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Abs tract


The  e ffe ctsof prolonge ds tre amde s iccation onde ve lopm e ntof s alm onide ggswe res im ulate d


for s te e lhe adSalm ogairdne ri and s pringchinooks alm onOncorhynchus  ts hawyts cha. Re ce ntlyfe r-

tilize de ggswe re place din artificialre ddsand s ubje cte d to controlle dwate rflowsin outdoor


laboratorychanne ls .Controlre ddswe recontinuous ly s ubm e rge d. "De wate re d" re ddswe re e x-

pos e dto air; wate rflowe dthroughthe s ubs trate10cm be lowthe  e ggs .Eggswe re de wate re d1-

4 we e k s  (s te e lhe ad)or 1-5 we e k s (chinook s alm on)be forethe ywe rere turne dtowate rin hatch-

e ryincubators , whe rehatchings ucce s s  ands ubs e que nt fry de ve lopm e nt we rem onitore d.Se ve ral


com binations of cobble ,coars e s e dim e nt,and fine s e dim e ntus e dto cove re ggsdid notinflue nce 


e ggde ve lopm e nt, provide dthe  m ixture sre taine dat le as t4% m ois ture by we igfit.De wate re d


e ggshatche ds oone rthancontrole ggs ;fas te rhatchwasas s ociate d withhighe rs ubs trate  te m -

pe raturein e xpos e dre dds .Hatchings ucce s s  of de wate re de ggsave rage d94% for s te e lhe ad


(control:88%) and 76% for chinooks alm on(control:56%) and wasnot affe cte dby the  tim e 


e ggshadbe e nde wate re d.Afte r 8 (chinook s alm on)and 8.5 (s te e lhe ad) we e k sof re aring,ju-

ve nile sfrom  de wate re dand controle ggshad growne quallywe ll.


Re ce ive dSe pte m be r15, 1981 Acce pte dApril 25, 1983


Dive rs ionof wate rfor agricultural,indus tri- 

al, and dom e s ticpurpos e scanre duce s tre am - 

flows e ve re ly . Whe nde ple te ds tre am s havebe e n 

us e dby s alm onids  for s pawning, re ddsm aybe - 

com e  de wate re dbe low the  le ve l of the  e ggs . 

Pote ntialcons e que nce s  include de s iccate dor 

froze ne ggs(Ne ave1953;McNe il1966;Be ck e r 

e t al. 1982)and im paire de m bryonicde ve lop- 

m e nt. In s e ve rallaboratory s tudie s(Borodin 

1927; Dom urant 1956; Re is e rand White  1981a), 

the  abilityof s alm onide m bryosto de ve lopin 

m ois tconditionswithout be ing s ubm e rge din 

wate r has be e n m e as ure d, but the s e re s ults can- 

not be  e xtrapolate dto naturalconditions .Our 

s tudyaddre s s e d the e ffe ctof prolonge de ggde - 

wate ringon hatchings ucce s s  andon de ve lop- 

m e nt of larvae andjuve nile s .We  als oinve s ti- 

gate dthe  influe nceof s e dim e ntqualityon e gg 

s urvival.


I Pre s e ntaddre s s :Be chte l Group, Incorporate d, 

Environm e ntal Se rvice sDe partm e nt, Fifty Be ale  

Stre e t, Pos t Office  Box 3965, San Francis co,Califor-

nia 94119.


· Pre s e ntaddre s s :Montana Coope rativeFis he ry


Re s e archUnit, MontanaStateUnive rs ity ,Boze m an, 

Montana 59717.


Me thods 


Our e xpe rim e ntswith s te e lhe adSalm ogaird-

ne ri and s pring chinook s alm onOncorhynchus 


ts hawyts cha occurre dat the  Idaho De partm e nt


of Fis h and Gam e ' s  Hayde n Cre e k  Re s e arch


Station ne ar Le m hi, Idaho. Our te s ts with ne w-

ly fe rtilize de ggsbe ganon 22 May 1979 for


s te e lhe adandon6 Se pte m be r1979for chinook 


s alm on.Eggsus e din both te s tscam efrom  2-

3 fe m ale sand we re  fe rtilize d by 2-3 m ale s .


Ste e lhe ade ggswe re obtaine dfrom  Dwors hak 


NationalFis hHatche ry , Idaho; chinooks alm on


e ggswe re  from  the  Cowlitz Rive r Hatche ry ,


Was hington.


To s im ulate s alm onids pawningbe dswe us e d


two 1.2 m  wide  x 2.4 m  long channe lse ach


s ubdivide dintoe ight 1.2m  longx 0.3 m  wide 


x 0.3 m  de e p cham be rsin whichflows could


be controlle dinde pe nde ntly(Fig. 1).The  chan-

ne ls  we re  ins talle d outs ide  to allow e nviron-

m e ntale xpos ureand we re plum be dwith Hay-

de n Cre e k wate r.Wate r-s urface s lopeIor the 


cham be rs  was  2%. One  channe l was  us e d for


s te e lhe ad, two for chinook  s alm on.


Artificial re dds we re  Whitlock -Vibe rt (W-V)


boxe s(Whitlock  1979) fille d with 6.4-50.8 m m 


grave l.Fourboxe swe re place de quidis tantly in


532
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F·GURE 1.--Topandcros s -s e ctional vie ws  oJe xpe rim e ntal cham be rs  us e d inde wate ring te s ts withs alm onid e ggs . Wate r


le ve h'  inde wate re d cham be · we re about10.0cmbe low thee ggs .WV= Whitlock -Vibe rt.


e ach chatnbe r. The  boxe s  s at on a 2.5-cm -thick  

lay e r of cobbleand we re  cove re dwith one  of 

four s e dim e nt m ixture s  chos e n on the  bas is  of 

pre viouste s ts(Re is e rand White  198lb) to pro- 

vide a rangeof s e dim e ntquality .The  s e dim e nt 

ingre die ntswe re  rounde d rive r cobble(13-76 

m tndiam e te r),"coars e "particle s  (0.84M.6 ram ), 

and "fine "particle s(le s sthan0.84 ram ); parti- 

cle  s ize  was  de te rm ine d with s ie ve s . The  volu- 

m e triccontributions  of e achingre die ntto the  

m ixture s ,de te rm ine dby wate rdis place m e nt, 

we re 


Mix 1: 

Mix 2: 

Mix 3: 

Mix 4: 

10% fine , 90% cobble ;


20· coars e , 80% cobble ;


10% fine , 20% coars e , 70· cobble ;


20% fine , 30· coars e , 50% cobble .


Mixture s  2 and 3 we re  us e d with chinook 


s alm on; all four m ixture s  we re  us e d with s te e l-

he ad. Se dim e nts  we re  not re m ove d be twe e n the 


s te e lhe ad and chinook  s alm on te s ts . In the  te s ts 


with chinook  s alm on, s om e  cham be rs  we re 


s hie lde d from  rain and s now to de te rm ine  the 


e ffe ctofpre cipitation onthere s ults .Wate r-fille d


vialswe re ins e rte din the  s e dim e nts during the 


chinook  s alm on te s ts  to allow de te ction of fre e z-

ingconditions  (asindicate dbyanybrok e nglas s 


colle cte d late r).


To s tarta te s t, 100 e ggswe re place din e ach


W-V box within 24 hours  of the ir fe rtilization.


Flowsthroughe achcham be rwe re e s tablis he d


s o that about 2.5 cm  of wate r cove re d all s e di-

m e ntm ixture s ;thiscorre s ponde d to inflowsof


300 m l/s e cond.Ahe r 3 day s ,wate rflowsin half
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the  cham be rs  of e ach s e dim e nt or s e dim e nt- 

s he lte rtre atm e ntwe re  re duce dto a le ve l ap- 

proxim ate ly10cmbe lowthe e ggs .Wate rflows  

we re  m aintaine dbe lowthe  e ggsto s im ulate  

groundwate rflows .At e achof four we e k lyin- 

te rvalsthe re afte r,e ggswe rere m ove dfrom  one  

W-V box in e ach chm nbe r, che ck e d for s urvix- 

al, and trans fe rre dto a He ath s tacktray incu- 

bator. Ste e lhe ade ggswe re re m ove dat we e k s  

1, 2, 3, and 4 (the  las tbatchhavingbe e n de - 

wate re d four cons e cutive we e k s ), but be caus e  

m ortalitywithinthe  firs ts am plewasunus ually 

high,a cons e que nce , we fe lt, of handlingdur- 

ing the  "te nde r"(pre -e y e d)phas eof e ggde - 

ve loprne nt, wede lay e ds am plingchinook s alm - 

on e ggsuntil we e k 2 and e xte nde dit through 

we e k  5. 

For the  s te e lhe ad te s ts ,the  channe l containe d 

four unre plicate de xpe rim e ntss tratifie dby 

s e dim e ntm ixture s .Withine ache xpe rim e nt, the  

e ggs  in onecham be rwe rede wate re d,andthos e  

in a s e condcham be r we re  k e pt inundate d. 

Within e achcham be r,e achW-V box re pre - 

s e nte done  e xpos ure duration. For chinook  

s ahnon,four e xpe rim e nts --twos e dim e ntm ix- 

ture s ,e achwithor withouta pre cipitations he l- 

te r-we re  s pre adove r two channe ls ,but this  

tim e  the  e xpe rim e ntswe re re pe ate d;cham be rs  

withduplicate tre atm e ntswe res ideby s ide . 

Once e ggswe re trans fe rre dto He ath s tack 


tray s ,we  che ck e dthe m  daily for proportious  

hatche dand pre s e rve drandoms am ple s of al- 

e x' ins  in 10cj form alin. Afte r ale vins  abs orbe d 

the ir yolk s acs ,we  trans fe rre ds am ple s of ju- 

ve nile sfrom  e achtre atm e ntgroupto s e parate  

re aringcom partm e nts withinfour paralle lfi- 

be rglas s  troughs .Scre e ns dMde d e achtrough 

into e ight com partm e nts ,e ach0.6 m  long x 

0.56 ·n wide  x 0.30 m  de e p. Com partm e nts  

we re fille dwith thejuve nile sin the  orde r that 

e ggshadbe e nre trie ve dfrom  W-V boxe s ;the  

lowe rcom partm e nts containe dfis hfrom  the  

firs ttwowe e k lye ggs am ple s andtheuppe rm os t 

com partm e nts containe dthos efrom  the  4- 

(s te e lhe ad)or 5- (chinook  s alm on) we e k  s am - 

plings .Within e achtrough,fis hfrom  de wa- 

te re dor controle ggsof the s am es e dim e nte x- 

pe rim e nts  occupie d s im ilar com partm e nt 

pos itions .We  us e d a program m e dfe e ding 

s che dule bas e donave rage  fis hwe ightthrough- 

outthe re aringte s ts .Fis hwe reinve ntorie dand 

we ighe dwe e k lyfrom  19Augus tto 18Octobe r 

1979for s te e lhe ads and from  15Januaryto 12 

March 1980 for chinook  s alm on. Afte r the  final


inve ntorie s , randoms am ple s ofjuve nile swe re 


pre s e rve d in 10%form alin;the s e andthe  pre -

vious lypre s e rve dfis hwe re m e as ure dfor total


le ngthto the  ne are s t0.5 m m  and we ighe dto


the  ne are s t0.1 rag.


During the  outdoor phas e of the  e xpe ri-

m e nts ,te m pe rature s of de wate re ds e dim e nts  in


four cham be rs  we re  m e as ure d with Pacific


Trans duce rre m ote -bulbthe rm om e te rs place d


at e gg le ve l.Te m pe rature swe re  re corde dat


0800 hours  (nfinim um  te m pe rature s ), 1200


hours (incre as ing),and 1600hours(m axinm m )


and ave rage d.During the  s te e lhe ad te s ts ,te m -

pe rature sof de wate re ds ubs trate  in one cham -

be r we re continuous ly re corde dwitha Partlow


the rm ograph,whichconfirm e d thatm inim um 


and m axinm m te m pe rature swe re  ne ar 0800


and 1600 hours ,re s pe ctive ly .Air and wate r


te m pe rature s we re m onitore dwithTay lor and


We athe rm e as ure  the rm ographs .Whe nthe  W-

V boxe s  we re  re cove re d e ach we e k , s e dim e nt


s am ple s we retak e nadjace nt tothos e boxe sthat


had be e n de wate re d. The s e  s e dim e nts  we re 


we ighe d,drie d in a lbrce d-airove nat 110 C


for 24 hours ,andre we ighe d;the we ightlos s e s 


corre s ponde d to the  ·nois tureconte ntsof the 


s am ple s .


Re s ults 


Egg-Hatching Succe s s 


Mos tof the  s te e lhe ade ggss am ple dat we e k 


1 faile d to hatch(Table  1). We  attribute  this to


handling,not to tre atm e nte ffe cts .De wate re d


e ggss am ple dlate r ave rage d94% hatchve rs us 


889· for wate re d controls . Ove r all tre atm e nts ,


hatchings ucce s s  of de wate re dandcontrole ggs 


diifk re dne ithe rwithre s pe ctto s e dim e ntqual-

ity (X ' ·= 4.22; 3 dr; P > 0.10)nor withre s pe ct


to s am plingtim e  (X2= 0.04; 3 df; P > 0.10).


Thus ,the le ngthof the de wate ringpe rioddid


not influe ncee gg-hatchings ucce s s .


De wate re de ggsof chinook s alm onave rage d


76% hatch (Table  1) and, as  for s te e lhe ad,


hatchings ucce s s wasunre late dto the  le ngthof


the  de wate ringpe riod (X2= 5.53; 3 dr; P >


0.10). The  hatchof continuous lywate re dchi-

nooks alm one ggsde cline dwithtim e ,howe ve r,


and the  e ffe ctwasparticularlye vide ntfor the 


tre atm e ntcontaining the m ixof fine andcoars e 


s e dim e nts .Thus , e gg-hatchings ucce s s wasaf-

fe cte dby bothhydrationand s e dim e nt·nix (X ' 2


= 6.53; 1 dr; P < 0.05). This  m ay have  be e n
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TABLE1.--Pe rce ntage  hatchofs te e lhe ad andchinook  s alrnor· e ggs , bas e d on100e ggs pe rartificial re dd,as functions of


s e dim e nt quality , pre s e nce  orabs e nce  q/pre cipitation s he lte rs , andwe e k s  e ggs we re de wate re d. "Wate re d" e ggs we re 


controls .


Tre atm e nt: We e k s  re dds we re de wate re d


s e dim e nt m ix;a Me an%hatch


pre cipitations he lte r; Ste e lhe ad b Chinooks alm on c


de wate re d or wate re d Ste e l- Chinook 


re dds  1 2 3 4 2 3 4 5 he ad a s alm on·


10% fine 


Without s he lte r


De wate re d 23 97 91 97 95


Wate re d 13 93 82 54 76


20% coars e 


Without s he lte r


De wate re d 39 98 93 98 76 80 83 71 96 78


Wate re d 19 73 73 97 76 75 82 66 81 75


With s he lte r


De wate re d 72 75 68 72 72


Wate re d 79 60 68 79 72


10% fine , 20% coars e 


Without s he lte r


De wate re d 50 98 82 91 85 86 77 75 90 81


Wate re d 28 100 91 98 80 56 34 34 96 51


With s he lte r


De wate re d 77 70 76 74 74


Wate re d 74 38 2 0 29


20% fine , 30% coars e 


Without s he lte r


De wate re d 68 93 95 67 85


Wate re d 72 100 97 98 98


Me an


De wate re d 45 97 90 88 78 78 76 73 92 76


Wate re d 33 92 86 87 77 57 47 45 88 57


a"Fine "particle s haddiam e te rs <0.84 m m ;"coars e " s e dim e nts we re0.84M.6m m in diam e te r.Pe rce ntage s  are volum e tric


contributions ; the uns tate ddifi' e re nce com pris e d13-76-m m cobble .


bUnre plicate dvalue s .


· Me ansof twore plications .


aWe e k s2·t only .


· Me anof re plicatem e ans .


due to additional line  s e dim e nts  im parte dwith 

Hayde nCre e kwate rduringthe pre vious s te e l- 

he adte s tsandde pos ite dwithinthe  inte rs titial 

s pace sof the  wate re ds ubs trate .Vis ual com - 

paris onsof de wate re dand wate re ds e dim e nts  

duringthe  chinooks alm onte s ts  indicate dthat 

e xtrane ous  fine  m ate rial had accum ulate d in the  

latte r; the  e ffe ct would have  be e n to re duce  

wate rflowthroughthe s ubs trate , andtoim pair 

the  trans port of oxyge n to, and m e tabolite s  

from , the e ggs . 

Eggsthat had be e nde wate re dhatche de ar- 

lie r (in the  He ath s tack  incubator)than con- 

trols .This wasm os te vide ntfor s te e lhe ade ggs  

de wate re d 3 and 4 we e k s , for which m e dian 

hatchingdate swe re advance das  m uchas  11 

day sand an ave rageof about8 day s(Table  2). 

We didnotm onitorhatching tim e sfor chinook 


s alm onas clos e lyas for s te e lhe ads ;hatching


date sfor chinooks alm one ggsde wate re d4-5


we e k swe re  s e ve ralday se arlie rthan for con-

trols , althoughdiffe re nce swe re  not as  pro-

nounce d as  in s te e lhe ad te s ts . Diffe re nce s  in


hatchingtim e sbe twe e nwate re dandde wate re d


e ggswe re  probably the  re s ult of the  highe r


te m pe rature s  in de wate re d s e dim e nts ,which


e xpos e dde wate re de ggsto m ore te m pe rature 


units(de gre e -day s  above 0 G)thancontrole ggs 


(Table  2).


During s te e lhe adte s ts ,wate r te m pe rature s 


be ganat 5.5 C on 23 May,re ache da lowof 3.3


C on 24 May,the nm ove dirre gularlyupwards 


to a higli of 8.5 C on 20 June .Te inpe rature s 


of de wate re d s e dim e nts  we re  cons is te ntly




536 REISER AND WHITE


TABLE2.·Date s  oj ( m e dianhatch (50% oj (e ggs hatche d) ½s te e lhe ad e gg,; in re lation tode hydration oj (s e dim e nts , le ngth


oJde wate ring pe riod,ands e dim e nt type ,pluste m pe rature  unitsaccum ulate d duringte s ts  in wate re d andde wate re d


s e dim e nts .


Se dim e nt m ixture  ·


10% fine  + 20% fine  +


Sam plingpe riod Wate r 10%fine  20%coars e  20%coars e  30%coars e 


Date  of m e dianhatch


1 we e k 


De wate re de ggs  6Jul 5Jul 5Jul 4 Jul


Wate re de ggs  7Jul 8Jul 7Jul 7 Jul


2 we e k s 


De wate re de ggs  30Jun 1Jul 1Jul 29Jun


Wate re de ggs  3 Jul 3 Jul 3Jul 3 Jul


3 we e k s 


De wate re de ggs  25Jun 25Jun 25Jun 25Jun


Wate re de ggs  3 Jul 4 Jul 3 Jul 30Jun


4 we e k s 


De wate re de ggs  23Jun 23Jun 26Jun 23Jun


Wate re de ggs  4 Jul 2 Jul 3 Jul 29Jun


Accum ula·dte m pe rature uni·, wate re dandde wate re ds e dim e n· ·


1 we e k  36 69 53 61 50


2 we e k s  76 138 117 127 109


3 we e k s  125 234 196 213 183


4 we e k s  179 322 263 279 258


a"Fine "particle s haddiam e te rs  <0.84 ram ;"coars e " s e dim e nts  we re0.84M.6m min diam e te r.Pe rce ntage s  arevolum e tric


contributions ; the  uns tate ddiffe re ncecom pris e d13-76qm ncobble .


bOnete m pe rature unit(T.U.) e quals 1 C above 0 C for 24 hours .


highe r,rangingfrom  3.3 C on 29 May to 14.4 

C on 12June , afte r which the y de cre as e dan 

ave rageof about2 C. Ove rall,te m pe rature s  in 

the de wate re ds e dim e ntwith 10%fine particle s  

(Mix 1) ave rage dhighe rthan the  othe rs ,pos - 

s iblybe cans e  thischam be rwase xpos e d longe r 

to the  s un than the  othe rs . 

During chinooks alm onte s ts ,wate rle m pe r- 

ature s  tre nde d downward from  11.4 C on 8 

Se pte m be r to 5.0C in m id-Octobe r;nofre e zing 

occurre din the  s e dim e nts .Air te m pe rature s  

droppe d be lowwate r te m pe rature sbrie fly in 

e arlyOctobe r,butge ne rallywe re3-7 C warm - 

e r. As  in the  s te e lhe adte s ts ,te m pe rature s of'  

de wate re ds e dim e ntstypically s tay e dabove  

thos eof wate re ds e dim e nts  (Table2), although 

uns he lte re d s e dim e nts  s om e tim e s  we re  coole r


than the  wate rduring Octobe r.She lte re ds ub-

s trate s  re m aine d s om e  2 C warm e r than the ir


uns he lte re dcounte rparts ;s he lte re ds e dim e nts 


with 20% coars e particle s  (Mix 2) we re  the 


warm e s t ove r all, and uns he lte re d s ubs trate s  

with 10%fine  and 20% coars eparticle s(Mix 3) 

we re  the  coole s t. 

Mois ture  conte nts  of de wate re d s e dim e nts  

we re3.1-8.8%bywe ightin the s te e lhe ad te s ts ,


and 4.4-8.1% during the  chinooks alm onte s ts 


(Table 3). The  le ngthof the de wate ringpe riod


had little  (and no cons is te nt)e fi' e cton the s eval-

ue s .The  highe s tm ois turele ve lsin the  s te e l-

he ad te s ts  occurre d in the  s e dim e nt m ixture 


containing20% fine  and 30% coars eparticle s 


(Mix 4); s e dim e nts  with 10e /cfine  and 20·


coars eparticle s(Mix 3) had the  gre ate s tm ois -

ture  during chinooks alm onte s ts .In ge ne ral,


the  m ixture s  with the  le as t am ount of total


(noncobble )s e dim e nt (Mix 1 and Mix 2) had


the  s m alle s tpe rce ntage of m ois ture .Ove r all,


no diffe re nce s  in m ois ture  conte nt could be  di-

re ctlyattribute dto pre cipitation(rain or s now


fe llon8 day sduringthes te e lhe ad te s ts ,ononly


1 dayduringthe chinooks alm on te s t)or s he l-

te rs .


Ale vinandJuve nileDe ve lopm e nt


Be caus e s am plingtim e svarie d,s ize sof s te e l-

he adale vins(yolk -s ac larvae )couldnot be com -

pare ds tatis tically withre s pe ct totre atm e nts  the y


had re ce ive das e ggs .We  s awe xam ple sof Sia-

m e s e -twin (two-bodie d) and two-he ade d ale -
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TABLE3.·Mois tureconditions  (· bywe ighO in de wate re d s e dim e nts  in re lation tole ng#·ofde wate ring pe riodduring


s te e lhe ad and chinook  s alm on te s ts .


Ste e lhe ad te s ts : s e dim e nt m ixture  a 

Chinook  s ahnon te s ts : s e di·ne nt m ixture  a


20% coars e  10% fine  + 20% coars e 


Duration ot 10% 20% 10% fine  + 20% tine  + Uns he l- Uns he l-

de wate ring fine  coars e  20%coars e30%coars e  She lte re d te re d She lte re d te re d


1 we e k  4.6 4.1 4.1 7.3


2 we e k s  4.2 3.1 3.7 6.9 4.4 4.9 8.1 6.0


3 we e k s  4.7 4.5 4.9 8.8 5.7 5.8 7.8 7.0


4 we e k s  3.5 3.9 5.2 8.7 5.7 5.4 7.7 4.9


5 we e k s  4.4 5.4 7.5 7.7


a"Fine "particle s  haddiam e te rs <0.84·n·n;"coars e " s e di·ne nts  we re0.84M.6·n·nindiam e te r.Pe rce ntage s  arevolm ne tric


contributions ; the uns tate ddift·re nce com pris e d13-76qm ncobble .


vins ,but fi' e que ncie s of the s es tructuralanom - 

alie swe renogre ate rfor groupsthathadbe e n 

de wate re d than for thos e  that had not. 

Afte r60day sre aringin thefibe rglas s  troughs , 

s te e lhe ads  froin de wate re de ggsdid not diffe r 

s ignificantly from controls  in m e anle ngth(P > 

0.05,Duncan' s MultipleRangeTe s t;Ott 1977) 

or ine anwe ight(P > 0.10). Me antotalle ngth 

of juve nile s  range d from  51.7 to 58.6 m m  

(wate re de ggs )and froin 49.5 to 58.2 m m  (de - 

wate re de ggs )(Table4). Ove rall, we foundno 

s ignificantdiffe re ncein finalle ngth(P > 0.05)


or final we ight(P > 0.10) am onggroupsof


s te e lhe adwith re s pe ctto the inte ractionof s e d- 

im e nt type ,wate ringre gim e ,ands am plingpe - 

riod. Significantdiffe re nce s  in fis hle ngthand 

we ight we re  found am ong s e dim e nt type s . 

Howe ve r,the s ewe re  caus e dby uninte ntional 

diffe re nce s  in te m pe ratureof the re aringwate r; 

valve sto twos ource s of wate rhadbe e nope ne d 

e rrone ous ly , re s ultingin twothe rm allydiffe r- 

e nt s ource sof re aring wate r. Growth rate s of 

s te e lhe ads  fk om  de wate re de ggs(0.014-0.026 

g/day)did not diffe r s ignificantly (P > 0.05) 

ti' om  thos eof controls(0.014-0.029 g/day). 

Le ngthsof chinooks alm onale vinsfrom  de - 

wate re de ggsSiglfificantlye xce e de d(P < 0.05) 

le ngthsof thos efi' om wate re de ggs ,although 

we ightsdid not (P > 0.10). Me antotalle ngths  

range dt?om22.0 to 24.6 ·nm t0r ale vinsfi-om  

wate re de ggsand fk om  24.0 to 26.2 m m  for 

thos e from  de wate re d e ggs(Table  4). Me an 

we ightswe re 295.0-327.0m gand 290.0-331.0 

m g for ale vinsfk om  wate re dand de wate re d 

e ggs ,re s pe ctive ly . Le ngthdiffe re nce s probably 

we re  due  to variationsin intragrave lte m pe ra- 

ture s .No s ignificantdiffe re nce s(P > 0.05) in 

le ngthor we ightof ale vinscouldbe  attribute d


to s he lte rs ,s e dim e nttype ,or s am plingpe riod.


As  in the  s te e lhe ad te s t, no incre as e  in ale vin


anom alie sre s ulte df·om  de wate ringof e ggs .


Afte r 57 day sre aring,the  le ngths ,we ights ,


and growthrate sof chinooks ahnon juve nile s 


froin de wate re de ggs(51.7-56.2m m ; 1.36-1.81


g; 0.017-0.024 g/day) did not diffe r s ignifi-

cantly(P > 0.10) from  thos eof controls (46.9-

57.5 m m ; 1.25-1.85g; 0.015-0.025 g/day)(Ta-

ble  4).


Dis cus s ion


Fis he rie sand re s ource  m anage rs ge ne rally


havebe lie ve d thatthe de wate ringof s alm onid


re dds would re s ultin the  rapid de s iccationof


e ggs .De wate re dre ddswe recons ide re d a total


los sto re cruitm e nt. Our de wate ringte s tsin e x-

pe rim e ntalchanne ls  indicate thats ahnonide ggs 


can tole rate  1-5 we e k sde wate ringwith e s s e n-

tiallyno e ffe ctson hatchings ucce s s , or on de -

ve lopm e ntandgrowthrate sof ale vinsandju-

ve nile s ,provide ds e dim e ntm ois tureconte ntis 


atle as t4% bywe ightandthe s e dim e nts ne ithe r


fre e ze  nor re ach te m pe rature sthat e xce e din-

cubation tole rance s .In s om e whatcontras ting


s tudie s , Re is e r (1981) and Re is e r and White 


(1981b) foundas ignificant incre as e  in the m or-

talityof ne wlyfe rtilize de ggswhe ns tre am flows 


we res e ve re ly re duce dove re xpe rim e ntal re dds .


Howe ve r,thos ete s tswe re notde s igne dto e val-

uate  the  e ffe ctsof com ple tere dd de wate ring,


but rathe r the  e ffe cts  of s urface -flow re duction


on the  intragrave le nvironm e ntand the  e ggs 


harbore d within. The  re duction in flow as s oci-

ate dwith thos ete s tsre s ulte din the  e ggsbe ing


incubate din e s s e ntiallys tagnantwate r. Thus 
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T^BLE4.--De ve lopm e nt ofs te e lhe ad juve nile s andchinook  s alm onale vins  (yolk -s ac larvae )andjuve nile s  in re lation to


s e dim e nt, de wate ring, ands he lte r tre atm e nts  give ntothe ire ggs tage s .


Eggtre atm e nt:


s e dim e nt m ix;a


s he lte re d cham be rs 


or ,lot;


de wate re d(D) or


wate re d (W);


we e k sof de wate ring


or wate ring(2-5)


Ste e lhe adjuve nile s  (60 day s pos t- Chinook s alm onale vins 


hatch)b (1-2 day spos thatch)


Me an Me an


total total


Me an total we t Growth Me an total we t


le ngth we ight½ rate  le ngth we ighff


N (ram )ñ S.D. (g) (g/day) N (ram )ñ S.D. (m g)


Chinook s alm onjuve nile s 


(57 day spos thatch)


Me an


total


Me an total we t Growth


le ngth we ight½ rate 


N (ram ) ñ S.D. (g) (g/day)


10% fine 


Without s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


20% coars e 


Without s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


D-5


W-5


With s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


D-5


W-5


10% fine , 20% coars e 


Without s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


D-5


W-5


With s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


D-5


W-5


20% fine , 30% coars e 


Without s he lte r


D-2


W-2


D-3


W-3


D-4


W-4


65 53.8 -+ 5.8 1.72 0.018


65 52.6 ñ 6.2 1.82 0.021


45 55.2 -+ 6.2 1.81 0.019


56 55.5 -+ 6.5 1.95 0.023


d d 2.05 0.024


34 57.9 --+5.5 2.22 0.029


48 55.6 --+5.2 1.90 0.018 15 25.2 --+0.88 319


42 55.7 --+7.7 1.75 0.021 15 24.0--+ 0.77 323


35 57.0 --+7.0 2.07 0.026 15 24.8 --+0.90 322


38 52.0 --+7.5 1.56 0.019 15 23.9 --+0.77 327


42 58.2 --+6.7 2.13 0.023 15 25.0 --+0.91 322


49 58.6 --+5.2 2.20 0.027 15 24.6 --+0.97 297


15 24.7 --+ 1.15 328


15 23.6 --+1.53 287


15 24.1 --+0.73 320


15 23.5 --+0.79 299


15 25.9 + 0.59 319


15 23.2 --+0.68 295


15 26.2 --+0.99 331


15 22.8 --+1.07 322


15 24.6 --+0.94 293


15 22.8 --+ 1.08 300


74 52.5 --+5.9 1.59 0.017 15 25.4 ñ 0.89 310


74 52.1 --+4.8 1.51 0.016 15 24.4 ñ 0,97 311


79 49.5--+6.8 1.33 0.014 15 24.2--+ 1.11 310


66 54.1--+4.1 1.72 0.020 15 22.1--+ 1.12 307


79 54.1 --+4.4 1.64 0.017 15 24.0 --+1.04 327


76 51.7 --+6.0 1.49 0.015 15 23.3 --+ 1.24 305


15 24.1 --+0.81 303


15 22.3 --+1.36 301


15 25.0 --+0.57 300


15 23.9 + 1.42 302


15 24.3 --+0.68 303


14 24.0 --+0.79 306


15 24.5 --+0.96 295


4 22.0 --+0.41 325


15 24.0 --+0.58 290


55 55.7 --+4.2 1.87 0.019


44 52.3 ñ 6.0 1.42 0.014


39 53.6 -+-5.9 1.59 0.016


66 52.1 ñ 6.2 1.54 0.018


51 55.7 --+4.2 1.74 0.018


44 52.1 ñ 6.4 1.48 0.016


20 53.5 --+2.9 1.45 0.018


20 56.1 __+3.2 1.60 0.021


20 55.1 --+4.1 1.75 0.023


20 49.6 --+5.0 1.39 0.017


20 54.3 --+3.3 1.59 0.021


20 56.5 --+2.7 1.69 0.022


20 56.2 --+2.9 1.81 0.024


20 55.9 ñ 4.1 1.68 0.022


20 54.9 --+3.8 1.72 0.023


20 53.2 --+3.7 1.35 0.016


20 53.8 --+3.5 1.39 0.017


20 55.7 --+2.1 1.71 0.024


20 56.8 --+3.2 1.75 0.023


20 54.8 __+ 3.5 1.47 0.019


20 52.0 --+2.4 1.42 0.018


20 57.8 + 2.5 1.85 0.025


20 54.8 + 2.6 1.47 0.019


20 54.3 --+3.3 1.38 0.017


20 52.7 --+5.0 1.46 0.018


20 52.9 --+3.8 1.37 0.017


20 53.3 --+3.5 1.36 0.017


19 52.3 --+3.3 1.25 0.015


20 55.7 --+3.6 1.57 0.020


20 54.0 --+2.8 1.45 0.018


20 53.6 __+3.3 1.41 0.017


20 53.7 ñ 4.5 1.53 0.020


20 52.6 --+5.5 1.46 0.018


18 53.0 __+3.9 1.50 0.019


20 51.7 --+4.2 1.39 0.017


d d d d


20 54.6 _+ 3.1 1.48 0.019


d tl d d


a"Fineparticle s haddiam e te rs <0.84 m m ;"coars e " s e dim e nts we re0.84·t.6 m m in diam e te r.Pe rce ntage s  are volum e tric


contributions ; the uns tate ddiffe re nce com pris e d13-76-m mcobble .


bSte e lhe ads  from  the  10% fine  and 20% coars em ixture swe re re are din s pringwate r(cons tant te m pe rature ,11-12 C).


Thos ei¾omthe  10/20%and20/30%m ixture swe rere are din Hayde nCre e kwate r(variable  te m pe rature , 5-9 C).


½Me anwe ightwasre corde dduringlas tinve ntorype riodof re aringte s ts .


dMis s ingvalue .
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the  s upplyof oxyge nto, and trans portof m e - 

tabolite s  from , the de ve lopinge ggswouldhaxe  

be e ngre atlyre duce d. 

Othe r s tudie s  have  s hown the  re s ilie nce  of 

s alm onide ggsto pe riodsof de wate ring.Hobbs  

(1937) found s e ve ralre dds  of brown trout Sal- 

m o trutta that had be e n de wate re d for about 5 

we e k sbut s tillcontaine d83% viablee ggs .Sim - 

ilarfindingsof he althybrowntroute ggswithin 

de wate re d re dds  we re  re porte d by Hardy 

(1963). Hawk e  (1978) found viable  chinook  

s altnone ggswithin s trande dre dds  in a Ne w 

Ze aland rive r ove r which wate r had not flowe d 

for about3 we e k s . In laboratorys tudie s ,Be ck e r 

e t al. (1982)re porte dchinooks alm one ggs ur- 

vivalsof ove r80% afte r 12day sof incubation 

in de wate re dconditions .The  acce pte dhatch- 

e ry practiceof s hippinge y e ds ahnonide ggsin 

containe rs  with no wate r furthe r illus trate s  re - 

s is tance  to de wate ring. 

The  m os tobvious e ffe ctof long-te rmde wa- 

te ringon s te e lhe adands pringchinooks alm on 

e ggswasacce le rate de ·nbryoge ne s is . The  e co- 

logicals ignificance  of acce le rate de ggde ve lop- 

m e nt and e arlie r hatchingdate sis  not k nown 

at this ti·ne ,but wouldde pe ndon bothde ns ity - 

de pe nde nt(fore xam ple ,foods upply )andde n- 

s ity -inde pe nde nt(s uchas  wate r te m pe rature  

and s tre am flow) thctors , as  we ll as  be havioral 

m e chanis m s s uchas te rritoriality . 

Although s alm onide m bryosm ay withs tand 

e xte nde dpe riodsof de wate ring,ne wlyhatche d 

ale vins  are  le s s  tole rant. Re is e r and White  

(198 la) e s tim ate d that chinook  s alm on ale vins  

could withs tand le s s  than 10 hours  of de wate r- 

ing,e ve nwhe nk e pt·nois tin cottoncloth.Be ck - 

e r e t al. (1982) re porte d about50% ·nortality 

of ne wlyhatche dale vinsthat had be e ncontin- 

uous lyde wate re dfor 4 hours ,andalm os t100c/c 

m ortalityof pre -e m e rge nt ale vins de wate re d for 

1 hour. Appare ntly ,as note dby Be ck e re t al. 

(1982), the  tole ranceto de wate ringby ale vins  

de cre as e s withtheform ationof functionalgills . 

Silve re tal.(1963),Shum waye tal.(1964),and


Brannon (1965) s howe dthat ale vinsre s ulting


frowne ggsincubate dat low oxyge nconce ntra-

tionsare  ge ne rallys m alle rthanyolk -s ac larvae 


tk ome ggs  incubate dat highoxyge nconce ntra-

tions .Lowoxyge nconce ntrations  in e arlys tage s 


of de ve lopm e ntm ay de lay hatching and in- 

cre as e the  num be r of anom alie s(Alde rdice  e t 

al. 1958). The  lack  of tre atm e nt e ffe cts  on fis h 

s ize and fre que ncyof s tructuralanom alie sin 

ours tudyindicate s  thatde wate re de ggshadad- 

e quateoxyge ns upplyandm e tabolite dis pos al.


Oxyge n trans port to e m bryosin de wate re d


re ddsprobablyoccursviathe  influx of air into


grave linte rs titials pace s , the  dis s oMngof ox-

?ge ninto the  thin lay e rof wate rs urrounding


the  e gg,and the  s ubs e que nt diffus ionof oxy-

ge nthroughthe e ggcaps ule .


The  m ois ture  conte nt of the  s urrounding


s e dim e nt-s ubs trate  m ixture  is  crucial to s urviv-

alof de wate re de ggs ,be cans e  e ggs m us tbek e pt


m ois · to pre ve nt the ir de hydcation.Mois ture 


re te ntionde pe nds ,to a large de gre e ,on the 


am ountand te xture of s e dim e ntpre s e ntin the 


re dd; line r m ate rials  re tain m ore  m ois ture . In


our te s ts , the highe s tm ois ture  le ve ls  (9%)we re 


t0und in the  s e dim e ntm ixture containingthe 


highe s tpe rce ntage  of fine particle s . In ge ne ral,


m ois ture  le ve ls  of about 4% or m ore  m ain-

taine dviablee ggsand allowe dnorm al de ve l-

opm e ntandhatching.Mois turere te ntionalone 


cannote xplainthe re lative lycons tantm ois ture 


le ve lspre s e ntove r 5 we e k sof continuousde -

wate ring. If pre cipitationis  dis counte das  a


s ource of m ois ture  re place m e nt, two m e cha-

nis m sactingwithinthe grave lm ayhe lps ns tain


high·nois m re  le ve ls .The  firs t,capillaryaction,


e ntails  theupwardm ove m e ntofwate rfrom the 


wate rtable throughthe  s e dim e ntinte rs tice s 


(Buck m anand Brady 1972). This  proce s sis 


im pe de dby trappe dair and large  s oil pore s 


and, t0r this re as on,probablyonlyope rate sin


s ubs trate m ixture s containingabundant tine sor


at locations  whe re  the  wate r table  is  clos e  to the 


e ggs .The  s e cond ·ne chanis m , wate r-vapor trans -

fe r, re s uhs  froln a vapor-pre s s uregradie nt


be twe e ntwo adjoiningare as ;this  m e chanis m 


islik e lyre s pons ible  for ·nois ture  re ple nis hm e nt


in the  coars e  te xture d grave ls characte ris tic


of s alm onidre dds .Fhus , if groundwate rle ve ls 


re m ainclos e  toale wate re d e ggs , thee ggs s hould


re m ain m ois t.Howe ve r,the  s pe cificdis tance s 


fl' om e ggsto groundwate rwithinwhichthe s e 


m ois ture -re ple nis hing ·ne chanis m s ope rate are 


nnk nown. In our te s ts ,wate r le ve ls we re  ap-

proxim ate ly10cm be lowthe de wate re de ggs .
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