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-- 
jin Vo~llme i L I  o f  t h i s  ~ e p l ~ t ,  resu l t% are i)resenzbed kihich suggest a 

ea r re la t ion ;  betweeri t h e  abundance  car soaile key anadromaus  f i s h  and 

eny~irorinneratal va r i ab l e s  wbLch w i l  be %acaLly altered by t h e  presence of 

% h e  p r o p o s e d  causeway--namely ,  temperature, s a l i n i t y  and cur:rents.  Far  

several years, a major' issue o f  concern h a s  been whether esuseu.av-induced 

$- eEbZat< on.- 
+.. d - &w water q u a l i t y  r es~a l t  i n  ppsnounced c h a ~ g e s  i n  f i s h  movement 

acd h a b i b a t  ut . i l izai ; iora p a t t e r n s  a n d ,  if so ,  t o  w h a t  degree? These 

concerns are based, "i aome e x t e n t ,  on t h e  assumpt ion  % h a t  key species o f  

anadrannous f i s h e s  have a preference f o r  ( o r  d e p ~ n d e n c e  on)  r e l a t i v e l y  

warm, l o w - s a l i n i t y  water d u r i n s  :be pel-iad they  use t h e  neaitshore Beaufort  

Sea. The a s s u m p t i c r ~  i s  largely based on t h e  h i s t o r i c a l  o b s e r ~ a t i o n s  t h a t  

mos t  sf t h e  spef i ies  h4 appea r  represen%ed i n  h i g h e r  d e n s i t i e s  in w a t e r s  

h a v i n g  these eharacteristLcs t h a n  i n  cold, n a r i ~ e  waters (ee& see Craig 

and ~ a ~ d o r s o ~  cj9el) ,  While t h i s  generaPiza3ion a p p e a r s  t o  be t r u e ,  great  

1iariabilif;y i n  both  abundance and env i ronmen ta l  c o n d i t i o n s  are coinmanplace 

and most studies, l i k e  t h i s  one, have found o n l y  veak (if any) correlat j .on 

betwee-rc4 a b r ~ n d a n e e  a n d  e n v i r a n r n e n t a l  c a n d i t i s n s .  However, t h e  o n l y  

r e g i o n a l  s p e c i e s  w h i c h  h a s  b e e n  t e s t e d  i n  $%-be l a b s r a t u r y ,  sma l l  ArcLfc 

e i scs ,  exhibj- ted a a ~ a r k e d  preference -for w a r m  aver ceold wake?, 

Recently, most a%" the e s n c e s n  h a s  b e e n  a b o u t  t h e  e f f e c t s  a n  s u ; ~ a l h  
B x i s&  s i n c e  l a r g e  f i s h  m a ~ k e d  o n  d i f f e r e n t  s i d e s  af an ex is t i aag  catxseway 

h a v e  been  d e m o n s t r a t e d  'kg retaat-..n t o  ~ v e ~ w i n t e r i n g  g r o u n d s  i n  t h e  same 

p p o p a r t i o a i  ( ~ . g -  C:%aig a n d  Gr ' i i ' f  i t h s  1981, Grlffiths a n d  G a l l a w a y  1932).  

%'he poteri t ia l  e f fec ts  on small f i s h  haye  net been s u c c e s s f u l l y  rrleasured by 

f i e l d  - t~d ig ; s ,  but have been simul.a(;ed for t h e  Gjaterflocrd Ccxuse~c,.ay Area 

gpj,,.j 2 -j, L--8 - .- B %  31, 1 9 8 3 ) ~  i h e s e  s"iau-alaf;lons t r e a t e d  ssnalE Arc tJ .e  d s c a  

~ ~ : ' ; . ~ ~ ~ ~ i ~ i ;  agld a * ~ s d l  lair L cildliges i.n d e n s i t y  as a d o n a p " - c o r k t s o l l e d  drJ i .P t  
6 * pract:ss olaaed by experimenital Ly-deter.niS.uteri tempi:r*3tui3c! pi8cTi:rences 02' t h e  

.$** . T h f z  a ~ s d e l  u s e d  was slmi4,ar to a yugevlo.u*%s rnsdt21, &13%"4-@k1 had heer"s 

d e s c r i b e d  by i::ll~:hc?ll (1 979). A 3  i i i i iskit have been expected,  si i tce uen3.l gy i ~ r  



S l s h  a p p a r e n t l y  earning Ln$a s y s t e m  drove t h e  model ,  &he m a d e l  
pepforvded 1 W g % 4 t  ,,&I based: upon comparisaaa or" p r e d i e k e d  t o  n t s e r ~ r e d  catches.  

L,lsted belaw ape some of &he c s n c l u s i s n ~  ~ e f a t e d  %a $he P P U ~ I ~ Q E  Bay 67nge 

Wsteyglood Causeway (Heill e% 31. 4983)* 

u* 1 v* ( 4 )  ih,e env i ronn ien ta l iy -d i r i ? r? ted  sEmula t ioms  pesfoi.%med 

be t ; t e~  Lhan tzn-dlrseted o~ reve~se-directed v e ~ s i o n s  of 

the modal due t o  i t s  provisiola far appropr ia te  responses 

a% s z a l l  A r c t i e  c i s c o  t o  t e a p e a 3 a t u r a / s a l i r i i t y  

he terogenei ty  ; 

2 Causewag-induce sl2ai2ges A n  s a l i c l t y / t e m p e r a t u ~ e  regfines 

resulted 2% ara estimated 7% reduc t ion  in t h e  d e n s i t y  of 

small  Arct ic  c i s e s  t h a k  wou ld  have  used t h e  a f f e c t e d  

w e a  i n  t h e  absence o f  t h e  eauseuay;  

3) T e a p e r a t u r  e / sa l in j .  tg h e t ~ r s g e n e i t y  f opted novernent of  
snaj% A - r c t f e  ~ E s c s  tkg-augh t h e  breach in a p u l s e d  
CP fi 
A awhione 

(4) Under  some c o n d i t i o n s ,  rnavement al" smal l  Aret ic  c i s c o  

thrisugia t h e  ' o~eaeh  a n d  arourad t h e  end  sf t h e  causegag 

Fsepe Ln o p p o s i t e  d i r e c t i o n s  c o m b i n i n g  %a f o r m  a gyre;  

and 

(5) subs tant ia l  part of ts .se f l u a t u a t i o n s  in catch r e s u l t e d  

more f a  e n ~ j ~ ~ . e ~ n m e n t a B % y . - ~ e E a $ ; . e d  c h a n g e s  f n 

c a t c h a b i $ A % y  t h s n  Lo P L u ~ t u a t i ~ n s  i n  a c t u a l  f i s h  

t l ens i ty  y, 

i.dkepeas t h e  zbagre model h a s  n o t  beep tes ted  against a n  inclependar1:lf d a t a  

s e t ,  ~ e s u l t s  nf t h i s  year's moni tn r ing  prograln a t  t h e  Waterflood Catasewa;bp 

sk:tould h e l p  to v a l i d a t e  ( o r  inxjiial.idate) t h e  p r o j e c t i o n s  NeilL et ax, 

(7rj83j kclade based upan t h e  7902 caWh and expeleiriientai data, 

D e v e l o p m e n t  uP a mc.r3e mzcPianistl.c model that: would stuchast 'neailj- .  

siaula". erutrvt?merlt of' sroall i'!rbc:tic c l sca  as a biased ~*ai~~c%am w a l k  rol.lowing 
Q " "  Javl,+ !a dnii Stlagipj' ( 7  963), Ce??:lge%is ( 2  978) and B'ei1.i (1  1)79), was cnr1,sldcrod 

E 9% E;y l.1. c;$ tzi., ( 1  933) bkii: raej-clt!tj f ' c i j *  st.vc?r.ciJ. re;ascrzs. l i i f?  t~ ,y- i  111 ?rqy 

ic;230fis l - l O i ~ @ ~ p i p ,  ~J;::J Flj;bq:2tgse S C & ~  m ~ d ; j g : ; j -  iielaarid a xizr.irx*,h.r 41j.g<\lcsr2 1;"r*:3tl i \Gi. j.ctr" 

,, e 
p*3f ~ ; y l ~ ~ $ ~ * t ~ ~ ~ f j ~ ~ : ~ l i : ; i 3 3  k ~ ~ ; ~ ~ ~ - ~ ~ j f ~ f ~  ;;*k;j;l ~ J F ~ : S  ; j i ~ t ~ e ~ ~ : ~ E l ; ~ ~ ~ ~ ~ ~  jScli* +:a";lk$ \ ~ ; ~ ~ ~ ~ y " * j ~ o ( i ~ ~  cY;%tgp-:(?\.,a;~-q 



area d ~ i q i n g  7982, :he 1982 Suamer S t u d i e s  i n  t h e  SagavanirktoE:  R 2 v e ~  

D e l t a  %pea were d e s i g n e d  t o  p r a v I d , e  t h e  rieeessary r e s o l u t i o n  of 

environment, t h u s  enabling the  development of a more r r i e c h a n i s t i ~  model f a r  

saa l l  & g - ~ $ i ~  c2ssa, & A  

The model desc r ibed  h e r e i n  was s p e c i f i c a l l y  aimed at s i m u l a t i n g  t h e  

sumxaes d i s t r i b u t i c r a a i  movements o f  j uven iPe  Arctic cisca in t h e  v i c i n i t y  

o f  t h e  Sagavankrktetic River Delta. It i s  based on p ~ o b a b i l i s t i e  responses  

o f  this specjes  t o  such  eny~ir.snmen.tal. variables a s  tempera"cure, s a l i n i t y  

and c ~ p r ~ e r j t  $ A e  i dec i s ion  t o  focus s o l e l y  on J u x ~ e n i i z  A r ~ t i ~  cisco had 

three bases, FLrs t ,  Arctic c i s c o  are s f t e n  t h e  mast aburada-?t anadsomoua 

sp tc i e s  occurr ing alcing t h e  Beaufort Sea coast  betwee~l t h e  Sagavanirktok 

and C o l v i i l o  r ivers  d u r i n g  the sumncer (Bendock 4979, Craig and H a E d o r s ~ n  

'1.980, Grirfi(2h.s and Ga9lah.a~ 1982, t h i s  r epo r t )  t h u s  o f f e r ing  a n  adequate 

data base f rom w h i c h  t a ,  conpare  actual. v e r s u s  s i m u l a t e d  fyke n e t  catch 

t r e n d s .  S e c o n d ,  a p r e v i o u s  s t u d y  (Fechhelnu .  e t  a;, 1 9 8 3 )  h a d  

cxper imenta! . ly  d e a l t  w i t h  j u v e n i l e  Arctio cisen" p h y s i o l o g i c a l  a ~ l d  

b e h a v i o r a l  r e s p o n s e s  t o  temperature and salinity--charaeterist.ics which  

f o r n e d  the p r d n c i p l e  b i c s l s g i e a l  component  of our msdeP, F i n a l l y ,  t h i s  

spec i e s  seemed an a p p r e p r i a t 3  s u b j e c t  f o r  s t u d y  since it p l a y s  an 

i n p ~ r t a a t  F Q % ~  i - ior$he~n Alaska's eommerciaP and subsistersee fisheries, 

T h e  success o f  t h e  s i m u l a t i o n  e f f o r t s  were d e p e n d e n t  u p o n  having 

massj t~ably accurate, fine;-scale d e s w i p t i o n s  o f  e n x ~ i r s n n e n t a l  dynamics  i n  

avld a r o u n d  t h e  S a g a ~ r a n i r k t o k  R i v e r  Del ta  a v z r  a conb; inuous  t i n e  p e r i o d ,  

Although EGL ~ e e s u r e d  some hydra log ica l  c o n d i t i o n s  a t  specif ic  p o i n t s  on a 

d a i l y  basis  as par'c of our Islologloal s a m p l i n g  r e s p o n s i b l l i b y ,  such  data 

wsi-e no& adequate f o ~  descr2ibing " e h e  dynami-cs o f  temperature and sal,in%'$y 

regimes o v e r  $%me a n d  space and b ~ e  d i d  n o t  m e a s u p 2  p r e v a : i l i n g  eu8-.p.entas, 
i- # l h e p e f  ore, t h e  development o f  a phy s i ~ a l  s y s t e m s  n o d e l  O$ I ~ ~ B I S - S ~ Q F ~  

coas t a l ,  w z t e s s  was Lel.egaked 4ko Nor'therrr T e ~ h r l i ~ a 1  S e x ~ h i i ~ e ~  ( N O R T E C ) .  

pr @ ,, I* r 3 f i y s i e a I  a ~ d s % ~  w h i c h  geiaeratad %irie*-scale s p a & f a J .  p r o r f i e  0% 

i.ej~pc;r.ti.~~i'e, 2 a l i . n i t y  and cu r r en t  over  a con'c.ii~uaias 20-day per504 (9  t o  28 

J i ~ i g ) ,  def Lned t i l o  hy dr.ci;rapili.c. c h a u ' a c t e ~ l i s  t i c s  under9  w h i c h  the i ' l sh  

:~:i mu]-a t i o n s  % ~ e x ~ e  k:a3~3d, 



The p r i aa ry  p u r p o s e  of+ t h e  f i s h  m o d e l i n g  e f f o r t  was  to d e ~ r e l o p  a 

method fox- s b j  e c t i v e l y  e v a l ~ a % % n g  s u b J e c t $ v e  s p f  n i o n s  r e g a r d i n g  & h e  

ps t s n t b a l  i n p a c t  on  Aa.eta%a o i s e o  n a v e a e ~ t  v e s u l t i n g  %r*sm alter--& % a & e ~  

q u a % % t y  keg%meso The an3.y basis f o r  an evaluatLon af t h e  aadel  %s whether* 

2% $!.iccessfui%y miaieked re la t ive  changes In t h e  absesveri, daily f y k e  n e t  

ca tches ,  16" successfrxi in t h i s  regard ,  and given no e v f d e n s e  t a  t h e  

czf;.12~-a &AA,J, w vb- t h e  nechaqf S B S  which d r i v ?  t h e  ~ ~ r l ~ d e b  aay indeed represent t h e  

~ ~ e c h a n j . s m s  w h 5 a h  in r luenced  s h s r t - t e r ~  A r s ; t $ i  ciss:o d $ s t r i b u t i a n ,  

Wouei;;.;-, it i s  j . i . apo~ . t a~ t  to recognize, regardless o f  the :results descr ibed 

her;-zln,  t h a t  t h e  model  kiss n s t  been t r u l y  t e s t e d  a g a i n s t  an L n d e p e n d e n t  

d a t a  s@$* 

Our nechanis t ic  rticdel f o r  s tochas t i ca l ly  slralalating fist., movement as 

a biased, r a ~ d o m  walk  i s  based upon the works sf Saila and 'Shappy {4964), 

DeAngePis (4978) a n d  Hei l l  (1979)= Under t h e  eaodel, f i s h  i n  a tva-  

d i a e n s l o ~ a l  sys&em are  permi"a;ted to move in any Q i r e c t i a ~ ~ ~ - h ~ : ~ e v e ~ ~  

g r e a t e ~  weigkrL i s  g i ven  to movement when it i.s in t h e  d i r e c t i o n  06 a n  

imprav ing  environment. This basic cancept i s  represented g r a p h i c a l l y  in 

Fig 4 , 1 - 4 ( A ) e  When envE~ol ; rnc tn ta l  c a n d i t i s n s  a r e  h o m o g e n e ~ u s  o r  

he t e roge~eaus  bu t  optimaro (;ion-biasing), s F i s h  has  an equal  p r s b a b i f i t y  

of msving f n  any dfrec"e.an, ThLs e ~ ~ e f " ~ t  can be s imula ted  by p lac ing  a f i s h  

at t h e  center. ( p o i n t  A] ar' a ~ i r ~ L e  ( C )  and r a n d o m l y  choos ing  a n  angle 

basad O R  the probability d e n s i t y  f u n c t i o n  (pdf) a f  t h e  circle, S i n c e  

theye i s  equa l  p r s b a b i l % t y  o f  ~hsssla-kg any angle, t he  s u b s e q i ~ s n t  ma-lieneant 

w i l l .  r e f l e c t  a tettal1y uvabiased ~ * a n d o ~ ~ ~ w a l k ,  

The b i a s e d  r andom w a l k  a s s o c i a t e d  w l t k  a f:eterogeneolas ( b i a s i n g )  

env i roneaen t  can l i k e v i s e  h e  vj-ewed ~ P L  terms OP probability [Pig. 4.1- 

I j G ) J . ,  in tP11s case, t h e  s t a s t i n g  y o s i t i u n  o f  the r a s h  ( p o i n t  A) 9s 
Ij - cori..:laer'cd be  one f'acus u f  an e i % P p s e  who:ie majar ax-is i .8 die9ecteti 

eithe.i.  ahead  ora b a c k  alorii: t i l e  L i n e  o n  %~Li?'.cka the P i s b  a p p ~ o a c t l e d  A; Lh;! 

e l i i p ~ ~ e  .is c!j.z.eeted ahead when the p r e v i o u s  s ' t e p  resu:t.tr.d i.n 

e f i - ; r i . ~ o n m @ n + ~ ,  f;l..tr:Etwnpc t a ~ h c n  t h e  prc.v$oets step r Y e ~ s ~ l  k ~ d .  !!YE Pbi~ c st:i"l:ij.j~\*~8 . "A 

; Fg&o:rfi el. pC,ical pdf 3 t :Zs cvfbt2nl.. t2raC 411 6e:h~)t!c<k1 t k 1 t ~  t' tt-*\- JAL 

e # 

j lJ2y' $fkf>*;f<+ "!.!A ;Jq+ c!j*l~t?ci;j&t:1$3~, j;ipc ~ ~ r * c ~ ~ ~ l ; ? ~ 3 ~ ~ i ~ c 4 ~ r  2-2; f ; ~ ~ ~ \ ~ c l t ~ f : ! : ~ f '  fop  ; % i ~ i $ j t > ~ t  l * * k \ ; . i d i  



Biasing EM$-~$r--srcrtm%a! a n B M b ~ s  



d k r e e e  t h e  f i sh  toward tbhe m g g t  wfavar-.as$eff e2nvironmenl, A, aodeP o f  & h i 3  

sc2-t f ~ x f o $ . ; r w  %ha$ ( 3  979) % e r a ~ d  ""k inakf  w e t % @  a v o i d a n c e  

behaviorB---an iiicrSease Pea t h e  p r o b a b i l i t y  of changing d i r e e t i s n  uheriever 

khr: f i s h  p e r c e l v e v  t h a t  t h e  e n v i r o n m e n t  Fs deterioi-at2r.d a long  its 

s w i m n i n g  ~ ~ C I L  

' % k ~  use: o f  an  e l l i p se  and i t s  assoafa t& p r o b a b i l i t y  d e n s i t y  f u n c t i s n  

i,s a ~ a t k e m a t i c a l  representaatisrt of a B~ealF--warkd situationE in b ~ h i e h  f i s h  

mcrvet.ier:t is a o d i f i e d  by e n v i r o ~ 2 a e n t a l  s t i r o u l i ,  The LaTF- al? bias 

: nu t i l l ed  by such a t i m u l i  car: be m a t h e m a t i c a l l y  conveyed by a l te r inr  t h e  

e l l l p s e s s  a c e e n t r i c i  t y  (e)--or t h e  degree a f  e l o n g a t i o n  o f  t h e  e l l i p s e  

{ F i g ,  1.1-21, Under t h e  homogeraeoils scenasia ,  zi l ack  o f  any d i r e c t i o n a l  

bias i s  represented by E::O (an e l l i p se  w i t h  e-O i s  i n  fac t  a circle) ,  The 

opposj. ie extreme, in which s i u ~ e m e n t  i s  t ~ t d l l g  biased, i s  an el l ipse w i t h  

e-1  [ s e e  Pig ,  4.1-2(A)] o r  e - - i  [ s e e  Fig .  4 .I-2(D)j; t h e  fajener  in t h e  

case QP a n  bIrnproving8 e n v i r o n m e n t  and t h e  La t te r  i n  t h e  e v e n t  o f  a 

5TworseningEP eravironment, By r n u d l i y i n g  e betweep* - 4  and 2 we have a lnethod 

f o r  bias2r.g aovement w i t h  an i . n t ens i ty  prhiport ional  t c  t h e  strengtl i  o f  t h e  

enviranmenLa% s%%m.r~%us 

14; was d e c i d e d  Co s u b j e c t  aur model  f i s h  to thr~.ee envbrorauraental 

varia"rres--,-cursen$, s a l i n i t y  and ternprature, Numerous f i e E d  s t u d i e s  have 

d e m o n s t r a t e d  t h e  l a t t e r  to be an i m p o r t a ~ t  f a c t o ~  i z  c s n t ~ s T P i n g  t h e  

e n v i r o n i a t i n t a l  d i s t r i b u t i o n  of  f i s h  ( F r y  4 331,  Deridy 1 9 4 8 ,  Hancctck 195&$  
"@,,iB I . i a r  r , L n  and BaLdbsin 4958$ Marak and T a n n e r  1 9 5 - 1 ,  B r a n d t  et a l ,  4980)~ 

S a l i l l L ~ y  :gas n o t  employed s p e c i f i c a l l y  as a d i r e c t i v e  fac tar  in c u r  model; 

rsk$her, %t acted Lo m o d i f y  ttae r e s p o n s e s  o f  f i s h  to t he rmal  v a r i a b i l i t y  

(Eaysicie et 21. 1917, Feehtlelrs st ax, 3 6  j), T a r , p e r a t u r c  t h u s  ac ted  as 

t h e  p s i a a r y  c l e t e r ~ i a k  af randow k i a l k c  bias* C t ~ r a ~ e n t  asas used ts e s t i a ~ a t e  

mover~er.:'rs. t-ePated &a m s s l v e  di- i fe as opposed ks t k ~ l e $ . u ~ ~ ~ ~ e g u ~ a L o r y  b ~ k ~ a . ~ i ~ ~ l ~  

masjar problew i n  s t i -uctar r ing t h e  ~ ~ o d e l  Mas the  uwkncgwn kqe%zag%o~~ 
P 

be$;~&eii7, f;kjgj e ~ c : e n b ~ h % c j ~ f ; y  aassc2ati .d w i t h  a b i a s e d  l-andoiu wal l ;  :and t h e  

f i u j l f s  t I i i ; ru j r~rogula tor .y  h c h h ~ r b o r  Neil1 ( 4  Y'rg4) :;uccessr~aS.Py modeled :;he 
8 n t3jl-tribtltii.nr, of ACl.sntic s a l . , c ~ n  z&liyc> and eat3p \~~~'ar..jl?_r~~L .! '~J:Q%c~) 

,j:i a ~ ~ e - . d j , g ~ ~ f i 3 j c t ~ g " ~ ~ t  sys teuh  based or: t h e  tkat?uscletieal. r~s&>csn,.;cs L"IP ~ f i % i h O ~ ~ c :  

:jl;ap~c:ic,.; CQ k i ~ ~ e ~ ~ ~ f i a ~ ~  l3~i ;4 i%79g~~~1ei f" ,5~~ *Khbe baain [31-o21~~%3e ofu $ 3  s ~k~43~3et'i w a s  tS\;-ri, 

~ u ~ ~ ~ ~ , ~ ~ , . , ; F " I - ~ ~  t t ~ ~ j , $ i g  C I ~ $ G ~ I  i s  3 f ~ ~ n c t i a r ~  C J ~ ?  two i i i y u i ,  va::Ba%~ll~;:: (7 ; 

- t -  r J c  . strqc;-;s, araj (2) :*cc::alL c ~ ~ \ j ~ ' ~ i k t ~ ~ i i : ' :  i i ' i " : ,  $ . : ic  



Fj-gxr=e 1.2-2. P r ~ b a h i l i t y  o f  v a r i o ~ ~ s  s w i ~ m i n g  d i r e c t i o n s  based on the probab i l i t y  density of e l l ipses  
o f  vaiyknr eccen t r i c i t y .  In each case the f i s h  is assunied to ha17.e appnoaciled i ts preser~t  
posi t ion ( a ~ z i g i n f  from the l e f t ,  and ang les  are measured as deviations fro171 the di rec t ion  
of  the previoils step, 



-- pate of eni.lr~nmeaEcal temgierat~ae ehafige. -kn o the r  w a r d ~ ; ,  t h e  f fsb must 

pel-ceive p~esenl cond$$Tons, and axso knaw whe@kjes &has42 ~ c ~ n d % t i s n s  are 

I,mgg+sving op b e ~ ~ ~ i ~ g  ~ ~ 3 8 ,  

Li ke  Me511 ( 1 9 7 9 I s  it was assume6 t h a t ;  t h e  k i n d  and degree o f  

L e m p e p a t u ~ e  s t ress  was  a r u z c t i o n  a$ t h e  d i f f e r e n c e  I,e$ween a a b % e n $  

L e m p e ~ a t , u ~ s  and t h e  $%shfs  p ~ e f e s ~ e d  temperature ,  Species-spec%PBe 

theraal pre f ' e~enda  are well-documented (Coutant  1 977) and are be l i eved  t a  

h e  tbe raa l  l eve l s  t h a t  a l l o w  Bus optireurn physia logieal  and biuchemica3, 

actfvi", ( F r y  and f i a r b  1949 ,  Fish1.r a n d  E l s u n  1950, Brzt, t  9 967, J a b l i n g  

4 931 ). We a d o p t e d  t h e  fo l i i awing  m o d i f i c a t i o n  of Nei11b:s (1 979) tlnermal 

stress s u b m s d ~ l :  

STRESS = / T,=T \ 3 if Ta)Tp 
hJ \ f ----- 

and 

wh a x- e 
0- 

b: ambient  temperature 

T~ I 
preferred temperature 

TyL - - u p w r  Ezthai tmperature (21°C) 
3 lwer l e t h a l  temperature (o°C) 

T h e  Q e t h ~ L  %emperatures r e p r e s e n k  bk-ae t h e r m a l  range w l t h l - n  w h i c h  

A ~ s t i s  ai.sco can su rv i ve *  The lower  l k m l l t  2,s o b v i o u s  gLvsn t h e ?  known 

erivipolmental; c o n d i t i o n s  of t h e  B ~ ~ , a u f o r t  Sea. An upi>er i i m i . t  o f  i l ' l U ~  t;as 

est imated baaed upon Che ~ e T a $ % ~ n s h % p  o f  p,rPefkexlded Lo Sekha l  ternpepahre 

known seve~alB calmonid species and the Itssob~n prererrted %ewperia't;ui-es o f  

Al-@&ic cisct2 (jl;"eclahelm et ax, 1983), 
f 3 s  k n e  v a l u e s  of  "%" 

P used f a p  s s i m u l a t i s s a s  tdere e a % c u l a t  +:d f l % o j ~ i  

$uve r r i Xe  A p e t i c  c iscej  ~ ~ ~ f i l p ~ y . a ~ ~ i ~ e  pi. i l fer~jnc@ s t r l d i c s  (F'ec'r!Fi:!c:!rii d : t q  : ! 7 .  

7 583 Pig .  *; .! .-:_4). P o u r  dii'iiererht e q r ~ a t i o r r s  ? r e r e  e i ~ p l c y e d  dependir i l ;  ars 

arntj$~?fit ~ u n d l ,  t;j-orzs: 



"a* ~ e m p e r a t n - r e  preference  o f  the A r c t i c  c i s c u  (From 
Fecht rc .1~ e t  ale l983). 



T - j 4 . 5 - ( 0 . 0 6 ~ S ) ~ ~ ( 0 . 3 ~ T ~ j  if" T,Zg5 and Sf.15 P - (31 
F- iej ri) - a e p z e r f 5  ., t 0 , ~ 9 e 5 ) + ( ~ . 3 e ~ , )  if ~ a 5  and SCI5  (4) 
" - 14.7.-(9.057~%) if %,<I5 ~ n d  5415 
2~ c51 
T~ = j 2 s 2 r r ( Q o J 5 * s )  if T,<15 and S(45.  (4) 

where  S i s  s a l i n i k g  in parts  p e p  thousand ( p p t ) ,  The %ode1 t h u s  calculated 

7' aftex- every s t e p  fop ezch Lndiv%,dus"a$fsk as a funct ion 0% tenpe~atrrare 
"B 
" -5. arkd s a l i n i t y ,  and  in t u r n  compared t h i s  p r e f e ~ e n c e  w i t h  T, to d e t e p a i n e  

stress,  

S p a t i a l  change in s n v i r e n ~  :n taE temperature ( T x )  -gas i2andJved i n  

s i ~ p l L s t l c  Pash ian ;  

m i h u s  T, had t h e  ~ ~ a l u e  4 f o r  c o o l i n g  or - 4  f o r  w a r m i n g ,  S t ress  and  T, were 

csabincd t o  y i e l b  eecentr2city: 

so t h a t  eyf3yj undeg* c a n d i t i o n s  a$ maxfmua bias t h e  f i s h  st%%% had a f i n i t e  

movement.  We ean e v a l u a t e  t h e  logic? o f  e q u a t i o n  (8) by assumirag a 

%~at;er t h a t  2.3 t o o  baasm (T,>T ) c o ~ g ~ e t e s  Lficrementa s t e p  into s t i l l  
-3 p 

wariuer water, Frnm e q 2 a t i o n s  ( 4 )  and (g) ,  S%x3ess w i l l  h a v e  a p a s i t l v e  
. v - pa tr!!4li: T bc, negative. The r e s u l t  i s  3 negative eccelltricitg~ 

X 

kfhich causes the riex& stel3 to be bj-ased in 'tihe oppos i t e  d i rece ion ,  Assun@ 

tl.je same yal.ue of .xate21% temperature, b u t  t ha t ,  t)ic b-ish is mavinl% dui:n t h e  

f;heraal g rad icn tW- the  values of" both St.ress 3n- j  T, 2re pos-i 'c i~e, r e s u l t i n g  

a poyit$vg? ccee~qtikicrly whEcii i'avors a e o n t i n u a t i o n  o f  movement in t h e  

o r  r:aki.ng k h e  cnrxbcc'c ehnice. .  The same au*guii,ent 3 3  vaS.id i a  c o l d  w ~ i i : ~ ~ ~ ~  



$7 - lne simu3.atiow made% was coded a d  executed on a Wewlett-Packard (BPI 

98&5 a rde ro -compu te r .  The wate r s  in a n d  araurad t h e  S a g a v a n i r k t e j k  RLver 

Del ta  (Fig. 1.2-4 ) we re  r e p r e s e n t e d  as a t w o - d i m e n s i o n a l  x-y e o o r d i n a k e  

systra wit t i in which f i s h  were pe rmi t t ed  t o  fsee3.g nave (Fig. 1,2-2). Four 

areas clithin t h e  system Laere designated as catch zonzs and weP.6: p o s i t i o n e d  

t o  c o r r e s p o n d  w i t h  t h e  l o c a t i o n  or' LCL's four n e a r s h o r e  f y k e  n e t s .  The 

actual area sampled by 'che model is  i n d i c a t e d  by t he  s i z e  o f  t h e  darkened 

squares  i n  Fig, 3 . 2 - 2 6  F i s h  moviwg fnta a n y  s f  these z o n e s  were 

cansidered IscaughtE and a p p r o p r i a t e l y  ~ e c o r d e d  as  p a r t  o f  t h a t  fyke n e t s s  

d a i l y  catch. Our g o a l  was kc  genera te  d a i l y  ca tches  t h a t  c o u l d  be 

compared to t h o s e  a c t u a l l y  r eco rded  in t h e  f i e l d  d u r i n g  I) t o  26 J u l y .  

Because o f  restrictions i n  psograro e;%:ecution t i r a e ,  it was q u i c k l y  evident 

t h a t  if: would  be i m p o s ~ i b l e  t o  d u p ' l i c a t e  t h e  actual n u a b e r s  of f i s h  

caught, Strch an e f f o r t  k ~ s u l d  r ~ q a f r e  s i m u l a t i n g  n u m b e r s  o f  mode% f i s h  

sorrespicii2ding w i t h  t1-a. act~ii;a"rDel"t; p o p u l a t i o n  size o f  smal l  fispcLic cises 

(likely i n  excess o f  4,000,000). We d e c i d e d  t o  s imu la t e  r e l a t i v e  

abundance pa t t e rn s  aver t h e  20-day p e r i o d  ins tead  of actual nurnkers as a 

maLCep of prac t i ca l i t y ,  

T o  i n i t i a t e  t h e  proerala,  200 fish were r a n d o m l y  p o s i t i o n e d  i n  t h e  

a imula&ion area, T h i s  p o p u l a t i o n  srhze bias sufficient enot~gk ts gerierate 

meanicgf u$ daf l y  ca t z h e s  w%thm"r:oeres't;axing compube8-i t i m e  eorzskr$ain%s--one?e 

kmur 0% co~iiputelri t f a e  u a s  r equ f~*d  to s imula te  t h e  z o v e a e n t  a$ 108 f i s h  

p~ 211 h s u r s ,  S i n e e  p r a e l % a i n a s y  couputez-  r u n s  i n d i c a t e d  & h a t  f i s h  

g r a v i t a t e d  r a p i d k g  Coward  share d u ~ f c g  t b s  f i r 3 s b  f e w  d a y s ,  t h e  i n i t i a l  
* 

randean d i s d r * i $ u t i t 3 n  was P i u 8 i t e d  d o  %he ~ l l a ~ e ~ . ~ a r d  40% o f  ffg4h@ simu"at$an 

ai*ea,, We n a t  believe *I-t\ls coar rpr ios l l id  $;%kc a a j d s l  because  f i s h  c o u l d  

s t f i  -. - 7 1 noye ~ f f s h ~ p t e  fP 80 i n c l f f i e d ,  T l ~ e  maJo,y.. ad.vantag(2 was t h a t  

~j ra.tri%ali;ed Eisb  di:;tsibt-~Lio6a. m.;.eas?hed apparer12; s k a b j - l i t y  i$%t$-a onvl.ssr'6.men"t;al. 

i;,:jdj,tioas i n  about  24-36 h 2s O~,$,;C:~YC~ to t h e  thpec: to i"ci12r days it 14011:ld 

i l -g g2 !la(! f i s h  i . n i ' c i ; 3 L L y  tjeen d l s t r i b u t < i d  i:hpo~~{$houE; %he en i;i.r.e 

simul.atJ.un area .  R a p i d  h i m e  i ; ~  : ; t a b j . L i t y  was i m p o r t a l a t  g i v e n  i:k~;lk t h e  

t e s t  perf.;sd was on2.y 20 d a y s  P~a lk< ,  



"- - -_- - Y 1- - S i m ~ l z ~ t i ~ a  z - y a  for  f i s h  model, 



F-p" " r 4  

- r e  - 2  D i g i t a l  col%p?ater nlzp o f  Sagavanirktssk River D e l t a ,  Blackened areas 
indica te  catch. zones and eorrospond ta .the laca%is#n of  EGL" f y k e  
n e t  stations, 



l8joveroent b ~ + s  pap- t i t ioned  into s t e p  l e n g t h s  al" one hour. At each step, 

t h e  p o s i t f a n  a f  an i n d i v i d u a l  f i s h  was compared to t he  exFs&fng v a l u e s  o f  

e ~ r v i r o n r n e n t a l  temperature,  s a l i n i t y  and c u r r e n t  a s  defined by N O A T E C e s  
Pt . ,  p h y s i c a l  modelc. lnese da ta  e n a b l e d  c a l e u L a t i o n  s f  the d i r e e t 2 a n  sf 

movemen% POP t h e  n e x t  s t e p  u n d e r  t h e  b i a s e d  random w a l k  submode l .  T h e  

m ~ g n i t u d e  n f  t h e  i m p e n d i n g  s t e p  was deteraiaed as ;a f u n c t i o n  o f  swimming  

speed in f i s h  lengths/ses  (BLS). BLS ( a l l  s i m u l a k e d  f i s h  were I S 0  m m  Song) 

r e l a t e d  S;Q temperatup;e (T,) by t h e  function: 

b a s e d  oxi t h e  laboratory e x p e r i m e n t s  an t h e  spec i e s  by F e e h h e l m  ebi a%. 

( 3  983). 

Swimming speed in BLS g a s  c o n v e r t e d  t o  a b s o l u t e  s p e e d  ir! m/s a n d  

scaled t o  accolnmodate t he  rnodelss coordinate system. 

A d d i t i o n a l  Z;her6nal SLas was i n s t i l l e d  b y  modi.Pying s w i m m i n g  speed as 

a fulset ion of e c c e n t r i c i t y e  Dwdak uwbfas ing  c c n d i t i s w s ,  one a%gt% expect  

a f j . ~ h %  se%ua$ s ~ J T E ~ $ R ~  p%$& b@ C ~ ~ ~ P " C U ~ . ~ ~ U S  t%f%arl ' B U ~ ~ F  8 B O T e  

d i r e c t i v e  s e t  sf c i rcuas tanees ,  By t h i s  we nea11 t h a t  as the d l ~ e c t i v e  

effect  o f  s t i n u l i  inex-eases b ias  [eccent r ic i ty) ,  f i s h  z.re a p t  t o  s w i r n  an 

i n c r e a s i n g l y  more d i r e e t  i-oute. I n  keeping w i t h  t h i s  assumpt ion ,  swimming  

spe.jd and t h u s  t h e  distance tra~reled pe r  hour was biased by m u l t i p l y i n g  i t  

by a f r a c t i o n  sf t h e  masxiaum df~stance t h e  f i s h  u s u l d  have t ~ a v e l ~ d  tiad i t  

moved i n  a s t r a igh t  path ,  

y i s ~  4- ,,a?;?s teoded La trave:l a greater dimstance pexb urnit  time wheri r~svemea~ t  

was ta'li;raer6qis ~aa r -  f a i ~ o r a b j - e  c a n d b t i a n s  t h a n  when maveeraent t4 as l,it.t4$ eww 

dj-reched, 



F i n a l l y ,  the e f f e c t  co-aassi'iill d r i f t  due to c u r r e n t  xas .supesPmposed 

or1 ttle d$-splacemen% r esu3 . thg  Prom %he f % s h k " s  S X P I ~ W ~ ~ W ~  a c t 2 s n  axsne, TFJ~B 

was accomplished by add ing  t h e  ap2 rop r f a t e  c u r r e n t  v e c t o ~  t o  t h e  p o s i t i o n  

t h e  f i s h  would  have  achieved by swrirnm.ing, f n  order t o  d e t e r n l i ~ l e  the neu 

i o e a t i a n  from uh i ch  t h e  f i s h  would  begin t h e  next s t e p ,  

O u r  ziiodel h a d  only t w a  c o n s t r a i n t s  w i t h  regard t o  movement.  F i s h  

%sere riot p e r n i t t e d  to occiapjr coordinates corresponding t o  Land mass nor 

were t h e y  a l l o w e d  t a  t r averse  t h e  upper ( n o r t h e a s t e r n )  bourldary o f  t h e  

systern.  F i sh  p a s s i n g  across t h e  nor thwestern  bcturldary were re ins ta ted  om 

the s o u t h e a s t e r n  b o u n d a r y  at the same y c o o r d i n a t e ,  C o n v e r s e l y  f i s h  
Y 

m o v i n g  over  t h e  s o u t h e a s b e r n  b o u n d a r y  were r e p o s i t i i s n e d  a t  t h e  

n o s t h x c s h r n  b ~ u ~ d a r y ,  Thf s procedure e n s u r e d  a canstarst,$ n u a b e r  o f  f i s h  

( 200 )  i n  the s i m u l a t i o n  sysbem w h i l e  still cjnabling them t o  pass through 

t h e  modelea area in a n e t  eastward os westbrard d i - r ec t i on ,  depend ing  on the 

e f  f ecds of e n v L r o n m z n t d  var iables ,  

We had o r ig i r i a l l y  i n t e n d e d  t o  rnimic f y k e  nek  catebes i n  each o f  t h e  

fes~r f i e l d  8&,rnplring l oca t i ans ,  Howevsr, the  NORTEG envi ronmentaP rr,ade% 

d i d  na"cpeeiiry co r ld i t ions  i n  t h e  r eg ions  o f  Q k e  net sampli .ng S t a t i o n s  2 

and  5 a long  t h e  wes te rn  and e a s t e r n  baundaries of t h e  skudy a rea ,  

respec'i.iveXy. As a r e s u l t 9  o u r  c s m p a i . L s ~ n s  sf model  t o  o b s e r v e d  t ~ e n d s  

were l i m i t e d  t o  Q k e  n e t  sampl ing  S t a t i o n s  3 and 6 .  

"a'e s i m u l a t i o n  model was " tunedR b y  v a r y i n g  estimates s f  o n l y  t'i.dryse 

of tkie parameters ( w h o s e  a c t u a l  v a l u e s  we h a d  n o  w a y  or" knowf ng) u n t i l  

goodness-sf-45. w f k h  t h e  observed catch series at S t a t i o n  3 k j a s  ma:$cimizerf, 

Such  ~ a s d e P  f i t k i n g  i s  no less l e g i t i m a t e  t h a n  p a s a m e k e r i m t i a n  of a 

r t e g ~ e s s i o n  model ,  Had our m a d e l a s  s t g . t ~ e t \ ~ t * e  been p a t e n t l y  w r o n g ,  it i s  

u n l i k e l y  t h a t  any  c o r n b i n a t i o n  of '  t i -wee perameter e s t ima tes  eon3.d have  

p ~ e d i ~ c e d  high cax3se la t ion  $ 3  t w e e n  o b s e r v e d  a n d  p ~ e d i c t e d  ca tches .  T h e  

s j , m u l a t i n n s  i n - v a l v e d  96,800 (200 f i s h  x 24 Pi x 213 d a y s )  events, each  

con" ,,&%fling .'-. rar!dora @element, 

The;. t b 1 - e ~  pnraanicli3r's which. r?erzc: v a r i e d  in uus  mode l - f i t t i ng  exen-cise 

j a c l u d e d  ~ u e f C i e i e n t  flakv in e q u a t i o n  (0), a i~iult.ijll.e o f  tl-ie s\giirrming speed 

coiirputed in egua(;ii,i2 [IQ), and a m u l t i p l e  okcur r ' i rn t  speetf get~c?r*ated by 

$;he E:)fiyEC m s d ~ l ,  C~oi~f".C.ci..nt !tart p ~ p $ ~ e s e n i ; , s  a measure 0%" Juverin:s'.T~ I"aa.ct$. 

ei,2cgara t;hernn3. z ~ r i a i t i i w i k y  c.rra ",.:.::~II"', a$o%"~k k ~ h i ~ 2 - i  d h ~ : ~ ? e  e ~ : i z i ~ , $  rat7 

eja;jj-rj-<2;~]* ~ ~ f l ~ ~ ~ j ; A ~ ~ ~ 8 ~ < ~ ~ ] ~  leJ{> t f ' j b r 2 ~ i  ~ f a l ~ ~ e i - ~  ~ ' ~ [ j ~ ~ ~ ~ ! ~ r ~ & ~  t ' ~ ' ~ \ r t  5 t # ~ j  !<)<I + i " ~ k  !,~~L? k ? i ' ~ s ~ ~ ~ ! ~  



to f i t  t h e  mcdel .  For s w f r o m i n g  s p e e d  we %pied t h e  m u l t i p l e s  of 2 ,  3 ,  4 
znd  5 because we d i d  n o t  believe t h a t  t h e  s p e e d s  d e t e r m i n e d  i n  the 

- I *  

-* - 
-5. 

babara,tai-y were likely to have been as h igh  as thase a c t u a l l y  occurr ing  in 

t h e  f i e l d ,  I n  ucn",-ast,  d l  f f e r e n t  $ r a c t i o n a j .  m u l t i p l e s f  e u s r e n t  s p e e d  

H e y e  teseed, %Re rat ivnale beifid t h a t  Fish l i k e l y  iaake u s e  o r  batbytr ie t r ic  

f ea tu r a s ,  P r k e t i o n a l  zones ,  r h e ~ t a x i e  "r  a s p o n s e s ,  t t o  m o d i f y -  t h e  

appal<e,~% s%rlength of PseaSized cw%x*aak, Best resuPts were abtaiuaed u s i n g  

a v a l u e  sf 56 f o r  c o e f f i c i e n t  "a", a swimming s p e e d  m u % t F p l e  - .?.-- of 2 and a 

current  velo;itgr m u l t i p l e  or 0.4. 

Ijodeied catch t r e n d s  werg compared w i t h  f i e l d  catch t r e ~ n d s  based on 

b a t h  raw and d e a ~ d u l a t e d  d a t a a ,  By $he P a t t e ~  we zeaw t h a t  r e s u l t s  were 

subjec ted  t o  s p e c t r d  aanwgisis i n  order t o  detect and compensate f o r  h igh 

rsequency o n c i l l n t l o n s  i n ?  daf l y  c a t c h  d u r i n g  t h e  2 0 ~ d z y  siimula.tion p r i o d .  

Once t h e  h igh  Erequencg coinponent was deternined, i t  was i nco rpora ted  i n t o  

a demlzduPadirng f i % t e ~  ta txaansform s~ sasc"i the data= Such 13eaoduEa-tion 

enab les  one to cornpal-e ac tua l  versus s imula ted  catzh trends wF"chcau%, t h e  

u : : ~ ~ ~ f ~ ~ n d , n g  e F  . . feet  glf'kligh f r e q u e n c y  n o i s e ,  The 2$8-.6zy s i a u l a t i a n  t ime 

L n t e ~ v a I ~  t u r n e d  o u t  &s be tss s h o r t  a p e r i o d  i n  whici3 t o  d e t e c t  a major  

f r e q u e n c y  component ,  therefare  t h e  same f r e q u e n c y  c o m p o n e n t  t h a t  was 

1 de$ermeaed fa;- f%eM data %as used in demodula t ing  t h e  nodel catch series, 

The b-ja s e d  raaclom wax!< a o d e l  can be  sualzasized i n  terms sf Chl~rpee 

~ c o ~ ~ p o n ~ n t a - - ~ i ~ v i x ~ o r ~ n ~ e r ~ t ~  phy s i o i o g y  a n d  movement  bekav ic i r  ( P i g ,  1.3- 1 ). 

The d i f f i e~encs  i 8  amMan$ e n v i r o n n e n t d  tempera%ukqe a& a ggZve1-a p a s i t i o n  

jT,) f4rom t h a t  at t h e  p r t eced ing  pos$tPon (Tai-1 1 define t h e  natux.i.43 af" 

$emperatuu*e change (T,j b e i n g  experienced by t h e  P i s h .  Pl*eterz*ed 
- 

t e r n p e r a e  (T-.) i s  determined from sa l . - in i ty  (S) arid arribient teolp62rbature P _ 
-.m 

( ~ c ~ h l ~ g !  la i . ~  31. 178';). St res s ,  wl?j.ch i s  de2i .ned  as a ~ ' u r a c t i o n  o f  the 

deterf i ina  t h e  ecr?euif;lg:icity ( e )  or bias in the: Irupending ci;oi.ce r\9' ri-ir*ecLtiJ 

nfla.venic-:nt, fil tPaough t h e  s u b u e q u t 2 n t  d i f f e c t i o n  s f  moveroen'k; s tems . e f x30a.r. 



- @ = - -  

- A ,  - Csncep-tual diagram of tl2e biased random r ~ ~ ~ a i k  f i s h  model. 



,-- Lne v. stage se t ,  a r a n j ~ m  number i s  genera&& and a p p l i e d  t h e  pr~babi! i t y  

d a n s i & -  fa y f ' u n c t i o n  ~f ellipse t o  d e t e r m i n e  t h e  fish's m o k r e m e n ' c  

(dire2 t i an  and magnitude), 

C o l l e c t i v e l y ,  t h e ;  abova steps generate: a change of p o s i t t o n  due 

s o l e l y  tc t h e  s w i a m i n g  actiopr a; t h e  f i sh ,  Tbfs aovercene i s  theri 

augaan ted  by p a s s i v e  d r i f t  induced by eurren", The sum aP these  two 

v e c t o r s  r e s u l t  En t h e  n e t  d i s p l a c e m e n t  o r  movenaent. o f  t h e  f i . s h e  The new 

p o s i t i o n  oceup:ied by the f i s h  at $ h i s  p e e n t  has a s e t  of cn: r i ronmenta l  

c o n d i t i o n s  and t h e  i~ode$  t h u s  begins i t s  next i t e r s t i o n ,  

2,0 RESULTS AMP D I S C U S S I O N  

$r+isr d e s e r i p " c i a n  2nd d t s c u s s i a n  of r e s u l t s ,  khe reader 2s 

rGerni.nded tha-, the  nnadbk has  not been t ~ u e l y  t es t& agaiast a n  i ~ d e p e n d e n t  

data set (Stat ic ; :  6 t r e n d s  treiee, howevea, p r e d i c t e d  b a s e d  on  parameters 

estilnzted frum S t a z i o n  3 data),  The ~ n l g  b a s i s  f o r  a n  e v a l u a t i o n  a f  t h e  

model i s  whether i t  successful.ly minj.cs rei&"ive chang l s  i n  the observed, 

daily fgke n e t  catches. If' successful  in t h i s  regard and given no tzvidence 

to i;:cle contrla~ay,  t h e  mechanisms whioh d r i v e  t h e  ~aodeP may indeed reprzesent 

$he mec"szanlsms which in f luenced  ~ h o i ' t - t e ~ ~  Wsc$%c cfsso d $ s t ~ . i . b ~ $ : i o n ~  







s e r i e s  occurred d u r i n g  ? i i * s t  few days wheal b o t h  t h e  a c t u a l  and  

p r e d i c t e d  catches were v i r t u a l l y  n o n - e x i s t a ~ t .  The f jrst major surge f n 

eateh under t i i e  nodeled scte~;ar%o occurred on 44 July, w$- i iEe  i t s  real-world 

c o u n t e r p a r t  d i d  n o t  underge t  a s u b s t a n t i a l  i n c r e a s e  u n t i l  '1 6-17 J u l y ,  

By its design,  t h e  random wzdk f i s k i  model generates r a p i d  changes i n  

thermal  bias a t  a b o u t  9 .5 -40"~ .  T h i s ,  i n  e f f e c t ,  fo rms  2 thermal  

res i sea-ace  f r an t .  According t o  t h e  phy n i c a l  s a d e l ,  the t h e ~ r a a l  p l u m e  

generated by riven" discharge pushed t h e  I O O C  i sotherm through t h e  S t a t i r ~ n  

6 area  on '14 J u l y  (Fig. 2.4-3); a b o u t  t h e  s ane  t i m e  a s  the i n i t i a l  su rge  

i n  simulated catch. Nowevei-, EGL9s  f i e l d  temper;atures measured at S t a t i o n  

6 did n o t  reach ' ~ o ~ c  u n t i l  20 J u l y  ( s e e  F i g .  2.4-31 a l s o  n o t e  t h e  

agreement at Skat ion  3 ) ,  which was t h e  tf-me t h a t  t h e  ac tua l  f y k e  net catch 

f i r s t  peaked,  T h i s  t r e n d  p r o m p t e d  us to compare  t h e  ca tch  t r e n d s  a t  

S t a t i r j n  5 a f t e r  h a v i n g  s u b j e c t e d  t h e  s i m u l a t i o n  data t o  a p h a s e  shift 

s o r r e l a t i o n  araaly s f  s, 

I n  terms o f  anaxiiiium e o s r e l a t i o q ,  t h e  o b s e r v e d  ca tch  lagged  i-he 

m o d e l f s  p r e d i c t e d  c a t c h  by f ou r  d a y s  (Pig. 2.'!-4). T h i s  s h i f t  i m p r o v e d  

t h e  c o ~ z ? e l a & i a n s  t o  r-Oe30 and r=O07O f a r  t h e  abser7ved and  d e m o d u l a t e d  

series, r e s p e c t i v e l y .  Lag-correLat icn-ar ,a iys is  i n d i c a t e d  t h a t  t h e  

phys j . c a9  mode l ' s  p r e d i c t e d  tempera ture  series ?.ags L G L f s  recorkded 

t empera tu re  s e r i e s  by f i v e  d a y s  (Fig. 2.7-5) .  The aberrant s i h u a t i o n  at 

S t a t i o n  6 i n  no .*ray compromises  t h e  p h y s i c a l  m o d e l f s  o v e r a l l  v a l i d i t y  

sjnce there wa:: good agreeraenf; be tween p r e d i c t e d  and ac tua l  tern pera tures  

r e c o r d e d  at S t a t i o n  3 ( s e e  F i g ,  2.4-3). Rather ,  t h e  l o c a t i o n  of o u r  f y k e  

n e t  a e  S t a t i a n  6 t u r n e d  o u t  i;o b e  an u n f o r t u n a t e  choice ,  Station 6 was 

I.ocated i n  an area  Ln w h i c h  water  c o n d i t i o n s  unde:-go a h i g h  degree af 

t r a n s i t i o n .  f iecording t o  t h e  TfORTEC: p h y s i c a l  r aode l ,  t h e  r e g i o n  i s  
9 

c o n s i s t e n t l y  c h a r a c t e r i z e d  by a b r u p e .  g r a d i e ~ t s  of? b o t h  ternpera L u r e  a n d  

s s l i n i i ; y ,  Throughout: t h e  sunlriler sanp!.ing pt:riod NOFiTEcss bfocring 4, which 

i s  located i n  t h e  same generdl v i c i n i t y ,  a l s o  d o c u ~ e n t e d  h i g h  frequency 

f l u c t u a t i o n s  cf both  tempel -~a ture  and salinity (Seetj.cn 7, Vol ume ;1Ie T h i s  

i ns l ; i i b i i i . t ! ~  may r e f l e c t  a s h a r p  i n t e r f a c e  bet ,ween ccrl~i, h i g h l y  s : % ~ i n e  

O r . e a j l j  q I;:;'% ;lrad t h e  ~.t?ia"h;~ta.cl;j s*iatixnuu*, 3.~2325 s a l i r ~ e  l q a t e ~ s  .i;:l,-~?" a r e  





Crass C a r r e ?  a $ $ o n  Nn% 6 

k3iguie  2.1-4. plot of carreI.ations between a c t u a l  (demodu! atedl  a n d  
predicrtcd (dc3rnoc~l~1Pated)cakch at fyke  n e t  S"c.23ti.on 6 ar: a 
func.lim sf v a r i o u s  phase s h i f t  ccrn1pa.ri.so1ds a 



C r e s s  E a r r e 5  r t r o n  Nst $5 
... - 

i r e  2 1-5 P l . o t  o f  corre i a t i  o n s  between observed (cieinodulati2d) a i d  
r predicted (di-imsdulalcd) t c i m ~ ~ e r a k u r e s  at fyke n e t  S t a t i o n  6 

X I.s 3s a S ~ m c t i o n  o f  v a r i n u : ~  phase s h i f t  cornparisoils. 





sautk~easterPy currents  e x h i b i t  a s % % g b t  seaward b i a s  3x1 g a t e s  moveneuat 

aci-ass t h e  r a c e  of the Dalta. T h i s  n e t  t r e n d  may have b e e n  s u f f i c i e n t  

enough La coc Tract t h e  f i shsg  thermoreguiatory behavf 

In an a t k e m p t  ts $ s o l a t e  %he e E f e c t s  of @ u r ~ e n $  s n  A r c t i e  c l s e s  

movement, t h e  uaadel was r u n  u s i n g  a homotherlnal envlranment. .  Tempratuse 

gas  h e l d  ar; a cons tan t  8°C f c s  t h e  sake oP d e t e r m l ~ i n g  swirnnr ing s p e e d  

wh-LPe eeeentrieLty gas rnaiiltained a@ 0; F i g u ~ e  2,1-6 shows the  predic ted  

ca-hch u n d e r  t h e  "current  o n l y w  m o d e l  v e r s u s  o b s e r v e d  catch. Under  t h e  

" c u r r e n t  o n l y v  scenar io ,  t h e  c a r r e l a t i a n  w i t h  d e n o d u l a t e d  a c t u a l  c a t c h  

deereased t o  2%-9.86 and  r--0.50 f o r  S t a t i o n s  3 and 6 ,  r e s p e c t i v e l y ,  E t  

appears t h a t  t h e  cur ren t -only  model d i d  no t  m i m i c  f i e l d  data t o  t h e  e x t e n t  

o f  t h e  full m o d e l ,  a l t h o u g h  t h e  c o r r e l a t i o n  a t  S t a t i o n  4 suggests "La$ 

cwrnrit played t h e  major r o l e  in t h e  observed Arctic c i sco  d i s t r i b u t i o n .  

Because we rnight expect t h e  in terac t fve  e r f e c t  sf temperatiis*e and curreaa% 

t o  vary,  both s p a t i a l l y  and t empora l ly ,  it is d i f f i e ln l t  t o  i so la te  t h e i r  

r lndividutl l  roles i n  t h e  averdl pLc&u~.e  of' f i s h  movement, The i m p o r t a n t  

c n n s i d e r a t i o n  i s  t h a t ,  u n d e r  t h e  model ,  b o t h  currerit  a n d  temperature 

a p p e a l q  t o  d i r ece  %he d a i l y  movements  04 AreLic c i s c o  i n  and a r o u n d  t h e  

Sagavanirktok River  Del ta ,  and t h a t  successful i n t e r p ~ e t a t i o n  of abundance * 

pat terns  requires cons idera t i  on sf both fac tors*  

Desl3ite e n c a u n t e r i n g  p r a b l e r n s ,  t h e  au tho r s  would  jradge t h e  o v e ~ a l l  

model result:; as being encouraging, Good model f i t  occurred at S t a t i o n  3 

where the oeea2ographic model x2sPia$a%y p r e d i c t e d  a n v i r o ~ ~ a e n k d  c o n d i t i s n s *  

A t  S t a t i o n  6 ,  where temperiature p r o j e c t i o n s  were similar3 but about  f ive  
52 

days o u t  o f  phase w i t h  measured ~ralues, t h e  actual  eatcka series lagged t h e  

modeled catch series b y  four days,  Altkrotlgh three model pr~:*amei;ers wer.e 

a d j u s t e d  in t h e  a t tem~it  t o  e s t a b l i s h  cjptlmilm car re la t inn ,  i t  seet3.s h i g h l y  

resmits s;geee&ed dau'c based cir: 96,000 randon! events, On t h i s  basis ,  t h e  

l ~ a d z l  appear8s "a; ornave sornfj credibility, anti  sr,xppr_rxtts t & ~ , e >  caniten tJ-ok2 e k i g i t  

cu:*ajeilC, and to & I ~ Y  YGP ex$;e~*iii;~ %;c2mpeh7;rl t u r e  $ i.k@:'8;f n4eylpesent twa  prl$m:?sxy 

dekei+ii~j:lsnands 0%" A.~r ic t$c  c j . 3 ~ ~ )  d i ~ t ' ~ ? j ~ $ % : " t i ~ ~ ~  i x t l  $he v i ~ f  t43,t.y I-.i:,c, 

:5;%!-6;":m;(lj ~.$<"I"I,Q~C f { j~ f ' : t "~~l f ;a ,  



i'i~ arc 2. 1-~(1 Aci:ual versus " c u r r e n t  o l l i y "  m o i l e l .  i-;it+c.l~ ;it. Sl:,~i- j 027s .i 
~ j r i t l  h fn;. ti::? j ~ i - - i ~ x l  d u l y  ',-July 28. 



Although random traPk theo ry  i s  no6 w i t h o u t  precedent  ( i , e ,  Sai_la and 

S t z a p p : ~  4963s DeLnglis '19781 N e b 1 1  I 9 7 9 ) ,  ou.- a p p r o a c h  r e g r e s e n t s  an 
-J+ rk 8~ . j a 1 a t t e n p t  a& f nLegsaGing  a testable n e c h a n i s d i c  msd~eB w i t h  fine- 

s c a l e  e n v i r s n m s n $ a $  da ta ,  At t h i s  p r a l i n i ~ a a r y  stage the  aksde% h a s ,  Lo 

some degree, a c c o m p l i s h e d  i t s  i n i t i a l  g a a l  or  e p a s s e d "  t h e  a " % p s t  t e s t  

g i v e n  an adequa te  p o r t r a y a l  o f  t h e  e n v i r o n m e n t - - f  t reabsorlably mimf c s  

r e l a t i ve  changes in t h e  da i ly  f y k e  raet eatel2es of j u ~ r e n i l e  (If50 am) Ax-etie 
~4 A,LO.% ;;. "a 

S t a t i s t i e a E  m o d e l i n g  c o u l d  a l s o  be u s z d  f o r  impac t ;  assessment  

pu rposes  b u t  wozld take a d i f f e r e n t  approach, Hem, rather "iha ncclmpare 

actual abundance  t s  patterns p r c j e c t e d  based e n t i ~ e l y  upon  known sr 

expected functional r e l a t i o n s h i p s ,  a11 t h e  fac tors  which can be i n c l u d e d  

i n  a stepwise time series m u l t i p l e  r e g s e s s i ~ n  wsu%d be i n c l u d e d ,  u n t i l  a 

high penaeenkage of t h e  sample  vasiance was explained,  Using auto- as ge l1  

as c r a s s - c o r s e l a k i o n  app roaches  it i s  a n t i c i p a t e d  t h a t  a h i g h  degree of 

t h e  CPUE s s ~ l p & e  v a ~ i a n e e s  at t h e  v a r i o u s  S a g a v a n i r ~ k t s k  R i v e r  Delta 

s a m p l i n g  stai;isns could be accounted f a r ,  g;ir expla ined  from t h e  e x i s % i n g  

data set. By Chis we mean t h a t  t h e  obse r~ jed  cu rves  eouEd have been f i t t e d  

as Punet f  ans  eaP t enperabre ,  saf i n i t y ,  eurren%s, g r e v i s u s  abundance a t  a 

i o c a t i o n ,  ;bb-iindance at o t h e r  l o c a t i o n s ,  etc .  Q n o e  f i t t e d ,  a se r ies  o f  

c s r ~ e l a t e d  v a r F a b % s s  l i k e  tern perateai-e and s a l i n i t y  col l ld  b s  changed as 

% h e y  ~ a u l d  h a v e  occurred if a causekTay c s n f i g u i q a k i o n  h a d  been  p r s e s e n t 5  

w h i l e  hoEd ing  a l l  t h e  o t h e r  v a ~ j - a b l e  s e r i e s  the same, T h e  O U & ~ J U & ;  c o u l d  

then  he s t a t i s t i s a l l y  ~~~aispai-ied %a t he  os%g%na% obsezqva&%ows t o  s b t a i n  an  

e s t f ~ a t e  a%" t h e  ef fects  aP the p ~ o J e c t e d  c a u s e ~ a y - b n d u e e d  claanges In w a t e ~  

q u a l i t y  an f i s h  abundance ~=at terns* 

Neiekier a p p r o a c h  f a  perfect, b u t  iie h e % I e v e  e i t h e r  wo~~a ld  be 
C1 

1;pefr:rable over s l r o p l e  o p i n i o n  n o t  subjected t o  any scrriitj.a:y fur in terna l  

e o n s i s & e ? f i @ y ,  I2.e sf m u l a t i o n  n o d e l i n g  a p p r o a c h  was se l ec t ed  far 

diqijlcpa;iyli; ckj,.: pros17ara because i t  i:i Isrei: to fail. By t h i . ~ ,  we mean 

t h a t  s i m r s i a t i u n  rcludeli :~g w a:; u s e d  3s r~ t e s t  t o  dei;era!uine whe the r*  i;?lc; 

pr.c+c.ei~~e:d f 'unctionai  re3 a t i o n s h i p s  could reasona bEy accnul-it# for observed 

d i s ~ ; ~ ~ ~ b a j ~ $ o ~ 3 .  X t  ; * J ~ S  believed t h a t ,  2%" d h k  silnrrnlaliovrs p r o d u c e d  some? 

r ; ezsunr ;b I f :  r ' e p r e s e n t a t j o i r  o r  t h e  o b s e r v e d  d y n a i l l i c s ,  $;hey wowl.d p c c v i  dt: 

c.r;.l. @dent:% ; { '~z i  t h e  da ta 'base or s ta t$ .  s t i  cal, krsuc$clilag 3pp~'0<it:%1, St4 X+ 

pol j lr j  l i e  ra:-i.e ~ a f e l g  a:ir,tified th;.i t; I;i~ii  st,?^ t i  ~I:ji:;.ti ~i~~ldi . !  i'<jla tiVic i-t>nia 12 i? .! 



be like the ~ j o d e i  f o r  another  year, because t h e   served correll,ations were 

more l i k e l y  a t t r i b ~ ~ t a b l e  t o  k u n c e i o n a l  r e s p o n s e s  of t h e  f i s h  t o  t h e  
yo* vaa;iab;.es inc luded  i n  t h e  r2gressiorts as opposed to some stherb unmeasured 

Fac tors .  The pr imary  Teason for  u s i n g  statfsakical madeling a:; opposed t o  

s i m u l a k i o n '  m o d e l i n g  is t h a t  once i t  h a s  been dc te r rn i ned  t h a t  &he 

ecrrreJatLo.ris hme  a f u n c t i ~ n a i  basis ,  t h e .  f ormep i s  l e s s  t ime-ccnsuming 

a n d  cheaper t h a n  s i m u l a t i o n  modexi-ng. On t h e  o t h e r  hand ,  s i m u l a t i o n  

modeling .?$Per8 the advantage cf a l iowlng  one t;o examine places .rri;thin t h r  

gzsgraphic b o u n d s  of t h e  n o d e l  system w h e r e  a c t u a l  d a t a  were n o t  

co l  %ec"%;ed, 

A; w t e d  e a r l i e r ,  t h e  model  has  y e t  t a  be  t e s t e d  against a t r u l y  

i n d - ? p e n d e n t  d a t a  set. I n  t h i s  r e g a r d ,  we c a u t i o n  again: o v e p  

s . n " c r i p a t f n g  t h e  m a d e l ' s  e v e n t u a l ,  w o r t h  at t h i s  t ime, Many q u e s t i o n s  

rema i n  anailsw ered and f utv t re  p i t f  aLEs c o u l d  d e v e l o p ,  Never t he l e s s ,  t h e  

n o d e l i n g  approach c o u l d  u l t i m a t e l y  represerat an i m p o r t a n t  a n d  a c c 3 t -  

e f f ~ c t i v e  toof. f os descrikirrg t h e  migrat ional  and d i s t r i b u t i o n a l  patterns 

of coastal f i s h  s t o c k s  as a func"rbjow ~"envirorirnental fac tors ,  Under t h e  

a s e u n i p t i c i n  a f  v a l i d i t y ,  t h e  p r e s e n t  madel  has p r e d i c t i v e  c a p a b i l i t i e s  

which cou ld  be used i n  s u p p o r t  of o p i n i o n s  regarding i m p a c t  levels,  
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P i h i s  s appziidix con ta ins  computer--generat& maps of t h e  Sag;avanirktok 

R ~ : J ~ - J T  Celts cdeprlstirig r e s u l f - , ~  of f i s h  n o d e l  s i n u l a t i o n z .  L i s t e d  i n  

chrl?rioScgical o r d e r  POP ";j?e p e r i o d  9 Ju ly -28  d u l y ,  the maps  t lenote the 

s imula t ed  d a i l y  d i , s t r ibc r t iona l  piatterns of 200 A r c t i c  cisec. F igure A-1 

sh?.oi~s t h e  i "Fshs9sndc rn  r i i s t r i h u t i a n  a t  the  s t a r t  s f  t h e  20-day s i ~ l u l a t i o r l  

peri-od. Numbered e i ~ e l e s  on t h e  maps  i n d i e a t e  t h e  L o c a t i o n  sf t G L s s  

d i rec teona l  fyke n e t  s t a t i o n s .  
















