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In recent yeara, students of animal ecolos, have t~ned their en­

deaTours more 8l'ld more toward the 121vestigation or animal populat1ona. 

Partièularly to those intere~ted h the problans of conserTation. the 

necesei ty ot haTing an accurate lcnowledge of the numbers of the animal.a 

with which they are dealin.g h becQming apparent. For this reaaon, methoda 

of quantitativ-e estimation have reéeiTed 1ncreaa1ng attention. 

'l'he etf'ioient management and regu.le.tion ot a commercial 1'ishery to 

the end that the greatest production be secured w1 thout .continually decreas-

1ng the numbers available tor reproduc-t1.on, ean be evol1t'èd only a:rter 

precise information 1a obta!ned as to the "catch" ( the number taken: by the 

rishery) anâ the ttescapement" ( the number surv1T1ng to perpetue.te the spe­

cies). The correot evaluation. of' the "esoapement"' ls the most d1tt1eult taek. 

The proper exploitation of the Pac-1:tic coast aalmon depends on a lalow­

ledge ot the numbera or adults whiah spawn :trom year to year in 1he streams, 

rivera, and lakea into 11h1Qh they run. The :tollowing discussion is an at­

ternpt to eTalnate one m.ethod wh1ch has been suggested as a m.eans ot arriving 

at an estima.te of these spawners. 

P.févious attaeka 

Until the neoessity ot introducing more accuràte checks on the aize 

or epewning populatlons bèceme so obTious, the Co1!lm0n systern whi ch was fol­

lowed conaUsted of caretul auney-s ot all the eaaily accessible spawning 
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uea • theae, rough ide • aa to th conoentr tion ot tieb oould be 

obtainecl. oom tng the e1ttme:te or the numbera or tien tn a o•rt in 

y r w1 th t t obaerved tor th aame local.1 tJ 4ur1n the pr noua •brood 

year", the r le:U ve inorease or cl orease in auooeseiTe gene tiona coul.4 

aometimea be determined. Compl1caUou otten aroee llhea aueo.h a metbod •• 

loyed, 1n Tiew ot the dittioulty ot determf.ning ocuratel7 the ge ot 

the epanere and thue the "brood" to whioh th•r ahould be aaatgœd, hr­

the:more, although tbe re1t1l ta were requ1red to be OJÛT .1Uttloiently aCJ-

ourate tor .per tive pupoaea, auoh aooure.oy oould not e.l•Y• be obta.1ned , 

s1noe oona14 :rable error na intl"Odu • it 41tfePent pel",ona made eau tee 

eith r in th s e or suooeae1ve year . 

•oount1ng .tenoea" v• reo tl.y been 1ntroduced ln certain looalttiea 

to arrtve t the con et oenew, for a . rt1cular ar a. 'fb.eee are ao con-

1tructed th t the eouta ll't81 e e tii one or two Wl!SY'•• In one the adult1 

mi re.tlng upatr are guided through œrrow openlnga 1fhe7e aetual. oounta 

cen be de y th obaerver. In tbe second, fieh tind t'.he1r wa, tbrough 1 a 

1:nto pena wb1ch t:hey ma:, be dipped, exem1ne4 and n,unel"ated, Untortunately, 

oond1 tion Which pe it tb.o oonatruct1on ot such tenc a are not toun4 1Jl all 

apawntng ,tre a. In many cases, even thou the engineerin a1rncu111ea 

are alU"mOunt ble, the t1 1al expeuse ot const1"œtlon nd operation la pro-

hibitive. 

It beoomes cess ry the.n, io 4e'f'el.o» an aaour te an.4 m.or• w1 del.7 ap,-

aroc~o ot det Wng ~pUlatlona ot • t1 eh, wblch 1a J10t 

dependent upo11 J)èreonal acwnen, and whlch 1• oomparaUTely 1 :xpeusiTe t o 

emplc,y. 
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1. Xta general pr1no1ple: 

One mnhod ot estimating the numb r• 1n c1ma1 COl!IIIIUliUe1 

been uae4 by eoologbte wlth nmng 4e • ot ,uaoeea. 1er.ty. 1t 

oona1,ite ot J'k1 , b ,nd1ng, t ·giJlg, or banding e. 4efin1te numb81" o~ 

1ndiv1duale and conetderin,s the ratio ot the :rked. to ihe UllJl&?'t tn aub­

aequent eoapturea aa r.pre enta:U'fe ot tbe pll'O~lon 11b1oh exlata 111 th 

total popul tion. 'l"b.ia proporlion will in<llo ttt the total 1l'Cmlben in the 

oh • ethod. ia ne.ttlr'all7 lllbjeet 'to tM cr41nary errora ot 

Ampli and must be applied w1 th extrema o utton, eapec1al.ly wb.en the 1a­

Te•Ugatoz. 1• not lnti.mtely aquainted 1d th the babi ta ot the apeo1 •• 

2. It• prac·Ucal applloatlon in eettmat1ng a.pa.wmng salmon: 

Il baa been a eated ~t U a lœown Il er ot apawni salmon 

wer ta d, t total population in the atre ooul4 be 4ete1'1111ned, tt ffen 

a portion ot the 11 h might be later dlaeo.-ere and CUllle:rated. a 

•rat , if pre.et1oal; would be moat uetul. Ita auoceasM pr,oe outton would 

be 1ndepe ent ot the obaerf'.er•' e.q,ertenoe or pl'Owe•• • aiia aocurat 1ntonia-

tion ht be ob"tainecl ea•tly ana 1JieXl)enstTely. 

The tho4 ot pplicatton 1• u tollow : J. nu.irsber ot f1• 

oTil'lC lnto $ll&tm1 s·tr . re o&ptured and oount d. They a e th n r4!t-

le aed eari br1ghtly oolor ta • At nr1ous t1 ea tt :r \beir le ••• 

the acoe eibl regiona of the atre are explortd, and the .i-atJ.o of t ed to 

unta ged: indlviduala noted. The average :peroente e of ta e4 tieh in the 

total ber ot tteh obaen d ia then . ploFe4 to oelculate th -total popula-

tion in tb str • ppoee t110 thouaand fie 1n ll r t d, am th , 

th• euneya ,howed th t ed lnt11Tl:duala de up twe!lt7 per eent ot the tiah 
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obeened, It wouJ.d be nolu4e4 th.e t theN • a to l . Population ot tn 

thouaa t1 h in th et • 

re •"• 1 variable tactœa Which wtll eTe e beul on the 

practio blltty ot SU.Oh 

uration of t t 

&J)pl1o Uoa. Th• er of t'iab ged, the 

nter'• obeervatlona, oan 

, the ture nd trequency ot t exper1-

determine 7 hl• operation. Factor• bqo 

hb oo:nt:rol are t lle ch otu of- the rwt., th dietri buUon ot t a wn1 

fiah. th length ot ti the t1 h emain 11•• tn the etream, how long th.:, 

eu be o'baened atter they 41e, anA pby ioal oond1tione au.Oh • the geo-

Pb7 ot th :tnam, n.4 it Yariation la ater he1 · t . 

In tbe tollow • 

r latioA ot theae V-fll"1able• and to 1nve t1 &t their posàlbl etfeot ozi • oh 

ot r unàer the con41t1ona 'lihieh eu be ea\al>l1ah.ed by tba metbo4a of opeN­

·tton. 

The '1 la appeara to reaolTe into a cona14 tton t two types ot 

oond1~1one, tba\ in whioh th 2'8 le oonetant oportion ot ta ed ft.eh in 

the atr over the whole du tion ot the i-un, that tn 1thich the ta 4 

peroent e .-art 4ur1ng the l"lm. The tira\ f.a 1eoured by a method , 

pl 

•• 

Proporti~t• 'l'ag:ly 

To re a cona"Mnt proportiou ot t ect tiah 1n e atream durin.g the 

coltl'ae of a nn., a oonetuii propor·U021 of th mi enta 1nto the atr 

beur t • poa i bl , but dltttoult 1Q.9 o of atteJ.nt th1a end, DU.ght 

by- the ouliuit1ea ot their oper tion took a det1n1 te roeata e of the 
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S:madgl"anta per de,. en it suoh a oonatwot1on nre poeaib1e , how....-er, 

the tendeacy for nn to Tary con#ide bl.1 'fr de.y to 4ay alghi plice • 

the ctual -t · ng operatlon,. trnl •• the tagging cOUld OOJ>ê w1 th th oas,-

ture• , the leg 1n r leaa1ng the ted 1nd1Tiduala W1>ltla e1'teot a dtapro-

port1onate 41 atr1bu.t1on in the atr • tn.e adfthta • ot th1a t)'pe ot ta 

g1ng woul4 b• lost. 

Aflother ethod ot porttonate t g1 ht be w aample the to'tal 

· oo nce4. 

1or tutanee, 1t m1ght be 4.eainble tn oomection wlth the operation ot • 

counUng teno et the outlet ot a lake th:o w toh aooke,ye aalmo-n paaa , 

to detfflll111è ,h nwnb-er ot tisb. apawnlng in a streem tributary to that lak • 

lt one out ot •• q ten tieh peeei the ten.c were ta ged, 1t ht reaao -

abl7 be trp&Ote4 that ten :per oent ot oh œ1•• mignnta tnio the atrema 

above the lake w:>Uld bear ta •• and a.a a reeul t the eame peroenta • -.c>Ul.4 

preTeil 1n th atr far the c1u.m,10 ot t l'Wl• 

It tb• ba.bi te ot th t1eh were aucb. , that all the ttUJl ente1'e4 tba lake 

betor 07 mo"fed into the atre , and turthemore, it complet• alnng 

ooourred , ao t t there • no tend.ency fo:tt the t1 ah wh.10h entered the lâe 

tiret to migt"ate illto the Btr betore the oth n, tagglng ot the neceasary 

num.\utr coUld be perta.rmed t 1he t•nce et aey i e durlna the rua. 

l'ft'baps too, eTen U there were no teœe 1.n opont1on, randœl aample 

might be taken by a aein• et t time the aal.mon 'ffN prepa:ri to enter the 

811"eam, but t te ot oourae WO'llld onl.y be poae.1 ble it th total population 

••re ,o ooled up t e-thei.- e-t one time. 

The adTant se• of obtalat_ a oonatant proportion of tagged t1ah 1Jl 

the atre ue obvloua. One 1upeoUon woUld ba au.tt:lo1ellt to e ta'bli ah 
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the peaen.t e "f8lu • S1Me the PL'OPOl"'t ion would be coutant O"t'el" th• 

Whole aN,a, onl.7 aaall portion ot the 1-tr 110uld requ1:re a eur'ft)". 

Oounta oould bè de ei'\her the d.e&d or ,he ltTe tlsh , far tbe iro-

~ti n would nht at'te.?- de th , and a 1'1-eah t 'ïllieb. might wu the bod1•• 

out of the a1!1i'OAlll'lft. ar 1nto 4eç holea, woul4 b.aTe no efteot on the i,eroent e 

amon the fieh r . lni • 

I>1apop,::t1onate T!ll5!9 

The oon4S;Uona 11h1oh w111 permU th• type ot taging ùnr1be4 abcn-e 

"14• v. eaoountered. The iueatl · to-r ho.a yet \o drrelop t type ot 

t p or t whi.ch Will ke oou1:am i,ro:rx,r1toa ot migre.nt• day atter di 1 

thr'ou out a epeftlng run, it 1.t ta aet et the meuth ot a oreek ln:to 11b.ioh · 

they are tert:ng, 'l'ho b 1t 1a prioba'ble th t certain typ-ee 1'111 op te ao 

that the f1 captu:red per 4217 wtll N!'leot to a e xtent th entire 1111gre­

t1on t t 481' • the peroen'tage oaptured 1flll not be aoutant orer the du.ration 

of t run, Tary1 l)Ol"tione of ta · tish 1'111 be liber te4 into the 

etr on. •uc ceea1.,. daya. 

The thearetlcel Nil 

To b.tt r S.lluatrate th• 001Upl1c. tlon wh1oh may arie 11h.fll diapro-

1• empl.oy 4, t autho:r e takS'l the Ubv or eettbg 

up • t llicht te · ed "th90r•t1c l l'Wl". It ia ao nly Obeened ttl!t 

ap,.ni runa haYe a oertain neral ehara.cter, whl 1e o41t1e4 111 Yar10118 

dil"et·U.one é.nct to Tanoua d•greea depeD41ng on · 11\1l11ber ot 1nterrelated 

tao ore. It 1 uwal to fi tha t a ~ oo noee with th• appe rance ot 

a tew 1n41"1.duala in. i atre • The nwaber ~ migrote per c.\f17 inore•••• 
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to a k and tt J.17 talle off to aoa.ttered tt•h that enter whe11 it 1e 

to •tudy wlll bave the oo oharaoteri ttc ot &neral. rS. ae la the da117 

m1gre.t1ou O'Y ?' thè fir t part or the run 

of the rwi• tbe eu.thoi- teala t t t •\ eettatactory de oriptlon 
2 

wou.ld b to ltken 1t to hè normal trequ . cy cur'T'e 7 • t•- 'b'\ , where 1 

repree n\1 • nwnb@ ot t1 eh p r 481 enterl Gt 111 t . r oton tr the 

p of the rtn, Uie oon t t k fl!ld b det ned both the total 

• and th du tlon ot the 1'1l.n. It we tm1l te the etteet 

ot t a Ntl ot this type. we oan df)teNi the QompU tion• 

wh.tch aria el.y t1" nd.. t1ona away tr 

Will 1n.trocluce CQJÇlt 11o e cul.iar to eo.ch l'll • 'l'h 

aetual eulte w:tll fter e 'ewbat t~ t o • 1rhidl we ahall deacribe, but 

onl7 the estent of t e etfect ot th:o e peOlllie.r Tar1at1ona. 

The l'W1 desoribed 1n bl I • b n de..-eloped tr an equetion 

81m1lar o t above. lett- h oelmnn (n) gl1'ee the oonaeouUY• aya 

ln. wb.ich '\he llt111lbff ot fieh (~) 1A the aeoœ • oolunm ente.r the etre " 'l'h• 

ich are in the atr at tue• 4 or th nth ar ll ted ln 

th \hl ( n.> . A to ta1 of 10,000 t1 h enter 1n the e ce or thirty-

aeY d ya, hal:f ot th betore noon on 1i l,th and balf ot th a1ter tilia 

tif.me. J'1 e I tlluat~ tes the aheracte:r ot auch a 1!'Ull 1-o. graphi 1 torm. 

n 1 e tb ta w t, h a 

oonet 



tb.1e will ueed to 1.llua r te th ealiet ree.turee or t t ayatem. 

Let • f1rat o-ona1 er the oo d.tt1ona illdoh would. obtain 1t two 

thouaand igr at 1n ou.r "theo et1cel run" at ta ad as .., mer thé 

et , 100 per d fr the 10th to th 29th 48Y• ittcl.uslTe. On hu.nd 

t':lah pe-r day Y1ll e up Ta 1 J)l!ll"eent •• or ah day•a mi l'aticm. 

The ( jtn) aH lb,ed 1n the tiffh ool ot bl I~ The ffrf1ng per-

oen ea Whioh would eult in the •t dey to dey are s 11 out in 

the laat lumn ( i'ra) . If theae i,ercent gea could detel'JD1ned b7 obs na-

tion on th e e , th 1r comb1 tton wllh the Imowle4g ot the num'ber of 

ta • uaea to d te trOUl.4 tve 

,bat time. 

Tho 4U.J'Otlo! ot taœ•S 

o.p until 

The qu · t1on ot Wh th tagg1ng ehould tek• ao $n4 ow long i i 

ehould coll'ttn.u wlll depend u \ru, ln1'o1'11lat1o:n •• deelre. uld it be 

deaireble t 1nYeet1 te the l'llll' ts" eas it woUld a em a4T1aable for 

n •• aoon ae p cilo :ble. It t • J!'U1l ia l.Bl'ge and the thod 

or pture ta eu.ch th t only' ell nUJ11ber Gan be taken ach dey•• aboUld 

· aa 1on aa poaà1ble t eaatr a reaao bl t ed i»roent • tn the tr 

orn to t lar 

the i-un and ta ing 1 

coneumtn and t~ 

ber ot t1 sll the ol duit t ion of th 1'\11l 

ag dur.ln . the tiret halt of 

• l tt ·ir 11' , bl• II baa bnn aet up. The 

tourth l show• the cent s to be to 1n 1:h atr 1f 100 ti•h 

per 7 1rere t ed tbe 10th ~o 19th <!aya lnolua1Te (.Jlb) , '\ll t1tt 
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oolumn the, t 

n1:ng on t e 20th da:, (1-'-'n•) • 1rhe•• peroentagaa u• graphioally 1lluatn.t 

ln Figure 2. 

!he treqµen& ot inepotton 

A. oonel4erat1on ot how otten the etr ehould be 1.napeoted and the 

01114 onl.y u ••t1 tion ot the \otal NJl be a ... 

11re4, we would e-xpec\ t t oaly a oount at the oœpletion ot the run 1a 

requlr • In a e cases, howeTer , 1t may be 1il1& earl1 n ot the r\11 •~ch 

la mo.- important. The muabe'.tà of tlah whioh haTe enteiied .tream b.Y a 

certain date be •• ultt 1n lnatanoea, wlJelte tlehe17 oundalea an 

a4J•oent to tbe- aouth and the 1m-ee'ti t.or 1a ift'tereated ln ,he mtnilalaa 

ee.cap•ent at tbat t • • 

the leJ.1gth of a e·trum haa nell enoowitere4 1n the liter tve Wb.lob. 

the au.thor hu lmeailp.ted. It would ••• t t 1f th cUatrf.mtion lHt other 

the r ndom a aer1oue brpediment to the su.ooeaatul •Jpl.1oatS.on. ot the method 

might e:rbe. bould the lligl'tlJltl ioh enter on one part1CNlar da.y proceed 

to a oert n area, the l)Opul tton will not 'be ah:sd. thol'Ou hl7 and the tagged 

penentagea will ygy t1'0 Jl1u,• te pl.au. A to'\al co t ot al.1 the iagg-4 

and untagge4 11'41Y1duala wbioh oould be obuno4 woUl.4 not neoeaauily g1T• 
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1a the 1traem, unl.eas all the populaUon bad b en 

1napect d, in èloh ce.ae the t ng la not 11aceaMl"1• The whole atl"èlm 

would have to be coneidered in eaoh 1nape4t1on nd such la mantteetlr tmp0a­

ai'ble. The cloaaat approaoh •ulO not haTe an.1 aa:tant ge <Wer an actuel 

eat tlon ot the popu.lat1on by counti 11 the Tiatble tlah., 

For the attieie t op ton ot th11 m oda then, the 41 tri utton 

uat be rand • and m1x1ng .m.uat ocout" nry (lUietklJ etter en.trsnce. 

The 4eath ot •P!wn•4 thh 

The e,tho ot dieooYeri the ta • 1s oo :pl.1 ted by 'th• 

4eath ot the epiwnl. f'ieh, ( or the s ka or b1:nt ty, w èall deaote the 

U ln d • tcb e.n adult tiah epead:e aliv ln 'the atream as lte a~IIAM 

lite. A tlah tmmi t1n ,on e tlrst dey and t1yiDg on the elnenth dey will 

be oona14ered to bave atream lite ot ten d&ya.) 

lt ie reco zed that there ta conaid• ble T8?'1 tion in t • ..,,..,._ ... 

lite ot a.p wning ftsh trcn •t,eoiea to speo1ea &M 1"rolll atream to atream. but 

1t ia oo on observation. tbet t1 apawn an die in many oa••• a coneider-

&bl 11 e betor-e the actual ax,awni rua ot the whole echool • b .. 1' ,plete • 

It would app r- pro ble, the. i · of a 'thole 10hool t ld.grant1, 

there would be t leaat e, tell4e ey to tboae whiah enter d th •t • · t1r1i 

to e n and die e rli•r \bal). the la t tmm.1 nta. e ram.1:tioatlona ot eu.oh 

an aotuali ty are v f!1 important. It !llmlber o t d d tleh are lrtn on a r 

1t i a aimple tter tor the obeener· to e:nmtn them cloaelf, and malte 

aoeurate count ll'ithout diftieulty. 1.'hé ocmplleation all'isea, howrtel', when 1t 

1s realt-4, th t ou h t1n,- tiah a wnin in a ahallow ri:ttle eq b ditti­

oul t to oount aoou tel1 "° the laat t1 , t ey are mu more ap];l8.Nnt tban 

they 110Ul. be atter th 41ed and • e ot th wer awept down 1 to a 4eep hol , 
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or entangl 1n: the int:ricac1 s r a. lo Jem. Thar• wou.ld ba more tendency, 

then, to tavour the 11 Te pttl"Cent e1 tban the dea4 pero nt e1 • u.d he 

ttgur-e tor th ta 4 percent would ~ ln •~ror. 

lu.r oondi tlotus r sul ts. tro t · de th ot a ned .tel.Jnon are 

80 tmpo,rtent thet t e tollowing piges Will be given m·er to a !l"e particular 

etudy ot the affect of thte phenomenon. The cond1 t 1ona whloh wou.ld rise lt 

• ab ftah 41e4 uactly the eGle t1 atter 1ml81gre.t1on will be inYe1t1 ted. 

The tn.tlu nc,e or en aTer • et l.1fe 1r111 then be 41 cuaaed. The etten 

ot T8l!'18tlona t.n the 1ndh10ual •tream lbea bo\lt thia average •111 be po:1nte4 

ou , 'l'he r aul t ot chMge 1n the le th ot t a'Tva. e str lite Will be 

na1dered, nd the ettect tbat , TU'ious time during the run 1'111 

baTe cm th resttlt.1ng percent t of tagg 4 ttsh ia the etream will be eho,m. · 

'rhe etteot or e exaot atremn lite 

t.t us tiret a sume the èlmi tte4ly a t1 ttc ial. cond1 t ion 'IJhtoh woul.4 

al.et it ea :f'tsh had atre lite ot e:motly tend 1• (not neoe rU.y 

exao'tl.y 240 hottra, but tha.t 1 t 110uld dle on the te llth: da., a.fier 1 t d e tei-e<t 

the et:N ) • It ~ch a aonditt n w: r to ob•1n, the 11Te eroentage woUl.d be 

made up ot only t e f1ah wldeh h 6 enter d tn th preTloul!I ten daye, th dead 

pei-centa«e would 1:etleot f>J'Actl:r th 11Te percentege ot ten day-a betore. 'l'able 

III e.nd III A tll-ue:tr te "14h • t8e , etld 1'1 • J show• phto 117, the 

ohenging wJ.ues ot the ta ·t,d perce:ntage 1' ; tà.e dead peoentap j'l'1)11 an4 the 

11 ve :percentagt iTtu · thé rW1 pœ reee s . 
1

•11 ve rcent " - t • percent • or th 11 •• fiah 
whloh bear lep. 

"d ad. »eroent " - ,he rcenta e ot the dead t1ah 
whi ch bear tas•• 
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lt 1 • ap nnt ttœ-- e glane• at t.he o aote-r of the graphe• 'tbet 

the Uve Plf.\"Oenta e will g1Te oom arati•-11 clo•e eat a-te ot the· t et\ 

J)e"l"àentege dur1ng th• tirst atagea ot the Nn, bu-t that after the 4 d ftab 

ae an 

index or tb• 

Teraely th d d percent wlU 

had m1gr&t6d up to ten da,e betore. ?t wlll oaly 61•• dep lil abl eatt te 

of the wn 1ih ,m tr.u,1 11.oaa\ n: ~" ot fleh are len aU,ve u the ai • 

at a ttme abœt balt 

the run (and atter the 4eathl!J b in to ha•• notltt ble ef'tee-t 

oa the 11Ye roea e), it •ul be nece,sary to oalculat both the live pel"­

o•ntas• ucl the 4ea.d percente: and to we1ght th• ecoord1n to tbe actul 

proportion of u.,. \o d d in th str • en allloet i11l])()&&1ble t ait:. 

The etteot of an Tera atr llf e 

An objection œturally riseet g'rl.ln1n al.l this d1tttoulty 11hiah 

euld arise it the tltlb di at a certain t1 e atter th entered, 1t 110ûl4 

en if el.l the fieh on t aTerage 11Ted for Ju t ten d8181 • would 
' -

expect to t111d a c1y'1ng ao,o.nel" than IM• a other4 gain l:"fllain1 for a. 

louger p iod. 111 not tbl• hav a dec1de4 todenoy to •be.Lenoe UJ>" the 

tt.gurea , and ae a re lllt ens.tre the peroenl&l ot tagged to unta d r«aain­

ing ta1rly conetant, 01!' at le at make th$ die-0t-el)Ano7 1ns1gnlt1c atf 

The a.uthoi, a made an att•mpt to ~uaeOTer the œmpl~ ett'eèt that 

Tarie.tlou in et :am life woul.cl ve on the tl8>,ret• end. bae eeta'b-11 •4 a. 

tomula whl i an a{ c1 in atu.cly1Dg thb taotor. In order not to oontud 
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~e Nader und~y the matb• tical developaient a een omitted tr the. 

in bodf ot th1s d1souee1on, fld 1a . u 1 tte4 tn th appendix. 

e aua neede set dotm, howffer, the a pti Oh& Wh1 h Te 'beea 

made to iTe at the her of :tieh Whicb . y be axpect d t o die 011 any 

one day, when t he nr1 tion ie or the simple t ty:pet 

1. It ia as tbat thet"a te no ,1 tticant tendenO'Y :t the ti1 

tbat ·enter th tre till'Bt ,o h Te en nrage litet e lon er o sh.orter 

lhan tb.O • 11h1ol1 ke up the latter part of th run; t .e. thet the tieh wh1ch 

enter on an, one day •111 ont Terage h Ta th length ot atre lite 

•• thoae nterlng on a othe de.y• and tbe.t thie e.ver ,e wUl be that ot 

the total l'Qpulatlon. 

2. lt 1 th4, the deTiat tons tram. the mee.n T lue tor the 

lite re dietr11>Uted eymnatrtcal.ly abœt them n and oan 

be 4 scrlbed ae aubjeo'\ ,o the no 

derl tion ot the etr 

Th above aewnptiona are admittedly bl'O d in. Oh ra.eteJ>. There te a 

posai b nt ty t t 1n na tural condi t 1o a thé a"ferage atr lite ot early mi 

~ dlffer ei a:lficantly m that or ihoae whtoh enter the atrea la-te ia 

th run. 'l'b. Ta.riaUon in the 11fe of on da7t a m1 ranta may be o.re or l •• 

'than -tho• of uother day. It ta qui te oonceiv ble too, th t the Tariattona 

te 

y 110t be dlstribute4 s,mmetrically bau, the u . Thé 4n1at1on uy auggeat 

a akewed curve r ther than a normal cune ot error. It auoh be the au -, ho,r­

ever, th pioture beoœee nen ore oœplioatèd; the tactora wb.1oh detel'llllAe 

the cha l.ng ~cent ee re more compl x d 01'].7 "tortuitoue coabtne.tio 

• a -o.da;i-d 4eY1ation. of a IJl'()Up 0! var io.ble• is a oonven1en.t 
• t.ati tlul exir ••ion wb1ch descr1bea th · •1uun• ln •hlch the 
ln 1-vidual T&lu.e• 41tter tt,o the n, or a.Yeagè Tillue. The 
gi-eeter the -rar1 Uon 1 th velue th greet r la th a,tandar4 
deT:l ati on. 
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ot ~iro te.nees• would r ault in the ou.nes becoming re e pl.e ftther tban 

_r-e 1nt.r1cate. 

To aort out tb r lat1Te etfeot of nd · variation in. the stream lite, 

and of • ttect ot lo:ngell or ehorter tr 11 te, on the roentag e, 

it •Ul b$ instructive to eet up table 1lluatrat ti~st th oondition 

10 .-tll result as th var t1on ln. the atreem lives ecom e gr ter. 

Standud deTi Uo9 ot on dg. Table IV ••• the Talv.ea et the axpresaiorus 

whlcll we w1ah to o.om ·r• When the tollowing etate ot affaira exi ta: 

The Velues -of 

ATel'age tream 111' - 10 4 1• 

ta.ndar4 deTietion - l ay 

anta enterin a 1 ~'bl I 

Tegging oontinui trom. the 10th to 29th 
4 ys, 100 t18h per 4ar 

Total peroentage t ed - 20 

be.Te bene loulated b the use or the tormul dewlop 

ln the app ndlx, trcm •hieh amou.nte th tigu:rea tor ~
11 

and fl'fi,a Te b en 

obtaln d. able V 1a incl:uded to tao111tate 00111parieon ot th thra& per­

oen.tagea, 'f.Tn• 1,T~, an.4 1,'ffJn' ( th peroeni · ot the total 1granta tegged, 

th peroenta e ot ta éd live t1eh in the atream, and the dead tagged per­

o•ntage, :i epectively). ~• f'1gure.a 1n bracke:ts are thon (tram table III) 

whiOh Would hBVe been founâ hlid the litetlme. heen aotly te da,,, . 

· l't will be ot d that to sta d deTi 11on or t is eilfJll em.ount , 

Tery 1ittle dompi bas oceur: ei. It oul4 till re uire 

to evaluate the po]R1lat1on uaept to•rd the 6114 ot the run, 
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Standard 4ene.t1on ot threè dez•• Let ua next con ider the p rcent es whieh 

tollow from the, s&me aTera:ge litetime but witb a ate.ndsrd deYiat1on or 3 daya. 

Table V! 1lluai»-tlt a t he ,:eroent e whi lfould be round under t he following 

conMUoll8: 

ATeioege litettme 

standard derlatlon 

- lQ daya 

- } day• 

M1gx-$nta entering e.• io. Ti ble I. 

't'a g1ng oont 1nued tJ!œ the 10th to 29th 
daye, 100 t1 ah dey 

ot pe cen a t e d ~ 20 

Tne graphe in figure • repi-esent 'the pereentagea in Table m. It la 

apparent at oiice thet the cUM"ea 8Nt tlatten1:ng out. but untortun tel7. 

tho h the live t1 sb tn tht:t stre durl the tt · t of the rua, tf.1 show 

p reen a ,es 1m1lar to t' e aotual t ~ perc nt e, t e clead tieroe ta e i.e 

losin 1ts a1 Uar!ty to t - e "tl"Ue cune" or te d e etore. 'FU t rmore 

the 'f:ro une, e:Ecept bon it Q ases the ot er ourve,• doe not giv tbe n 

value we desil" till a out t' tortiet Oa1 ot t run - atter all the ntigranta 

btte entered th - str am. 

The ettect ot the l gtb ot str am 11te 

To conaider tbe ettect the "lite spati" bas on the pe cent s, we have 

repr()duced the eondit1on Whieh wou a op e r U' th tollowing a i- et riet1oa 

ot the l"tln ld: 

A'te:rege atream lite - 1.5 da1• 

... ) da:ye 

lgranta enta:rin ae 1n Table ? 

·Tagging conti nued trom the 10th to 29th 
deya, 100 tiab per da, 
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Total percent t gaed - 20 

'l"o better nwe.U.ze the 11l:'iat1ou deeoi-lbed by a standard 4ffi tian 

ot 3 • tigur S aho• in polygo l to the num,ber ot ti 11h .whlch die on 

ftr1ous de,y tter a ml tton ot 500 t1eh on the l.Sth dq • the aTerage 

atr lite being lS dy•• 

An enml tlon ot ble VII w1U demonatrate th pàroeat gee proclu.o 

under th abo'fe oondl ticme, wh1Ch itfer ~ thoee oonaidere4 4ta.tely 

lite. 'rhla ta le 1• 

1n figure 6. Note th9.t ue to th1a longer lifet1.lna, the live roentage fol-
. 

lawa the -true roeat e Ten mor oloeely. Ita se wtll gl fl an e.cCU1!8l• 

eat tlon Wltll the 2Jrd 7 ot the ?'Ul?., a 'Will be aubject to a x1mum ot 

approz tel1 , 1, •nor unt1l •• late aa the )J.rd. aq. • '.b tore , the d d 

tbh count will onl.y be aetul wll atter ,be run 1• over a th tieh Te 

d1e4. 

-The 1"teet ot t • dUl"flUon or ging 

timee a on the fi re• •• 4 elre to obta1n. Graphe r eu tt 4 1n f1 • 
7, 8 and 9, 11luatratln · t 1ng at th glnni ot t e run ( 100 fteh er ay 

tr t .he 10 to 1,th 4aya inclusive), ln 1he l tter , ~ o1 the run (100 ti•b 

» r day tr th 20th to 29th da,• inolnatw) , an4 leo at 'the ak of the 

run (.500 fteh on the 19th e.Dtl 20th days),. 

Ut tme - lj de.y 

Standard. deTiation - , d.ay1 

grant• enten • 111 table I 



- 17 -

'r ng tr 10th to 19 h qe tn.olualYe -
100 fié par da:f• 

• ? • 1• t irly well aelt- exp tOl"f . lt •111 be a n 'that the 

l1Te tleh oount 1s of wlue util juat atter thé p k ot the l'Wl, th ctee.d 

:f'iah oouni oannot be uHd till t ti1h baTe all 41e4 • 

tu· 1Ume 

stand.erd eTiatton 

... 1,5 4qe 

- J daya 

ftlllta . tel"in a 1n Table I 

T 1118 tram 20th to 29th deya 1nelua1Te -
100 fleb par day. 

n tt e 8, whicb 11luatratee thia con41t1on., ehowa th t th• ltTe ft.1h 

cou.nt 1a accu.rate only tor three deys. At the oom.pl 1 n t taggtng theN 

1a a 30'/. er o • Th olll.y oout ot value la age.in th dea4 rtah oCNnt t tb . 

c letton or the l"Wl. 

t the pealc - .500 tic per dq for two d :r•• Han too, <••• 
tigu• 1) , th live tiah oount ehon a oonetd ra le error -- 10,. onl.7 tlv• 

4aya att r c pl tion of t in • The d 4 tia oount will be ln •nor 

u:nttl tœ the tieh ve all d1e4. 
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The oonolua1ona the.t oan be drawn ria thta bling d1aouaaton ar• 

perh pe the tollow : 

To uae with 8J17 ho ot accu 01 oh a method, ft muet have the con-

41ttona in wbtoh the ttah haTe a lo lite ln th st oompared wltb the 

dur tion ot the rua, 1a order 10 use 11he live count with J"eaao ble acoure.o,. 

Variation in te lite ot the tiah w1ll not have t tendenoy to e-nnt 

th dtecrepaney ln the eounte, nd Tttr1 tion or 6117 appreotable xt nt w1U 

ne U,.,. · 't e -mlue of e. d d t1 ah oount untll the nd ot the rwi. 

It the l1te apaa la thort, but wtth oneiderable J:tiation, th ollly-

oount ot lue ts the final cS d f'1eh eat1mat1on. but , 11 JIWlt 'be '"--.:lü~...,.bere4 -
tbat we cannot hope too opt attoallf that ite value at th ena ot th ru 

will g1Te u a ~ atl te. It w1ll b real1zed thnt •• haTe aeaume4 t t 

all the ttsh ai in tba tr , a that, 1t they are not all T1elbl 

when the count le made, tbe tndividuals we • represent the peroenta e a it 

existe over the ent1re area. Oou14er• howner. What Uld ooour ehould a 

hea,y i'reahet COl!l dur1n 'th run. Negleoting t"ts etteot o?J. th aotual 

migration ot the ll'le tish tor the nt, 1t wtll. result in all or 

the de d bo41es bel awept downatr ; and it the, are not dieohar at 

the outh ot ths cre k, the7 wtll oerta.1nl7 ha.Te t ndeaor to drop 111to 

deep lee and thus be los\ to algb.t. The oount t the end ot the run then 

wt ll 1'9tleoi only the peroenta •• whi ch ù1 ated th dead ti• b fter 

the treahet 9ccur red, and only by oo1na14e11ee wculd be expected to be that 

'1h10 l• neoeaa 'to g1T correct est te. 



The author n ta that there 1a •••FI ll •11hoo or t • eTenta de­

aoribed in thia "tbeorëttcal l'Wl• MTer ocaurrtng 1n tural oon41 t iou. 

t •tt et fforencea tn thè atandard d Yiattona ot the lttet e ot each 

d&7e ml :t• "111 hne on the oounte • WOUld be cUtticult to detemine 

W1 thout lmowled • ot 'lfhat tho e 41ttel"enc•• · re. '?lie deparlure ot an 

aotual ai · t1 on th regular 1a0•em.ent 1nt o th st:r 

ati:pu].ated wlll Obanae the ahape or the aune ocuutiderably. It 1s telt , 
\ 

rr the r1 1 cond1U.one we have t up, aboul.d eene to 11 nate the 

•oureee ot error 'ff h ~H de o1"1bed. 'l'her te e r . t a poae1b111t7 that 

theee 1 egtll.aritiea t coentu te~ th r tb.an dhd 1• t • 

l)C)pu.l.atione, t e outl ok -rar a tao.ile od ot mmie tlon appears th 

euch tbat ta 1n c be omplet•d betor~ th wn beglne, that 1•, eo that 

the popu.la\1on b t ed ra:ndomly d that conatant proportion of the 

they nn into the atJ'eMl o4 aubaequent17 die bear taga , then 

la a poa~tb111 y of ob in aoour te data. Until won an opel"8t1on be 

pft'torme4 we t con 1del' \he method atill 1n 1ts experimental a'lage. 
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APJ?!fl41x 

The 4eTelopaent of the tol'IDUla tor 4eatb.a und.a 
o0Jld1 f.on• et an avereg• • r lite 

Let \lu• awab..r of' ml renta e:ntmng on t be nth 4ay • 

~ k the n ber ot t11h cly1n ont n h dey , 

• • 11tet ot t e t'lah 1a the • tream, 

• be the at ndard doT1at1on ot tbt aT • 

e a ll tiret eonsi r th cUo\r1but1on of the deatha ot fi wbich 

we a 11 coMider noou on the "11+ • deJ' to be aatl.7 •att ~• art r .!!! 

fi.ab eatere4, 

It '08n ehowa stattetioel.17 t t the pcn-tiOJ'.l of theae fteh ( thie 

proportion to b rep · ente by tlul notation. ) 'tha'tl die on tlle y •ll+a- 1t 

is d ttn cl 01 lie tollow i 

ere " le an.y poait1Y• ute er 

lt tollowe trom. the coadtt1ona • have t up t t the amae 

(k ) , wlll 41e on the 4ay "n+a-+m" . 

S1m1ler11', will be the Pl9oport1on or t e t1sb 1'h1oh mi te on the 

ett1ng up th follOlfi table may ueiet tn \1Dderstand1 the tore­

to the 481'elcpnmnt ot the expr e1,ion wh1ch w1ll gtv 

th& total n b r ot tish Whi die on y one de.y . To si pl1ft ,œ tllua­

trat ton Wê eh 11 HUIU!J '\hflt all the t'tah ot a llS 1cular 

41 wtth1.n , .eay , ••"'• daya ot eaoh otber; 111 other- worda, ihAt t e atau4er4 
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dm t1ou of t aTe 11tet1 • ta allll!lll ough t t k,4 1• 1ulp1t1cant. 

Proportion of a1,ra te dyl 

1 of JI M JI 11 lt M 
a '\h a-4 a-) n-! n.-1 a ll+l n+2 a+) n+4 

a+e.-4 ka k1 k2 1c, 
n+a-) k1 ko ki ~ ~ 

+a- 2 ~ k1 ko k1 ka ~ 
a - l. ~ k2 kl ko ki k2 ., 
ll ~ ~ lt1 ko kl kz ~ 
a+ :+l 1c., kz ki ko kl tz ~ 

+a+2 t, ~ k1 te k1 ~ 
Zl+a+J ~ ta k1 ~ k1 

n+a+4 ~ ~ k1 ko 

tt tollo a at once f1'0m thta tabl tbat the totel n.umb r ot tteh wh1oh 

die on d~" + "• ko1'zi + k1 ( +l -+ "n,.1) + k2 ( +2 + ~2) + t, ( 
Mil-)) or 4a+a • 1ro + ir' m-1 

1t (Il + 1t ). 
Dl D-tm Jl- lll 

BJ 4eduction. th n. the eneral equetion tot> thia n:umb r te: 

~l 4a • lcoMA-a + m-1 (Mza..a ~ + l8n.,..a-m> ( I) 

1t-J + 

1ftlere a repreeent• th auooeaa1ve ,oa1t1Te tnteger • and r the lnte er 

for wb1oh le• bec a 1na1p1ticant or the exp-tteseion (Vu- a+m + ...... > la 

equt'ftlent to zero. 
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'l'h• enl tlon ot the o:,natante "ka .. 

W\ ..,_ ,,; 

'l'h• 4et1Jdt tme a1-g{sÇ ~/ 1 s;__,. whi eteainea th oon-

"' -•'> 
•tant ~ appe ra th r tol'ID.14 ble at tiret ce . · twaately • howe"Hl:', 

by the •Ubetlttt ton ot •/• • x, 1 may b tr neterred into the tollowing 

tol'lll , •hloh o n • uickly nal ted by reterrln to a e t ot probabll1t7 

t blee: 
K~ . -;;-J- r:_, 

w- _, s-
=.:-:c 

• mi t e a:peotec1 kia. depende onl.y u oa "•"' - th• atelJ4ard den tion 

ot the &TU" • "etr • tollowi ta le ••• e T lu a ot 

oonat nt for four Y luea ot the tends.rd 4eT1at1on. 

0 
1 
2 
3 
4 

' 6 
7 
8 

' 10 
11 
12 
13 
14 
1.5 

The nal tion ot the oonstent lem tor auooeea1 •• ftluea o t • • 

ka ka 
• - 1 ••2 

.3830 . 1974 

. 241'1 .174? 

.0606 .1210 

. 0060 . 065.5 

. 0002 . 0279 
. 00,2 
. 0024 
. 000.5 
. 0001 

~ 
• • 3 

. 132, 

. 12.S3 

.1062 

. 0807 

. 0,548 

.0,34 

. o>.8:, 

.ooe, .oo,, 

. 001, 

. 0006 

. 0002 

col 

.... 

.o,,6 

.0764 

.o 1, 

.07,,52 

.060• 

. 04,,58 

.o,2s 

. 0217 .01,, 

. 0080 

.o~.s 

. 002} 

.oou .ooo, 

. 0003 

. 0001 

The uae of the • uaUon I tor the enl tion of c1zi will rhapa b et 
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b 1iluatr ted by eonatd r1 e apecitic •• ple. 

'l'o caloo.late t~e numbel' ot fteh -that die on the ,2u day art r the 

tre 11:fe te l..5 daya, 1fith & 

at ~e.rd de,riatton ot 2. 

~P '1ring Ollll' ~uation nd aubatitut1 -

a • )2. a • l.S, am the •«lue& tœ ~ aa on the e'fioua Jl&P, 

... .,. 

• lf.ol\1 + ~ (-,_8 + 1116) + k2(M19 + '\,) + t,( 20 + 14) • 

1'4(Ma1 + lfi;s) + 1:,<•2i + lliz) + k6("2J • 11) + 

r.,<•2• + •10> + ke<Vz, • · 9) 

• . • 1,1•C?J7) + .1747(182 + 661) + .1210c1, + ,,,, ... • o,s, t1a2 ... ,s,) + 

.021,(7;,; + J88) + . 0092(661 + t9,) · + . 00240'7, • 222) + . ooo.S(484 + 

158) + .OOOl(J88 • 108) 

• 6,o.7Jl (611) 

tfnder the condttiona eti ulate4, 691 tlah Will be espeotai! to Cie on the 32t'ld 

dey ot th Nn. 

It 11'111 be ob effed that aa m lnc aee tb ••lue ot t 'beocme Tery •11. It 

1ae1bl to ignore 'i'heae , or b tter t111 add theil" value to 

8Jllllleat oonat nt •h!ch might be atgaificent. In thia ea e the · would be 11t-

tle r in adding t 7 an k te let.• g1Tilf8 t latter conetant a -ralue ot 

.ooJo 1netea4 ot .oot4. 
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di scuaeion ta a . out owtb ot o tain x . rtme.11tal ,ror 

oonducte by th ahe i&e R s aroh rd ot Can d on 1'1111 e. Creet, 

takela Lake , . • c. , 4urtng the •wrna end fall ot 19)9 , and cnrrled o by 

Dr. A.t. ite d and the writer 1n eonjUJIOti n with the oper ion of 

oounti tance ont et stre , The wrtter wleh s to expnsa his pp eoi tlon 

tor ive htm by t DW"""'""• tbro • 01 · ene , l>1reotor 

ot th 01t1c lo 1oal tation, to us t · rt1al 

r qutr ente tor the Degree ot at•r ot rt ta th& Depart nt of oology, 

l!nbett 1ty ot t1 h 0olumb1 • 

•• products or he tion h b ~ or the reauli ot ati lat1on 

d aa estio by saoo1 t e and trie • than the preeed p. ••• 'l'b.e 

int r est ot • o. et n J'raeer, o Hea.4 ot tlut »&l"tln nt ot Zooloa 

ten4ered ion to aul:nit thia saay 1n conneotion wtth he r qutr ta 

ntion d above, end 'lho tollow it èTolut1on wtt a n1 n 

oountell8Jlc 1 uoh pprec1ated . 

Th write •iah e too, to xi, sa hie titude o the 

natf of the .c1t1c Biolo cel tftt1on who 1st d 1n ey w ya, e p otally 

\o " " • le for hl t 1 nt int•re in wri ter• a theot-eticel 

watn " 1.t. i;m,Jl~l,&fi.,14 wllo ao ld.ndl:y otfer to 2:pree• the oe e.ry 

able 1n 

stton: · ottered by D:r. 'R. • ter, ot the Inter t1onal 

c eye .;;iv..ii.wu aelon v 'be4u1 t l tul . 

It 1a 1mJ>O Bible to est1 t or 0001rledga euo 

elp ven by •• t. ?rite rd, tho mter•s aentor 

the estent of th 

oo1ate 1n the lmon 
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InT•etl tion ot the rtehertea eaearoh rd. lta tlrat gllmtnmnga, 

nr. 11-ttchari a tollo••4 '\he course ot th p,epar:atton of this PIP•r w1-. 

ext e lnterest . He ha• 8J."aoloua1y l>91"11l1 ttëèl tbtt wri ter to uae the ateiel 

àioh he obt in 4 in the CO\U' • ot the a,wmn.er, h haa made 1Jffaluable wg-

asUcma to it treatment. and hta careM or1ttc1 of the mamie, o~ 

pr ntation 1• lar el.y respon11 ble tor the tao tbat 1t hae aome • · blanc• 

ot ooo.rdinatto11. 



.• 2000 tla iaell 

crt 1 b "" 
.,. a ed d 

IJt.Halll ~a., per 4a,- te 4ate 

Jl ia~ '• it. "n 1.fa 

l 1 1 
2 , • J 5 11 4 9 
s 16 ,, 
6 1 61 
7 ,, 19' 
8 '11 17'1 

' li 28J 
lO lS ... , 100 ,,., 100 22. , 
u 222 66J 100 4.5 .0 200 JO.l 
12 a.,, 

'" 100 ,,., ,00 ,1.1 
lJ ' lJ.S2 100 a,.8 .400 a,., 
1, ' 1836 100 20.7 .soo 21. 2 1, ,,, 2415 100 11., 6oo !4.. 8 
16 661 ,oa2 100 1,. 0 700 22. , 
17 7)7 J819 100 1J.6 8oo 20. , 
18 '1 t6ol. 100 12.a ,oo 1,., 1, 7'8 

'' 9 
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