
  contrasted	
  with	
  “pretend”	
  or	
  passive	
  adaptive	
  management	
  which	
  involves	
  
implementation	
  of	
  a	
  project,	
  monitoring,	
  and	
  adaptation	
  if	
  problems	
  are	
  evident.	
  	
  The	
  latter	
  strategy	
  is	
  generally	
  
effective	
  only	
  when	
  you	
  know	
  where	
  you	
  stand,	
  where	
  you	
  want	
  to	
  go,	
  how	
  to	
  get	
  there,	
  and	
  uncertainty	
  is	
  low.	
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(Stephens	
  et	
  al.	
  2010;	
  Stephens	
  and	
  Sylvester	
  2011)	
  which	
  might	
  be	
  much	
  more	
  conducive	
  to	
  successful	
  
reproduction	
  when	
  those	
  fish	
  reach	
  sexual	
  maturity.	
  

Current	
  plans	
   reflect	
   our	
  best	
   attempt	
   to	
   implement	
   an	
  effective	
  precautionary	
   sturgeon	
  aquaculture	
  
program.	
   	
   However,	
   experience	
   has	
   demonstrated	
   that	
   surprises	
   and	
   course	
   adjustments	
   will	
   be	
  
inevitable.	
   	
  The	
  hallmark	
  of	
   the	
  Kootenai	
   sturgeon	
  recovery	
  effort	
  has	
  been	
   its	
  effective	
  experimental	
  
adaptive	
   approach.	
   	
   Over	
   its	
   brief	
   history,	
   the	
   program	
   has	
   evolved	
   in	
   response	
   to	
   new	
   data,	
  
information,	
  and	
  changing	
  demands.	
  	
  New	
  information	
  and	
  evaluations	
  have	
  characterized	
  the	
  sturgeon	
  
conservation	
   and	
   recovery	
   effort	
   in	
   the	
   face	
   of	
   very	
   large	
   uncertainty	
   regarding	
   limiting	
   factors	
   and	
  
effective	
  remedies.	
  	
  Program	
  needs	
  will	
  also	
  change	
  over	
  the	
  course	
  of	
  the	
  recovery	
  effort	
  in	
  response	
  
to	
  risks	
  encountered	
  at	
  various	
  stages.	
  	
  We	
  have	
  every	
  reason	
  to	
  expect	
  this	
  pattern	
  to	
  continue	
  for	
  the	
  
duration	
   of	
   the	
   recovery	
   effort.	
   	
   The	
   additional	
   facility,	
   along	
   with	
   upgrades	
   of	
   the	
   Kootenai	
   Tribal	
  
Sturgeon	
   Hatchery,	
   will	
   provide	
   the	
   flexibility	
   in	
   space,	
   systems	
   and	
   water	
   necessary	
   to	
   continue	
   to	
  
implement	
  this	
  program	
  in	
  an	
  effective	
  adaptive	
  manner.	
  	
  	
  

Implementation	
   of	
   a	
   truly	
   adaptive	
   management	
   approach	
   for	
   Kootenai	
   sturgeon	
   will	
   continue	
   to	
  
involve:	
   1)	
   aggressive,	
   informed	
   use	
   of	
   hatchery	
   production	
   to	
   inform	
   recovery	
   strategies	
   by	
  
experimentally	
  evaluating	
  system	
  dynamics	
  and	
  limitations,	
  and	
  2)	
  implementation	
  of	
  a	
  comprehensive	
  
monitoring	
  and	
  evaluation	
  program	
   involving	
  explicit	
   test	
  hypotheses,	
  quantitative	
  benchmarks,	
  and	
  a	
  
decision	
  pathway	
   for	
  program	
  adjustments.	
   	
   This	
   effort	
  will	
   continue	
   to	
  be	
   implemented	
   through	
   the	
  
cooperative	
  efforts	
  of	
  the	
  Kootenai	
  Tribe,	
  IDFG,	
  and	
  other	
  co-­‐managers	
  and	
  will	
  be	
  formalized	
  through	
  
the	
  In-­‐season	
  Management	
  Procedure	
  (ISMP)	
  and	
  Annual	
  Production	
  Review	
  (APR)	
  structured	
  decision	
  
framework	
  described	
  in	
  the	
  Step	
  2	
  document	
  and	
  in	
  the	
  Kootenai	
  sturgeon	
  monitoring	
  and	
  evaluation	
  
plan	
  (Appendix	
  B	
  of	
  the	
  Step	
  2	
  document).	
  	
  

6.2 Decision	
  Framework	
  
The	
   Kootenai	
   sturgeon	
   conservation	
   aquaculture	
   program	
  will	
   include	
   checkpoints	
   and	
   evaluations	
   at	
  
periodic,	
   scheduled	
   intervals	
  as	
  part	
  of	
   the	
   ISMP	
  and	
  APR	
  that	
  are	
  overseen	
  by	
  the	
  Kootenai	
  Tribe,	
  as	
  
well	
  as	
  coordination	
  with	
  the	
  USFWS	
  led	
  Kootenai	
  River	
  White	
  Sturgeon	
  Recovery	
  Team.	
  	
  Figure	
  16	
  and	
  
Box	
  2	
  detail	
  a	
  decision	
  pathway	
  for	
  adaptively	
  managing	
  the	
  conservation	
  aquaculture	
  program	
  based	
  
on	
  monitoring	
  and	
  evaluation	
  of	
  wild	
  and	
  hatchery-­‐origin	
  sturgeon.	
  	
  	
  

Key	
   decision	
   points	
   for	
   the	
   sturgeon	
   program	
  might	
   be	
   triggered	
   by	
   the	
   restoration,	
   frequency,	
   and	
  
magnitude	
   of	
   natural	
   recruitment,	
   changes	
   in	
   spawning	
   distribution	
   following	
   habitat	
   restoration	
  
activities,	
   identification	
  of	
  effective	
  alternatives	
  such	
  as	
   larval	
   releases,	
  unavailable	
  or	
  senescent	
   (non-­‐
reproducting)	
   broodstock,	
   strong	
   density-­‐dependent	
   habitat	
   limitations,	
   or	
   delayed	
   maturation	
   of	
  
hatchery-­‐origin	
  fish	
  	
  

Program	
  termination	
  or	
  large	
  substantive	
  changes	
  in	
  program	
  objectives	
  and	
  activities	
  will	
  be	
  driven	
  by	
  
monitoring	
  and	
  evaluation	
  of	
  the	
  system	
  responses.	
  	
  Termination	
  can	
  be	
  triggered	
  by	
  either	
  success	
  or	
  
failure.	
  	
  Programs	
  will	
  be	
  terminated	
  when	
  and	
  if:	
  	
  	
  

• Productive	
  naturally	
  self-­‐sustaining	
  populations	
  of	
  white	
  sturgeon	
  are	
  restored	
  in	
  the	
  Kootenai	
  
system	
  (e.g.,	
  recovery	
  criteria	
  identified	
  in	
  Box	
  1	
  are	
  met).	
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• Conservation	
  aquaculture	
  activities	
  significantly	
  interfere	
  with	
  or	
  otherwise	
  preclude	
  restoration	
  
of	
  productive	
  naturally	
  self-­‐sustaining	
  populations	
  of	
  white	
  sturgeon	
  in	
  the	
  Kootenai	
  system.	
  

• Conservation	
   and	
   restoration	
   objectives	
   (as	
   in	
   Box	
   2)	
   cannot	
   be	
   substantively	
   achieved	
   and	
  
programs	
  cannot	
  be	
  reasonably	
  adapted	
  to	
  achieve	
  objectives.	
  

• Benefits	
   prove	
   to	
   be	
   marginal	
   and	
   adaptations	
   prove	
   cost-­‐prohibitive	
   relative	
   to	
   program	
  
objectives.	
  

It	
   is	
   currently	
   difficult	
   to	
   foresee	
   which	
   specific	
   factors,	
   conditions	
   or	
   metrics	
   might	
   trigger	
   a	
  
fundamental	
  reconsideration	
  of	
  the	
  conservation	
  aquaculture	
  program	
  for	
  sturgeon.	
  	
  It	
  is	
  expected	
  that	
  
program	
   objectives	
   and	
   activities	
   will	
   continue	
   to	
   be	
   refined	
   throughout	
   their	
   duration	
   based	
   on	
  
evolving	
  conditions	
  and	
  new	
  information.	
  	
  	
  

	
  

	
  

Figure	
  16.	
   Monitoring	
  and	
  evaluation	
  decision	
  tree	
  for	
  the	
  Kootenai	
  sturgeon	
  conservation	
  
aquaculture	
  program.	
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Box	
  2.	
  	
   Decision	
   pathway	
   guiding	
   future	
  monitoring	
   and	
   implementation	
   of	
   the	
   Kootenai	
   sturgeon	
  
aquaculture	
  program.	
  

Question	
  1:	
  	
   	
  Has	
  substantial	
  natural	
  recruitment	
  occurred?	
  
Metrics:	
  	
   Number/percentage	
  of	
  unmarked	
  fish	
  in	
  juvenile	
  sampling	
  program.	
  	
  
Response:	
  	
   Re-­‐evaluate	
   appropriate	
   level	
   of	
   hatchery	
   supplementation	
   based	
   on	
   frequency	
   and	
  

magnitude	
  of	
  natural	
  recruitment.	
  	
  

Question	
  2:	
   Has	
   the	
   wild	
   spawning	
   distribution	
   shifted	
   to	
   upstream	
   areas	
   of	
   potentially	
   more	
  
suitable	
  spawning	
  habitat?	
  

Metrics:	
  	
   Telemetry	
  data	
  on	
  movements	
  of	
  mature	
  fish	
  during	
  spawning	
  periods.	
  	
  
Response:	
  	
   Re-­‐evaluate	
  whether	
  wild	
  broodstock,	
   if	
   limited,	
  are	
  best	
  employed	
   in	
   the	
  wild	
  or	
   the	
  

hatchery.	
  	
  

Question	
  3:	
   Are	
  wild	
  spawner	
  numbers	
  adequate	
  to	
  continue	
  to	
  provide	
  hatchery	
  broodstock?	
  
Metrics:	
  	
   Catch	
  per	
  unit	
  effort,	
  annual	
  number	
  of	
  broodstock	
  collected,	
  percentage	
  of	
  previously-­‐

unspawned	
  individuals	
  in	
  annual	
  adult	
  sampling	
  program	
  
Response:	
  	
   Consider	
  modification	
   of	
   broodstock	
   collection	
   program	
   numbers,	
   need	
   for	
   extended	
  

broodstock	
   holding,	
   or	
   reduction	
   in	
   program	
   based	
   on	
   cost/benefit	
   analysis	
   and	
  
progress	
  toward	
  objectives.	
  

Question	
  4:	
   Are	
  broodstock	
  numbers	
  and	
  mating	
  strategies	
  adequate	
  to	
  optimize	
  genetic	
  diversity?	
  
Metrics:	
  	
   Effective	
  population	
  size	
  based	
  on	
  broodstock	
  numbers,	
  representation	
  of	
  genetic	
  types	
  

in	
  broodstock	
  	
  
Response:	
  	
   	
  Consider	
  increasing	
  or	
  decreasing	
  annual	
  broodstock	
  numbers	
  as	
  appropriate.	
  

Question	
  5:	
   Has	
   survival,	
   growth	
   or	
   condition	
   of	
   age	
   1	
   or	
   older	
   juveniles	
   declined	
   substantially	
   in	
  
response	
  to	
  increasing	
  density?	
  

Metrics:	
  	
   Annual	
   survival	
   and	
   growth	
   rates	
   estimated	
  with	
  mark-­‐recapture	
   data	
   from	
   juvenile	
  
monitoring	
   program.	
   	
   Condition	
   estimated	
   from	
   length-­‐weight	
   relationship.	
   Size	
   and	
  
age	
  at	
  maturation	
  and	
  reproductive	
  periodicity	
  of	
  hatchery-­‐origin	
  fish.	
  

Response:	
  	
   	
  Consider	
   reductions	
   in	
   annual	
   releases,	
   changes	
   in	
   release	
   distribution,	
   changes	
   in	
  
family	
   sizes,	
   rearing	
   fish	
   to	
   a	
   larger	
   size	
   to	
   avoid	
   size-­‐specific	
   limitations,	
   and	
   fish	
  
removal	
   to	
   reduce	
   biomass	
   as	
   appropriate	
   based	
   on	
   risk/benefit	
   calculation	
   and	
  
progress	
  toward	
  objectives.	
  

Question	
  6:	
   Has	
   juvenile	
   sturgeon	
   distribution	
   or	
   behavior	
   changed	
   substantially	
   in	
   response	
   to	
  
increasing	
  density?	
  

Metrics:	
  	
   Catch	
  per	
  unit	
  effort	
  by	
  area,	
  movement	
  data	
  from	
  tagged	
  fish.	
  
Response:	
  	
   Weigh	
   relative	
   benefits	
   of	
   expanded	
   distribution	
   versus	
   detriments	
   of	
   increased	
  

competition	
  in	
  considering	
  program	
  modifications.	
  	
  

Question	
  7:	
   Are	
  there	
  other	
  new	
  data,	
  information	
  or	
  developments	
  that	
  warrant	
  consideration?	
  
Metrics:	
  	
   Associated	
  with	
  habitat,	
  nutrient	
  and	
  other	
  species	
  monitoring	
  efforts.	
  
Response:	
  	
   	
  Program	
  refinements	
  as	
  appropriate.	
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6.3 Quantitative	
  Benchmarks	
  
Three	
   levels	
   of	
   quantitative	
   benchmarks	
   are	
   identified	
   for	
   the	
   sturgeon	
   conservation	
   aquaculture	
  
program:	
  

Working	
  population	
  objectives	
   identified	
   in	
  Box	
  1	
   (page	
  11)	
   serve	
  as	
   interim	
   recovery	
  objectives.	
  	
  
Criteria	
   have	
   been	
   identified	
   consistent	
   with	
   characteristics	
   of	
   a	
   viable	
   sturgeon	
   population,	
  
including	
   abundance,	
   productivity,	
   distribution,	
   diversity,	
   and	
   other	
   purposes	
   including	
   harvest.	
  	
  
Quantitative	
   objectives	
   are	
   identified	
   for	
   abundance	
   (minimum	
   of	
   2,500	
   adults).	
   	
   Qualitative	
  
objectives	
  are	
   identified	
   for	
  other	
  attributes	
  where	
  data	
  and	
   information	
  are	
  not	
  yet	
  sufficient	
  to	
  
determine	
   specific	
   quantitative	
   values.	
   	
   The	
   Kootenai	
   Sturgeon	
   Recovery	
   Team	
   is	
   expected	
   to	
  
develop	
  more	
  explicit	
  quantitative	
  objectives	
  as	
  part	
  of	
  a	
  planned	
  revision	
  of	
  the	
  Recovery	
  Plan.	
  

Production	
  targets	
  presented	
  in	
  Table	
  6	
  (page	
  28)	
  identify	
  numbers	
  of	
  broodstock,	
  families,	
  family	
  
size,	
   size	
   at	
   release,	
   and	
   annual	
   releases	
   developed	
   consistent	
   with	
   working	
   criteria	
   to	
   guide	
  
hatchery	
   planning	
   and	
   operations.	
   	
   These	
   numbers	
   are	
   based	
   on	
   working	
   recovery	
   criteria	
   and	
  
provide	
  the	
  basis	
  for	
  facility	
  designs	
  for	
  the	
  Kootenai	
  sturgeon	
  conservation	
  aquaculture	
  program.	
  

Population	
   Benchmarks	
   provide	
   reference	
   values	
   for	
  monitoring	
   and	
   evaluating	
   progress	
   toward	
  
recovery	
  criteria	
  achieved	
  by	
  current	
  production	
  targets.	
   	
  Benchmarks	
  identify	
  quantitative	
  values	
  
for	
   key	
   population	
   attributes	
   (Table	
   9).	
   	
   Targets	
   for	
   wild	
   fish	
   identify	
   desired	
   values	
   based	
   on	
  
recovery	
   objectives.	
   	
   Targets	
   for	
   hatchery	
   fish	
   identify	
   baseline	
   values	
   from	
   current	
   information.	
  	
  
Triggers	
   identify	
   values	
   that	
   warrant	
   reconsideration	
   and	
   possible	
   adjustment	
   of	
   hatchery	
  
production	
   targets	
  under	
   the	
  adaptive	
  management	
   framework	
   for	
   the	
   conservation	
  aquaculture	
  
program.	
  	
  

	
  

Table	
  9.	
   Benchmarks	
  for	
  monitoring	
  the	
  Kootenai	
  sturgeon	
  population	
  response	
  to	
  recovery	
  
measures.	
  

Attribute	
   Target	
   Trigger	
  
Adult	
  abundance	
   >2,500-­‐10,000	
   2,500	
  
Trend	
  in	
  adult	
  abundance	
  (annual	
  rate	
  of	
  increase)	
   Increasing	
  or	
  stable	
  slope	
   Decreasing	
  slope	
  
Wild	
  age	
  structure	
  (%	
  of	
  population	
  age	
  25	
  and	
  greater)	
   30%	
  <	
  N	
  <	
  50%a	
   <30%	
  or	
  >	
  50%	
  
Wild	
  recruitment	
  @	
  age	
  1	
  (annual	
  avg.)	
   To	
  be	
  determined	
  b	
  
Hatchery	
  broodstock	
  number	
  (adults	
  per	
  generation)	
   ≥	
  1,000	
   <	
  900	
  
First	
  year	
  survival	
  (age	
  1	
  hatchery	
  fish)	
   ≥	
  25%	
  c	
   <	
  25%	
  
Survival	
  ages	
  2-­‐5	
  (hatchery	
  fish	
  post	
  release)	
   ≥	
  95%	
  d	
   <	
  95%d	
  
Growth	
  rate	
  (age	
  1-­‐5	
  hatchery	
  fish)	
   ≥	
  6	
  cm/yr	
  d	
   <	
  6	
  cm/yr	
  
Condition	
  factor	
  (Wr,	
  relative	
  weight)	
   ≥	
  95%	
  e	
   <	
  95%	
  
Juvenile	
  sample	
  rate	
  (annual	
  capture	
  probability)	
   ≥	
  5%	
  d	
   <5%	
  
Spawner	
  distribution	
  (%	
  of	
  tagged	
  spawners	
  upstream	
  
from	
  Hwy	
  95	
  bridge)	
  

≥	
  40%	
  e	
   <40%	
  

a	
  Based	
  on	
  stable	
  equilibrium	
  levels	
  in	
  Paragamian	
  et	
  al.	
  (2005)	
  model	
  simulations.	
  
b	
  To	
  be	
  determined	
  based	
  on	
  realized	
  survival	
  rates	
  that	
  produce	
  adult	
  targets.	
  
c	
  Minimum	
  of	
  1999-­‐2003	
  annual	
  estimates	
  for	
  age	
  1	
  and	
  1+	
  releases	
  of	
  comparable	
  size	
  to	
  current	
  practice	
  
(Beamesderfer	
  et	
  al.	
  2012a)	
  

d	
  Based	
  on	
  baseline	
  values	
  reported	
  in	
  Beamesderfer	
  et	
  al.	
  (2012a)	
  
e	
  Criteria	
  defined	
  in	
  the	
  amended	
  2006	
  Libby	
  Dam	
  Biological	
  Opinion	
  (USFWS	
  2006)	
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6.4 Implementation	
  
Kootenai	
  sturgeon	
  recovery	
  efforts	
  are	
  subject	
  to	
  a	
  comprehensive	
  monitoring	
  program	
  (Appendix	
  B	
  of	
  
the	
   Step	
   2	
   document)	
   designed	
   to	
   evaluate	
   population	
   status	
   in	
   the	
   wild	
   and	
   the	
   effectiveness	
   of	
  
recovery	
  actions	
  including	
  aquaculture,	
  flow	
  and	
  habitat	
  measures.	
  	
  Field	
  monitoring	
  components	
  of	
  this	
  
program	
  are	
  cooperatively	
  implemented	
  by	
  the	
  Kootenai	
  Tribe,	
  IDFG,	
  and	
  the	
  BC	
  Ministry.	
  

The	
   Kootenai	
   Tribe	
   will	
   be	
   responsible	
   for	
   general	
   administration,	
   hatchery	
   production,	
   and	
   the	
  
execution	
  of	
  a	
  four-­‐step	
  ISMP	
  that	
  will	
  guide	
  the	
  conservation	
  aquaculture	
  program.	
   	
   IDFG	
  and	
  the	
  BC	
  
Ministry	
  will	
  conduct	
  field	
  sampling	
  within	
  the	
  respective	
  countries.	
  	
  Implementation	
  of	
  the	
  monitoring	
  
and	
  evaluation	
  plan	
  will	
   create	
  a	
   self-­‐correcting	
   in-­‐season	
  management	
  process	
   that	
   invites	
   input	
  and	
  
participation	
   from	
   all	
   cooperating	
   agencies	
   to	
   ensure	
   that	
   hatchery	
   production,	
   management,	
   and	
  
habitat	
   goals	
   are	
   compatible	
   with	
   established	
   conservation	
   goals.	
   	
   Each	
   year	
   before	
   decisions	
   about	
  
broodstock	
  management,	
  gamete	
  collection,	
  production	
  goals,	
  release	
  strategy,	
  harvest,	
  and	
  monitoring	
  
and	
  evaluation	
  activities	
  for	
  the	
  coming	
  year	
  are	
  made,	
  an	
  APR	
  will	
  be	
  conducted	
  through	
  a	
  workshop	
  
sponsored	
  by	
  the	
  Tribe.	
  	
  All	
  cooperating	
  agencies	
  and	
  stakeholders	
  will	
  be	
  urged	
  to	
  participate.	
  	
  	
  

The	
  Step	
  1	
  Master	
  Plan	
  describes	
  monitoring	
  and	
  evaluation	
  elements	
  specific	
  to	
  implementation	
  of	
  the	
  
conservation	
   aquaculture	
   program.	
   	
   The	
   Step	
   2	
   document	
   provides	
   more	
   detailed	
   monitoring	
   and	
  
evaluation	
  plans	
  for	
  the	
  conservation	
  aquaculture	
  program.	
  	
  Monitoring	
  and	
  evaluation	
  of	
  the	
  broader	
  
program	
  context	
  is	
  addressed	
  by	
  elements	
  described	
  in	
  the	
  USFWS	
  Recovery	
  Plan,	
  the	
  current	
  recovery	
  
implementation	
  plan	
  and	
  schedule	
  (KTOI	
  2005),	
  and	
  other	
  project-­‐specific	
  plans	
  including	
  the	
  Kootenai	
  
River	
   Habitat	
   Resoration	
   Master	
   Plan	
   (KTOI	
   2009).	
   	
   The	
   Tribe	
   is	
   also	
   currently	
   in	
   the	
   process	
   of	
  
developing	
   a	
   subbasin-­‐scale	
   adaptive	
   management	
   plan	
   that	
   will	
   link	
   all	
   of	
   the	
   Tribe’s	
   programs.	
  	
  
Additionally,	
   the	
   ISRP	
  requested	
  the	
  that	
  Tribe	
  work	
  with	
   IDFG	
  to	
  develop	
  a	
  synthesis	
  of	
   the	
  sturgeon	
  
related	
   projects	
   that	
   have	
   been	
   implemented	
   in	
   the	
   Kootenai	
   subbasin	
   by	
   the	
   Tribe	
   and	
   IDFG.	
  	
  
Additional	
  details	
  on	
  the	
  monitoring	
  and	
  evaluation	
  (M&E)	
  tasks	
  and	
  methods	
  may	
  be	
  found	
  in	
  separate	
  
M&E	
  plan	
  documents15	
  for	
  Kootenai	
  sturgeon	
  (Anders	
  et	
  al.	
  2012)	
  and	
  burbot	
  (Young	
  2012).	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
15	
  The	
  M&E	
  plans	
  for	
  sturgeon	
  and	
  burbot	
  are	
  presented	
  as	
  Appendix	
  A	
  and	
  Appendix	
  B,	
  respectively,	
  of	
  the	
  Step	
  2	
  
document.	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  73	
  

7 REFERENCES	
  
Anders,	
  P.J.	
  	
  1998.	
  	
  Conservation	
  aquaculture	
  and	
  endangered	
  species:	
  Can	
  objective	
  science	
  prevail	
  

over	
  risk	
  anxiety?	
  	
  Fisheries	
  Vol.	
  23(11):	
  28-­‐31.	
  

Anders,	
  P.J.	
  	
  2004.	
  	
  Don’t	
  save	
  sturgeon	
  with	
  salmon	
  hatcheries:	
  Life	
  history	
  matters.	
  	
  In:	
  Proceedings	
  of	
  
55th	
  Annual	
  Northwest	
  Fish	
  Culture	
  Conference.	
  	
  December	
  7-­‐9,	
  Victoria,	
  British	
  Columbia.	
  	
  

Anders,	
  P.J.,	
  and	
  M.S.	
  Powell.	
  	
  2002a.	
  	
  Geographic	
  and	
  frequency	
  distribution	
  of	
  control	
  region	
  length	
  
variation	
  in	
  the	
  mitochondrial	
  genome	
  of	
  white	
  sturgeon	
  (Acipenser	
  transmontanus)	
  in	
  the	
  
Columbia	
  River	
  Basin.	
  	
  Chapter	
  2	
  (pages	
  41-­‐66)	
  in:	
  Anders,	
  P.J.	
  	
  2002.	
  	
  Conservation	
  Biology	
  of	
  
White	
  Sturgeon.	
  Ph.D.	
  Dissertation,	
  University	
  of	
  Idaho,	
  Aquaculture	
  Research	
  Institute,	
  Center	
  
for	
  Salmonid	
  and	
  Freshwater	
  Species	
  at	
  Risk.	
  	
  Moscow,	
  ID.	
  221	
  pp.	
  

Anders,	
  P.J.,	
  and	
  M.S.	
  Powell.	
  	
  2002b.	
  	
  Population	
  structure	
  and	
  mtDNA	
  diversity	
  in	
  North	
  American	
  
white	
  sturgeon	
  Acipenser	
  transmontanus):	
  An	
  empirical	
  expansive	
  gene	
  flow	
  model.	
  Chapter	
  3	
  
(pages	
  67-­‐116)	
  In:	
  Anders,	
  P.J.	
  	
  2002.	
  	
  Conservation	
  Biology	
  of	
  White	
  Sturgeon.	
  	
  Ph.D.	
  
Dissertation,	
  University	
  of	
  Idaho,	
  Aquaculture	
  Research	
  Institute,	
  Center	
  for	
  Salmonid	
  and	
  
Freshwater	
  Species	
  at	
  Risk.	
  	
  Moscow,	
  ID.	
  221	
  pp.	
  

Anders,	
  P.J.,	
  D.L.	
  Richards,	
  and	
  M.S.	
  Powell.	
  	
  2002.	
  	
  The	
  First	
  Endangered	
  White	
  Sturgeon	
  Population	
  
(Acipenser	
  transmontanus):	
  Repercussions	
  in	
  an	
  Altered	
  Large	
  River-­‐floodplain	
  Ecosystem.	
  	
  
Pages	
  67-­‐82	
  in:	
  W.	
  Van	
  Winkle,	
  P.	
  Anders,	
  D.	
  Dixon,	
  and	
  D.	
  Secor,	
  eds.	
  	
  Biology,	
  Management	
  
and	
  Protection	
  of	
  North	
  American	
  Sturgeons.	
  	
  American	
  Fisheries	
  Society	
  Symposium	
  28.	
  

Anders,	
  P.,	
  W.	
  Van	
  Winkle,	
  and	
  L.	
  Hildebrand.	
  	
  2004.	
  	
  How	
  much	
  is	
  enough?	
  	
  Assessing	
  stock	
  limitation	
  in	
  
empirical	
  white	
  sturgeon	
  populations	
  in	
  the	
  US	
  and	
  Canada.	
  	
  Page	
  74	
  in:	
  Proceedings	
  from	
  the	
  143rd	
  
Annual	
  Meeting	
  of	
  the	
  American	
  Fisheries	
  Society.	
  	
  Madison,	
  WI,	
  August	
  22-­‐26,	
  2004.	
  

Anders,	
  P.,	
  J.	
  Faler,	
  H.	
  Andrusak	
  and	
  C.	
  Holderman.	
  	
  2007.	
  	
  Initial	
  microsatellite	
  analysis	
  of	
  kokanee	
  
(Oncorhynchus	
  nerka)	
  population	
  structure	
  in	
  the	
  Kootenai/y	
  River	
  Basin,	
  Idaho,	
  Montana,	
  and	
  
British	
  Columbia.	
  	
  Report	
  prepared	
  for	
  the	
  Freshwater	
  Fisheries	
  Society	
  of	
  British	
  Columbia.	
  	
  36	
  
pp.	
  www.fishsciences.net/reports/2009/final_kr_kokanee_report.pdf	
  

Anders,	
  P.,	
  R.	
  Beamesderfer,	
  and	
  S.P.	
  Young.	
  	
  2012.	
  	
  Kootenai	
  River	
  native	
  fish	
  conservation	
  aquaculture	
  
program	
  monitoring	
  and	
  evaluation	
  plan	
  for	
  white	
  sturgeon,	
  Acipenser	
  transmontanus.	
  	
  
Kootenai	
  Tribe	
  of	
  Idaho.	
  

Ashley	
  K.,	
  and	
  L.	
  Thompson.	
  	
  1993.	
  	
  Kootenay	
  Lake	
  fertilization	
  experiment,	
  year	
  one	
  (1992/1993)	
  
report.	
  	
  Fisheries	
  Branch,	
  Ministry	
  of	
  Environment,	
  Lands	
  and	
  Parks,	
  University	
  of	
  British	
  Columbia.	
  
Fisheries	
  Project	
  Report	
  No.	
  RD	
  32.	
  52	
  pp.	
  

Beamesderfer,	
  R.	
  	
  2010.	
  	
  Estimation	
  of	
  salmon	
  recovery	
  targets	
  using	
  population	
  viability	
  analysis.	
  	
  
Lower	
  Columbia	
  River	
  Salmon	
  recovery	
  and	
  fish	
  and	
  wildlife	
  subbasin	
  plan.	
  	
  Washington	
  Lower	
  
Columbia	
  River	
  Fish	
  Recovery	
  Board.	
  

Beamesderfer,	
  R.,	
  C.	
  Justice,	
  M.	
  Neufeld,	
  P.	
  Rust,	
  V.	
  Paragamian,	
  and	
  S.	
  Ireland.	
  	
  2009.	
  	
  Kootenai	
  
sturgeon	
  population	
  status	
  update.	
  	
  	
  Draft	
  report	
  to	
  the	
  Kootenai	
  Sturgeon	
  Recovery	
  Team	
  and	
  
Bonneville	
  Power	
  Administration.	
  



Page	
  74	
   Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  

Beamesderfer,	
  R.,	
  C.	
  Justice,	
  T.	
  Garrison,	
  M.	
  Neufeld,	
  P.	
  Rust,	
  and	
  S.	
  Ireland.	
  	
  2012a.	
  	
  Abundance	
  and	
  
survival	
  of	
  endnagered	
  Kootenai	
  River	
  white	
  sturgeon.	
  	
  	
  Report	
  to	
  the	
  Kootenai	
  Sturgeon	
  Recovery	
  
Team	
  and	
  Bonneville	
  Power	
  Administration.	
  	
  In	
  preparation	
  

Beamesderfer,	
  R.,	
  T.	
  Garrison,	
  M.	
  Neufeld,	
  P.	
  Rust,	
  and	
  S.	
  Ireland.	
  	
  2012b.	
  	
  Estimation	
  of	
  survival	
  for	
  
hatchery-­‐reared	
  juvenile	
  sturgeon	
  in	
  the	
  Kootenai	
  River.	
  	
  	
  Report	
  to	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  and	
  
Bonneville	
  Power	
  Administration.	
  	
  In	
  preparation	
  

Bevelhimer,	
  M.S.	
  	
  2002.	
  	
  A	
  bioenergetics	
  model	
  for	
  white	
  sturgeon	
  Acipenser	
  transmontanus:	
  assessing	
  
differences	
  in	
  growth	
  and	
  reproduction	
  among	
  Snake	
  River	
  reaches.	
  	
  J.	
  Appl.	
  Ichthyol.	
  18:550-­‐556.	
  

Bishop,	
  F.G.	
  	
  1975.	
  	
  Observations	
  on	
  the	
  fish	
  fauna	
  of	
  the	
  Peace	
  River	
  in	
  Alberta.	
  	
  Canadian	
  Field-­‐
Naturalist.	
  89;	
  423-­‐430.	
  

Brannon,	
  E.L.	
  	
  1993.	
  	
  The	
  perpetual	
  oversight	
  of	
  hatchery	
  programs.	
  	
  Fishery	
  Research	
  18:19-­‐27.	
  

Canadian	
  Department	
  of	
  Fisheries	
  and	
  Oceans	
  (CDFO).	
  	
  2009.	
  	
  Draft	
  recovery	
  strategy	
  for	
  white	
  
sturgeon.	
  	
  Species	
  at	
  risk	
  act	
  recovery	
  strategy	
  series.	
  

Chapman,	
  D.W.	
  	
  1978.	
  	
  Production	
  in	
  fish	
  populations.	
  	
  Pages	
  5	
  to	
  25	
  in	
  S.	
  D.	
  Gerking,	
  editor.	
  	
  Ecology	
  of	
  
freshwate	
  fish	
  production.	
  	
  Blackwell	
  Scientific,	
  Oxford.	
  

Conte,	
  F.C,	
  S.I.	
  Doroshov,	
  P.B.	
  Lutes,	
  and	
  E.M.	
  Strange.	
  	
  1988.	
  	
  Hatchery	
  manual	
  for	
  the	
  white	
  sturgeon	
  
Acipenser	
  transmontanus	
  Richardson,	
  with	
  application	
  to	
  other	
  North	
  American	
  Acipenseridae.	
  	
  
Cooperative	
  Extension,	
  University	
  of	
  California,	
  Division	
  of	
  Agriculture	
  and	
  Natural	
  Resources.	
  
Publication	
  3322.	
  

Courchamp,	
  F.,	
  T.	
  Clutton-­‐Brock,	
  and	
  B.	
  Grenfell.	
  	
  1999.	
  	
  Inverse	
  density-­‐dependence	
  and	
  the	
  Alee	
  
effect.	
  	
  Trends	
  Ecol.	
  Evolution	
  14:405-­‐410.	
  	
  

Crossman,	
  J.A.,	
  K.T.	
  Scribner,	
  D.T.	
  Yen,	
  C.A.	
  Davis,	
  P.S.	
  Forsythe,	
  and	
  E.A.	
  Baker.	
  	
  2011.	
  	
  Gamete	
  and	
  
larval	
  collection	
  methods	
  and	
  hatchery	
  rearing	
  environments	
  affect	
  levels	
  of	
  genetic	
  diversity	
  in	
  
early	
  life	
  stages	
  of	
  lake	
  sturgeon	
  (Acipenser	
  fulvescens).	
  	
  Aquaculture	
  310:312-­‐324.	
  

Dadswell,	
  M.J.	
  	
  1984.	
  	
  Status	
  of	
  shortnose	
  sturgeon,	
  Acipenser	
  brevirostrum,	
  in	
  Canada.	
  	
  Canadian	
  Field	
  
Naturalist	
  98:75-­‐79.	
  	
  

Drauch	
  Schreier,	
  A.,	
  D.A.	
  Gille,	
  B.	
  Mahardja,	
  and	
  B.	
  May.	
  	
  2011.	
  	
  Neutral	
  markers	
  confirm	
  the	
  octoploid	
  
origin	
  and	
  reveal	
  spontaneous	
  polyploidy	
  in	
  white	
  sturgeon,	
  Acipenser	
  transmontanus.	
  	
  Journal	
  
of	
  Applied	
  Ichthyology	
  27	
  (Suppl	
  2):	
  24-­‐33.	
  

Drauch	
  Schreier,	
  A.,	
  J.	
  Rodzen,	
  S.	
  Ireland,	
  and	
  B.	
  May.	
  	
  2012.	
  	
  Genetic	
  techniques	
  inform	
  conservation	
  
aquaculture	
  of	
  the	
  endangered	
  Kootenai	
  River	
  white	
  sturgeon,	
  Acipenser	
  transmontanus.	
  
Endangered	
  Species	
  Research	
  16:65-­‐75.	
  

Drauch,	
  A.,	
  and	
  B.	
  May.	
  	
  2007.	
  	
  Genetic	
  monitoring	
  of	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  White	
  Sturgeon	
  
Conservation	
  Aquaculture	
  Program.	
  	
  Report	
  prepared	
  for	
  the	
  Kootenai	
  Tribe	
  by	
  the	
  Genomic	
  
Variation	
  Laboratory,	
  University	
  of	
  California-­‐Davis.	
  	
  Davis,	
  CA.	
  

Drauch,	
  A.,	
  and	
  B.	
  May.	
  	
  2008.	
  	
  Genetic	
  Monitoring	
  of	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  White	
  Sturgeon	
  
Conservation	
  Aquaculture	
  Program.	
  	
  Davis,	
  CA.	
  	
  University	
  of	
  California	
  at	
  Davis,	
  Department	
  of	
  
Animal	
  Science,	
  Genomic	
  Variation	
  Laboratory.	
  	
  November	
  2008.	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  75	
  

Drauch,	
  A.,	
  and	
  B.	
  May.	
  	
  2009.	
  	
  Continued	
  Genetic	
  Monitoring	
  of	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  White	
  
Sturgeon	
  Conservation	
  Aquaculture	
  Program.	
  	
  Davis,	
  CA.	
  	
  University	
  of	
  California	
  at	
  Davis,	
  
Department	
  of	
  Animal	
  Science,	
  Genomic	
  Variation	
  Laboratory.	
  	
  November	
  2009.	
  

Dryer,	
  M.P.,	
  and	
  A.J.	
  Sandoval.	
  	
  1993.	
  	
  Pallid	
  sturgeon	
  recovery	
  plan.	
  	
  USWFS	
  Region	
  6,	
  Denver	
  CO.	
  

Duke,	
  S.,	
  P.	
  Anders,	
  G.	
  Ennis,	
  R.	
  Hallock,	
  J.	
  Laufle,	
  R.	
  Lauzier,	
  L.	
  Lockard,	
  B.	
  Marotz,	
  V.	
  Paragamian,	
  and	
  R.	
  
Westerhof.	
  	
  1999.	
  	
  Recovery	
  Plan	
  for	
  Kootenai	
  River	
  White	
  Sturgeon	
  (Acipenser	
  transmontanus).	
  	
  
Journal	
  of	
  Applied	
  Ichthyology,	
  Vol.	
  15:157-­‐163.	
  

Ericksen,	
  R.,	
  P.	
  Anders,	
  J.	
  Siple,	
  and	
  C.	
  Lewandowski.	
  	
  2009.	
  	
  Status	
  of	
  Kokanee	
  Populations	
  in	
  the	
  
Kootenai	
  River	
  in	
  Idaho,	
  Montana,	
  and	
  South	
  Arm	
  Kootenay	
  Lake,	
  British	
  Columbia.	
  	
  Report	
  
prepared	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  and	
  the	
  Bonneville	
  Power	
  Administration.	
  	
  30	
  pp.	
  
(http://www.fishsciences.net/reports/2009/final_kr_kokanee_report.pdf).	
  

Falconer,	
  D.	
  5.	
  	
  1981.	
  	
  Introduction	
  to	
  Quantitative	
  Genetics,	
  2nd	
  Edition.	
  Longman	
  Inc.,	
  London.	
  	
  352	
  
pp.	
  

Flather,	
  C.	
  H.,	
  G.	
  D.	
  Hayward,	
  S.	
  R.	
  Beissinger,	
  and	
  P.	
  A.	
  Stephens.	
  	
  2011.	
  	
  Trends	
  in	
  ecology	
  and	
  
evolution.	
  26:307-­‐316.	
  

Grunwald,	
  C.,	
  L.	
  Maceda,	
  J.	
  Waldman,	
  J.	
  Stabile,	
  and	
  I.	
  Wirgin.	
  	
  2007.	
  	
  Conservation	
  of	
  Atlantic	
  sturgeon	
  
Acipenser	
  oxyrinchus	
  oxyrinchus:	
  delineation	
  of	
  stock	
  structure	
  and	
  distinct	
  population	
  
segments.	
  Conservation	
  Genetics.	
  

Hanson,	
  P.C.,	
  T.B.	
  Johnson,	
  D.E.	
  Schindler,	
  and	
  J.F.	
  Kitchell.	
  	
  1997.	
  	
  Bioenergetics	
  model	
  3.0	
  for	
  Windows.	
  	
  
University	
  of	
  Wisconsin,	
  Sea	
  Grant	
  Institute,	
  Technical	
  Report	
  WISCU-­‐T-­‐97-­‐	
  001,	
  Madison,	
  WI.	
  

Hilborn,	
  R.,	
  and	
  C.	
  J.	
  Walters.	
  	
  1992.	
  	
  Quantitative	
  fisheries	
  stock	
  assessment.	
  	
  Chapman	
  and	
  Hall,	
  New	
  
York.	
  

Holderman,	
  C.,	
  P.	
  Anders,	
  B.	
  Shafii	
  and	
  G.	
  Lester.	
  	
  2009a.	
  	
  Characterization	
  of	
  the	
  Kootenai	
  River	
  aquatic	
  
macroinvertebrate	
  community	
  before	
  and	
  after	
  experimental	
  nutrient	
  addition,	
  2003-­‐2006.	
  	
  Report	
  
to	
  Kootenai	
  Tribe	
  of	
  Idaho	
  and	
  Bonneville	
  Power	
  Administration.	
  94	
  pp.	
  
	
  http://kootenaifwlibrary.org/PDFs/1MIFinal%20KR%20Macroinvert%20Report%202009.pdf	
  

Holderman,	
  C.,	
  P.	
  Anders	
  and	
  B.	
  Shafii.	
  	
  2009b.	
  	
  Characterization	
  of	
  the	
  Kootenai	
  River	
  algae	
  and	
  
periphyton	
  community	
  before	
  and	
  after	
  experimental	
  nutrient	
  addition,	
  2003-­‐2006.	
  	
  Report	
  to	
  
Kootenai	
  Tribe	
  of	
  Idaho	
  and	
  Bonneville	
  Power	
  Administration.	
  	
  76	
  pp.	
  
http://kootenaifwlibrary.org/PDFs/1MIFinal%20KR%20Macroinvert%20Report%202009.pdf	
  

Holderman	
  C.,	
  G.	
  Hoyle,	
  R.	
  Hardy,	
  P.	
  Anders,	
  P.	
  Ward	
  and	
  H.	
  Yassien.	
  	
  2009c.	
  	
  Libby	
  Dam	
  hydro-­‐electric	
  
project	
  mitigation:	
  Efforts	
  for	
  Downstream	
  Ecosystem	
  Restoration.	
  	
  Pages	
  6214-­‐6222	
  In:	
  33rd	
  IAHR	
  
Congress:	
  Water	
  Engineering	
  for	
  a	
  Sustainable	
  Environment.	
  Copyright	
  2009	
  by	
  International	
  
Association	
  of	
  Hydraulic	
  Engineering	
  &	
  Research	
  (IAHR)	
  ISBN:	
  978-­‐94-­‐90365-­‐01-­‐1	
  
(http://www.fishsciences.net/reports/2009/2009_IHAR_Conference_Vancouver_BC.pdf).	
  

Holderman,	
  C.,	
  P.	
  Anders,	
  B.	
  Shafii,	
  and	
  G.	
  Hoyle.	
  	
  2010.	
  	
  Characterization	
  of	
  Kootenai	
  River	
  Water	
  
Quality	
  before	
  and	
  after	
  Experimental	
  Nutrient	
  Addition,	
  2003	
  -­‐	
  2008.	
  	
  Report	
  to	
  the	
  Bonneville	
  
Power	
  Administration,	
  Project	
  No.	
  1994-­‐049-­‐00,	
  Contract	
  No.	
  42614.	
  84	
  pp.	
  	
  



Page	
  76	
   Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  

Holling,	
  C.S.	
  	
  1978.	
  	
  Adaptive	
  environmental	
  assessment	
  and	
  management.	
  	
  Wiley	
  and	
  Sons.	
  	
  New	
  York.	
  

Holtgren,	
  J.M.,	
  Krueger,	
  C.C.,	
  May,	
  B.	
  	
  2010.	
  	
  Genetic	
  guidelines	
  for	
  the	
  stocking	
  of	
  lake	
  sturgeon	
  
(Acipenser	
  fulvescens)	
  in	
  the	
  Great	
  Lakes	
  basin.	
  	
  Great	
  Lakes	
  Fish.	
  Comm.	
  Misc.	
  Publ.	
  2010-­‐01.	
  
www.glfc.org/pubs/SpecialPubs/2010-­‐01.pdf.	
  

Hoyle,	
  G.,	
  P.	
  Anders,	
  B.	
  Shafii,	
  and	
  C.	
  Holderman.	
  	
  2010.	
  	
  Characterization	
  of	
  water	
  chemistry,	
  
chlorophyll	
  accrual	
  and	
  periphyton	
  taxonomy	
  in	
  the	
  Kootenai	
  River	
  during	
  experimental	
  nutrient	
  
addition.	
  	
  Report	
  prepared	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho.	
  	
  69	
  pp	
  

Hung,	
  S.O.	
  and	
  P.B.	
  Lutes.	
  	
  1987.	
  	
  Optimum	
  feeding	
  rate	
  of	
  hatchery-­‐produced	
  juvenile	
  white	
  sturgeon	
  
Acipenser	
  transmontanus	
  at	
  20°	
  C.	
  	
  Aquaculture	
  65:307-­‐317.	
  

Hung,	
  S.O.,	
  P.B.	
  Lutes,	
  F.S.	
  Conte,	
  and	
  T.	
  Storebakken.	
  	
  1989.	
  	
  Growth	
  and	
  feed	
  efficiency	
  of	
  white	
  
sturgeon	
  (Acipenser	
  transmontanus)	
  subyearlings	
  at	
  different	
  feeding	
  rates.	
  	
  Aquaculture	
  80:147-­‐
153.	
  

Hung,	
  S.O.,	
  P.B.	
  Lutes,	
  A.A.	
  Shqueir,	
  and	
  F.S.	
  Conte.	
  	
  1993.	
  	
  Effect	
  of	
  feeding	
  rate	
  and	
  water	
  temperature	
  
on	
  growth	
  of	
  juvenile	
  white	
  sturgeon	
  Acipinser	
  transmontanus.	
  	
  Aquaculture	
  115:297-­‐303..	
  

Ireland,	
  S.C.,	
  P.J.	
  Anders,	
  and	
  J.T.	
  Siple.	
  	
  2002a.	
  	
  Conservation	
  aquaculture:	
  an	
  adaptive	
  approach	
  to	
  
prevent	
  extinction	
  of	
  an	
  endangered	
  white	
  sturgeon	
  population.	
  	
  Pages	
  211-­‐222	
  in	
  W.	
  Van	
  
Winkle,	
  P.	
  Anders,	
  D.	
  H.	
  Secor,	
  and	
  D.	
  Dixon,	
  editors.	
  	
  Biology,	
  Management,	
  and	
  Protection	
  of	
  
North	
  American	
  Sturgeon.	
  American	
  Fisheries	
  Society	
  Symposium	
  28.	
  	
  Bethesda.	
  

Ireland,	
  S.C.,	
  R.C.P.	
  Beamesderfer,	
  V.L.	
  Paragamian,	
  V.D.	
  Wakkinen	
  and	
  J.T.	
  Siple.	
  	
  2002b.	
  	
  Success	
  of	
  
hatchery-­‐reared	
  juvenile	
  white	
  sturgeon	
  (Acipenser	
  transmontanus)	
  following	
  release	
  in	
  the	
  
Kootenai	
  River,	
  Idaho,	
  USA.	
  	
  Journal	
  of	
  Applied	
  Ichthyology	
  18:	
  642-­‐650.	
  	
  	
  

ISAB	
  (Independent	
  Scientific	
  Advisory	
  Board).	
  	
  2011.	
  	
  Columbia	
  River	
  Food	
  Webs:	
  Developing	
  a	
  broader	
  
scientific	
  foundation	
  for	
  fish	
  and	
  wildlife	
  restoration.	
  	
  Northwest	
  Power	
  and	
  Conservation	
  Council	
  
Report	
  ISAB	
  2011-­‐1.	
  	
  http://www.nwcouncil.org/library/isab/2011-­‐1/isab2011-­‐1.pdf.	
  

IUCN	
  (International	
  Union	
  for	
  Conservation	
  of	
  Nature).	
  	
  2001.	
  	
  IUCN	
  Red	
  List	
  Categories	
  and	
  Criteria:	
  
Version	
  3.1.	
  IUCN	
  Species	
  Survival	
  Commission.	
  	
  IUCN,	
  Gland,	
  Switzerland	
  and	
  Cambridge,	
  UK.	
  
http://intranet.iucn.org/webfiles/doc/SSC/RedList/redlistcatsenglish.pdf.	
  

Jager,	
  H.I.	
  	
  2001.	
  	
  Individual	
  variation	
  in	
  life	
  history	
  characteristics	
  can	
  influence	
  extinction	
  risk.	
  	
  
Ecological	
  Modeling	
  144:61-­‐76.	
  

Jager,	
  H.I.	
  	
  2005.	
  	
  Genetic	
  and	
  demographic	
  implications	
  of	
  aquaculture	
  in	
  white	
  sturgeon	
  (Acipenser	
  
transmontanus)	
  conservation.	
  	
  Can.	
  J.	
  Fish.	
  Aquat.	
  Sci.	
  62:	
  1733–1745.	
  

Jager,	
  H.I.	
  	
  2006a.	
  	
  Chutes	
  and	
  ladders	
  and	
  other	
  games	
  we	
  play	
  with	
  rivers.	
  	
  I.	
  Simulated	
  effects	
  of	
  
upstream	
  passage	
  on	
  white	
  sturgeon.	
  	
  Canadian	
  Journal	
  of	
  Fisheries	
  and	
  Aquatic	
  Science	
  63:165-­‐
173.	
  

Jager,	
  H.I.	
  	
  2006b.	
  	
  Chutes	
  and	
  ladders	
  and	
  other	
  games	
  we	
  play	
  with	
  rivers.	
  	
  II.	
  Simulated	
  effects	
  of	
  
translocation	
  on	
  white	
  sturgeon.	
  	
  Canadian	
  Journal	
  of	
  Fisheries	
  and	
  Aquatic	
  Science	
  63:176-­‐185.	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  77	
  

Jager,	
  H.I.,	
  J.A.	
  Chandler,	
  K.B.	
  Lepla,	
  and	
  W.	
  Van	
  Winkle.	
  	
  2001.	
  	
  A	
  theoretical	
  study	
  of	
  river	
  
fragmentation	
  by	
  dams	
  and	
  its	
  effects	
  on	
  white	
  sturgeon	
  populations.	
  	
  Environmental	
  Biology	
  of	
  
Fishes	
  60:347-­‐361.	
  

Jager,	
  H.I.,	
  K.B.	
  Lepla,	
  W.	
  Van	
  Winkle,	
  B.	
  James,	
  and	
  S.O.	
  McAdam.	
  	
  2010.	
  	
  The	
  elusive	
  minimum	
  viable	
  
population	
  size	
  for	
  white	
  sturgeon.	
  	
  Transactions	
  of	
  the	
  American	
  Fisheries	
  Society	
  139:1551-­‐1565.	
  

Justice,	
  C.,	
  B.J.	
  Pyper,	
  R.C.P.	
  Beamesderfer,	
  V.L.	
  Paragamian,	
  P.J.	
  Rust,	
  M.D.	
  Neufeld,	
  and	
  S.C.	
  Ireland.	
  	
  
2009.	
  	
  Evidence	
  of	
  density-­‐	
  and	
  size-­‐dependent	
  mortality	
  in	
  hatchery-­‐reared	
  juvenile	
  white	
  
sturgeon	
  (Acipenser	
  transmontanus)	
  in	
  the	
  Kootenai	
  River.	
  	
  Canadian	
  Journal	
  of	
  Fisheries	
  and	
  
Aquatic	
  Sciences	
  66:802-­‐815.	
  	
  

Kieffer,	
  M.C.,	
  and	
  B.	
  Kynard.	
  	
  1996.	
  Spawning	
  of	
  the	
  shortnose	
  sturgeon	
  in	
  the	
  Merrimack	
  River,	
  
Massachusetts.	
  	
  Transactions	
  of	
  the	
  American	
  Fisheries	
  society	
  125:179-­‐186.	
  

Kincaid,	
  H.	
  	
  1993.	
  	
  Breeding	
  plan	
  to	
  preserve	
  the	
  genetic	
  variability	
  of	
  the	
  Kootenai	
  River	
  white	
  sturgeon.	
  	
  
Report	
  of	
  the	
  U.	
  S.	
  Fish	
  and	
  Wildlife	
  Service	
  to	
  Bonneville	
  Power	
  Administration,	
  Portland,	
  
Oregon.	
  

Kitchell,	
  J.F.,	
  D.J.	
  Stewart,	
  and	
  D.	
  Weininger.	
  	
  1977.	
  	
  Applications	
  of	
  a	
  bioenergetics	
  model	
  to	
  yellow	
  
perch	
  (Perca	
  flavescens)	
  and	
  walleye	
  (Stizostedion	
  vitreum).	
  	
  J.	
  Res.	
  Board.	
  Can.	
  34:1922-­‐1935.	
  

Kock,	
  T.J.,	
  J.	
  Congleton,	
  and	
  P.J.	
  Anders.	
  	
  2006.	
  	
  Effects	
  of	
  Sediment	
  Cover	
  on	
  Survival	
  and	
  Development	
  
of	
  White	
  Sturgeon	
  Embryos.	
  North	
  American	
  Journal	
  of	
  Fisheries	
  Management	
  26:134–141.	
  

KTOI	
  (Kootenai	
  Tribe	
  of	
  Idaho).	
  	
  2004.	
  	
  Anders,	
  P.	
  and	
  R.	
  Beamesderfer,	
  (editors).	
  	
  An	
  Adaptive	
  
Multidisciplinary	
  Conservation	
  Aquaculture	
  Program	
  for	
  the	
  Endangered	
  Kootenai	
  River	
  White	
  
Sturgeon	
  Population.	
  	
  Draft	
  Hatchery	
  Management	
  Plan	
  prepared	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  
Idaho.	
  S.	
  P.	
  Cramer	
  and	
  Associates,	
  Moscow,	
  ID.	
  56	
  pp.	
  

KTOI.	
  	
  2005.	
  	
  Anders,	
  P.,	
  R.	
  Beamesderfer,	
  M.	
  Neufeld,	
  and	
  S.	
  Ireland	
  (eds).	
  	
  Kootenai	
  River	
  White	
  
Sturgeon	
  Recovery	
  Implementation	
  Plan	
  and	
  Schedule	
  (2005-­‐2010).	
  	
  Prepared	
  by	
  S.P.	
  Cramer	
  
and	
  Associates	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho,	
  with	
  assistance	
  from	
  the	
  Kootenai	
  River	
  White	
  
Sturgeon	
  Recovery	
  Team.	
  

KTOI.	
  	
  2008.	
  	
  Kootenai	
  River	
  White	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program,	
  1990-­‐2007	
  (Version	
  2).	
  	
  
Bonners	
  Ferry,	
  Idaho.	
  	
  Report	
  edited	
  by	
  R.	
  Beamesderfer	
  and	
  P.	
  Anders,	
  Cramer	
  Fish	
  Sciences.	
  	
  
74	
  pp.	
  

KTOI.	
  	
  2009.	
  	
  Kootenai	
  River	
  Habitat	
  Restoration	
  Project	
  Master	
  Plan:	
  A	
  Conceptual	
  Feasibility	
  Analysis	
  
and	
  Design	
  Framework.	
  Bonners	
  Ferry,	
  ID.	
  386	
  pp.	
  

KTOI.	
  	
  2010.	
  	
  Kootenai	
  River	
  Native	
  Fish	
  Conservation	
  Aquaculture	
  Program	
  Master	
  Plan.	
  	
  Prepared	
  by	
  
the	
  Kootenai	
  Tribe	
  of	
  Idaho.	
  Bonners	
  Ferry,	
  ID.	
  	
  June	
  11,	
  2010.	
  	
  297	
  pp.	
  

Kynard,	
  B.,	
  and	
  E.	
  Parker.	
  	
  2006.	
  	
  Ontogenetic	
  Behavior	
  and	
  Dispersal	
  of	
  Kootenai	
  River	
  White	
  Sturgeon	
  
Early	
  Life	
  Intervals:	
  A	
  laboratory	
  study.	
  	
  Report	
  prepared	
  by	
  B.K.	
  Riverfish,	
  Inc.,	
  Amherst	
  MA	
  for	
  
the	
  Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  	
  35	
  pp.	
  

Kynard,	
  B.,	
  and	
  R.	
  Suciu.	
  	
  2002.	
  	
  Migration	
  and	
  habitats	
  of	
  diadromous	
  Danube	
  River	
  sturgeons	
  in	
  
Romania:	
  1998–2000.	
  	
  Journal	
  of	
  Applied	
  Ichthyology	
  18	
  (4-­‐6):	
  529–535.	
  



Page	
  78	
   Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  

Kynard,	
  B.,	
  E.	
  Parker,	
  and	
  B.	
  Kynard.	
  	
  2006.	
  	
  Behavior	
  and	
  Habitat	
  of	
  Young	
  Kootenai	
  River	
  White	
  
Sturgeon.	
  	
  Report	
  prepared	
  by	
  B.K.	
  Riverfish,	
  Inc.,	
  Amherst	
  MA	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho.	
  	
  
24	
  pp.	
  

Kynard,	
  B.,	
  M.	
  Breece,	
  M.	
  Atcheson,	
  and	
  M.	
  Mangold.	
  	
  2007.	
  	
  Final	
  Report.	
  	
  Status	
  of	
  Shortnose	
  Sturgeon	
  
in	
  the	
  Potomac	
  River.	
  	
  Part	
  1	
  –	
  Field	
  Studies.	
  	
  USGS	
  Natural	
  Resources	
  Preservation	
  Project	
  E	
  
2002-­‐7.	
  	
  
www.fws.gov/northeast/marylandfisheries/reports/FINAL%20REPORT%20SNSPotomac.pdf.	
  

Kynard,	
  B.,	
  D.	
  Pugh,	
  T.	
  Parker,	
  and	
  M.	
  Kieffer.	
  	
  2010.	
  	
  Using	
  a	
  semi-­‐natural	
  stream	
  to	
  produce	
  young	
  
sturgeons	
  for	
  conservation	
  stocking:	
  maintaining	
  natural	
  selection	
  during	
  spawning	
  and	
  rearing.	
  	
  
Journal	
  of	
  Applied	
  Ichthyology	
  27:420-­‐424.	
  

Lande,	
  R.	
  	
  1993.	
  	
  Risks	
  of	
  population	
  extinction	
  from	
  demographic	
  and	
  environmental	
  stochasticity	
  and	
  
random	
  catastrophes.	
  	
  American	
  Naturalist	
  142:	
  911-­‐927.	
  

Lande,	
  R.,	
  and	
  G.F.	
  Barrowclough.	
  	
  1987.	
  	
  Effective	
  population	
  size,	
  genetic	
  variation,	
  and	
  their	
  use	
  in	
  
population	
  management	
  in	
  M.E.	
  Soule,	
  eds.	
  	
  Viable	
  Populations	
  for	
  Conservation.	
  	
  Cambridge	
  
University,	
  New	
  York.	
  	
  

Lawson,	
  P.W.	
  	
  1993.	
  	
  Cycles	
  in	
  ocean	
  productivity,	
  trends	
  in	
  habitat	
  quality,	
  and	
  the	
  restoration	
  of	
  
salmon	
  runs	
  in	
  Oregon.	
  Fisheries	
  18(8):6-­‐10.	
  	
  

LCFRB	
  (Lower	
  Columbia	
  River	
  Fish	
  Recovery	
  Board).	
  	
  2004.	
  	
  Lower	
  Columbia	
  Salmon	
  Recovery	
  and	
  Fish	
  
and	
  Wildlife	
  Subbasin	
  Plan.	
  	
  	
  

Lebreton,	
  G.T.O.	
  and	
  F.W.H.	
  Beamish.	
  	
  2004.	
  	
  Growth,	
  bioenergetics	
  and	
  age.	
  	
  In:	
  G.T.O.	
  Lebreton,	
  
F.W.H.	
  Beamish,	
  and	
  R.S.	
  McKinley,	
  eds.	
  	
  Sturgeons	
  and	
  Paddlefish	
  of	
  North	
  America.	
  	
  Kluwer	
  
Academic	
  Publishers,	
  Fish	
  and	
  Fisheries	
  27:195-­‐216.	
  

Lucas,	
  M.C.,	
  and	
  E.	
  Baras,	
  eds.	
  	
  2001.	
  	
  Migration	
  of	
  Freshwater	
  Fishes.	
  	
  Blackwell	
  Scientific,	
  London.	
  420	
  
pp.	
  	
  

Ludwig,	
  D.,	
  and	
  C.	
  Walters.	
  	
  2002.	
  	
  Fitting	
  population	
  viability	
  analysis	
  into	
  adaptive	
  management.	
  	
  Pages	
  
511–520	
  in	
  S.	
  R.	
  Bessinger	
  and	
  D.	
  R.	
  McCullough,	
  editors.	
  	
  Population	
  Viability	
  Analysis.	
  	
  
University	
  of	
  Chicago	
  Press,	
  Chicago,	
  Illinois,	
  USA.	
  

Lynch,	
  M.	
  	
  1990.	
  	
  Mutation	
  load	
  and	
  the	
  survival	
  of	
  small	
  populations.	
  	
  Evolution	
  44:1725-­‐1737.	
  

Lynch,	
  M.	
  	
  1996.	
  	
  A	
  quantitative-­‐genetic	
  perspective	
  on	
  conservation	
  issues.	
  	
  In:	
  Avise,	
  J.C.	
  and	
  J.L.	
  
Hamrick,	
  eds.	
  	
  Conservation	
  Genetics:	
  Case	
  Histories	
  from	
  Nature.	
  	
  Chapman	
  and	
  Hall,	
  New	
  
York.	
  

Lynch,	
  M.,	
  and	
  M.	
  O’Hely.	
  	
  2001.	
  	
  Captive	
  breeding	
  and	
  the	
  genetic	
  fitness	
  of	
  natural	
  populations.	
  	
  
Conservation	
  Genetics	
  2:363-­‐378.	
  	
  

MacArthur,	
  R.	
  and	
  E.O.	
  Wilson.	
  	
  1967.	
  	
  The	
  Theory	
  of	
  Island	
  Biogeography.	
  	
  Princeton	
  University	
  Press	
  
(2001	
  reprint),	
  ISBN	
  0-­‐691-­‐08836-­‐5M.	
  

MacNeill,	
  D.	
  and	
  W.D.	
  Busch.	
  	
  1994.	
  	
  The	
  Biology,	
  History	
  and	
  Management	
  of	
  the	
  Lake	
  Sturgeon	
  in	
  the	
  
Lower	
  Great	
  Lakes.	
  Sea	
  Grant,	
  Cornell	
  Cooperative	
  Extension,	
  State	
  University	
  of	
  New	
  York,	
  
Sportfishing	
  Fact	
  Sheet.	
  	
  January	
  1994.	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  79	
  

Marmorek,	
  D.R.	
  	
  2011.	
  	
  Rigorous	
  Adaptive	
  Management	
  Approaches	
  to	
  Benefit	
  Fish	
  Populations	
  and	
  
Aquatic	
  Ecosystems	
  –	
  Putting	
  the	
  M&E	
  back	
  into	
  Adaptive	
  Management.	
  	
  American	
  Fisheries	
  
Society	
  Adaptive	
  Management	
  Symposium,	
  Seattle	
  Washington,	
  Sept	
  6,	
  2011	
  	
  

Meffe,	
  G.	
  	
  1992.	
  	
  Techno-­‐Arrogance	
  and	
  Halfway	
  Technologies:	
  Salmon	
  Hatcheries	
  on	
  the	
  Pacific	
  Coast	
  
of	
  North	
  America.	
  	
  Conservation	
  Biology	
  6(3):	
  350-­‐354.	
  

McCabe,	
  G.T.	
  Jr.,	
  R.L.	
  Emmett,	
  and	
  S.A.	
  Hinton.	
  	
  1993.	
  	
  Feeding	
  ecology	
  of	
  juvenile	
  white	
  sturgeon	
  
(Acipenser	
  transmontanus)	
  in	
  the	
  lower	
  Columbia	
  River.	
  	
  Northwest	
  Science	
  67:170-­‐180.	
  

McElhany,	
  P.,	
  M.H.	
  Rucklelshaus,	
  M.J.	
  Ford,	
  T.C.	
  Wainwright,	
  and	
  E.P.	
  Bjorkstedt.	
  	
  2000.	
  	
  Viable	
  salmonid	
  
populations	
  and	
  the	
  recovery	
  of	
  evolutionarily	
  significant	
  units.	
  	
  NOAA	
  Technical	
  Memorandum	
  
NMFS-­‐NWFSC-­‐42.	
  

McKechnie,	
  R.J.,	
  and	
  R.B.	
  Fenner.	
  	
  1971.	
  	
  Food	
  habits	
  of	
  white	
  sturgeon,	
  Acipenser	
  transmontanus,	
  in	
  
San	
  Pablo	
  and	
  Suisun	
  Bays,	
  California.	
  	
  California	
  Fish	
  and	
  Game	
  75(3)209-­‐212.	
  

McQuown,	
  E.,	
  G	
  A.E.	
  Gall,	
  and	
  B.	
  May.	
  	
  2000.	
  	
  Characterization	
  and	
  inheritance	
  of	
  six	
  microsatellite	
  loci	
  
in	
  Lake	
  Sturgeon.	
  	
  Transactions	
  of	
  the	
  American	
  Fisheries	
  Society	
  (131):299-­‐307	
  	
  

Morris,	
  W.F.,	
  and	
  D.F.	
  Doak.	
  	
  2002.	
  	
  Quantitative	
  conservation	
  biology:	
  theory	
  and	
  practice	
  of	
  population	
  
viability	
  analysis.	
  	
  Sinauer,	
  Massachusetts.	
  

Nelson,	
  K.	
  and	
  M.	
  Soule.	
  	
  1987.	
  	
  Genetical	
  conservation	
  of	
  exploited	
  fishes.	
  	
  Pages	
  345-­‐368	
  in	
  N.	
  Ryman	
  
and	
  F.	
  Utter,	
  eds.	
  	
  Population	
  Genetics	
  and	
  Fishery	
  Management.	
  	
  University	
  of	
  Washington	
  
Press,	
  Seattle.	
  	
  

NMFS	
  (National	
  Marine	
  Fisheries	
  Service).	
  	
  2007.	
  	
  Puget	
  Sound	
  Salmon	
  Recovery	
  Plan.	
  	
  

NMFS.	
  	
  2009.	
  	
  Middle	
  Columbia	
  River	
  Steelhead	
  Distinct	
  Population	
  Segment	
  ESA	
  Recovery	
  Plan.	
  	
  	
  

NRC	
  (National	
  Research	
  Council).	
  	
  1996.	
  Upstream:	
  Salmon	
  and	
  Society	
  in	
  the	
  Pacific	
  Northwest.	
  	
  
National	
  Academy	
  Press,	
  Washington,	
  D.C.	
  

NRTWS	
  (National	
  Recovery	
  Team	
  for	
  White	
  Sturgeon).	
  	
  2009.	
  	
  Recovery	
  strategy	
  for	
  white	
  sturgeon	
  
(Acipenser	
  transmontanus)	
  in	
  Canada.	
  	
  In:	
  Species	
  at	
  Risk	
  Act	
  Recovery	
  Strategy	
  Series.	
  	
  Ottawa:	
  
Fisheries	
  and	
  Oceans	
  Canada.	
  	
  

ODFW	
  (Oregon	
  Department	
  of	
  Fish	
  and	
  Wildlife).	
  	
  2011.	
  	
  Lower	
  Columbia	
  River	
  and	
  Oregon	
  Coast	
  White	
  
Sturgeon	
  Conservation	
  Plan.	
  	
  Salem,	
  Oregon.	
  
www.dfw.state.or.us/fish/CRP/docs/lower_columbia_sturgeon/LCR_white_sturgeon_conservati
on_plan.pdf.	
  

Paragamian,	
  V.L.,	
  and	
  R.C.P.	
  Beamesderfer.	
  	
  2003.	
  	
  Growth	
  estimates	
  from	
  tagged	
  white	
  sturgeon	
  
suggest	
  that	
  ages	
  from	
  fin	
  rays	
  underestimate	
  true	
  age	
  in	
  the	
  Kootenai	
  River,	
  USA	
  and	
  Canada.	
  	
  
Transactions	
  of	
  the	
  American	
  Fisheries	
  Society	
  132:895-­‐903.	
  

Paragamian,	
  V.L.	
  and	
  R.C.P.	
  Beamesderfer.	
  	
  2004.	
  	
  Dilemma	
  on	
  the	
  Kootenai	
  River	
  -­‐	
  The	
  risk	
  of	
  extinction	
  
or	
  when	
  does	
  the	
  hatchery	
  become	
  the	
  best	
  option?	
  	
  American	
  Fisheries	
  Society	
  Symposium	
  
44:377-­‐385.	
  	
  



Page	
  80	
   Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  

Paragamian,	
  V.L.,	
  and	
  M.J.	
  Hansen.	
  	
  2008.	
  	
  Evaluation	
  of	
  recovery	
  goals	
  for	
  white	
  sturgeon	
  in	
  the	
  
Kootenai	
  River,	
  Idaho,	
  USA.	
  	
  North	
  American	
  Journal	
  of	
  Fisheries	
  Management	
  28(1):	
  463–470.	
  

Paragamian,	
  V.L.,	
  R.C	
  P.	
  Beamesderfer,	
  and	
  S.C.	
  Ireland.	
  	
  2005.	
  	
  Status,	
  population	
  dynamics,	
  and	
  future	
  
prospects	
  of	
  the	
  endangered	
  Kootenai	
  River	
  white	
  sturgeon	
  population	
  with	
  and	
  without	
  hatchery	
  
intervention.	
  	
  Transactions	
  of	
  the	
  American	
  Fisheries	
  Society	
  134:518-­‐532.	
  

Partridge,	
  F.	
  	
  1980.	
  	
  Kootenai	
  River	
  fisheries	
  investigations.	
  	
  Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  	
  
Federal	
  Aid	
  to	
  Fish	
  and	
  Wildlife	
  Restoration	
  Job	
  Performance	
  Report,	
  Project	
  F-­‐73-­‐R-­‐2.	
  

Partridge,	
  F.	
  	
  1982.	
  	
  Kootenai	
  River	
  fisheries	
  investigations.	
  	
  Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  	
  
Federal	
  Aid	
  to	
  Fish	
  and	
  Wildlife	
  Restoration	
  Job	
  Performance	
  Report,	
  Project	
  F-­‐73-­‐R-­‐4.	
  

Partridge,	
  F.	
  	
  1983.	
  	
  Kootenai	
  River	
  fisheries	
  investigations.	
  	
  Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  	
  
Federal	
  Aid	
  to	
  Fish	
  and	
  Wildlife	
  Restoration	
  Job	
  Completion	
  Report,	
  Project	
  F-­‐73-­‐R-­‐5.	
  

Rodzen,	
  J.A.,	
  and	
  B.	
  May.	
  	
  2002.	
  	
  Inheritance	
  of	
  microsatellite	
  loci	
  in	
  the	
  white	
  sturgeon	
  (Acipenser	
  
transmontanus).	
  	
  Genome	
  45:1064-­‐1076.	
  

Rodzen,	
  J.,	
  B.	
  May,	
  P.	
  Anders	
  and	
  S.	
  Ireland.	
  	
  2004.	
  	
  Initial	
  microsatellite	
  analysis	
  of	
  wild	
  Kootenai	
  River	
  
white	
  sturgeon	
  and	
  subset	
  brood	
  stock	
  groups	
  used	
  in	
  a	
  conservation	
  aquaculture	
  program.	
  	
  
Report	
  prepared	
  for	
  the	
  Kootenai	
  Tribe	
  of	
  Idaho	
  and	
  the	
  U.S.	
  Department	
  of	
  Energy,	
  Bonneville	
  
Power	
  Administration,	
  Portland,	
  OR.	
  	
  Contract	
  No.	
  88-­‐64.	
  36	
  pp.	
  

Romano,	
  M.D.,	
  T.A.	
  Rien,	
  and	
  D.L.	
  Ward.	
  	
  2002.	
  	
  Seasonal	
  presence	
  and	
  diet	
  of	
  white	
  sturgeon	
  in	
  three	
  
proposed	
  in-­‐river,	
  deep-­‐water	
  dredge	
  spoil	
  disposal	
  sites	
  in	
  the	
  lower	
  Columbia	
  River.	
  	
  Final	
  
Supplemental	
  Integrated	
  Feasibility	
  Report	
  and	
  Environmental	
  Impact	
  Statement,	
  U.	
  S.	
  Army	
  Corps	
  
of	
  Engineers,	
  Portland	
  District.	
  

Rust,	
  P.J.,	
  and	
  V.	
  Wakkinen.	
  	
  2004.	
  	
  Kootenai	
  River	
  white	
  sturgeon	
  spawning	
  and	
  recruitment	
  evaluation.	
  	
  
Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  Prepared	
  for	
  Bonneville	
  Power	
  Administration.	
  	
  IDFG	
  
Report	
  Number	
  04-­‐03.	
  	
  Boise,	
  Idaho.	
  	
  

Rust,	
  P.,	
  and	
  V.	
  Wakkinen.	
  	
  2011.	
  	
  Kootenai	
  River	
  white	
  sturgeon	
  spawning	
  and	
  recruitment	
  evaluation.	
  	
  
Idaho	
  Department	
  of	
  Fish	
  and	
  Game	
  Report	
  11-­‐01.	
  	
  
https://research.idfg.idaho.gov/Fisheries%20Research%20Reports/Res11-­‐01Rust2009-­‐
2010%20K%20River%20Sturgeon.pdf	
  

Rust,	
  P.J.,	
  V.L.	
  Paragamian,	
  and	
  V.	
  Wakkinen.	
  	
  2003.	
  	
  Kootenai	
  River	
  white	
  sturgeon	
  spawning	
  and	
  
recruitment	
  evaluation.	
  	
  Idaho	
  Department	
  of	
  Fish	
  and	
  Game.	
  	
  Prepared	
  for	
  Bonneville	
  Power	
  
Administration.	
  	
  IDFG	
  Report	
  Number	
  03-­‐55.	
  	
  Boise,	
  Idaho.	
  

Ryman,	
  N.,	
  and	
  L.	
  Lairke.	
  	
  1991.	
  	
  Effects	
  of	
  supportive	
  breeding	
  on	
  the	
  genetically	
  effective	
  population	
  
size.	
  	
  Conservation	
  Biology	
  (5):325-­‐329.	
  

Scarnecchia,	
  D.L.,	
  B.D.	
  Gordon,	
  J.D.	
  Schooley,	
  L.F.	
  Ryckman,	
  B.J.	
  Schmitz,	
  S.E.	
  Miller,	
  and	
  Y.	
  Lim.	
  	
  2011.	
  	
  
Southern	
  and	
  Northern	
  Great	
  Plains	
  (United	
  States)	
  Paddlefish	
  Stocks	
  Within	
  Frameworks	
  of	
  
Acipenseriform	
  Life	
  History	
  and	
  the	
  Metabolic	
  Theory	
  of	
  Ecology.	
  	
  Reviews in Fisheries Science 
19:279-298.	
  

Schindler,	
  E.,	
  Sebastian,	
  D.,	
  Andrusak,	
  H.,	
  Vidmanic,	
  L.,	
  Harris,	
  S.,	
  Andrusak,	
  G.,	
  Pick,	
  F.,	
  Ley,	
  L.,	
  Hamilton,	
  
P.,	
  Johner,	
  D.,	
  Woodruff,	
  P.,	
  Bassett,	
  M.,	
  and	
  Ashley,	
  K.	
  	
  2010.	
  	
  Kootenay	
  Lake	
  Nutrient	
  Restoration	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Page	
  81	
  

Program,	
  Year	
  16	
  (North	
  Arm)	
  and	
  Year	
  4	
  (South	
  Arm)	
  (2007).	
  	
  Report	
  Prepared	
  for	
  Environmental	
  
Stewardship	
  -­‐	
  Fish	
  and	
  Wildlife,	
  Ministry	
  of	
  Environment,	
  BC.	
  250	
  p.	
  

Schreier,	
  A.	
  	
  2012.	
  	
  Kootenai	
  River	
  white	
  sturgeon	
  genetics	
  101	
  –	
  a	
  summary.	
  	
  Memorandum	
  to	
  the	
  
Kootenai	
  Tribe	
  of	
  Idaho.	
  	
  Genomic	
  Variation	
  Lab,	
  University	
  of	
  California,	
  Davis.	
  

Schueller,	
  A.M.,	
  and	
  D.B.	
  Hayes.	
  	
  2011.	
  	
  Minimum	
  viable	
  population	
  size	
  for	
  lake	
  sturgeon	
  (Acipenser	
  
fulvescens).	
  	
  Canadian	
  Journal	
  of	
  Fisheries	
  and	
  Aquatic	
  Sciences	
  68:62-­‐73.	
  

Scott,	
  W.B.,	
  and	
  E.J.	
  Crossman.	
  	
  1973.	
  	
  Freshwater	
  fishes	
  of	
  Canada.	
  	
  Fisheries	
  Research	
  Board	
  of	
  Canada	
  
Bulletin	
  184.	
  

Seber,	
  G.A.F.	
  	
  1982.	
  	
  The	
  estimation	
  of	
  animal	
  abundance	
  and	
  related	
  parameters.	
  	
  Griffin	
  and	
  Company,	
  
London.	
  

Semakula,	
  S.N.,	
  and	
  P.A.	
  Larkin.	
  	
  1968.	
  	
  Age,	
  growth,	
  food,	
  and	
  yield	
  of	
  the	
  white	
  sturgeon	
  (Acipenser	
  
transmontanus)	
  of	
  the	
  Fraser	
  River,	
  British	
  Columbia.	
  	
  Journal	
  of	
  the	
  Fisheries	
  Research	
  Board	
  of	
  
Canada	
  25:2589-­‐2602.	
  

Shafii,	
  B.,	
  W.J.	
  Price,	
  C.	
  Holderman,	
  C.	
  Gidley,	
  and	
  P.	
  Anders.	
  	
  2010.	
  	
  Modeling	
  fish	
  length	
  distribution	
  
using	
  a	
  mixture	
  model	
  technique.	
  

Sprague,	
  C.R.,	
  L.G.	
  Beckman,	
  and	
  S.D.	
  Duke.	
  	
  1993.	
  	
  Prey	
  selection	
  by	
  juvenile	
  white	
  sturgeon	
  in	
  
reservoirs	
  of	
  the	
  Columbia	
  River.	
  Report	
  N.	
  Pages	
  229-­‐243.	
  	
  In	
  R.C.	
  Beamesderfer	
  and	
  A.A.	
  Nigro	
  
(editors).	
  	
  Volume	
  II.	
  	
  Status	
  and	
  habitat	
  requirements	
  of	
  the	
  white	
  sturgeon	
  populations	
  in	
  the	
  
Columbia	
  River	
  downstream	
  from	
  McNary	
  Dam.	
  	
  Final	
  Report	
  to	
  Bonneville	
  Power	
  Administration,	
  
Portland,	
  Oregon.Sprague	
  et	
  al.	
  1993.	
  	
  Columbia	
  River	
  juvenile	
  white	
  sturgeon	
  diet	
  analysis	
  report(s)	
  
under	
  BPA	
  86-­‐50.	
  

Stephens,	
  B.,	
  R.	
  Sylvester,	
  and	
  B.	
  Phillips.	
  	
  2010.	
  	
  Kootenai	
  River	
  white	
  sturgeon	
  2009-­‐2010	
  investigations	
  
in	
  Montana.	
  	
  Montana	
  Department	
  of	
  Fish,	
  Wildlife	
  and	
  Parks.	
  

Stephens,	
  B.,	
  and	
  R.	
  Sylvester.	
  	
  2011.	
  Kootenai	
  River	
  white	
  sturgeon	
  2009-­‐2010	
  investigations	
  in	
  
Montana.	
  	
  Montana	
  Department	
  of	
  Fish,	
  Wildlife	
  and	
  Parks.	
  

Thompson,	
  G.G.	
  	
  1991.	
  	
  Determining	
  Minimum	
  Viable	
  Populations	
  under	
  the	
  Endangered	
  Species	
  Act.	
  
NOAA	
  Technical	
  Memorandum	
  NMFS	
  F/NMC-­‐198,	
  NMFS,	
  Seattle,	
  Washington.	
  	
  

UCRWSRI	
  (Upper	
  Columbia	
  River	
  White	
  Sturgeon	
  Recovery	
  Initiative.	
  	
  2002.	
  	
  Upper	
  Columbia	
  River	
  
White	
  Sturgeon	
  Recovery	
  Plan.	
  	
  	
  

USFWS	
  (U.S.	
  Fish	
  and	
  Wildlife	
  Service).	
  	
  1999.	
  	
  Duke,	
  S.,	
  P.	
  Anders,	
  G.	
  Ennis,	
  R.	
  Hallock,	
  J.	
  Laufle,	
  R.	
  
Lauzier,	
  L.	
  Lockard,	
  B.	
  Marotz,	
  V.	
  Paragamian,	
  and	
  R.	
  Westerhof	
  (eds.).	
  	
  White	
  Sturgeon:	
  
Kootenai	
  River	
  Population.	
  	
  Recovery	
  Plan.	
  	
  Prepared	
  by	
  Region	
  1,	
  U.S.	
  Fish	
  and	
  Wildlife	
  Service,	
  
Portland	
  OR.	
  USA.	
  

USFWS.	
  	
  2000.	
  	
  Fish	
  and	
  Wildlife	
  Service	
  Biological	
  Opinion	
  regarding	
  the	
  Operation	
  of	
  the	
  Federal	
  
Columbia	
  River	
  Hydropower	
  System.	
  	
  	
  

USFWS.	
  	
  2006.	
  	
  Fish	
  and	
  Wildlife	
  Service	
  Biological	
  Opinion	
  regarding	
  the	
  Effects	
  of	
  Libby	
  Dam	
  
Operations	
  on	
  Kootenai	
  River	
  White	
  Sturgeon,	
  Bull	
  Trout	
  and	
  Kootenai	
  Sturgeon	
  Critical	
  Habitat.	
  

USFWS.	
  	
  2008.	
  	
  Biological	
  Opinion	
  for	
  clarification	
  for	
  Libby	
  Dam	
  operations.	
  	
  	
  



Page	
  82	
   Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  

Velez-­‐Espino,	
  L.A.,	
  and	
  M.A.	
  Koops.	
  	
  2009.	
  	
  Recovery	
  potential	
  assessment	
  for	
  lake	
  sturgeon	
  in	
  Canadian	
  
designatable	
  units.	
  	
  North	
  American	
  Journal	
  of	
  Fisheries	
  Management	
  29:1065-­‐1090.	
  

Vonk,	
  P.	
  	
  2001.	
  	
  Status	
  of	
  Knowledge	
  Report:	
  Duncan	
  Dam.	
  	
  A	
  fisheries	
  assessment	
  and	
  planning	
  study.	
  	
  
Prepared	
  for	
  BC	
  Hydro,	
  Kootenay	
  Generation	
  Area.	
  	
  108	
  pp.	
  

Wang,	
  Y.,	
  Z.	
  Xia,	
  and	
  D.	
  Wang.	
  	
  2012.	
  	
  Characterization	
  of	
  hydraulic	
  suitability	
  of	
  Chinese	
  sturgeon	
  
(Acipenser	
  sinensis)	
  spawning	
  habitat	
  in	
  the	
  Yangtze	
  River.	
  	
  Hydrological	
  Processes	
  10:	
  

Walters.	
  C.	
  J.	
  	
  1986.	
  	
  Adaptive	
  management	
  of	
  renewable	
  resources.	
  	
  Macmillan,	
  New	
  York.	
  

Welsh,	
  A.B.,	
  Elliott,	
  R.F.,	
  Scribner,	
  K.T.,	
  Quinlan,	
  H.R.,	
  Baker,	
  E.A.,	
  Eggold,	
  B.T.,	
  Holtgren,	
  J.M.,	
  Krueger,	
  
C.C.,	
  and	
  B.	
  May.	
  	
  2010.	
  	
  Genetic	
  guidelines	
  for	
  the	
  stocking	
  of	
  lake	
  sturgeon	
  (Acipenser	
  fulvescens)	
  
in	
  the	
  Great	
  Lakes	
  basin.	
  	
  Great	
  Lakes	
  Fish.	
  Comm.	
  Misc.	
  Publ.	
  2010-­‐01.	
  

Wirgin,	
  I.,	
  J.	
  Stabile,	
  J.	
  Waldman,	
  B.	
  Lubinski,	
  and	
  T.	
  King.	
  	
  2002.	
  	
  Comparison	
  of	
  mitochondrial	
  DNA	
  
control	
  region	
  sequence	
  and	
  microsatellite	
  analyses	
  in	
  determining	
  population	
  structure	
  and	
  
homing	
  fidelity	
  in	
  Atlantic	
  sturgeon	
  Acipenser	
  oxyrinchus.	
  	
  Journal	
  of	
  Applied	
  Ichthyology	
  18:313-­‐
319.	
  

Wirgin,	
  I.,	
  C.	
  Grunwald,	
  J.	
  Stabile,	
  and	
  J.	
  Waldman.	
  	
  2007.	
  	
  Genetic	
  evidence	
  for	
  mid-­‐Atlantic	
  coast	
  relict	
  
Atlantic	
  sturgeon	
  stocks.	
  	
  North	
  American	
  Journal	
  of	
  Fisheries	
  Management	
  27:1214-­‐1229.	
  

Wirgin,	
  I.,	
  C.	
  Grunwald,	
  J.	
  Stabile,	
  and	
  J.R.	
  Waldman.	
  	
  2008.	
  	
  A	
  genetic	
  contribution	
  to	
  delineation	
  of	
  
distinct	
  population	
  segments	
  of	
  sturgeon.	
  	
  Conservation	
  Genetics	
  9:1111-­‐1124.	
  

	
  

	
  

	
  



	
  

Technical	
  Basis	
  for	
  the	
  Kootenai	
  Sturgeon	
  Conservation	
  Aquaculture	
  Program	
  	
   Attachment	
  1	
  -­‐	
  Page	
  1	
  

Attachment	
  1	
  –	
  Carrying	
  Capacity	
  Estimation	
  

Definition	
  of	
  Capacity	
  
For	
  the	
  purposes	
  of	
  this	
  analysis,	
  capacity	
  is	
  defined	
  as	
  the	
  maximum	
  biomass	
  of	
  sturgeon	
  that	
  can	
  be	
  
supported	
   on	
   average	
   by	
   the	
   Kootenai	
   system.	
   	
   Trophodynamics	
   typically	
   refers	
   to	
   the	
   transfer	
   and	
  
effects	
   of	
   bottom-­‐up	
   energy	
   production	
   and	
   transfer	
   through	
   higher	
   levels	
   of	
   the	
   food	
   chain.	
   	
   For	
  
Kootenai	
  sturgeon,	
  we	
  might	
  ask	
  how	
  much	
  primary	
  production	
  is	
  available	
  and	
  how	
  many	
  sturgeon	
  can	
  
this	
  level	
  of	
  production	
  support?	
  	
  	
  

Production	
  can	
  be	
  described	
  interms	
  of	
  biomass/area/time	
  (e.g.	
  kg/m2/yr).	
  	
  Capacity	
  can	
  be	
  described	
  in	
  
terms	
  of	
  biomass	
  (kg).	
  	
  Thus,	
  capacity	
  is	
  a	
  function	
  of	
  productivity	
  of	
  the	
  system	
  and	
  energetic	
  demand,	
  
where:	
  

Capacity	
  =	
  Available	
  Production	
  /	
  Demand	
  

Available	
   production	
   is	
   a	
   product	
   of	
   net	
   production	
   and	
   the	
   portion	
   available	
   in	
   a	
   form	
   that	
   is	
  
consumable	
  by	
  sturgeon.	
  	
  Therefore:	
  

Capacity	
  =	
  [(System	
  Productivity)	
  (%	
  available)]	
  /	
  Demand	
  

So	
  in	
  theory,	
  sturgeon	
  carrying	
  capacity	
  could	
  be	
  estimated,	
  at	
  least	
  on	
  a	
  coarse	
  scale,	
  based	
  on:	
  	
  1)	
  the	
  
productivity	
   of	
   the	
   Kootenai	
   system	
   at	
   the	
   sturgeon	
   prey	
   level	
   (e.g.,	
   secondary	
   productivity	
   by	
  
heterotrophs);	
  2)	
  the	
  portion	
  of	
  this	
  trophic	
   level	
  available	
  to	
  sturgeon	
  as	
  prey;	
  and	
  3)	
  demand,	
  which	
  
can	
  be	
  described	
  simply	
  as	
  biomass	
  of	
  sturgeon	
  per	
  biomass	
  of	
  prey.	
  	
  	
  

Kg	
  sturgeon	
  =	
  [(kg	
  2°	
  production/year)	
  (%	
  sturgeon	
  prey)]	
  /	
  (kg	
  sturgeon	
  per	
  kg	
  prey)	
  

Below	
  we	
  present	
  and	
  discuss	
  the	
  methods	
  and	
  data	
  available	
  to	
  estimate	
  each	
  of	
  these	
  parameters.	
  

Demand	
  
There	
  are	
  essentially	
  two	
  approaches	
  to	
  determine	
  the	
  amount	
  of	
  food	
  necessary	
  to	
  support	
  a	
  unit	
  of	
  
sturgeon	
  demand	
  (kg	
  sturgeon	
  /	
  kg	
  prey).	
  	
  The	
  first	
  is	
  a	
  bioenergetics	
  model	
  to	
  infer	
  food	
  consumption	
  
from	
  growth,	
  while	
   the	
   second	
   relies	
  on	
  calculating	
  a	
   simple	
   food	
  conversion	
   rate	
  based	
  on	
  empirical	
  
data	
  (X	
  amount	
  of	
  food	
  to	
  produce	
  X	
  amount	
  of	
  biomass).	
  	
  	
  

Bioenergetics	
  modeling	
  

Bevelhimer	
   (2002)	
   presented	
   the	
   first	
   known	
   sturgeon	
   bioenergetics	
   model	
   to	
   investigate	
   whether	
  
differences	
   in	
   thermal	
   regimes	
   among	
   Snake	
   River	
   reaches	
   could	
   result	
   in	
   substantial	
   differences	
   in	
  
growth	
  and	
  reproductive	
  output.	
  	
  Using	
  the	
  Bevelhimer	
  (2002)	
  model,	
  we	
  can	
  generally	
  assess	
  energetic	
  
requirements	
   of	
   Kootenai	
   River	
   white	
   sturgeon	
   among	
   various	
   temperature	
   regimes	
   and	
   across	
   life	
  
history	
  stages.	
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The	
  basic	
  bioenergetics	
  model	
  equates	
  the	
  amount	
  of	
  consumed	
  food	
  with	
  the	
  ultimate	
  fate	
  of	
  that	
  
food	
  (Kitchell	
  et	
  al.	
  1977):	
  

	
  

where	
  C	
  is	
  energy	
  consumed	
  as	
  food,	
  G	
  is	
  growth,	
  R	
  is	
  the	
  total	
  metabolic	
  rate,	
  F	
  is	
  enery	
  lost	
  through	
  
egestion,	
  and	
  U	
  is	
  the	
  cost	
  of	
  excretion.	
  	
  R	
  can	
  be	
  calculated	
  as:	
  

	
  

where	
   ACT	
   is	
   an	
   activity	
   multiplier	
   that	
   increases	
   the	
   total	
   metabolic	
   rate	
   above	
   the	
   resting	
   rate	
   to	
  
account	
  for	
  routine	
  activity.	
  	
  Specific	
  dynamic	
  action	
  (SDA)	
  is	
  the	
  cost	
  of	
  digesting	
  and	
  processing	
  food.	
  	
  	
  

Based	
  on	
  Bevelhimer’s	
  (2002)	
  laboratory	
  experiments,	
  he	
  calculated	
  SDA	
  as	
  a	
  constant	
  proportion	
  (0.12)	
  
of	
  calories	
  consumed.	
  	
  Likewise,	
  for	
  excretion	
  (U)	
  and	
  egestion	
  (F),	
  he	
  calculated	
  constant	
  proportions	
  of	
  
calories	
  consumed:	
  	
  0.5	
  and	
  0.15,	
  respectively.	
  	
  Bevelhimer	
  (2002)	
  used	
  modelled	
  values	
  for	
  ACT	
  based	
  
on	
   swim	
  speed	
  adapted	
   from	
  a	
  model	
  designed	
  by	
  Geist	
   for	
  northern	
  pike	
   (Bevelhimer	
  pers.	
   comm.).	
  	
  
Using	
   observed	
   and	
   modeled	
   values	
   of	
   initial	
   body	
   weight	
   (g),	
   body	
   weight	
   change	
   (g),	
   water	
  
temperature	
  (°C)	
  in	
  conjunction	
  with	
  values	
  for	
  ACT,	
  F,	
  and	
  U	
  identical	
  to	
  those	
  reported	
  by	
  Bevelhimer	
  
(2002),	
  we	
  were	
  able	
  to	
  calculate	
  food	
  consumption	
  (g).	
  	
  

Sensitivity	
  analyses	
  suggest	
  that	
  small	
  changes	
  in	
  the	
  parameters	
  used,	
  for	
  example	
  in	
  ACT	
  (Figure	
  A1),	
  
result	
  in	
  large	
  changes	
  in	
  the	
  model	
  output.	
  	
  Using	
  this	
  example,	
  the	
  food	
  demand	
  can	
  range	
  from	
  100-­‐
800	
  g/day	
  based	
  on	
  the	
  activity	
  level	
  of	
  that	
  fish,	
  and	
  when	
  applied	
  to	
  the	
  entire	
  population,	
  the	
  model	
  
can	
   yield	
   vastly	
   different	
   results.	
   	
   Since	
   there	
   is	
   insufficient	
   data	
   specific	
   to	
   the	
   Kootenai	
   River	
   to	
  
calibrate	
  these	
  components	
  of	
  the	
  model,	
  outputs	
  are	
  subjective;	
  thus,	
   food	
  demand	
  cannot	
  currently	
  
be	
  determined	
  with	
  any	
  certainty	
  using	
  this	
  approach.	
  

	
  

Figure	
  A1	
   An	
  example	
  of	
  the	
  range	
  of	
  values	
  calculated	
  for	
  consumption	
  (C	
  in	
  cal/g)	
  of	
  a	
  15	
  kg	
  white	
  
sturgeon	
  using	
  a	
  bioenergetics	
  model	
  adapted	
  from	
  Bevelhimer	
  (2002)	
  over	
  a	
  range	
  of	
  
activity	
  multipliers	
  (ACT)	
  which	
  is	
  a	
  parameter	
  that	
  increases	
  metabolic	
  rate.	
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Food	
  conversion	
  rates	
  

Experimental	
  data	
  are	
  available	
  on	
  food	
  conversion	
  rates	
  for	
  white	
  sturgeon.	
  	
  Results	
  from	
  experiments	
  
conducted	
   by	
   Hung	
   et	
   al.	
   (1989	
   and	
   1993)	
   suggested	
   an	
   optimal	
   feeding	
   rate	
   between	
   1.5	
   and	
   2.0%	
  
body	
  weight	
  (BW)	
  per	
  day	
  for	
  white	
  sturgeon	
  between	
  0.25	
  and	
  0.5	
  kg	
  at	
  18°C.	
  	
  A	
  similar	
  study	
  by	
  Hung	
  
and	
  Lutes	
   (1987)	
   found	
  that	
  growth	
  rates	
  were	
  highest	
   for	
  30	
  g	
  white	
  sturgeon	
  with	
  a	
   feeding	
  rate	
  of	
  
2.0%	
  BW/day	
  at	
  20°C.	
  	
  	
  

Age-­‐specific	
  daily	
  rations	
  can	
  be	
  estimated	
  using	
  food	
  conversion	
  rates	
  and	
  empirical	
  Kootenai	
  sturgeon	
  
length	
   and	
   weight	
   data	
   reported	
   by	
   Paragamian	
   et	
   al.	
   (2005).	
   	
   Individual	
   rations	
   estimated	
   by	
   this	
  
method	
  are	
  much	
  greater	
  among	
  adult-­‐sized	
  fish	
  25	
  years	
  of	
  age	
  and	
  greater	
  than	
  for	
  smaller	
  fish.	
  	
  	
  

Population	
   requirements	
   and	
   demands	
   for	
   food	
   can	
   also	
   be	
   estimated	
   based	
   on	
   projected	
   sturgeon	
  
abundance.	
  	
  Abundance	
  was	
  projected	
  using	
  the	
  population	
  model	
  described	
  in	
  Paragamian	
  et	
  al.	
  (2005)	
  
to	
  simulate	
  two	
  scenarios:	
  	
  the	
  first	
  assumes	
  high	
  first	
  year	
  survival,	
  no	
  density	
  dependence,	
  no	
  senility	
  
and	
   continued	
   broodstock	
   availability.	
   	
   The	
   second	
   scenario	
   assumes	
   low	
   first	
   year	
   survival,	
   density	
  
dependence,	
  senility,	
  and	
  reduced	
  broodstock	
  availability.	
   	
  Applying	
  a	
  2.0%	
  BW/day	
  consumption	
  rate	
  
across	
  all	
  age	
  classes	
  to	
  projected	
  age-­‐specific	
  abundances	
  under	
  the	
  2	
  scenarios	
  and	
  modeled	
  weight-­‐
at-­‐age	
  data,	
  approximate	
  daily	
  maximum	
  food	
  requirements	
  can	
  be	
  calculated.	
  	
  Using	
  this	
  methodology,	
  
the	
  maximum	
  food	
  requirements	
  for	
  white	
  sturgeon	
  juveniles	
  (age	
  1-­‐10),	
  sub	
  adults	
  (11-­‐24),	
  and	
  adults	
  
(25+)	
  by	
  year	
  are	
  presented	
  in	
  Figure	
  A2.	
  	
  

	
  

Figure	
  A2.	
   Estimated	
  daily	
  ration	
  by	
  age	
  for	
  Kootenai	
  sturgeon	
  based	
  on	
  length-­‐at-­‐age	
  and	
  length-­‐
weight	
  relationships	
  and	
  a	
  2%	
  daily	
  ration.	
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Figure	
  A3.	
   Estimated	
  daily	
  white	
  sturgeon	
  maximum	
  food	
  consumption	
  (Cmax)	
  under	
  two	
  scenarios	
  
for	
  projected	
  abundances	
  based	
  on	
  planned	
  hatchery	
  release	
  levels	
  with	
  the	
  new	
  facility.	
  	
  
Scenario	
  1	
  assumes	
  high	
  first	
  year	
  survival	
  (0.60),	
  no	
  density	
  dependence,	
  no	
  senility,	
  and	
  
continued	
  broodstock	
  availability.	
  	
  Scenario	
  2	
  assumes	
  low	
  first	
  year	
  survival	
  (0.15),	
  
density	
  dependence,	
  senility,	
  and	
  reduced	
  broodstock	
  availability.	
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These	
   examples	
   demonstrate	
   that,	
   under	
   certain	
   assumptions,	
   the	
   food	
   requirements	
   of	
   a	
   hatchery-­‐
produced	
  sturgeon	
  population	
  can	
  be	
  very	
   large,	
  particularly	
   for	
  adult	
  sturgeon.	
   	
  Requirements	
  of	
   the	
  
juvenile	
  population	
  are	
  quite	
  modest	
   in	
  comparison.	
   	
  However,	
  estimating	
   feeding	
  demands	
  based	
  on	
  
extrapolation	
  of	
  laboratory	
  or	
  hatchery	
  daily	
  rations	
  to	
  a	
  population	
  in	
  the	
  wild	
  is	
  highly	
  speculative.	
  	
  	
  

Estimates	
   of	
   white	
   sturgeon	
   food	
   consumption	
   were	
   made	
   using	
   several	
   assumptions.	
   	
   First,	
   it	
   is	
  
important	
   to	
   note	
   that	
   using	
   a	
   food	
   conversion	
   rate	
   approach	
   is	
   more	
   applicable	
   to	
   juvenile	
   white	
  
sturgeon	
  than	
  to	
  adults,	
  because	
  the	
  relationships	
  between	
  feeding	
  and	
  growth	
  rate	
  are	
  well	
  described	
  
in	
  the	
  literature	
  for	
  hatchery-­‐released	
  fish,	
  but	
  much	
  less	
  so	
  for	
  adults.	
  	
  Additional	
  confounding	
  factors	
  
involving	
  food	
  conversion	
  rates	
  for	
  adult	
  sturgeon	
  include	
  energy	
  investment	
  directed	
  towards	
  gonadal	
  
development	
  and	
  associated	
  variability,	
  both	
  of	
  which	
  could	
  be	
  significant.	
  

Furthermore,	
   the	
   white	
   sturgeon	
   diet	
   varies,	
   depending	
   on	
   seasonal	
   prey	
   availability	
   (McCabe	
   et	
   al.	
  
1993).	
  	
  The	
  caloric	
  content	
  and	
  energetic	
  value	
  among	
  prey	
  species	
  (i.e.,	
  macroinvertebrates	
  vs.	
  various	
  
fish	
   species)	
   also	
   varies.	
   	
   Food	
   consumption	
   is	
   also	
   temperature-­‐related.	
   	
   It	
   tends	
   to	
   decrease	
  when	
  
temperatures	
  are	
  above	
  and	
  below	
  optimum	
  ranges,	
  which	
  will	
  artificially	
   inflate	
  estimates	
  derived	
  at	
  
optimum	
  temperatures	
  (Lebreton	
  and	
  Beamish	
  2004).	
  	
  Lastly,	
  it	
  is	
  noteworthy	
  that	
  the	
  studies	
  by	
  Hung	
  
et	
   al.	
   (1989	
   and	
   1993)	
   and	
   Hung	
   and	
   Lutes	
   (1987)	
   were	
   conducted	
   in	
   a	
   controlled	
   hatchery-­‐type	
  
environment	
   such	
   that	
   the	
   juvenile	
  white	
   sturgeon	
  had	
  access	
   to	
   an	
   abundant	
   food	
   source	
   and	
  were	
  
able	
  to	
  consume	
  their	
  daily	
  maximums	
  (Cmax);	
  in	
  their	
  natural	
  environment,	
  sturgeon	
  will	
  likely	
  consume	
  
only	
  a	
  fraction	
  of	
  Cmax.	
  	
  Thus,	
  estimates	
  of	
  C	
  generated	
  using	
  this	
  approach	
  will	
  likely	
  be	
  overestimated.	
  

Availability	
  –	
  Food	
  &	
  Feeding	
  
Estimates	
   of	
   food	
   demands	
   would	
   need	
   to	
   be	
   applied	
   to	
   size,	
   nutritional	
   value,	
   and	
   abundance	
   of	
  
specific	
   prey	
   species	
   for	
   each	
   life	
   stage.	
   	
   In	
   order	
   to	
   assess	
   whether	
   the	
   habitat	
   can	
   support	
   high	
  
abundances	
  of	
  white	
  sturgeon,	
  estimates	
  of	
  Cmax	
  would	
  need	
  to	
  be	
  expressed	
  in	
  terms	
  of	
  equivalency	
  in	
  
numbers	
  of	
  prey	
  species	
  consumed	
  per	
  day.	
  	
  Further	
  information	
  would	
  also	
  be	
  needed	
  regarding	
  age-­‐
specific	
   food	
   preferences	
   (white	
   sturgeon	
   diets	
   transition	
   towards	
   piscivory	
   with	
   maturity);	
   prey	
  
diversity	
   and	
   availability;	
   prey	
   size	
   and	
   weight;	
   maximum	
   size	
   of	
   prey	
   species	
   consumable	
   per	
  
age/weight	
  class;	
  and	
  the	
  caloric	
  density	
  of	
  prey	
  species.	
  	
  	
  

Unfortunately,	
  detailed	
  empirical	
  data	
  regarding	
  food	
  and	
  feeding	
  of	
  white	
  sturgeon	
  are	
  sparse.	
   	
  Food	
  
habits	
   are	
   typically	
   very	
   dynamic	
   in	
   fish,	
   particularly	
   for	
   opportunistic	
   feeders	
   like	
   sturgeon.	
   	
   Diets	
  
change	
  seasonally	
  and	
  by	
  area,	
  depending	
  on	
  physiological	
  requirements	
  and	
  prey	
  availability.	
  	
  

Total	
  Production	
  
Estimates	
  of	
  ecosystem	
  productivity	
  of	
  the	
  Kootenai	
  system	
  are	
  not	
  currently	
  available	
  for	
  any	
  trophic	
  
level.	
  	
  Some	
  information	
  on	
  productivity	
  is	
  being	
  collected	
  for	
  evaluation	
  of	
  the	
  local	
  effects	
  of	
  nutrient	
  
addition.	
  	
  However,	
  this	
  information	
  is	
  limited	
  to	
  specific	
  areas.	
  	
  	
  

Therefore,	
   we	
   attempted	
   to	
   derive	
   a	
   ballpark	
   range	
   of	
   sturgeon	
   production	
   potential	
   for	
   the	
   area	
  
available	
   to	
  Kootenai	
   sturgeon	
  by	
  evaluating	
   fish	
  production	
  data	
   from	
  other	
  areas.	
   	
  Chapman	
   (1978)	
  
reported	
   that	
   fish	
   production	
   values	
   in	
   temperate	
   lakes	
   and	
   streams	
   typically	
   range	
   from	
   1	
   to	
   20	
  
g/m2/yr.	
  	
  These	
  values	
  translate	
  into	
  potential	
  fish	
  production	
  of	
  410,000	
  to	
  8,208,000	
  kg/year	
  for	
  the	
  
combined	
  areas	
  of	
   the	
  Kootenai	
  River	
  and	
  Kootenay	
  Lake	
  (Table	
  A1).	
   	
  The	
   lake	
  area	
  accounts	
   for	
  over	
  
95%	
  of	
  this	
  production	
  potential.	
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Table	
  A1.	
   Example	
  estimates	
  of	
  potential	
  fish	
  production	
  in	
  the	
  Kootenai	
  system	
  based	
  on	
  habitat	
  
area	
  and	
  representative	
  production	
  values	
  reported	
  by	
  Chapman	
  (1978).	
  

	
   	
   Area	
   Productivity	
   	
   Net	
  production	
  
Location	
   	
   (ha)	
   (g/m2/yr)	
   	
   (kg/year)	
  
Lake	
   N	
  arm	
   16,523	
   1	
   -­‐	
   20	
   	
   165,230	
   -­‐	
   3,304,600	
  
	
   Duncan	
  River	
  delta	
   298	
   1	
   -­‐	
   20	
   	
   2,980	
   -­‐	
   59,600	
  
	
   S	
  arm	
   21,475	
   1	
   -­‐	
   20	
   	
   214,750	
   -­‐	
   4,295,000	
  
	
   Kootenai	
  River	
  delta	
   870	
   1	
   -­‐	
   20	
   	
   8,700	
   -­‐	
   174,000	
  
River	
   Canada	
   849	
   1	
   -­‐	
   20	
   	
   8,490	
   -­‐	
   169,800	
  
	
   Canada	
  –	
  Bonners	
   750	
   1	
   -­‐	
   20	
   	
   7,500	
   -­‐	
   150,000	
  
	
   Bonners	
  –	
  Falls	
   275	
   1	
   -­‐	
   20	
   	
   2,750	
   -­‐	
   55,000	
  
	
   	
   41,040	
   	
   	
   	
   	
   410,400	
   	
   8,208,000	
  

	
  

Sturgeon	
  population	
  projections	
   translate	
   to	
   values	
  of	
   food	
   requirements	
   ranging	
   from	
  about	
  5	
   to	
  30	
  
million	
   kg/year	
   around	
   the	
   year	
   2050.	
   	
   Top-­‐end	
   projections	
   of	
   net	
   population	
   demand	
  would	
   clearly	
  
exceed	
  optimistic	
  estimates	
  of	
  potential,	
  even	
  assuming	
  all	
  of	
  the	
  potential	
  production	
  was	
  comprised	
  
of	
   sturgeon.	
   	
   	
   On	
   the	
   other	
   hand,	
   these	
   numbers	
   demonstrate	
   that	
   the	
   Kootenai	
   system	
   has	
   the	
  
potential,	
   by	
   virtue	
   of	
   its	
   large	
   size,	
   to	
   produce	
   significant	
   numbers	
   of	
   sturgeon.	
   	
   For	
   instance,	
   daily	
  
rations	
  translate	
  to	
  an	
  annual	
  ration	
  of	
  about	
  0.5	
  kg	
  for	
  a	
  1-­‐year-­‐old	
  sturgeon.	
  	
  Annual	
  fish	
  production	
  
estimates	
   from	
  Error!	
   Reference	
   source	
   not	
   found.	
   for	
   the	
   Kootenai	
   River	
   and	
   delta	
   alone	
  would	
   be	
  
27,000	
  and	
  550,000	
  kg/year.	
  	
  This	
  would	
  be	
  the	
  equivalent	
  of	
  54,000	
  to	
  1,100,000	
  Age-­‐1	
  sturgeon	
  if	
  all	
  
the	
  potential	
   fish	
   production	
  were	
   comprised	
  of	
   sturgeon.	
   	
   Both	
   these	
  numbers	
   are	
   greater	
   than	
   the	
  
22,000	
   hatchery-­‐produced	
   sturgeon	
   estimated	
   to	
   have	
   survived	
   to	
   2012.	
   	
   These	
   overly	
   simplistic	
  
examples	
   highlight	
   the	
   uncertainties	
   associated	
   with	
   estimating	
   carrying	
   capacity	
   based	
   on	
   limited	
  
production	
  and	
  demand	
  information.	
  	
  

Another	
   way	
   to	
   address	
   carrying	
   capacity	
   is	
   by	
   comparing	
   current	
   Kootenai	
   sturgeon	
   densities	
   with	
  
those	
   observed	
   in	
   other	
   areas.	
   	
   Unfortunately,	
   the	
   utility	
   of	
   this	
   exercise	
   is	
   limited	
   by	
   the	
   lack	
   of	
  
appropriate	
  reference	
  populations	
  and	
  the	
  unknown	
  transferability	
  of	
  estimated	
  values	
  among	
  different	
  
rivers.	
  Estimates	
  of	
  biomass	
  per	
  habitat	
  area	
  are	
  available	
  from	
  the	
  unimpounded	
  lower	
  Columbia	
  River	
  
and	
  several	
   lower	
  Columbia	
  River	
  reservoirs	
  (Table	
  A2).	
   	
  Sturgeon	
  densities	
   in	
  the	
  Lower	
  Columbia	
  are	
  
generally	
   much	
   greater	
   than	
   those	
   currently	
   estimated	
   for	
   the	
   Kootenai.	
   	
   However,	
   lower	
   Columbia	
  
numbers	
  do	
  not	
  provide	
  comparable	
  information	
  for	
  juveniles,	
  	
  may	
  not	
  represent	
  capacity,	
  are	
  clearly	
  
from	
   a	
   much	
   more	
   productive	
   system	
   than	
   the	
   Kootenai	
   River,	
   and	
   are	
   also	
   affected	
   by	
   fishery	
  
exploitation.	
  	
  	
  

Density	
  estimates	
  might	
  be	
  calculated	
  from	
  sturgeon	
  population	
  abundance	
  estimates	
  in	
  other	
  portions	
  
of	
   the	
   basin.	
   	
   However,	
   virtually	
   all	
   nonanadromous	
   populations	
   are	
   impaired	
   by	
   limited	
   recruitment	
  
and	
  likely	
  to	
  be	
  considerably	
  under	
  the	
  theoretical	
  capacity	
  of	
  the	
  habitat.	
  	
  We	
  also	
  get	
  quite	
  different	
  
density	
  values	
  for	
  Kootenai	
  sturgeon	
  depending	
  on	
  how	
  much	
  of	
  the	
  available	
  habitat	
  is	
  assumed	
  to	
  be	
  
utilized.	
   	
   For	
   instance,	
   juvenile	
   densities	
   drop	
   from	
  11	
   kg/ha	
  based	
  on	
   the	
   river	
   and	
  delta	
   area	
   to	
   <1	
  
kg/ha	
   if	
   the	
   north	
   and	
   south	
   arms	
   of	
   the	
   lake.	
   	
   The	
   reality	
   lies	
   somewhere	
   between	
   these	
   extremes	
  
because	
  at	
   least	
   some	
   juvenile	
   sturgeon	
  are	
   likely	
   to	
  utilize	
  other	
  portions	
  of	
   the	
   lake	
  but	
  use	
   is	
   also	
  
likely	
  to	
  be	
  less	
  than	
  in	
  the	
  meander	
  reach	
  of	
  the	
  river	
  and	
  the	
  delta	
  portion	
  of	
  the	
  lake.	
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Table	
  A2.	
   Example	
  estimates	
  of	
  sturgeon	
  standing	
  crop	
  on	
  a	
  biomass	
  per	
  unit	
  area	
  basis.	
  

	
   	
   	
   Abundance	
   Biomass	
   Area	
   Density	
  
Location	
   Life	
  stage	
   Year	
   (n)	
   (kg)	
   (ha)	
   (kg/ha)	
  
L.	
  Columbia	
  River1	
   ≥	
  subadults	
   1986-­‐90	
   895,000	
   5,300,	
  00	
   	
  0,000	
   90	
  
Bonneville	
  Reservoir2	
   ≥	
  subadults	
   1989	
   35,400	
   252,000	
   8,400	
   30	
  
The	
  Dalles	
  Reservoir2	
   ≥	
  subadults	
   1987-­‐88	
   19,500	
   270,000	
   4,500	
   60	
  
John	
  Day	
  Reservoir2	
   ≥	
  subadults	
   1990	
   6,300	
   84,000	
   21,000	
   4	
  
Kootenai	
  River	
  &	
  la	
  ke	
   adult	
   2011	
   1,000	
   40,000	
   41,000	
   1	
  
K	
  ootenai	
  River	
  &	
  lake	
   juveniles	
   2012	
   22,000	
   30,000	
   41,000	
   <1	
  
Kootenai	
  River	
  &	
  delta	
   juveniles	
   2012	
   22,000	
   30,000	
   2,700	
   11	
  

	
  	
  	
  	
  	
  1	
  Devore	
  et	
  al.	
  1995	
  
	
  	
  	
  	
  	
  2	
  Beamesderfer	
  et	
  al.	
  1995	
  

Conclusions	
  
Estimates	
   of	
   carrying	
   capacity	
   presented	
   above	
   are	
   examples,	
   and	
   do	
   not	
   represent	
   an	
   exhaustive	
  
treatment	
  of	
  the	
  subject.	
   	
   It	
   is	
  clear	
   from	
  this	
  exercise	
  that	
  the	
  food	
  requirements	
  of	
  a	
   large	
  sturgeon	
  
population	
  could	
  easily	
  surpass	
  the	
  food	
  available	
  in	
  a	
  relatively	
  unproductive	
  system	
  like	
  the	
  Kootenai.	
  	
  
We	
  can	
  also	
   infer	
   that	
  planned	
  production	
   levels	
   could	
   reasonably	
  be	
  expected	
   to	
  elicit	
   some	
   type	
  of	
  
density-­‐dependent	
  response	
  at	
  some	
  point	
  in	
  time.	
  	
  Perhaps	
  the	
  most	
  valuable	
  lesson	
  from	
  this	
  exercise	
  
is	
  that	
  it	
  highlights	
  the	
  need	
  for	
  considering	
  the	
  ecosystem	
  context	
  of	
  the	
  sturgeon	
  recovery	
  effort	
  and	
  
the	
  complexity	
  of	
  ecological	
  interactions	
  that	
  must	
  be	
  considered.	
  	
  Even	
  where	
  these	
  models	
  have	
  little	
  
real-­‐world	
  predictive	
  value,	
  they	
  are	
  still	
  useful	
  in	
  helping	
  us	
  understand	
  how	
  the	
  system	
  works.	
  	
  	
  	
  

However,	
   this	
   exercise	
   also	
   illustrates	
   the	
   challenges	
  of	
   attempting	
   to	
   infer	
   capacity	
  based	
  on	
   limited	
  
information	
   and	
   inherently	
   variable	
   parameters.	
   	
   Capacity	
   estimates	
   might	
   be	
   derived	
   using	
   various	
  
models,	
   but	
   these	
   inferences	
   would	
   be	
   speculative	
   at	
   best	
   given	
   the	
   broad	
   assumptions	
   required	
   to	
  
parameterize	
   the	
   models.	
   	
   Modeling	
   requires	
   detailed	
   information,	
   which	
   is	
   currently	
   not	
   available,	
  
about	
  the	
  following	
  factors:	
   	
  1)	
  age-­‐specifc	
  white	
  sturgeon	
  abundances,	
  2)	
  age-­‐specific	
  white	
  sturgeon	
  
weights,	
  3)	
  feeding	
  ecology	
  of	
  juvenile	
  and	
  adult	
  white	
  sturgeon,	
  4)	
  estimates	
  of	
  primary	
  productivity,	
  5)	
  
biomass	
  estimates	
  of	
  prey	
  species,	
  6)	
  temperature	
  specific	
  growth	
  rates	
  for	
  white	
  sturgeon	
  across	
  age	
  
classes,	
  and	
  7)	
  nutritional	
   information	
  on	
  prey	
  species.	
   	
  Where,	
  when,	
  and	
  how	
  density-­‐related	
  effects	
  
will	
  be	
  manifested	
  remains	
  to	
  be	
  determined.	
  	
  	
  

Due	
  to	
  considerable	
  variability	
  and	
  uncertainty	
  associated	
  with	
  the	
  sturgeon	
  population	
  and	
  the	
  altered	
  
Kootenai	
  River	
  ecosystem,	
  the	
  Tribe	
  chose	
  to	
  adopt	
  an	
  adaptive,	
  experimental	
  management	
  approach	
  
to	
  estimate	
  carrying	
  capacity.	
  	
  Current	
  and	
  proposed	
  hatchery	
  release	
  practices	
  are	
  designed	
  to	
  reduce	
  
detrimental	
   effects	
   of	
   short	
   term	
   local	
   inter-­‐	
   and	
   intra-­‐specific	
   competition.	
   	
   Releases	
   are	
   distributed	
  
throughout	
   the	
   Kootenai	
   River	
   from	
  Montana	
   downstream	
   to	
   Kootenay	
   Lake.	
   	
   Tagging	
   data	
   indicates	
  
that	
  juveniles	
  rapidly	
  disperse	
  throughout	
  the	
  suitable	
  habitats	
  following	
  release.	
  	
  Empirical	
  estimation	
  
will	
   involve	
   continued	
   monitoring	
   of	
   population	
   parameters	
   relative	
   to	
   increasing	
   fish	
   density	
   as	
  
hatchery	
  releases	
  lead	
  to	
  greater	
  sturgeon	
  abundance.	
  	
  This	
  approach	
  is	
  consistent	
  with	
  conclusions	
  in	
  
the	
   ISAB’s	
   recent	
   Food	
  Web	
   report	
   which	
   found	
   that	
   experimental	
  manipulation	
   of	
   the	
   number	
   and	
  
timing	
  of	
  hatchery	
  releases	
  is	
  a	
  logical	
  method	
  to	
  evaluate	
  density	
  dependence	
  (ISAB	
  2011).	
  	
  The	
  ISAB,	
  
while	
  highlighting	
  the	
   importance	
  of	
  understanding	
  food	
  webs	
  and	
  trophic	
  dynamics,	
  also	
  emphasized	
  
the	
  value	
  of	
  large	
  scale	
  experiments	
  to	
  address	
  critical	
  uncertainties.	
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