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ABSTRACT 

Research cruises were made between August 28, 1967, and June 19, 1968, 
t o  study the ver t ica l  dis tr ibut ion and movements of pink shrimp, Pandalus 
jordani, off Tillamook Head i n  68-80 f athans. S h r h p  t raps suspended from 
surface t o  bottom, midwater trawl, and bottom shrimp trawl nets were used. 
Results are  di-scussed i n  general terms and problem encountered are described. 
Shrirnp were found t o  migrate off bottom rapidly a t  night. No apparent 
correlation between moon phase and migration was indicated. Data on moon 
phase-migration pattern are  limited, however, due t o  weather and/or cloudy 
conditions. Seasonal d5fferencss i n  ver t ica l  migration i n  the  study area 
(sex composition and hei  h t  of migration) were indicated, probably due t o  
(1) sex segregation and f 2 )  presence or absence of thennocline. Few shrimp 
were caught i n  pots during May and June 1968, possibly due t o  a change in 
feeding habits.  Differences i n  sex composition of catches i n  pots and 
midwater trawl indicate the pots are probably biased toward catching females. 
These data await detailed analysis. Results w i l l  appear i n  a f i n a l  report on 
this study next year. 

During the  year, 6 cruises to t a l ing  19 separate t r i p s  t o  sea were knade. 

We did aL1 f i e l d  work on the  chartered t rawl vessel Sunrise. 

An area off Tillanook Head i n  68-80 fathom was chosen as the s i t e  for  

a l l  pot f ishing as well a s  bottoin and midwater trawling. This i s  the closest 

area t o  Astoria &ich annually produces commercial w a n t i t i e s  of pink shrimp. 

A student t rainee was hired f o r  the  month of August 1967 t o  help assemble the  

gear. An Aquatic Biologist joined the  s t a f f  i n  Septenber 1967. 

We anticipated s t a r t ing  the study using shrimp t r aps  ( ~ o t s )  and mfdwater 

trawl i n  July or August;, 1967. However, t h e  net and t r a p  materials were not 

received u n t i l  l a t e  September. Prior t o  the  a r r iva l  of the supplies cruises 

were made i n  Maydune 1967 (Cruis e Report 67-4) and August 1967 (cruise Report 

67-8), t o  compare dtzy and. iij,gh*v catch rakes for  s h r h p  on the ocean faoor. 
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We used a 41-foot GuLf semi-balloon trawl f o r  these tes t s .  Day tuws 

produced much higher catch r a t e s  (in the order of 10-1) than night 

tows over the same area. These t e s t s  were repeated in June 1968 

(cruise Report 68-5) with similar resul ts .  Incidence of males in 

catches were higher i n  day tows, indicating a possible greater  night 

migration off bottom of males than the older females. Results a r e  

shown in Table 1 .  

Table 1. Bottom trawl day and night catch r a t e s  and sex 
composition of shrimp by cruise,  

Catch/tow G .  males in catch (n) 
Cruise Period Dav .. Ni~ht  Daw N i h t  .. 

!$e began constructing the t raps and rigging the midtrater trawl upon 

the a r r i v a l  of supplies. bte made a 3 day cruise  innnediately a f t e r  

receiving the midwater trawl t o  t e s t  gear handling techniques and net 

configuration f cruise  report 67- 10). We experienced no d i f f i c u l t i e s  

in handling t h e  gear. 

Storns through most of Cctober prevented us from get t ing  t o  sea, 

We constructed 50 pots during t h i s  period. We chose chopped f i s h  for 

bai t .  This was available commercially in  50-pound sacks of frozen 

nink feed. It was co~qosed of from 70-1 00% arrmrbooth flounder 

(Atheresthes stomias ) , 

Three cruises (16 separate t r i p s )  were made from l a t e  October 1967 

t o  mid-June 1968 t o  f i s h  pots, midwater trawl, and bottom trawl, Usually 
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77 pots were attached a t  4- t o  5-fathom in terva ls  t o  a main line.  

Two or three win l ines  (s t r ings)  were fished from surface t o  bottom 

on each t r i p .  Pots were uvually pulled and checked a t  3- t o  4- hour 

in te rva ls  during t he  night. The construction, rigging, and method of 

f ishing theso pots have been summarized in several cruise reports. 

The pots caught shrimp a t  night i n  abundance during cruises 67-11 

and 68-1, shrim? ctiased entering pots during cruise 68-5. During 

cruise 67-1 1 from October 26-~oveaber 18, 1967, we made 4 t r i p s  t o  

sea. Shrinp were caught b r i n g  a l l  night s e t s  of the pots. No 

shrimp were caug??t during the  day. Ekles here predominant i n  the 

catches of t r i p s  2 and 3 and coiqletely dominated the catch of 

t r i p  4 ( ~ i g u r e  1).  Very few shrimp were caught i n  the  uppernost pots 

of each string. This lack of shrimp was probably due t o  the presence 

of a very strong therrilocline during t h i s  period. Weather prevented us 

from f i sh ing  with the  bottom trawl and only 2 tow6 were made .with the 

30-foot square midrrater trawl. Males were predominant in these catches, 

amounting t o  81% and 100% of the catch on t r i p s  3 and 4 respectively 

(Figure 2). We have appreciable agreement i n  catch cmposi t ian 

between pot and midwater t r g v f l  catches, predominately male. A 

commercial market saqgde, drawn in  mid-September 1967, i s  the only 

data we have of sex and age composition fo r  bottom catches, It was 

composed of 40% m l e s  (Figure 3). 

During cruise 6C-1 from January 23 t o  Xarch 21, 1948, we made 

5 t r i p s  t o  sea, Again, al.1 night s e t s  of the pots caught large 

numbers of shri.;ip. 30 s h r b p  were caught during the day. Females 

predominated in pot catches during t h i s  period; (Figure 1) the 
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reverse of r e s u l t s  gained in  cru i se  67-11. Bottom tows a l s o  resu l ted  

in catches composed l a rge ly  of fernales ( ~ i g u r e  3). I3.d-water t r a w l  

catches, however, were composed of appreciably rnore males than in 

catches by t h e  other gear, although l e s s  males occurred in midwater 

t rawl  catches during t h i s  c ru i se  than i n  any others  (Figure 2). 

t e ~ ~ p e r a t u r e s  were hoinogeneous (c ru i se  repor t  6G-7 , Fi,aure 1 ) 

and as many a s  300 t o  600 shrknp were caught i n  near surface pots 

as wel l  as throughout t he  water column. One tow, made during 

c ru i s e  68-2, caught shrimp composed l a rge ly  of miles during t he  

same period (February 15) but  s l i g h t l y  north and w 2 s t  01 where we 

f ished pots. The predominance of males i n  t h i s  tow ( ~ i ~ u r e  3)  

leads  us t o  bel ieve t h e  reason f o r  t h e  di f ference in sex composition 

between c ru i ses  67-1 1 and subsequent c ru i ses  was sex segregat ion-most  

males probably were i n  deeper water than where we f i shed  pots. 

we made 7 t r i p s  t o  sea during c ru j s e  68-5 from liiay 7 t o  June 19, 

1968. Pots were f ished a t  n ight  during a l l  t r i p s .  Shrinp catches 

were very small with only 164 caught i n  pots a t  n ight  during t h e  

cruise.  None tiere caught during t he  day. Females were again 

predominant i n  pot catches duriiig a l l  t r i p s  ( ~ i g u r e  1 ), Of the  164 

shrimp caught, k4 were males, 10 were t r a n s i t i o n a l m l e s ;  t he  r e s t  were 

females. Itidwater tow catc:hes were predominantly males (Figure 2) 

of t h e  1966 and 1967 year c h s s e s .  This i s  t he  s t rongest  showing 

of t h e  1967 year/class males t h i s  year. It has been qu i t e  weak in 

both research ( F Z ~ W ~  3)  and commercial bottom catch samples during 

t h e  period :By through June, 1968. Sex composition f luc tua ted  between 

25 and 55% males f o r  bottom toors. The mid-water trawl- was towed 15 



times during t h e  cruise ,  A l&inch mesh l i n e r  was setm i n t o  t h e  

t rawl  p r io r  t o  towing. Shrimp catches ranged from 0 t o  8 pounds 

per  $-hour tow, 

The di f ferences  in sex composition between pot, midwater trawl, 

and bottom t r a ~ r l  catches probably ind ica te  tha t :  ( 1 ) a l a rge r  

proportion of males ti:m of females come off  the  bottom a t  night; 

(2) females were more a t t r a c t e d  t o  (o r  re ta ined b e t t e r  i n )  pots 

than males during the  s tud7 period, This ass7mas no b i a s  in midwater 

trawl catches toward ri~zles. The l a rge r  females, however, il-igllt 

avoid t he  ne t  bet ter .  

It i s  d i f f i c u l t  t o  e-xplain why t n e  shrimp ceased enter ing the  

pots  during cruise  68-5, It was assumed dwllng c ru i se  67-1 1 and 

68-1 t h a t  t he  shrimp were enter ing i n  response t o  the ground f i sh .  

However, ii' t h i s  tias t rue ,  then t h e  shrimp have s ince  changed feeding 

habits .  Perhaps arrowtooth flounder have a hormone i n  t h e i r  t i s s u e  

during t he  f a l l  and ~ J i r t e r  t h a t  i s  not present during t h e  spr ing and 

suiririer, H i g h  pot catches were a l s o  associated vsith the shrimp 

spatming cycls. Female shrinl;s caught during October 1967 were 

beginning t o  form head roe. Catches began t o  f a l l  off  as gravidi ty  

decreased fvlarch 1968, - e could asswne t h a t  during t he  l a t e  spr ing 

they d id  not come off the  bottom a t  n i & t  but  midprater trawl catches, 

da.y and night  bottom catch ra tes ,  and those  few shrirrp caught in the  

pots a l l  i:idicate t h e t  Lhey rlere off t h e  botton. It i s  evident t h a t  

they rrere not  a s  stronyl-y a t t r a c t e d  t o  t h e  b a i t  during t h e  l a t e  spring 

a s  during t h e  f a l l  and ri inter ,  
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For a l l  the problems we have presented, we d9 know t h a t  s h r h p  

come off the bottom a t  night,  often ve+ rapidly, and go very high 

i n  the water column when the  water i s  honothermous. This gives the  

shrimp a re l a t ive ly  rapid method f o r  mass transport  of movement via 

currents. This presents in te res t ing  poss ib i i i t i e s  f o r  horizontal 

movement. 

Althougl~ we attempted t o  correlate  shriinp movements with moon 

phases, our data are not en t i r e ly  adequate, ?relirninary analysis of 

available data shows no correlation of moon phase rdth shrimp movements, 

Gear problem were common throughout the  cruises,  A s  ear ly problems 

were solved new ones cropped up. Pot losses were comon throughout 

the  study. On the f i r s t  t r i p  t o  sea (cruise  67-11) we l o s t  several 

3ots :diic;i snagged on the boat keel and broke loose. During t r i p  2 

(cruise 67-11) we l o s t  several pots because the attachment loops were 

twisting around the t r o l l i n g  c l ips  and releasing the  cl ips .  Slight 

modifications of the  c l ip s  corrected the problem. We did not lose 

any pots during cruise 66-1. However, during cruise  58-5 we l o s t  

20 pots, Fifteen of these pots were l o s t  during t r i p  1 ,  New attachment 

loops were t i ed  just  pr ior  t o  the t r i p .  These loops were much shorter 

than those used previously. !!pparently the shorter  loops were subject 

t o  more chafing and as a r e s u l t  we l o s t  many pots. The s t r ings  of pots 

:.ere a l so  10s-t, f o r  two nights during the  t r i p  due t o  currents. A 

detai led explanation i s  given L.1 cruise report  68-5. Steel  attachment 

rings were laceci oil the main l i nes  t o  prevent fur ther  such losses. 

However, the r ings also chafed and were sometines broken or bent when they 

car.zs through t h e  i i n e  rciller, Furthcr losses occurred 'oecdusc of %hi- 
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Buoy l i g h t s  a l so  caused troubles. I n i t i a l l y  only one Light was 

put on each hal ibut  pole. On severa l  occasions, however, the  l i g h t  

went out  and %re were unable t o  loca te  t he  s t r i n g s  at  night. Several  

th ings  were done t o  r e c t i f y  t h e  problem; two l i g h t s  were taped t o  

each pole, b a t t e r i e s  were used only one night  and then replaced, screw 

threads i n  the  l i g h t s  were greased t o  prevent leakage, and the  bulbs 

were ret ightened a f t e r  each night  of use. 

Fog caused problems i n  loca t ing  t h e  gear on t r i p  1 ( c ru i se  68-1). 

Although we thought of put t ing radar  r e f  lec-Lors oil t h e  poles, Ire dicl 

not  encounter any nose s ~ ~ c h  t rouble  and dropped t he  idea. Future s tud ies  

using similar buoy systems should d e f i n i t e l y  consider pu t t ing  radar 

r e f l ec to r s  on each pole. 

Pots constructed f o r  t h e  study tiere almost d i r e c t  copies of those 

used in Alaska a s  described by 1kBrid.e d d  Barr (1967) of BCF. We used 

$-inch diameter f l e x i b l e  polyethylene p l a s t i c  pipe pressure t e s t ed  t o  

125 pounds per  square inch and iq-lon tees .  Zighty pound t e s t  pipe and 

p l a s t i c  t e e s  were not  su i tab le  because the  pipe tended t o  col lapse  with 

rough handling and t he  t e e s  would break. Tie ne t t i ng  covering the  pots 

was sewn together with nyion monofilment l i n e  su22lied by a l o c a l  up- 

ho l s te ry  shop. The pots,  so  constructed,~rere extrenely r e s i l i e n t  

and stood up wel l  under verjr rough handling. 

Length-weight & ta  were co l lec ted  on cruised 67-1 1 and 66-1, and 

fecundity data  was col lected on cruise  67-1 1. In addit ion,  length- 

weight data col lected frm market s a i~~p le s  i n  1963, 1964, and 1967 

were worked up. Xesults of regression cor re la t ion  were sham graphical ly  
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in quar te r ly  repor t s  f o r  t he  second and t h i r d  quar te r s  of f i s c a l  

1968 (quar ter ly  repor t  f o r  October 1 - December 31, 1967; quar te r ly  

repor t  f o r  Janu.ary 1 - l a r ch  31, 1968). 

Observations i m  February and bIarch, 1968, or" aquarium-held 

pink shrimp caught with pots  showed several  i n t e r e s t i n g  behavior 

pa t te rns  which m y  or LXLY not  he a r t i f i c i a l .  T!ll?.en f i r s t  brought 

in and put i n  t h e  aquarium, those shrimp near t he  i n f i ov~  oriented 

themselves so  t h a t  they e i t h e r  faced d i r e c t l y  i n t o  or  away from the  

current .  This behavior broke dam a f t e r  a few weeks. The bottom 

of t h e  aquarim 5ras covered with c a l c i t e  and shrimp made no attempt 

t o  burrow. h t e r  a?pro.xi .~.~tely one ha l f  of t he  acluarim b o t t o ~ ~ .  

was covered with sand. Agaiiz, shr-iap made no a t t e~npt  t o  burro~r or  

cover up. Night observations showed increased shriixp a c t i v i t y  i n  

t he  form of swimming. An i n t e r e s t i ng  pkieiio~nena occurred a t  night 

in t h a t  the  pink or  red shrimp colorat ion faded and t he  shrimp 

becaue almost transparent .  Also a t  t h i s  time t he  eyes would  low 

with an oranse-;?ink color. The t ransparent  appearance and glowing 

eyes were a l s o  agparent during n igh t  operations a t  sez. Xost of t h e  

shrimp hald were gra-rid females. Zoaea began t o  appear on February 

23, 1968, and although tkle:? Piouid s::-b,-kle ;o t h e  . -cd; t~ ;n  in stil l .  Gatsr, 

the:; i r c r e  eas i ly  $ic.r(:?: u , a.:?~:! car.pi.ed by t h e  s l ig i i tes t  current  or eddy. 

The larvhe did not sgern t:j Se v ~ r y  vi3.5le. No stage II zoaea were 

observed. ::bile -the - dult shrl lj;.: rrere held they, were fed. iriost1.7 

::lii?ce:? c laas .  c;n o m  occasion they a1:i.c;~; ~d t o  ;c t ively  ea t  l i v e  nereid 

;.rorns :;rid were a l so  c;b::cyrveci pic-::in.:: . t . : r i  e ~ t i n g  s.a.211 bsr.nacles. 



An attempt was made t o  t a g  shr inp with d a r t  tags  inse r ted  i n t o  

the  abdomen. However, shrir,lp s o  tagged a l l  died within 1 t o  

6 days. The experiment was terminated on piarch 31, when t h e  

last shriup died. 
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Figure 3. Length-frequency for Bottom Tow Catches by Cruise,, Trip, and Sex 
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