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QNMENT AND EGG DEVELOPMENT 
LAND BEACH AREA AND AN 

S W N D  BEkCH AREA OF AMNA 

Abstract 

T]I~ socicege salmon sp;l5$fnil.rg beaches of Plian~na take.  Alaska. 
are of ttvo types, mainlqnd a13d is1 ;tnJ. Bat tolll e'o~~~p'i)sition. tr n ~ p e  rn- 
ture regime, anel source of ~*\~ater cireulatiiat~ in rerids of an alra of each 
type were deterj11i12ed, Sand co~n:prised 55 per cent of the bottom 
materials in ttle lllainland beach, whereas coarse gr:trrl and boulders 
made up 95 per cent of battom i~~atcrials En the island area. Inter- 
arnvel t i ~ t e r  temperatures in the il~aini~tnd beach ijrca evert. 1 to 4 'C a 
lower than lakc temperatures during tl2e poriori of rlugusr 216 to Scp- 
tember 10, 1962, but little temperature diRcrclicc \var fr>und in tile 
island area. It seems csncfusi;.e that up\~r;r!ling groetnd vbgailcr is the 
source of lvater circulation in rerids in the m a i n t a ~ d  hr;~cfi wca, 
wfiereas lake curreats are th6 source in tfae island :trra, 

Tlae stages of development in t~z~talj;cas and stlevin, of stacAc>e 
salmon \\:ere related to t11emfaI age in inctihativn cx~ai.rinrt.a~t\ im !PI:: 
hatchry at the University af Wasljiejgron C'oiIegc of Fislteriti. Idensth 
attained and tfrc fint ay.pearaitcr: anel developnlent of ~3riotf5, z ~ ~ ~ ~ r f i t ~ i ~ -  
logical features were the criteria rrscd to estahiish 5tii~'es =- of devc!rtp- 
ment. Fifty per cerlt of the e g s  hatcIlied t\vitliitt Ci43 i l ~ ~ r i . ~ .  “, * da? \ A  ;iixl 
yolk sac absorption tennia~sled at 933 degree clnyh. ! he t*;i$c t d  de- 
vcIop~nent of eggs platlied in lilt stuci~ arcah vr :is i!cicrini~~c.~i v. i t h  a?ie 
development series as rt gude. Btve l~~~~naer~r  at t l ~ c  iii ;rr.iti hc;i;it 
proceeded at a faster rate than az tile r$~z,irsiand beach :rr-q:.;r i"it:t.iat~\g: 4 
earlier sp:%\vning and a \vi.arnrer te~:lperaturt. rcgiir~c. l$;tit:i~iz~g h;~!i 
conlmenced at the fam~cr by n~id-Novcmt.ei+ brli c ' y ~ s  jt?:uilic J ;it ihc 
latter had de~lelaped only ha1 fi%~'\\.ay ttz ltalrl~ii~g hv tiii:, gin;:. 



'Fllcx Fisl~erics Rescrtl-ch l ast it u te, University of Wasl-r ingtcan, i s  can- 
tiuc tl~lg st ud ics to dc ten~line the rllost prodt~ct ive population levels of 
sockeye salmon, OncorJlynclttts ncr.X-~ ( Walbnum) , in the Iakies (3f tlmc 
BristoI Bay region of Alaska. OJI~ sf lilresc studies i s  tllc identiiicaticnn 
aracl dcscriprion of spawl!i:lz &,' races i;r co ijnies,' c ~ f  kvl-tich this Y I V O T ~  i s  
part. 

Tiialnna Lake is the largest of several lakes iial tflc Kvicha k water- 
shed. It lies on ax1 east northeast-west southwst axis 15 m aboj:e sea 
level. TI2c eastern half i s  bordered by ~~~lltatintains of the Aleritia~ and 
Alaskan ranges, and the western hnff lies in lo\vlands of rhe Alaska 
Peninsula. 'Fhe lake llas a sI~oreiine devefopmernt of 2.753, a ~naxi- 
n~unl  depa~ af 301 In, a mean depth of appr~xinlately 44 I nrld a 
surface area sf 2,622 km2 ( tenarz, 1 965 

Tl~e principal spa~vning beaches are located on tile borders of the 
eastcrrl fnalf of the lake alld of the islnrlds %v,t-itl~in (Fig. I ) . Tlxis region 
d the lake i s  deeply scoured by glaciation. It 113s a higllly developed 
shoreline, with nunlcrous bays alld islalrds. The spawning beaclies are 
of two types, n.~ninland and island. Lacustrine groiir~ds h;tve simp- 
ported, as a ivhole, a$% average of 2 4 per ccrl t of the escapemein t ro tlie 
Kl~ich%& River sytem over the years. hfainland beaches s~rppart 553 
per cent af tlile population spawning on beaches, and island be,sches 
alld shoals support the rest.TThe fraction of iake spatyners i s  rnt3r.e 
irng3ortant when tfie escapc~~~erlt i s  large; of 24 1161lion refur~~ing sock 
eye in 4965, -50 per cent spawned on lake grounds RlcPhail., 2 966). 

Manv al of the mainland beach spawning a r e s  adjoin lake trilbutaries, 
as in other sockeye-producing sy sterns ( Fosket t,  P 95 8 ; MrlCon~lell, 
and Brett, 1936; Owen. ConkIe, and Raleigh, i 962 mris type of 
location stlggests tfiat upkvelling ground \ti.c-ater is pl-esent, 01.1 the other 
hand, the i ~ c a  tion of island beach spawning areteas sr~ggests its g~bsence. 
Visual ~bsr:rvatioi~s of botfi types of spa%vning areas indicated that the 
bottom of naainland areas is colllposed of filler materials than are 
fotand in is and areas. It was hypotl~esizsd that lake curre~lts pla): the 
saE~e role in sockeye redds in is ia~~d areas that ground \vatem: does in 

; Race is n gencGcaH1y dieerent srrbsgkecific g ~ o u p  droa~ rlae paren3 stock; c*c~Io~#~ is n 
gr011;p tB.rae ~I:Q- or n ~ a y  not be genetically d i f f c ~ e ~ ~  firoaz the parent smock huz that has 
tr~arfel-red ro a new en~ironnsent (Thompson, 1962 B, ~Pg3g-e in this j;a&n-cr; me2ns either 
MCE- c3n- c<$laiba P, 

? The average pereelatage of annual elcnpeolrest i v l ~ s  c:xlcm8arcd f ram shisvey fifr~~res, 1956- 
1963: the average percenfages of spalvgscrs !hat occupy &e 1n3 i~  types of a re s  'were cdcu- 
i,%ted 8 ram 5 961-1963 sarvejP figures (De~x~ory, Or re!$ and Heinie% 19648, 



fig. 1 Spalvning beaches, eastern half of Iiiarnna Lake, Alaska. 

mair~land areas, and d~at consequently tke rate of egg development 
differs in the txvo areas. 

This sruay was made ta conlpare rile pfiysical cnvironrncnts znd 
rates of egg developnlertt io a maidrslmd bexh spa'r0,vnin~ w area and in 
;m island beach spakf~ning area. 

The ttvo study areas hal~e beea intensiveIy utiiked b y  sackeye 
salmon br spatvning ~ \ ~ e r  the years, A portion of the exteltlsive spaty;t-n- 
ing ground in Knutson Bay \$?as tl~e mainland stuGg area. m3e ground 
strpparts as n~rlch as I0  per cent sf tfie spa~vning population of the 
Kvishak River svstem. J Spnt~~ning tixkes pixe from early Septen~betr eo 
the end of October (Demory ef a%., 1964). The nzishboring steep 
msuntail-es afford protection from easterly lvinds. An adjsiining inter- 
mittent creek discharges only after hzah7y rains. The study area Iies 
close to t4ze deepest lacustrine sp;twrrlrag gmunds k~mn%vn in thc svstent. O/ 

e Island area 2 was the i s  and study areit. In 196 I al~c esti- 
mated escapement was 5,500 spagvaers. S;,pa%vning ge~lecadly occurs 



dkliriag t ivc3 sw:cks in ~iugust ( r~la. cite), Bordering rt3ck clifl's sheltes 
tilt. 11rca ' r f r ~ ~ l ~  t";tsfer!y ; t ~ ~ i l  S O U ~ ~ \ V C S ~ C F I ~  wixlds. 

The s i ~  of cnctl stntjg area iyas tic termincef from the time the~t couPd 
he speat l~ndcrwater kifith SCUBA gear. The: boundaries \\..ere defirmted 
and .ivere ma ked on stlore and unden%~ater \vEtfr white-painted rocks. 

Bottom samples were taken with a wan \seen gr& sampler witll a 
volume sf 21 Liters a~ld a weight of 50 kg. P"he lraaxhunx depth of 
sampling was 23 cm, ar~d the maximuax san~pling m a  was 1100 em2. 
Salajpfes were collected in the Knutson Bay stutdy area alo~lg lines per- 
pendicular to ehe shoreli~~e and IS m apart (Fig. 2) .  In the Triiax~gle 
Islard study area, samples \yere obtained dong lines perpendicu 
the shoreline and 30 m apart Fig. 3 ) .  Divers accompanied the sam- 
pler to the bottom at Triangle Island, worked it iz~to the gavel, and 
closed it. Depth of sarllple bite was measured by subtracting ~3t. ie dis- 
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Fig. 2. Batfiymne&ic map and map tpshoaving Iocsttion (inset) of K~utsom Bay 
study area, Iliamna iake, Alaska, 
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tu: 



tarlaze frsrrl the tqop of the s 
fixe,d ~IIZL~~IIIEIUEP~ deptlx of sa ire, Water depth was recorded by a 

Fig. 3. Bathjrmetric map of Triangle Island study area, showing area of spawn- 
ing in 1952, and location m;lp (inset). 

A subsample of about 800 d of each s 
Bay area was andyzed because of &e prodigious q u a ~ i r ~ i  of sand and 
fine materials. Triangle Island samples were exalinined entire. The 
size ccmposit i ~ n  of bottom n~aterials as determnined v r r l t h  Oler  sieves 
by tifie P I I ~  described blp MeNeil 9621, expressed in pe~r cent of 
tf~e total sample. Solids passing the finest sieve (.104-mm mesh) nrere 
~ o t  measured. 

During h e  sunvner ground-water temperatures would he lower 
%hall l&e temperatures* Intergravel and lake kvater temperatures t$yere 
tnh-en within each studv rq area. and tempratare ddigerences were used 
rn indicators of upwelling water. Statims ?Mere located in the Knutsan 
Bay area by swimrning on a conqrtss course to a desired eleph. A 
depa gauge $with an accuracy of ;- 0.3 m was used, Staticsras at Tri- 
angle IsIand jvere marked svi& pair-rted rocks. At least onc itempera- 
ttjre measwemeat w a  takes~ at each station in rile Kntrtson Bay area, 



PCa * hue s;vcr;tl tl?crrsurenicnt:; \t.erc taker: 2: each station in the mangle 
IsErjrad arc.:r. 

intergrztvcl-~va t CF tett~pcmtures kvere measured at a deptli of 23 cm 
\vi t l~ a. \Veston t hen~lometcr tvith a 30-cm probe and plesiglass hous- 
ing, nlld were recorded to tile nearest 0.5"C. Lake te~nperattlres were 
taken just above tl~e bottonx with the thennometer on its side. 

Thc study al-ea in Knutson Bay ivas 75 m long a13d extended to tl~e 
20-la dtl3th contour. It included 5,238 RI' or 3 per cent 
of the total arca utiiizcd fur spawnin3 in Knutscrn Bay in 1961. The 
bot, t~~n surkjce areas ~ ~ i t h i n  contour incre112ents of 2 3x1 from O to 10 
m ranged fron-i 539 to 744 m? From f 0 to 20 m, they ranged from 
353 to 486 mS. These ranges indicate a sharp increase i r i  gradier~t 
below I 0  nx. 

The Triangle Is!and study area was 90 m long and extended to the 
ti-$PI de~t t l  contour, It included 3,067 mYCTable 1 or 3 1 per cent 
of the total area of Triangle Island area 2 utilized by spanrEters in 
1961. Abozrt one-hdf of the shdy area was betiyeen t l ~ e  4-m an"3.6-m 
deptl~ contours. 

file diReri:r.rces in bottorll composition bettveen the studjr areas are 
sho~lrn in Table 2 ,ud in Fig. 4. In ttre Knutson Baj~  area about 85 
per cellt of the bottom materials \%rere granitic sand particles that were 

Tiible 1. Birtlonl surfxe areas of study =@as at 3 - m  dept!~ intefvds 

Deg3tTa Knutson Bay B"n .& na~gle  J Idmd: 
8m) (ns ') 4m3 

--- -- 
0-- 2 539 797 
2- J 

Bu 609 705 
d~ - 6 670 1,562 
6- 3 74-44 
8 -  10 605 

10- 82 48 6 
12- 14- ,-F -89 -8 
14- f &  48 f 
16- 18 3-73 
l g -a i l  423 

-- - 
Total 

- 
j 9 3 7 S  

-".--- - 
3,067 



Tablc 2,  Average size coinposition of bottom ixatcsials (percentngcs) in each study area by depth 

Kn w ~ s Q I " E ! ~ c ~ ~  s t ~ l d y  area h 
0 
Cag 

Ntrr~tller Mcnn dcpt i~  Diameter of material, rzwm 3 
13e:crsf k-1. ( 3 %  s g ~ ~ ~ ~ p ~ $ ~  k?ite7 ---me*&--%-*-- ** -%es-m---m-zw-&------ ---a" - - s - P e - - . . - u - "  -----,'---------- ---- G 

133 --al#*t* 
P ~ C A * A ~ ~ ~  8"s' CltB a 1-0.2 o,%-o,$ 0.4-Q,8 8.8-1.7 I ,"i6,7 6,1-26.7 

-=-=----=--ea----*--a ------ --,--- .d%= w - - P - - - - - = P - m - - - a - - m - P - - - - -  3 
i"ara 

2- 3 4 1*4,7 4,s 24,3 49#S 18@0 1.6 0,4 3 2.0 
22 

5- 6 4 11.3 11,l 45,'s 25,7 11,s 4,8 1 *2 0 

'Triangle islarld sttitly iirca 
----- - -.."-- _--- --13C-e--- -- aa"- -- dwmd ?--&."=._-- -U-. - . -.. -%-& -- =--< EU&411Y _----*"- -i -=-----a*- . \---A- d---*---awa-s*'---aaF----e-- ---- ---*-----a'.----- 



KNUTSON BAY STlUDV AREA 

TRIANGLE ISMND STUDY AREA. 

$0 

Fig. 

SCREEN S 8ZE PASO1NG ( mm. ) 

Fig. 4. Size ccompmition of boaeon2 materials in the two study areas., 

less &an 1.7 in diameter. The sand had apparently been ft~rmed 
by erosion of the horderjng mountains. In Triangie Island al-m 2. 
coarse gravel a~ld boulders greater than 6.7 liim in diameter prt:dom- 
inakd. Tl2e gravel had apparently beerv smao&ed bJ. ww: acti0.n. 

Knat'son B(aj8. Iatergravehvater temperatwe ~ ~ e ~ e  taken o~rer a 
pe~od of 16 days at 43 of the 48 sampIing locaticns to 12 m in ISnut- 
~011 B~JF. Temperature iso&e are ia 5. Average labe 
temp.rratores near rile bot tw raosd from 9 to I i "C and averaged 
i0"C for &e period. It was ar;suirzed that intergravel teii~per;iiores 
"otlo~~ 8°C indicated tlae presence of up%%reISi , , around ~lrater. :Iater- 
aral-el-water te~npsraares rnligd froni 5 to 8'C3 but n7tr: frequently 22 

7 or 8°C. Areas wit11 upwe1 ing lvafer , rwe found at 2 m, bUit &e 
majority Bvere located beEosp 3 m. 



Fig, 5. Interptxvel-water temperature isetherms Pbf %be KQutson Bay study area 
for the period At~gust 26September 10, 1962. Lake temperatures aver- 
aged roe@. 

me Auctuarions ground-water temperature from surnEgxer 
t hau$ l~  \%$inter ltiould directly &ecr &e rate of embryanic develop- 
ment. ffo~vever, lcrte fa41 and winter temperatures miere nlot measured 
because of diiiicdties in s 

Tritz~ggIe IsIc~rtzd. Intergravel--cvater tezmrperatures \t7ere measured at 
each sf &e 2 1 saq f i ng  statiom on Aumst 13 snd 2 1 and September 
3, and at stations I, 3 , 5 ,  md 7 srt 2,4, and 6 zu on Septenrber 14. A!I 
data xv(zre pooled for each s 
cdcdaLted (Table 3 ) . 

Table 3, L z b  temperatures and average intergravel -\vater temperatures f3  C) at 
the Triangle Island study area, by date and depthof sampling 

m h k e  Gra~eI Lake Grave% Lake Gaa37eB Lake Gravel 



Intcr.gra~~~cI-~~i~~~ter tctupcratul-es at 2 and 4 m equalled or newly) 
eqx?rpilt.d Enki: tclalpcrtstures. Temperatures at 6 m diIf:ercd sliglmtly 
froi23 13 ke te:x.ipttra t r:rcs during :he first tia~lc, sbservat ions, and diRered 
by E .5 to :2,@'C during the Inst two ~bsenrations. Tlae differences; 
coulci not h3j.r: been dtie to a constant Bow of up\~yelling ground \v:xter 
t?ecat~t;e differences were not found during tlile first two sa 
periods. The]? were not associated ~~\ : i rh  areas of egg deposition slnce 
spawning ~ 3 s  13ot 310ted at 6 111 Fig. 3 ) . Apparently upwetling u~ater 
docs $jot occur in the spttivning area a13d intergravel water circulation 
must be provided by lake cumnts. 

THle Knurso~l Bay spawning area has up\~:elfing ground water and 
a botrslll consisting largely of sand. Tile abundance of fine lnaterials 
indicates the absence sf sfrons lake curre~lts. Apparently ground- 
water Rows naain~ain w ~ ~ t e r  circulatioll i11 redds. 

Tlxe Triangle Island spai%jning area apparently does not have rtp- 
\t?t..elling ~ ~ a t e r .  The bottom is co~x~posed 131ainly of gravel and boul- 
ders. Apparently lake currents n~aintain water circulation in redlds, 
al:ct the lake temperature regirne ~vould largely determine the rate: of 
egg development. 

Tile tliaerences forrnd in source of xvater circt~Prition, bottolll com- 
position, and lirlle of spawning in the tkvcr study areas suggested that 
the rates of egg deveiop~~~ent and tinles of hatching and erllergezence 
maulld differ. These possible biological differences were ex 
studies sf egg de\?eiopment. 

f fie Development of S cite-ye Saimon Embryas 
and Alewins in Relation to  Thermai Age 

"Fhe development of enlhrj~os and alevins of sockeye salmoll in rela- 
tier13 ts therlllal age is not fully described in the literature, although 
variorrs \$-nrkers hnve studied phases of de\relup~~le~tt, Rucker ( f 937 
described the gr-rslvtl~ in ~veight: an3 length of embryos of landloclke 
ssc keyre salnxcala f r ~ m  f3rtiiiz hatching 3t four constcgnt incuba- 
eioa te~npersaturtzs, IcvEeva described the stages af develop- 

incutxated in a hatclmcry, and samp es tt-ere examined 6 and 24 ht after 
f i i i  ora rhe O~ird, fifth, ter~th, and ii!tcernth drtyl of develop- L 
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n2ent, and suhscy uently every f 5 dalfs ulltil h;ttcttling e~ccurred. $lie 
relative ~ I ~ I O U ~ I ~ S  of t k ~ ~ r m ; ~ I   ini its rcceib-cd to the time of tirst appcar- 
ance sf different morphological features can be determined from I3e1- 
da~a.  Hax~amura 196 1, citing Semko, 1953 reported that hatching 
took place irt 15 days at an average ware ten:pcratme of 3.2"C. 

13SS) noted the first hatcl~ in 55 days at an a\leraSe incu- 
bation temperature of 11 .4cC, and the first hatch in t 48 days at an 
ak7eragc :e~~~pemture of 4.6'C. 

Studies on the relation of temperature during incubation to the 
devcIibpment of Pacific salmons other than sockeye are summarized by 

19156) and Rockivell ( 1956). Rockbvell plotted the recip- 
rocal of incubation time again9 temperature in several experinnents 
on 13arious species of salmonids, We noted a l i~~ear  relationship 
between tntai develop~~~ent time and te~lnperature 01-er tlne middle PDQ'- 

tion of a signloid curve, arid a curvilinear relationship over tlhc ex- 
trerl~e portions. 

The purpose of this study ivas to describe stages in the del~elopment 
of sockeye salmon fro111 fertilization to yolk sac absorption al?d thc 
therrllal ages attained at these stages in incubation experiments at thc 
University of Washillgton hatchery tq serve as standards in evaluating 
the thermal ages of embryos sampled ill the field byhere continunus 
recording of tenlperature is not feasible. 

The eggs 'ram one 3-ocean sockeye female \t--erre fertilized ~ ~ i t h  milt 
from tuTo nlales. The fish \\.ere taken from Lake Washington. Thc 
eggs averagejd 5*3 i- 0.1 rllm in diametere3 A standard vertical flow 
irrcubator I\$as used. To det-ennine degree-day4 units received. ;IIC 
te~~rperattire hvithin the incubation tray lyas measured evep other ciay 
early in the experiment, and 3t intervals of four days inter. hlissix~g 
data iverc estin~ated from a cnntinuuus record of .rva.ier telnpcrrztures 
at tfie hatchery inlet. \~;fiich ayeraged O.5?C i o ~ ~ e r  tharr tray-lf-ntcr 
+ ~emperaturcs during the experiment. Incrthatio~~ ter:~peraturr fell 

fro111 3 1. i 'C to 6.9 "C, t i~en rase to 9.1 ' C  (Fig. 6 ) .  

2~ rggs from I I P : \ ~ ~ E ~ ~ P I I ~ ! - \ ( ~ ~ ~ ~ ~ I I I ~ I ; :  ?-~$CC.III  f c i t  i I aLt' in lQ6,5 h:id a 
wpcnrm rfinnmctcr of 5 3 sasala: i t  !$:as 5,6 Dan1 for eggs of i i l : ~ g ~ < i - ~ ~ r , ~ t $ ~ ~ i ~ g  li.11, 

Oarc rlcg+tvc t?kq- is onc ~jegrcc Ccntrsrttric ;?hove freezing (i)'C) frrr ;r ilr>ricrJ r\C 24 hr (:I 
naildiitcntic~n nE \\'aJlicEm'r; [l"OI] defini~inn of o,:ra ft3))~pcprt~;.ifi* :ir;it 2% one dtbgrec I::ehrrnhcil 
abave freezing f S P t F j  %or 3 period of 23 hr). 



Fig. 6. Average 7-day tray-water temperatures and cumulati37e degee days dur- 
i ~ g  incabation. 

In t f i i s  paper ei~~zb~3po denctes the stage of development from fertilli- 
zatim to hatching. A41evi~z denotes the stage of deveIopmeni ~oinn 
hatching to yolk sac absorption. fb!k sac nSso,pti~~z is the stage of 
development in u.hich ffIe yolk sac disappears from view. 

Samples of 5 to 12 eggs were taken at rmdom from the tray at 
intelvals of 2 or 3 days from seven dsiys after fertiliaation until hatch- 
i ~ l g  ieilninatetl. :rile ~najority of sarllples numbered 10 to 12 eggs. 
Eggs irere exposed to diffused light during sumpling, but this exposure 
nek7et exceeded 5 lain aE any time. Sanlpies of 10 alevins were tg*en 
n-heii possibIc from fne firs-st day of hntchiag until yoik sac absoptioa 
terminated. Only those aIevins that appeared i.lea!thy were removed 
for exa~rlinati orz. 

ErrrSvss Fvere ilulalediateily preserved in Stockard" sdution. Ale- 
vins were presewed in 70-per cent alcohol. 

Lens& attained. and first appearance aad drwlapment of moqho- 
adh 

logic& features \.;ere the criteria use$ l. to estab!isil stages af develop- 

n~elat be: 
Length 
En nmilliri 

AIIi ra- 

rr~icro_rr 
\yk7ere la 
few lil(bll 

plgrne!:' 
preserv: 
preserjy; 

Gr6~%$ *,f/i 

%Ire 
t i ~ c  cur 
7. Tfle 
7 3 tall 

hatchir 

and 3~ 



~aarmst bt.c;euse of their prractict~laiiity of application to ficle! snml~8cs. 
Lc'tlghh tl;as aneasured From the tip uf the SIOU~ to the end caE tht: ta i l  
i a ~  il~illimetcrs. 

,A?! n:aasurcmcnts of embryos were from traced outf ines of pEautr3- 
~rai3lr cnlxrgc merits ihree times the natural size. T r a c i ~ ~ ~ ~ s  \t\.erci t rakcla z ,  
18:itA n Soodkill Model -4 vertical cnnlcra kinder trammiitcd fight fl-om 
n 50-1i:ntt bu tb. Embryos in sarxlpies I to !f "were me:lst~re.d at rachcd 
to tlrc yoik. Emhrveas ,y in sanlples 13 to 3% were each ct2tached fsomr~ 
the )rc>ll; and measured after cnlargcil~ent. Embryonic dc\:elt-.rpmcnt 
tv,vas detcnninecl fro111 preserved embryo samples rietachcd fro111 tltc 
yolk. 0111y those structures tIlst eotlld be identified under a binc-acujnr 
dissect ir~g microscope were observed. The developrncnt crf fins, conm- 
~jae~~cement of pigmentation d rtle eyes, and appearance of ~~*rel;~nn- 
pl~ores 02.1 rile body \%?ere noted. 

,i\le\-ins \yere measured lying flat. h4casuremcnts \yere takela ~s i t h  
a ven-rier ca iper, and ivere recorded tn the nearest 0.1 mm. PPtuto- 
s~~icrograpl~s of alesvins Q approsil~lctrelv ..y seven times rlre natural size) 
ivcrc taken \\~ith a Brtrtsch and Lomb h/fodcl L vertical caxltera 'Fmm a 
few kortrb to several days after sa~ltplii~g. Tht dei~e!opment nf tills anti 
pign~ectation of tile body \yere noted. Photograph:; before -ctnicb after 
pr-escrvr~tisn indicated no loss in fin definitioll car pigme~~tation due to 

Grtjit-rdr i~r f ezig~fz il?iif~ I I I C W ~ ~ S C  i ~ z  Tlirnnnl A ge 

The: a\-crage lengths of er~~bryos and ttlevins in samples ;~nrE rcspec- 
rive cumulzitive degree days are sI~nivn in Tit5Ie 4 and plot terl ill E'i. a- 
7 .  The overlap in length Izeasurements of enlbryos and alevins ( Fig. 
*- \, /I cc3uld be due to error in measuremc:nt or physiological eifecis nf 
hatching, 

It ~ v a s  assurlled that a particular stage of devefoprnent is att3112td in 
-82 [ a definite nunllaer of degree days regardless of prevailing t,,.~,.. 

reginle and snciat origin. Rockwell i 1956), a~hcb revie~~vcd str~ dies of 
oprrrent nf variizk,, spccics of iis 
and Jofianzen and c o g h  19 14) accetpted a1e assumption 

arid applied i t in devtlspmez~taf studies of chon1 salmon. 



'Fable 4. Idcngth rrreasur'emer-it of scjckeyc salmon ernbryos and ulevitls in 
srpmplcs, University of Wasl~ington h~ltchery experiment 



a - Emklrrrs IIe~grh 

a - s"zl%viah Length 

Fig. 7. Mean totr~l lengths of sockeye sall~~sn embrq-os and alevins ir, saxiples by 
cumlative degree days, Univenity of Washingoil hatchcry experiment. 

T11e developjl~ental stages arid t h e r ~ ~ ~ a l  ages follow: 
Stage I--80.6 degree days. T11e grtnl~ ring of the blastodenn covers 

one-half of the yof k. 
Stage II1---125 degree (days. The blastopore has closed, and tfte pec- 

torat fins appear as srllall buds. 
Stage 111-1 57.8 degree days. The posterior e~ld of the iintestinr i s  

apparent in the verltl-al fin fold. 
Stage IV-232.2 degwe days. Melrtnspf~ores I~avc appcnrcd in tttc 

eyes, and the posterior end of the notochord has bt'gt~n 10 tlvise 

up\~t.ard in the cartdsll region. 
Stage V---365.6 days. Mcscnehyme i~as appeared iri tllc 31131 [in 

region of  he veratral firr fold. 
Stage fff-337.Mqrel: days, Pterygioplasrcs have apper~re J at thc 

base of the delieloping anal fin. hfescnclryme is apparlent in llle 
dorsal fin region of the dorsal fin f ~ l e f .  

Stage VfI--3 57.2 degree davs. ?4 Ptorveisphsres t*, % ha1.i: appcr~rect at 
tfle base of the developing dorsal fin. 

" 2'r Stage ~c ~11--397.2 dcrrce 4u' days. Fin rays have appeal-cd in thc can- 
dal firr region, 

Stngc T7\"--106.7 ilcgrrtc rlt~ys. Pi~al~celtatinrrt iLv i s  apl3:trent r.rn t 
!lead in the occipitaf region. 



Elrxtcf~irrg beggin at. 467 ~Icgrec days anti continued until 685 dcg~g:e 
d ; t~s*  The cumulative percentage of i-tatcl~ w s  calculated for leaclr. 
s ~ a ~ p l b ~ g  period and plotted (Fig. 8 . mle 5- to 9s-yer cent ilmt@bg 

E G R E E  DAYS 

Fig. 8. Cumulative percentages of hatch by cumulative degee days, Ufiiversity 
of Washington hatchery experiment. 

range was estimated at 546 to 658 degree days; tfie 90-per cent raage 
el'imig~ates early and late hatches. Fifty per cent of t i le eggs hatched 
svithin 643 degree days. 

These results agree quite closely with data obt ed by levleva 
tit. ) and by Church 1959) * Hatching occurred at 591.6 degree dlays 
in an incubation experiment collducted by the fo SockeYe eggs 
studied by Churcfa in Lake Nerka, Alaska, hatched wirhin 555 to 720 
degree days, 

A levii~ Develop fnen f Related to Thern~aI Age 

T11e development of fins aad pign~entaticion in a!evir,s in relation to 
ti~ennah age is  described below. A key \was developed to describe the 
progression of fila development and pigmentation. Areas sf pigmeilta - 
tior: and final pignem pattern are illustrated in Fig. 9. ExmpIes af 
theevarioas stages of development are i 113~frafed in Figsm 13-1 3. 
~riknaf nurnbel*~ are guides to steps i r ~  the key. 

Fig* ! 



Fig, 9. Dcarsid view of sockeye salmon alevin at 930 degree days; Lhie pigment 
pattern i s  fully developed. 

la-The posterior edge of the ma1 fin has not differentiated in 
the fin fold to insertion. . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Tb-Tile posterior edge of the anal fin has differentiate~d in the 
fin fold to insertion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

2a-Tl1e posterior edge of the dorsal fin has nor digereneiated in 
3 . . . . . . . . . . . . . . . . . . . . . . . . . .  ehe fin fold to insertion. - 

3 a.a$ e posterior edge of the dorsal fin has differentiated iin the fin 
5 fold to insertion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %s 

3a-Orbital pigmentation has not appeared. . . . . . . . . . . . . . . .  4 
3b-619 degree days. Orbital plgmeiltation i s  ripparent, 'but only 

posterior to the eye. f Fig. I la, stage 3) 

4a-558 degree days. Pigmentation has not appeared bet\!~,vecn the 
occipital pigment region and the dorsal pigment fine. Pigmcn- 
tation on the body is mairdy concenrrrrted on the dorsal sur- 
face and is scattered on the sides posterior to tire pelvic i i t ls ,  

Pigmentation has not appeared on the dorsal surfacle of the 
yolk sac. The anal fin 3s identifiable in tfie fin fold bllrt is 13or 
diEerentiated m yet. PeF.vic fins appear as badIiIre protuber- 
ances. (Fig. IOa, stage 1 ") 

4b-58 8 degree dltys. Pigi~~entatior~ i s  present between thc oceip- 
itaI pign~ented region and dofsat pigment fine, but i s  not as 

n* concentrated as in the final pigment pattern. ~ iplenta t ion is 
apparent on tile body anterior to tlse pelvic RRS, bt~t  not on tfie 



Figi& 10. Alevie, stages I (a) and 2(b), 558 and 588 dcgec drays, respectivc;Iy. 
(5x1 Nag: irrcrensed pigmestation an sides and on caudal fin in stgage 
.pB 

i, gmd atast:mec of orbital pigmentation in both stnges. 



Fig. l I. AIetvin, stages 3ja) aad 4@), (iI 9 .md 649 degree daysl respccti.i.cl y. 
(5x1 Note the appearance of orbits1 pizmcntratisn amcl incrcxqcd pig- 
sn~cntnfion of sides in stape 3. In  stage 4 i3oslcrisr rliiTercntit!tirsn of ihc 

i eF~>rsaf fin is  complete, and the . lipose fin amears nr, a b~ilgc in the fin 
fald. 



Fige 12, Mevvin, stages 5(a) and 6(b), 767 and 743 degree days, respecti~reIy~ 
(5x1 Note the beginning of anal fin differentiation and increxe in or- 
bitill pigmentation in stacge 5. In stage 6 &e posterior edge sf the anal 

f$ fin i s  fx~lk>a diefercntiated in %lac fin fold. 



Fig* 113. Ale-, stages 7(4) 8 (b), 794 sad 933 degee dqs.  respeeti\peil-. 
(43;) "Elae posterior cdse of the adipose fin h.as differentiated in stage 
7 2nd remn3nt of the fin foid wmaias hett~een thc  dorsal nti~d atlipnsc 
ios. In stage 8 tlxe yolk sac i s  no io~ger Gsible and 311 !ins are i\-ell 
de\~tdoped. 



I 52 F##rf/lgyi$?" h5t8#f86~:"4ir.~ of 

riiursni surface c3f rhe ~~oiik srxc. Pinanentation i s  cjpparcnt on 
wf %d 

tile cartdal Iin. t Fig. I Ob, stage 2 
649 degree days. Tile anal fin has not differel~tiatcd in the fir, 
fold. The adipose fin appears as a bulge :@in the dolsal edge of 

i s  scattered the dorsal surfiace: eBf 
k sac. Orbitr~ pigrm~tatian docs nor extend inlbo the 

dorsal region. "T11e pigment pattern i s  inconlplete in the inter- 
orbital :ind interrlarEaI regions. 1 1 b, stage 4 

07 degree days. Digerentiation of the posterior edge (of" ahe 
an31 fin in the fin fold has begun. T12e posterior edge of the 
adipose fir1 .is defined in tfie fin fdd but i s  still not difireresr- 
tiatcd* Pig~:me~l ta tion extends throughout the orbital re:gian. 
(F ig .  12a, stage 5) 

6a-733 degree days. The posterior edse of tile adipsse fin i s  not 
csn~pletely dierentiated in tfje fin fald. (Fig. 12b, stage 6 

le posterior edge of the adipose fin is differentiated in tlhe fin 
fold to i t s  insertion. , . . . - . - + . . . - - - - - e 7 

7n-794 degree d q s .  A remnant of fin fold remains between the 
adipose and dorsal fins. (Fig. 13a, stage 7 )  

76-933 degree days. The fin fold i s  no longer apparent bett%?een 
the adipsse and dorsal fins. The yolk sac is no lonser visible. 
(Fig, i Lib, stage 8 

~ Egg Bevefempment 

Bags containing fertilized eggs kvere buried in eacfi sh~dy area,, and 
sa~~xpies were taker1 at inter z;::r ru de tern~~irnle alle rate of development. 
Stages of d ~13m e ~ l t  and correspond i ug therlllal ages established for 

embryo and n3evin itl the  hatcher^^ strrdy 5vere tile 
standards used $or ey~ztluating Qle thermal ages of embryos and ale~~ins 
in saruples. 

Eggs % &. \yere ti&en and fertilized at tile Triangle Idand study area on 
August IT, t 862. Spakvning activity t$ya~ nea*rIy at peak rat the (tin~e. 
Eggs %yere ohtaixled at Knutson Bay on Septertlber l Z I  1962 .Spawn- 
ing had just co~nrnenced at rfle time. Bags of saras-i piastic screen 

dept'kzs of 20 to 25 cnl in the bor torll of ertc area. ~t Tri;3n3 
Island six bags each jvere buried at n7atar depths of I, 2, 4, and 5 m 

Se- 



at statio~~ts 1 and. 5 Fig. 3). In Knuts,nn fs;ty, frarr hitgs r:ni.b wcrc 
bua-ied at water depths af 3, 6, and 12 m at sttmtlon~s 2, 4, arzd 6 (Fig. 
")* 

Sarnplcs 'ri7ere taken can September I4 and crtl Novcmbrr 15 at 
Triangle Island. Sarx2plcs i$pere taken at Knulson Bay on INnvemhcr 
I 1. Samples wore xlot taken fatcr becaux at" ice cover. 

Tile first appearance 311d develapmcxlt of marpl~olagicai fea4plrrc.e 
rather t l~a was selected as the: best illdex to stage of develop- 
ment :u~Ild age Gray f 928 ) proved that. the sfize of tile 
erm~bryo at llatehing i s  propartio al to the total amount aE . yolk: - itl the 
fertiEized egg and relative to the illctrbati~n temperature. ]Details an 
Eei~gO~s and stages of de\~elopment within samples are given in Olscn 

Stlnlples recovered at all depths and stations at Triangle Island on 
~eptcnibsr 14 except tlioss from station 5 at 6 m had attained stags 
IV and V (230-300 degree days 
hat1 reached a, stage bet\%leen E and fI Q 100 degree days ~ 1 1  samples 
recovered on Noverxtbet 15 showed that flatclling had commenced. 
AIevins in samples had thenrxal apes ranging from 590 to 77q degree. 
a E R ~ ~ T ~ O S  at Knutson Bay had reacfied stages V ana iik ,300- 
340 degrtte daj~s) by Novera~ber I 1. These samples probably indicated 
nerirly mzlaximunr development possible to mid-November in Knutsan 
Btjj~ because the eggs \\.ere obtained Erollr early spa\%;ners. 

Development at Triangle Island proceeded at a faster ralte tha11 3t 
d 

Knutscsn Bay because of earlier spa~vning and a warnler tcunperature 
regiane. Hatching had eomlncnced at Triangle f sland by 11lild-Wover31- 
ber, but eggs at Knutssn Bay had developed A orxly haIfk~ay to fiatcl~ing 
by this tin~e. 

It may be essermtirtt that eggs lrateh before jvinter ice cover is fanned 
osrer island beach spa\vni~~g areas, tvhere i~~tergravel water circulation 
i s  ~aravided try lake currents ra&er than upwelting ~ ~ a t e r .  The eggs arc 
$lot effecti~ely buried in tlxe coarse racks (Kerns and Dionaids~?in, 
i r j  press), artd alevins may be able to avoid possible sutirclcntiorm 
frc3111 stagnation after ice forn~atian. Upkvelling ground \yarer in naain- 
land bcacia slaai~,r.nic~ six arcas iarnbabt>: prfa\?,!ir cs arft.qtl;atc, i ~ ~ t ~ r g m v ~ ~  
nvater circuJatim throtlgh thc \$.inter; rllus laarching before: freezeup 
dms not seem essential. 



It i s  not pussihivt to defitnninc precisely when hatching a~lcl ewer- 
alencc t:t ke pltiec ~s i thuu t  kvi tjtcr temperature Jatn, It was observed a 
in t t ~e  I.iatr.llery experiment tIlat alevins that Slad accurlluiiated ther~nal 
uniks rnllging np~jraximately froax 8"3 tto 1000 degree <fays coulld 
stvim freely and had completed or nearly completed yolk sac absoql- 
riutl* At spri~zg ponds, creeks, and lake grarrnds i11 Lake Nerka, ale- 
vins en~erged at tixerrl~al ages ranging from 6" tto 955 degree dajvs 
(Chur~l?, 1953 If the telllaerature a were menitaxed throughout \%?in- 
ter in the future, it would he possible to deter112ine the tirlle periods of 
ficrtching and emergence from the data provided by allis srrrdy sup- 
plemented wit11 the data from this future sampling. 

Summary 

1. There are two types of lake spawning areas in lliamna Lake, l~~aiai- 
land beach and idand beach. 

2. Analysis of rhe bottvnl nlateriafs of a rrnainiand beach spaufnin~ 
area arrd an island beach spakv g area sh~h;$b~ed &at the botto~]~ 
of tlse n~ainland area is composed mainly of sand whereas thle 
bottonl of tile isIand area is composed largely of gravel and bould- 
ers. Measurernears of intergravel temperature at each study are;& 
lrjdicated that ground-water Aows mairrtain water cizcuIatioj2 in 
redds in the mainland area, and lake currents maintain water cir- 
cuiation in the island area. 

3. Stages in the development of embryos and devinc of socke5re aesall- 
axon were related to thermal age in incubatios~ experiments at rh~e 
hateherv & of tile t in  iversity of Washing ton College of Eisheries. 
Growt31 in lerlgth and first appearanec and development of mor- 
phological features were the criteria used to establish stages a& 
de-velopment, Therr~xal ages at hatching rmged from 546 to 6618 
deg-rze day, 

4. Ecgs kvere plmted in tile two study areas. Degree-day units re- 
cei37ed b y  eggs in samples uTere cdedated from ale development 
standard* H~aeching securred before freezeup at Triangle Island, 
but it would  lot have occurred until afier freezeup at Rl~rztson By, 
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Support Ear aGiis i+~arI; ivas provided 51~ougll the RsheF3es Research 
Xnstitute of the Univ%rsitqp of IWashing~.on. Dr. 0, A. MaQ~isen~ assisted 
in &e forn~xulzztion sf the study r\nd revieit~ed the mamscript, DPS. 
R, It. Burgner and R. Mp. Moore also criticalEy revic~ved the manu- 
scri1gt. h4r. 0. E. Kerns assisted in tlac Geld l~~ork  ru3c-E provided! ideas 
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work, and Mr. Ronafd Low pfiotogrql~ed alevins. Dr. Laurer. Dun- 
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made nvailigble inertbation facizties at tile College of Fisheries, 
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ei-res, inc. 
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