
October 10, 1950 

ObservatLns on Horseclams of the 1949-1950 Set 

in Ya!;uina B~1L 

Another 5&11plt: of horseclarns ,,[.:is taken from Lhe study area in Ya'1uina 

Bay (see ::3hellfish .r-ro;~ress Report 110. 20) on August 29, 1950, ::it a. -005 

f ;jot tide, On.e-hundred-~fifty-nine clams ..",er~ obtained, brought back to 

the laboratory and 1iee.sured for length 'lnd dt!lpth" Plotting a length 

frequency graph showed tvvo distinct.. fllodes or age groups (Figure 1). The 

first mode averaging 1:308 millimeter: represel1ts the 1950 clam set, .:ind 

the second mod::: avera.ging ul.l m:i..J.lirl1eters represento last year 1 5 set 

(1949}. This se'cona. mode shov/s a 2702 millimeter increase in lengtn or 

an increase of 80.,2 vercent in a. :Little le:$s than five Jonths tirne=-as 

com.!J&.red wit,h an April 7 sal1lple of this year. The 1950 set V'8.S not. evident 

in. tho!: Aprll sounple, which could be answ(!rec.! by several theories (1) either 

they 'dere too sm311 for detection or (2) they had not set as yeto To 

support this latter theory it was ev:·.oent, as shown by the "conditi::Jnll 

stUdies of t.he adult horsec1arns in 'l,,\luina Bay (Progress He!Jort No~ 20), 

Spa.'t-,T.:i.nb was late and le:3s coml-llete., the last or spawning occurrine in 

Hay. C;Jnsequeatly, it would seem t.nat the horsl!lclarn larvae had. not yet 

set in April? 

'i'he ~urprising length spread of t.he Aprll saml,le, 13 to 60 millimeters, 

a spread of 47 miilimeters maoe itself evident again in the Au~ust sample 

which had a length spread of 45 mill:Lmeters (;..1 nun. to 86 mm.) This yearl" 

set sho'tls a smaller length spread of 32 'TI.ill:1.meters (2 to 34 'tt'1lo), perhaps 

a.noth'er indication of a retarded spa\ming this year. 
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Further l~ngth-depth data is ;::resented \f'iL,rur(2). Theiat;;. is grouped 

in 5 millimeters leneth groups, the depth being averaged for. t:ach group. 

There apl"ears to be a slight difference in the smaller clams (about 5 to 

25 mlIl Q ll'!;ngth grou!J) the curve Cliillbing more rapidly as t.he length increases., 

Sam}iline is continuing to determine growth and time of 10 ':"llation of 

growth rings on both the exterior 01 the valves and within t:1e ligament bed. 

On the Determination of the Age of the Horseclam, (3chizotha~ n.uttallii) 

i",ith clams such as the razor clam, the cockl~ clam, and the butter 

clam it has been shown with certainty that th.e age of the Cl3..'11 can be read 

on the shell in the form of annual gro~th rings or check mar:l:s. It is the 

intention of this J;-relim:i.nary report to acquaint. the rea.der !lith the methods 

this laboratory has devised in an att(;''fnpt to read the age of the horseclamo 

Growth lines are formed throughout the year but at a varying rute which 

is in dix'ect relation \-lith the ;~rowing period" By this it is meant that 

duri.,18 a poor growth period the distance between growth lines is smalL 

Si11ilarl;y during a good erowth period the distance between growth lines is 

large;. A succession of retarded growth lines gives more lil1~s per unit of 

len£th m'.d shows up on the shell as a compara.tively wide che~k mark or 

0annual growth ring These are the rings which a'e counted i1 the uetermin­

atioa of the age of a shell by vhe Shell-reading .net.hoa. 

b~c,,>ust: there apVears to be 0000 difficulty in reading '3110115 of the 

horseclam, especially tne oluer BLA!cimens, arlOther ,nethoQ has b\.en sought" 

It 'l>laS found that the liga1T\ent bed wllich is located directly beneath the 

umbone bClrc definite bluish rings" It is the k-urpose of this report to 

compare the readability of each of these methodso 

Definite standards for reaclin,:; each method w",re of necessity set upo 



which a.::"e listed in ardIn' of iTlportance" 

L DefinHe chal1ge3 in contour of the shelL 
20 A close 5Ucc(;;ssioa of lines causing gro~rth rine:s. 
3. 	 Dark rings formed simult.aneously t-Ji t:l the grmlth 

r:Ln~s by tile i-eriostracum. 

Growth 1'".1 arc usually aSBocial.ed It.ith a change of CO.1tour of the 

shelL Tho t:.h.ircl criter:f.1.4. .i.ist~d is an aic..t in locating growth but is not 

ali-iays ~rcse.lt, In .yowlger clams, one to Ii ve ~.,ears, durk riues are 

generally present for each ,~nnual [;rowth r Lng but as the clan gro1'.s older 

these rings ar'!l ";orn off by constan.t. conta.ct wi 1,11 the sand and abrasives 

;ni.x.cd \'Iit.h the Sar1(L, Therefore, a combi(lci.tion of the three ~rite,ria i.5 

gencral.i'y ueed i..-hen readi.ng a shelL 

Age C1ete:n!1il1.ation of th'3 hO:;:'seclam ofi'~rs other difficuH,ies. It 

a.p,iJ(!ara that for the first, three o:t' four years tile horseclarn makes fj, more:: 

or .less sta.ndard gr'o~{th, t.his showing up quite clearly on the shell" As 

the clam. grows progresfdvely older age deter:n.ination by this method becomes 

1101"'e uncerta:i.n Annual erowth rinf;s are clost)r together thus increasing0 

t.he cha.nce for error in rceadinr, th(1J sheIla In Dlder individuills contour 

lines are: less p:conouncet.'l and the periostracum r'lnes become ,-mcertaino 

foJ.lmiing criteria.: 

L, enly deL~nLte blt.:.ish lines were read, 
2, Changes ~n centour of trle ligament b~d also included 0 

Bec<:il.us~ of the cont:.our of the shell it is impossible) to see the 1'irat 

chec:k on older shel.ls. ~,hel'e this ring could not be seen it vias assumed to 

be present and counted as such" 

'1.'0 compar·e t.hese tv"? methoOf:i, shell reading lTer·sus ligallr:mt scar 

reading; tHO gr01.lpa of shells were examined., ont'; group of 46 specimen 3 
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from Yaqv.ina. Bay taken !>1arch 22, 1':/48, a.'1d another group of 23 speci!nens 

from Yaquina Bay ta.ken l,{ay 25, 1948. For each group two red,1ings were 

taken on each specimen, Leo, a shell reading and a ligament reading, and 

a ;:;ample correlation test was made between the two re;'Jdings" These readings 

were taken independently from one another with no back referencc o 

The first group (46 clams from Yaquina Bay) was analyzed for age 

determio,,,tion. The right and left valves "/ere separated and numbered so 

that the two reading!':) could be compared for an individual Cl:lfll" For each 

valve two readings .../ere made, (l)l:,he number of annual rings showing on the 

exterior surface of the shell and, (2) the number of annual rings showing 

on the ligamem.. bed. The same biologist read both sets of shells c 

Statistical analysis of the derived data showed the following: 

10 !:ieamer:!~ rin,f. readings of one set (LJ,) vs 0 liga"llent ring reading§ 

of the ot,her s~t (L2)." A.nalysis of variance, using an It 1" Testl!, showed 

the variances to be equal W;:. 6;.2 J F= /. 0 with 45, 45 d. f.) F'urther test-c 

ing t,he rJi.tTerence betv,een the two me ana by tile lit te:st", the null hypo­

thesis bl;;ing that the tt10 means nre equal <.P\I-:;/~J, we aCccl,t the hypothesis 

(t=O.684 \~ith f10 do L), Standard devia.tion for Ll is 1.26, f·::;,r L2 is L27, 

It is therefore conduded that. either the right or the left ligament 

bed ca.n be used for this work and, thg,t a reader' can, with a degree bf 
II' 

certainty, duplicate his results. l'ulY liga11.e!'1t readings in the futu.re can 

be made regardless of "thieh ligament is available, 

2" ShelLrtgiL read.inj~s of one _s,et (Sl) VS. shell ring readings of the. 

other set (S2l" Analysis of va.riCU1ce showed the variances to be "equaJ.H 

(1";1.31 ",1. th 45, /,,5 d, fL 'resting the difference between t:1/' two means 

sho"Js//~7_th{~ lit value!! (t=2.79 with 90 doL) lying outside the one 

percent level. Standard deviation for Sl is 1.02, for 52 is IG17Q 

In this instance the shell readings were not duplicated " This could , 



mean one of se'l,n'al things--either there is a difference betl'\'een the right 

and left 'valve, or the definition ~)f the growth rings is sueh that it is 

difficult for an individu.al to duplicate 11iB results, due to inexperience, 

obscure growth rings, etc o It i;,;; the lrlriter's opinion the latter is the 

true concept. Both valves of the horseclam t.o all outward apVcarances are 

ident.ical, (There is a diff~rence in the hinge-teeth make-up 0 ) 

J. rhe difference between ligament ring r'cadings of one set {r..]) and 

!:.he other, set (L2) > 

Null hypothesis:...-M,-/.... t.=~<J(:: 0 
t=o.68 with 4c dQf~ 
We accept hypoChesi5~~~ 0 
Standard deviation is lq26 

This test is r.'lore or less a duplica.tion of No. 1 but th;! individual 

differences ar~ cOOl-'ared here, 

4" The difference between shell rins reaaings of one set <S1) and the 

2.!:h..er set.JS2,)' 

Null hypothesis:/I -/-.{.2. :fI,/ti. -= 0 
t=2Q69 with 45 dolo, right on 1% level 
~Je reject hypothesis~,l 'F 0 
Standard deviation is 1015 

Null hYP?thesis:o;- 2. ::o-'2,.'J.. 


F=1o,5) w~th 45, L~5 dof" 

AccelJt hypothesis 02.;;;: t£"" 2... 


I 2. 

13 0 Difference between t.wo means (Ll vs Sl) 

Null hypot.he3i~1 ~ 2­

t=2.1.4 with 90 d.,f., falls between U a.nc' 5% level 
The acceptance of the hypothesis is doubtfu~, :',/l-;l, (f:) 

c~ Standard deviation (Ll )= 1026 

D. Standa.rd deviation (51)= 1.02 

E. analysis of variance (L2 vs 52) 
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Null hypothesis: 0, 2..::.- r Z. 

F=lo17 with 45, 45 d.r.~ 
Accept hypothesis cr-;:t. :: C Z. 

I :z.. 

F. 	 Difference bet"l/cen two means (L2 va 52) 

Null hypothcsis...-AI:.,."AA. 2­

t=O.929 with 90 dof. 
Accept hYl-'othesis/ 1 ::./:z.. 


G" St.andard deviation (12) ::= 102.7 


H, tltandard. deviation (52) =: L.17 


From the 	above tests in Section 5 it can be concludod: 

L1 vs 5J" Although the variances were stati.st ically th~ same, the 

means were not" Referring to Section 2, the means in that case are again 

not equaL The common figures in Section 2 and the first part of S~ction 

5 (SB) are those 01' 51, the shell ["log readings of the first aeto Now 

readings compare fa 'lrorably " It appea.rs, then, that the ~~hell ring readings 

of the first set (51) are causing tl10 difference. 'I'he cause of this can 

only be guessed at; hOlifeVer, the reasons lisl;.od in Section 2 may be 

applicabJe" 

12 VB 52" 10 this instance! both the variances and the 'ne~ms were 

similar c. The ligament rings could be read with the 5t:lme aegree of accuracy 

as the shell rifles; 

6" §wnmar;t.~ Assigning the symbols Ll, 51 for the average lieament 

bed riae readlags and average sr;ell ring rcadines reap!!ctively of one 

sht;ll set, and 1'2, 52 for the ot.her set" t.he follo-viing rel~.tionship exists: 

The [s.ct that 51 !.. 52 is disconcerting in t.hat it was expected at the out­

set af the analysis that ~ ;:: L2 '"' 51 == S2c The outcane indicates that the 

difficulty in reading the age in the horsccla1ll lies in the interpretation 

of the annua.l rings on the exterior of the valves. Practice in reading 

prob ably will overcome this difference 0 It is interesting to note tfiia 

http:lisl;.od
http:appea.rs
http:stati.st


differtnce die not exist between the two sets of ligament readiilgs, the 

experience in reading being constant. in both ligament and shell readlngs. 

To Lest O'le reader against another and for detection of differe.lces, 

if any, ;:, grou.f.! of 23 clams taken May 25, 1948, in Yaquina Ba.y was analyzed. 

Only one valve was used in this case irrespective of right or left valve. 

iieadings were t.aken independently from one another with no back reference. 

The criteria followed in reading "'laS the same a.s set u,p in the ,[-receeding 

ex,periment., 

A. Analysis of variance 

Null hypothesisO"j ';100= a:: ;t. 

£o'==L88 .dt,h 22, 22 do!/) 
Accept hypothesis cr,- '2. :; 0::: 'Z.. 

B. Difference between two means 

Null hypothes1s01 ~ 'Z.. 

t=2"Ol,5 \vith 44 doL, right 
Outcome doubtfulu 

at 5% level 

Ao Analysis of variance 

Nnll hypothesis: ~ 7-:::. 0:: Z 


I"=l) 14rl vd. th .22) 22 d Qf .. 

Accept hypothesi s cr' "2- - c:t::" -;.. 


I '2.. 

B. Difforence between tw~ means 

Null hy,pothesis~ I =~"2.­

t=Oo667 with 44 d.r. 

Accept hypothesis~ I -::. ~ .., 


3" ::,}..gament (.Ll) vs ligament ~.--firat ~eader vs second reader 

Ao Analysis of varianl;e 

..,.. .",--z..
Null hy£.>othesis: a;- -::; 0_,..

F""lo63 with ;(,2., 22 doL 

Accept hypothesis .-- z. _ ~2.


0/, _ C/. 

Bo Differenc~ between two mea~5 



Null 	hY.tJothesis~ I :::.,A .. 
t;Ov266 with 44 dofo 
AcceFt hypothesi~ I :: ~"2,.-

C" Standard deviation (Ll) ::;:: 00978 

D. 	 Standard dev~.ation (L2) = 1025 

40 	 ~hell ,s]l vs shell (S2)=-First reader vs second reader 


A~ Analysts of variance 

.,... ~'J,. 

Null hypothesis: ();' .::: lJ-z". 

F=Jo53 with 22, 22 d~fo 
Reject hypothesis cr: 'Z- t' 0::: 1­

I ';l... 

B. Difference between two moans 

Nu.ll hypothesis:~, ::: / .. 
t=2.685 with 44 dofo 
Reject hypothesis~I t:~ 'l-

Cc Standard devbtion (51) = 0.,71 

D. 	 Standard deviation (52) = 1034 

50 §ummary: Ligament bed rinf~ readings va shell ring r~adings in one 

case proved to be the same, both in variances and arithmetic lleanlh The 

other rez.der! s (first reader) outcome was doubtful, the variances being 

closely ",like but the means yrobably different, 

Liga.ment readings vs ligament readlngs revealed no significant d1f­

ference betweel1 the two sets of data. 'rho variances were alike as were the 

means 0 The same set of shells can be read wi t.h the same results by two 

readers using the ligament I'ings in the ligament bed. 

Shell readings va shell readings showed differences in both ~riances 

a.nd meaml o Thus, it appoars that duplication of readings by two readers 

for the same set of shells) reading shell rings offers difficulty. Here 

again, tl!:; in the March 22 group, the reading of the gro\'1th rings on the 

exterior of the shell causes troublc v 

The 	 relationship among the preceediog is! 



...... (/~.". 

Ll = L2 = S2 and S + S ,. where1 -. .2 


Ll "" ligament reading of first reader 


L2 = l:igarl1enf.. reaciing of second reader 


81 - shell reading of first reader 


shell reading of second reader
S2 "" 

J..ooldng F~t the results of both the }1a.rch'~2 and the; ~iay 25 groups it 

is evident that: 

L Either ligament of t.he :ri!:;ht or the left. valve can :)f:) read ~-litil 

the assurance that there will be r10 significant difference i'1 the results, 

2~ 'fwo different readers can dU!11icate their results l:J.Y both readirlg 

the s<.une set of ligament beds. 

3, file she!.l dng readings oX t,he d.,ght.'I.::'.l:.re cannot b"1 substituted 

for tht:: [hell ..dng reatlingl:) of tht; left. val'.re" In tnis test they proved 

ference vas not.. in th~ mJmber of c'lw'Ilar ring,> i-,er shell but in t.. hc dlf,~, 

l~+ One r'~adeI' cannot duplic:j t(~ the sh,;:11 r~~acl.ing results of another 

reader reading the same set of 6h{:J.ls" This certainly ind.icatt;:s that 

.shells are harder to read than ligamtmt beds" 

5.. The r"sult:3 of the comparison of the ligame:nt bl'.ld peadi!lgn (,)f' th'a 

instl.lnce there is no :::d..gnificant d.lfi'crence bGt,,(een th~l !tleB.,r:.s o.ad v""rianc';,a 

6" The !'~su]J~~, of the c011\par:~::;on of one rO;ider's read::' ngs bet.l<feen the 
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'{ ~ It was nol,ed in reading the shells that there were varying degrees 

of readability, the dogreo of readability apparently closely related to the 

age of tbe cla'1l. The older the clam the more difficult it was to read 

because 0f the crorroins of the erowth rings at the edge of the shell (slower 

grm..,rt.h rb\te on the older clams), and the fact that 'the 3hell becomes smooth 

(erosion, abrasion, etc,) with increasi.lg age" As a result of the tests 

in this rej,lort and of 'nore rami) iarity with the }Jroblems involved, methods 

of age Qvtennination will be used in the following order: 

A. Read the outside of t.he shell when the annual rings are dis­

tinct" This is certainly the faster method ~ 

B. i'(et,d the ligament bed \.,rhen the annual rings on the outside of 

th~ shell are not clear" 

C, If the ligament bed offers difficuUy in readi.ng, crass section 

it ~;nd examino under a misroscope, The growth rings show up very clearly 
,.. 

when cross sect.ionedv .---­

GENERAL ACTIIJITIBS 

Another horseclam sample of adult clams was ta;. en l.ugust 29, 1950, in 

Yaquina Lay for condition studies" This sample gave percent edible meat 

recovery from whole uncleaned clams 01' 26.2 percent, slightly less than the 

pre'fious sample. 

A survey of a proposed log boom area at Idaho Point in Yi1I.quina Bay 

for shel:.fish }Jopulations was made September). at a 0<3 foot tide. Nc 

shellfish beiniS present due to height of flats (+5 to +8 fto) this pro­

posed project was not objected to" 

September 15 Tilla.'l1ook and Netarts Bays were visited to pick up in­

formation on this SUl'MlerlS clamming activities~ Apparently Netarts Bay had 

http:readi.ng
http:increasi.lg


-11­

quite a successful season, all boat moorage operators reporting limits of 

clams for all diggerso All moorage operators consulted approved of existing 

cla~ regulationso Compilation of exact catch data is not c~nplete and will 

be reported on at a later date for both bays. 

A ¥ublication Edible Mollusc~~ge O~~on Coas~ by CharlesH o Edmonson, 

Occasional rapers of the Bishop Museum of Natural History, Volo VII, No.9, 

1920, wa~ received from the state library and much interesting information 

~as obtained therein on location of clam beds, theories on abundance, spa~m-

ing periods, e~co This is being scanned for all information pertinent to 

this labcratoryqs work. 

It is planned to read all back collections of horseclam shells in the 

near future now that the preliminary work on shell reading is completed. 

Lowell Do Marriage 
Aquatic Biologist 
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RAZOR CLAM PROGRESS REPORT 

June through Sej)tember, 1950 

All the major phases of t11e razor cla..ll invest.igatioll we:"e continu~d 

through the swnmcr months. Routiae counts of diggers and sa'tl})1ing of catches 

were continued The magni:.ude of sport fishery on ra.zor clams l<fill be 

:ina.ly:~ed at a later date 0 Commercial shell samples were collected for each 

lllonth and measured, awaiting only the process of age determinationo Random 

samples ",;r:::re dug on various beach areas for growth stud:i.es, analysis of 

age classes pr'~$ent, and condition factors \<Jere taken progressively through­

out the ~;. eason, 

ii. la.rge nt1mber of plankton tm\'s have been made to collect samples of 

L:l0 young larva for recognit.ion of ste,ges atlu to lJredict the ti~Jle of sett.ing, 

ALaost /:I, complr;te series of stages were obtained of t.he free swimming 

larva. At. the sa.m.~ time temperature and salinities \~ere t.ak':m.. As soon a.s 

the first. set. of any :nagnitude occurred, sari1fJle ,screenings W'.!lre begun and 

are bein:_ coat:l.nu~cl every time the 'r!eather permit.s,. 

Duri~g thl~ laot. part of Augus~ .;;, Series of ::.;trips \llere :3et u,t;, one 

meter wide and extendIng the width of the be~ en. These i'ii;;Ce dug routL"'lel.y 

:tn an ~ff:>rt to dig them com}Jletely out" 'I'he wol'k on this phase has only 

begun and is far from com!",letion. At the same time a series of el~vations 

1rJcre take:} of t.he strips to form a sample cont.our of the be'h'-:h n Comparison 

of these elevations from month to month have shown considerable changes in 

the slojJe and Gontour of the beacho 

~i:!ninaCl:.~una~,of the Markeg .J..a.zo£.. Clam Prop;ram 

A mClddng program on razor clams was undertaken during the spring months 

of' 1950. A tot of 658 rllarl<ed cl3i"ilS WelTe plant~d in the Cove and the 
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beach in front of Seaside extending north to the 

releases can b~ summarized as fo11oW5 0 

r~ecan.icum River. Tho 

Date NUl'llOer of 
clam;] planted 

Where planted Source 

A,i-'ril 19 

April 20 

April 21 

I-fay 17 

182 IJff "A" Av\'!;o to the 
i~ecan~ cum River 

87 !I A" Av~" through 
the Cove area 

278 1st Ave. through 
the Cove area 

111 	 UTII Ave" Bar north 
to 14th Ave o 

Dug by commercial 
diggers on 8th Ave. Bar 

Dug by commercial dig­
gers on 8th Avc a Bar 

Dug by biologists and by 
camIn. digger on bar in 
the Cove area 

Dug by biologist in Cove 
a.nd by corron.. digg~r from 
12th AVe. Bar 

Total planted ()58 

The major:i.ty of the clants were purchased from commercial diggers with 

whom advance arrangements had been madeu This led to at least twa dif ­

ficultiea. The clams purcha.sed "fere not representative of the over-all 

size distribut:Lon on the beach, since the diggers were a.fter the maximuiu 

poundage a.od till!!! larGer clams rneant more pounds. The bar on wnlch they 

dug yielded a predominance of larger cla;ns, except for April 21 when a 

bar in the C:>VI3 area was dugo 'rhe diggers did not deliver the clams to us 

until shortly after low water (the sLagle exception was April 21 again when 

all the clwnti Here marked and the plan ting began at low wated ~ This mea.l"lt 

that tht: clams were planted t00 high on the b~acho Also it meant that the 

most favorable outer bars could not be planted" 

The errara in the experiment during planting can be summarized as 

follows" 

1. The clams were not distributed equally over the entire beach area 

subject to diggine. This was a result of the manner anu time of procurement 
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of the::: c',urns, the lack of n, be !),t to go on to tne outer expo:;ed b5 1'9 , ilnd 

tbe 1.001'(;1' tides duri.lg \~hich l.lllilting \-vas undertak.en Q 

2~ The size distribution of clams ~lantea was not representative of 

th<:: ove!'~all size distribution on the beach, also a J?B.rtial result of the 

manner O.r obtaining the clams. ;~,s a result ,Ie Vl'<3re f(.1rce:C1 t.o plant a 

predornimmce of large clams on bea.ch levels where smaller clarn.s composed 

by far the ll1."'l.j<::>ri ty of t.he populat.ion. 

The technique of marking Has -1:.0 carve a nunber on each'lalve of the 

shell \,lith the aid of a rotary elf~ctric carving drill. Each shell \"Ias 

then rnea:.:ured. 'l'ho clams were P~_3,!1ted in ~roups of 25 t.o 50 r"cording 

the o'ler,all a::'ea of planting for l:lach groupo All planting iPiaS done in the 

SU!' f in from 2 ft." to 6 5,0. of i'J{~ter (wD.ist deep on the bars t.hat could l)('! 

,'!aded) ta:dng BilC:C!!lS:::'>iV(~ trips up and do\'m the b"!ach a.s the '~ide carne in 

1.:.0 dist.ri::mte the clarns evenly over the eat ire beach. Each j)lam w'as planted 

well belo'" the l;Jurf8,Ce of the sand to ensure .it didn't wash mIt" This 

:'nvclved .. littlt'O' pra.cti.c:~ and. a tl':lchnique in itGelf, All p:.;;ntine was 

dont: by t~w bio.l..08iGt3" 

§jUIlpl~:!!1L)!nd 9..L'E.Ek-l:!'}1.L for ){ecoY~;Le;1! 

In ;...,\ effc·rt to detormine t,he in 1::, ensity of t.he fishery routine sampling 

wa:::> under'"aken on both syort diggers and commercial digg3!'So The commercial 

diggers were checked at the clam nnrkets 1fJhile the sports dirgers were 

sampled at the same timo 3arnples 'Y<fere taken of' the catch per digger. Also 

a lJrogrwn of volunt.a:ry !'~turns was initiatecl and publici.lood through the 

local newr'papers. 

By fc.r the gr~ater number of the tot,al 164 recO'lel'it!S (,-i few of which 

w(~re doubtful) were obtained from volu,l1tary returns" tanpling yj.elded Ql. 

http:undertak.en


''Iei''Y air:er' number' of clan~.s, The d12ia on this s8.LJpling will ')e analyzed 

l'itltm the ':.otal 'ta.kt: for the months is summarized. 

F~,,~t:r<; ;: n!tows tht: t.ot:ll .!.ize distritution planted in COI!lFtrison with 

the size distr:"bution recov'ered, based on length Gleastlrement3 01' the re­

covered cla.ms "hen 1-lanted. A sma~~ler i.;ercen tage of the s:ual1er c la1t5 

were reccrirered as compared to the :.arger clams. 

The .last na,.,l:ed cla.'ll recovered \1aS in July., Sinc'e then not ont! clem 

has COU1~ .in. ro~l1e rate of recovery drOPI..led v(')ry rapidly d.uring the month 

of June {; (See f:1.gu:ce l~) u The total returns includ,ini; repor':,s of clams 

Whi:.H'(') oo;;holl ''las turned in was 21./-08 percent of the clams pl~l11ted. This 

seems li.k'Z' a fair percentage of rel~over;y in CQ,:1::dd\!!ration Jl' the C(laracter 

of the fL.hery wh~!r~ such a large percentage of tae clmns we,'e aug by 

t.ouristst..hat 'j,he publicity canlpaiL,'rl did '10t rea,ch" 

Any futlir~l marking prograrJ. on raZor clams should !!:mbody a S:t~W changes 

in m.ethodi 3..'1d proc!!':edure. Eithex' comrllerci.:.l diggers ca,n be bi.rcd to dig 

\·:hr;;:ro an d.verage size Z"t:\nge of clar:i can be found a.nd to deli'fer the clams 

:"}t. least in iJart before the ckmge of tide, or the digging ~~iOU:l_d be don~ 

by the bi::>logi:;:Cs" 1'0 obtain saLi~~factory cOT.mercial .jiggera under the 

above coo'iiticns ';IOuld entail hir:tng on an hOl.u:'ly bani;;;. Th(~re it is 

doubtful .if ev~~n at a very high hourly rate digg¢rs could be obtai.ned, 

since whenever tides are satisfactory for planting purpcsea ',he diggers 

can make a f,gil'ly large profit digging for cOiU1'.ercial' houses in a very 

short period or t:lrne. 'l'o dig them our:;;e 1 Yes 'would re q<lire a longer period 

over whicb the planting prograri:. would h"v~ to take 1J1a.ce 0 

The ,::la.'RS should not be plarrt(;d on the ~'-;crer slJring t.ides when the 

outermost rea.chcs of the beach ;ir'e not fl.cceasible. A 10", fa,Ll tide when 



-16­

tnc oecal is re.2:.3onably ca.Lm ;niel1t vrove to be a better tIme for pl<l.lnting. 

Swn.[~li.ng for marked cliJ.;ns, 'becaus~ of the rr.any purchasers for clams 

and the fi'o.ny i.1dividual ~:>ports und cO!Ulllcrcia1 diggers, t.aKcs considerable 

tirnco f\r'-:/ err·)!'s t11Qt raHY ha"'i"e been made in technique can be better seen 

Donald. kj 0 'fiiOhy 
Charlos \'loelke 
Aquatic Biologists 

http:Swn.[~li.ng
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.lJ re limip8.ry liq';'ll:t on H;ydrographic hork 

A comparat.ively new project which the shellfish investigation is under­

taking, is a hydrographic s rvey of the baye, coastal rivers, and adjacent 

coastal "atera of Oregono for the present, this work consists solely of 

determining salinities and water temperatures. ~Jhen sufficiel1t data. h~. ve 

been gathered, salinity and temperature pat.terns for the varic.:lUS coastal 

rivers ar-.d bays can be deter-mined, It is believed ttlat tnis informatioo 

t'iill prove bent:ficial to t.he various other studies of the 5hellfish invellt<~ 

igation t.S \'/ell as to the other investigations carried on by the research 

divi5ion~ For eXaffiVle, this knowledge will aid in explainiJlg the occur­

renee and relative den~,:i.ties in pOl-l1.1lations of clams and crabs in these 

areas, the spawning orcas of striped bass, etc. The work to date has 

vriJi'l.lirily been carried out in thC! bays and riYers with the lone e;..ception 

beifl~ some vicr\{ doae along \.he open ocean beaches of Clatsop County in 

conJunctj on tvith the razor clam investigation, 

The Work So Far-_.. -­
To (late.., Lhreo ,rrajor items nave been accom}ilished: 

i"irf.'t, all of the unfinish er! back \>/ork has been brought -..lP to date 

All of the "'lat~r samples e.ccum,ul<l.ted by the 1::1 boratory were tested for 

slllinit~1' by titrating with s11vel' (1itrate and the results ,'{ere worked up 

into freH,;entable form and recorded chronologi.cally by a:rea" In addition 

some neVI s3l11vlea were received from the ra2'.or clam inveatigution and were 

worked ul.J as above Q 

Second, considerable time was expended in building and assembling the 

gear which is being used currently in the I'later sampling operations~ Four 

boxes were constructed, each of which holds 1.35 glass vials: These vials 

(cafJacity 4.0 ml) ha.ve numbered labels, water-proofed \-lith var;-}ish, on both 

.. 


0 



the vial and t.ne capv The remainder of the equipment used in. tbe fi~ld is 

composed of an armorr:d thermometer and a home~ffiade i,lfeighted iepth b,)ttlt~ c 

The depth bottle makes tt possible for obtainine water samples at any 

reasonable desl.red depth. In the laboratory an automatic. bUr'ette 11as been 

set up and is now being used in titrating the water sampJ.eSa 

l..a::rL; a.nd most i.rnportant, the actual wa:ter sampling in the bays and 

riv'ers has been started. So far, a day has been spent coll.e·~ting samples 

in each of t.he following bays: The Alsea, t,he S:i..letz, and t'le Yaquina. 

Since it is qu:~te obvious that the results of one day's sampling would not 

be very ~iel1if:.cant, Lhe \falue of theso preliminary surVt'!lys at the moment 

lies mainly in determining tLe location and number of sampling stations 

t'l!hich TA'Ol.;ld be necessa.ry to present a true IJicllure of the salinity and 

temperatu:'e pat.t.erns 1'01" each area o These first trips are o.~ considerable 

value froJ. Lhe familiarization standpoint as welL 

The :)ld de:t.&. (:o:ee Table 1) which 'lias \~o:t'hed up consists of samples taken 

fro:\1 the ::>o.lt Hater system (intake at the ~-J.O to 00 toot ["ide: level) in 

the shellfh,h labora.tory and from just off the Port Doch: in Yaquina Bay" 

'i'hese wer~ tal{~:n from O.;tober 23 i:;c· November l~, 1947, a period 01' extreme 

fresh ltlat.rlr" The N:3Ults Ghow the salinity l'a..'"lgc; for the sa.;.t NateI' systelll 

"co ne fror1 22,,1 to 34~3 with a metm of 2·:L6~ while the r.'IDge for the surface 

samples t::d(cn cff the PQrt Dock over this 5i:une p':"rioa VIas frcm 11",6 to 34·,0 

,,dth a rnerctrl of :G4,,13, The36 figures show that the salt. we.ter sy::ctem not only 

tas a higher comparative mean but also a much higher minimum salinity which 
, 

indicates that freshots cause no great fluctuation in the sa-linHy for t~ie 

laborator~,. aquariao 

The fe\.[ sanples taken on the razor clam beaches of Clatsop COtUlty sho..... 

a salinity rang1:1 of 1902 to 32.3 0/00 ,,,ith a mean of 28 0 6 (r!)fer to Table 2) <> 

http:necessa.ry


Standard 23,60 
pate ______~gllon:l:.-.:, 

vet. 2:~, 1<)l.7 J 
II .3 
II .3 
11 11 
II :J 

.-! 
Ii 11 

Oct, 24, 19h7 11 
II 

1\ .3 
" 11 

'l 
j 

11 
II 

O(!t, 26, 1947 lL ., 
./" 

II n 
IJ. 
J 

11 
II 

11 
.,
.; 

Oct. 28, 1947 11 
.,11 ;; 

n 
') 
.J 

II 11 

Il 
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'j 

L 

.,\I 
.1 

L. 

II 

II 

Table 1 

YAC;UI~~fI DAY llATER (3AHFL~;=S 

Old Data 

Blank ,,29 Chlorinity ::>f 
Tim.!L Depth 

14:30 Surface 
14:30 1/3 
15000 Surface 
1,):10 
17:00 
17:00 
9:00 
9:00 Surfuce 

15:00 ~turface 

15:00 
17:15 Surface 
17:15 

9:,30 
17 : Surface 
16:0:) 
16:00 ~urface 

17:15 
9~30 

9:30 [)urface 
13;00 
13:00 
18:30 
18:30 Surface 
9:00 
9:00 ~:urfaco 

12 :o() 

12:00 Surface 
15:00 
15:00 
17:00 
17:00 
9:30 
9:.30 ~3urf:lce 

1.3:0U ;:)uri::.ce 
lj:OU 
9:00 Surfc.:.ce 
9:uO 
12~30 
12:;'0 SurLlee 

:30 
16:30 

~)tandard 19 ~42 
ChlQ,£inity 

6.6 
6~6 
6.4 


13,,7 

902 


16Q6 

1'7.1 

17·1 

lO~J 
13.7 

1301 

15.,6 

17.,1 

13,9 

15,1 

14,,9 

lL,,5 
HLO 
17.5 

15,·7 

1505 

15,0 

H~"l: 
1706 
18.8 

17·,7 

17.,5 

h).5 

16,,2 
11~. 9 
15.9 
12.2 

lL4 

16,.9 
19.0 

13·.9 

13.4 
J.7.6 

17,7 

l8 L~ 


SalinHy 

11,,9 
11.,9 

1L6 

24 ..8 

16.6 

30,,0 

3009 

3009 

1806 

2408 

2307 

28.2 
30.9 

2501 

2703 

2609 

2602 

32.5 
31.6 
28.4 
28.0 
27.1 

2600 

.31.8 

34.0 

3200 

31.6 

2908 

29.3 

2609 

28.7 

2201 

:,w~6 

30.5 

3403 
 * 
24.,6 
24~2 


~n,8 


26,,0 
32QO * 
33.2 

Standard 22 0 65 Bl..mk .23 Ch10rini ty of St.am:!a..rd 19'" l:2 
';H, Se" rr~.ble 'f 



The m:i.nim.um lJa:~irlity seems q"ite low und the ra.l1go quite wid,~, especially 

for ~n o~,en oena.'1 beach~ Ev~n t,hough no definit~ conclusion can be made 

with such a small amount of data, it is c~rtainly feasible;! that a large 

influ./(. of fresh "later could have S(;Vere effects on the razor clam population 

or tb is .8r~a 0 

All of the preliminary surveys (see Tables 3, 4, and 5) show that 

swnpLng should be done further up bay, at. le~, ",l-, to a ~oint ·.mi eh is beyo:ld 

t.he upper li.mits of Cla,l1 and crab habitat. 

Nothbg definite has been decided about the nUlnber and location of 

~a7!tJ1ing stati'ms in the bays surveyed (T(;,bles J, 4, and 5L For the 

,~r,::s(mt it looks as if the jetty and. bridge. 13tatiol1s in Yaqu:Lnfl Bay might 

Je elirnln:J.terJ but a110ther check wLH be ma.d.e to be certain~ As SOJn as 

JiiujJS are :"v3.ilnDlo, copies will be rna.de s~owingt,h~ location of the sarllplini: 

stations, 

As m'~ntioned previously th('; small amount of dat.a obtain·~ from one d .....y! s 

:.;arr11;ling '::!annoi, be regarded as very sienificant, yet it is interesting to 

note that when ',;,lle!:5(! SOL'1.11-1es were t!.,sted., so.-ne rather strikillg dissi:nilur= 

::.ties :'he th::-ee bays swn.i:--l~d came to light evten in vie"" of this meager 

;UlIount of data. For exarnple, tbes(~ first chec~G sllOW consid~rable strat.i-­

.('icutiDll in AiHt!a. Bay wtLi.ch was n.)t true of eithl;:r the SileLz or the Yaquina. 

';~his c:)uld be :.ildicative that fa larger canparative yoll.lme of fre:,h water 1s 

prezent ia A18(:a Bay than the other ti'lO which we}:'(: .:%l.mpled. However, much 

1'1Ore :i.nfo:'Tnati<,n is n~eded before inything definite can be s;'ateld. 

jvh4..] s . ,~.!:;etle,1 

In V~l,Jl:1 or the evidence of very low salinities during some perious on 

i~he Ch\tS)IJ be<:~ches, it would tJe i..lN.irable to swaple thut aree-. ~teudily to 

.~iee hOlt{ frequer,tly these heavy influxes of fresh water occur and to see how 

]..ow t[',e salinit.ie;s act:.ually to go. 

http:m:i.nim.um


Table :2 

~Al,.,L~ 1'1'1 T~:;·h.LH.ATUl:{!.:: Dil'fA 

burl' 01'1" i~ort,hf.\rn Clat30~ Beaches 

Date Location Depth Time He5,ght. of rl", Hours Air Ch}>or~ Sal. 
H l,;of PST L,,\-(o .... -.> • L~hl,,_ Temp., QC l'c;np.oC init.y inity Bottle 

c· (\ ::4/25/50 Cove area 1 ftc 18:00 0.6 6.3 .; ~..> , • .; 11.5 1509 28,,7 1 
II 11 II12th A'le~ 1 19:10 6 1/6 11~2 16,4 29.6 2 
l! II II II II Hi ('I,~ 2-3 16~6 ,." '3 
n "2 ~o Neean-

II !licum Ri-.rer 1 .i9:JO 6 1/2 J.O.5 17.0 3007 1+ 
II 11 II II n II iI ;;:.1 3009 .; 
II II ItSunset Beach 1 20:00 ,-lfter J.O,) 1'101 30 0 9 6 

hi ,:r3:t'2,:' 
II II fI II II2~J 20:00 l' l7,,9 32,,3 7 

6/22/50 2nd Ave" 18:20 2.0 7.8 !I .6 .4 1L7 02 1 
6/27/50 IISI! Ave. 7:10 -1,,1 6.3 2 1/2 1707 150'7 10.6 19.2 2 

II I! IIGell:ch:irt 7: )0 2 h!5 c5 15.6 .3 20~h h 

tI 11II Beach 8:00 3 1/3 17 1506 lO~6 1902 5 
II IIrt r Ireda1e 8:25 3 3/4 15.9 1007 19c) 6 

6/30/50 Sun5et Beach 11 :00 ~L9 7.0 .3 3/l: 16.5 29 8 7 
II 11 IIGC0rhart 10:35 :3 1/3 ,,5 16,4 ?9,,6 8 

Hotel 
II it Ii ~, ('; ")"GII Ave. 10:00 ,. ') .,J') / ll- Ii;. '7 ..LO;.; ") oJ 270'7 9 

II IIII Peter Iredale 11;20 4 1/12 12.7 17ttO 3007 10 
' ":i .""'V 1 Y'J J'1/3/50 Ge.!:ll~hart 11:0J - .q, 7.h 1 1/2 .1._, 6 ( 12.6 ...;.. I ~ $J. )1~L. ] 

Hotol 
II 1\ II '):iunset. Beach 11;23 2 13~6 12.8 13.3 .1 «-. 
Ii II II 1 r1 {..:.; 1 I!. 1'~ i. 1 ") '7 ..i'eter lredale J.1: 4/+ .,- '"', 

~ '" ' " .. ,' *: .,9 "~'.-

ry " - I.L "7/13/50 12th AYe. 8:40 0,':" ,,( ')/ ,} 1408 11.9 16.9 30Q5 
-" 

1" I 


Gee:rnart II n 
Ii 
9!10 J 1/3 1401, 9.4 .0 

I 3L8 :2
Hotel 

n II H 'iSUfl:let Beach 9:35 .3 lL}~l 9.9 17 2 '- :3 
II 11 II 1Peter Iredale 9;55 L:. 1';02 10.2 1702 

~ 

4J,.. 

http:l'c;np.oC
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'I'nble 3 


SlLE'l't:: BAY I.ATEa jfJ-1t'L[:;S 


September 21, 1950 

i3tandard 21.,95 Blank 03 Ch10rinity of .:.>tnndard 19042 
St.ation Time Depth-Fath. Tempo-oC Ch10rinity S...Uni;.ty 

9 8:36 
9 [;;:36 
8 () :02 
8 9:02 
7 9:17 
,. 9:17I 

.) 9:35 
6 9:35 
4 9:46 
4 9:46 
3 10:02 
3 10:02 
:2 10:09 
2 10:09 
1.... 10:17 
1 10:17 
1 11:01 
1 11:01 
3 11:46 
:2 11:50 
:2 11 :50 
1 12:01 
1 12:01 
L~ 12:15 
4 12:15 
/
() 12 :L:.6 
6 12!46 
7 13:01' 
? 1,3.:01 
B 13:12 
8 13:12 

l'A ...5 ../, 

9 13;45 
9 13:45 

2 10,,0 18.0 32.5 
Surface 901 1800 32.5 

1 903 18.4 33?2 
Surface 905 18,,3 33.1 

2/3 9.2 18,,4 33.2 
Surface EL9 18.4 33.2 

2 9.1 18,5 33.it 
Surface 8.8 18,,4 33.2 

1 9,,5 1£L5 J3.4 
Surface 905 17.8 32.2 

2/3 
Surf3ce 

907 
9.5 

18~0 
1800 

32.5 
32.5 

3 9,,0 18.0 32.5 
Surface 9.9 13,,1 32~7 

2 1/2 
Surface 

9.0 
8 0 5 

18.1 
17.9 

32.7 
32.3 

2 1/2 9.0 18 Q O 32.5 
Surface 8,,7 18.1 32.7 

1/2 1208 15<4 27,,8 
2 2/3 909 1'·3,]' 32.7 

Surface 9,,4 00 32.5 
2 1/2 903 IB.1 32.7 

Surface 9,,0 18.0 32.5 
1 1/3 10.0 18.0 32.5 

Surface 10.4 18 1 32.7 
1 1/2 1009 18,,:1 3207 

Surface 1102 18,,0 32.5 
1/2 12.. 2 17.3 3103 

~urface 12.0 17.2 3101 
1 1303 17"0 30,7 

~urfa.co 1).6 1609 3005 
Surface 1306 8,,8 1509 

1 1/2 
Surface 

1103 
12,,2 

16.3 
14.3 

29<,4 
2508 

WATEH SANPLE TAKLJG STATIUNS 
SILETZ BAY 

Location 

1... Just off til-' of South spit 
2 ~ St!'aight out from Bailey Qs Hoorage 
3 c Under bridge over Schooner Creek 
4. RiGht off Cutler City dock 
5" Ha1fvlay up Drift Creek charmel 
6" St,X'aight down Siletz River from Kernville on spit 
'1" Ju;".t off South TilT',berline 
8, Dol.fin at bend in main charmel 
9. Just off Siletz moorage 



Table 4 

YAQUL~A BAY WATER SAMPLES 

August 25, 1950 

.3tandard 2L95 Bla.nk 03 Chlorinity of Standard 19.42 
Stat~on Time ______ rr:ellp."oC. Chlorinit;y Saliniu.-.;,;..;.. D..;;.e.&,pt.;;;.:h~-..;;.F..;:;;ath~-

11 li :36 
3 8:12 

:3 B:12 

1 g :L.5 

1 8 :1,5 

2 9:13 
2 <;1:13 
3 9:25 

J 9:25 

L, 9:45 

4 9 :/",5 

5 10:10 
5 10:10 
6 10 :L.2 

6 10:42 
7 11:07 
7 11:07 
8 12:15 
8 12:15 

10 12:53 
10 12:5.3 

9 13 :05 

9 13 :05 

8 13:25 
8 :~ 
'7 1.3:50 
? 1.3:50 
6 14:13 
6 14:13 

5 1l: :31 

5 lL~,: .31 

4 15:11 
4 15:11 
3 15:40 
3 1:\:40 

S1rJS 	 1l~,,9 
Surface 1400 


3 1/2 13,,9 

Surface 13 Q 6 


4 1307 

Surfsce 13.6 


5 1/2 13.9 

Surface 14.0 


4 1/2 1309 

,jurface 1/... 8 


5 1406 

Surface 14 0 '-l. 


1 1407 

Sv.rface 15.7 
.., 

"'-	 15~0 
Surface 15,,5 


1 15 • .3 

Surface 15"3 


6 1/2 1404 

Surface 16,,7 


2 1408 

Surface 15,,8 


4 1404 

Surface 15.3 


2 1/2 1504 

Surface 16.5 


1 16.1 

Surface 1802 


1 17.. 9 

Surface 17,,2 


2 1603 

Surface 16 0 9 


4 	 15.4 
Surface 	 14,,7 

1 1/3 14.9 

WATER SAMPLE TAKING STATICNS 
YAQUll'lA BAY 

Location 

L Jl'.st inside North jetty at end 
2 Unc(c:r Nort,b side of Yaquina Bay bridge 
J, .]nst off Port Dock 
4 c Off cemcn t ship:;; 
5, Er~d of channel by oyster barge 

17~2 	 31.,1 
17.4 3Lh 
1705 3J .,6 
17.4 	 31 ~4 
17.5 	 3106 

17.4 31..4 

17,,4 31.4 

17.4 31.4 
17u3 31.3 
17.3 	 31.3 
17.3 31,3 
17,3 31.3 
17,,4 31.4 
17.3 	 31.3 
17.3 31.3 

1703 31..3 

1702 31.,1 

17,,2 3Ll 

17.3 3L.3 

16,,6 30nO 

17,1 30 9 

17.3 	 3L3 
17.3 	 3L3 
17.2 	 31.1 
17.0 	 30~7 
17.1 .30,,9 
17,,0 .30;7 
17.0 	 3007 

17.L 	 31.1 
16.9 	 3015 

17.3 31,3 
16,7 ,30.2 
17 O 30,,7J 

17 .. 3 3L3 
17,4 31.4 

NOe Locatton 

8., Off Yaquina dock 
9" By C.D. Johnson's dolphins 

100 By Cl-1C boat repair dock 
11. Salt water system in lab 

6, F:;,re.t boa.t landing on riest siue of King slough 
7" Bc:nd of chmnCll by Wa.lkcrjs oyster bed 



1'a.blc c:; 
ALSEA BAY ','iA'I'EII SAMPLES 

September 19 j 1950 

Standard 2L95 Blank u3 Chlol'inity of Standard 19oJ+2 
Station Time Depth-Fa-til. Tem£:. °C Chlorinit'Y:___Sa....l... .;..;i~t_y_111o;;;.· 

2 9:3'7 .2 9,,8 18 ..4 3302 
.2 9:37 Surfact! 9 0 6 18<3 33.1 
1 9 : .5;) 7 9,,6 18.4 . 33~2 
1 9:50 !:lurface 904 18.4 3302 
2 10:09 5 10,,0 18.2 32.9 
2­ 10:09 Surface 9,,9 18.1 3207 
3 10:47 1 1102 17~9 3203 
.3 10:47 Surface 11.7 18.4 3302 
4 11 :0:3 , 

J.. 10 0 9 17.9 32.3 
4 11:0:3 Surface 12,,7 16,,1 29~1 

5 11:2; 1 1/2 1103 17.4 3L4 
5 11:2 Surface ll." ~~ 13~6 24~6 
6 11:39 1/2 130B Me6 26 0 7 
7 
7 

12:00 
12:00 

1 1/3 
Surface 

14,,1 
16.2 

13.7 
8,,0 

24~8 
14.5 

8 12 :1.) 1 14.4 13.4 2402 
8 12:16 0urface 16,,2 9,1 16.5 
6 12:30 1/2 15,,8 ILl 20.1 
6 12:.30 Surface 15,,8 10.6 19"5 
5 12:45 1 1/3 11.9 17.2­ 31.1 
5 12:45 Surface 15.9 11,9 21.5 
I 
.~ 14 :2'3 1 11.5 1709 2303 
h 14:2J Surface 1100 18,,0 32~5 
3 14 :3;~ 1 1106 18 0 4 33~2 
:3 14:],+ Surface 11"h 18,,3 33.1 
2 14:50 2 1/2 10,,7 18.3 33.1 
2 14:50 Surface 10,,2 18.5 33.4 
1 15~01 3 1006 18,i., 33u2 
]. 15:01 Surface 10 •.2 18.5 

15 :?"j ':l... lO.l} 180 II­ 33Q2 
2. 15: j; Surface 10,2 18.5 33,·.4 
.3 15:47 1 1/2 11.2 18c3 33.1 
:3 15:4'7 Surface lLO 180h 3J,2 

vJi\l'Eli t5Adl-LE TiiKI.·J G STN1'10'~S 
ALcl:~A Exr 

Location 

Bet.~'il'i'm cabins on knoll and spit 
By NQr'!:,h light on bridge~ 

3,. Ju.st. off Fishe.:rman 9 s Inn dock 
4. Even w:t th old trcstle in middle of Sa~th or main chanllel 
5,· Straight out frem mill by oil company 
6, Just off of upriver end of small island o:rf of Ecknan I s slough 

JU:Jt off Curtisst Landing opposite mouth of Drift :~~cek 

At Illout.h of North c hanne;l 



As t.o the bays and rivers} the id.eal thing i.,rould be to sample through 

caml/lete tide cycles in a.ll areas at approxim.ately the S.'l:lle Lime 0 However, 

the time and rna.npower expended YJould make a venture of this "cope prohibitive .. 

The c.,ief uifficulties encountered in taking water s.e.mrles so far h:avc 

been (1) tne lack of krlOrile:dge of t,he geogra,tJhy of the areli'.E ;:lnd (2) tho 

amount of time :i.t tal<es t.o tri:l.vel from. one station to the next, When it 

is possible, t'1e latest ma!J5 are checke,l for che,:mels, but i:1. some cases maps 

are not z'.1failable, 110 considerable delay is often cmcounti'!1red in an unfamiliar 

ba;t or river. This problein ~-\'il.l be sol'fed as more tri,pf.> are~ made to these 

ut'eas" Thr;;.re s~ems to be no remedy for the time 10st between sta.tlo11S 

except that this ,,1a:1 b('l a.lleviutc(! someN'hat by using a vchiele on the upper 

reaches cf the b3,yS and streams ,:here thc!'G a.re iidJacent roc:alilv 

Th·e razor cla1f! iavcstifj). t.ion i3 ::instituting Q). '1lOre regula.r sampling 

prQi~ra'1l w;ich should present a much ''lore compl~te picture: of aalinity 

fluctuation on the:::aatsolJ bea.ches;" 

Prelim.inary sailpl~ng will be continued until at. lea5t cne canplete 

sample is obtai:1ed from each of' the :nore import~m.t ccas~:,&l rivera and bay<3" 

In a.ddit.ion to those p"eviously f12entioned the5~) jncluo.e: th~ Nehalem Hiver, 

Umpqua IU Vel" J ;:;0,,)5 3ay.l) emu the Coquille Iiiver' c Possibly svrveys .vill be 

i'ihen the iJI'elim,in...ry sampling :is f:l.n.ishfJd p the r ..~qu:i,red nu:nb(~r and 

lo(:ation of sarflpling stations will be ascert.:dned fror.u the f~alinity and 

temlJerat.,:r.e rezu.lts.:> and thea further oampU.ngs will taka pJace .as time 

8011_oW3. It v/ill b~ only uiter considerabl':l data h1:lY~ been accumulated, rW~J~> 

ever, ti.\:.1,t real value can be cte.~ived from t.he result~" 

5tanle:.; .N., l'iilke9 
Aquatic B:,ologist 

http:Thr;;.re


SALIN ITY D::~'.i.'E)]JU;'JATIONS 

140HH. iI S HE1'HOD 

With Density and Salinity Tables 

'fhc follm'fing brief discussion (Hith tables) regarding the determina.tion 

of chlorjnity, salinity; ;lnd de11sit,~; of sea water \'1a13 comJ,Jil:!!d from a 

',umber of :;;v.:ferencea to serve as an aid for those in the Cnl1.nissionwho 

'{light be concel'ned ' . .nth su.ch, and who might 110t have easy ac:!ess to the 

various l'eferences. 

Hohr's rnetilod of titrating \-lith silvr:!r nitrdte againt,;t :. chloride Gt,and­

a.rea t.a5 seleC"0ed for normal use a t this laboratory 0 The:n.e thod as used here 

is fl.::> follows: 

~li£iltly l'lOre t.han 32 gram:.: of freshly fused and cooled C.,F sodium¢ 

chJ..oricio!! are weighed out. on an :..:.nalytic£ll bal"lnce, correct 1:,., the f')urth 

decimal rlaci!o 'rhis is then dis~;olve:d and made up to on~ lLer 1:.Jith distilled 

l'],lter i.n a volUl'n~}t ric flask at 20°C. The part.s chl()ride per liter (expressed 

C] ~!L) a.n~ t,hen cal~ulat.ed from tne original weight on the b;~siL> 'Jf the 

atomic li{;ights (Cl ::::: 350457, NaCl :=: 58(Ji.;.5h) as: 

weight x 0" 60657 :::: G1 ~/L 

It is then nec"ssary t.o c<mv-ert Cl'"1r. (volumetric basiEP) to the J,Jarts 

chloride') i,;c~r kLi.oer;;uD, or Cl·.... O/UO (gravimetric basis) c Thi:;l l.llay be done by 

:'lubstitut.ing in the fonaula (Thompson, lW28): 

C~ "" 0,,003 + 0.99980 elv -O~0012213 C:-l 

i-(here ely.: :::; parts chloride per kilogra!ll (CIJ/OO) and elv =Jhe pa.rts chloride 

per liter at 2CPC eel -/L)" This product, Cl-:)/OO, is the fi,;U.re that prior 

to 1940 was equivalo::nt to chlorini ty, but I'o'hich because of C:langes in atomic 

Heights and sub~3equemt redefini tio~\ of chlorinity is now kno:,n ~'.5 the chlorine 

oquivaleni:. '. iiather than using the above formula, Cl ~IL may ;ilso be corrected 

http:fi,;U.re
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to Cl~:)/OO by us.;: of a table (Thompson and VanCleve, 19JO) I a portion of 

\ih:tch is given here to cover the oJrmal ranges of a preJ?a.red standard 

solution: 

Tablc- 6* 

Correction (subtract from Clm"/L 
C~-/L to give ,cl=oLoo)

------~"..;;-~.------.----------...... 
15069-15.87 =O~JO 

16 0 18-16<32 =OG32 

16,,63-16 0 82 =0.34 

17012-17,32 -,0,,36 

17.58-17,,82 .dJ.J8 

18.0:3=18~27 =Oei..O 

18048~lei.67 ~O"h2 

18n98~19117 ~Oo44 


19.,3.3=19·; 52 -0.1+6 
__,-12..", 78-1:;J..2~·2r..!.7____. •___--:0::..:;Q~fr.::;;.8______ 

* Nunbers, inclusive, alterna:t,e divir.;:lons with odd numbered correction 
factor~ ontrnitted .. 

The..:hlorine eguivalent (Cl -\)/UO) is then divided by the correction 

::'actor of 1,,00045 to give the true chlorinity &5 defin.ed by the Intern.·:tiona1 

(' ,. .. 
vomm~6S1C:1 ,. 

Thus to gi'le a typical example) of a prepCl-red standa.rd salt solution, the 

:tollowing determinations a.rc made: 

....!!!::s!!!Uele of .Que Solution 

Sc dillnl chloride/litel' 20oC~32097J+0 gill 


Chloride/liter 20o C-=-----=20"OOl gm C:. -/L 

Chlorine equivalent------·-=19051 gm Cl-O/OO 

Chlorinity------~~-==~~--~-19.,42 0/00 

Salinitv=----------·"~·~---·--3!:; 0$ oioo
~ 'f:I .. ,..., (I 

(Ghlorosity------~---=---~-19n90 gm/L 20°) 

The .j.ast figure, that of c!11orosity, is mentioned here only to ShOil that 

this is a different unit than al'ly of the preceeding terms and should not be 

confused :/ith the:!T!. It is the defined chlorinity converted hack to a vol­

umetric t);15i8 (by multiplying the ch10rLtity by its density E.t 20°C), refer­

ring to d.:fined chlorinity rather ,(,han to ch10ricie jnns as b the case in 

http:standa.rd
http:defin.ed
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Cl-/L~ A brief table of SolU~ corl'cst-'0nding values of chlorLlity anu chlorosity 

'!'he proceedure used at this laboratory to determine chL:>rinity of a 

given water sample .is as follows: 

Approximat.ely 20 grams of CoP... silver nitrate are weighed out on a 

tri~l<3 beam balance and dissolved in one liter of distilled \'Iater o Since 

this sol1.rtion j.s standardiz~d against the iJre,lJarl:::d standard salt sclution 

it is not neceasary to have undue accuracy in the weighing" The only require­

ment is that. the solution be of such strength (it may be adj11:3ted if need be) 

as to rcq..1ire the Uc.le of from 15 to 25 millilitres for titra:'ing an average 

sample (approxima t'!!!ly 1 ml !"er unit of chlorinity). (i"or extremely accurate 

determinations, it 'dOU1C1 b.! of course necessary to hold this more constant 

in ord~r::'o in~lUre exact equivalent. end point. determinations,) 

This solution is then standardized b~' tHrating frcm a 25 millil~_tres 

Hutoma,tic buret, against 5 millilitres sa.'1lJ:.iles (taken \v:th a '101urnetric pipette) 

of the sta,ndare: salt solution to which 50 millilitres of tap water have been 

aduecl (by u::;c of a graduate) 0 Four to liix dro}-s of a ::>tanQ&-d potassium 

chroma.te indic2.tor 6olution are used for end point lJ..etermination. It is 

naturally neceE'.t:iary to also run a blank on the tap Nater but the amount re­

quired is a.1most nee;iigible in the water supply used here. After standard= 

ization 0: the silver nitrate the water samvles are run exactly as were the 

f>tandards~ Not only must ench new 301ution of silver nitri.l.tfi be sta.ndard­

ized ... but this should also be repeated before running any neifl group of Satnf. lea 

if ruly considerable Ume has elapsed to detect }lossible slight changes that 

might have occur} e-L 

l'he chlorinity of th(: sam ple can then be determined by tile simple proportion: 

chlorinity of standard x ml AeNDJ required for sa.71ple 
Chlo.rinity of saID.pIe :: ----------------------.------------------------------­

ml AgN0:3 required for standard. 

http:chroma.te


Should the res'iJ.lts be desired in terms of sa.linity} the co;uparable 

figures could be substituted in the above formula; or the salinity can bel 

calculated by the fonnula: 

Salinity = 0,,03 + 10805 x chlorinity 

For convenience, the respective values are &iv(~n 1.n THole 7 whece 

chlorinit,y is (;a.rri~d to the tenths, and in Tablfl 8, where chlorinity is 

carried to the hundredths. 

It ::.:hould be remembered that detennination :.Jf salinity by l'1ohr~ s method 

i8 eubject to ~ossible slight errors where the chlorlnity is below 5 or so 

o/oo~ 

Some' inveatigations are now using, or might wish to use, hydrometers 

fOl' salicity cleterminations. The adva.ntage here is the great.er speed and 

les!} trotble with \-,hich deter:11inations may be made. The di~)3.dvantage is 

much lowe.,r accuracy c 

Sh01 Id sueh readings be '!lade the observed densities can. be converted 

Lo salinity by lleans of the Tables (U.S. Coast and Geodet.ic 3urvey, 19l~1) 

lJresentec here, TabJ.8 9 gives thl!; direct com}Jarative value!:. at 15°C o For 

t.emperat.w:res kher than 15°C tnlS required correction to 15° shown on Table 10 

!nay be c:ither added or tmbtracted 1M3 the case may be!) to tile observed density, 

t.he renuJ.ting ;:igure then located on Table 9 to give the salinity c 

Table 11 Has originally dra'wn up before the location of the foregoing 

density tl3.ble~ This may also be u.:~ed for determinat.ion of !::3.1inity if the 

te:nperatvre is at 01" near OoC" Ttl:'.s table 1.o1aS calculated l'rJrJl the formula 

as listed. 1n liThe Oceans/l, 1946: 

Demity OaG :: -0",069 + 1-.4708 Cl ~"O.001570 012 + 0.,0000398 CIJ, 

http:Geodet.ic
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Table '1 

CHl..0RlLiI'l'Y 1\) Slu...ll~l'l.'Y 

(Using formula: Salinity = O.Oj + 1.805 Chl) 

Ch1or-· 
inity: 

0 ",1 .2 .3 ,4 05 06 .7 .. 8 ,9 

0 
1 
2­
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1.3 
14 
15 
16 
17 
18 
19 
20 
21 
.;c2 
~3 

000 
L~4 
3.04 
)045 
T,25 
9qUh 

10,,86 
12"67 
14,,47 
16.28 
18.08 
19.89 
21.69 
23050 
25.)0 
2'7011 
')8.91 
J:),72 
32.52 
34033 
36.1) 
37~94 
39" 7/-+ 
4L55 

,,21 
2.:::>2 
3.82 
5.63 
7,,!+3 
9<>24 

11,,04 
12.84 
14 0 65 
16~,~6 
18026 
20.07 
21.87 
23.68 
25",~8 
27.2.9 
29.09 
3o,,'10 
32.'70 
340:51 
36.31 
38.12 
J:1" 92 

039 
2.20 
4.. 00 
J.. 81 
7,.61 
9,,42 

11022 
13.03 
14.,83 
16,,6J~ 
18.44 
20,25 
22 .. 0; 
23.86 
25.66 
27.47 
29.27 
31.08 
32.88 
34.69 
30.49 
38.30 
40010 

057 
2.38 
401.8 
';,99 
7,,79 
9,,60 

11040 
13.21 
15.,01 
16.82 
18.62 
20.43 
22.23 
24,04 
25·,84 
27 .. 65 
29.45 
31.26 
33.06 
34,,87 
36 .. 67 
38.48 
40c28 

075 
2,,56 
4.36 
6.1.7 
7097 
9~78 

11.58 
13,,39 
15019 
16e98 
18~80 
20.61 
22.41 
24.22 
26.,02 
27.83 
29.63 
31044 
3302l~ 
35.05 
36.85 
38.66 
40,,46 

.,93 
2074 
4" 51;, 
6.35 
8,,15 
9096 

11076 
13,,57 
15.37 
17.17 
18u98 
20~79 
22.59 
24.40 
26.20 
28.01 
29.~n 
31.62 
3),,42 
35,23 
37.0) 
38.134 
40.64 

1.,11 
2,,92 
4.72 
6.53 
8.33 

10.,14 
lL94 
13.75 
15,,55 
17036 
19016 
20<97 
22.77 
24,,58 
26.38 
28.19 
29.99 
31.80 
33.60 
35.41 
37.21 
39.02 
40082 

1,,29 
3010 
4090 
6071 
80 51 

10032 
12012 
13093 
15.73 
17.54 
19034 
21..15 
22.95 
24.76 
26.56 
28.37 
30.17 
31.98 
33.78 
35.59 
37.39 
39,,20 
41000 

1",47 
3.28 
5·,08 
6,,89 
8,69 

10",50 
12,,;0 
14,,11 
15.91 
17~72 
19~52 
21.33 
23.13 
29.94 
26.74 
28.55 
30.35 
32.16 
33.96 
35077 
37< 57 
39,,38 
4L18 

1065 
3.46 
5,,26 
7.07 
8.,87 

10,,68 
12.48 
14029 
16,09 
17.90 
19.7:) 
21~51 
23 .. 31 
25.12 
2l>'~
28.73 
30.53 
32.34 
34.14 
35.95 
Yt .85 
39" 56 
41.36 
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'ra.ble 8 

Ghlor-· 
inik__ ,vO .01 ,,02 .03 ~o!t. .0,..5 .06 .07 .08 .,09 

10uO 18 .. 08 18..10 18.12 18.13 18.15 18.17 18e19 18 .. 21 18.22 18~24 , 
• .L 18.26 18.28 18.30 18.31 18.33 18.35 IBn37 18.39 18.40 lCL42 
.2 18.44 18.46 18.48 18.50 18.51 18.53 18.55 18.57 18.59 18.60 
.) 18.62 18.6/+ 18.66 18.68 18.69 18.71 18.73 18.75 18.77 18.78 
.J.. 18.80 18.82 18.84 18.$6 18.87 18 0 89 18.91 H~.93 18.95 18"96 
05 
,6 

18.9H 
19,16 

19.00 
19018 

19.02 
19.20 

19.04 
19.22 

19.05 
19.24 

19.07 
19.25 

19,,09 
19.27 

19.11 
19.29 

1901.3 
19.31 

19.14 
19.33 

.7 19.34 J.9 ..36 19 •.38 19.40 19.42 19.43 19.45 19047 19.49 19.51 
,8 
,,9 

19,52 
1'1",/0 

19.54 
19.72 

19,56 
19.74 

19.5tl 
19.76 

19060 
19078 

19.61 
19.79 

19.63 
19.81 

19,,65 
19,,83 

19.67 
19.85 

19.69 
19087 

lLO , 
• J. 

19.B9 
2U.U'l 

19.90 
20.08 

19.';12 
20.10 

19,,94 
20.12 

19Q96 
20Qli~ 

19<98 
20.16 

19.99 
.20.17 

~O.Ol 
;:0.19 

20.03 
20,,21 

20.05 
20.23 

02 20.25 20.26 20.;~8 20.30 20.32 20.3/+ 20.35 20.37 200.39 20.1*1 
•.3 20,,43 20.44 20.46 20048 20050 20.52 20.53 20.55 20.57 20.59 
'lit­ 20,,61 20.63 20.64 20.66 20.68 20,70 20.72 20.73 20 .. 75 20.77 

t·.,;) 20~79 20.S1 20.,82 20.84 ;2:0.86 20.88 20.90 20.91 20,,93 20.95 
.. 6 20.97 20,99 21.00 21.02 21.04 21 .. 06 21.08 21,,09 21.11 2L13 

ry 
• !
.5 

21.15 
21.)3 

21.17 
21.35 

21.18 
21.37 

21.20 
21.:38 

21.22 
21.40 

21.24 
21.'.2 

21.26 
21.41+ 

21.27 
21.46 

21.29 
21.47 

2L31 
21.49 

,9 21.51 21.53 21.55 21.56 21,,58 21.60 21.02 21.64 21.65 2L67 

12.0 21.09 21.71 21.73 :.::1. '74 21.'16 21.78 :il.80 21.82 21.83 21.85 
.l 21.137 21.'39 21.91 21.92 :'::L94 21.96 21.98 22~OO 22.01 22.0.3 
u:? 22.U5 22.07 22.09 22.11 22.12 22.14 22016 22.18 22.20 22.21 
•.3 22.23 .22.-25 ~2.27 22.29 22.)0 22.32 22.3J" 22.36 22.38 22.40 
"7/:. 22,,41 22.,·!t3 22.45 22.1+7 22.48 22.50 22.52 2'2054 22.56 22,58 
·,5 22.59 22. Sl ;2.,63 22,,65 22.66 22.68 22~70 2?~72 22.74 22.75 
?6 22.77 220'79 22.81 22.83 22.85 22.86 22.88 22.90 22.92 22.94 
.7 22.95 22,97 22.99 23.01 23.03 23.04 23,06 23.08 23.,10 2.3.12 
,,8 23.13 23 Q:',.5 23017 23019 23.21 23.22 23.2l. 2.3,26 23.28 23,,30 
09 23.31 23.:33 230,35 2).37 ;'~3~39 23.40 2.3 .42 2.3.1..4 2).46 23.48 

13.0 23,50 23" 51 23053 '<3,55 23.57 23.59 23.60 2.3.62 23064 23.66 
<1 
,2 

23"b8 
4.:J.cl6 

23.'70 
23.i37 

23.71 
2).89 

23,73 
23.91 

23c 75 
2)093 

23.77 
"95 

2).78 
23.97 

23,80 
2.3.98 

2).82 
24000 

23.84 
24.02 

':I
c..; 24.0h 24.05 24.07 24,09 24.11 24.13 24014 24,,16 24,,18 24.20 
.h 24·.,22 24.24 2h.25 24.27 2Lj..29 24.31 2h.33 24.;14 24.36 24.38 

t; 
~, 24"40 24.Ji2 24.43 24.45 '?Lt c 47 24.49 24 • .51 2. '+.52 24.54 24.56 

L
",v 24<58 24060 24.61 24.03 24,65 24067 24069 2h.70 24.72 24,74 
,7 24076 24,,'18 ;:'4.,79 24.81 24~83 24.85 24~87 2:-1-.88 24.90 24.92 
,8 24.<)1.." 24.()6 24.98 25000 25.01 25.03 25.05 25.07 2.5008 25 10 
09 25.1":: ~5.14 .25.16 25.17 ..::5019 25.21 25.23 2)~25 25.26 25.28 
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Table 8 (Cont.) 

Chlor­
~n·H·_= .4.,.,:r_ .00 001 002 003 .04 .05 .06 007 .C t~ .<2.9 

1'-.. ,0
,,1 

25.30 
;'~5,,48 

25.:32 
25.50 

25.5/+ 
25~52 

:25.35 
25.53 

;'25.3'1 
25.55 

25.39 
25.57 

2501.1 
25.59 

=:'5043 
25.61 

25 .~/+ 
25.62 

25.46 
25. 6L~ 

.2 25,66 25c68 25.70 .:.5.72 25.73 25.75 25.77 25.,79 25.81 25.82 
03 25,84 25.;36 25.88 25.90 25.91 25.93 25.95 25097 ~5.99 26.00 
,4 26.02 26.04 26.06 26.08 26.09 26,,11 26.13 26.15 26.17 26.18 
.5 
06 

26.20 
26.J8 

26022 
260i+O 

26.24, 
26.42 

26.26 
26.44 

26.27 
26.l,6 

26.29 
26.47 

26.31 
26.49 

2).33 
2S.51 

26.35 
26,,53 

26.36 
26.55 

.7 26,56 26.58 26.60 ;>6. '_',2 26"64 26,,65 26.67 2':'.69 26.71 26073 
,,8 

~9 
26.74 
26.92 

26.76 
26.94 

26.78 
26.96 

26.80 
20.98 

26.82 
27.00 

26.83 
27.01 

26.85 
27.03 

2')087 
27.05 

26.89 
27.07 

26.91 
27,09 

1500 
,1
,,2 

. 
27,11 
27.29 
27,47 

27.:1.2 
27.30 
27.h8 

27.14 
27.32 
27.50 

27.16 
27.34 
27.52 

21018 
27.36 
27054 

27~20 
27.38 
27.56 

27,21 
27.39 
27.57 

21,23 
;2 (.41 
27.59 

27.25 
27~43 
27.61 

27 •.27 
27.45 
27.,63 

.3 27.65 27066 27.68 27.70 27672 27.74 27.75 27.77 27.79 27_81 
,,4 27.$3 27.B5 27.86 27.68 27.90 27.92 27.94 2'7.95 27.97 27.99 
c5 28,,01 28,03 28,04, 28.06 28008 28.10 28.12 2(3.13 28.15 23.17 
.6 28,19 28"~:1 23.22 28.24 28026 28.28 28.30 2:3.31 28.33 28·,35 
.7 28.·37 28.39 28040 28,.J.2 28 0 44 28 0 46 28",48 2i3.49 28.51 28.53 
.8 28.:>5 28 0~;7 28.59 28,60 28~62 28.64 28 0 S6 21~u68 28.69 28,71 
.9 28,73 28075 28,77 28,78 28~80 28.82 28.34. 213, 86 28 0 87 28.89 

16 .. 0 
.1 
.2 
.3 

28.91 
29,·09 
29.27 
29045 

28. S'3 
29.11 
29.~'9 
29o~7 

28.95 
29.,13 
29.J1 
29.49 

28.96 
2~~14 
29.33 
29.51 

28.98 
29.16 
29.34 
29.52 

29.00 
29.18 
29.36 
29.54 

29002 
29.20 
29.38 
29.56 

2').04. 
2(1.22 
2:) .40 
2~lo 58 

29.05 
29.23 
290/",2 
29.60 

29.07 
29.25 
29,43 
29,,61 

.4 29.63 29.c,5 29.67 29.69 29.70 29.72 29.74 2~i 0 76 29.78 29"79 

.5 27. Hl 29 0 83 29~85 29.87 29.88 29.90 29,;92 2:1.9L, 29.96 29.97 

.6 29.99 30.C1 30,03 30.05 30.07 30.08 10.10 30.12 30 0 14 30.16 
7 30.17 30019 30.21 30.23 30.25 30.26 J'J,28 30.30 30.32 30,,34 

,8 30.35 30.37 30.39 JO.41 30.43 30.,44 30.46 J(1.48 30.50 30.52 
.9 30.53 JO.55 30.,57 30059 30e61 30.,62 30.64 3(i.66 30.68 30.70 

17~0 
.1 
·,2 

30:/2. 
30., l i O 
31.0$ 

30073 
30.91 
31..09 

30.75 
30.93 
31,11 

30,,77 
30,95 
31.1.3 

30. ',9 
30.97 
31.15 

30.81 
30~99 
31.17 

30.82 
31.()O 
31.18 

3('.84 
3]"02 
3L20 

30.86 
3L C4 
31o~::2 

JO.88 
31.06 
31.24 

'2
0';; 31.26 31.27 31.29 31.31 31033 31.35 31.36 Y; .38 31.40 31.,42 
.4 31..U~ 3L46 3L47 31.49 31.51 31053 31.S5 J:; .56 31.58 31.,60 
,5 
,,6 
.7 

31..62 
:n.80 
JL91:l 

3L64 
)1.82 
32.0J 

31065 
31.83 
32-01 

31,67 
31.85 
32.03 

31069 
3L87 
32.05 

31,,70 
3L89 
32007 

31.'13 
31.91 
.32.09 

3~o74 
3:'· ,92 
J; ,10 

31.76 
3L94 
32.12 

31.78 
3] c96 
32.,14 

8 32.16 32.113 32&20 32.21 32023 32025 32,,27 J; .29 .32.30 J2.32 
,9 J2.J4 32.36 32.38 32"39 32.U. 32.43 32,L5 .3;,47 32<48 32.50 



Table 6 (Cant. ) 

Ch1or­
.09 _ _in:U::t.~_----::. t!.·L. oQl .02 ~03 ,,04 005 .06 . ,,07. .08-


18.0 
.1 
.2 
,) 

.34 .. 52 
y;. ,. 70 
32.88 
33,,06 

32(.54 
32.,72 
32090 
33008 

32~56 
32074 
32.92 
33010 

32.5'7 
32.'75 
32094 
33.12 

j2.59 
32.. 77 
32,,95 
33,,1.3 

32Q61 
32.79 
32.97 
33015 

32.63 
32.81 
32099 
33.17 

;12Q65 
32.83 
;;3.01 
:;;3.19 

32 0 66 
32.84 
33.03 
33.21 

32.68 
32.86 
3:3.04 
33,22 

I."",..: 33·24 33.:26 J3.28 33.30 3J.:n 33.33 :33.35 .33.37 J3.39 .33.40 
.. 5 
vO 
07 

J~, 44.2 
33.60 
J3 78 

330/+4 
33nS2 

J~O 

.33.46 
33.,64 
33.82 

33 .1~8 
33.66 
33<64 

33.i+9 
33,,68 
33~86 

33051 
33.69 
3J.8'j 

33.53 
33.71 
33.,89 

.:::3.55 
;'3,,73 
3),,91 

33.57 
33.75 
33093 

33.58 
33.77 
33·95 

.. 8 
09 

33"96 
34·14 

33 .. 98 
34.16 

34,,00 
)4.18 

34.02 
34.20 

3'+.04 
34.22 

.3lj.•05 
34.23 

34.07 
34.25 

;i4.09 
)4.27 

31,.11 
3/... 29 

.34·,13 
)4.)1 

19,,0 
,1 

:~4,33 
34<5l. 

3~·aJ4 
34.52 

34.36 
34.54 

3/-1>,)8 
34.56 

34.40 
34058 

34.42 
3h o 60 

34.43 
34,,61 

.)1••45 
34.63 

34,47 
3t•• 6.5 

')4.49 
34.67 

.2 34 0 69 34.70 34.72 3h.?4 34.76 34.78 34.79 ,:;; ,+.81 34.83 34re5 
,3 34,H7 3j~ .:38 34,,90 34.92 34. 9L~ J4.• 96 34.97 ;·4.99 3500l 35,03 
of,. 

05 
)6 

J5.o5 
35.<> 
35.h1 

35.07 
35 .;~5 
35.43 

35.08 
35.26 
35"44 

35.10 
35.28 
35 .. i+6 

35.12 
35.30 
35.48 

35.,14 
35.,32 
35·,;0 

35.16 
35.34 
35" 5;~ 

}5.17 
;:5.35 
.::;,.,53 

35.19 
35.37 
35,,55 

35.21 
35.39 
35.57 

,{' :{5· 59 35,<SI 35c62 35,,64 35,66 35.68 35.70 :5.71 35. TJ 35.75 
.8 
:9 

35.77 
35.,5 

35,,'79 
35.97 

35.81 
35.99 

35"H2 
36.00 

35.34 
36.02 

35,,86 
36.04 

35.88 
36.06 

'::5~90 
36008 

35.91 
36,09 

35.93 
36.11 

20 .. 0 36,13 36.15 36,17 36,18 36.20 36.22 36.24 .: S .26 36.27 36.29 
,1 
32 
.3 
:./+ 

05 
.6 

':6, . .31 
~;6.,49 
36.07 
36"85 
J'/-.U3
j70;;1 

36 •.33 
36" ;->1 
3uJ;(./ 
36.B? 
37·,05 
J7.:~3 

36.35 
36e53 
36.,71 
36.139 
3'1" 07 
37c.<::5 

36.36 
36.55 
3a.Tj 
36.91 
3'1.09 
3'7. ~n 

36.38 
)6.56 
36. 7L~ 
36.92 
37.10 
J7a29 

36040 
36.58 
36.76 
3(.;.94 
37 .. 12 
37.30 

16.42 
36,,60 
30078 
,)6.96 
)'/.14 
37.32 

;.) 04.4 
3S.62 
;6030 
:; :).98 
,; 7.16 
;7.34 

36045 
,36,,64 
36.82 
37000 
17.18 
37.36 

36.47 
,36,6, 
36.8,3 
37.01 
37.19 
37,38 

,,7 
J3 
9 

.39 
}7.57 
37,,75 

37 ¢ ,+1 
3'1" 59 
37,,77 

37.14) 
37,61 
37., 79 

37.L.5 
37~63 
37.,81 

37.47 
37,,65 
37,83 

37.48 
37"u6 
37.,$4 

3'1.50 
37,,68 
37.86 

: 7 ~52 
-; /,,70 
:; 7u88 

37051;. 
37,72 
37.90 

37.56 
37~74 
37.92 

21,0 
,,1 
.2 
<·3 
c"4, 
,5 
,6 
,,7 
.,8 
9 

'37,,94 
.Jf.L,12 
38 •.30 
)8 ",4f.i 
38,,66 
38.)84 
39,,02 
39.,20 
39.38 
:39.56 

37095 
38.13 
38.:31 
38,,1.9 
38 0 68 
38.g6 
39,,04 
39 a;~2 
39.hO 
39053 

37.97 
,38.15 
38~J3 
38.51 
38 Q 6,; 
38.87 
39005 
39.·23 
39 "i-:.:CC 
39·.60 

37.99 
38.l7 
38,35 
38.53 
38.71 
38.89 
39,07 
39 .. 25 
39·,43 
39,,61 

38,01 
38.19 
38~37 
3EL55 
38073 
38 .. 91 
39 ... 09 
39.27 
39,,45 
39.63 

38003 
38,,21 
38,39 
38.57 
38.,75 
38Q93 
39,11 
39.29 
39.47 
39,,65 

38.04 
38,22 
38.40 
.38.58 
38.77 
38.95 
39.13 
J9~31 
39.49 
39,67 

3 ),,06 
;:3,,2/+ 
:3 3,,42 
;3060 
:3 :3,,78 
:3 3" (;6 
.: ) .. 14 
; ;;.32 
3},51 
.3 '). 69 

38.08 
38~26 
38.44 
38.,62 
3R.80 
31)'98 
39·,16 
3~,.34 
J9~52 
39070 

38,10 
3e.28 
38.,46 
38.64 
)8,82 
3Q,00 
39,18 
)7,36 
39.,54 
39·.72 



.-J;:'.~ 

Ta.:::>le 3 (ContQ) 

Chl.()r~ 

in~:...t.J':"__'UO .._,,$!.g1. .o? >~~L__oOL~ _..::...Q5 .0.9_6____,07___?08__o 02­

2200 
01 

3()" 74 
39 92 

39076 
3~. '14 

39078 
J9~96 

39,'79 
39.97 

39,.81 
39·99 

39 0 83 
4CoOl 

39085 
40.03 

:: i 087 
[i).05 

39 0 88 
40006 

39,,90 
40,08 

,,2 40"10 4C.12 40.14 40.16 1..0.17 4,0.19 40Q21 I.J~23 40.25 40026 
'I 

f,.... il 

,4 
,,5 

l.O,28 
l~O ".46 
l}O,,6h 

I.t C" 30 
4c~;:,8 

40".)6 

40.32 
40.50 
1+0.68 

400:3/+ 
40. ~)2 
40Q'lO 

~O.35 
40053 
40.71 

40.37 
40.55 
40.,73 

40039 
4005'7 
40075 

1),,41 
L.)" 59 
[.J? 77 

40.43 
40,,61 
40.79 

40.44 
40062 
40,80 

.6 40.82 400 134 1+0.86 40"C~8 ~OQ90 40.91 40,93 L).,95 40 .. 97 40,99 
0'7 l).loOO 41002 41,04 4L06 41.08 41.1.0 41,11 iL13 41015 I.;.L17 

c·.'-' [',1,,18 L..l,,:W 1+1.22 41.24 41<,26 41.27 4L2q tL,31 4.1,.,33 4.1.35 
() 

o / hL36 41,38 41.!.0 1+1.l,2 41.44 hlo45 41,,47 LL,49 41.51 41·53 



O,,() 6,6 1.,0093 13 .. 2 L..O:.M~ 19.9 
J. 9~)(j2 0,,0 1 .. 001.:,) 

, ,., 
c" ( 1.009/.:.. 13.3 l,O'.l.. 5 20.0 o. ')~113 001. i,oDOU, t'A8 1,,0075 13.5 1.0~46 20.1 

0··9994 003 :\'DOOh~ 7,0 1.0096 l:L6 1.0:47
0.999; Ool~ 1.,OOJ...6 /,1 L,0097 13,7 1.0' 1..8 20 .. 4 
o"S'S:'96 0,,5 l"OOl{? (.,2 1.0098 13,9 L C <~9 20 .. 5 
0·,999'1 O.~ 7 ]'IJOOJ~t3 73 1,,0099 Ii, ,0 L,050 20 .. 6 
0: ~S)t8 L0049 7,5 LOIOO 14,1 L.0.51 ;W~8 
0" ('l177 o,<.l 1<.0050 7v6 L0101 1l}.2 LO,:52 20··9
1.CCOO 1"J. 1..0(,51 7 7 1.,O:W2 14,4 1,0,,53 2LO 
1,0(,01 L0052 7.9 LOlO) lL~. 5 1,,0:; ~i.., 20'.,2 
1~OG02 1.,005) f. 0 1.0104 11.,,6 ) "J::;,5 2L3 
LOC03 1.,4 l.,005i.} 8,,1 L,OJ.C5 1l~,,8 LO: 56 2L4 
1 "OC04 le [I ].,.0055 8,,2 1v0106 1409 L.O:: 57 
3..00D5 LT J. ,.0056 8,,4 1.0:07 15.0 1.0,58 2107
lcQ006 J_ :')057 iL5 1.,0:'.0[; 15 .. 2 1.0.59 
LOCO'( 2(,) J. 005Ll 8~6 100::,09 15·,3 1...0: 60 22.0 
1,:)COt') J.. 0059 [1,,8 LO~lO lS,4 1.,0:61 :;';2 c' 1 
1;)O~J09 LOo60 8·,9 L<:f!ll 15.6 Lm62 ,)2
1 .. 0m.v l, Q06~L 9 0 0 1 0 0112 15.'7 1.0::,63 22 .,i~
1,,0011 2 o~; 2 .. 0062 9,,2 LoJ.13 15,8 1.0:: 6l. ;)?.5
1,,801.2 2 4 S LO'.'63 9.3 L,JHh 16~O L.O:65 :2.2" 6
).,/)013 2,;3 1.0061., 9¢4 100:15 l6,,1 1.,0:; 66 ~22 ~ '7 
1 "U01/+ 2 n 

o / J..,0065 9.,6 I.e'l16 16.2 LO:67 22.9 
.t.,OOl; 3.0 1.,(')066 9 .. 7 L:1-17 16.3 1. 68 ,,0 
1,,~)J16 30;2 L0(167 9,8 1 Q()j.18 1605 1,069 .1 
1,0<)1'1 :3 ~~~J 1~OC168 9<9 .L,m19 16,6 1.0: 70 23 ..3
LO'jlb .3 u i~. 1 .. 0069 10,,1 1 0 0120 16,.7 100::71 2.3 4 
,L.')Ol'1 .3 ~ :"j LOUtO 10,,2 1. "OJ.:21 1609 1.0:,72 ,5
1<.0020 ? '] 

.... - 0 : 1.00'i·1 10c3 1.01.22 17·,0 1 :O~; 73 2,3,7
1,002.l Joe 1 .. 0072 10<5 LOU3 17.1 L,O~ 74 23~8
1.O()22. J,~ 1 .. 0073 10 .. 6 .1.,0124 17.3 100:' 75 ~3.9 
1.0023 401 1 "OC7l, 10 .. 7 1.cn.25 l~ ,~4 1.0: ?S 2/..;. .• 0 
1,002"­ l:.~~ 1.· ..(75 10.8 LOJ2b 17,·, L0:;77 24 .. 2 
L()02;') 4,J 1.,0076 11,0 ~~,,0127 17.6 LO: 78 2/..;." ,3
l.c.0026 h, ~, 1.,007'7 11..1 lo0l28 17.8 LO::79 2lto4 
1,,00,2'( L}c~: 1,0078 11.2 :""o012? 17,,9 1 80 24.6 
LOD2~~ I .',

-};) t LOC79 1104 1.0130 HLD 1,0:.81 2l~"7
1,0029 !"..,f:> I.CC$O 11,5 J.OU1 UL2 1,,0:.82 21*.,8
LOO.3u c: r,

~:)\.J L0081 11.6 l'()J.32 IB,,) LO~B) 25·0 
LOO3:!­ 5,,1 LoeB;.: lLB 100U3 18.4 1,,0] 84 01 
1,0032 5r~: L0083 11..9 LU134 18J6 1.0J,85 25.2 
1.003.3 ~" l;. 1.00$4 12 •. 0 LOU5 18u7 1.,OJ.86 25·.4 
1,,0031<· z:, ,', 

,; 13 '"' 1 OC85 12.2 ~_,,0136 18u8 1.0187 ,5 
10OOJ 5 5.; t· 1 0036 L~,,3 },.,0137 19.0 100188 25,,6 
1.0036 5(.f; 1,OeS? 12·,4 1,,01]8 19.1 1.0:.89 :G5 0 8 
1.0037 1.0088 12,6 ::...0139 19.2 1.0~90 25,9 
1,,0038 6.:0 1,0089 1~.,7 L0140 19,4 1.0Jn 26,,0 
1. 0039 ou2 1,,0090 12,8 J. ,0141 19.5 L0192 26~1 
1.0040 6~; L0091 12~9 :.0142 1906 1 ,OJ 1.3 26.3 
1,00l.1 6.1.., 1..0092 13 1 J.,0l~,J l!t" 7 1,01'14 26,,4 

o.;:J.ini ty in Pa.rts per thousand 



:;:..:;;~=::..:::"•.._ .~__..._.l?j1.!;,___..~D_e_,nsihY ___ ~..__ SaJ~__.~~~': .JI:..____1}al, _ 

L 017:> 
..• I.)l':/D 

LU1:;? 

26,,5 
2.b v ? 
26LB 
26. 9 

.1.0246 
1.(};247 
10024G 
lo024(,~ 

J3c2 
J3~.3 
J3cj~ 
33.6 

1.029{ 
L029t 
1.,.0295 
1.030C 

39·,$ 
39J9 
40,1 
l~O ,,2 

.. ~ 2'/01 100250 )3,7 :;.,0301 40~3 
1.0:~O(j L025~. 33 c!~ :!, < 030:!. 40,,4 
~_oC201 

:'.• C202 
L020,..:, 
).,()?04 

rod"" J 
,;;! , !J (-j. 

2?~.6 
r'r, ,.., 
L,e ( 

1 o025;~ 
L025J 
LO~~5h 
1 0255 

3/+" (J 

34,1 
34 0 2 
34.4 

::,oOJO.3 
,030~ 

::~,.030~ 

LOJOt 

40.6 
400? 
40,,8 
41.0 

LO;.~O!) 2'108 1 ,,0;!56 3J~()5 , 0)0'( 41.1 
J.. ~o~~o6 28~0 L025'7 J4"b L030E l ..L2 
10020'1 
]. 00;;08 
),.0209 
loO~U~-;' 

]',,0211 
J. .. O;~l~: 
1,(21) 

28.,1 
2f,.;~ 

2c"o:.:. 
28.5 
28.6 
22,,2; 
22,.. ; 

LO;~;m 

LO;l59 
1. 
1,0262. 
1·,026~: 
1,,026J 
100;::64 

34,:; 
34·,9 
3500 
35,,1 
350.3 
J5"h 
35,,5 

].,0309 
)."Q.31C 
: .. ,OjlJ. 
:. ,0312 
1.00)13 
, ,.0]14 
L0315 

41.,11 

41,,5 
41..6 
41,$ 
41.,9 
40 
42v1 

l-O;:l~ 
LO;:'!15 
1,,0;~16 

1.021'1 
1.0218 
1.0219 
1.0220 
1.0221 

2~,.O 

2'1,1 
29,3 
2':),,4 
29.5 
29·,7 
29,H 
29.9 

1.0265 
L0266 
1.,02..67 
1.026H 
100269 
1 ,.0~:70 
1.0271 
1.0272 

35,,6 
35,8 
35<19 
36.0 
36,,2 
36,3 
36,4 
36,,6 

J. ,,0316 
,L,O]1? 
1,.0318 
LO}19 
1 0 0}20 

42,,3 
42,4 
42,5 
42,,7 
42,,8 

LO<:.2.:: 30,,0 1~02?3 36~7 
1.,.02~3 30.,2 1. O~:7J..,. 36.8 

.30,'j L0275 37.0 
1,();r::4;) 
LO';!2t.) 

30 1.;. 

.30.,6 
1,,0-;':76 
L0277 

J7·,1 
J702 

'!'~Q;':'2'1 JOe? 100278 37 .3 
L0228 
100.::29 

30,,$ 
}1.0 

L 1):(79 
1,,028C 

37.5 
37s6 

1~i)2JO 31,1 L028l. 3707 
1,,0231 31.2 1.0282 37·9 
L0232 3L~, L0283 38~O 
1.02)) 31.5 1.0284 38.,1 
1"02JI~ 316 L0285 38,2 
1.,02)5 
LO;~36 

31,8 
31,9 

1 0286 
1,0213'1 

38,4 
38.,5 

100237 320 1.,0266 3806 
1 .. 0238 
1,,02.39 

321 
;;:2.) 

1~0289 
1~0290 

3c~ ,', [j 
38 9 

.L,,0:.!40 
1.0241 
1002-42 
L021t J 
1 ,021~4 

3;~ ~ L: 
32 5 
J27 
32.8 
J;~ < 9 

1.,0291 
1 .. 0292 
1,029.3 
1 .. 0294. 
1 0275 

390 
]9.,2 
3903 
39)y 
39,·6 

1.02.~.S 3~LO 1.,0296 39,,7 

Salinity in Parts per thousa.nd 

http:thousa.nd
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Table 10 


DIFFERE.IJCES FOR REDUCING DE.\lSITIES OF' SEA WATER TO 15°C 


Observed 
Dena~. 0° 1° 2° .30 4." 5° 6° r 8°, 9..0 lOG 11° ].2° 13° 19:° +~~~6°17°1ao+(t20o :210 22° 2:r 24° 

Observed 
25°Denai!x.._ 

1.0000 ··3 =4 ~5 -5 =6 =6 ~6 =6 -5 =5 -4 ~3 ~2 ",,1 0 1 3 4 6 8 10 12 14 16 19 lqOOOO 
LOOI0 ~4 ·~5 ~6 -6 -6 ~o ~6 ~5 -5 =4 -J ~,2 ml 0 1 .3 J+ 6 8 10 12 14 16 19 1.0010 
,J..",VV":'U -'t =( ~i, =0 -6 =4 -~ =1 U J. j ;; ; o 1O.i.~ l'{ 19 LOO~(j 
1.0030 ~6 ~7 ··7 ~"7 =7 -6 ~.6 ~6 =5 =4 ·~3 ~2 =1 0 1 3 5 ? S 10 13 15 1'7 19 L,0030 
100040 -5 ~6 =7 =7 -7 ~7 ~7 --7 =6 =6 ··5 ~4 =3 ~2 -1 0 1 .3 5 7 9 11 13 15 17 19 1 0 0040 
lu0050 -6 .. 7 ··7 -8 -7 =7 ~7 ~7 -6 =.:> =i~ -.3 ·~l 0 1 .3 5 ? 9 11 13 15 17 20 100050 
100060 ~7 -8 =8 =8 -8 ~8 =6 =6 -5 =4 =3 -1 0 2 3 5 7 9 11 13 15 17 20 1.0060 
1.0070 -7 ·=-7 =[j =8 -8 =8 -8 ..7 ~·7 ·-"6 =6 =4 -3 =1 0 2 J 5 '1 9 J.l 13 1.3 18 20 1.0070 
1.OOga -7 -8 -0 -8 =8 =$ =8 "''1 -7 -6 ~5 '-4 -3 -1 0 2 3 5 7 9 11 13 15 18 20 1.0080 
1.0090 ~B -8 -··9 ~·9 -9 ~'9 =8 =8 ~7 -6 ·~5···4 ~J -1 0 2 .3 5 ? 9 11 16 16 20 1.0090 
1<0100 -8 ·-9 =9 ~9 -9 -9 ~8 =8 =7 =6 =5 ~4 =3 -1 0 2 .3 5 7 9 11 14 1618 21 LOI00 
LOllO -9 -9 =10 ~10 ~1.0 ~9 =9 ~8 =8 ·-,7 ··5 =!~ ~·l 0 2 .3 5 7 9 12 14 16 18 21 1.0110 
1,0120 =10 -10 ~10 -10 =10 -9 -9 =8 -7 -6 -5 ·-4 -.3 =1 0 2 J 5 7 9 12 Hi 16 19 21 LOJ.20 
1.0130 --10 =10 ~·lO -10 -10 -10 ~6 =7 -6 -6 =/.:. ~~3 -2 0 2 :3 5 8 10 12 14 16 19 ~l 1..0130 
1.01!.0 =10 =11 -11 ·~ll -11 -10 =10 =9 =!l -7 -6 =4 =3 -2 0 :::: :3 5 8 10 12 Ih 17 19 22 LOlhO 
1.0150 ~11 -11 ~·ll =11 ~11 -10 ~10 -9 -9 =8 =7 -6-4 -3 ~2 0 2 :3 5 8 10 12 14 17 19 22 1.0150 
1.0160 
1.0170 

~ll 

=12 
-11 
-12 

=12 
-12 

=11 
=12 

~11 
e12 

",11 
-11 

-10 
=11 

=10 
~10 

~9 
-9 

-8 
-8 

~7 
-7 

...6 
-6 

=4~:3 
~5 

-2 
=2 

0 
0 

2 
2 

4 
4 

6 
6 

8 
8 

10 
10 

12 
12 

15 
15 

17 
17 

.19 
20 

22 1,0160 
22 1.0170 

1.01BO -12 -12 =12 =12 -l~ -11 -11 ~10 =9 -8 --7 =6 -5 -:,3 -2 0 2 4 6 8 10 12 15 17 20 22 1,0180 
1.0190 ~13 ~13 -13 -13 -12 -12 -11 ·..10 ~8 =7 -6 ~3 ~2 0 2 4 6 8 10 13 15 17 20 23 1.0190 
1,0200 -13 -13 -13 -13 -13 -12 =11 ~ll =10 ~9 -7 -6 =5 ·~3 -2 0 ~! 4 6 8 10 13 15 18 20 23 1.0200 
1,0",10 -14 -14 ~14 =13 =13 ~12 -12 -il =10 -9 ~8 -6 -5 -3 =2 0 2 h 6 8 10 13 15 18 20 23 1.0210 
J.,02~0 

),02)0 
L0240 
L0250 

~~ltf 

~l,-1,
<·16 

-14 
-15 
-15 
-15 

=14 
-14 
-15 
=15 

=11{­
-14 
-14 
=15 

-13 
-)!~ 
-·14 
~lLl 

=1.3 -12 
~IJ -1:..;, 
-13 -.·lL 
·~J.J,l:'\ 

·~ll 
-J1 
-12 
·~12 

-10 
-1O 
-10 
~·ll 

-9 
~9 
-9 
,··9 

--s 
=B 
~8 
-8 

··6 

~·7 
~'7 

·~5 
-5 

>].=2 
~J -2 
=3 =2 

~2 

0 
0 
0 
0 

2 
2 
2 
2 

4 
!, 
4 
4 

6 
6 
6 
6 

8 
S 
8 
9 

11 
11 
11 
11 

13 
13 
13 
lJ 

15­ 13 
16 18 
16 18 
16 19 

21 
21 
21 
21 

23 1,0220 
24 lo023C 
24 1.0240 
24 1 0 0250 

1.;0260 
1.0270 

~16 

-17 
-16 
-16 

-16 
-16 

-15 
~15 

-15 ,-14 -13 =12 
-)..~~n ~.).2 

=ll,·l:)~B 
-11 -10 -8 =7 

·~5 
-5 

~~4 ,,.2 
..,2 

0 
0 

2 
2 

4 
J} 

6 
6 

9 
9 

11 
!l 

Ij 
HI 

16 
16 

19 
19 

21 
22 

24 100260 
24 1.0270 

l .. 0280 -17 ~17 =16 -16 -15 -Ii. -13 -12 -11 -10 -9 ~7 -5 -4 -2 0 2 4 6 9 11 14 16 19 22 25 1.0280 
1.0290 '~18 =17 ~17 -16 -16 -15 -14 -13 -12 -10 ~9 -7 ~5 -h ~2 0 2 4 6 9 11 14 16 19 22 25 1.0290 
1..0300 -10 -13 -17 =17 =16 -1; ~14 ~13 ~12 -10 ·,7 =6 -4 =2 0 2 4 6 9 11 14 17 19 22 25 1.0300 
L0310 ~19 -18 -18 =17 -16 ·~15 -14 -13 ·~J.2 -10 -9 -·7 =6 -4 =2 0 :2 4 7 9 12 H~ '17 20 22 25 1..0310 
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Density 

1.0191'7 
1.019L,6 
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1.02032 
1,02061 
1.02093 
1..02119 
1002148 
1 Jl2177 
1 " (' 2';;;')'( 
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.~.O2758 
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LO]25/4­
1,03283 
LOJ312 
L03341 
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PWWH 	 CARD SYSTE:'1 

for 

Crab Tagging Data 

'l'h!: followbg is the sy::>tem s'~t up for recording and punching (Jut the 

desirud dl)~ta f::>r all crab t<.\geing materiaL Green inked cards only are to 

be used., 

Recordi.n,g 

To facilitate rl:fer~nce to the various headi71es, consider the central 

da.ta lin.es as numbered from 1 throu~h 19 starting at the top line (species, 

etc.,) wd 80i11g d.O\>Jr1 to number 19 (Research Division OFC)" Unless other­

..·tis e sp!cified all headi:1gs will be! filled in with the data called for, 

pro',riding such is kaol'fn q The cAceptions are: 

Line 1, SiJecieB: nut nec<:.<:;:.;ary, leave blank 

10 Haturity: use :_nstead Xor b':iCk wi{.th in mm~ 

II 2.~ Conr1ition wnen tag'Ked: use for missLlg o<tppendagcs (0 if 

none T.is~ing) followea by shell condition; hyphen between 

II 40 Condition when recolrered: rarely knO\'Il1 in enough detail 

to be pertinent,; leave blank 

,- Uista.'1ce migrat{~d: record in nautical miles 

II 50 Direction of nigr:.ti')n: l~orthJ ~ol:th: inshore, onshore 

II 5, Length and weight: leave blank 

II 6 Length 'When tagged; use instead for latitude in degrees 

and minutes of :lrea tagged; in case of a b:,y p;ive 

latitude of mouth of bay followed by the number of 

nautical miles upbay to point of releasee 

II 6. 	 LenRth when recovered: use ir1stead for latitude in de­

grees and minutes of area r~coV'ered as above" 



Line6~ Growth: leave blank 

II 6" Days or years out: record. as number of days out 

II 7~ Depth released: may be left blank if normal pot depth j 

fill in if unusual 

it 70 Depth recovered: same as depth released 

1\ 8 through 19Q Leave blank except for any pertinent remarks. 

Punching 

To facilita.te reference, consider the upper right hand cut corner as 

starting base, then work cO'U.'1ter cloc}(>""ise around the card with each major 

division (separated by double linee in the margin) being given a letter 

from. A through P (with the letters I and 0 on.lDitted) 0 

#L Cruatac~a (all .followillg applies only when this hole punched) 
II';." Mollusc.a 

A. nUnits" division (for Crust.a.cea only) 

#1. Crab tagging (all following a. pplies c. nly when this hole punched) 
#2. Crab catch statistics 
#3=7 Undesignated as yet 

B., (Sex a.nd maturlt,y)--all three divisions to be males if punchca, fe~. 
male i.1' none are punched 

ilL 	 (Unknown).~-Male under 5 3/411 back measurement (611 point 
mcssurelnt::lnt -144 Imn. and lesa) 

#2. (J.mmature)--Male between 5 3/411 and 6 1/4" width (145 through 
157 mm.) 

113. (Female)--Male over 6 1/411 (1.58 mrD .. and over) 


Co (Date tagg~~ --partially as listed 


D~y and month as listed 
Year--laat digit of year only; to be punched out in unit 

division of year block 

C, (Date tagged)--month of year in which recovered 

Use tens division in year block" 

81-12 Se~uence number of the month in which recovered 
tl13" Unknown or uncertain 

http:facilita.te


=,42= 

D, (Condition when tagged)~-over~all condit.hm of release 

til. Crab appar~ntly 0 0 kv in vitality 
1/2, V~ry weak or "dead" 
IOe. Cr~~cked or broken back, etc. (ma.y be pUl1ched in conjunction with 

#1 Or' especially ft,?.,) 

E. (Type of gear used in capture)~-top row (no p1.Jnch in 2nd row hole) 

#10 Pots--cammercial 

#20 Rings-~com~ercial 


#3. Sports reel vel'iJ 

#40 Miscellaneous 
#50 Unknown 

Second row 	 (punch 2nd row hole): for tagging re-release 

F'" (Tagging locality)-'=a5 listed 

Off3hore releases. 
All offshore releases to helve lat.itude of area punched out 

in degrees and minutes, dropping the 4 from the forty degrees in 
which all releases were made o (Example: 45°37' = 537 to be 
punched out in the hundreds, tens, and units divisions). No 
p~~ch to be made in the thou5ands hole for offshore releases. 

Bay releases 
Punch out thous~ds hole and use following area code: 

Units divo 	ttl. ColUIllbia 

#2. Nehalem 

fl4Q Tille/nook 

if7. Netarts 


'fe:1S dive 	 d1. Siletz 

#2. Ya.quirut 

#40 Alsea 

#70 Siuslaw 


H~1.dreds #1. Umpqua 
div. #2. COOii Bay 

#4. - Misc. (Coquille, Nestucca, etc )c 

#70 Area unknown~~inshore ox' offshore 

G. (length 	of boat)--use for shell condition when tagged 

~il. #1 old and #1 old barnacled 

#20 t!l shell 

iiJ; #1 new shell 

#l, 0 1/23 shell 

//5" #2 8hall 


no punch" 	 1¥3 shell 

http:condit.hm


t-k, a.9pend,Slge;s :rLi.ssing 
1 Cllif only missing (in appendage) 


,.;.'3" 1 l~~ only missing (;J2" 3, 4 or 5 appendage)

;7 1_!.~ 2.. l!!,;;s only mis:3ing 


li·~~ &" /(3.') 1 elm end. 1 leg mi8~:iing 
-/.." ff
",'-;:' t-.r 1 cla~I and :2 le.38 tiiss5_ng 
h'o pU:1Cr1o 2 Cl,lwa missing or combinat:1..on thereof" or mare than 1 claw 

all'l 2 lega missing 

.?\lt1·.::h ::a.'1l,~ aa llF'n (tagging localit.y), 
Pl.i..:,l(~l1 out thc'usands hole o.rId #7 to. h1..lndr~s c.ivision for 

ankn O\VllS., 

c f (~a.tch) ==tag ll'..:i!11ber 

"~'l~ ttns, '?,cd h1mdreds di'J:,-~iollS; p'lllch out ta.g number (la.st 
tilre-~ nu;n'>=rs onl~r in ea8e \.If t.ags1ullbered over 999) 

'2hon.3.'"nis di'lif.dml: use r.H;ries n-;lI11b~;r ;:~S .follows: 

No l)'Ul1.ch in last di" 0 in hole '0vuchcd in last tilv 0 

ill Ai:so;=ia-A~~----- N7~~9Ort-h-'--"-"-~'"0 

/t;~ 0 :\at-oria B !'k:\4'}Jort ;3 
N;;;.....l;)ort C 

ri.~l~ --. .AS\:'Ol'i8~ \"! N,~wport " 
#~;'_' Newport ,\. 

;:t6c NewJJort R, 6000 seriss 

1:)7. Iliiic \ sr!:r-ieH~ Newport H; 7000 seri\~a 


f8~ Newport FI.$ tsO()O l:il!::r:i.es 


cegax'dless of di:rection 

0·=') r...ilns (nautic:al) #lC., 46~·;~ miles 
6·=;.0 It 1111" 51=60 

1\ 
4 ll·~,i5 /1-12(, 61··7~ 

1\A!l"Q l&.~~':O 1/13() 71=8:> 

i:';! t. 71"'·~.5 I: #14, 81-90 


IIt:6 v 2.&=:-)0 #1..50 91-100 II 
.! ~ t'J r~;, i a ;l·~:35 1f}~6 n 101·-120 II 


II
{!f:;o J6"=i}C; In7, l21~.1.4.0 II 

(9~ Lcl·-i,) 11 ff18, OV'er 140 
it}-9 ! Uril<rlown (also applies to direction 

Qf .nigl'ation) 

1:'1. (Up No" division)=-punch for l~orth, i.e., movement from. south 
~:.o north; leave unpunched for South, :Leo from north to south 

/.120 (Heat diYisicn)~-punch for- mo.r~ment cffshore, Leo to the t'ifest; 
1c~ve unpl)nched for mO"!E;;lIilj\"-.t i;1Sh!Jre, i.e" t,o tho east 

http:l:il!::r:i.es
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, } 

PunC:1 :,ut cede U;;m(le';' (fr,:m (\(xle to be set l.i.p) !~! man, boat, or 
pla~\t re (:cv~ring ',:..s.g '" 

?In<:h olly "hen Ci'lrd is C!~I1,pJ.':::te as frill be pOBsible to makc~ 
J... ~.;:.-v '" ;lnPl.!!lr:-h;3d if card J:',qulr~s further data. 

//1" 
,~~~; 2-.:. 
/13 Q 

'- '" 
'" ., 

:77',1, 
.~c 
.' t...' ,j 

d5" 
1.110 0 

;J12 
po '3t:'" .:~.... () 

'J~ Jt- J_"f ~ 

d r )
iJ ~ ... ,J 

/j~l

If .:) ~j 

//ite 
l/5{' 
i"6. 
;'1'7
11 ! ~ 

lens than Jr'.'.1 

10~ 19 lay::; 
,- " r,o Ut!.Vrm ....'1 i 

"O·~ 59 !1 

116o~ 79 
Il80~ 99 
z:lOO'~2.19 

120-=:'3S' Il 

l:IhO~}-5~ 
160=:'-

.­

180~J.99 n 

2aO=;~49 n 

250-JO(' I: 

O'Jer 300 n 

19,:'7 
1~Ht,8 

19)',,9 
1950 
1951 
1152 
1'953 

180:'8 


(H~port not Comple'c,e) 

Roger Tollefson 
Lowell Marriage 
Donald Twahy 
Stanley Wilkes 
Charles Woelke 
Aquatic Biologists 
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