
 Image from National Geographic January 
2000, developed by R.H. Lambertson 

Energy	  In	  Energy	  Out	  
Consuming	  Prey	  
	  

Drag	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Thrust	  

	  	  	  	  	  	  	  	  	  	  	  	  Weight	  
Assimila6on	  efficiency	  
Conversion	  efficiency	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  Search	  Time	  

Density	  Depth	   Individual	  Size	   Energy	  Content	  Avoidance	  

Foraging	  efficiency	  is	  a	  balance	  between	  energy	  obtained	  and	  
energy	  expended	  while	  feeding	  	  
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Timeline	  of	  salmon	  releases	  and	  whale	  sigh6ngs	  
at	  five	  facili6es	  April	  24th	  -‐June	  24th.	  Whale	  
sigh6ngs	  are	  the	  total	  number	  observed	  on	  that	  
day	  during	  one	  or	  two	  observa6on	  periods	  of	  
15min-‐2	  hrs.	  each.	  	  	  
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Whales	  Most	  OCen	  Observed	  	  
at	  Hidden	  Falls	  
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Mo6va6on	  

Prey	  patch	  characteris?cs	  affect	  both	  the	  amount	  of	  energy	  
obtained	  and	  energy	  expended	  

Objec6ves	  
1).	  Model	  how	  prey	  patch	  characteris6cs	  affect	  foraging	  efficiency	  
2).	  Compare	  foraging	  efficiency	  at	  hatcheries	  to	  wild	  prey	  sources	  
3).	  Apply	  this	  knowledge	  and	  economic	  considera6ons	  to	  suggest	  
an	  op6mal	  release	  strategy	  

Results	  

Methods	  

Whale	  surfaces	  in	  an	  open	  hatchery	  net	  pen	  

Wild	  Prey	  

NSRAA	  photo	  

John	  Moran.	  NMFS	  permit#	  14122	  
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As	  generalist	  predators	  that	  switch	  
between	  species	  of	  forage	  fish	  and	  
krill,	  their	  future	  impact	  on	  
ecosystems	  and	  fisheries	  is	  difficult	  
to	  predict.	  However,	  each	  whale	  
must	  consume	  about	  338-‐370	  kg/
day2	  to	  accommodate	  its	  energe6c	  
requirements.	  Recently,	  humpback	  
whales	  have	  begun	  feeding	  at	  
hatchery	  release	  sites	  compe6ng	  
with	  salmon	  fisheries	  and	  exposing	  
themselves	  to	  risk	  of	  entanglement.	  

Whale	  feeds	  on	  krill	  in	  Seymour	  Canal	  

A	  pilot	  study	  documented	  humpback	  
whale	  feeding	  at	  hatcheries5	  

•  Whales	  were	  present	  near	  the	  net	  pens	  at	  all	  five	  
release	  sites	  

•  At	  one	  hatchery,	  at	  least	  one	  whale	  was	  seen	  in	  the	  
release	  area	  on	  ten	  days	  out	  of	  a	  two-‐week	  period.	  	  	  

•  Whales	  were	  significantly	  more	  likely	  to	  be	  present	  
on	  the	  day	  following	  a	  release	  than	  ager	  a	  non-‐
release	  day	  (χ2=14,	  df=1,	  p=0.0002).	  

•  One	  individual	  whale	  was	  photographically	  iden6fied	  
as	  feeding	  in	  2008,	  2010,	  and	  2013	  at	  the	  same	  
release	  site.	  	  	  	  

Figure	  1	  	  Hatcheries	  in	  Chatham	  Strait	  
that	  par6cipated	  in	  Straley	  et	  al	  20105	  
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What	  are	  hatcheries?	  

Salmon	  eggs	  in	  an	  incubator	  

Floa6ng	  salt	  water	  net	  pens,	  
where	  juvenile	  salmon	  are	  
held	  directly	  prior	  to	  release	  	  	  	  	  	  	  In	  Alaska,	  hatcheries	  are	  ar6ficial	  nurseries	  

opera6ng	  as	  nonprofit	  organiza6ons	  for	  
fishery	  enhancement.	  Hatcheries	  rear	  salmon	  
from	  eggs	  through	  the	  freshwater	  life	  stage	  
because	  this	  early	  life	  stage	  is	  thought	  to	  limit	  
cohort	  size	  of	  wild	  salmon	  due	  to	  preda6on	  
and	  environmental	  extremes.	  These	  salmon	  
are	  released	  into	  the	  salt	  water	  environment	  
where	  they	  spend	  most	  of	  their	  lives	  and	  are	  
subject	  to	  the	  same	  selec6on	  pressures	  as	  
wild	  salmon.	  	  Hatchery	  fish	  comprise	  30%	  of	  
the	  ex-‐vessel	  value	  of	  Southeast	  Alaska’s	  
commercial	  salmon	  fishery,	  generate	  $171	  
million	  and	  create	  971	  jobs.3,4	  

“D-‐tag”	  charging	  (right)	  and	  akached	  to	  the	  
back	  of	  a	  humpback	  whale.(far	  right)	  

Prey	  Sampling	  
We	  used	  an	  echosounder	  to	  visualize	  
prey	  patch	  characteris6cs	  density,	  
and	  depth.	  For	  krill	  we	  used	  a	  333	  
μm	  mesh	  bongo	  net	  for	  species,	  size	  
and	  energe6cs.	  	  For	  small	  fish,	  we	  
will	  sample	  fish	  with	  hook	  and	  line	  or	  
cast	  nets.	  Bomb	  calorimetery	  will	  be	  
used	  to	  determine	  energe6cs.	  

Split-‐beam	  
Simrad	  K-‐60	  
scien6fic	  
echosounder	  at	  
38	  kHz	  and	  120	  
kHz.	  

	  	  

Because	  this	  method	  relies	  upon	  data	  	  collec6on	  from	  humpback	  whales	  feeding	  
on	  a	  wide	  variety	  of	  prey	  types,	  in	  April	  2013	  we	  tagged	  6	  whales	  feeding	  on	  
herring	  in	  Tenakee	  Inlet,	  Alaska.	  	  This	  included	  members	  of	  a	  coopera6ve	  lunge	  
feeding	  group	  as	  well	  as	  individual	  feeders.	  	  When	  the	  effects	  of	  prey	  patch	  
characteris6cs	  on	  foraging	  efficiency	  is	  more	  fully	  understood,	  release	  strategies	  
that	  decrease	  humpback	  whale	  foraging	  efficiency	  at	  hatcheries	  can	  be	  
developed	  to	  	  encourage	  whales	  to	  feed	  on	  wild	  prey	  sources.	  Finally,	  we	  will	  use	  
economic	  models	  to	  determine	  the	  most	  cost-‐effec6ve	  release	  strategy.	  

These	  are	  preliminary	  results	  from	  6	  humpback	  whales	  tagged	  in	  Sept.	  2012	  in	  
Sitka	  Sound,	  Alaska.	  	  	  	  

Energe?c	  Modeling	  
We	  will	  use	  hydrodynamic	  and	  energe6c	  	  
modeling	  and	  op6mal	  foraging	  theory	  	  
to	  es6mate	  the	  efficiency	  of	  each	  
foraging	  dive	  based	  on	  tag	  and	  prey	  
sampling	  data6.	  	  We	  will	  then	  use	  
maximum	  likelihood	  	  es6ma6on	  to	  
determine	  the	  rela6ve	  importance	  of	  the	  
parameters	  corresponding	  	  to	  each	  prey	  
patch	  characteris6c	  tested.	  

Whales	  were	  
targe6ng	  
Euphausia	  
pacifica,	  a	  
species	  	  of	  krill	  

(Above)	  This	  image	  is	  produced	  from	  the	  mul6-‐beam	  echosounder	  and	  shows	  
how	  prey	  rises	  during	  dusk	  causing	  a	  rela6vely	  rapid	  change	  in	  prey	  patch	  
characteris6cs	  from	  deep	  dense	  prey	  (a)	  to	  shallow	  diffuse	  prey	  (b).	  (Below)	  a	  
humpback	  whale’s	  dive	  profiles	  retrieved	  from	  bio-‐logging	  tags	  shows	  the	  whale	  
tracks	  these	  changes	  by	  shallowing	  the	  foraging	  dives	  and	  eventually	  ceasing	  to	  
forage.	  

Tagging	  
We	  used	  suc6on	  cups	  
to	  akach	  biologging	  
tags	  to	  the	  backs	  of	  
foraging	  humpback	  
whales.	  	  From	  these	  
tags	  we	  can	  determine	  
changes	  in	  orienta6on,	  
depth,	  speed	  and	  
ambient	  sound.	  
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Humpback	  whales	  are	  increasing	  in	  Southeast	  Alaska	  
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