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IV. Testing of autonomous echosounder 

Background	  
•  When	  fish	  form	  recurring	  spawning	  aggregaGons,	  moored	  echosounders	  may	  produce	  
comparable	  abundance	  indices	  to	  those	  from	  shipboard	  surveys	  at	  a	  lower	  cost.	  	  

•  We	  deployed	  3	  trawl-‐resistant	  echosounder	  moorings	  	  in	  Shelikof	  Strait,	  Alaska,	  an	  important	  
spawning	  area	  for	  walleye	  pollock.	  

•  The	  moorings	  were	  instrumented	  with	  a	  new	  70	  kHz	  split-‐beam	  echosounder	  to	  measure	  fish	  
abundance	  over	  the	  spawning	  season.	  

•  Vessels	  surveyed	  mooring	  sites	  repeatedly	  during	  the	  3	  month	  deployment.	  	  

•  Moorings	  are	  scheduled	  for	  recovery	  in	  May	  2015.	  

 

I. Can a few moorings measure abundance? 
Analysis	  of	  20	  years	  of	  annual	  survey	  data	  of	  spawning	  walleye	  pollock	  in	  
Alaska	  (Fig.	  1)	  indicate	  that	  backscaOer	  from	  as	  few	  as	  three	  moored	  
echosounders	  may	  provide	  an	  index	  of	  pollock	  abundance	  comparable	  to	  
that	  produced	  by	  a	  5600	  nmi2	  survey.(Fig.	  2).	  
	  

The	  primary	  uncertainty	  in	  the	  moored	  
echosounder	  approach	  is	  how	  spaGally	  
representaGve	  the	  data	  from	  a	  
staGonary	  	  echosounder	  are	  (Fig.	  4).	  

A	  prototype	  70	  kHz	  split-‐beam	  echosounder	  (WBAT)	  
with	  a	  new	  depth-‐rated	  transducer	  was	  built	  for	  this	  
project	  by	  Simrad.	  
	  
The	  instrument	  was	  calibrated	  at	  270	  m,	  and	  shows	  
very	  liOle	  change	  in	  sensiGvity	  with	  depth	  (Fig.	  8).	  	  
	  	  	  

A	  70	  kHz	  EK60	  	  and	  WBAT	  were	  operated	  
sequenGally	  (Fig.	  9),	  and	  produced	  
comparable	  results	  over	  a	  broad	  range	  of	  
backscaOering	  strengths	  (Fig.	  10).	  
	  
	  	  	  

	  	  

•  Shelikof	  Strait	  is	  highly	  suited	  to	  staGonary	  measurements	  of	  abundance	  as	  fish	  are	  	  spaGally	  correlated	  and	  
backscaOer	  is	  dominated	  by	  walleye	  pollock.	  

•  The	  primary	  uncertainty	  in	  the	  moored	  echosounder	  approach	  is	  knowledge	  of	  the	  spaGal-‐
representaGveness	  of	  long-‐term	  observaGons	  from	  a	  single	  locaGon,	  which	  will	  depend	  on	  the	  behavior	  
of	  the	  fish.	  

•  Moored	  echosounders	  can	  produce	  high-‐quality	  acousGc	  measurements	  that	  are	  comparable	  to	  those	  from	  
shipboard	  echosounders.	  

•  Pollock	  move	  quickly	  	  through	  the	  spawning	  grounds.	  	  Moored	  echosounders	  will	  provide	  insights	  into	  
the	  behavior	  and	  duraGon	  of	  the	  spawning	  aggregaGons,	  which	  will	  reduce	  uncertainty	  related	  to	  survey	  
Gming.	  

Conclusions 

Future work 
	  

	  

•  Compare	  ship	  and	  moored	  echosounders	  to	  establish	  how	  spaGally	  representaGve	  staGonary	  
measurements	  are.	  	  

•  Evaluate	  the	  feasibility	  of	  designing	  a	  mooring	  array	  (number	  and	  placement	  of	  moorings)	  capable	  of	  
providing	  abundance	  informaGon	  

•  Examine	  the	  Gming	  of	  the	  formaGon	  of	  spawning	  aggregaGons	  and	  the	  behaviors	  of	  spawning	  pollock.	  

Large-scale surveys 
Shelikof strait 

Small-scale surveys 
Within 3 miles of mooring 

We	  conducted	  acousGc	  trawl	  surveys	  in	  
the	  vicinity	  of	  the	  moorings	  (Fig.	  6).	  	  
	  
Pollock	  abundance	  and	  maturity	  state	  
changed	  appreciably	  during	  the	  
deployment	  (Fig.	  7).	  	  

III. Ship surveys near the moorings 

We	  constructed	  3	  trawl-‐resistant	  moorings	  containing	  autonomous	  
echosounders	  (Fig.	  5).	  	  
The	  moorings	  were	  deployed	  on	  the	  seafloor	  at	  ~270	  m	  for	  the	  duraGon	  
of	  the	  pollock	  spawning	  season	  (February	  to	  May	  2015).	  	  	  

II. Mooring design and deployment	  

Figure	  5.	  Trawl-‐resistant	  boOom	  	  mooring.	  	  Panel	  A:	  	  Trawl-‐resistant	  mooring	  with	  gimbaled	  transducer	  (orange).	  	  Panel	  B:	  	  interior	  layout	  with	  flotaGon,	  acousGc	  release	  in	  center,	  and	  
echosounder	  pressure	  case	  to	  the	  right.	  	  Panel	  C:	  	  mooring	  deployment	  using	  an	  acousGc	  release	  to	  lower	  the	  system.	  	  Panel	  D:	  	  echogram	  of	  the	  mooring	  deployment	  at	  18	  kHz,	  showing	  the	  
system	  being	  lowered	  and	  released..	  

Figure	  1.	  Best-‐figng	  mooring	  locaGons	  	  (black	  boxes)	  
based	  on	  the	  	  20-‐yr	  retrospecGve	  analysis	  of	  survey	  
data.	  	  Pollock	  biomass	  	  are	  	  shown	  from	  the	  2014	  
survey	  .	  	  The	  color	  and	  size	  of	  the	  circles	  at	  each	  
locaGon	  are	  proporGonal	  to	  log10	  biomass.	  

Figure	  4.	  Model	  predicGon	  error	  (%	  of	  survey	  biomass)	  for	  3	  
moorings	  at	  the	  locaGons	  in	  Fig.	  1	  as	  a	  funcGon	  of	  the	  
amount	  of	  survey	  trackline	  to	  represent	  the	  mooring	  data	  .	  	  	  

Figure	  6.	  	  Moorings	  were	  visited	  	  4-‐5	  Gmes	  over	  the	  3	  month	  deployment.	  	  Repeated	  large-‐scale	  
surveys	  were	  completed	  of	  the	  Strait.	  	  Smaller-‐scale	  	  acousGc	  surveys	  and	  trawl	  sampling	  was	  
conducted	  in	  the	  immediate	  vicinity	  of	  the	  mooring	  sites.	  

Figure	  8.	  The	  WBAT	  was	  lowered	  to	  270	  m	  on	  	  a	  frame	  with	  
a	  calibraGon	  sphere	  suspended	  on	  a	  gimbaled	  transducer	  
(lej).	  	  Very	  liOle	  change	  in	  the	  target	  strength	  of	  the	  sphere	  
was	  observed	  with	  depth	  (right).	  

Figure	  10.	  WBAT	  echosounders	  produce	  data	  comparable	  to	  that	  of	  a	  
standard	  shipboard	  EK60.	  Each	  point	  represents	  a	  depth	  layer	  
integraGon	  from	  the	  comparison	  depicted	  in	  Fig.	  9	  (n=18).	  	  SA	  	  is	  the	  
10*log10(sA),	  where	  sA	  is	  the	  nauGcal	  area	  backscaOering	  coefficient.	  	  
The	  gains	  of	  the	  echosounders	  have	  been	  adjusted	  such	  that	  the	  	  
integral	  of	  the	  boOom	  echo	  from	  both	  instruments	  is	  equivalent.	  	  

Figure	  7.	  	  The	  northern	  mooring	  line	  was	  surveyed	  5	  Gmes	  over	  the	  spawning	  period	  between	  February	  
and	  March.	  	  	  Echograms	  from	  area	  	  bounded	  by	  the	  northern	  box	  in	  Fig,	  1,	  and	  maturity	  state	  of	  >40	  cm	  
pollock	  from	  trawl	  samples	  at	  the	  northern	  mooring	  site.	  	  The	  sA	  indicates	  the	  average	  fish	  abundance	  
changed	  >	  50	  fold	  in	  less	  than	  a	  month.	  

Figure	  3.	  96	  grid	  cells	  	  contained	  data	  
from	  all	  years,	  and	  strata	  were	  defined	  
for	  a	  northern,	  middle,	  and	  southern	  
area	  of	  approximately	  equal	  biomass	  .	  
	  

February	  11th	  	  
sA	  =	  33	  

February	  26th	  	  	  
sA	  	  =	  470	  

March	  2nd	  	  
sA	  =	  2180	  

March	  17th	  	  
sA	  =	  289	  

March	  30th	  	  
sA	  =	  47	  

Abundance	   Maturity	  State	  

Figure	  9.	  Example	  of	  4	  sequenGal	  measurements	  made	  with	  side-‐by-‐side	  WBAT	  and	  EK60	  echosounders	  on	  a	  dense	  fish	  layer.	  
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The	  survey	  area	  was	  gridded	  into	  7	  nmi2	  cells	  that	  were	  consistently	  visited	  on	  all	  
surveys.	  	  CombinaGons	  of	  potenGal	  mooring	  locaGons	  were	  determined	  using	  one	  site	  
from	  each	  of	  3	  	  strata	  within	  the	  strait	  (Fig.	  3).	  	  	  
We	  used	  differing	  amounts	  of	  ship	  data	  from	  locaGons	  m1,	  m2	  and	  m3	  to	  esGmate	  the	  
survey	  biomass	  from	  predicted	  moorings.	  	  
	  

log(𝐵↓𝑦 )=log(𝑎∙ 𝑠↓𝐴,,𝑚1,𝑦 +𝑏∙ 𝑠↓𝐴,𝑚2,𝑦 +𝑐∙ 𝑠↓𝐴,,𝑚3,𝑦 	  +d	  )	  	  	  
	  
where	  y	  represents	  the	  year,	  By	  is	  the	  survey	  biomass,	  sA,n,m	  is	  the	  backscaOer	  at	  
mooring	  site	  m,	  and	  a,	  b	  and	  c	  and	  d	  are	  fiOed	  parameters.	  	  The	  model	  was	  used	  to	  
predict	  the	  biomass	  in	  the	  2015	  survey.	  	  Different	  amounts	  of	  survey	  data	  were	  used	  to	  
represent	  the	  sA	  observed	  by	  the	  moorings.	  
	  
PotenGal	  mooring	  locaGons	  were	  idenGfied	  based	  on	  how	  well	  they	  could	  predict	  
previous	  survey	  biomass	  and	  historical	  fishing	  paOerns.	  	  	  
	  

Figure	  2.	  RetrospecGve	  analysis	  of	  pollock	  biomass	  (i.e.,	  kg	  of	  pollock	  in	  the	  survey	  
area)	  esGmated	  from	  an	  annual	  AcousGc-‐trawl	  (AT)	  	  survey	  (black	  line),	  and	  a	  mooring	  
index	  (blue	  line)	  derived	  by	  averaging	  ~	  7	  nmi	  of	  shipboard	  acousGc	  measurements	  in	  
the	  squares	  shown	  in	  Fig	  1.	  	  The	  red	  point	  represents	  the	  2015	  survey,	  which	  was	  not	  
used	  to	  develop	  the	  conversion	  between	  	  the	  simulated	  moorings	  and	  the	  survey.	  

Predicting survey biomass from simulated moorings 

r2=0.81 
p < 0.001 

Alex	   Chris	  

Authors	  at	  this	  meeGng	  

Ivar	  


