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I Intror....llction

In thc open soa, the lnck of structure and tho variability of nind,

tide and current leads to tho Gupposition thnt spuuning is variable in

time anel spaco. The supposition has gaiMd SUPP01~t' bocauso of lack of

evidonce und thc difficulty of obtaining it.

In contrast, tho biology of the Pacific salmon ho. bocome 17011 onough

knmm for thc rcgularitios of its life cyclo to be \loll revoalcd. The

soclceye Sill01t puis to see. at nn earIy age, and uhen the adll1 t returns to

spann some years Inter in itsnativc strcam and perhaps to its native

~ gravol redel, it has suum half-uuy to Japan on its travels. The fish return

to thotr parent streams at fixed Goasonc. Can this rogulurity be observed

on spannine grolmds und in othel' fiches?

Four specioo of fish havc been e~o.mined ~nd their mean dates of

spanning estimatcd. There is a distribution of spa\lning dateo in any

ono yoar. These dictributions are summed for aß Qany yoars aS pocsible
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unel the grc.nd r;1oan nf the cll.T'Jffied diotribntion is used at-o thc m:eun elate­

of spanning.

(0.) For tao couthorn North Sea plaice tho publishod distributions

of ogg production have been uood.

(b) For the Noruogian horring, tho dc.tos of spa7ning aro ostimatod

from the ago of the spunn tnken in grab snmplos at tho same position in

sllccos",ivo yenrs •

(c) For tho Fraser soc~:eyc "",ümon tho mann pnnk date of spanning,

as observed in tho er oko by tho bciliffs, has beon used.

(d) For tho Arctic cod, tho poak dates of ceptllro in the Vostfjord

are uvailuble for n long poriod of yeers.

Ho trends trore dctectod in the plaice and sulrnon dntu. A slight

trond \las found in the eoel dute. In tho NO~leginn herring n delcy in

rnnturation is notod in tho cutch st<..tistics (Rnsmussen, 1940; Ansen,

1962). but it is not shonn docisivoly in thc grub s~~ples (Runnstrpm,

1941) •

11 Tho opu\1ning senoons of four fishes.

(0.) PInieo (Plcuronectes plutesoG' L.)

In tho saut 10rn lIorth Sou thero ure three or foul' spallning groupo

of plnice,. That in tho Southorn Bight has been exnmincd by cgg survoy

since 1911. Tho production of oggs $k.rts in mid-Deccmber and reuches

n poclc in tho second half of Junuury, aftor nhich it declines. The

1

iud
Thünen



distributions of eg8 production compYi~c n nlunbcr of eag surveys dl~ing

tho Gonson" o~ph boing ~ ninglo obsprvation (Simppon, 1959)~ The distri­

butions in 1911, (5 cruises), 1921 (3 cruiseG), 1936 (5 cruisos), 1938

,(4 cruisos), 1939 (5 cruiGeG), 1947 (6 cruisos), 1948 (6 cruisos) y.rtd

1950 (5 cruisos) hnve boen used. Tho menn d~tos of spauning rango, uith

no dotoctablo,trend, from 7 January to 29 Janunry. Tho grand menn date

is 19 Janu~ry, 1,ith a standnrd deviation of 7 dnys nnd a st~nd~rd error

of 2.5 d~ys.

(b) Herrin (Clupoa harongus, L.)

Runnstrpm (1941) made a sorieo of Gr~b Gamplos for a numbor of yenrs

for spann at fi]~cd st:::>..tion., on thc rTorHcgiM Qoast nhoro tho Gpring herring

spauns. Thc rOGults are givon in his Figuro 9. I have arrnnged tho data

in the follouing form:-
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Menn day of spa7ning 18.98 + 0.61 (entry XIII in Tablo 1)

Each ontry in tho tablo abovo roproGents a day of spf1xming, ostiIna­

ted fram tho aga of spann in a grab samplo. The distribution is thon

ono of s~pples repeated at thc snme position in successiv years (sho\7n

as 1, 2, 3, 4) on tho same datos. Tablo 1 givos all tho dnta for tuolvo

spawning grounds, dated from thc d~y of first spavning. Thc monn date

of spauning is obtainod by adding tho nOaD dny of spauning to tho dnte

of first spauning, o.g. in the first lino of tho tablo, tho nenn date

is tho 8.45 clay of Narch. Thore nre differences betneen the dato of

first spmming (nnd tho nenn) of up to one month, 27 JMU ,ry to 2 H....rch.

Also somo distributions aro bimodal~ tuo sots of dnta publishod by

Runnstrru (XI and XII), havo not been uso,d bocauso thoro are two distri­

but'ions Gepnrated by 4-6 days. Insto8.d of separating the cODpononts,

a standard deviation and an ovorall moan nith n standard orror havo

boon Co.lclllatod. As tho distribution is one of repeated positive snnples,

at the samo,positions, tho 1017 standa~d orrar ostinatcs the rogularity

cf spalning, even if same distributions are binod 1. The standard

dcviati on of ab out 6 days meo.ns that nost of the fish \/Ü1 spa;rm Yli thin

~ p riod of o.bout 12 days.
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Runnstrßn continu d thc Dcrk for only 7 yenrs. Within this linit

and tukinG into ßccoLillt tho possibility that tho binodnl distributions

porhC'.ps reflcct tho spavminb of two gl'oups on the sane ground (for each

gr0und conprisod a nunbor of Grnb st[l.tions)1 tho dntn yiold surprising

rosults - a nenn dnte with n lo~ st0nd~rd orror, a distribution with a

low standard deviation. It lltplios that tho spnwning erounds of the

Norw8Gian herring conpriso a nunber of groups onch of which spnwns at

tho sanG posi ti "n in "uccossive yeurs. Il'urthor, i t inplios that thore

are dif.ioronces in spmming SG,".s~>n af Llp to n nonth, wi thin n fo..irly

snall ~roa, froB y nr to yonr. Sinco Runnstrpo's tine, other restrictod

horring sp<'.wnin(, Grouncls hnvo been closcribecl in tho southorn Horth Sea

,(Bolster a.nc1 Bridger, 1957) a.nd on Ballc..ntrao BDJllcs (Stubbs e..ncl Lm-lrie,

1962) .
Rasnussen (1940) c..nd !\.ason (1"962) h1lve sho\'1h tlli.'1.t tho dato of the

first day1s c~tch of the Nonvoginn herring ~s corrolatod with the appo r­

anee of ripe and rLmning fish. Devold (1963) clenonstrnted that the date

of the fi~st clny's eatch h~s shifted from Soptenber to February botwoen

1900 and 1960. Betloen 1930 and 1960, tho first day with 50 per cent

of tho sample in onturity stage VI shifted fron eurly Febru0ry to late,
Febr!.lnry;. inc1.ood :-:lost of tho chn.nße took pluce botween 1941 nnd 1942.
It is as if the spuuninB Groups IX-XIV in Table 1 hnd been oA~inguished

nnd hnd ßiven way to graups I-IV. It is Doll known that tho appnrent

spawning errunds of tho lJorwegian, !lerrine !l<'..vc shifted in recent yoars

over great dißtnncos (Devold, 1963). Thoro ppoar to bo alternative

oxpl\'.,nntions~-

(a) that the Norvlegian sprinG herring chm1ßos its spavlhing ground Viith

tiDe;

(b) t l l .....t the l'To1.'\,lGgian horring is cooposod of groups or stocklots which

spo..wn alwnys on so 11 restricted grounQs, but that in tino c.. Croup or

stocklet D~y, bo ropl~ced by another, spm1ning at a different position.

Ottcstad (1934) ch~rts three nain sp~wninß nreas~ off Utsire, north of

Staut, ~nd 0 f L0foton. The recent shift of the sp~wning fishory could

well be considered ns a shift fro~ the Utsire stocklot to tho Stadt one,

r.nd fron tho Stadt strcklet to the Lofoten ono. The trtsire stoclclet !:!lny

still exist in very sonll and unfisho..ble qunntiti s.

Runnstrpo snggcsterl. thnt a (101ny in spm-ming could be detectocl in

his da.ta. There is n trond in thc ~onn date fro~ year to yOnT on

s~awning gr unds 111, V and VIII. On six grounds out of twelve in Table 1,

tho first yonr is the oarlicst. But such tronds nro not found on the

other nine groLillds. Fron Runnstrß~ls dntn it cannot bo decided whother

0. trend took plnco or not. If i t dicl, the stnndnrd deviation of the

~c~n d~te 0 ... sp~\7nin5 is sllrprisingly lo~ and hc rato of change of the

date wns slov. If the trond did not to..ko plnce, thon that obsorved in

Aasenls Q~ta is a change in tho distribution of stocklets.

3

-- ----'



T 1e NOrYlegicLn. 10rring live:,::; long and the stock dopends upon

sporadic good yenr-classes. So, ~s 0., stock, it is vulncr.ble to those

changc.s in vind strongth and diroction by uhich production cycles are

oodified, staryipg fish larvae or Iptting thoo grau draoatically

(Cushing, 1966, 1967). Dovold (1963) has snggestod thA.t the c'.1tora­

tion af S~edis~ and N~rweßi~~ horring periods is associatod uith changos

in vortebral cOlUlt in the J\tlanto-Scp,ndian horring. It is howovor

po sible that theso changos are c}mngos in the distribution of stock­

lots in tiDO, sooe roplacinG others. An advantago o~ this oxplanation

is that tha changes in ooristic. char2.otcrs da not h,we to be explained;

they are oeroly differonoos betweon tho existing stocklets and the

changes roflect relative chc:mges in abLUlclL'~co of the!:!.

(0) The Frasor River socl~oye saloon

\~hon the sockoye roturn to spavn in thoir paront croeks in the

Fraser Ihver systeLl, thoy are CD.ught in tho fishery in the Stro..its of

Juan da Fuca and of Goorgin. Tho stocks can bo dotoctod in tho fi$10ry

,!ui:J;o roaclily by tho distributions of circuli on tho scales (Honry,

1961). Tho poak appoarnnco of a stoc~ in tho fishory can bo os:tablished;

for oXl'nplo tho IJowor AdnDs stock pc[~ked on 29 AU[;llSt 1954, on 17 August

in 1955 Md on 2 Scp anbor in 1958. Figuro 1 ShCHS tho distriblltion

of C~tC10S in tiDO for oo..ch of tho four cyclos of thc Frasor sockoyo.

In el'..ch cc,se the rJoan dl'..te of peak c·'.tch varios fron yonr to yoar by

as much ns threo ~ooks, but thoro is no systcoatic trend with tiDO.

In tho Annuo..l Roports of tho Intornational Pl'..cific Saloon Co~is­

sion, tho datos of peak spo..wning for oaoh idontifiod stooklot, as

obsorvod in tho creeks, are givon f.or eac y are Tho dates aro given,

as for oxaoplo lJppcr Pitt Ri or, 8-10 Sopt08bor; tho oid-dD.to botwoon

tho two is tnkon as tho dato of spawninß. So up to 17 yoars of data

for a givon st~cklct ara oxprossed as l'.. distribution Df spa1ninc dates

with 17 observations. Not all stncklots are ropresonted in all yours

und of course tho four cyclos are boing troatod GS sp~wnihß ~t the ?ane

dato in the. cr ol~s. Figllro 2 givos tho clntos of peak spr:.w.p.ing for 17

yol'..rs for 51 crocks, rivors or lclcos, s08ctioos inc0oploto, but ofton

fLül. In only ono C,,80 is an upYTD.rd trend clotoctnble (Tachie Rivor);

no dODnvD.rcl tronds ~re dotectablo. NOT are thc difforencos botwoon

tho 4 cyclos n~ticoable, justifying lu~ping tho data for this purposo.

Tnblo.2 giv08.tho standard doviations of tho Doun poruc dato of spnwning

for 51 croc1cs, l~_ccs or rivcrs. T_10 stnnclnrd dovintion is uSGally nbout

fivo days, in~icl'..tipg t~nt Dost fish Spl'..7n 1ithin ton days of tho Donn

poelc cl~to. Figuro 3 {jivos tho stl'..ndl,rd orrOTS .of tho Dc~ns, plottod

'n tho nLl!:1bor of ·bsery~tions. ~Jith loss th~~ 10 obsorv~tions tho

stnndcrd erraT is big~? bu~ in g8noT~1 tho sto..ndnrd orror of tho Dean

dnto of spawning is nbout 1.5 dnys. Tho d~t~ for tho Snkonicho rivor

lnVO boon cxcludod because thero würo two poaks in onch yOD.r.
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It is 0. rO':lnrl<:ablo phonaoonon. lTot only da tho soolcoyo roturn to

thoir pnront stroC':Js, bnt thoy roo.ch tho FT8.S0r rivar at e.. prcdict.::l.blo

sonson 1suiD up tho rivor nt n constnnt spoed, (nccording to tho distnnco

thoy hcwe tn go), 3.nd spawn on n. proc1ictable dnto.

(cl) Tho .\rctic coG.

Thc l\.rcto-Horwogio.n stock of coel spnllhs nninly in tho Vostfj.ord in

northorn Norl'![\'Y. Rücords of cn..tchos bywooks aro cwo.ilablo fro!!l1894

to 1967 (~sberotning VodkoomCndo Norgos Fiskorier, Lofotfiskot),

cavoring 13 to 15 weoks in oo.ch yonr. In ench yoar n Donn dato of cap­

turo nny bo calculntod. It is not 0. Donn dnto of spawning, but is eh

index cf t~~t DOeh d,te. Figuro 4 shOTIS tho distribution of tho Doen

dato of capturo for thc wholo poriod. Thoro is ~bviously a trond in

tho .. onn dC.tc of cnpturo throughout tho poriod. My colloc.guo, Er. H. 11.

Hill, has fit tod 0. ton-yonr Doving Donn tu tho datn. It will bo soon

thnt tho rnngo in tho Doving Do~ns is loss tll~ 10 dnys ovor tho whole

poriod. Tronting tho Donn dnto of cc.pture ns a single observation, a

distributioh in dovio.tions fro~ tho. fittod curvo was caleulntod. Thc

stando.rd 01'1'01' of that nonn wns 0.51 dnys, nnd the standard doviation

of tho distribution uns 4.09 days.

So the trond dotcetod i.s n s.Jall ono, just ovor ". wook in tho

wholo soason of co.pturo cf 13-15 700ks. It is in itsolf intoresting

nnd '/ill bo invostige..tod lo.tcr, "out, eli.m:ina.ting tho trond, tho stnndard

error of tho Doan dnto of captL~c is lov.

(0) Tho Cn..liforninn snrdino [tnd anchovy

Thoro 0.1'0 t70 spocios cf fish TIlich do not s~~wn ns rogulnrly as

snggostod .:'.bovo, t le C::'.1ifornio.n sarchno nnd tho Cnlif()rni.:tn Cl-nchovy.

AhlstroD (1966) has tc.bulntod oonthly c~tchos of tho cggs of both

spoeios for ~ poriod of 9 yoars, as shown in T.:tble 3.

Thoro n..ppo~r to bo spring and ~utuon po~ks in tho c.:ttchos of

s~rdino 10.rvac in 8 yonrs out of 9. Tho v.:tri~bility in thc dntos of

po~k catch of lo.rvC'..o is to bo üA'"Prossod in nonths rnthcr tho.n d"ys.

Thore is probably only one penk in the C2.tcllos of nncllOVY l~rvo.o ~ but

it nieht oceur in any Donth botwoon Fobrunry nnd Juno. It mielrl bo

objectocl th~t tho co.tchos of larvo.o elo not roally represont spc..wning

tiDOS. Howovor, the oggs ho.tch in n dc..y 01' so o.nd tlw samplos ~ro tnkon

by months. Bnth sr.rdino <>.nd anch~vy livo in o..n upuolling 0.1'08. Md the

fish tanel to spC'.\/h nt thc points of upYlolling (Cllshing, in prop.). But

tho contr~st bctnoon the aniunls living in touporn.to v/ators and tüose

fnrther south is not confincd to tho IIp\7011ing aroas. Tuna Inrvao nre

faund n11 9vor tho northorn subtropicnl P~cific at noarly 0.11 sousons

(I'btsunoto, 1966). Honco tho contr0.st is porhaps botwoon tho subtropical

anticyc18ho nnd tho high-latitudo eyclones.
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Discussion

Thero are fOUT woll known stncks of fish, living in tODperate waters,

for which thora nro long-to~ or spoci~lizGd sots of d,tn. For the

plaice, tho Denn cl~to of ogg production has beon usod as ~n indox of

spa vning ebte. For thc horring, tho De~n d~to of rG-poatod-sp2.vmings at

the S~De position·has been used. For the saloon, tho rJGt'Jl clC'.to of

spalning, ns observod on thc groL~d, has becn used. For thc cod, the

Qo~n d~tc of CC'.ptUTo on the spnlning groLUld was ooployed.

Tho standard errar of thc Donn el"te of spnwning or DeM dnto of

c .pture has difforent bioloßical Do~nings in Oo.ch spccios. Thore o.re

67 observations for tho eod (with tho trend excluded) a.p.cl.. nbollt 7 on

the horring; yet thc stMdo..rcl errar of tho renn is 0.51 in the farDer

C'.nd about 1.5 in the le.ttor. So the stMdard orrer is 10, whatovor

the forn o~ nWJbor of 0bsorvntions. If the fish spawnod nt variable

se:l.sons or [I.t SO,"SOl1S trendinß DD.rkcclly \7ith time, tho sto.ndard error

vould bp ~igh•. Instc~d, tlO trend bservod in the Arctic cod is D. low

ane « 10 days) , justifying the extrnction of the trend befaro ealeu­

lating tl0 standard errer.

Cushing (1966) suggested that sooe drnnntic chnngos in wntors

o..round the British Islcs were oediatcd by changes in the production

cycles, thooselves altcred by changos in TIind strongth ~nd diroction.

Cusling (1967) shmled that thc differencos in spawning tiDe of the

herring populations in tJO north ast Atlnntie were lilliced to differencos

in production cyclo in difforent ~rons. The two ido~s aro eonnoctod;

if a fish popuL,tion spawns at such n tiDO that Hs Inrv1\o feed E'..t the

height of a production cyclo, it is vulnorE'..olo to the vD.ri~tion of

that cycle. Prcr"!..uction cyclos chnh[;o \7i t,l tine in sproad, o..'::lpli tudo,

E'..nd tiDing. CliL12.tic change is effoctivo through clw.nges in vJinel

strongth ['.nel eh1'oction, ndvE'.l1cing 01' elolnyi the prodllction cycles.

Fish cnn only link tuoir tiDes of sp0TIninc to the pronuction cyclos in

an ihdiroct nnrulcr. If thoy s~o..wn E'.t a fixed season, the PODulE'.tion has

the bost clmnce af profiting by tho variability of the procluction cyclo.

If the spnvming tiDe vn.riod rnncloDly tho linle could not be sustninoct.

So the fixity of spawning season roally follows fron the vnrinbility

of the Dr~ducti~n cycle nnd the dependenco of tho fish populntions

upon it clllring thoir l ....rvo.l livos.

The slon shift of tine of penk cnptllre of th Arctic coel sllggests

that a fish 110pulo.tion cnn slowly C'.dnpt to cliontic chango. But on

the scd.e of vnri, bility of tho proclnction cycle in tining i t is n

snall-scnle nnaptntion. The concept of tho fixcd spo.wning tino linlcod

to a variable production cyclo opens tho possibility of tho ch ngos in

abLUldnnco with tiDC. Stncks nny incrensc drnontically or f<1il

cntastrophieally, boc[l.use the fixed spßilni.hß tine koys in to tho p1'oduc­

tion cyclo or oiSSGS it. Because popul~tions da not ensily becane

6



•

extingllishcd, c stock oiGht survivc at vcry low lcvols dUl'ing D. poor

period, to rocavor lo.tor. So the cyclc of the lJorwegian }::I.qrring is

rolo.tcd to cyclcs of Cli'1C.tic clmngos· (Bevorton c.nc.l Loe, 1965) ru'ld

Dny incluclo <'. succession of n nllnbor (lf stocY.=lets.

It is nossiblü t 1[1.t tho rcgulRrity of spo.wning sonson is lioitod

to hieh It:'.ti tudes, i.c. > 400
• Tho winds are stronger e.t thc polo mrd

odge of the subtrr,pical nnticyclone than noo.ror thc cQuntor. The

soo.sonal vo.rintion of light intonsity incro~scs t0wnrds tho polo.

The rntio of cooponso.tüm c1epth, D , tn rcptil O.L Dixing D , is an indexc n
of tho chcnco of production taking placo. In high l<'.titudos, D ID «1. c D
durins the winter Rnd in l8W latitu~os D ID ~ 1.c D

Thc soasonal difforoncos of lißht intousity increaso Jith l~titude,

and wind stroXlf;th incrensos \7i th lc.ti tllclo towards tho bOUhclary of thc

subtropical c.nticyclonc. It is possiblc thc.t on thc trcpicc.l side of

the boundary production continuos nIl tho yüar round, and that sharp

sO<1.sonal cycles pf production ['xo f~lmd on the polcward sido of the

bOLmdary. If so, thon it is not surprising that thc 10w-latitude fishes

do not havc rCGul:-.r spnwninB seasons.

Tho data usccl are not vory oxtcns i vc, do spito thcir SODCVJ!l11.t

oassive appo~~ance. But it shQuld bc pointcd out that tic spccies

represonted conpriso ~ost of tho fish c0ught in thc North Atlantic •
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TABLE 1 Distribution of days of spawning after the date of first spawning of the NorveGian herring,

estinated from the aße of spawn in a grab samplo (Runnstrpm, 1941)

Spawning
Days from 1st positive sarlple

(jr und 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

I 1 1 1 1 1 ,2 1 1 1 1

II 1 1 1 ,1 1 ,2 1 1 ,2 1 ' 1 1 ,1 ,1 1 ,1

III ,1 ,1 1 1 ,1 2 1 1 1 2 2 1 1 1 1 1 ,1 1

IV 1 1 1 2 3 3 2 1 1 2 3 2 1 1

V 1 1 1 2 2 4 2 2 ,1 3 4 2 1 1 1 2 2 2 2 2 1 1

VI 1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 3 2 ,2 ,2 3 5 3 1 1 ,1 1 2 2 2 ,1

VII 1 1 1 1 1 1 ,2 2 2 3 4 4 3 3 3 3 3 1 ,2 ,1 1 1 1 1

VIII 1 1 1 3 3 1 1 ,1 1 2 1 3 4 5 5 5 ,2 1 1 1 1 1 2 2

IX 1 3 2 2 2 3 3 2 3 3 4 3 2 3 2 3 -3 2 2 1 1 1 1 2 1 1 1 1 1

X 1 2 1 ,1 1 1 1 3 4 4 5 5 2 1 1 1 1 1

XIII 1 1 1 2 3 4 4 4 3 3 3 3 3 2 2 2

XIV 1 1 1 1 1 3 4 3 2 2 1 1 1 1



TABLE 1 (Continued)

Spauning Mean' Mean day of Standard deviation Standard error
date of 1st of the mean date of the meangrolmd spavming spavming of spmming date of spawning

I ~ Mar 6.45 2.90 0·92,

11 23 Feb 11.94 5.19 1.26

UI 23 Feb 12.38 6.90 1.54.
IV ?1 Fcb 10·50 5.94 1.24

V 10 Feb 16.8 6.64 1.06
\

VI 7 Feb 17.06 7.44 1.04

VII 4 Fob 17.5.0 6.31 0.94
"

VIII 2,7 Jan 17 .53 7.86 1.14.
I" 3 Feb .13. 00 7.42 0.98J\. . ,
X 5 Feb 18.00 6.7.4 1.14.

XIII 10 Feb .8.98 5.43 0.61

XIV 10 Fob 12·17 7.72 1.20



TADLE 2 Sto..ndard devic..tions· of ·the nec:.n poak <latc__Qf. s;Qo.vming

of Fro.ser River Sockeyc '~01non

•

Anknil Creek

Bivouo.c Creek

DriftwoQd lüvcr

pust Creek

15 mile Creek

5 nile Creek

Forfc.r Creok

Frypan Creek

Glusko Creek

Ko.zcheck Cl'eck

Kynoch Croek

Loo Croek

IhdeUo River

Nc:.rrows Creek

Rossette Creek

Shde Creol<

Tc:.chio Riv r

25 !!lilo Creek

Forsytho Creek

Felix Crook

Paulo. Creek

Pinchi Crook

SC1.nelpoint Creek

Upper Bmlren River

G,des Creek

4.4
,2.5

3 •.8

4.1

4.7
4.7
3.7
4.2.
4.2
7.9
3.9
3.8
3.0

4.5
3.8
4.0

,4.9

4.8
3.4
1.9
1 .1

11.5

4.2

3·4
6.1

Portage Croek

C111t us Lake

Upper Pitt River

.Jidgeon SloUBh'

Big Silver Creek

Harrison River

'.!eaver Creek

Birkenlle~d Rivar

Seyr:1our Rivar

Scotch Croek

. 'Li ttlü ·Rivol'·

s. :rhon])son· River

LouGr Adams River

Up~er Adams Rivor

LO"ler S1ms Ja.p River

Ro.ft River

Bnrriere Rivor

Chilko Riyer

T<1.seko Lnke

IIorsofly River

Littlo Horsefly Rivor

~1itcllell Rivar

Enttclco Biver

lTithi R.iver

Or!:.lOndo Creek

Stellclco Biver

6.9
4.8
3.5
4.5
!+.5
3.6
7.7
4.0

4/7
5.1

6.9

7·1
5.6
5.6
9.2

3.6
.6.4

3.9
4.6

,9. 0

1Q.~

.8.3
3.2
3.5
5.2
2.2

!!lean SD of mean poak date of spc~ning ~
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