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Since the development by Barancy (1918} of & mathematical theory of %he

reactions of a fish populaticn &~ a fisasry and its application by Thompson and

Bell (1934) to the halibut isherv, a wmher of attemnts have been made to develop

a more precise mathematical Io. lon and teo apply She thsory to other fisheries.

These attempts have mst varying J=g I sucesss. In gensral because of the
explorstory nature of most fisherics zesoarch 1% has rot produced a sufficiently
complete and consistent body of data %S¢ pernit thsir uce in 2:fined mathemstical
relationships. Inaccuracles arise from a lack of adsnuste measgures of most, if

not all, of the parameters on which tihe ponulatior squations are based, but in spite
of all such errors results have been ercouraeing !{Bevertcn, 19533 Schasfer, 1954

To simplify the mathematical concepts and sguations, all treatments of the
problem have followed methcds developsd for contrulled expariments which describe
variations in yield that woulda ccour with changes in only cone of the parameters
of interest, such as fishing intensity, natural mortality, or age at recruitment,
while the other paramesters affecting yisld or popuvlation size are held constant,
Intoeraction between the competing rates has been menticned but lack of data has
prevented elucidation except on a purely hysothetical basis, In all cases both
recruitment and growth heve besn treated as conatanbk rates unaffected by changes
in population size. The resultant curves *that have been developed to describe the

"equilibrium yielg" (Bevertfon, ibid end others) urder Aifferent conditions for

different specles have tﬁe“e?o“ﬂ ooen u*f:a*ist_: end in fact completely uninter-
urder nagiral condltlonso The closest

approach to reproduclng Shese condis 3
their simple arithmetic treatment <¢f indlvicual

Lack of realism stems first from the 1iliiq

ulty of deve1op1ng mathematical
hypotheses that can be solvel withcul cversimilificet

o

fication of Lasil concepts as noted
above, Data are usually availablc zh,cn perT sesigrmant ol values to annual
amounts of fishing effort anc Lo h. Iz addition total catch and hence total

ot c
effort, are the variables most accazsi’ e e artifical modification. Detection of
changes in growth rate or nafburel mortalliy would inyolva sxtensive studies of any
spscies and suitable data are not available excipt Lo those able or willing to
execute such investigations. EHowever, the great differences in growth of plaice on
the Dogger Bank as compared with those llv-"r under mcre orowded conditions on the
Flemish Coast (Hickling, 1937, indic=te thaew charges in growth rate may be one of the
major varisbles determining changes in productivity of a stock, Recent observations
on the Pacific helibut have indicated an increass cf almost 100 percent in weight of
mature females of comparable ages since the first ab;ervat*cns were made in Area 3
in 1926 (International Pecol Halibut Commission Report No,21, 1954). This growth
inoreese did not occur instantaneously as the sbodke in that area wers reduced, but
required some 17 yepry to deveslop altew The Lime that the sbundance had begun to
inergase again from Iow populsticn level of 1930, Assumotion of constant recruitment
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for the purposecs of mathematical treatment is also untenable in the light of
available information but no fishery seems to be well enough documented to
indicate how recruitment will very with changes in population size, Major changes
are also ineviteble in natural mortality rates as population sizes are reduced or
increased and must inevilably be measured tc ascertain the true potentialities of
our fish populstions.

The second way in which current theoretical %treatments of fish population
dynamics depart from realify is in considering productivity in terms of "oquilibrium
catch" or yield. While this is probably necessary to permit simplification of
mathematical treatment it must be recognized that equilibrium is seldom attained
in any fishery for a2 sufficient period to establish the size of the equilibrium
yield at any level of fishing. As an example, the apparent dolayed reaction of
both recruitment (Thompscn. 1950} and growth in the halibut may be greater than in
other spocies where maturity is reached at an earlier age but it must be present
in varying degrees in all fishesries. ¥Use of the avcilable date on yield and
average catch per unit cof effort without evaluation of the other changes that are
related to them can thus lead to results that may be quite misleading. For example
Schaefor (ibid) calculated “he maximum stabilized yield of the Area 2 halibut
fishery as 28,2 million pounds at an average abundance of 78 pounds per skate
although this fishery has for seveial years past exceeded both this yield and
abundance, Other considerations Invoiving distribution of the Pacific halibut
fishery and the progressive shortening of the fishing season since 1930 indicate
thaet the true figures are probably higher than Schaefer's estimates, The dangers of
misinterpretation of results obtained by using so-called "equilibrium yield" curves
to describe the mammoer in which a fish population will react to a fishery mast be
recognized.

The need for obscrvations planned and collected specifically to fit into the
conditions required for population investigations has long been felt and a search
for a suitable fish population in Puget Sound has been in progress for some years,
The discovery of what appears to be an isclated population of limited extent of
Parophrys vetulus, the so-called "English sole™, in the passages and bays to the
eastward of Whidbey Island, (Figure 1), which supports & trawl fishery small enough
to be easily observed has led to The development of the present program., The
author's plan to observe “his fishery as & controlled experiment with the purposse
of discovering how recruitment, growth, natural mortality, fishing mortality, and
other variables are related to yield and to the accumulated populetion., The relation

of the Parophrys vetulus stock <o other spscies in the arsa may shed much light
on similaer situations elsewhere where one or Lwo species heavily with only casual
interest in other fish. /ere exploited

Before the more detailed development of estimates of population parameters
which will appear in later publications it is of interest to considar the adsquacy
of our present system of sampling s well as various problems that hove arisen
while devising methods of obtaining data that will permit svaluation of the sources
of error,

?he Fishory.

o e

Toable 1 lists the different spocies of fish teken by trowl in this aresa.
Forty-seven specics of fish have been recorded by the University of Washington's
ressarch vessel, "M.V. Oncorhynchus™, in Penn Cove, Saratogs Passage and Holmes
Herbor in 1952-53, All of thesc spscies arc caught by commercial trawlers but
only eight are landed in quartity for human consumption. However, largs numbers
of hake, pollack, skates, and drgfish are sold to reduction plants, The remeining
35 species are either uncommon, rslatively unvailable to trawls, or are toc small
to be ceught in quantity with the mesh size vsed by the commercial bosts. Therefore
s true picture of the species cocmposition cannot be obtained from an examination
of the commercial catches but instead reguires sampling with nets of various mesh



sizes such as those used by “he "I.V. Cncorhynchus” (x)

The species in greatest aburdance and demnrd is par"nhrys vetulus which is
found throughout most of ths area iz 3 %o 119 fathoms. %ine particular depth varying
both as to time and loca*tion, The prescence of soveral desirable species in
considerable numbers, *the vroximifty of lo”a morkets, and the advantage of fishing
in shsltoered waters recults in o rath

ar intense winbter Srawl fishery by boats
landing their feres in Seattle, Bvsrett: nd Baﬁ7ﬂngnam (Flvure 1). Vessels engaged
in the fishery are of the occzan-going tyse. ranging in leng+h from 50 to 85 feet
and from 20 To 60 net tons copacity, Three mon, ;ncludlng the captain, comprise the
everage crew, IThe trawl is set off the vessol's stern and brought aboard over the
starboard side. The averugs not is about 320 meches in circumference and the legal
minimum mesh size is 4 1,2 iaches (opening between knoks). However, some boats
uge noets as small as 275 and as largs as 400 meshes in circumference and the mesh

size varies from 4 1/2 to 5 1/2 inches, The effsct of these variations in the
trawls on the size of ﬁgroy:rvs v fg’ub caught is being studied by comparing length
samples of the catches, taken eboard the vessels before selection is exercised by the
fishormen with those taken in the markets, and samples on the "M,V.,Oncorhynchus"

Reefs. logs, sregs, anl legal clcsures render a considerable portion of the
reglon inaccessible to trawling, and ths percentage of the trawlable bottom varies
considerably in the difrerent arcas. For example. about 67 percent of Holmes
Harbor, 87 percent of Penn Cove, 22 percent of Saratoga Passage, and €8 psrcent of
Port Gardner (Figure 2] can do ;_uhed, Parophrys vetulus and other species undoubted~
ly inhsbit & considerabls porsion of the innccessible areas, Their movemsnts into
end out of the accessible 4rawling grounds ey be an important cause of some of the
observed variations within tho fishery during the season,

To obtain accurate catch and teg recovrsry data the trawling grounds hsve been
subdivided into numbered arsas (Figure 2) and the captains have been roquested to
record the area, depth, and nature of Ttheir cetches on special statistical forms
sapplied to them (Pruter and Van Cleve, 1954). DBesides providing for estimates of the
pounds of individual species of fish cauqht in each haul, the catch forms were
designed so that <the ez nunber of ell tagged figh could be readily entered under
the appropriate haul number. The caieh records =nlinformation on tag recoveries
have all been supplied by the fishinz boats without reward and their cooperation
is lergely rosponsible for +ths success of the srogram so far. These forms provided
a detailsd record of 78 percent of tho total Parophiys vetulus teken in the study
areas during the pest season, )

Ponn Cove, Sarastoga Passarp, and Port Gardner havs long been among the major
Puget Sound trawling grounds. Ovsr o numbsr of years ssasonal reguletions have
assumed a complex pattern. Trowling in Penn Cove snd the upper half of Saratoge
Passage {areas 1-5) has been restri +3d to & seeson which in 1953-54 extended from
Ssptember 15 through February 15. Trawliug is pe”m4+ted in the lower helf of
Saratoga Passage (area 8), Port Gardner (sres 10) and Port Susan (ares 9) at all
times of the year exzept from February 16 to April 14, Holmes Harbor (areas 6 and 7)
was closed to trawling from 1937 through 1952. A six week season was permitted in
1953 which extended from January I through February 13, and a fishery was again
ellowed in Holmes Harbor in 1954, with a minor adjustment which extended the closing
date to February 15,

The complexity of the seascnz has not been reflected in the activity of ths
fishing fleet since & large nurber of the vessels convert to other fisheries such

as halibut end selmon, during the spiing and summer months, and the remainder
partlclpa.te in the ocean t*’w"l fighary ab thut time. The result is that the fighery
in arees 1-10 is almost entirsly restrlieisd 4o the late fall and winter months.

tiil lasrge enc.gh to permit the ascepe
ard all Sygrathus which occur in grest
mumbsrs in Pugst Zourd. ; rawls do not adequately sampie most pelagic
spescies. It is hoped thet funds will be fourd To develop methods for sempling
these other species. Until they =are sampled quantitatively and their relation~
ship to the wholse porulation comrliex d termined, this gap will remein in our
population picture. Filling this gap may be impractical, however, unless a
fishery is built up Lc sampls the pelogic enenies,

(x) The smallest resh used in our nats is
of small fish such as acst b h




Sixteen vessels fished in arsas 1-10 between September 15, 1953 and February
18, 1954 and landed about 600,000 pounds of fish, 445,000 pounds of which were
Parophrys vetulus. An additionsl 602,000 to 1,000,000 pounds of sorap fish wers

sold to reduction piants. Total landings of all fish will be considered in
assessing the productivity of the area but present studies are concentrated on the
one species for which cdetailed records are available,

Market Samples,

The fishermen normally discard all of the smaller Parophrys vetulus, keeping
only those of legal size ( 3 292 mm. in total length) but the degree of selection
exercised by the fishermen varies with both the relative abundance and the demand
for the fish, During periods of scarcity or high price, care is taken by the
fishermen to keep all fish caught which are of legal size, When fish ere sbundant
the fishermen sort their catches rapidly and tend to discard fish considerably
above the legal minimum size. Since The male Parophrys vetulus are considersbly
smaller than the females. such varying selsction by the fishermen csuses chenges
in the sex ratio in the landinegs.

Unusually moderate winds cduring January and February of 1954 permitted trawlers
to fish the ocean banks more intensively than normsl at that time of the year. The
consequent influx of the more desirable ocean-caught fish on the markets depressed
the demand for Puget Sound fish, and the buyers progressively raised the size limit
on Puget Sound Parsphrys vetulus aftsr January 1l. The above is best shown by
length frequencies of males and females caught in areas 1-10 and landed between
November 2, 1953 and February 15, 1954 (Figure 3) obtained from msrket samples, As
may be seen from the Figure 3, the sizes and sex ratios were fairly constant until
Jamiery 11, From that time on, however, the length of both males and femmles
increased progressively with a marked change in the relative number of males which
made up 40.6 percent cof the Lecembsr 16 sample but only 1.5 percent of the February
16 sample,

Significant changses of this type occur irregularly in many West Coast fisheries,
Such changes can have a preofeund sifect on the average size of fish landed and
consequently on the calculated catch per unit of fishing effort, Although such
changes ars sconomic rather than biological in origin they are just as real as
biological chenges -n? smst not bs confused with actual changes in population
paramoters,

The progressive increasc in the size limit of Parophrys vetulus during this
ssason has made it necessary to adjust the catches of individual hauls as recorded
to make them comparable with earlier catches, becauss as the size limit rose greater
numbers of Parophrys vetulus had to be caught by the vessels in order to obtain
as many marketable fisl during previous poriods. While smaller fish were discarded
wo have reason to believe most of them did not survive and they should be considered
as part of the cateh. The actual amounts by which the ea%ches were corrected during
the latter part of the season varied between eight and 85 percent, Sampling can be
geuged to provide a sufficient amount of date to give statistioslly uniform
results at eny time. However, statistical techniques would not normally take inte
considerstion the above changes and they would probably be overlooked in routine
market sampling or in an analysis of catch per unit of effort.




Selectivity of Gsar.

The selective acbion of trawis is well known for some species but the
adjustment of data %o overccme this handicap has not been hendled uniformly,
and in some ceses has not bsen handled well. Trawls that are designed to capture
only the legal cr marketeble sizes of a pariicular species can give no idea ef
the nature of the age or siuc-aistribubtion of fish 4+ 5 small to be completely
sempled, An acdjustment is nc wvalid which assumes that the probability of capture
of fish below tho size of complete availability are expressed by the ratios of
distributionsthat havs no reiationship Lo the reiative abundence of those sizes
in the population., Unless the truc populaticn curve can be established at sizes
below that of complete availability it seoms best to confine attention for the
present to sizes and ages above tShe critical poink,

In this respect the difference in size of the two sexes of Parophrys
voetulus poses & problem that is illustrated by the growth curves of males and
females shown in Figure 4, These curves are composed of the combined distributions
obtained from comparable catches male with trawls equipped with cod-end®of 1 1/2,
31/2, and 4 1/2 inch mesh, The minimum size limit of 292 mm, permits the
landing of all fomales of siz years and older. However in our Maroh, 1954 semples
it excluded some males as old as 14 years, Vhether or not this will force us to
consider only the females in our population studies can only be determined after
further study of the effect of this selection on the relative mortality rates
of the two sexes. The landings can be separated as to sex if sufficient labor
can be assigned to market observations but this will be of little use without
a throughough biological study of the stocks remaining on the grounds,

An important effect of net selection was seen in the shapes of growth
curves obtained from comparable hauls mede with the thres different mesh-sized
cod-ends in the same ares, An sffect of the smaller meshed that is not often
recognized is that thoy permit the escape of larger fish (Jurkovich,1954), This
probebly results from the slower speed of drazging due to the greater resistance
of the net and perhaps also to thse more rapid clogging of the finer net with
fish or debris thus decreasing the entering current speods at the trawl mouth,
and allowing the larger, more rapidly swimming fish to escape, The resulting
length distributions taken from esch mesh size therefore yield different growth
curves, The 4 1/2 inch mesh net, by permitting the escape of the smaller sizes
of the youngsr ages, flattens the curve significantly especially for the mmlses,
Other differeonces are seen in the relative scarecity of larger fish in the 1 1/2
inch mesh net hauls as well as in the absence of the first year fish and scareity
of two-year-olds in catches taken with the 3 1/2 and 4 1/2 inch meshes, Because
of these differences in selectivity, samples from & single mesh size could hardly
give an accurate measurs of the growth rete, An attempt to obtain accurate growth
data has been made by combining semples from different mesh sizes and weighting
each sample to represent a stendard asrea trawled,

The difference in growth rats between males and fomsles end the resultant
differences in net selection also mske it impossible to draw comclusions as to
relative numbers in the different sge-olasacs oxcept from semplas cbtainsd with
a variety of mesh sizes. Age frequencies of femsles in such samples obbtained
in March, 1954 soon after the close of tho fishing soason show e regular decline
after age six, indicating little variation in the strengbth of ags-classes of
fomanles. A straight lins fittin, the logarithms of the frsquenciocs gives a sure-
vivel rate of 47 percent, The meles on tho contrary show wide variations in ths
strength of year-classes from ago 7 to age 16, A line fitted to the logarithms
of their frejuoncies shows s survival rate of about 81 percent but the variation
around this lins is so greost that its significence rmay be questionsble, Ths size
limit imposed by law and the larpge-meosh trawls used by commercisl fishermen
apparently tend to preserve the males. Further informastion concerning survival
retes is now being obtained from a sbudy of comparative tag recoveriss of males
and females. Samples of Parophrys vetulus obtained pericdically for the past
two years form the basis tor s study of age and growth of this species now in
progross. Some indicaticr is row ot hand that an incresse in growth has already
.oceurred in Holmos Harbor following its opening to commercisl fishing in Janmuary,
1953, Furthor changes in growth will be -miched with interest in future years,




Tagging Experiments.

Ptuter snd Van Clove {(ibi<) described an sxploratory tagging experiment
that involved the release of 2741 taggsd ¢ in Holmes Harbor
betwoen December 26 and 31, 1952, Tags : 5 ’Hu?fﬁg—jhnuary and February,
1963 showed 2 close relationship of +he ¥cimse Zarbor fish with those in neigh-
bouring ereas but lack of %ag rsleazes ouitsice the harbcur prevented accurate
ostimates of the size of The gpopilation i i mortality rates. The past year's
program was designed to overe shase d-flciensoe and a total of 5034 tagged

—

fish was released in areas 1-3 {Figure 5 in two uxperiments: 3948 fish were
reloased between Ssptember I anc 1623

December 27 and 30, 1953. In
Ootober 15, 1953,

Recoveries from all 1953 experimenSs tohaled 948 fish by February 15, 1854,
the last day of fishing of the currcnt scason. In addition, 161 tags released
in the initial Holmes Harbor experimsut in 1952 were recovered during the current
season, The distribution of all rocoveriez from ths study arsa and from neigh-
bouring fishing grounds is comparsd with the disiribution of fishing effort and
catch in Figure 6. Recovery of wwio tags off Lhe Washington coast, one from the
1952 experiment and one from the Ssptembor. 1953 expceriment, and 2 tags in area
11 just south of the experimental area represents a total loss of less than 0,5
percent of all tags recovered this seasor. I thus appears at present that we can
consider this populetion as an almosh indspendant unit. Efforts will be continued
to recover all tegs captured by fishermen in contiguous areas as well as in the
study aresa,

The availability of tagged fish in Holmes Harbor varied widely during the
fishing season of Jamuary and February, 1953, leading us to suspect marked
differsnces between the actions of tagged and untagged fish. Comparison of this
yoear's Holmes Herbor recoveries from the 1952 experiment with those from the
September, 19563 tag releases indicates that Shs sams type of variations in numbers
of tagged fish caught per hour of %rawiing occurred in both (Figure 7)., The cause
can hardly be ascribed to differences in astivity of bagged and untagged fish unless
the offect of the tagging is still apparcr: o year alssr release. It oould be
considered as evidonce of schooling. Sinze She fish That were tagged from each hsul
wore roleased in one spot at tho end of he haul in which the fish wers captured,
they may have remainsed in a school so that The fortalicus encounter by a trawl
with 2 school of fish containing togeged nemder: could have given the appearance of
the variations noted. However ,even “his hypothesis cannot explein the correlation
in rate of capture of tags from two experimonwus in which the tags were releassd
almost one year apart., Sincs the usc of tags Lo calceulate population size or
mortality rate assumes rendom sampling the use of tag recoveriss from the experiments
involved will require o sufficiently wite distribution of fishing to countsrbalencs
the variations in distribution of iags. Cars must be %taken in such an analysis
to use large enough subdivisions of the fishing socason that randommsss may be
approximated in the sempling.

: If sampling of tagged fish was sufficiently random to give usable results,
the populations of Parophrys vetulus for nisas 1 %o 8 can bs calculated from the
racoveries of tagged fish rsleased in Reptembsr, 1952 that wers greatsr than 295 mm,
in total length and again from thoss recoversd from ths December, 1953 releases.

The first rosult which would corrospond e an estimats of Lthe population at the

time of relense in Septembsr wae LI1,000., Ninoty-five percent confidence limits
{Chapmen, 1948) were sstimeted to be 736,000 and 922,000, The second estimate

of the same population in Deesmbar afier = toctal of sboub 70,000 fish of commercisl
size had been taken wns 630,000 {95 psreent confidence limits 548,000-780,000),

The agreement bstwesn ths populstion declins and size of eateh is well within the
limits of error. Arsa §-g3§ i0 were cexolu’ed from thess prelimirary estimstes
because of the rather/f““wiLexﬁhange of tegs buitween those areas and areas 1 to 8,
Howsvsr, it is intseresting %o note that an estimate of the tobal population in
areas 1 to 10 from the Septerber tags gave a “o5al populeation of 2,580,000 fish,
Total landings from all arsas for %he svason amounted %o aboubt 518,000 fish, which
would thus be s withdrawal of abowb %0.2%. The Pishing rate for Holmes Harbor

for the previous season was sboul double tils figure. Tobtal tag reocoveries for the
September, 1953 experimsnt amounted to 16,7 percent of relemses while 12,8 percent



of the December tagv'we”e returnsl. Rocoveries from the 420 tags released in Port
Gardner amounted to 24.3 persent. 1A study of the relationship of thess recoveries
o fishing pressure and *n 8l cateh within the different atreas is in progress to
determine if they can bLe used wish confldence tc calculate population peramsters,

Relation of Population and Envirorment,

Attempts So relats VQWiﬁ*‘cns in populations with variation in environment
require first a Zefinition of what The enviromment encompesses., In marine studies
predator-prey or food relatcionshirs have been Sreatsd on theorstical msthematical
lines by Lotke (1925}, Voluarra (1928), and othsrs, but the assumptions involved
in their work ars difflicuit Ho reconcils with conditions as thoy occur in naturs,
Simplification of condi*ticns has again been carried too far in this field which
in reality should involve a synthesis of information from all phases of the
enviromment., The complica®sions involved in such a synthesis make it impractieal
at prssent for the siiple rcason e’oro that most data that are now available have
resulted from programmes cl obsorvation that were oither not sufficiently complete
or well enough coordinated o prcride data that are comparable.

A start can be mads by acceptiang the fact that a particular species of fish
is in itself an inseparabls part of itc own environment and that all fish species
living together in any arca reallv form a popu ation of greater complexity than
that of a single species but cne which is inextricably tound with the fluctuations
in abundance of its component spccies. It sesms inconceivabls thnt varistions in the
population size of one species carn beisolated from varistions in numbers of other
fish inhabiting the same area and either competing with it for food, furnishing part

of its food supply, acting nlong with man as a precator, or just occupying space.
Elucidation of all the complex interreletionships involved would be an ambitious
undertaking indeed but it should be possible to follow variations in relative
abundance of the differont species if adequate sampling techniques can be developed.

Deteiled population studics of 47 difforent species of fish (our species list is
probably incomplete; would be impraciical, but exploratory work in several directions
is under way, Standardized hauls with the experimental vessel are being used to
obtain periodic estimates of the relative abundance of different species in terms
of trawl catches. Dovelopment of accurate records of commercial landings of all
species whether food fish or scrap fish will be used to msasure the productivity
of each and of the area as e whole in terms of {ish protein, Finally, if the
ebundance of other spscies can be related to the size of our intensively investigated
Parophrys vetulus population, rslative changes in the various segments of the fish
population 1itself cen possibly be evaluated. It is not expscted that correlations
betwsen variations in hydrographic environmesnt and fish populations can be
intelligently investigated until the complex of what we may term the fish environment
is better understood., When such correlations are attompted, hydrographic observe-
tions of both area and temporal detail at least comparable with our fishery observe-
tions will be required.

In fulfillment ol this cobjechive, complote emumeration and weights of each

species taken in experimental hauls by the ressarch vessel are being scecumilated.

landings of serap fisa as well as food fish by ths commercial vesselSare slso
boing recorded and will be rafined as the program proceeds. Rssults are still
in the realm of speculation whils %huchniques of sampling and treatment of date
for Parophrys vetulus are worksd out, I+ is nopad that development of the
mathematical conecspts of socalled “"pooulmtion dyramies"™ will bs possible as sounder
foundations for besic assumptions and hypotheses ars developsd,

0 i sy 22,
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Species of fish caught in Penn Ceve,; Saratoga Passage, and Holmes

Harbor by the "M,V. Oncorhynchus® in 1952-53,

denoted by ‘z='.

Pleuronectidae

Parophrys vetulus (English sole)
Platichthys stellatus (starry flounder)

Lepidopsetta bilineata (rock sole)
Psettichtys melanostictus (sand sole)

Hippoglossoides elassodon (flat-head sole)

Lyopsetta exiles (slender sole)
Microstomus pacificgi (Dover sole)
Eopsetta jordani {petrale sole)
Glyptocephalus zachirus (rex sole)
Pleuronichtys coenosus (C-0 sole)
Atheresthes stomias (turbot)
Isopsetta isolopsis (Bollingham sole)

Citharichthys sordidus (mottled send-dab)
Citharichthys stigmaeus(spackled sand-deb)

ScorEaenidae

Sebastodes caurinus (red rockfish)

Gadidae

Gadus macrocephalus (true cod)
Merlucclus productus (hske)
Theragre chalcogramma (pollack)
Microgadus proximus (tomcod)

Embiotocidae
Taeniotacs lateralis (blue sca-perch)
Damalichthys vacca (dusky sea-perch)
Cymatogaster aggregatus (yellow shiner)

Hoxegremidae
Ophiodon elongatus (ling cod)

Hoxegrammos stellori (white-spotted
. ‘ greenling)
Zaniolepsis letipinnis(long-spined
groonling)

Anoplopomidae
Anoplopome fimbrie (sablefish)

hgonidas
Xenopyxis latifrons(black-tipped
sea~poacher)
Agonus acipenserinus (sturgoon—lige
sea-poacher!
Odontopyxis trispinosus (pigmy sea-
poachor)

- o . o o

Important food fish

Cottidae

Leptocottus armatus (cabezon)

Chitonotus pugetensis (rough-backed
sculpin)

Dasycottus setiger(spiny-headed sculpin)

daduiims aspreilus (darter sculpin)

e+ ;-

Batrachoidideae
Porichthys notatus (midshipman)

Zoorcidas
Lycodopsis pacificus(black-bellied
" eel-pout)

Aulorhynchidae

Aulorhynchgg flavidus (tube-snout)

Clupeidae
Alosa sapidissima (shad)

Clupoa pailasil (herring)
Engraulis mordax (anchovy)

Osmerides
Hypomesus protiosus (silver smelt)
Tnaloichthys pacificus (eulachon)
Spirinchus Gilatus (long-finned smelt)

Chimseridas
Hydrolagus Colliel (rat-fish)

Rajidse
Rajo rhins {Iong-nosed skate)
Reja binocculata (big skate)

Scylliorhinidae
Apristurnus brunnous (brown shark)

Sguelidae
Sgualius acanthias (dogffish)
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List of Figures.

Figure

1, Location of study area in Puget Sound, Weshington,

2. Detailed map of study area showing numbered cetch areas,

3. Length-frequencies of male and female Parophrys vetulus
obtained from market samples,

4, Age-length relationship of male and femnle Parophrys vetulus.

5. Number of taggsd Parophrys vetulus released in the study ares
in September, October and December, 1953,

6., Comperison of the total number of hours of trawling and pounds
of Parophrys vetulus caught in various areas with the number
of tagged Parophrys vetulus caught in those areas,

T Comparison of the number of tagged Parophrys Betulus released

in Holmes Harbor - in Decomber, 1952 and September, 1953 which
were caught per hour of trawling in Holmss Harbor by wesekly
poriods, Jamuary 1 - Februasry 15, 1954,
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