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INTR0DUCI10N 

Prior anaJys.is of Io,gbook data from tlte ocean shrimp (P4ttdalus jordani) trawl 
fishery h.a,s shown that the geographic a..rea in which ,commercial concentrations of 
shrimp are found varies substantially between years, roughly in. proportion to stock 
abundance (Hannah 1995). ThiS variation-in. stock area has important implications 
for assessment of the ocean shrimp stock For example, it indicates. that catch per 
unit effort (CPUE), as it's. commonly calculated, will not accurately index abund_ance 
(Beverton and Holt 1957, Winters and Wheeler 1985, MacCall 1990 and others)- It 
also suggests that variation in stock area s1;1ould be ~cc"C>Ul)ted fur m developing 
accurate spawning stock and recruitment indices for ocean shrimp (Hannah 1993). 
The variation observed in the stock area of ocean shrimp probably stems from 
changes in the distribution of newly recruited year classes. These distrlbutional 
changes .may result from. variation. in larval transport or m the geographic pattern ,of 
larval survival {Hannah. 1993, Hannah 1995) ... 

My previous estimates of stock area for ocean shrimp relied on two key assumptipns 
about the nature of the s~p fishery {Hannah 1995)-. l assUn;ted that ·the fishery 
was directed strongly enough at age one shrimp that the geographic distribution of 
successful ca.tches would reflect the geographic distribution of these shrimp. This 
assumption was based on the age composition cl.a.ta presented by Hannah and Jones 
(1991) showing that age 1 shrimp domlnated ·fhe trawl catch .after abpnt 1979. The 
second assumption w.as that· variatio.n in the rate at whlch logbook data werae 
sampled would not create significant errors in. the estimates of stock area. Sampling 
rates in the earlier study, based on the percen!;age of the total catch included in the 
logbook data sets1 ranged Jro.m 25°/o to 47°iQ (Hannah 1995). In th.is study 1 . I critically 
evaluated these two assumptions about the shrimp fishery and then tried to 
develop a standard '''best" method for estimating stock area from logbook data for 
ocean shrimp. 

METHODS 

Age Composi"tion of The Catch 

To d:etermine1 on a ~easonal hasis, when the shrimp catch was most heavily 
dommaled. by age one shrimp, I examined data on. the monthly ,age composition of 
the ,catch for the years 1980-1995. The stock unit for this research included Pacific 
States Marine Fisheries Commission (PSMFC) ·s tatistical areas 82-88 (Figure lJ. Age 
composition data were deriv¢d from samples of the c.vmmmercial catch landed into 
Oregon ports (Zirge~ et al 1982,'Jones and Hannah 199:Z,, ODFW unpublished data). 
The· ,collection and analysis of biological samples from the Oregon commercial catch 
has been previously described by Hannah and Jones (1991). Age com.position data 
from Oregon samples was used m conjunction with ,estimates of total catch and 
effort for California, Oregon and W ashlngton, tabula;ted by J>SMFC s~tistical area, to 
estimate total catch at age, by area., for the years 19S0.92 (Hannah et al 1997). For the 
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Figure l . Location of commercial concentrations of pink shrimp Pandalus jOT,dani 
along the U.S. Pacific coast (shaded .ar~) in PSMFC statistical areas, 72-92. 
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years af-ter 1992~ location information for the shrimp catch. landed into the states of 
California and Washington. was not available. Accordingly, the age oomposition 
data presented here include California and Washington landed catch prior-to 1993, 
but exclude 'these components.for 1993-95. 1-assumed this would induce very 
minimal error in the age composition data for two reasons. First, Oregon landings 
comprise the majority .of the remov:a~ of shrimp from statistical areas 81..:SS.· 
Secoru:L the states of California and Washington did not routinely collect samples 
from shrimp catches from areas 82-88, even in the earlier years. Age composition 
estimates ·for the years 1980~92 were calculated by applying biological data. from the 
OJegon catch to the .removal estimates from the Wa.shlngton and California 
logbooks. Accordingly~ the age composition of the catch should not be mfluenced 
much by this missing catch information. In instances where catch was recorded for 
a .specific area and month but no biological samples were av~able, sample data 
from an adjacent area or month were used to estimate catch at age. I assumed this 
wowd have little impact on estimates of catch at age as strata with missing samples 
generally had low levels of catch. 

Since ~oµt 1979., on a.n annual basis,. a·ge one shrlm.p have been the mo.st frequent 
age class of shrimp in the commercial catch, followed by:age 2 shrimp:, with age 3 
shrimp representing -a minor component of the catch (Hannah and Jones 1991). 
A§suming that fishermen make deciSions. on where to fish based on fhe weight of 
catch. obtained, active tar~tin.g of age one shrimp should. occur only when these 
shrimp are frequent enough to comprise a large p~rcentage of the catch by weight. 
Age one, two and three ocean shrimp weigh, on average, about 3,- 6 arui 9 grams, 
respectively: (Zirges e taL 1982).. Accor<$:ingly, for age one .shrimp to contribute in .a 
major way to the wei.ght of the catch obtained, they would have to comprise at least 
roughly 60-70% of the catch by rm:mber. For example,. if catch.es were 60( 30 and 10 
~cent a.ge one, two and ~e shrimp by number~ r~ely~ then age one 
shrimp would comprise 40% of the· catch by weight. Age two shrimp would also 
oom.priS.e 40% of the catch by weignct, with age 3 shrimp comprising the other 20%. If 
the ~ographic distnbu:tion of successful hauls is to b@ related 'to the distnbution of 
age one shrimp, tl'le logbook data used should come from time periods in which age 
1 ·shrimp comprised more than 60% of the catch by number. I examined the avexage 
age composition of the catch by month; .for the y~ 19S0-92 to determine ·the time 
period during which the catch was most dominated by age 1 sh~p. Then using 
trus standard time peri.od., I examined the age composition of the catch for each year 
.from 1980-95 to determine in which- years-age. one shrimp actually comprised at least 
,60%, of the· ca:tch by number. 

Analysis of Sampling Rates 

The methods used to :keypunch, standardize and ,error-check the 19-80-89 logbook 
data have been described by Starr et al. (1989) and Fox et al. (1.992). For the more 
recent years, a va:rlety of similar quality control procedures were used. First"' each 
logbook was examined to see if it was letp'ble and complete. Next, prior to coding 
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and keypunchingr logbooks were systematically sub~p1ed using port of landi.ng~. 
mo~th and gear (single-rig or double-rig trawl), as strata This was done to provide 
more uniform sampling across,~.trata and to reduce the amount of data p rocessed ... 
After sub-samplin& ·the se1ecf'ed Io.gs were keypurt.ched; and the data were printed 
and verified against the original logbooks. Next~ the starting locations of all tows 
were mapped and tows with locations well outside of the known shrimp g,-ounds 
were -d ,eleted from the data sets. Fol' example;. individual tow~ which we:re located 
in water depths less than 40 fathoms or greater than 150 fathoms, or which were on 
high relief rocky habitat, w~_ deleted .. Finally, the data sets ·were reassembled on a 
''recruit year"' basis. That isr they were edited and combined across calendar years to 
cover the months over whlc;h new recrui-ts ~e, on average, most abundant in the 
catch. 

Stock are~ was then estimated by i;mapping" the shrimp tows onto a .grid covering 
PS:MFC .areas 82~8 and 's:umnting the area of the blocks in which successful shrimp 
ha-uls originated. A successful haul was one with a non-zepo shrimp ,catch. In the 
~rlier study (Hannah 1995), l used 160 ha square blocks, while in. this effort 
rectangular 320 ha blocks, roughly twice as long from· north to south as east to west, 
were used. The choice of block s_ize and shape was made in an attempt to match the 
blocks more dosely to the trawling p ro.cedures used in the fishery. Trawling for 
ocean shrimp IS general_ly parallel !O the depth contours1 app,roximafcly m a north­
south axis iri most of the study area (Figure 1) and hauls. can extend over 7 km. 
Accordingly, a la:rger rectangular block, with the long axis oriented similarly to the 
axi.S along which most ha~ are conducted, was chosen I compared stock area 
estimates generated, using 320 ha rectangles and 160 ha squ;ue blocks to evaluate the 
effect of llBing a different block size and shape on stock a.tea estimates .. 

To evaluate the influence of variation in sampling rate on stock area estimates,. I 
sub-sampled the data sets at varjQUS levels ·and graphed stock .area versus sample 
rate. 'nie suh .. sample levels used ranged from 95% down to 5% of ,each original data 
set The ''true" sample rate for each su~ple was calculated by simply 
multiplying the sub-sample rate by the original ·sample :rate of the data set. The 
original sample ra.te was caku1ated from the total fishing effort (single-rig 
,equivalent b) included .in the logbook data $et ~pressed as a perce,ntage of the total 
fishing effort expended in the study area by vessels ultimately landing shrimp into 
Oregon ports. .In this study, I based sampling ~tes on the percentage o'f fishing effort 
included in the log;book data sets., while. in the previous study I used the percentage 
. of the catch :included (Hannah 1995). One problem with using catch to estimaie 
sampling i;ate is that ~e large. catches that sometimes ,occur on individual hauls, ,can 
·create added variance in estimates of sampling rate. This -problem could be 
especially troublesome at low sampling rates and is avoided by bash\g sampling rate 
on fishing effort I also used a form of "bootstrapping" to repeatedly select 10 
replicate sub-samples,, . .so that I could determine how the random selection of tows 
might be influepcing the relationship between sampling rate and stock area. For 
each curve obtained via repeated sub=sampling, -the ~ge in stock ar~ between the 
95°k, sub-sample level and the original sample was also cakulated, a quantity rn 
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refer to as the "marg:in.a.l slope'·'. This was done to determme haw rapidly stock area 
was ,changing as sample size increased, at a point as close as. possible to the a;ctual 
sample rate for ea.ch year ,of d.at.a. Marginal slape was expressed as hectares of stock 
area per haul added to the data set (ha/haul}. I ne)('.t regressed the marginal slope 
estimates against the base sample rate for all years. In this c_ase, a signifiqmt 
reg:r,esl:!-ion with negative slope was interpreted as evidence that as sample :rate 
increased, stock area was approaching an .asymptote (the marginal slope was 
declining as original sample :rate increased). Next, · used non-linear least-squares 
tegression to. fit a curve to the sample rate and. stock area-estimates from #te sub­
sampling runs. This was .done to ?etermine if a family of cwves fit the data well 
enough to allow stock area estimates to- be adjusted fo~ differences in sampling ra,te, 
either "by interpolation or by moderate extrapolation. Based on inspection of the 
cu,_rves 1 selected. a curve of the form: 

.J!t = 1/ ((1 I a)+(l;, / R}) 

A·= stock area, 
R == sampling rate, and 

a and b are es~ted parameters describing the asymptote and the in.verse of the 
curve ~ope at the origin; respectively. 

Estimation of Stock Area by Other Methods 

For years in which the fishery' did not sufficiently target new recruits, another 
method of estima$g. stock area is needed. The strong relationship between stock 
abundance· and. stock tltta demonshated previously (Hannah 1995) suggests that 
some form of abundance index might be used to estimate stock .area for these years. 
To test this hypothesi.$,, I compared the final stock area estimates:. ITQm the years in 
which the· fishery was clearly targeting new recruits to a simple virtual population 
estiiltate for the same year class The virtual population was estimated by simply 
summing the c~tch at aige across each cohort" ignoring variation .in fishing or ·· 
natural mortality. The resulting relationship was evaluated g,:aphically and usin,g 
linear regression to <3.etennine if it could. be used to estimate stock a.ma for years in 
which logbook data oould not be used. In using.this approach,. I assumed that 
variation in natural and fishing :mortalrty would not l,ias the relationship· betweert 
stock area and the· virtual population estimates. There is evidence to suggest that, 
due to the interaction between stock are.a and abundance, fishing mortality Tates for 
ocean shrimp have not varied widely sirt'ce 1980 (Hannah 1995). However, natural 
mortality dearly varies substantiaUy between years, suggesting that any apparent 
relationship between the virtual population ,estimates and stock area is approximate 
at best. 
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RESITtTS AND DISCUSSION 

Age Composition 

Data on the average age composition of the c~tch by number from 198D-9,Z (Figure 2), 
suggest that age one shrimp comprise over 70% of tile catch by about June each year .. 
These new recruits continue to dominate. the fishery,. on average, through the end 
of the season in October. By April of the following yearT the influx of new age 1 
recruits has reduced the relative abundance of the poor cohort to about 41Wo of the 
catch,. however these shrimp now weigh about twice as much as they did du.ring the· 
prior spring. By May these older shrimp ha.ve declined 'ID about 32% of the catch, 
Thus, logbook data. from the months of June-October ,of year t and April-May of year 
t-t:1 should be combined to be most representative of fishing targeted at new recruits. 
Accordingly, all subs~uent analyses were ·conducted on age composition. data and 
lo~ook data sets covering a June-:May ''recruit year". 

Examination of the average percentage of age one shrimp in the June-October catch, 
l:iy year {Figure 3), shows that the catch during June - October was generally 
dominated by new recruits.. 11ris suggests that the fust assumption of prior analyses. 
{Hannah 1995), ~t fishermen target age one shrimp sufficiently that their logbook 
data provide information on the distribution of these shrimp, was reasonable. 
Howev~, .in 1990 and 1993 age one shrimp recrt.J.itment was low and vesse1s fished 
primarily on the remaining older shrimp. This sugg~ts that for these two years 
logbook data are unlikely to give reliable information on the geographic distribu~on 
of new recruits. 

Sampling Rates 

A regression of "marginal slope!\! (T.able 1) on sampling rate was statistically 
significant (p<0.01) with a negative. slope (Figure 4). This suggests that, as sampling 
rate increas~s, the rate of increase in stock area sJJows: Random sub-sampling of the 
logbook data sets resulted in similarly shaped cttt'Ves of stock area versus sampling 
rate for all years (Figure 5)~ The r-squared values for all cmves were above 0.99 
(Table 1), indicat:i.1\g ·that the.rand.om effects:o.f sub-sampling had little effect on the 
fitted curve. The wide vertical spread of the curves in Figure 5 suggests that stock 
area varies widely between recruit yearsl even after correcting for differences m 
sampling rate. Most of the curves are nearly parallel at the sampling rates noted for 
the original data sets (Table .2), S1Uggesting that differences in sampling rate have not: 
induced large errors in estiinates of stock area. A close examination of years with 
similar stock area estimates and disparate sampling rates indicat,es the relatiV'e 
magnitude of the errors generated by variatiop in sampling rate. For example, the 
minor difference in stock area between 1994 and 1982 is exaggerated by the wide 
~read in sampling rate. As a second example~ the curves for ·1981 a.nd 1991 ,are 
virtually iden:ticaJ, suggesting that the apparent difference .in stock area is almost 
comple·tely due to .how much logbook data was included in each sample. 
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Figure 2. Mean percentage of age 1 and 2 ocean s~p, by number, in.the 
conunertjal catch from PSMFC statistical Ar~ 82-88, by month, 1'980-92. 
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Figure 3. The mean perqentage ,of age one ocean shrimp in the commercial 
catch from PSMFC statistical areas 82~, for .the months of June to October, 
1980-94. 
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Table 1. Results of fitting curves by non-linear least squares regression to ·estimates 
of stock area(ha) al\d sainple rate obtained. from repeated .random sub-sampling of 
the logbook data sets. The model is Area= 1/((1/a)+(b/Sample Rate)). For .a 
definition of "marginal slope'' see text. 

Marginal Stock Area. Stock Area 

Recruit Year a b r2 Slope (unadjusted (adjusted to 50% 

(Tune-May) (X 10-4) ·(X10-7) (ha/haul) ha} Sam.p~_e Rate) 
--

1980 0..348 1.088 0.994 13.3 418,900 450,600 
1981 0.54-5 1.705 0.998 18.7 443,.200 477,200 
1982 0~610 1.907 0.996 15.0 317,800 344~100 
1983 1.761 5.502 0.996 12.2 16.2.,200 172.,900 
1984 1.472 4.S99 0994 9.5 153,.900 158,.700 
1985 0.860 2687 0.994 10.8 323;800 319,400 
1986 0.405 1.264 0.995 11.l 450,200 460,500 
1987 0..331 1.CJM 0.998 6.9- 450,.900 464~600 
1988 0.282 8.807 0.998, 7.9 593,300 1605))00 
19,89 0.307 9.594 0.998 5.7 591,000 585,.100 
1990 
1991 0.496 1.549 0;997 7.3 4&UOO 478~100 
1992 0.61,6 1.924 0.997 11.6 395;800 406;300 
1993 
1994 0.635 1.985 0.996 3.0 374,100 364.,100 
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Table 2. Ocean shrimp stock area (ha) calculated from Oregon trawl logbooks;, for 
PSMFC statistical an?as 82-881 for recruit y-ears 1980-94-.. Also shown is, the ~ount of 
fishing ,effort {single-rig. equivalent hours - sreh)-expend.ed in. PSMPC areas 82-88 by 
v~ landit'J,g shrimp into Oregon and <the percentage of this ,effort included in the 
logbook data sets. 

Recruit Stock Total Effort Percentage 
Year Area Effort Included of Total Effo,rt 

Gune-May) (ha) (sreh) (sreh) Included 

1980 418,900 127,519 33,.146 26% 
1981 443,200 76,413, 25,:025 3'3% 
1982 317~00 72.,221 20,161 28% 
1983 162;200 23,600 8,357 35% 
1984 153.,900 24,.909 9,212 37% 
1985 323,800 43,249 21,154 .49% 
1986 450~0 96,808 351538 37% 
1987 450,900 I06175S 37;335 35% 
19:ss 593,300 119,060 46,555 39% 
1989 591,000 111,209 53100 , - 48% 
1990 96,893 
1991 484.,200 74,105 37;889 51% 
1992 395,800 69,,518 27;.517 4-0~%,. 
199"3 ' 46,528 
1994 3741100 63,331 33;958 54% 
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The significant regression of marginal slope on sample tate ('Figure 4), in 
(."Oillbina.tion with the generally ver:y· close fit of the 'curves to the sample rate and 
stock area estimates (Table 1) suggest that the curves in Figure 5 can be used ·to 
couect stock area estimates for differences in sampling r-ates. In nsing this type, of 
~pproach, there is a trade-off between added. error from · extrapolation and error 
reduction .from conecting for v,ariation in sampling rat.es. Inspection of Figw-e 5 
suggests that standardizin.g stock area estimates to a sampling·· rate of around 50% 
would reduce the vatj.ation caused by different sampling rates while mdqcing 
m.mimal error from ,ex:tri:\p,olation. A compal'lSon of the time series of the 
un.corrected and corrected stock area estimates c.ontmns th:is (Table 1). 

A comparison of the stock·area estimates obtained by mapping logbook data into 160 
ha square 'blocks ~ ·320 ha rectangtda:r blocks (Figure 6) sho~ that the choice of 
block size and shape can strongly influence the magnitude of the stock area estimate 
obtained. It's also dear that, for these data, the choice of block size and shape had 
little impact on the pattem of interannual variation in geographic stock area 
estimates. In this case, the use of a larger, rectangular blocks inflated the stock a11~a 
estimates, probably because each block with only a s,ingle successful tow increased 
the stock area estimate by 320, rather than 160, ha. Since the logbook data ,contain 
only a point estimate of the start of each haul,; and provides no information on the 
precise area trawled, it's not possible ·to pick .a single "best'' block size and shape for 
estimating stock area from ~ogi>ook data. Vrrtually any block size chosen injec~ 
some bias into the estima~. Accordingly, stock area estimated fro.m logbook data is 
appropriately -used only as an index of how geographic stock area changes· over time. 
As such, however,. it should still be quite useful in calculating a recruitment index 
for ocean shrimp from catch and effort data. 

Estimation of Stock Area By Other Methods 

After standardization of ·stock area estimates at a 50°/Q sampling rate:, the relationship 
'between stock area and. a simple virtual population estimate appears strongly 
curvilinear (Figur,e 7). !his was not entirely unexpect-ed, since the relationship 
between stock area and catch described previously (Hannah 1995) showed ·a hint of 
curvature. Since years in which the fishery fails to target age one shrimp are 
gene-rally also years of .low recruitment, it is the left limb of this curve which is of 
most importance for estimating stock area. Considering only years with virtual 
population estimates below 3 billion shrimpj the relationship is approximately 
linear. A linear regression of stock area on the virtual population fur the left limb of 
Figure 7 yields a significant linear regression equation (p< 0.01) with an r-squared 
value.of 0.73. Using this. relationship to estilnate stock area for the years 1990 and 
1993 .results in stock area estimates of 208,800 and 200,800 ha, respectively. While 
these estimates seem reasonable, they fall very ne.ar the low end of the range of stock 
area estimates observed since 1:980 (fable 11 and should be used with caution The 
slope of the regression is .also highly determined by the two lowest virtual 
population estimates. Since ifs uncertain how variation in -natural mortality rates 
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could be influencing these estimates1 this relationship should be considered 
approximatt· and preliminary until additional data can be added to better define the 
slope. 

SUMMARY 

1. The best "r€Cru:it year" for using shrimp logbook data to evaluate the geographic 
distribution of newly recruited age 1 shrimp is June o.f year t through May· of year 
t+l. 

2. As a general role1. the shrimp fishery targets age 1 shrimp during the "recruit 
year'1

1 however, during some years of very low recrui:tm.ent1 the fishery continues to 
target age 2. shrimp. Two recent examples of this were 1990 and 1993. In. these 
instancesr logbook data should not be used to estimate the stock area index. 

3. Variation iit sampling rate does influence sto~ ar:ea estimates, however .. th-e 
asymptotic relatiomhip between ·sample rate arid stock area. suggests that stock are.a 
estimates can be corrected for differences in sampl'in,g rate. Sfai:tdardizin,g to a 
sample ~ate of 50% is suggested to biilim.ce the errors induced by extrapolation with 
those from v-ariation in sampling :rates. 

4. The choke of block t,:i,ze. and shape for '"mapping" the· s.uccessful tows has a major 
influence .on the magnitude of stock area estimates. Accordingly, stock .area. 
estimates incorpqrate an unknown level of systematic bi~; and are best used as an 
index of interannual variation in stock area. 

5. The relationship between stock area and a simple virtual population estimate for 
each shrimp year class shows some potenti.:~l as a tool for estimating the stock area 
ind~X, for years in which. logbook data qmnot be used for this purpose. Until more 
data points can be added. to this reg,ession, especially at low stock sizes, this 
regre-Ssion should be con.side~ approximate and preliminary. 
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