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ADF&G TECHNICAL DATA REPORTS 

This se r ies  o f  repo r t s  i s  designed t o  f a c i l i t a t e  prompt 
r e p o r t i n g  o f  data from s tud ies  conducted by the  Alaska 
Department of F ish  and Game, e s p e c i a l l y  s tud ies  which 
may be o f  d i r e c t  and immediate i n t e r e s t  t o  s c i e n t i s t s  
o f  o the r  agencies. 

The pr imary  purpose o f  these repo r t s  i s  p resenta t ion  o f  
data. Descri  p t i o n  of programs and data co l  1  e c t i  on methods 
i s  inc luded o n l y  t o  the  ex ten t  requ i red  f o r  i n t e r p r e t a t i o n  
o f  the  data. Analys is  i s  genera l l y  l i m i  t ed  t o  t h a t  neces- 
sary f o r  c l a r i f i c a t i o n  o f  data c o l l e c t i o n  methods and 
i n t e r p r e t a t i o n  of t h e  bas ic  data. No at tempt i s  made i n  
these r e p o r t s  t o  present ana lys i s  of t he  data r e l a t i v e  t o  
i t s  u l t i m a t e  o r  intended use. 

Data presented i n  these repo r t s  i s  intended t o  be f i n a l ,  
however, some r e v i s i o n s  may occas iona l ly  be necessary. 
Minor r e v i s i o n  w i l l  be made v i a  e r r a t a  sheets. Major 
r e v i s i o n s  w i l l  be made i n  the form o f  rev i sed  repor ts .  



TABLE OF CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF FIGURES 

. . . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF TABLES 

. . . . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  History 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  STUDY SITE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  METHODS 

Egg Sources and Treatment . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Egg Incubation 

. . . . . . . . . . . . . . . . .  F r /  Counting and Indexing 

. . . . . . . . . . . . . . . . . . . .  Fry Quali ty Samples 

. . . . . . . . . . . . . . . . . . . . . . .  Fry Relea se s 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RESULTS 

. . . . . . . . . . . . . . . . . . . .  Hatchery Operat ion 

. . . . . . . . . . . . . . . . . . . . . . . .  IVa ter  Quali ty 

. . . . . . . . . . . . . . . . . . . . . . .  F?: . Ernergence 

. . . . . . . . . . . . . . . .  Fry7 Cxall ty and Development 

. . . . . . . . . . . . . . . . . . . . . . . .  Fry Release  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  DISCUSSION 

. . . . . . . . . . . . . . . . . . . . . . . .  ACKNOWLEDGMENTS 

. . . . . . . . . . . . . . . . . . . . . . . . .  LITERATURE CITED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDIX 

Page 

i 

i i 

1 

1 

2 

4 

4 

4 

8 

13 

3 

3 

9 

19 

10 

20 

24 

24 

2 7  

28 

29 



LIST OF FIGURES 

Page 

Figure 1 .  Location o f  Big Kitoi Creek and the  Kitoi Hatchery 
. . . . . . . . . . . . . . . . . . . .  on  Afognak Is land 3 

Figure 2. Schematic of pink salmon incubation and rearing 
chronology using gravel  incubators  and tradit ional  
trough culture a t  the  Kitoi Hatchery ,  1972-1973 . . . .  5 

Figure 3. Schematic of sockeye salmon incubation and rearing 
chronology using gravel  incubators  and tradit ional  

. . . .  trough culture a t  the  Kitoi Hatchery ,  1972-1973 6 

Figure 4 .  Kitoi Hatchery gravel  incubation sys tem af ter  expansion 
. . . . . . . . . . . . . . . . . .  t o  e igh t  units  in 1973 7 

Figure 5 .  Water  temperature in Kitoi Hatchery incubators  and 
troughs and Big Kitoi Creek during the  period of 

. . . . . . . . .  incubation and emergence . 1 9  7 2 -1 9 7 3 1 3  

Figure 6 .  Daily fry c a t c h  frorn creek index n e t s  a ~ . d  emergence 
from hatchery incubators  i n  percent  o f  ~ : c a l  fry , 1973 . . 1 6  

Figure 7 .  Cumulative percent  of pink f r y  emergencz i n  Big Kitoi 
Creek and the  hatchery incubators  . . . . . . . . . . .  17 

Figure 8 .  Daily sockeye  fry emergence (5ars)  from incubator  1 i n  
percent  of to ta l  fry . . . . . . . . . . . . . . . . . . .  18 

Fiqure 9 .  Comparison of T.ean s i z e  azd developr.enr: {Kg) of pink 
fry f r cm i n c u 2 a ~ o r s ,  t roughs ,  3nd Big k t 0 1  Creek ln 

. . . . . . . . . . . . . . . . . . . . . . . . . .  'April 2 3  

Figure 1 0 .  Comparison of mean s i z e  and development (KD) of 
. . . . . . . . . .  sockeye fry from incubator  and trough 2 5  



LIST OF TABLES 

Page 

Table 1 . Range of  water chemistry a t  the Kitoi Hatchery during 
. . . . . . . . . . . . .  incubation s tud ies ,  1972-1973 11 

Table 2 .  Number of premature yolk s a c  fry emergents from the 
Kitoi incubators,  1972-1973 . . . . . . . . . . . . . .  14 

Table 3. Egg loading densi t ies  and total fry emergents from 
. . . . . . . . .  Kitoi Hatchery incubators,  1972-1973 19 

Table 4.  Grand mean lengths,  weights,  and developmental indices  
(KD) of creek,  incubator, and trough reared sockeye and 
pink fry, 'Kitoi Hatchery, 1973 . . . . . . . . . . . . .  2 1  

Table 5 .  Mean lengths , weights,  and developmental indices (KD) 
of incubator and trough reared sockeye fry, Kitoi 
Hatchery, 1973 . . . . . . . . . . . . . . . . . . . .  2 2  

APPENDIX 

Table 1 .  Mean lengths ,  weights,  and developmercal indices  (KD) 
of creek,  incubator, and trough reared pink salmon fry, 

. . . . . . . . . . . . . . . . . .  Kitoi Hatchery, 1973 30 



PRELIMINARY EVALUATION OF PINK (Oncorhvnchus gorbuscha) AND 
SOCKEYE (Q. - nerka) SALMON INCUBATION AND REARING IN 

GRAVEL INCUBATORS AND TROUGHS 

Roger F . Blackett , Fishery Biologist 
Alaska Department of Fish and Game 
Divis ion  of Fisher ies  Rehabil i tat ion,  

Enhancement and Development 
Kodiak, Alaska 

INTRODUCTION 

A pi lo t  project  w a s  begun i n  1972 a t  the  Kitoi Bay Hatchery on Afognak 
Is land t o  eva lua te  a gravel  (crushed-rock) incubation sys tem for production of 
salmon fry. This  report p resen t s  the  r e su l t s  of the  f i r s t  y e a r ' s  operat ion a n d  a 
preliminary evaluat ion  of incubator  fry survival  and quali ty compared t o  t radi-  
t ional  trough incubation of e g g s  and rearing of fry. 

Hi story 

The concept  of s imulat ing a natural  streambed environment in  ar t i f ic ia l  
propagation w a s  cons idered  by f ishery workers i n  the  early 1 9 0 0 ' s  (Babcock, 
19 11 ; Robertson, 19 19) . In Alaska , one  of the f irs t  experimental  prototype 
gravel  incubation sys tems  with upwelling flow cva s cons t ructed  in the  ou t l e t  
compound of Little Kitoi Lake and i n  the  Kitoi Hatchery i n  19 59 (Sheridan, 1960) . 
These  early experiments met varying d e g r e e s  of s u c c e s s  and not a l l  t he  require- 
ments f ~ r  incubation and survival  of e g g s  and fry were known. 

Salmonid s tud ies  of the  behavioral  and physiological a s p e c t s  of the  
ear ly  development of a l e v i n s  (Marr ,  19 6 3 ,  1965; Bams , 1969) led t o  the  develop-  
ment of a more refined gravel  incubator  (commonly referred t o  a s  the  "Bams Box") .  
Pilot s t u d i e s  of t h i s  sys tem were conducted by R . A .  Barns of the  Fisher ies  
Research Board of Canada a t  Hooknose C r e e k ,  King I s l a n d ,  B.C.  (1967-1968) 
and l a t e r  a t  Headc;uartsrs C r e e k ,  \/ancouver I s l a n d ,  3 . C .  Research by Bams 
(19 7 0 ,  1 9 7 2 )  indica ted  tha t  pink salmon fry incubated in  a gravel  and rcck 
environment were superior  to fry hatched in a conventional  tray incubator  and  
were equivalent In s i z e  and quali ty io wild f ry .  Ecg to  fry survival  i n  t h e  
gravel  incubator  w a s  routinely four to  ten  t imes  greater  than natural  production 



and marine survival of these  fry was  not less than 90% of  wild creek fry 
survival to adul ts  . 

On the  bas i s  of these  promising resul ts ,  the Division of Fisheries 
Rehabilitation, Enhancement and Development of the  Alaska Department of 
Fish and Game initiated i n  1971, two pilot projects t o  evaluate the feasi-  
bility of gravel incubation systems for salmon enhancement in  Alaska. The 
Kitoi project ,  funded by the State ,  was  operational in  1972, while a cooper- 
a t ive  project with the National Marine Fisheries Service a t  Auke Creek in  
Southeastern Alaska began in 1971 (Bailey 1972, 1973) . In effect ,  the three 
pilot systems (Headquarters Creek, Vancouver Island; Auke Creek, South- 
eastern Alaska; and Big Kitoi Creek, Westward Alaska) provided a t e s t  of 
gravel incubator technology for nearly the full range of natural pink salmon 
production along the Pacific Northwest coas t .  

Research a t  Auke Creek and Headquarters Creek compared vertical 
traylincubators to gravel incubation of pink salmon while the Kitoi study 
compared trough culture and rearing of pink and sockeye salmon fry prior to  
re lease  with gravel incubation methods. Wild creek fry provided a control 
check on survival and quality a t  a l l  three s i t e s .  The Kitoi study, therefore, 
contributed additional knowledge on the feasibility of gravel incubation sys-  
tems for salmon enhancement. 

STUDY SITE 

Big Kitoi Creek, adjacent to the Kitoi Hatchery, a t  Kitoi Bay on Afognak 
Island (Figure 1) has  a native stock of pink salmon that  spawn in the intertidal 
area and 120 m upstream. A falls  prevents fish passage further upstream. A 
spawning area of approximately 2,500 rn2 has  produced adult  returns estimated 
a t  35,000 f ish,  however, annual returns usually range from 4,000 to 8 ,000 
pink salmon. 

Big Kitoi Lake, a t  a n  elevation of 3 0 .5  m above sea level ,  i s  the source 
of water for both the  hatchery and the creek.  A s teel  pipe 3 5 . 6  cm in  diameter 
and approximately 0 .5  k m  in length transports water 3y gravity flow from a dam 
a t  the lake outlet t o  the hatchery. 

Kitoi Bay i s  closed to commercial salmon fishing and minor fishing 
effort for salmon in  outer Izhut Bay i s  not considered to significantly affect  
the Big Kitoi Creek pink salmon run. Kitoi Bay has a t  times been opened for 
closely restricted fishing to harx~est salmon surplus to escapement requirements. 



1 I 
Figure 1 .  Location of Big Kitoi Creek and the Kitoi Xatchery on Afognak I s l and .  



METHODS 

Egg Sources and Treatment 

Four lots  o f  pink salmon eggs were fertilized from the Big Kitoi Creek 
brood stock between August 29 and September 10; the peak period of natural 
spawning. Care was  taken to be non-selective of f ish s i ze  and to sacrifice 
l e s s  than half of the creek escapement for spawn. Eggs of each  female were 
taken by incision and fertilized in  a spawning bucket with the sperm of two to  
three males.  After every fifth female,  the eggs were washed and water hardened. 
Fertilized eggs were then incubated to the eyed s tage in wire mesh egg baskets 
suspended within a trough. 

A single lot  of sockeye eggs was taken September 9 a t  Red Lake on 
Kodiak Island about 100  miles southwest of Kitoi. Spawning technique was  
the same a s  for the pink salmon except that  eggs were flown to  the hatchery 
within a few hours after fertilization. 

Routine procedures of malachite green treatments,  shocking, and pick- 
ing dead eggs were followed in the hatchery before planting of eggs in  the 
incubators or traying them in the troughs. 

Egq Incubation 

Eyed pink and sockeye eggs were either planied in gravel incubators 
or trayed in  the troughs between October 27 and 31 5 s shown schematically i n  
Figures 2 and 3. Eggs were mixed to a s  sure a random distribution of each  lot  
in either the incubators or corresponding troughs. 

The number of eggs to b e  planted into each incubator was determined 
from the average of ten individual counts of eggs of each  spec ies  required to 
displace 2 0 0  m i  of water. This average egg count was  then projected to number 
I€ eggs per liter to obtain the total  eggs required. Eggs were evenly divided in 
eight vertical  layers  of crushed rock during incubator loading. 

Each of the four incubator units were 1 . 2  x 1 .3 x 1 . 2  m deep fiberglass 
boxes with a system of perforated polyvinyl chloride (PVC) piping that  provided 
a n  upwelling flow of water through eight 7.7 cm layers of 1 .9 to 3 . 2  cm diameter 
crushed rock and sgqs  . The bottom and distri5u:ion ?iping of each Sox was 
covered with crushed rock followed by 2 . 6  crn of pea gravel and 5 . 1  em of 
birdseye gravel to a c t  a s  a pressure layer ar.d ilsh barrier. Water and ernerqent 
i~] passed out oi the tcp ci the Lox through 3 5 . 1  crn dlameter outlet drain into 
flbergla s s  troughs (Figure 4) . 
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Fry Released 
Big Kitoi Lake 
6/8/73 

Figure 3 .  Schematic o f  sockeye salmon incubation and rearing chronology us ing gravel  incubators  and 
tradit ional  trough culture a t  the  Kitoi Hatchery,  1972-1  973 .  
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Figure 4 .  Kitoi Hatcher; gr.'y7el incubation sys tem a f t e r  ~ x p a n s i o n  to e igh t  
?lr,its i n  1 9  73 .  Emergent fry a r e  count2d i n  ribergla s s  troughs.  Incubators  
1 and 2 are ready for loading with e g g s  and crushed rcck (foreground). 



Eggs incubated in  wooden hatchery troughs were  distr ibuted on f ine  
wire mesh t r ays  s t acked  ver t ica l ly .  Meta l  d iv ider  p l a t e s  were p laced i n  the  
troughs to create an  upwell ing water  f low through the  egg  s t a c k s .  After 
ha tching,  the  fry were held i n  the  t r ays  unti l  t he  yolk s a c  w a s  absorbed 
before r e l e a s e  into the  troughs for rearing.  

Water  for  the  incubators  f i rs t  entered a headbox where it w a s  filtered 
by two fine mesh sc reens  tha t  were c leaned da i ly .  A s ingle  i n c u j a t o r  with 
d is t r ibut ion  piping i n s t a l l e d ,  but no gravel  or rock ,  w a s  connected d i rec t ly  
t o  the  main hatchery pipe without water  fil tration a s  a check  on the  need and 
e f f i c i ency  of the  filtration sys tem.  Unfiltered water  for the  troughs came dir-  
e c t l y  from the  main p ipe .  

A wa te r  flow of 53 t o  68  l i t e r s  per  minute w a s  maintained for t h e  incu- 
bators  throughout the  period of operat ion.  Sixty-eight l i t e r s  per minute w a s  
the  maximum t h a t  could be obtained for  the  incubators  with the  headbox-filter 
arrangement.  The s ing le  incubator connected direct ly t o  the  hatchery header 
p ipe  w a s  ad jus ted  t o  6 4  l i te rs  per m n u t e  and readjusted periodical ly the rea f t e r  
when f lows became minimal. Trough flows were approximately 38-53 l i t e r s  per  
minute during incubat ion  and 19-30  l i t e r s  ?er  minute during rearing.  

Water  temperature cf t roughs ,  incubators  and Big Kitoi Creek were  
recorded da i ly  while water  f lcws in incubators  and troughs were checked twice  
a week and water  chemistr]  once  a week a s  routine -3tchery procedures .  

Fv Countin.; and Indexing 

All fry emerging from the  incubatcrs  were col lec ted  in  t roughs and hand 
counted da i ly  before r e l e a s e .  Premature fry emergents  (yolk s a c  fry tha t  pre- 
maturely emerged throughout the  winter) were counted separa te ly  and p laced i n  
f1oa:ing t rays  within the  troughs to  continue development .  Pink fry from 3ig 
iiitoi Creek were col lec ted  i n  two index c e t s  a t tached to  co l l ec t ing  5o:tes with 
3afile ;31a:ss to prevent fry mortality d u e  t o  water  velocltl . .  Fry were cour,ted 
da i ly  and e l ther  r e l eased  Sac:< in to  the  creek or  sampled ior quali ty a n a l y s i s .  

Fry Quali ty Samples 

S a z p l e s  cf 50 fry ;vere taken from the  troilchs , i nc t i5a ta r s ,  and Big Kitoi 
Creek index n e t s  errery 3 . 5  d a y s  ar:d preserved in  5% fcrmalin in , 'whir l-pack" 
p las t i c  j a g s .  After 6 wezks  a l l  the  s a z p l e s  taken on  a s ingle  day  were exam- 
i n e d .  Fork lengths  ( 0 . 1  rr.77. aczur.c*;) ar,d wet  weigkts  (5.1 mq accuracy)  
;vere recorded for individual  ir;-. A d e v e l c p ~ e n t  ind2x: 



KD = 1 0 3 d  weight  (ma) a s  used by Bams (1970, 1972) 
length (mm) 

w a s  computed for individual  fry a s  part o f  a computer program that  a l s o  pro- 
vided mean length  and weight ,  development index ,  va r i ance ,  standard devia  - 
t ion and error ,  and 95% confidence in te rva l s  for e a c h  sample .  Development 
s t a g e  (based upon degree  of yolk s a c  absorpt ion  and ventral  slit c losure)  o r  
period of rearing for the  trough fry w a s  recorded for e a c h  sample of fry. 

Fry Re leases  

Pink fry were r e l eased  in to  Big Kitoi Creek a t  night and a t  low t ide  
above the  in ter t ida l  a r e a ,  but downstream from the index  n e t s ,  on the  same  
d a y  tha t  they emerged from the  incubators .  Trough reared pink fry were 
r e l eased  April 1 4  a n d  2 6 in the  same locat ion a s  the  incubator  fry. Sockeye 
fry were  e i the r  r e l eased  in to  Big Kitoi Lake or held for freshwater  rearing 
(Figure 3 ) .  

RESULTS 

Hatchery Operation 

The four gravel  incubators  containing e g g s  f .:r,ctioned throughout the  
winter  without  mechanica l  problems.  Regulation o f  -,vater flow and c leaning 
of t h e  headbox f i l ter  and eff luent  troughs w a s  the  or.!:i e s s e n t i a l  maintenance.  
The headbox f i l ter  often needed c leaning severa l  t i r e s  a d a y  d u e  to  cons ider-  
a b l e  d e b r i s  in the  water  supply.  

The empty incubator  connected d i rec t ly  to  the  hatchery water  supply 
pipe without filter had a gradual  reduction in  flow from 64 l i t e r s  on December 
1 to 3 4  l i t e r s  by January 3 0 .  The flow could readily be inc reased  to  a des i rab le  
ra te  b y  :ia!ve adjus tment .  The amount of s e d i ~ e n t a t i c n  c2ser-,,red i n  the incu-  
3 a t a r ,  however,  could have Seen de,!eterious to eqg  ar?d fry survival .  Filtration 
is  , therefore,  n e c e  s sa r ]  for the  Kitoi incubators  . 

Trough incubation and rearing required more handling of  e g g s  and fry 
and more maintenance than the  gravel  incubation svs tem.  Eved e g g s  were  
p laced in ver t ica l  s t a c k s  of t r ays  from the head o f  the  trouqh to  the  ou t l e t .  
Any accumulat ion of debr i s  tha t  impeded flow a t  tile head s t ack  had a r e su l t an t  
e f fec t  on water  c i rcula t ion  and oxygen availability of the  remaining s t a c k s  i n  
t he  trough. A t  Kitoi the re  has been a pronlem in recsnt  yea r s  with accumulated 
rus t  from the  header pipe and debr i s  in t;?e water  s:.-stem plugqing the  fine mesh 
wire screening of the  egg s t a c k s .  Additior.ally, i rcn ea t ing  bacteria  i n  the 



wate r  a c c e l e r a t e s  rus t ing  and formation of rus t  g lobules  on the  t r ays .  

In January of 1 9 7 3  a subs tan t i a l  l o s s  of fry occurred i n  the  troughs 
due t o  the  t r ays  plugging and insuf f i c i en t  wa te r  c i rcula t ion .  The t r a y s ,  
containing yolk sac a l e v i n s  , had t o  be  separa ted  from the  s t a c k s ,  c leaned 
and replaced i n  the  t roughs .  

Fry incubated in  the  trough t r ays  absorbed their  yolk supply more 
rapidly than the  incubator  and creek fry and completed c losure  of t h e  ventral 
s l i t  approximately a month in advance  of the  normal period of emergence .  
Rearing of pink fry in  the  troughs began in  March and rearing of sockeye fry 
began the  end of April. The fry were fed Oregon s tar ter  mash dai ly  and both 
s p e c i e s  accep ted  food readily from the  water  surface  . 

Water  Quali ty 

Water  chemistry samples  t aken  during the  incubation and rearing per- 
iod indica ted  accep tab le  ranges of d i s so lved  oxygen,  free carbon d iox ide ,  
ammonia,  and pH (Table 11. The minimum d i s so lved  oxygen l eve l  recorded 
a t  Kitoi ;va s 1 0 . 0  ppm in April. Availability of oxygen in relat ion t o  oxygen 
demand or the  la rvae  i s  c r i t ica l  for s u c c e s s f u l  incubat ion ,  ha tching,  and 
emergence .  The potent ia l  number of e g g s  per l i t e r  ?er  minute of flow :hat 
c a n  be supported by the  Kitoi i n c u j a t i o n  sys tem cvii: -3:tceed tha t  of m a w  other  
s i t e s  with lower ;:xygen a,.iailabilit~! u n l e s s  aciditioi-.:1 aera t ion  i s  provided.  

The Kitoi 3 a t c h e r y  !ac!<s fac i l i t i e s  for contr: !ling wa te r  temperature.  
Hatchery water  temperatures c lose ly  coincided with :sz-.perature of Big Kitoi 
Creek (Figure 5 )  . The s t e e l  pipel ine from Big Kitoi Lake t o  the  hatchery may 
h a ~ ~ e  a cooling ef fec t  on the  water  in  the fal l  before n e w  cover  and a t v a r ~ i n g  
ef fec t  in  the  s ~ r i n g ,  account ing  for minor d i f fe rences  s i ~ o v ~ n  in Figure 5 .  Winter 
w s t e r  :arperi?-:yes a r e  normally !ess than 3 .  q0 C arid reached a low cf 1 . lo C 
ir, ranuarT;. En.;srgence o f  ir:; i n  April coincided :vitn inc reas ing  water  tempsra-  

The Kitol water  supplv , drawn from the  l ace  ~ u t l e t  , c o l l e c t s  d e b r i s  
r a n ~ i n g  f r ~ m  spr-ze need les  i3p.d moss  to  s n a l l s ,  fres-.~vater shrimp, and 
x c a s i o n a l  f i s h  and mam-.31 remalns.  Constant  fil trztion and da i ly  c leaning 
c:f f i l te rs  a r e  n e c e s s a r y .  

P r e ~ s t u r e  ernerc;Sncs '2f !,.olic s a c  iv ircm the i n c u ~ ? a t o r s  occurred spcr-  
adic31ly 3urir.g the winter  i T ~ : l l e  2 ) .  The reason  for ?remature emergence a t  
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Table 2 .  Number of premature yolk s a c  fry emergents  from the  Kitoi incuba to r s ,  
1972-1973 .  

S o c k e y e  Pink 

M o n t h  I n c u b a t o r  1 I n c u b a t o r  2  I n c u b a t o r  3 I n c u b a t o r  4 

N o v e m b e r  0 2 0 3 

D e c e m b e r  

J a n u a r y  

F e b r u a r y  

11 Y a r c h -  

T o t a l  5 5 2 , 2 6 2  6 , 4 0 2  5 , 4 3 9  

- 

A s  of March 25 for t he  p i c k  salm,-2 and April i 3 i:r t he  scckeye.  



Kitoi is not c l ea r .  I t  h a s  been demonstrated tha t  premature hatching o c c u r s  
when d i s so lved  oxygen a t t a i n s  a c r i t i ca l  l e v e l ,  i .  e . , avai labi l i ty  approaches  
demand (Barns, 1969) .  However,  oxygen l e v e l s  were not cr i t ica l  a t  Kitoi and 
the  incubators  wi th  the  h ighes t  egg  d e n s i t i e s  had fewer  premature emergen t s ,  
a t  equivalent  f l o w s ,  than the  low dens i ty  incubators .  Each of the  three incu- 
bators  of pink salmon had severa l  d i s t i n c t  periods of premature emigration 
without apparent  relat ionship t o  development o r  phys ica l  fac tors  within the  
incubator  environment. The number of premature sockeye yolk s a c  fry emer- 
g e n t s  w a s  far less than for the  pink fry. Premature emergence of yolk s a c  fry 
h a s  a l s o  been observed a t  the  Auke Creek Hatchery (Bailey,  1972,  1 9 7 3 ) ,  but 
t o  a l e s s e r  ex ten t .  

Emergence of developed (ventral  slit fully c losed)  pink fry began the 
end of March ,  rapidly increa sed  i n  April, peaked i n  mid-April , and dec l ined  
i n  l a t e  April. The timing of emergence from the  incubators  coincided c lose ly  
t o  emergence  of wild fry i n  Big Kitoi Creek (Figures 6 and 7 ) .  Index n e t  c a t c h e s  
of creek fry indica ted  a more prolonged and a lmos t  bimodal period of emigrat ion.  

Emergence of sockeye fry from the  s ingle  incubator  began the end of 
April ,  peaked on  May 9 and 1 0 ,  and w a s  completed by early June (Figure 8 ) .  
The timing of emergence o f  natural  Kitoi Lake sockeye w a s  unknown. 

Total fry emergence from the  incubators  cont3ining pink salmon exceeded 
the  ca lcu la ted  egg  loading d e n s i t i e s  by 2 .8  t o  11 .C (Table 3 ) .  Sockeye fry 
emergence w a s  9 7 . 5 %  af the  ca lcc la ted  egg d e n s i t > - .  Tne water  d i sp lacement  
inethod of determining number of e g g s  is  considered 3ccura te  within +5% a t  the  
99% leve l  of ccnf idence  (Burrows, 1951) .  Accuracy ;f  the  Kitoi egg coun t s  
(based upon standard error of the  mean) w a s  ca lcula ted  t o  be  + 1 . 1 8 X  for t h e  
pink salmon e g g s  and -+ - 13.7 3% for the  sockeye e g g s .  An error in  determining 
egg  loading dens i ty  w a s  therefore most liltely in  e i ther  rneasilring water  d i s -  
p lacement  sample s of e g g s  during incubator  l o a d i ~ g  or u ~ k n o w i n g l y  se lec t ing  
e g g s  of a s l i ~ h t l y  different  s i z e  than the random egg  s i z e  in  the  preliminary 
samples  tha t  were counted .  Apparent error in calculating number of e g g s  loaded 
preclildes the  determinations of accura te  egg to  E F ~  s u r - ~ i v a l  r a t e s  for the  incuba-  
tors  other  than s t a t ing  tha t  survival  appeared 'nighly iavorable .  The 9 7 . 5 %  fry 
survival  ca lcula ted  for the  sockeye may be accura te  s i n c e  on1:- one  lo t  of e g g s  
w a s  involved i n  incubator  loading.  

A pre-emergent pink f ry  dens i ty  o: ! 1 .4 per  0 . 1  m2 wa s inferred for 
3i,- Kitoi Creek fro? f i f t e ln  s a n p l e s  taken April 1 0 ,  1 9 7 3 .  Projecting th i s  
dens i ty  to the  a~:aila2le creek sgawning area  provides a point e s t ima te  of 
285,00G (2  57 ,000)  fry that  en ig ra ted  from the  creek.  The to ta l  index  ne t  
a t c h  of 9 ,559  wild pic:< fr,- from Big Kitoi Creek i s  3.357- of the  p o i ~ t  e s t i -  
mate for to ta l  fry emigrat ion.  





25 29  2 6 10 14 18 22 26 30  4 8 12 

MARCH A P R I L  M A Y  

7 .  t l gu re  7 .  Cumulative percent  of plnlc Eri emergence In 3ig Kltoi Creek and 
t h e  'natcnery i n c w a t o r s .  The erlqin oi trend l lnes  lni l lcates tfie small  
percentage ci y o l s  s ac  fr; tn2t e.-.erc;ed prernaturel:, ::om tr,e 1ncux:ors  
prlor to March 2 5 .  





Table 3 .  Egg loading densi t ies  and total  fry emergence from Kitoi Hatchery 
incubators,  1972-1973 .  

I n c u b a t o r  N o .  

C a l c u l a t e d  
l o a d i n g  d e n s i t y  

No. o f  f r y  
e m e r g e n t s  

S o c k e y e  Pinks 

Emergence  t o  
l o a d i n g  d e n s i t y  9 7 . 5 2  
r a t i o  ( % )  



Fry Quality and Deve lo~men t  

A to ta l  of 3 ,493 pink and sockeye salmon fry was sampled from Big 
Kitoi Creek ( 3 7 3  pink only),  the four incubators (1,881) and the troughs (1,239) 
during the period of emergence and rearing to evaluate fry quality and develop- 
ment (Appendix Table 1 ,  Table 4 ,  and Table 5) .  Fry quality i s  based upon the 
premise that fry of a larger s ize  are  stronger and more vigorous than smaller 
fry and ultimately have a greater likelihood of survival to  mature fish.  A 
comparison of fry s ize  and quality between hatchery and creek i s  restricted 
to the same parent s tock,  s ince fry s ize  a t  emergence i s ,  in  part ,  controlled 
genetically a s  well a s  physiologically and environmentally. 

The stage of fry development i s  expressed a s  an  index (KD) of the ratio 
of weight to length. During early fry development and yolk s a c  absorption, a 
continuous decline in the ratio of weight to length occurs.  Therefore, a fry 
with a KD value of 2.000 i s  l e s s  developed than one with a value of 1.900. 
Once the fry begin feeding, the weight-length ratio becomes an  index of con- 
dit ion that  increases  a s  the fish become more robust. It i s  important to  clarify 
application of the KD index since in this  study i t  expresses  both development 
s tage of fry emergents and condition of trough reared fry. 

Wild pink salmon fry from Big Kitoi Creek averaged 33.29 mm and 251 .6  
mg (Table 4)  and \vere larger than either incubator or trough reared fry. Develop- 
ment of the wild fry ranged from a n  index value of 1 ,380 to 1 .909 (? of 1.833) . 
Pink salmon fry from the three incubators were near!:. equivalent in  s ize  to  the 
wild fry. Fry incubated and reared in  the troughs wsre considerably smaller 
than either incubator or wild fry (Appendix Table 1 , T2ble 4, and Figure 9) and 
showed greater variation in s ize  and quality between lots and troughs. 

Rearing of pink salmon fry in the troughs for zpproximately one month 
before natural emergence was not beneiicial in increasing fry size;  and quality 
was inferior to incubator and wild fry. Even though trouqh fry readily accepted 
food, the conversion of food into flesh was poor a t  the cold &:arc:? and April 
water temperatures. Energy expenditure for swimming activity in the troughs 
apparently nullified any benefit gained by feeding and rearing. 

Extensive sampling throughout the period of pink fry emergence a l so  
indicated (Appendix Table 1) a tendency for incubator and wild creek fry to be 
of a smaller s ize  (lower quality) a t  the oeginning and end of the emergent per- 
iod.  The highest quality f ry  nmerged a t  the peak of emergence. Snal ler  l e s s  
-1igorous fry possibly took l o ~ g e r  to complete emergence than the larger more 
act ive f r y .  

Fry quality in the hlgh  density incubator (1 51?, lZ!:lJ egqs) was equivalent 
to quality of fry in the lower density incubatcrs (Tahle 4 ) .  It i s  assumed that  
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'Table 5 .  Mean  l e n y l h s ,  w e i g h t s ,  and developmental i n d i c e s  (KD) of incubator  a n d  trough reared  s o c k e y e  
f ry ,  Kitoi licltchery, 1 9 7 3 .  

- .-I1 

L e n g t h  ( ~ n r n )  k l e i q h t  ( m g )  K I n d e x  
D 

S o u r c e  S a m p l e  S t a n d a r d  S t a n d a r d  S t a n d a r d  D e v e l o p m e n t  a n d  
b; d a t , ?  s i z e  M e a n  - -- d e v i a t i o n  Mean d e v i a t i o n  M e a n  d e v i a t i o n  r e a r i n g  s t a g e  

T r l cu I .~ ; i  t o r  1 

5/  1 50 v e n t r a l  
v e n t r a l  
v e n t r a l  
v e n t r a l  
v e n t r a l  
v e n t r a l  
v e n t r a l  
v e n t r a l  

v e n t r a l  
e n  f e e d  
o n  f e e d  
o n  f e e d  
n n  f e e d  
o n  f e e d  
o n  f e e 2  
o n  f e e d  

s l i t  c l o s e d  
s l i t  c l o s e d  
s l i t  c l o s e d  
s l i t  c l o s e d  
s l i t  c l o s e d  
s l i t  c l o s e d  
s l i t  c l o s e d  
sl i t  C l o s e d  

s l i t  c l o s e d  
2 d a y s  
9 d a y s  
1 5  d a y s  
1 7  d a y s  
2 0  d a y s  
2 3  d a y s  
3 0  d a y s  



I T r o u g h  3 

200 
30.0 30.5 31.0 31.5 32.0 32.5 33.0 33.5 34.0 

LENGTH (mm) 

l ' igure 9 .  C;o~-ripdrison of mean s i z e  dnd development  (KD) o t  pink fry from i n c u b a t o r s ,  t roughs ,  and  Big Kitoi Creek  i n  
April. Medn s i z e  is  shown by t h e  c e n t e r  do t ;  horizontdl  a n d  ve r t i ca l  l i n e s  o n  e i t h e r  s i d e  of t h e  d o t  i n d i c a t e s  two 
s t , l~ ld~l rd  (:I roc s (+)  o n  e i t h e r  side of t he  tne~in  for l eng th  dnd we igh t  r e spec t ive ly .  Refer t o  'I'd ble  4 a n d  Appendix 
I < l l , l L l  I 1 ' 1 1  ~ , < l l l l t ) l ~ :  c1,1 L d  Lu~~l t l~< l ry .  

1 1 1 1  1 1 1 1  1 1 1 1  1 1  1 1  1 1  1 1  1 1 1 1  I I I I J I I ~ (  1 1  - In!ubalor 3-I +Incubator 2 - 
- icD= 1.926 = 1.921 

- 
- - 
- - ' tubater4$iD kD=1.912 .I .I 

- *-Big K i Io i  Creak - 
- i(,,=i.a93 - 
- *Trough 5 - 
- gD=1.946 - 
- .I 

- 3 

- - 
- - - - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
.-c 

- 
- 
- 

I l l 1  I l l 1  

- 
-Trough 2 - 

kDz1.887 - - 
1 1 1 1  1 1  1 1  I l l 1  1 1 1 1  I l l 1  I l l  l 



when optimum egg loading density is exceeded both survival and quality of 
fry will be decreased. Since th i s  was  not apparent,  i t  i s  concluded that  the 
optimum density is greater than 150,000 pink salmon eggs per gravel incubator 
a t  Kitoi. 

Trough incubation and rearing of sockeye fry produced larger fry of 
higher quality than sockeye fry from the gravel incubator. Trough fry during 
the first nine days  of rearing were smaller (0.57 mm and 13.5 mg difference) 
than f r y  emerging from the incubator, however, after  approximately 15 to 20 
days  of feeding the trough fry exceeded the  average s i ze  of incubator fry 
(Table 5 and Figure 10 ) .  A trend line (Figure 10) approximating growth rate of 
sockeye during May indicates  a relatively rapid increase  in s ize  of fry reared 
compared to  fry s ize  a t  emergence from the incubator. The warmer May water 
temperature i n  the hatchery resulted in  a higher and more favorable food con- 
version for the sockeye than for the pink salmon. 

Development of sockeye fry incubated in  the troughs just prior to feed- 
ing was  nearly equivalent to the mean index for sockeye fry from the incubator. 
Shortly after  feeding the index generally increased a s  the fry grew during rearing 
(Figure 10) . 

Fry Release 

A total  of 369,219 pink salmon fry from the l,?rubators and 123,911 pink 
fry incubated in the troughs were released in  Big K i t ~ i  Creek between April 14 
and May 31 . Adult returns from the estimated 285, ' 30  wild fry and the hatchery 
fry are  anticipated in  1974. Hopefully, th is  return will produce sufficient 
spawning stock for a mark and recovery evaluation to  a s s e s s  marine survival 
of incubator, trough, and wild fry. 

Sockeye fry were held a t  Kitoi for continuation of freshwater rearing 
s tudies  and a l so  liberated (112,705 fry) into Big Kitoi Lake. 

DISCUSSION 

The first  year ' s  operation of a pilot gravel incubation project a t  the Kitoi 
Xatchery success full^^ demonstrated the potential of this concept for mass  pro- 
duction of pink and sockeye s a l m ~ n  fry nearly equivalent in s ize  and quality to 
wild fry. Major advantaqes of incubating salmon eqgs and fry in a gravel- 
crushed-rock system ccmpared to conventional hatcher] methods are:  ( I )  
increased fry s ize  and quali ty,  (2 )  'nigh egg to fry s u r ~ i v a l ,  (3 )  development 
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and emergence  timing similar to  wild s t o c k s ,  and (4) relat ively l i t t l e  mainten- 
a n c e  between egg loading and f r ~  emergence.  High fry survival  and qual i ty ,  
and emergence timing equivalent  to  wild fry h a s  resul ted  i n  every test of  t h e  
b a s i c  gravel  incubator sys tem (Bams 1970 ,  1972; Bailey 1972,  1973) and w a s  
a l s o  confirmed by t h e  Kitoi project in  1972-73. 

Pink salmon incubated i n  the troughs a t  the  Kitoi Hatchery a b s o r ~ e d  
thei r  yolk s a c s  more rapidly than gravel  incubator fry and were sufficiently 
developed t o  begin rearing and feeding by mid-March. Even af ter  a month of 
rearing i n  the  t roughs ,  i,owever, t h e s e  fry were of a smaller  s i z e  than pink fry 
arnerging from the incubators in  April. The lack of growth is attributed to  a 
poor food t o  f lesh  conversion d u e  to cold water  temperatures i n  March and April 
and  to expenditure of e x c e s s i v e  energy i n  swimming to  inaintain posi t ion within 
the  troughs.  The gravel  environment within the  incubators ,  and under natura l  
condi t ions ,  appears  to  provide a n  e s s e n t i a l  support mechanism required during 
early deve1opxer.t to  produce fry of high quali ty.  

Rearing of pink salmon fr] a t  Kitoi may possibly have been s u c c e s s ~ u l  
i n  increas ing fry s i z e  i f  t he  hatchery water  could have been heated .  Pink sal- 
mon f ry ,  reared throughout the  summer a t  the  hatchery incidenta l  to  freshwater  
rearing of sockeye ,  a t ta ined a length of 41 mm and  383 mg by the  end of June.  
In July when water  temperatures reached 10.0' C and higher,  growth w a s  a c c e l -  
erated t o  the  ex ten t  tha t  the pink salmon became larger than the  sockeye i n  the  
same pen  and preyed upon them. 

If pink fry could be reared a t  a warmer water  :emperatwe and fry s i z e  
could be  signif icantly increased by the  time of natur3l emergence,  t h e n ,  
theore t i ca l ly ,  marine survival  could be increased . However,  other physiological  
factors combined with a l tera t ion of the  normal pattern of e n e r g e n c e  and rearing 
could offse t  any benefi t  gained and eventually be  detr imental  genet ica l ly  to the  
native stock i n  the  fry re lease  a r e a .  Therefore, the gravel  incubation sys tem 
that  is capable  of producing pink salmon frj equivalent  i n  quali ty and emergence 
timing to native wild s tocks  i s  considered to  5e a more pract ica l  method a t  pre- 
s e n t  for pink salmon enhancement.  

Development of pink salmon frj and timing of emergence i s  related t o  
time of spawning of the  ~ a r e n t  s tock and water  temperature regime during egg 
and fry incubation.  Pink f ~ l  emergence a t  Kitoi extended throuqhout the month 
of April i n  1973.  The quali ty of both wlld and gravel  incubation fry,  however,  
w a s  h ighes t  during the pezk of the err.erqent period. Tkeoreticalll:, t he  l ikel i-  
hood o f  t h e s e  fry s ~ r - ~ ~ i v i r , q  to mature f i sh  would be qreater  than the  smaller  ear ly  
and l a te  fry emergents .  This type of natural select ion would :end to imln ta in  
quality of  the  native s tocx lr. fu tu r e  c y c l e s  and  possi51y ?!so inj!.ier.ce tirr.2 of 
return a s  mature f i sh .  



Incubation and rearing of sockeye fry in the troughs during May resulted 
in relatively rapid growth of fry. Initially the trough fry were smaller a t  the 
time of ventral slit closure than fry emergents from the incubator. After two 
weeks of feeding and rearing the trough fry grew larger than incubator fry. A 
maximum sockeye fry s ize  could be attained by use of a gravel incubation 
system followed by a period of freshwater rearing and feeding prior to re lease  . 
Sockeye rearing experiments a t  Kitoi demonstrate this to be a practical and 
valid concept for sockeye rehabilitation and enhancement. 

Sockeye fry may be better suited than pink fry for early spring rearing 
in  freshwater. A spec i e s ,  such a s  sockeye,  which normally spends i t s  early 
pre-smolt life in freshwater would quite likely have evolved physiological and 
genetic mechanisms that  would enhance f r ~  survival under cold freshwater con- 
dit ions in the early spring. In contrast; pink fry would possibly adjust  better 
to  a short period of estuarine rearing to increase s ize  and quality before seaward 
migration. 

Salmon incubation and rearing s tudies  are being continued a t  Kitoi to 
evaluate and a s s e s s  the potential of these concepts for rehabilitation and 
enhancement of salmon s tocks .  In 1973, the pilot gravel incubation system 
was expanded from four to eight uni ts ,  the headbox filter was replaced by a 
simpler dual line strainer,  incubator plumbing was modified, and fry marking 
facil i t ies were installed in the hatchery. 

The 1373-1974 project i s  designed to determine optimum egg loading 
density of the incubators and to confirm density projections based upon d i s -  
solved oxygen and water flow requirements. Pink salmon fry from the gravel 
incubators,  troughs, and wild f r y  from Big Kitoi Creek will be fin-clipped in 
the spring of 1974 to  begin an evaluation of marine survival of fry to adult  
return. We hope to a s s e s s  more concisely the relationship between fry s ize  
and quality to marine survival. The final phase of this  project will be the 
development of practical field incubation and rearing systems on remote lakes  
and streams for salmon rehabilitation and enhancement in Alaska. 
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Appendix T d l ~ l e  1 . Medn l e n g t h s ,  w e i g h t s ,  dnd developmenta l  i n d i c e s  (KD) of c reek ,  incubator  and  trough 
re'ired i ~ i n k  sdlrnon t ry ,  hitoi Ilcltchery , 1 9 7 3 .  
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Appendix 'Ta t~ l e  1 . Mean l e n g t h s ,  we igh t s ,  and developmenta l  i n d i c e s  (KD) of c reek ,  incubator  and  trough 
reared pink salmon fry,  Kitoi Hatchery ,  1 9  7 3 (continued) . 
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Appendix 'I'ahle 1 . Medn l e n g t h s ,  w e i g h t s ,  a n d  deve lopmen ta l  i n d i c e s  (KD) of creek, incubator  a n d  t rough 
reared pink sdlmon try , Kitoi I-Ia t c t ~ e r y  , 1 9  7 3 (cont inued)  . 
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