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INTRODUCTION 
Perhaps the first, aiicl certainly one of tlle most fundamental steps 

: in the inanageinei~t of ally aninla1 resource is a detailed study of the 
life cycle of the species under consideration, the basic purpose of such 
a study being to discover the limiting factors on tlle populatiou and, 
if possible, to weigh their effects. As Leopold (1933) has pointed out, 

ution until similar 
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THE STREAM 

evidence from other waters. 

records (Figure 1) were taken a t  a centrally located station (near the 
coilfluence of Godwood and Prairie Creeks) which was close to the 
spawning areas of the species being studied. The  water temperatures , 

iu nearby parts  of the watershed rarely varied more  than 1 degree F. . 
from those taken a t  this station. 

50-foot section. 

. . 

FrCURE 1. Temperature ind  flow of Prairie 'Creek i n  1950-51 season. 
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on December 8th. 

month of January during a prolonged spell of dry,  cold weather. 

Migratory Stimuli 

The effects of various migratory stimuli up011 cer ta in  salinonid fishes 
have been discussed a number of times in the literature. Several 

in Figure 1 were taken weekly and do not denlonstrate this). This 
fact makes i t  difficult to separate the effects of these two environmental 

problem a t  hand and should be carefully considered. Calderwood 
(1903) found that Atlantic salmon (Salmo salar Linnaeus) ascended the 
Tay River from the estuary during times when the re  was either a rise 
in water level and temperature or a rise in temperature unaccompanied 
by a rise in water level. Mottlej~ (1938) during his work with rainbow 
trout a t  Paul Lake concluded that the factor wllich controlled the 

content to those which have less. 

seemed to have no effect in promoting migratory movement. By con- Rate of Migration 

trast, Neave (1943), during his work on the silver and king salmon, In  Elk Prairie Creelr it  was possible to time the progress of the 
found no correlation a t  all between migration numbers and water silver salmon run from the mouth of the.streanl to the spawning area 
temperatures or flow. Hnntsman (1945) experimented with the effects two miles distant. I n  this streain the fish took approximately two full 
of artificial freshets upon Atlantic salmon and f o u n d  evidence that days to travel the last two miles of their journey. However, i t  must 

be borne in mind that this last portion was the lnost difficult because 
of the smaller flow of water and the comparatively great number of 
obstacles, including log jams, sinall waterfalls, and shallow water areas. 

Age and Size 
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principally in their fourth year. 
Marr (op. cit.) also indicated the presence of a south to north change 

in size when he showed that  British Coluinbia fish were significantly 
heavier for their length than were those from the  Columbia River. 

Considering the information listed above it seems logical to assume 
' 

that the Prairie Creek silver salmon are almost a l l  referable to the 
two life history categories that  have been listed by T a f t  and Shapovalov 
(op. cit.) for the Waddell Creelr population. Prair ie Creek is similar 

I . in size to this stream and its location is comparatively close. 
During the 1950-51 season i t  was possible to obtain length and 

weight measurements from a few of the adults shortly after they had 
fiaislled spawning. Four  normal size males averaged 33.2 inches in 
total length and 13.2 pounds in weight. The .one small  male was 24 
inches in total length and weighed 5.9 pounds. Six females averaged 
29.7 inches total length and 9.3 pounds. 

Sexual dimorphism 

The dimorphis111 bct\veen the sexes in silver salnion is very marked, 
being more extreme in some respects than in any of t h e  other American 
salmon. Except for tlie prilse, the breecling male is usually noticeably 
larger than the female. I n  addition, the sides of the male are suffused 
wit11 color ranging from a deep purple to brilliant red;  the color of 
the female is considerably duller although a great deal of variation 
is demonstrated. Some of tlie females, after losing the i r  silvery marillc 
coloration, remain a drab olive-green while others develop a bronze 
or reddish tint on their sides. A few of them demonstrate a well- 
defined, longitudinal stripe of a deep red or purple shade which ex- 
tends from the opercle region to the base of the caudal  fin. 

Solne change in general body contour can usually be seen in the 
male. The dorsal anterior region between the head and the first dorsal 
fin has a tendency to become ridged and projected slightly upward 
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that silver salmon frequently continue up the slilaller streams and may 

Breeding Ratio 

Physical Characteristics of the Redds 

Location of Spawning Areas 

Breeding Activities 
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~ ~ a w n i l l g  bas been completed makes it obvious that t l ~ e  territory ful- 
TABLE l fills the dual purpose of both a mating and liestillg area. 

Physical (haracferillics of the Productive Redds 01 the Silver salmon As in other closely related species, all of the redd construction was 
accomplisllecl by the f e ~ n a l e ~  At fairly regular intervals, ollce every 

j two to  three minutes, she turlled on her side alld dug vigorously. 
"digging" was accomplisllecl by placing the tail flat against tile sub- 

- - -  strate and suddenly lifting i t  upward with a powerful muscular contrac- 
tion. The resultant hydraulic suction was generally s t r o ~ ~ g  enough t~ 

G o c t w d  Creek. - -. . . -. 10/24/48 5" 10. End pool 
7- End pool loose11 stones and filler materials and to move them several illches 

Prairie Creek -_.-. . .-. . 11/18/48 8' 
Godwood Creek. - . -. . . - 11/25/48 5' 11- End pool upward. This material, ollce llaving been detached froln the re& sur- 
codwood Creek ..-...-- 12/15/48 6' 15' Riffle 

10. Riffle face, was then carried by tlre cnrrcnt for a short distance before coming 
Mae Creek .--..-..-..- 12/16/48 4' 
~ l k  Prairie Creek .-.-.- - 12/25/48 6' to rest again. This motion of the tail was usually repeated very rapidly 
E I ~  Prairie Creek ----.. - 2/ 6/49 5' five or six times, after wllicll the indi\-icl~~al rested before contiuuing 
Godwood Creek .----.-- 2/ 7/49 7' 
Prairie Creek --.--. -.. - 10/21/50 - - 
Prairie Creek- - -. -. . . - - 11/28/50 7- 8' End pool 

8' End pool prairie Creek. - ---. . . . - 11/28/50 6" 
Elk Prairie Creek ...-- - - 12/10/50 8. g", End pool 

Godwood Creek ...-..-- 1/ 8/51 6. 
7' End pool 

2" 10" End wol Godwood Creek. - -. . . - - I/ 6/51 5' 1.5 
Brown Creek -...-.- -.-- I/ 8/51 '. 2.5 2" 8' Riffle 
~ o d w o o d  Creek .-...-.- 1/13/51 8' 12' End wol 

Averages-..-.-----..-- - - - - - - - - - -  6.2" 3 . 7  9.8' 

oftell leave their initial location and nlove elsewhere before any eggs 
were deposited. Unspalvned felllales that Were sexually mature ellough 
to begin the diggillg action were a l w a ~ ~ s  closely attended by one or 
more males. 

It seemed quite apparent that tlle felllale alone was for 
the selection of the proper site a t  which to bury eggs. After the 
territory was once selected she vigorously defended it against all others 
of ,her sex, the males being generally unmolested. In some cases this 
female territorial behavior continued for as long a s  two weeks after 
all the eggs were deposited and until tlle fish became too weak to main- 
t a i n  a position against the Current. 

~ l t h ~ ~ ~ h  territorial behavior has been recognized in 0 t h  groups 
fishes it s e e m  to have gone alnlost unnoticed in the salmonids. Burner 
(1951) mentioned that  the female salmon "had a llatural tendency to 
guard the privacy of the redd area." Allee (1949) enlphasized that 
more is lcnown about the territorial organization of birds than most 
llonhuman groups, and that  their defended areas can  be classified as 

1. Mating and nestiug plus food collection space. 
2. Mating and nesting with food collected elsewhere. 
3. Mating station only. 
4. Nesting region only. 

a. Solitary individuals. 
b. Colonies. 

5. Nonbreeding territories. 
a. Roosting territories. 
b. Feeding territories. 

3-850511 
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wide a n d  remained in position, with no noticeable movement, for about to float any eggs out of the nest, although it did cause thein to con- 
two seconds. As soon as the act began, a small grilse quickly came up centrate somewhat along the upstream edge of the pit. I t  seems likely 
on the unoccupied side of the female and evidently also liberated some that the action of this reverse current lends a certain anlount of 
spermatozoa. The excess milt was rapidly carried off by  the current, meclianical aid to the spawning process in holding the newly laid eggs 
but a good portion remained a t  the bottom of tlie pit,  efEectively in the most advantageous position. The ova that are closest to the 
obscuring the eggs. As sooil as the sex products were liberated, the upstream edge of the pit are those that become buried most rapidly 
female immediately moved forward and started digging about six as soon as the female resumes her digging activity. Such eggs are also 
inches above the upstream edge of the pit. She continued this, a t  more the least likely to be buried a t  an  insufficient depth or consumed by 
than usual  rapidity, until the ova seemed to be well covered in less a predatory fish. 
than a minute's time. As the female moved out of t h e  nest a single In  general, pairs of this species demonstrated breeding activity 

from two to four days, althongh, as Taft and Shapovalov (Eoc. cit.) 
have noted, they inay continue for as long as a week or more. As soon 
as the female had discharged her comple~nent of eggs the male seemed 

covered over. 
This observation agrees with those of Greeley (1932) who observed 

spawning in rainbow, brook, and brown tront. He s ta ted  that a t  nlost, had already performed her reproductive function. 
a very slight percentage of the eggs deposited in  t h e  pit are taken, No correlations of breeding activities wit11 the relatively small water 
i n  the sho r t  interval bet\\~een spawning and covering of the eggs. There temperature variations were evident. The midday temperature of 
seems to  be no basis for accepting the view of Fraser (191'7) that trout Prairie Creeli during the silver salmon spa\rning run of 1950-51 ranged 
follow t h i s  species to the spawning beds and devour so many of the from 46 degrees I?. to 56 degrees F. Burner (1951) reported that 
eggs t h a t  the possible number of f r y  is a t  once very  much reduced, these fish spawned in the Tontle River, 1ITashington, with the tempera- 
unless t h e  behavior of this fish in British Coluinbia waters is con- ture ranging froin 42 degrees F .  to 56 degrees F. Cha~nberlain (1907) 
siderably different. Taft and Shapovalov (1945) express the opinio~l found this species spawning a t  46 degrees F. in Alaska. 
that  a t  least 97 percent of the eggs lodge in the pit  a n d  are properly 

Postspawning Activities 
13eart (1920) was the first to recognize tha t  the egg  pit, due to its 

shape, afforded a highly efficient device f o r  the retention The spawned-out females usually continued to perform the digging 
of the sex  products until they were covered over. Through the intro- action a t  irregular intervals until they finally died. This activity was 
duetioil of  India ink into the bottom of these depressions, he was able continued whether or not any male fish were in the vicinity. Even when 
to explain and diagram the action of the water currents. He found females grew very weali and started to drift downstream with the 
that  the  fluid within the confines of the pit  was qui te  still, with only current they often paused to dig a t  various places. 
a very slight movement in a direction opposite to t h a t  of the main Virtually all of the silver salmon females gave no external indica- 
stream flow. I-Ie also introduced milt into artificial pits and found tioils of physical deterioration until after all of the spawning activities 

had been finished. Five of these fish were killed and examined imme- 
diately after they were abandoned by the male and all of them were 
found to have completed deposition of their eggs. Most of the well 
known sj~mptoins of salmon nearing the end of their life cycle, such 
as frayed fins, loss of skin in places, fungus infection, and sometimes 
blindness, affected the females during the guarding of the redd area 
only after spawning had talren place. 

Redd Classification 
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the circulllstances under which these redds are constructed are apt bottoln of a well defined egg pit. This pi t  was i~il~l~ediately covered 
to vary, it seems advantageous to propose the following classification: and there was little or no egg loss. I11 general, the breeding activity 

I. True  redd-actually contains or has contained eggs. lasted fro111 two to four days. 
11. False  redd-110 eggs ever deposited. Virtually all of the spent females gave no i~ldicatioll of physical 

a. "Trial redd" (term introduced by Hobbs, 1937)-area wllicli deterioratio~i until after egg deposition had beell completed. I t  was 
is worked by female before spawning takes place. also observed that  these females usually continued to perform the 

b. Postspawning redd-area dug up by female a f t e r  egg comple- digging action a t  irregular intervals until they died. 
m e n t  has already been deposited elsewhere. The construction of trial and postspawning redds, ~leither of wllich 

contained eggs, was found to be a well establislled procedure. It was 
I n  many cases i t  was noted that trial redds were fu l ly  as extensive, estimated that perhaps three-fourths of all the redds collstructed by 

in regard t o  the amount of surface area covered, a s  tlle true redds. this species in Prairie Creek fell into these two categories. 
Also the co~lstruction of these trial redds seenled to be, in general, a 
well established procedure with both the silver and lring salmon. The 
habit of digging postspawning redds seenled to be equally well estab- KING SALMON, ONCORHYNCHUS TSHAWYTSCHA (WALBAUM) 

lished and  large gravel areas were sometimt% affected. Range 

During the  two seasons of the Prairie Creek study,  a total of 3'7 
silver sa ln lo~l  redcls was marlred. These were all a t  localities where The king salmon is native to the North Pacific. Accordi~lg to Roedel 
unspawned females accompaniecl by males were apparently engaged (1948) i t  rarely enters strea~ns south of Sa11 Fra~lcisco Bay but has 
in the c o ~ l ~ t r ~ ~ t i o n  of true reclds. All of these areas were tlioroughly been taken at sea off Southern California. Croker (1936) states tliat a 
excavated later, and 20 of them (54.0 percent) were found to be only few are talien nearly every summer in the neighborhood of San Pedro, 
trial redds, colltaii~ing no eggs a t  all. Furthermore, i t  is estimated that 

California. Jordan, Tanaka, and Snyder (1913) list it from tile east 

a t  least half  of the spent females dug postspawning redds, in areas Coast of Siberia and south to I-Tokkaido, Japan. 

well separated from the place of egg deposition, which would be con- 
spicuous enough to be counted by a casual observer. Therefore, i t  can Time of Migration 

be seen t h a t  a procedure of counting a pair of adul ts  for each well 
defined r e d d  area would clearly constitute a serious overestimate of 

' 

perhaps 150 percent, a t  least insofar as Prairie Creek silver salmon 
are concerned. 

Summary 
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Migratory Stimuli The work of Belding (1934) showed that many Atlantic salmon lost 

Rate of Migration 
Sexual Dimorphism 

~niles per day. Rutter (1904) found that  the fall run fish ascended the 
Sacramento River, California, a t  the rate of four or five miles a day. 
All of these rates sliould probably be considered no more than rough 
estimates, since apparently none of them resulted from a well designed No such body change was observed in  any of the females. 

mark and recovery program. No visible head modifications were noticed in the females, but the 
jaws of the males became some\vhat prolonged and hooked (less so than 

Age and Size in the silver salmon) and mere provided with large breeding teeth. 
Information and conclusions regarding the origin and use of such sec- 
ondary sex characters are listed under the description of the history of 

Location of Spawning Areas 
spawning. Eighteen females averaged 35.8 inches in to ta l  length and 
16.9 pounds. Ten males averaged 32.6 inches in  total length and 15.7 The fall population of Iring sallnon inhabits lllany of the smaller 

punds .  Hobbs (1937) listed a table which showed that  17 spent coastal streams as well as the large river systems in California. Prairie 
females from the Broken R,iver system, New Zealand, averaged 31.2 Creek, however, probably coilles quite close to the minimum size of 
inches in to t a l  length and 9.6 pounds. An interesting comparison was 
given between eight of these spent fish and eight fresh females of the 
same length from the mouth of the Broken River. The average weight 
difference between these two categories was 23.7 percent. Rutter (1904) 
weighed a large number of specimens from the Sacramento River and 
found that  the  average male underwent a weight loss of 26 percent 
from the "fresh" condition to death. The average female was found 
to suffer a 19 percent weight loss over the same period (not including 
the weight of the ova). 
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of the upper watershed, which were songht by tlle silver salmon. Con- ties selected an average water depth of 14 inches, an average velocity of 
sequently, the populations of bhese two species were quite colnpatible, two feet per second, and placed eggs an average of 10 iliclles below the 
even though the i r  spawning periods coincided. gravel surface. In the Toutle River lie found this fish preferred an 

The distribntion of the early arrivals was not noticeably different average water depth of 11.6 inches, ail average velocity of 1.3 feet per 
from the later running individuals. Stone (1684) and I-Iobbs (1937) 
noted that  t he  earlier rmis of Iiing salnlon go farther upstream and 
later fish take places below tl~em. A conflicting observation has been 
recorded by Br i ce  (1898), who stated that the first fish take u p  the first 
available spawning sites and force the newcolliers farther upstream, spawning tool; place in water two to three feet deep and Walford 
nntil finally t h e  highest points are reached. (1937) listed a depth of one to four feet as a general requirement. 

This p l lenome~~on of differential distribution between early and late Chap~nan (1943) gave the first report of individuals of this species 
running groups (with the early arrivals showing the longest migration) spawning in the main Colu~nbia liiver. I-Ie found them constructing 
may be applicable to many species of anadromous fishes. This  same type redds a t  a depth ranging from 2 to 15 feet just below Kettle Palls, 
of behavior h a s  beell seen in the sea lamprey (Petromyzon ~rtal'inz~s Lin- 
naeus) by Applegate (1950) and was observed by the a t ~ t h o r  in the Breeding Activities 

Pacific lamprey, Entospltenits ti-idcntntus (Gairdner), the silver salmon, 
and the steelhead trout (Salnao gail-dgleri Richardson). Many of the king salmon arrived on the spawning area in a inore or 

less immature state, indicated by a large anloul~t of silvery coloratiorl 
Physical Characteristics of the Redds on the pack and sides. These fish could be seen lying in the deepest 

pools, wliere they waited until they were ripe enough to spawn. 
Table 2 summarizes the characteristics for each of the  redds that The selection of territory, redd construction, and breeding behavior 

later proved to be productive ( true redds). were almost identical with that  of the silver salmon, previously de- 
scribed, with the exception of the follo\ving few important points: The 

TABLE 2 digging labors of the fenlale were conducted a t  a more leisurely pace 
Physical tharacleristics of lhe Produclive Redds of the King Salmon than was noted with the silver salmon, the time interval between such 

actions being usually five minutes or more instead of every two to three 
minutes. Tlle resultant nest or egg pit was generally larger, about three 
feet wide and four feet in length, coinpared to the 2- x 3-foot structure 

----- 
14' Riffle Prairie Creek.. . . - -. - -. 11/22/48 10. 2.5 

Lost M a n  Creek ..-. -. . . 12/22/48 16" 2.0 14" End pool 

Prairie Creek-- .--- ..-. 11/14/50 12' 12' End pool 
12" Endpool Prairie Creek ..-...---. 11/17/50 14' 2.5 

Prairie Creek.. .. --. -. . 11/17/50 11" 2.0 
Prairie Creek. -. . -. . - -. 11/20/50 12" 1.5 

Averages -..-...--.--.- --...----. 12.7' 2.0 4.2. 11.2' 

Others finally recognized that the digging activity was performed by 
the female but completely misinterpreted the action. Downing (1900) 
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thought that t h e  work of the tail was part of the process of egg ejec- other hand, continued to demonstrate courting actions even after they 
tion. Townselid and S~nit l l  (1902) and ltutter (1904) believed that the bore such outward markings as  loss of slrin, frayed fins, fungus infee- 
digging inoveiiieilts were perforined merely for the purpose of looosen- tion, and sometimes blindness. 
ing the eggs froin the ovaries. The authors of all three of these works 
\rere under the iinpression that the eggs were left exposed o n  the sur- Postspawning Activities 
face of the stream bed. I n  fact, Rutter (loc. cit.) stated tliat ally cover- 
ing of over a n  inch of even fine gravel would kill the eggs. Townsend This part of the adult existence also closely paralleled that of the 
and Smith (loc. cit.) also believed that  death resulted if t he  eggs were silver salmon. The spent females usually continued to perform the 

digging action a t  irregular intervals until they died. This activity was 
None of these early writers indicated that tlie act of egg laying and continued independently of the ,presence of any male fish. Usually, the 

that of fertilizatioil were simultaneous. Apparently most of them be- period of postspawning life extended from two to four weeks (com- 
lieved that  either the niale deposited milt on the eggs after  they were pared to several days to two weeks for the silver salmon). Ilobbs (1937) 
laid or that he fertilized thein as they were being carried downstream found that in New Zealand the redd life (including the spawning 
by the current. Downing (loc. cit.) was of the opinion t h a t  fertiliza- period) usually did not extend beyond three weeks. 
tion depended upon the entire stream becoming permeated with sperm. The territorial beliavior of this species seems to be lilore highly 

developed than that observed in the silver salmoll, especially during the 
post.spa\ening period. Several of the redds in Prairie Creek were located 
quite close to one another and the behavior of the guardian females 
was carefully watched. 

brief, descriptioil of the breecling activities of this species. I-Ie recog- The spent females not only songlit to defend the iilliiiediate redtl 
nized, through work on New Zealand streams, the true significance of area itself but the surrouncliiip territory as well, as n~uch as 20 feet 
what he was able to observe. The only other accurate, but  also brief, on all sides. These territories were held chiefly against other females 
account was given by Haig-Brown (1941), in a popular book on the life of the same species, the lnales being unmolested. IIowerer, both sexes 

of the silver sa ln~oi~ were usually chased off when they appeared. 
Desperate contests were often waged between females that happened 

to be guarding redds that were less than 40 feet froin one another. 
These individuals were occasionally seen to charge an opponent full 
tilt and to strike with soch force that the recipient of the blow woulcl 
be projected half out of the water. They were also seen to bite with 

indicated a belief that over 99 percent were successfully buried. I n  such effect that actual physical injury resulted. The savagery of this 
general, pairs of  this species demonstrated breeding activity for a week type of fighting offered a distinct contrast to the mild contests between 
or more. Ilobbs has noted that the greater part  of the ovaposition seems males for the right to participate in the spawning act. 
to occur within seven days. The males deserted the female as soon It seenis clear that such behavior must have a positive effect in 
as she had finished discharging her egg complement, and, evidently, increasing the reprodr~ctive ef3cienc.v in this species. I t  is well known 
searched for other unspawned females. that the most vulnerable period in the progress of the fertilized egg!: 

is tlie so-called "tender stage," which usually extends over tlie initial 

Everinann (1902) maintained that spawning will not begin until the 
temperature drops  to 54 degrees F. and Walford (1937) repeated this 
same statement. Burner (1951) found this species spawning within a 
range of 42 degrees F. to 61 degrees F. in the ICalama a n d  Toutle 

no further parental care is given them. 
The various types of redds have been previously classified (page 22: 

and these categories are suited to the redds of the king sahnon a 
well. During the two seasons of the Prairie Creek study, a total of 2i 
redds was marked. These were all localities a t  which unspawnec 
females, attended by males, were apparently engaged in tlie eonstruc 

diately after they  were abandoned by the male and all of them were tion of true redds. All of these areas were thorougllly excavated late1 
found to have completed deposition of their eggs. The males, on the ' and 17 of them (68.0 percent) were found to be only trial reddr 
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STEELHEAD TROUT, SALMO GAlRDNERl RICHARDSON 

Range 

Summary 

The king salmon is native to the North Pacific but its range  is llot 
Time of Migration quite as extensive as that of the silver.salmon. The Prairie Creek indi- 

viduals belong t o  a fall run  population, which enters fresh water in 
the autumn a n d  completes breeding activities before spring.  The 
spawning migration in Prairie Creek lasted a little over two months. 

greatest average age. 

Stee lhead  and Rainbow 

was estimated t h a t  well over three-fourths of the redds constructed 
by this species i n  Prairie Creek fell into these two categories. 
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riffle stretches and downstream ends of pools, anotlier positive correla- As Neave (loc.  c i t . )  has emphasized, two such self-perpetuating 
tion is usually evident between the average gravel size and tlie stream stocBs must be regarded as separate species fro111 a managelneiit stand- 

b 
size. Also, smaller fish do not bury their eggs as deep as their  larger point. I t  may be added that, due to highly significant differences in the 
relatives, and t h e  lesser tributaries usually offer greater protection from scale counts, there seems to be some basis for considering the two 
floods, which c a n  erode the gravel to such an extent that  eggs may be forms as distinct entities from a taxonomic stalldpoint as well. 
lost. Finally, t h e  success of the defense of the breeding territory often 
depends on t h e  size of the female. I n  places where the spawning areas Migratory Stimuli 

are quite well populated a large percentage of the smallest feinales may The effects of various stiiuulatory agents operating in fresh water 
be forcibly prevented from occupation of any areas except those of have beell previously discussed in connection wit11 the silver salmon 
comparatively low flow. (page 12).  The factors considered there can be applied generally to 

The difference in size between the female rainbow of the coastal the steelhead trout. 
streams and t h e  female steelhead is generally very marked. This vast 
difference in size seems to be accompanied by an  almost equally great Rate of Migration 

difference in t h e  location of redd sites. As a result, there is apparently 
a good spatial separation insofar as the females are concerned. 

I n  regard t o  the males, a similar, although probably not a s  conlplete, 
separation seems to be effected. There is no recorded instance of a large approximately 2.5 to 3.0 miles per day. 
steelhead male attending a rainbow female, probably because the large 
fish would n o t  be able to move easily into the coinparatively shallow 
water which is usually selected. On the other hand, i t  is often assumed 
that rainbow males may attempt to participate in the spawning act Scale studies undertalien on the Pacific coast have shown that the 
with the steelhead female. It is entirely possible, however, that  such majority of this species spend two years i n  the ocean before their first 
small males m a y  actually be young steelhead, since a few sometimes spawning, although fish remaining either one or three years are 
attain sexual maturity before their initial descent to the ocean. Never- common. Suinner (1948) found that over 80 percent of the Oregon 
theless, i n  the  majority of such cases these attempts are probably not fish that  he-examined showed two ocean annuli on their scales. Meigs 
successful because the large male is very active in driving off his smaller and Pautzke (1940) found that 67.4 percent of their fish from Puget 
rivals. Even i f  the rainbow was able to approach a t  the necessary Sound, Washington, fell into this category. 
moment, the number of sperms produced by the steelhead, and  conse- The period of freshwater residence before descent to sea is also quite 
quently the number of eggs fertilized, would be considerably greater. variable, ranging from one to four years. However, in this environ- 
Therefore, i t  seems evident that  a noticeable amount of spatial isolation ment as \veil the greatest numbers seem to respond to the migratory 
does exist between breeding populations of these two forms of S. gaird- urge after two years. This was apparent in the two above mentioned 

papers dealing with conditions in Oregon and MTashington. I n  addition, 
It does not necessarily follow that such distinct populations need to Dr. Willis H. Rich (private cominunication based on studies made 

demonstrate n~orphological differentiation (or that such differentiation between 1910 and 1913) reported that the main migration of steelhead 
be required a s  proof of separation), even though anatomical differences in Scott Creek, California, took place when the fish were a little over 
usually eventually develop as a result of any long continued barrier to two years old. The fish of the Co~vichan River, British Columbia, show 
gene flow. The discovery of Neave (1944) is of great importance be- 
cause i t  shows that a t  least i n  the Cowichan River, British Columbia, 
such a barrier must have existed for a long time. He found that sig- 
nificant differences existed between average scale counts of rainbow and 
steelhead f rom this stream, and most important, that these differences, of California, most steelhead first spawn a t  the age of four years, 
both in scale number and migratory habit, were maintained i n  hatchery- after having spent two years in the stream and two years in salt water. 
raised offspring of these two forms. Taft and Shapovalov (1945) state that the great majority of first 

Neave (kc .  cit.) did state t ha t  the two forms often spawned on the spa-\~ners from Waddell Creek were three or four years old. 
same grounds, but  he did not indicate whether this procedure was the The age distribution of the adults is complicated in this species 
rule or the exception. In the absence of more exact information, it because some fish survive more than one spawning. Taft  and Shapovalov 
seems most likely that the cause of the population separation here (Zoc. c i t . )  studied scales from 3,888 mature fish and found that 3,222 

(82.8 percent) were first spawners, 563 (15.0 ~ e r c e n t )  second spawners, 
80 (2.1 percent) third spawners, and 5 (0.1 percent) fourth spawners. 
The great majority of those spawning the second time were four or 

throat) ever spawning in the same habitat selected by the steelhead. 



five years old, while most of the third spawners were five o r  six years Breeding Ratio 
old, and the  fourth spawners were mainly six years old. Neave (loc. I n  general, the supply of males seemed to be plentiful, although no 
cit . )  found tha t  Cowiclian River fish also demonstrated a three- to facilities where an accurate count could be taken were available a t  
six-year r ange  in age, and that  first spawners comprised 9 3  percent Prairie Creelr. The sex ratio of the run in IVaddell Creek was about 
of the adult  population. 49 percent males and 51 percent felnales according to Taft and Sha- Since almost all of the steelliead migrated rapidly downstream im- povalov (1945). These authors also noted that  the males predominated 
mediately following spawning, i t  was not possible to obtain measnre- in the early stages of the run  and were in the n~inority in the latter 
ments from a series of the spent fish. I-Iowerer, a single female was portion. Jordan and Everiilanll (1902) examined 4,179 Columbia River 
killed following the completion of its redd. This individual was 29.5 steelhead a t  The Dalles, Oregon, in September and October only. They inches in t,otal length and weighed 7.5 pounds. Needham (1938) states 
that  the usual  weight of returning migrants is from 3 to 1 2  pounds, found that only 1,531 (36.6 percent) were males. 

although t h e y  have attained as much as 42 pounds. Jordan and  Ever- location of Spawning Areas 
mann (1902) found that  the average size of the fish reaching the Saw- 
toot11 Mountains, Idaho, was about 8 pounds, the range being from It was surprising to find that the distribution of steelhead on the 
2 to 14 pounds. spawning grounds ahnost exactly duplicated that of the king salmon, 

Sexual Dimorphism which was seen earlier in the season (Figure 2).  With the single excep- 
tion of a redd in Godwood Creek, all of this species spawned either in 

Judging f rom stream-side observations, the size of the adults ap- Prairie Creelr itself or  in its one large tribntarjr, Lost Man Creek. This 
peared to b e  quite uniform, with no apparent difference between the preference for comparatively deep water is also reflected in the data of 
average size of the males and the females. There was no s ign  of any . Table 3, showing the various physical characteristics of the productive 
smaller males comparable to the salmon grilse. Furthermore, there was 
no noticeable dimorphism in the general body shape, as  was usually The earliest arrivals tended to spawn farther upstream than did the 
the case wi th  the two salmon species. later ones. This phenomenon of differential distribution in anadromous 

Both sexes, when ripe enough to spawn, showed the cliaracteristic fishes was previously discussed (page 26). - 
rainbow s t r ipe  on the side extending well up on the opercles. However, 
most of the males showed additional red coloration in a second stripe, Physical Characteristics of the Redds 
ventral and  parallel to the main, mid-lateral one. 

The breeding modifications in the skull and jaws of the male were As with the two salmon species, notes were taken on the important 
much less marked than in the genus Oncorliynch~cs. However, some physical characteristics of each spot selected for redd construction. 
changes, which were apparently somewliat siinilar to those described Table 3 lists these characters for each of the redds that later proved to 
for Salmo salar by Tchernavin (1938b), co~ild usually be found. He be productive (true redds) . 
found that  Atlantic salmon lost their feeding teeth just before entering 
fresh water a n d  that these were replaced by a special set of "breeding TABLE 3 

teeth." H e  also noted that these breeding teeth were set  i n  sockets Physical Qaracterisfics of the Productive Redds of the Steelhead Trout 
in the premaxillary and the dentary; a condition no t  found in 
Oncorltynchus. The rostrum, preinaxillaries, and dentary bones all 
become quite elongated and the anterior part  of the snout grew upward, 
giving a curve  to the upper jaw. Tchernavin (loc. cit.) considers these 
general changes to be applicable to all species of Salnzo. 

I n  the l a rge  males of S. salar the tips of the dentaries have  a tend- 
ency to grow upward into a knob-like structure which may be  further 
enlarged b y  a n  extension of the connective tissue. This peculiar, hook- 
shaped apparatus has not been seen in S. gairdneri. It may be well to 
note that  despite the fact that the Atlantic salmon and steelhead are 
known to be  ordinarily very difficult to separate morphologically, the 
large breeding males are dissimilar in a number of characters. 

The importance of such secondary sex characters has been previously 
discussed (page  16) and the conclusions reached there m a y  be con- 
sidered fully applicable to this species. 

Water 
Velocity 

Stream Dnte Gravel Dzth 
depth sEy:& sire Loeation eggs 

Prairie Creek -----..--- 2/20/49 8' 2.0 2. 11' End pool 
Godawd Creek ........ 2/21/49 10' 2.5 3' 10' End pool 
Prairie Creek ..-......- 3/ 1/49 12. 2.5 5' 10' Riffle 
Prairie Creek.. .. ..-.-. 3/ 8/49 14' 2.5 4 9' End pool 
Prairie Creek ..--...... 3/10/49 8' 2.5 3' 7' Riffle 
Prairie Creek ----.-.... 3/10/49 12. 2.0 5' 9' End pool 
Prairie Creek ---....-.. 3/12/49 11" 2.0 3" End pool 
Prairie Creek ----...... 3/30/49 13. 2.5 4' 1 Endpool 
Prairie Creek ..-...-.-. 3/21/51 9. 1.5 2' 6' End pool 
Prairie Creek-. -.....-. 3/27/51 9. 2.0 2' 6' End pool 
Prairie Creek -......... 3/26/51 7" 2.0 2' 7' Riffle 
Prairie Creek ---....--. 3/26/51 8' 2.0 3' 8" End pool 
Prairie Creek- - -. .....- 3/26/51 .. . - . - 6' End pool 

e r a  . .  . .  0.1' 2.2 3.2' 8.4' 
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The d a t a  i11 the table are arranged in chronological order. T h e  gravel Taft and Shapovalov (1945) related that scarcely any of the eggs are 
size refers to  the average diameter of the large rocks which formed the , swept out of the nest, and that apparently both eggs and milt are held 
most conspicuous part of the read structure. The "deptll of eggs" in the pit  by current eddies below the stream bed level. 
indicates t h e  vertical distance in inches, below the gravel surface, a t  The redds in Prairie Creek were usually occupied by breeding fisll 
which t h e  eggs were found a t  the tiine of excavation. Finally, the from two or three days to as loug as a week. Curtis (1949) stated that  
"location" column indicates whether the redd was located in a riffle complete spawiling may take from one to seven days. Needharn and 
stretch o r  at the downstream end of a pool where the water w a s  begin- Taft (1934) recorded a female that completed its redd in slightly less 

niiig to ga ther  momentum. It may be noted that 10 out of t he  13 redds than 24 hours, although in this case the fish had beell held in a trap 
were located at the ends of pools. This preference for a n  "end of pool" for some time before i t  was allowed to spawn. 
situation was also recognized by Needham (1938), who exanlined 20 Steelhead will spawn a t  comparatively low temperatures, accordillg 
redds in Waddell Creek and found that  all were located a t  such  places. to Evermann and Goldsborough (1907), who found them on redds in 

Alaska between 38 degrees F. and 39 degrees F. I n  Prairie Creek the 
Breeding Activities midday temperature varied from 46 degrees F. to 47 degrees F. during 

the spawning period in March, 1951. 
A good many of tile fish arrived in the vicinity of the spawning area No external indications of physical deterioration could be seen in 

ill a relatively immature state and relllailled in the deeper pools , either sex durillg the existence 011 the recld. 
they were ready to deposit their eggs. Fo r  example, in 1949 it was 
lloticed t h a t  one of the new arrivals had a characteristic s c a r  on its Postspawning Activities 
back. It was  possible to keep track of this particular fish un t i l  it  took 
part ill t h e  spawning activities. I n  this case, the time interval between When the s ~ a ~ l l i l l g  was conlpleted most of the fish moved imme- 
arrival a t  the  redd area and the actual spawning was exactly t w o  weeks. diately downstream. Some of them were seen ~ \ \~ immiag  rapidly witll 

The selection of territory, redd construction, and breeding behavior the current, rather than drifting baclcwards. Most of few indi- 
followed t h e  same general pattern that  was observed in individuals of viduals that relllaiiied upstream eventually developed fullgus patches, 
the two salmon species. Nevertheless, some distinct differences were but no carcasses were found. Evidently, a large proportioll of tile spellt 
observed. First ,  the time interval between di5ging actions was  usually 6sh were successful in reaching the ocean. 
from about 30 seconds to one and one-half minutes; considerably more None of the felllales remained on the redd or attempted any defense 
rapid and  irregular than for the salmon. Second, the body of t h e  female of the territory after the eggs were all deposited. I n  addition, none 
seemed t o  be  bent a t  a inore abrupt angle as the tail was  laced against of them were seen to continue the digging actioll illto tile postspawning 
the substrate before the start  of the lifting action, although dur ing  the period, as  was the case with the salinoii species. I n  fact, there was little 
lifting action itself the tail did not seem to  be raised as f a r  i n  a ver- or no construction of false redds, postsparwing or trial, b~ the steel- 
tical direction as was the case with the salmon; consequently, the s ~ -  r head. It was possible to recover eggs from every one of tile large 
face of t h e  water was apt  to be less distributed and a comparatively that was constructed. A few spots were disturbed by the females during 
small amount  of splashing resulted. Third, when viewed from above, the . their search for a proper redd location, but all of these \\.ere quite 
egg pits tended to be circular in shape instead of oblong, as was  typical small and ordinarily could be distinguished froill true 
wlth the salmon, the horizontal dimensions being usually abou t  three Of the three species so far  discussed, this is the only olle for 
feet by th ree  feet. A nest that  looked to be complete was found  to ex- it might be possible to directly estimate the size of tile spa\\rnillg rull 
tend eight inches below the normal gravel surface. by counting the numbers of the large redds. ]-Iowever, eve11 in tllis 

The a d u l t  trout were quite wary, especially when the water was clear. , case the estimate would be apt to be too high, a few of the fe- 
They could be approached only with great caution, even when they were males apparently place their eggs in more than one 
engross& i n  breeding activities. I n  general, the periods of greatest 
activity o n  the redds were the early morning and evening. During the Summary 
middle of the day many of the fish left the redd area and sought a 
hiding place in the vicinity, either in deeper water or under a n  over- The steelhead trout is native only to the American coast ill tile ~ ~ ~ t l ~  
hanging bank. 

Pacific, its range being quite restricted in comparison with that of the 

The most  accurate and detailed account of the breeding habits  of any salmon and king salmon. The Prairie Creek individuals belong 
salmonid fish is that  given by Needham and Taft  (1934), based on . a ~ o ~ u l a t i o n  which migrates upstreail1 in the late fall or winter 
obse rva t ion~ .~ f  a pair of steelhead trout i n  Waddell Creek. This  same and usually spawns in the early spring. The spawning activities in 
description was repeated by Needham (1938) and was given i n  a some- this stream lasted mainly from March through April. 
what form by Curtis (1949). It was also quoted b y  Schultz Members of this species that are permanent fresh-water residents 

are commonly called "rainbow trout," leaving the designation 
head" for  the anadromous type. It is believed that  these two types 
are of two homogeneous populations, and that a distinct 
barrier to gene flow between the two groups does exist. 
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PART II 

Sexual  dimorphism was not as noticeable as i11 either of t h e  salmon 
species. The size of the sexes was quite uniform and there  was no REPRODUCTION 
apparent  difference in general body contour. In  general, t h e  dimor- 
phism w a s  confined to coloration and head structure. The m e  a n d  value REDD SAMPLING PROGRAM 

of the secondary sex characters was evidently the same as t h a t  listed Marking Procedure 
for the  silver salmon. Despite the fact  that the Atlantic salmon and 
steelhead are known to be ordinarily very difficult to separate morpho- Upper Prairie Creek and its tributaries were frequently inspected 
logically, the large breeding males are dissimilar in a number of in order to locate pairs of spawning fish and to inark the places of egg 
characters. deposition. This actirity involved covering, a t  frequent intervals, about 

The spatial (but  not temporal) distribution of steelhead on the 20 miles of apparently suitable s p a ~ ~ ~ n i n g  area. I t  was always necessary 
spawning grounds almost exactly duplicated that of the k ing  salmon. to proceed with caution to avoid alarming the fish before they could 
The earliest arrivals tended to spax7n farther upstreain t h a n  did the be seen. I n  many places the undergro~rtll was alinost impenetrable and 
later ones. Tlie physical characteristics of the redds agreed fa i r ly  well progress could be made only by wading the streain channel itself. As 
with those listed for the king salmon and showed a marked contrast to a result, it  toolr approximately five days to cover adequately this area 
those recorded for the silver salmon. once. I-Tad inore frequent inspections been possible, a somc~vliat greater 

The digging actions of the female on the redd were usually con- nuinber of redds could have been marked. 
ducted at a considerably more rapid and irregular pace t h a n  was Botli species of salmon mere present in the watershed over most of 
observed for the saln~on. Also, the egg pits tended to be circular in the fall and early winter period. Consequently, it was considered neces- 
shape instead of oblong, as was typical with the salmons. Dur ing  the sarp to witness the spawning activity to obtain a positive identifica- 
middle of the day many of the fish left the redd area a n d  sought tion of the species involved before any redd was actually marked. This 
hiding places in the vicinity. The redds in Prairie Creelr were usually procedure also eliminated any chance of being misled by postspawning 
occupied from two to three days to as long as a weelr. No external redds, which were usually si~nilar in appearance to the true type. 
indications of physical deterioration could be seen in either s e x  during The steelhead trout, however, was the only large salmonid found in 
the existence on the redd. upper Prairie Creek during the spring, so that its redds could not be 

Af ter  the eggs were all deposited none of the females remained on mistaken for those of any other species. Also, this fish did not show 

departed or during tlie middle part  of the day when the redd was 
soinetinles temporarily abandoned. 

was constructed. 

the high water mark and as close to the redd as possible. Various nleas- 
urements a t  each marker were then taken with a steel tape, so that 
the exact spot of redd construction could be relocated a t  a later date. 
Notes were also talien a t  this time 011 the various physical character- 
istics of each area, inclnding water depth and velocity, size of the 
gravel, and general location. I n  addition, i t  was usually possible to 
obtain illformation on breeding habits, sex ratio, territorial behavior, 
and plivsical condition of the mature fisli. 

Equipment 

The equipmeilt used in this operation mas si~nply a steel tape for 
accurate location of marked redds, a sharp-pointed shovel, and a net 
which was especially designed to collect sainples of the eggs and larvae. 
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The  basic design of the net was taken fro111 that described b y  Hobbs 
redd a t  this depth, until the eggs or larvae were contacted. The removal 

(1937), but \%.as somewhat ~nodified so that it could be anchored iu the 
of the grayel fro111 a lateral direction instead of from directly above 

to cause less damage to the eonte~lts (lqigure 4 ) .  s t ream bed without requiring tlle services of an extra persoil n~rrely 
to hold it in place. The frame for this apparatus was shaped fro111 ii 

rectangular piece of iron bar, if x 4 inches and 10 feet long. This piece 
was  bent and the ends welded to give a rectangular frame four feet 
wide and one foot high. Four metal loops were then ~selded 011 the front 
to accommodate two 18-inch iron rods which served to anchor tlle net 
i n  place in the stream bed. Four panels of tapered nylo~l ~ ie t t ing ,  \\,it11 
a &-inch mesh, were then sewn together and attached to t h e  frame. 
T h e  finished net (Figure 3)  proved to be quite practical f o r  most of 
t h e  places where it \\,as used. The entire apparatus was colnparativc~ly 

Flouaa 4. Method of removing gravel over eggs. 

At the time the eggs or larvae were discovered, the net was set 
about five feet below the site of excavation. Fo r  purposes of separation, 
the material from the redd was thro~vn up into the current. Since the 
eggs (or larvae) were much lighter than the gravel, they were usually 

in the gravel and covered. 
Sampling Results 

The results are sunimarized in Table 4 for silver salmon, Table 5 for 
king salmon, and Table 6 for steelhead trout. 

All of the samples were taken either a t  the eyed stage, usually from 
30 to 40 days after deposition, or a t  the larval stage, usually between 
50 and 75 days after deposition. 

One additional productive redd for each of the salmon species was 

be listed because of this alteration of the natural structure of the 

Sampling Technique 

The following experiment was set up to obtain an idea of the rate of 
decoluposition of dead eggs in Prairie Creek: Three large, round, tin 

i 



TABLE 4 

Sampling Resullr for Sliver Salmon Reddr 

TABLE 5 

Sampllng Resullr lor Klng Salmon Reddr 

Percent 
Location I Sa~nple No. 1 1 Live ems 1 Dead exgs 1 Live larvae 1 Dead larvae mortality 

de1,osition (uncorrected) 
-- 

- .. 

I I I I I I I I 

Indicates a sample from a redd that llad been san~pled once before. 

Sample No. 

1 

Live eggs 

192 

1 Prairie Creek. .................. 11/22/48 1 53 117 
3 Prairie Creek.- ................. 11/17/50 2 32 88 
2 Prairie Creek.. ................. 11/14/50 3 37 35 
6 Prairie Creek. .............. .... 11/17/50 4 34 2 1 
8 Prairie Creek.. ................. 11/22/50 5 31 96 
10 Prairie Creek. .................. 11/23/50 6 31 218 
4 Prairie Creek. .................. 11.20/50 7 30 149 
4 Prairie Creek. .................. 11/20/50 * 8 67 - - 
3 Prairie Creek.-- ........... ..... 11/17/50 * 9 70 - - 
10 Prairie Creek.. ................. 11/23/50 *10 65 - - 

Approximate 
days after 
deposition 

34 
3 God\vood Creek ............ ..... 11/25/48 2 55 118 
4 Elk Prairie Creek ................ 12/25/48 3 29 120 
5 Prairie Creek- .................. 11/18/48 4 67 237 
6 Godwood Creek ................. 10/24/48 5 93 . . 
3 God\vood Creek.. ............... 11/25/48 * 6 82 -. 
5 Prairie Creek ................... 11/18/48 * 7 100 -. 
2 Godwood Creek ............... .. 12/15/48 * 8 106 - - 
7 Elk Prairie Creek ................ 2/ 6/48 8 65 . - 
4 Elk Prairie Creek ................ 12/25/48 *I0 106 . . 
8 Godwood Creek ................. ?/ 7/49 1 1  65 -. 
9 Prairie Creek .................. 10/22/50 12 6 1 - - 
16 Prairie Creek ................... 11/28/50 13 28 161 
17 Prairie Creek-. ................. 11/28/50 14 60 - - 
16 Prairie Creek ............... .... 11/28/60 *I5 61 -. 
29 Godaood Creek .............. ... 1/13/51 16 27 40 
26 God\vood Creek ................. I/ 6/51 17 38 88 
27 Godnood Creek.. ............... I/ 6/51 I8 38 233 
28 Brown Creek ................... I /  8/51 18 37 58 
22 Elk Prairie Creek ................ 12/10/50 20 65 . . 
27 Godwood Creek .............. ... I/ 6/51 '21 71 . . 
26 Godwood Creek ............... .. I/ G/51 *22 7 1 . - 

Dead larvae 

-. 

Deposi- 
tion 
date 

12/15/48 

-. - 
Dead eggs 

15 

Percent 
mortality 

(uncorrected) 

7.2 
- - - - 
4 
12 
25 
12 
- - 
. - 
1 

- - 
- - 
- - 
- - 
. - 
. - 
- - 
- - 
- - - - 
- - 
. - 

Redd 
No. 

2 

11 
6 
10 
0 
8 
75 
2 
8 
16 
2 

Live larvae 

- - 
17 
18 
22 

.5 
1 :I 
15 
1 

32 
14 
1 
9 
6 
1 

29 
1 
2 
15 
27 
1 

230 
9 9 

12.5 
12.2 
7.8 
2.2 
10.0 
5.3 
3.8 
50.8 
9.2 
1.1 
9.0 
3.9 
3.3 
28.7 
2.4 
2.2 
6.0 
31.8 
0.5 

100.0 
62.6 

Location 

Godwood Creek.. ............... 
2 

- - 
69 
748 
361 
480 
25 
31 
126 
91 
8 1 
- - 
28 
72 
- - 
- - 
- - 
- - 
178 
- - 
58 

- - 
- - 
- - 
. - 
- - 
. - 
- - 
92 
87 
31 

. . 
- - 
. . 
. - 
-. 
. - 
. - 
- - 
4 
. - 

8.6 
6.4 
22.2 
0.0 
7.7 
25.5 
1.3 
8.0 
18.7 
6.1 
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{ tile bottoms of these containers. Each was then filled half full of redd 
gravel and supplied \\,it11 100 dead silver salinon eggs. After being 
filled to the top with gravel, each can was then buried in a location 
which closely simulated that of most of the natural redds. Tlie con- 
tainers were placed in a vertical position witli the tops lying about two 
inches below the stream bed surface and under about four inches of 
flowing water. No lids were used on these cans and presumably the 
perforated bottoms allowed a fair amount of water to percolate past 
the eggs. 

The first of the containers was excavated after 30 days. A total of 
99 sound eggs was counted. None of thein appeared excessively soft and 
all of the shells were intact. I11 the \\,ark on the natural redds most of 
the eyed stage samples were talceii close to 30 days after the deposition 
date, a t  which tiine the dead eggs were allnost a l ~ ~ a y s  in excellent con- 
dition. On the basis of evidence froill the entire sampling program and 

J the relatively insignificant 1 percent decon~position of dead eggs in the 
experiment, i t  was decided that any acljustii~ents of the results from 
eyed stage samples to account for decoinposition losses were unneces- 
sary. 

After GO days the second can was unearthed and a total of 91 eggs 
was counted, indicating a 9 percent loss. This time many of the eggs 

i were quite soft, but most of the sliells were still intact. The contents 
of the third call mere examined after 90 days. Eighty-seven eggs were 
recognizable as individuals, but all were very soft and extensively de- 
composed. Only a few remained witli ~inbrolren shells. Hobbs (1937) 
placed freshly killed king salmon eggs in perforated canisters and 
buried then] in a New Zealand stream. He discovered that  all eggs of 
one lot were still intact after being buried 55 days. It is  difficult to 
account for the disagreement between this information and that from 
Prairie Creek, wliere a 9 percent loss was recorded after 60 days. Tlie 

I eggs of the two salmon species are allnost identical in appearance and 
structure, and the water temperature was virtually the same in both 
localities. It is possible that the variation was due to the difference be- 
tween eggs of the two species or to tlie effects of different bacteria 

1 and/or fungi on the rate of decomposition. 
Since most of the larval stage sa~nples were taken from 50 to 75 days 

past the deposition date (an average of G5 days), i t  seemed proper 
to assume tha t  roughly 9 percent of tlie dead eggs would have disinte- 
grated to the extent that they could no longer be counted. Therefore, 
in order to include all loss from this source, it  was considered necessary 
to increase a11 larval stage mortality figures by this amount before pro- 
ceeding to calculate the average redd loss for each species. It is assumed 
that both the dead king salmon and dead steelhead eggs decompose 
a t  about the same 9 percent rate that was determined for the silver 

I salmon eggs. No evidence appeared during the course of this study to 
invalidate this assumption. An exception was made in some cases in 

1 which extremely large losses of eyed eggs occurred in worm-infected 
redds; presumably none of these dead eyed eggs would have had time 
to decompose before the sampling was accomplished. 
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of larval fish between the hatching and t l ~ c  eniergence periods. I n  con- essential that  the redd be resampled after hatching, so that the full 
nection with this problem, the results of obscrvatiolls conducted wi th  mortality may be recorded. I n  the case of the silver salmon a total of 22 
t h e  experi~ilelital burial of eyed eggs are of interest. Immediately a f t e r  samples was talren fro111 15 true redds, and larval stage data were avail- 
t h e  young fish emerged from a plant of 2,907 liing salmoll eggs, the able for 13  of tile localities. The average corrected mortality was 25.7 
gravel  of tlie redd area was carefully searched but no dead larvae were percent. With the king salmon 10 samples were talren from seven true 
found. Tlie same result was realized fro111 a plant of 1,580 silver salmoll redd~,  and larval stage data were used for three localities. The average 
ova, and only a single dead larva resulted from 1,416 eyed steelhead 
eggs. I n  addition, dead larvae were either absent or occurred in ve ry  
small  numbers when natural larval stage redds were excavated (only 
s ix  out of 26 such samples prodnced dead larvae and ill none of tllelli 
was the number significantly large). It can probably be assumed t h a t  if 
there  had been a noticeable mortality during the early part  of the Number 01 red& 

larval  stage i t  would have been detected in some of tlie samples, a n d  if 
such  a mortality had talren place in the latter portion of this stage,  
more  evidence probably would have been found in tlie gravel a f ter  the Sfi"e3 .?&Don.-- -.. . - - -  - - - - - ---  

King d m o n  ---.-.-.---..------ 
emergence had occurred. Thus, there is good evidence to show that  such Steelhead trout. -. -. - . - - - - - - . - - 
losses are quite rare and would not lnaterially affect the eyed stage (or 
corrected larval stage) mortality figures. 

The  dependence upon such samples for a total redd loss figure migh t  corrected mortality, in this case, was 14.0 percent. TVit.11 the steelhead 
be criticized because of tlie possibility of sonle of the eggs or la rvae  14 samples were taken from 13 true redcls, and larval stage data were 
having been carried out of the redds as the result of erosion d u e  to used for nine of the localities. The average corrected ~nortality, calcu- 
flooding. The Prairie Creek study was conducted with this possibility lated for this species, was 35.1 percent. This information is summarized i n  mind. All marked redds were repeatedly observed with special at-  
tention to the efEects of high water upon the general gravel contour. Effects of Oligochoete Worms Usually, the stream width did not extend over 10 or 12 feet in the r edd  

In  the latter par t  of each season, usually from February to May, 
some of the redds become infested to depths sometimes exceeding one 
foot with various nulnbers of a single species of oligochaete worm. This 
worm was the only representative of the stream bottom fauna ever 
found to penetrate the substrate more than superficially (one or two 
inches). Moreover, i t  soon became apparent that abnormally high read 
losses were recorded when the worms were present. It was found that 
most of the dead eggs, in these cases, had undergolle normal develop- 
ment to the eyed stage. I n  fact, large numbers of dead eyed eggs were 
found only in these infested redds. 
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Almost al l  of the instances of contamination were discovered during 
the spring from February to May. The tendency of the worn1 popula- 
tion to increase a t  this tiine of the year is in general accord with the 
seasonal population increase of most of the other bottom fauna forms. 
None of the king salmon redds was found to be infested. The spawning 
of this species was evidently completed early enough in the season, 
so that  effective concentrations of the worm were avoided. Apparently 
for the same reason, those silver salmon nests which were constructed 
during the first portion of the run also remained unaffected. However, 
the steelhead run  occurred a t  about the time of year that the bottom 
fauna (probably including the worm in question) achieves a noticeable 
population peak. It is presumed that this is the reason that  seven out 
of the 13 productive steelhead redds showed this oligochaete infection. 

When the average mortality in the noninfested redds of each of 
the three species is compared (king salmon, 14.0 percent; silver salmon, 
14.8 percent, and steelhead, 13.7 percent) the percentage of loss is 
remarkably uniform. This evidence strongly suggests that  almost all 
of the interspecific variation previously shown in the redd lnortality 
of these fishes (page 47) mas due solely to the effects of this particular 
worm. The evidence so far  accumulated indicates that  the silver salliloii 
and the steelhead trout suffer about equally when the redds are con- 
taminated (the average mortality of infested redds of the former being 
55.8 percent, compared to 55.4 percent for the latter). 

When more than one sample mas removed from some of the redds i t  
was noted that numbers of worms in a given location can sometimes 
increase with great rapidity. For example, in silver salmon redd No. 27, 
only a few individuals were found when the area was first excavated 
on February 14th, but on March 17th, only 30 days later, a very 
heavy infestation, which resulted in a 100 percent mortality, was dis- 
covered. This rapid increase in numbers, which was not accompanied 
by an appearance of large quantities of young individuals, suggests 
that this species is able to migrate through the gravel with some 
facility and perhaps is able to detect the eggs for a considerable dis- 
tance. It is noteworthy that heavy concentratioils of the worms ap- 
peared only where there were eggs; very few worms were ever found 

FIGURE 5. Lateral (left) and ventral ( r ight)  views of anterior end in false redds or other stream bed areas. 
In  view of this information it was decided to set up a controlled 

cluring the collection of a single sample. When only five individuals or experiment, whereby something more could be learned about the effect 
less were taken while obtaining a sample the mortality was n o t  abnor- of this annelid species upon the developing eggs. Therefore, in the 
mally high and the redd was regarded as "noninfested." spring of 1951, a trough a t  the Prairie Creek Fish Hatchery was made 

An indication of the effect of the worm on natural redds c a n  be pre- available for the following work: Two small canisters about four inches 
sented by a comparison of the mortalities in infested redds wit11 those high and three inches in diameter were selected. Numerous small holes, 
from noninfested redds. I n  reference to Table 4 (page 42), giving the each about one millimeter in diameter, were punched in both the 
sampling results for the silver salmon, four of the samples (numbers bottoms and lids. Some fine gravel from a nearby stream bed was used 
15, 19, 21, and 22) were taken from infested redds. The average mor- to fill each can one-third full. Twenty-five healthy, eyed, king salmon 

eggs from the Prairie Creek Hatchery supply were added to each con: 
tainer. I n  addition, 10 of the live oligochaete worms were placed on 

redds gave an average mortality of only 13.7 percent. 
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these animals. Both cans, each containing 50 eggs, were then com- 
pletely filled with gravel and placed on their sides in the hatchery I t  seems that  no further work was clone along this line until White 

(1930) sainpled a single redd of the brook trout, Salvelinus fontinalis 
(Mitchell), in a streail1 on Prince Edward Island, in the Gulf of St. 
Lawrence, Canada. I-Ie removed eggs from the nest and let them develop 
in a hatchery trough, where 79 percent hatched successfully. This pro- 
cedure may be criticized, of course, because the loss might have been 
increased by the removal and handling of the eggs. Hazzard (1932) took 
occasion to excavate 21 redds of the same species near Ithaca, New 
Yorli. The eggs were examined a t  the eyed stage and 79.8 percent were 
found to be alive. This particular study was undertalien to determine 

Therefore, the experiment was repeated. This time the holes were the percentage of fertilization under natural conditions. Samples a t  
slightly enlarged (to about 1.5 mm.) and were kept open d u r i n g  the . this stage may or may not indicate the nonfertilization loss, but do give 
progress of the problem. The experiment followed the saiite procedure an idea of the mortality \vhich takes place up to the eyed stage for 
a s  was described above, except that the eggs used were from steelhead this particular species and locality. 
trout instead of king salmon, and the time interval was reduced to Foerster (1938) held red sali~ioii in prepared cages while they 
nine days. When the cans were opened on this occasion the one without spa~vned and stated the result of such reproduction as follolvs: "From 
the worins contained only four dead eggs while the one with worms several general tests, i t  would appear that under natural conditions the 
showed 49 dead eggs. A third trial with steelhead eggs resulted i n  49 snccessful deposition, fertilization, and developmeilt of eggs would ap- 
dead eggs in the worm-laden receptacle, while only 17 dead individuals prosinlate 70 percent." While this figure is of interest, it  is certainly 
were found in the control can. possible that examination of redds where the fish were allowed to choose 

I t  was not possible to determine conclusively the inetliod whereby their own spawning location mould give consiclerably different results. 
the developing embryos were killed. There was no evidence t h a t  the In  1912, White told of removing eggs from a new Atlantic salmon 
living eggs were directly attacked mechanically. The wornls evidently redd and obtaining a 78 percent hatch in a trough. Apparently, the 
did not consuine any of the yolk material until the tough, outer chorion most recent work was done by Hunter (1948), who found that 10 redd 
had become naturally ruptured during the slow process of decomposi- samples indicated only a 13.73 percent survival for chum salmon, On- 
tion. The lethal agent may well be found in the copious quant i ty  of corhynchzis keta (Walhaum), and 3.18 percent for pink salmon, Oncor- 
mucus wliicli is exuded continuously by this oligochaete. When large hync11.1rs gorbzrscha (Walbaum). The results of this work ,on the Brit- 
numbers of worms were dug out of the stream bed, the gravel  was is11 Columbia coast, indicating extreme losses, offer a distinct contrast 
found to be well permeated by the mucus. Also, when a few individuals 
were placed in a glass of water the surrounding fluid soon became quite 
viscous. The effect upon the eggs could be due to the presence of an 
actual poison, but, more likely, the mucus either prevented an  adequate 
oxygen supply from reaching the ova or had a detrimental effect on 
the osmotic balance. I n  1948, Ilobbs summarized the results of his entire redd sampling 

The results of both the hatchery experiments and the work on natural  pro,pram, which had been carried on over several years. His total col- 
redds indicate that such worms can have rapid and sometimes cat- lect~on consisted of samples from 711 redds (mostly of brown trout. 
astrophic effects upon developing salmonid eggs. I n  the case of the although some of rainbow trout and king salmon were included). Of 
steelhead especially, it  is quite possible, in Prairie Creek, t h a t  this the 503,139 specimens collected, 92.4 percent mere living. Hobbs (loc. 
annelid may constitute an important limiting factor on the population. &t.) also calculated that not over 1 percent average additional loss 

could have occurred before the time of emergence. Therefore, the figure 
Sampling Results From Other Areas of 8.6 percent can be safely accepted as the average total redd mortality 

figure for his New Zealand investigations. 
As was mentioned in the introduction, the only thorough work on I n  recent years there has been a tendency among fishery biologists 

the  pre-emergence portion of the life cycle of salmonid fishes was done to apply the findings of Hobljs (loc. cit.) to reproduction of salmonid 
by Hobbs (1937, 1940) in New Zealand. However, it was evidently fishes in North America with little or no qualification. Experience with 
Chamberlain (1907) who supplied the first published data f r o m  the the introduction of other vertebrate animals from North America to 

New Zealand and elsewhere has shown, in some cases, that the normal 
efficiency of natural reproduction was greatly increased. There is no 

with the least loss. 
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The results of the sa~npling program in Prairie Creek, together with LOSS I N  ARTIFICIAL PROPAGATION 
t h e  s~nall  amount of prcvio~is work done in North America, offer a de- I n  spite of the fact that 1lat.clicries for sal~nor~id fishes liave been 
cided c o ~ ~ t r a s t  to Hobbs' figures and indicate, so far, that a great inany operating on the Pacific Coast of the United States for over 80 years, 
less young fish are added to the sal~no~lid populations via na tu ra l  re- there has been no szcccessful attempt to maintain records which satis- 
production in their native range than is the case in New Zealand. factorily show just how efficiently wch installations can carry out their 

functions. Virtually all of these fish cultural stations attempt to note 
The Degree of Natural Fertilization mortalities which occur once the eggs have been collected and placed 

Some work has been done on the extent of fertilization accon~plished in the hatching baskets, and some keep count of the number of females 
under natural conditions, but i t  is here considered separately because from which the eggs were taken. Ilowever, this is usually the linlit of 
sometimes the nonfertilization loss may liave but little influence upon the recorded information. 
t h e  percentage of total redd mortality. Hobbs (1937) was apparently I f  the efficiency of the artificial propagation method is to be compared 
the  first to employ the sampling technique on redds within a short time among various hatcheries or with i~atnral  rcprodnetion, then some ad- 
a f t e r  construction in order to record the efficiency of this process. In ditional, and highly important, factors must be considered. Before eggs 
five New Zealand liing salnlon redds he fouild an  average fertilizatioil are. taken for hatchery use the adult fish mnst usually be held in spe- 
of 98.24 percent. I11 1940, the same author investigated 48 trout ( b r o ~ v n  cially constructed ponds or behind a weir across a stream until thr 
a n d  rainbow) redds which showed a 98.99 percent fertilization. individuals become mature enough so that their sex products are easily 

I n  the same year two other papers which dealt with the same subject obtained. During this period, when the large fish are forcibly prevented 
appeared. Cameron (1940) found a 98.2 percent fertilization based on from completing their spawning migration, a significant mortality can 
a n  average of five samples of pi~lli sal~non eggs and a 98.6 percent av- be expected. This is usually the result of physical injuries sustained 
crage from 10 red salmon nests. Cralner (1940) dug up four coastal cut- in constant attempts to escape confinement. I n  addition, in many local- 
throat  nests and discovered the fertilization varied from 93.0 t o  98.6 ities a large, unrecorded loss of eggs occurs when females attempt to 

spawn on the bottom of the holding poi~ds or below the obstructing 
weirs. I n  these cases the chance for development is slight, since such 
places are usually totally unfit for the continued survi\~al of the eggs. 

During the process of manual spawning further losses are to be noted 
in the case of the Pacific salmons. Regardless of the experience of the 
egg-taking crew, once in a while a "green" fellale, in which the eggs 
are too ilnmature for use, is killed. Also, the worli of excision and re- 
moval is generally done in a hurry and solne of the eggs are aliilost 
always left adhering to the collnective tissue of the oyary or else under 
part of the viscera. The steelhead trout female is not cut open; conse- 
quently, the process of egg removal may be incomplete, with a compar- 
atively large number of ova left in the abdominal cavity. 

method provided a basis for separating the infertile specimens wi th  a I There is no doubt that under ordinary conditiolls the loss of eggs 
f a i r  degree of accuracy. from the above causes will greatly exceed that which takes place through 

The dead eggs from six king salmon, eight silver salmon, and th ree  the egg and f r y  stage in  the hatchery trough. The assignment of even 
steelhead trout redds were examined, usillg the above described tech- tentative values to these initial categories of loss is by far  the greatest 
niqne. The percentage of fertilization recorded, including both live a n d  problem in attempting a diagnosis of the efficiency of the artificial 
dead  eggs, was 92.4, 93.4, and 96.2 percent, respectively; the average hatching procedure. 
froin the redds of all three species was 94.0 percent. Letters of inquiry were sent to both state and federal agencies con- 

I n  the light of these recent investigations the statemcnts.of some of cerned with fish hatchery operation in California, Oregon, and Wash- 
t h e  earlier authorities may accordingly be discounted. For  example:  ington. The individuals contacted were usually very cooperative but 
Downing (1900) gave the opinion that not one egg in a thousand was they generally did not have much information available regarding 
fertilized naturally, and Townsend and Smith (1902) were also confi- \ losses before the eggs reached the hatchery. Therefore, the small amount 
d e n t  that only a small percentage of the eggs were ever fertilized. Gray of data which could be gathered was utilized with recognition of the 
(1920) wrote that a comparatively low percentage of the eggs in a r e d d  fact that the conclusions may be somewhat modified when more detailed 
appeared to be fertilized and quoted a figure of 8 to  10 percent, which studies of artificial propagation can be made. 
he had received from an unidentified authority. Apparently the esti- 
mates  of none of these authors were based on samples from na tu ra l  
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Silver Salmon 

I n  accordance witli the plan to list mortality causes in chro~iological 
order, the first type considered is that occurring as the result of con- 
finement in holding ponds or by weirs across streams. The Oregon 
Fish Commission supplied data from two hatcheries which indicated an King Salmon 

average loss of 6.9 percent. The \fJashi~lgton Ilepartment of Fisheries The large U. S. Fish and Wildlife Service installations a t  Leaven- 
gave information on two silver sallnon runs a t  Minter Creek which worth, Entiat, and Winthrop (in the State of Washington) reported 
demonstrated a si~nilar loss of 14.2 percent. 011 the other hand, t h e  an average holding pond loss of about 50 percent. Casual observations 
mortality in the very small, crowded holding area on the htad River, on the Mad River, California, revealed about a 15 percent mortality, 
California, ran about 50 percent (personal observations during a while data from two runs a t  the Colenla~l Station (U. S. F .  \IT. S.) ,  single r u n ) .  California, averaged 18.2 percent. E i ~ l i t  Oregon Fish Commission 

F o r  the sake of selecting a single figure to represent the mortality hatcheries reported an average loss of 13.9 percent, and Mattson (1948) 
told of a 15  percent estimated mortality below weirs in the Willamette 
Valley in Oregon. The average for all these sources is 22.6 percent. 

As was the case with the silver salmon, there was no information 
on the number of eggs lost (through natural spawllil1g at- 

tempts) by females being retained. 
Information from Oregon reveals that about 3.0 to 5.0 percent of the 

evidently varies widely with both the length of the retaining period females killed are still too immature to hare usable ova. On the other 
and t h e  size of the holding ponds (if ponds are used). The leiigtli of hand, the Coleman Station listed only a 0.1 percent loss from this 
the retaining period, in turn, seems to be well correlated with the topo- cause, while about 5.0 percent seemed to be nor~nal for the Mad River, 
graphic location of the egg taking station. When such stations a r e  California, operation. On the basis of these data, a figure of 3.0 percent 
located well upstreani (in the vicillity of the natural spawning grounds) represents the average. 
it is necessary to hold the adult fish but a short time, compared to the  Observations a t  Mad River showed that about 2.0 percent of the eggs 
more o r  less lengthy process required farther downstream. were lost during the manual spawning operation. The Oregon Fish 

There  is no information a t  all available regarding the numbers of eggs Commission, the only other agency to give an  estimation in this cate- 
lost (through natural spawning attempts) when fe~nales are retained. gory, indicated a 0.5 to a 10.0 percent mortality, depelldillg upon how 
A t  th i s  tinie, therefore, no figure can be added for this category, 
although i t  should be borne in mind that  large losses can occur in th is  

Steelhead Trout 
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compute the mean loss. The result is a inortality figure of 34.7 percent. 
As  was the case with the two salmon species, there was no informa- 

tion available on tlie number of eggs lost (through llatural spawiling 
at tempts)  by females being retained. 

As  was  mentioned previously, a sigilifieant portion of the eggs are 
usually left in the female trout after the egg-taking process because 
the spawn  is removed from the live fish by pressure instead of through 
the killing and illcision method used for the salmon species. T a f t  and 
Shapovalor (1945) selected 12 manually spawned fish a t  randoin and 
found that  about 10 percent of the total egg conlplemrnt was l e f t  in Undoubtedly a few eggs are lost during the spawning process, but 

each female. Hobbs (1948) remarked : ". . . there is  no evidence tha t  this mortality (previously discussed on page 20) also seelns normally 

trout  attempt to spawn these residual eggs." Therefore, this 10.0 per- to be so small (a t  least in smaller streams) that i t  call ha\,e no signifi- 

cent must  be recorded as a loss until such a time that  i t  can be shown cant effect upon the number of young eventually produced. The only 

otherwise. remaining conceivable causes of pre-emergence loss are the possible 
Fortunately, there \\,ere inore data available on l~a tc l~e ry  mortality disruption of true redds by superin~position or through flood-caused 

wit11 th i s  species than were found for the salmon. Taft  and Shapovalov erosion. Insofar as Prairie Creel; is concerned, neither of these causes 
( loc .  c i t . )  observed that the hatchery loss in this species was between was found to be of great importance. The spawlling groul~ds were not 

10 a n d  20 percent. Fish (1940), in his paper giving an evaluatioil of utilized to the extent that the first redds were dug u p  by later arrivals, 

t rout  culture, listed i~lforination on steelhead which resulted from and i t  has been shown (page 46) that, in the two seasons of this study, 

analyses of the progress of over 6,000,000 eggs in 1 2  lots in six western no flood damage was evident, 
hatcheries. The average egg loss \\.as 18.2 percent, and the f r y  loss was Since no significant losses can be ascribed to the above causes in 
an additional 1.94 percent. A11 arerage from several Washington state Prairie Creek, it inay be assumed that the average redd mortality figure 

hatcheries gave ail 18.2 percent mortality, and infornlation f rom one for each species (as previously determined) also call be used to repre- 

Oregon state hatchery indicated that the usual loss was about 17.70 per- sent the average natural mortality for the entire port io~l of the life cycle 
cent. T h e  average froill the figures taken from the above sources is 18.7 up to the emergence stage. 

COMPARISON OF NATURAL AND ARTIFICIAL PROPAGATION 

The silver salnlon of Prairie Creek, during the two seasons of the 

ASPECTS OF LOSSES I N  NATURAL PROPAGATION 

TABLE 8 

Natural and Artificial Propagation 

Percent of emergent 

Species fry pmduce,j fro,,, Percent of emergent 
naturally spawned "Y produced 

eggs in prairie creek artificial methods 

58.5 
65.1 
47.8 
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