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INVESTIGATION OF THIE ABUNDANCE AND BENTHIC DISTRIBUTION OF
PINK SHRIMP, PANDALUS JORDANT, OFF THE NORTHER~ OREGON COAST

INTRODUCTION

On July 1, 1969, the Fish Commission of Oregon, under contract by the
Burcau  of Commercial Fisheries, began a i-year stwdy of the pink shrimp
(Pardalus jordani Rathbun) off Tillamook lHead, Oregon. Our priiary goal was to
determine the scasonal movement of this species within a given area,

The range of P. jordeni extends from southern California to Alaska, with the
largest commercial concentrations off the Oregon coast. Bahlstrom (1970) presents
a detailed synopsis of the biological data on pink shrimp. A summavy of the life
history of pink shrimp off Oregon is described by Magit! and Brho {1963).

Little is known of the specific movement of this species of shrimp off
Oregon. Dahlstrom (1970) mentions that populations of pink shrimp (presumably
off California) appear to make only local movements apparently associated with
the scavceh for feood withno migration of pgreat distance nwolved., lle states that
maltes tem! to occur ip shallower water than females during the fivst 6 months of
each year and in the latter half of the year the sexes are mixed. Dahlstrvom also
states that juveniles (nssumea to be O-ape shrimp} arce usually in shallower water
than adults. He reports that females off Catifornia do make a winter spawning

) L
migration. \

Informal obscrvations by Orepon coumercial shvimp Uishicrmen suggest that
pink shrimp arc at times portly scpregated by ycar class aal that the heuvicst
concentrations of shrimp sometimes move several miles on a laily basis. Many

fishermen have also commented on juveniles being inshore ol adults,



Robinson (in processing) mentions differcnces of tows made in two different

locations off Tillamook Head in 1968. In February, three tows wade at depths of
69-73 fathoms had catches with 81-86% females and 64-69% of the shrimp were of

the 1964-065 year classes (Age TIL and IV), One deep tow 790-91 fathoms) made a
Geek later and approximotely 313 mides to the northwest of Jh- Fivst three tows, had
a catch comprised of 98% males of the 1966-67 year classes {Age 1 and 11},

In our study we hoped to define patterns of sex or ape segyz,ation and scnsonal
movement of pink shrimp. To reach our geal of describing :hese movemcents, we had
several ebjectives.

1. Determine benthic movements of pink shrimp v the area off Tillaoook

lead, Oregon by sampling at approximately monthiy intoervals for 1 year

at stations arrvanged in a grid pattern.

a. Analyze the abundance of shrimp based on <empling in pounds and
numbers to determine if there is a patrern ol novoment.

b, Analyze the age and sex composition of the samples to determine if
there is a2 pattern of movement by any apccitic ser or ape class,

2. Determine the location of O-age shrimp to establish §f:

i.  They move into the arwa from a specific dive vion “ndicating
wmigration {rom a nursery area or:
\
b, If they are interspersed among the a1t popuiati .

A sccond goal developed during the course of 1l study. Thiv was to cstablish

the effect of Hight intensity and the density of shrimp on theiv vertical disuribution

duriny the daytime.
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STUDY AREA
The study areca incorporated 18 stations off Tillamnok Head (Figure 1). Twelve
of the stations were arrvanged in a grid pattern with cach station 4 nautical miles
from an adjacent station. These stations were over areas ranging in depth from
56-84 fathoms. ‘hree stations (1-3) were inshore of the block of 12 stalions.
They were about 2% nautical miles apart, with depths ranging from 30-51 fathoms.
Stations 7-9 were offshore from the block of 12 stations awd were 4 nautical miles

apart. Depths at these stations ranged from 80-159 fathoms.

All stations except 1-3 werc over areas of green mud and sand, typical of

shrimp grounds. Stations 1-3 were over an area with a sand bottom.

AATERTALS AND METHODS

A 59-foot commercial Pacific seiner-type trawler, the M/V Sunvisc, was chartered
for use in the study.

We used a 41-tfoot headrope Gulf semi-balloon trawl made of 1 1/8-inch QtretchcdH
mesh netting with a codend of 15-inch mesh (Figure 2): An inner liner in the codend
was made of M-inch mesh. Plastic vollers were attached to the $2-foot footrope.

A 50-foot 5/16-inch steel tickler chain was used.  Fach end of the tickler chain
was attached to the cnds of the footrope. Several 17-inch dropper chains along the
length of the tickler connected it to the footrope. Filteon feot of cable bridle

A . .
conpected the net to the V-trawl doors, \

During the first cruise in July 1969, we towed only at stations 1-15.  Tows
at stations 1-3 and 7-9 were 30 minutes duration and al stations 4-6 and 10-15 we

made two 15 minute replicate tows,
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After the first crulse, we expanded the study arcs by adding stations 18-20.
The sampling procedure afrer the tirst cruisc was also cheaged to single %-nautical
mile tows at cach station instead of a eimed tow. This method standardized tow
length.  wWe found that timed tows varied in length becsusr of differences in ocean
currents.  During the last two cruises, April and June L970, we climinated stations
1-3 and 7-9 and made replicate L-nautical mile tows at ithe vemcining stations.

e took bottom water temperaturcs at sclected statioss on cruises from July
1969 - April 1970 using expendable bathythermographs. This wis used as an aid in
assessing shrimp distribution among stations during a «ruise or shrimp movement
between sanple periods during the study,

The catch from cach tow was weighed to determine vross weight, A 20-pound
subsample was sorted to determine the percentage, by weinht, of shrimp and incidental
species.  The calculated percent of shrimp was applicd to the total weight of the
remaining catch to determine pounds of shrimp caught. A random sample of approx-
imately 400 shrimp was taken from the catch when a sinele tow was made at a station
and approximately 200 shrimp were sampled from the cateh of cach of the replicate
tows,

Sex of the shrimp in the samples was detevmined in rhe laboratory by cxamining
the endopodite of the tirst pleopod. Pink shrimp arc nrotardric hermaphrodites,
They mdture first as males and thoen change gex to function as Yomales.  The period
of sex chunge to females s called the transition phas . 1t usually occurs during
theie 3rd year of dife although shrimp will change sex 0 either an carlicr or
Fater ape. The shape of the endopodite indicates phas: of sex of the shrimp

(Tegelbery and Smith, 19573,



The "length' of cach shrimp was measured with a voenier caliper from the base

of the eyestaik to the posterior mid-dorsal cdge of the carapace. Length was
recovded to the nearest lower 0.5 mm,  Cavapace length frequencies were used to
determine age composition of catches.

During the coursc of the study, we learned of Alan Beardsley's work with a
vertical distribution sampler (Beardsley and tligh, 1970, Beardslcy, 1973}, He
found that during the day pink shrimp could be caught up to 12-Feet oft the bottom.
_ This lead to some concern that ouy net, with a vertical opening of only 4-feet, may
have been missing quantities of shrimp. With the cooperation of Beardsley and the
National Marine Fisherius Service in Seattle, Washington, we werve able to design
and install a VDS suiltable for our net (Fieurc 2). We tested the net with the VDS
installed in 7-10 fathoms of water and divers obsceved that the configuration of
the shyimp net was not greatly altered.  We used the VRS diaring the last four
cruises of the study in February, March, April, and Junc 1970,

The VDS has a frame of 2-inch aluminwe tubing and is 2-fret wide by 10-feet
high. There are five openings tn the upper 6-fect, cach measuring l-foot vertically
by 2-fect horizontally. Crosspicces of 24-inch tubing scparate the openings.  Knot-
1css L-inch nylon mesh bags, 7-foct in length, were atiached to cach epening.

To give the VDS support while placed in the net, we attached the botcom of
the frame to the fowtroée. To be positioned vertically, the tegs of the trame had
to be inserted through two holes in the canopy of the net.  These holes were 4-feet
behind the headrope.  This positioning cereated a 4-foot long overhang in froat of

the VD5 d4-feet above che bottom {(oatrope}.
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During the cruises, using the VDS, we measured light intensity with a submarine
photometer to sec if light infiluenced the daytime vertiend distribution of pink
shrimp. Scveral light readings were taken from the ssrface to 90~ feet tmmedintely
after a tow.

To estimate the pounds and numbers ol shrimp in the study afea, we usecd the
data obtained from the block of 12 stations (18-20, I0-12, 4-6, and 13-15). The

catch at cach station was considercd to be w smmple of the shyimp in a 16-square
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pautical mile area. The 12 stations represented an rea of 192-square nautical miles.

The data from the total catch of cach tow at the {2 stations and total area trawled
was c¢xpanded to an estimated catch for the 192-square naurical mile study area.
RESULTS AND DISCHUSSION

Nine cruises were completed during the study.  No crnises werce made In August
and December 1969 and May 1970 duce cither to adverse westher conditions ov other
commitments for the charter vessel. Table 1 summarizes the average catch per -
nautical mile towed and the overall sex and age compesition of rhe samples by month
of capturc.
Table [. A Summary of Average Trawl Catch per s-Nauticrl Mile and Sex and Age

Composition of Samples Taken during Pink Shrimp Distribution Study,
July 1969 - June 1970,

. « Avg. Catch Sex Composition W Age Composition % 1/
Cruise Per %-Mile v Transi-

No. Date {(Lbs ) Male  tiomal Pesal e 0 Co 1L 110+
69-2 7/16-19/69 1260 59.1 15,8 AR 0.4 61.9 9.2 28.5
69-4 9/ &-16/6Y 02 53.5 12.0 VIO i1 61,3 9.0 28.0
GY-0 10/11-12,17/69 52 63.7 6. RIS 2.9 64.9 6.1 26,1
069-7 F1/11-153/69 39 H4.5 bl g 3.6 66O .4 5.3 24,7
70-1 1/4-5/70 il 74.4 - - AN 30.0 51.0 2.9 15.5
70-2 2/10-12/70 17 18.0 2.4 1.0 31.2 54,8 2.5 11.5
70-4 3/18-20/70 50 58,06 6.8 RS R 45,3 38.5 16.1
70-7 af271-30/70 93 55.1 19,2 RACINS - - 45,5 37.4 17.1
70-9 6/3,6-8/70 110 56.2 23.8 a0.0 0.1 S51.7 36.8 11.4

i/ For July 1969 throuph February 1970 age designations, vaefer .o the following year
classes:  (see next paga)



1/ Continued

Age Year Class
Y 1969
j 1968
11 1967
111+ - 1966 and carlioy

For March 1870 through June 1970, the ape designntions were changed because March
is considered the birth date.

Ape Year Class
0 1970
I 1969
11 1968
ITl+ 1967 and carlicer

Sex and Age Composition

The most notable change in the shrimp sex compositicn was that of the transi-
tionpals. In July 1969, nearly 16% of the shrimp in the st dy aren were in the
transitional phase. The percentage decreasod until January 1979 when none were
noted.  In Feburary 1970, the males bepan their sex change starcing with the transi-
tional phase. The percentage of transitionals in the study aren increased to nearily
24% by the time of the last cyuise in June 1970,

The greatest change in the age composition percentaecs was the increase of the
1969 year class shrimp between the November 1969 and Jovuiey 1970 cruises, possibly
reflecting their increased vulnerability to the trawl net as they grew in sirze,

\

The 1968 year class (Age 1), initially comprising the shrimp from 12 to 18 mm
was & sirong year class amd can casily be distinguished in the length frequencies
(Figures 3-5}. The 1967 ycar class (Age T1) was weak and difficult to separate from
the 1960 year class (Age FEL+) shrimp.  ‘These latter Lwe voar classes were composed
primarily of females. In January (Figure 4B}, we began catching large numbers of
the incoming 1969 year class shrimp (8.0 - 11.S‘mm) which also appeared to be quitce

strong. They constvituted 30.6 to 51,7% of the shrimp caurht from January through
4 Y I ! ) g
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July 1970 (Table 1). During the November cruise, the we 1t carapace length of the
1969 year class was &.7 amm and they represented less than 05 of the catch, By
January, the mean cavapace length had increased to 9.7 wa aad the percentage of
O-age shrimp in the catch increascd to 30.0% (From Tablc 1}).
Fluctuations in Abundance of Shrimy

In analyzing the changes in abundance of pink shrimp, we considered only those
stations in the central block of 12. Figure 6 depicts rhe changes in abundance in
pounds from July 1969 to June 1970 at those 12 stations which represent a 192-square
nautical mile avea. ‘The graph shows a decrease of 9.2 anitlion pounds of shrimp in
a 7-wonth peried from July 1969 to Febraavy 19780, An cotimcted 860,000 pounds of
shrimp were in the arca in January but this was basced on -nly four tows. By June
1970, the estimate had increasced to neayrly tie level of lulv 1969.

The abundance of shrimp in mubers rather than pounds §: shown in Fipure 7.
Although the total biomass in June 1970 was nearly the <we s July 1969 (Figure 6),
there were approxamately 160 million more shrimp in tho aren in June 1970 compared
with July 1969 (Figure Y3,  The luwest number of shrimp in the area was during
January 1970, however, this estimatce was based on only [our tows,

TJo better understand which year class was contributing 1o this increase, we

calculated the total number of shrimp by year class {(Fipure 3) using the age

%

compusition perceatages from Table 1. The 1966 and 1967 vesr classes were combined
after February because they were difficult to separate, The Jansary data was not
includad,

The three year classes of adult shrimp (1966-68) show a decrease through
February and then an incveasce in numbers.  lHowever, by Jfune 19470, the numbers of the

.

1960-68 year classes of shrimp were only 50% of «he totsl cuber of the same three
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year classes present in July 1969, Tt was the 1969 year class which contributed to
increased numbers of shrimp and made it appear in Figuros 4 and § that the shrimp
had returned to their former levels of abundance.

Matural and fishing mertality probably accounted or wmost of the loss in numbers
of the 1966-68 yeur classes.  But 1t 3s also possible that many of the shrimp which
were in the arca in July 1969 and moved out, pessibly did sot veturn by June 1970.

The fluctuation in abundance by sex in mmbers of o« hriup is graphed in Figurce 9
using sox cumposition percentages in Table 1. The «dita DNrem the January cruise was
not used. The 1969 year class was excluded because they were not truly represented
until midway through the study. The transitionnls were combined with the Fewales
from July - November 1963 since the transiticnals were dovoloping headroe and would
tunction as females through the winter pericd.  The sam situstivn occurs with the
males.  The transiticnals occurring from Febyuary - Juwe 170 weve included with the
male totals because they were functioning as males from iy 1969 - January 1970,

Figure 9 shows that neither wales wnor femates migrsted out of or inte the study
area exclusive of the wther sex.  The decrease of  funtics doring June is the vesutt
of a decrease of females of the 1966-67 year classes.  ‘the sumbev of 1968 year class
females actually increased through Junc 1970 sccording - Lur data,  The decline in

nunbers of these 1866-07 year class females way have been the result of their

A ]
cmigration from the area andfor fishing and rotural meriality.  We suspect that a

great majority of the losses were Prom natural mortality sipee these are age 1717
and IV ycar old shrimp neav the end of (boir life span,
Movoment of Shriap
To determine iF there was a del'inite pattern of shrimn aovement cut of and back
into the study arca, we looked at groups of stations al ee the sume latitude and
tongitude lines amd cunsidered total numbers of shrimp, by sex and yoar class, caught

along these Tines.  To detect any norvth-south movement, v considored four groups
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with three stations cach (18-20, 10-12, 4-6, and 13-15). To describe inshorc-sffshove
movement , we tetaled the cateh in mmbers at four staticns 'ong the north-south
Jines {1&, 10, 4, 13; 19, i, 3, id; and 20, 12, 6, 15). fDuta from the January
cruise was not included because we had sampled only four stations,

After analysis of these groups, we ceuld fied ne sigeificane overall pattern
of movenent of shrimp in the study ares, cither inshove-cffvhore or north-south.
One exception occurrcd during April 1970 when 1909 yeur olse shrimp moved to the
inshore line of stations. Altheugh there was no significont poattern of migraticon,
there werc indications »f a directicnal movement out of wne back inte the avrca. This
movement could not be related to water temperaturc.  he bEortom water temperature
data obtained on cruises from July 1969 - April 1970 showed vhat differences in
temperaturcs between stations were not significant (Tobic ). Daving the sample
periud, the maxlmum difference in teaperatues was only 5 FOI5.2 - 48,2 £}, osbtained
in March 1970.

Table 2. Range of Bottom Temperatures (). oty T959-April lO?Oi/

_ Station:.
Month 18-20 10~12 -3 it 7-9 13-15

July Ja.3-44,5  A5,2-46.0 410 7-44.9 44,2 A4,5-45.0
{3} () (% {1 (3}

Suptember d4.0-34.5 11,8 J4.9 Proo-a b 43,.0-44.06 0 44,0-44,2
“ {3 (N (1) HEY {3 (%)

\

Gotober A5.06-45,8  45.06-45.9 46. 3% dh 600 YL 9-d5.6 0 A5.3-d5.7
(3) (3 (1) (%] (3) (3}

Novemboer A6.5-37.0 46,447 .2 i7.5 s b 14,3064 16.6-47,0
(3) {3) {t) = (3) (3}

February 16, 1-48.2 q0.7 A, 117,08 J6.3 A7.0-48.0
(2) (1} i (1) {2)

March 16,8 d6.7-48,2 . Choeesd b 1302445040 1754707

(1) @2 () (2) (2)

April 43.8-44.0 Ph
(3) (1

i/ Number of observatico=s in parenthesis.



o : e YR e T e L T A T A T D e P R P R 17

~20-

Figures 10-19 show the total number of adult shriap by sex and 1969 year class
shrimp caught at cach station during cach cruise. We will liscuss these figures to
point out the obvious shifts of abundance in the study arce and refer to the suspected
directional movement of the shrimp when the population decreased and again inereased.
They alsp show that at same staticns or groups of sStations ileare was a predominance
of shrimp of one sex and/or year class.  Since the study was only for 1 year, these
observations cannot be considered typical 6f the shrimp nopalation {rom year to
year.

All stations, oxcept 1-3, are depicted in figures 10-14 and are arvanged in the
same order as they are in the study area., Stations -3 arc omit“cd because they
never yielded more than trace amounts of shrimp. Observations at these threce in-
shore stations, which wore over aveas of sand bottom, did intieate that shrimp do
not prefer this substrate.  Station /7, very near to a shate pile, had poor catches
notably during the October and November cruises. Thus, we wey hive been towing
over unsuitible bottom part of the time or bottom currents o ound this shale pile may
have affected the catch.  Station 9 was probably near the mos eum depth limit of
pirk shrinp distribution. Our tows at this station varicd ip depih From 118-159
fathoms because of rapid increasc in depth at the edge of the continental shelf and
the difficulties in pinpeinting the ¢xact station location with the navigationat aids
(Ioran)\ﬁe wore utslizing.

\

Figures 10-12 show the namber of femadw shrimp per ' oonawsicn] mite towed by
station for cach eruise.  The feowales included virvtually 0§ of the 1967 and carlier
year classes and from & vo 24% of the 1968 year clase.  The w tes (Figures 13-16)
consisted primarily of 1968 year class shrimp plus a vevy smatl p reentage of 1967
and carlicr year classes which were still mates. Figure: 17-19 show the abundance of
the 1969 year class shrimp.  This ycar ctlass did not begin o oceur ii large pumbers
in the catches until March 1970, In June 1970, about 0.7% wire identific! as transi-

tionals.
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Distribution of Female Shrimp

The changes in abundance of the feomale pink shrimp ppested a movement off-
shore out of the arca and an influx from the south in the carly spring back to the
study area {Figures 10-12).

In July 1969, it appeared that fomales were mofe abundant inshore than offshorve
and more¢ abundant at the northern stations (10-121 than 11 the southern statrions.
Two months later, in September, it xeumud that the femal s wore aoving offshore, as
seen by the shift in abundance,  No north-sesth shifts wore note! in Septomber 1969,
In October, catches of females were further rveduced and they may have moved out of
the area by migrating. further offshove. Station 8 catchoy gives some indication of
the abundance of shrimp in that avea. The apparent ofCuhore movement out of the area
agress with the findings of Dahlstrom (1970). He veport:d rhot in Californin waters
female pink shrimp make an offshore spawning wigration during the winter. Shy imp
from the Tillamook Head nrea made this migration in the i11°.  In fovember, the ciatch
of females increased siightly probably because of the tvansitionsis reaching the
femade stape.  Some stations in the main study arvca had refatively large numbers of
fémalcs but there was no pattern to their distribution.  The eateh in Novemboer at
station 8 had doubled since October. Catches of females were at their lowest point
in Februavy and station 8 had only a trace catch. By Mar-h, the abundance of Fomales
begin Lo gacrease and thelrr distribution sugpests thet the v woved in from the south.

\

buring Aprat and June, there was no specific pattern io thoie diseribution of abundance.
Pistribution of Male Shrimp

The distribution of mate shrimp somewhat followed th - pattern of the Fepale
shrimp (Figures 13-3J0).  in July 1960, the males were mot ahandant ot the inshore
and northern stations.  Two months luter in Seprember, no patterr of abundance was
evident,  Duaring October and November, the catch ;5 statinn & increased but the catches
at the other stations in the main study urea Jdid not show ¢ridence of a shift of males

to the offshore aveas.,
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During February 1970, the numbers of male shrimp were also at their lowest point.
By March the number of males had increased and, as with the females, it appeared the
influx was {rom the scuth., It was during March that a loree nuwher of males entering
the transitional phase werc noted. Duving April and Jus . the males and transitionals
showed no specific pattern of distribution.

Distribution of 1969 Ycar Class Shrimp

In July 1969, the incoming 1969 yeav class occuivues only al thu northern
stations (10-12) and at station 7. After July, these sheimp were fairly well diseri-
buted throughout the study area mingling with the adult pepolation. The catch of
0-age shrimp increased at station 8 during the same months that the male and female
catches increased at that station indicating that they were moving with shifts in
distribution of the adults,

By March 1970 the abundance of the 1969 year class was greatly inereased
(Figure 13). This was probably related te their increas. in teagth and hence
increased vulnerability to the gear. However, the increase in 1969 year class shrimp
also coincided with the increase of adults in the cateh. 1t is difficult to
determiane if the increased abupdance of this year class vas related to an actual
influx of shrimp into the area or the incrcase in lenpth or o cowbination of both.

The abundance of the 1969 year class was nearly cquai from che nosth to south
1atitudes during darch 1970, The catch was fargest at the offshere and midliine

\
stations and station 5. There is nao imdication, as thove wits with the adults, to
suggest that this year class moved into the study arcea feon the south.  In fact,
they way have moved in from the ofishore areas. BPuring April 1970, this ycar class
showed a definite shoveward shift ia abundance (Fipure 19).  This was the only
instance where o group of shrimp showed a definite pattorn of distribution. -y

June 1970, they apparvently had moved offshore and were concestrated in the middle

of the study aroa.
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Distribution of Gravid Female Shriap

During the study, we attempted to determine if gravid fanales migrated to a
specific wrea prior to the hatching of thedr cpps which, i true, would effect
distribution of their progeny. We hypothesized that femele shrimp migrate to an
area where the newly hatched larvae would be transported by the currents back to the
shrimp grounds where their parcnts reside.

As discussed proviously, the majovity ov the Femel Shrimp in the study ares
appeared to migrate offshove in September and Octobur.  the total number of female
shrimp in the study avea rvemained low wntil sarch when v aipenred that an iaftux
of shrimp occurred from the south.  Even though the majriwy of the femate shrinp
had migrated out of the study arca, weobsevved the developaont of the remaining
sexually maturing females to determine when the hatehing of Lrvoe occurred and if
the females were distvibuted in a definite portion of th stady area.  In Ocrober,
female shrimp in the gravid stage began occurring in the catches (Table 3).

Table 3. Percentage of 1Lnﬂle Shrimp wlth and without Headvoe, urav1d i Spent by Month

S{ige v of I Dovvllpnvn1

Cruise lnto Without Headroco With ﬁlqd!gfm " Gravid Spent
" % a 4
Sept. 8 - 10 10.7 89.3 : -
Ocv. B1-120 17 - 83.0 1¢.4 -
Nov. 11-13 15.1 84.9
Jan, A * 100.0 -
Feb. 10-12 - 97.2 2.8
Mar., 18-.20 2.8 v 2
Apr. 27-30 - - 00,0
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By Februarvy, 97.2% of -the shrimp were gravid and were Jdistributed at the
southern mid- and inshore portion ot the study area. Bocimsoe of this observation,
we fecl that the females which had moved out of the are s September and October
were to the south.  Five wecks loter, during the Marvch <ruise, 97.2% of the females
were spent.  The aumber obf Females in the study area had tneeensed to 165 million
compared with 40 million in February (Figure 9). We ielt that the influx of shrimp
was from the south since the majority of the femide shrimp vere 2t the southevn
stations {Figure 11). Catches of shrimp at the offshore sistions, 7-9, were low,
leading us to belicve that they did not move in from off:hore aveas.

Based on the behavior ol the gravid and spent femolos jn Fobruary and March, we
feel that their offshore migration in the fall was folleued by o southern and then
inshore migration during the winter. Accordingly, the hatk of the Famales woee
porbably south of the study arca when the lavvae were hetehing.

It the movements described above did occur, then direcrion end specd of water
currents in the hatehing arca shonld be considered hoor o they conld effcet distri-
bution of ihe larvac.  Barr (1970) in discussing the ponere! life history of
Papdatue ovealis in adaska waters stated that the larviee i) hit the midwator depths
where they drift passively or swim weakly.  Berkeley (1930} found that the varly
zovl stapes of Pahdalus Janae were found thronghout the untor column below 4 fathoms.
Fo o dancesin the latey stapes were found in deeper wator “orthing is known of tho

A
vertical dustribution of Iarval 7. jordans but they may fupction in 2 similac manner.
Surface water currents of f aorthorn Oregon in March arc ‘roem the south with the
months of April and May being a transition period duving vhich the direction of flow
1s varisbice (Burt and Wyatt, 1964).  AVter this feansition period, the surfac.: currents
flow southward.  David Wright (Oregon State iniversily, *vhﬂwf of Oceanography,
pcrsunnj comiwnicat jon) has steated, hosoed on pﬂriinliy condirmed theory, thac over

the central Oregon continental sheif the midwater and bitton currents during winter
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and carly spring ave moving to the south,  These currents chnupe divection in the
are spring and early summer, vhon upwelling occurs nand wwve to the aorth.  Pink
shrimp Iarvace hatching duering the spring ond oceupying the mudwater and/or bhottom
depths may be carried scuthward initially but could expiricnse a net wovement to the
north.
Mursery Aran Concept

‘o wished to determine if juvﬁnilo pink shrinp scttiine (o the bottor, cccupy
a nursery arca separate frow the adults ov iF they mingl witih the adult population,
Bcfkeicy (1930) Found that juvenilos (O-age) of thyee syecies of British Columbia
pandallids sinent thcir.first summer in shallow water (35 Uathons or less) and during
their firsc winter they meve into deeper water to join the adelt: . However, iuveaniles
of cne other species (P danas) vere found with the adutt - having their firest
SUMMET .

In July 1969, during the first cruise of our study, we cangl ¢ 1969 yoo class
shriwp which at that time were 3-4 nonths old, They cccuro=d onty at the nerthern
stations (10-12) and at station 7. We did not fird any vvemiles at the shallow
(30-51 fathnans) ncar-shore stations (1-3),

In the succeeding months, they were dispersed theourh oo the stady aven,  Based
e the suly 1969 data, we felt that the novthorn part f ihe study avea could be o
nursery srea, at least Up'tw the time the U-age sheimp w0 g-nths old

In Junc 1970, we had one move spportuinity to examin. the disteibution of an
incoming year class of shrimp,  In this coase it was the U996 soap class which ot this
time of yeuwr were 2-3 months old. W dnereased our sawpboes Lo 1,060 shrimp per
staticn to got 4 boetter lndiéati&n of distribution of this yveny c.ass.  Howeeoo,
the total catch was small and did not permit any vonehus g v b deaun freom the

results (Table 4).
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Table 4. Humber of 1970 Year Class Shrimp by Station, June 1970

station Numbor Number of 1970 Year Class Shrimp

i3 2
10 i
12 i
G 21
15 4

The catch of 1970 year class shrdmp in the VDS in June 1970 was of a groeater
magnitude wnd suggested a pattern of distribution as denicted in ‘fable 5. Stations
20, 32, 6, and 15 in the Jeft colunn ave the of Fshore st tions and staticns 18-20
at the top of the table are the northern stations.  The numbers of O-age shrimp
caught in the VDS werc probably wminimal as it was noted thot when the bags were
thyongd the mesh.

nandled pricr to emptying, many of the shyinp passed

Table 5. Saember of 1970 Year Class Shrimp Caught in the Vortical Distribution Sampler,

by Tow, Junce 1970

Stativn M., No. 1970 | Station No. RO TR T Siation me T TG e T
and Tow Year (lass and Tow Year Classy ad Tow Year (lass
200 . 4 1049 4 [ia O
b 0 ) \ B b {)
12a 1781/ 1in 2 104 0
b 264 b 71/ h b
Ga 156 %] 84 4t 2
N 307 1 9 h £}
15a 66&/ 19n 345 HIER! 1
b 10 b 30 h 5

1/ Cne bas not fishing preperly.
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The VUG catches indicated o concentration of O-age shrinp ia the west central
portion of the study area in June 19700 Very fow 1970 vony elass shrimp were
caught at the northern ond inshoere stations during this wervh.  Station 6 hed the
greatest pumber of ('s in both the VDS and trawl cateh,

The enteh distribution of 1070 yeor ¢lass shrimp vl net comparable with the
1909 year class distribution in July 1669, However, durine July, station 12, an
offshore station, did have the greatest abundance of 9. This is somewhat similar
to Junc 1970 when both stations 12 and 6 had the gruntc;L ramber of O-ape shrimp.

Compurison of the distribution of the adnlt shvimp in Jane with the distribution
of tae 1970 year class showed that they were nearly similsr.  Therefore, we felt that
the pursery area concept was not vaiid.  Juvenile pink shrinp probably do mingle
with the adult population soon after they metamorphosced and scttie  to the boctom.
We do nut understand why the 1969 year c¢lass shrimp in July 1969 were foud only in
the northern portion of tihe study area. It may be that these sheimp, being young
and probalily still not strong swimmors, were carried northward bevond the study arca,
but as they grew, they were able to disperse southward thionghont the area.

Vertical Distributicn Sampler Catches

The vesults of the VBS catches Juring the last fowr ornises ia February,

darch, April, and June (970 alleviated oue concern that bovee nunbers of shrimp
L]

wight have been twe high in the water coluan Ynd missed by our net, A suamary of the
total nusber of adalt pink shriwp crught in the VDS by weonth and the average number

caught per tow is preseited in Table 6.
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table 6. Swamary of Vertical Bistribution Smaple Catch s in Numbers of Shrimp
rer Month and Jverage Cotch per Tow, February - e 1570

~ TAverage Catch

Month Rumboy of Tows Total Muber Coupbe o per Tow
February 15 1 0.07
March 1o 0 0.7
April 2 Gai 26.8
Junc 24 2,423 142.6

Catehes in the VDS initially were poor but inérausud substantially during
April and June 1970. To cvaluate the extent of these incrensed catches above the
net, we extrapolated the VDS catches to an estimate of vounds in an area equal in
width to the net and the same height of the VDS, This estiaate cannot be considored
entirely roliable but does have some value in providing 1 "hail park" estimate of
pounds of shrimp which might have been above our net.

Becanse of the poor VRS catches in Februavy and Hareh 1970, the expandod
catehes fur these months were neglipible.  Duving Aprit 1976, catches in the VDS
inereased.  The cxpanded catches of 8 of 24 tows anped Drem 1ot 1807 pouads per
Lopautical mile. The vamaining 16 vous had estimated corches of L opound or less.  An
cstimate of the total poundage of shrimp extrapolated [ these expanded VDS

. .

catches amounts to 107,400 pounds in the 4 &0 10-foul aren above the net. This
total is insignificaunt compared with the 3.4 million potnnds estimnte based on
trawl catches.

In Junc 1970, VDS catches proatly increased.  An average of 13 pounds por
Lopautical mile tow was cstimated to be above the net, The largest estimate of a single

tow was G5 pounds comparved with 340 pounds caught in the corresponding trawl catch.
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The toti) calenlated poundage of shrimp above the net in the 192~scuare pautical mile
study aren during the cruise was 587,900 pounds, still incipnificant in compariszoa with
the 1055 witiion pound estimate ol shrimp I-d-tect of £ hotton,
kesponse of Shrimp to Daylipin

Vhile using the VD5, we heped te got an indication of why shrimp were off the
bottom during the doyv.  Boeardsley and High's (19701 and Reardstey's @9%3) work
indicated that vertical distribution of shrimp changes from oy to éay and Lo to
tow. ‘They sugeest that the vertical distribution is rolaed to the anount of
available light. furky water and overcast weather decransc the amount of available
light. These conditions generally cause an increase in the heigheo of shrimp of{
the bottaa,

We measured the intensity of dight from the svrface 19 %0-Feot with a sub-
marine photumeter. These readings accounted for the efices both cloud cover and
transparcency of the water had on the amount of light available below the surface,

The rate o1 decrease of Fight intersity from the surfacs to Y0-{eot was calculated
and Used Lo extrapolate an estinated value of the amount SF Tight rcaching the bottom.

By having the VDS attached te the trawl net, we wore able o get an estimate
of Both the ameunt of shrimp caught in o typical shrimp trawl and the amount of
shrim, qbuvo the net, W feel that the VRS cotches accvrately roflected the amount
of shrimy 1-10-Ceet off bottom ot the tine the net wie Botee toned, Because of the
configuration of the net at the vponing and the placers e of the VDS frame, there
was an overhang of mesh which acted s a bhavrier to shruep if they were moving off
bottom more than i-Feet in response to the approaching oo

Since .ur study was set up priwarily to detect povowent and abundance of shyimp

from svation to station, we were nol able (o devotc the tine and appropriate method-

clogy 1o studying vertical distvibution during the dayt oo Hegever, the resulls
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that we obtained did provide an insipht on the offects of Tight and density of shrimp
¢ the magnitude of tae VDS catches sduring the drytime,

Woeatner conditions and thoe Columbia River plume both had an effect on the amount
of light punotration.,  Table 7 pives the nean b values and generol weathar obser-
vations sade durdng cach eradse. the b ovabuce is the estiuated chanpe in thoe aatural
logarithms of photoncter mensurenents wer foot increnss in water depth.  This Factor
y
.

was used {0 estimnteine Tight intensity ot che bottow, The smoaller the value the

larger the percentage 28 lipht reasching 90-{oeet,

—

v Values and Weather Obscrvations, Pobruavy-June 1970
|

Tahie 7. iean

Month flean b Value Weather Gbservationm

February -0.340 Partly cloudy, clowd cover 50 . 249

HMarch -0.,231 Clear to pavtly clowdy, cload cover 0 - 10%
April -0, 420 Overcast, 100% cloud cover daring most of cruise
Junu -0, 605 Parvly ciondy Lo overcast o ud cover 60 - FONG

buriny the first twe crulses  we used the VRS, the vater was rolatively clear.
The Columbie River plume was not over the study avea, Ghe Mhrch oruise had the best
Hipht penciration to U0-Teot, based on the b ovalue, e oo b ts the Jeast amount of

cloud cover.  Duriney the last two crutsos, tho Columbiz Pisve o olume had shifuoed
\

southazrd cver the study srca resalbting in surky water 8 Lae surface,. Cluud cover
2t 60 - J00% also cut dowvn the aweant of avaitable Tieohi These wwn conditions
resulted in a higher b value.

We did not use 211 the cateh dota an waliineg the anadyeie to Jdetermine the b
value.  Tows were deletod vither because we JAid not tabo photomet sr reading or

t

because one or more of the bags of the VDS werce not ishine wroperty.,
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During Fcbruary and March, the VDS catciies were very poor, cven though the
March cruise had the highest mcon trawl catceh (Table 8).  jlowever, the lipht ponetya-
tion was high (Tablc 7). During April and June, the VDS catches increasced while the
trawl catches decreased but still rvamained at a hiph tevel.,  Bat with the shift of
the Columbiin River pluse over tho area, the amount of liaht nenctration decrensed.
The highest mean VIS coten and the least observed amount o0 light penetration cccurred
during June,

Table &, Summary of Hean Trawl and Vertical Distributi om Swmplor Shrimp Catch, in

Numbers
Honth Mumber of Tows Veaw Vils
Februavy 9 23140 0
March 8 23,000 l
April 10 F6, 550 37
June 19 [eo,an? [52

in anulyzing the results, we caleulated corrvelation eacfficients for severatl
pairs of variables. The variavles were menth, VDS cateh, trawl catch, photometer
reading at 20-feet, b value, and cstimated Tioht intensity o the bottom, Multiple
regression analysis showed that 70% »f the variance of the VoS data wes associnted
L]

with measuraments of tieht and trawl catch. ﬁhhic O shevs (he corvelation coclficients

For all pamirs of variables analyzed.



e A N Y DT I R T S s S R e

AR e Al PR, PP E N Rt e

e TR T S BT RT R o e A T T R R e e N T T e T T

42

Table Y. Correlation Cocdficients () of Variables Relatod eo Vestical Distribution
Sompler Catohosl/

Variabile Menth VDS Cotch

VD& Catch {(x 1.00
Trawl Catch : 0 pd 8.5
Photemeter reading ot 90-{eot SRS 16
b Valug S 70 -0.47

Estimated 1icht intensity at tow depth -0.65 -0.55

2

1/ Values of » greater than 0.30 or less than -0.30 arve significant at the 5% level.
Implications of Vb5 Date

The fact that shrimp were above the net during peri s of murky water conditions
and cvercast weather of i Tillancok Head wmay boe of some irpoertance to comnercial shrimp
fisherwen.  Although we Jid not have large catches in the YIS, they might have in-
creased during the summer moentis when upwelling causes wovhy water. On the shrimp
grounds w0 Coos Bay, “brown water' is a scasonal occurrence and the shrimp catches
decrease during this periad.  These conditions coupled with overcast weather may cause
a larse number of shrimp to move o8 T the bottom.  Orcegon :hrisp Uishermen currently

use a Bult suri-balloen trawl which has o vevtieal oponine o0 aboot 4-feet. Fhero-

*
fore, thcy way be missing sipnificant amounte W shrimp Sarving cortain periods of

the year., Tt is appavent {rom our data that a trawl net aceds to be designed which
has o darger vertical vpening.  The cateh rate of a new traw! net should then be com-
parcd with the Bulf semi-baljoon trawl during suwmer periods when wurky water exists

off the coast,
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CONCLUSTONS

The results of the stady provided some insivht of the » ovenent and behavicor of
shrimp.  Jowever, since the study wis only for 1 year, the sisulis can only be
considered typical of the shrimp population during this rorviced. Additional work
over an oxpanded study area would be needed to verify the sugpestod patterns of
movenent,

The fluctuation e abuwdance of shrimp in the stady area is not the rosult of
one particular year olass or sex group migrating. The Jate from the monthly obser-
vations suggests that the majority of the population moved ofshase during the fall
and early winter. In the spring, they veappeaved in the stuly arcea apparently moving
in from the south.

Within the study aren, shrimp were not dispersed e o ruedon pattern.  There were
occusions bt certain stutions when the shrimp were predoaimgtly of one sex ar year
class.  Because of these nonrandom distributions, it is imporuvant that futuye pink
shrimp population assessment surveys include stations disteibuted wver the entire
known slnimp prounds.  Also, because of fluctuations in hoandince, surveys should be
completed in the shortest possible time peried and at the ~ame time of year it thoy
are on 2 centinulng basis.  The population of { Tillamook b ! increased 3.5 million
ﬁounds in onc S-week period in Febreary and March 1976,

. .

The Vs data indicates that sheimp arce semetimes 4t 32-feet off the bottom
during the duay and this behavior in inversely correlated to ol amount of light
reaching the bottom.  The number of shrimp caught in the VDS indicated we were not
missing significant amounts of shrime at d-10-Tect of { (b Lottt during February,
Harch, April, and June 1970, However, the project terminatie! and e were unable to
make tows during the swuner and assess the significance of the conditions when the

water is omore marky asd atlows lese light to veach the hov o
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