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locations supplied

studied on the Chena River in 1963-65. Chinock and chum
uses indicated low population levels although spawning den-
m salmon appeared high., Chum salmon predominantly spawned

b3

with ground-water seepage, while chinook salmon

areas of strong ground-water outflow. Chum salmon appeared to

4

mited in their distribution on the spawning grounds by the distri-

Sk

bution and quantity of spawning substrate in sseepage areas.

ravel water was sampled by means of plastic standpipes which

. 3
serviceable in winter by the addition of kerosene. Water was

B

for dissolved oxygen, pil, alkalinity, hardness, and iron con-

#

lized chum salmon egpgs, contained in j

’{s.-«z
o

ic-mesh bags, and
gravel beds affected by ground-water, had an average survival

of 84.2%. Apparently high survival occurred <

solved oxygen levels of 2 mg/l or lower. A linear correlation between

xvgen concentration and dry weight of newly hatched alevins was

demonstrated.

to about 5

losses in bags, possibly due to decompesition or scavenging,

%)

P

w

ssults of water quality analyses and chum salwon egg survival in

: ; RS T3 S T Y /' SN S
cas were consistent with findings of Russia

. . . A P
chum szlmen of Similal spavwning ecology.
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sockeye salmon (Oncorhynchus nerka), and chum salmen (ug ij} “@gugarlv

b “ -
i i [ &

or preferentiall y spawn in springs or upwelling ground-water. Bro k t?ﬁut

have been observed spawning directly downstream from springs or in graV§}

supplied with ground-water (White, 1930; Hazzard, 1932;

o
s

be completely

Gravel that appears suitable to the casual cbscrver may

gnored in preference to sites supplied with ground-water. Frequentiy

brook trout will use an unlikely-looking sand-silt substrate possessing

L

4

upplied with

*CA

upwelling ground-water in preference to gravel beds not

ground-water (Webster, 1962). Sockeye salmon seem less speacific im their

ood River Lakes

G 1

spawning requirements than brook trout. However, in the ¥
system, Alaska, where sockeye salmon spawn on lake beaches, in streams,

or springs, survival is generally highest in certain springs (Burgner and
Church, 1960). Two ecotypes of chum blsuudj
occur in the Amur River, Siberia. The summer race has a falrly wide

distribution but spawns predominantly in the lower veaches of the river

in main channels not supplied with ground-water. The autumn ¥

i

other hand, is composed of larger fish, having greater fat i

ST T e . e 2 e o g § e sl v S PSR |
which ascend the Amur to its tributaries and spawn in quiet creeks sup-

1o g o ¥ gy £ e o B T S S S P s AN S AR
plied with ground-water (Birman, 1953). Due to its hablt of spawnlng in

‘W SOTINGS, the races nas a moyve Lation )
Aot N L~ 3
» DT SV i PR - ey e s o x iy o U Y R —
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I'he spring area described was selected on the basis of (1) past

accessibility in winter. In summer the study area could be reached on

v

o
s

or by boat by embarking from a maintained road passing through

5 s 5 e

ielson Alr Force Base and terminating at the river in the vicinity of

D

It

river Mile 63. In winter, the site was

r4

eached on foot, or by snow
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after a fairly stable ice cover had formed on the ‘ace water in the
study area. Large differences in dissclved oxygen concentration at
points as little as two meters apart attested to
intragravel environment.

A general vise in dissolved oxygen comcentration in both intra=

£ mes

gra’ vater and surface
1964, may be associated

11). Warmer air tempera

melt, and perhaps this

OX face wate

water, point § was one 1

condition that caused th

walter

in the study area,

Y
e 43

with a warming trend in air temperature (Figure
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;¢ of atmospheric
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. Of the points that were influenced by ground-
ocation that was apparently unaffected by the

@

e general rise in dissolved oxygen leve

nrebably unlikely that the increased level of Oxygen was due to an increase

in the oxygen concentra
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ndiratine ¢k ] 17 % 65 and ArFarrd1i4e Xy . o
indicating that handling loss and infertility of eggs were low at time
LY e T e e A T P S o . . . -

of pianting. On the basis of niWh survival in both the second sample

taken from the surface box (100%) and from point § at 49 days (99%), it

-
8

s
-
&
a3
th
T
;‘;
%‘3
fa¥
?«-Ju

hat survival 4t planting was greater than 95%. Disler
s e T g oSy 2 TN N N P NV P - 4 ed 4 B K {785
(1953) claims 97% of chum salmon eggs taken at Teplovskii Hatchery (Bira

River, Siberia) are 3uzrg¢0;4j‘v fertilized. Observed survival of eggs

+

and alevins, amounting to 84.2%, is fairly high in comparison with
Pacific salmon survival to emergence of 1arvaé in general. Natural
survival rarely exceeds 25% and frequently is less than 10% (Royce, 1959;
McNeil, 1962). This comparison is made with the assumption that the
mertality rate of alevins is small. Levanidov (1954) reports survival

to exceed 90% in certain autumn chum salmon redds in the River Khor,

Siberia. He also contends that the coefficient of survival of embryos
«nd alevins in areas supplied with ground-water is significantly greater
than in areas without it.

Although there appeared to be a relationship between egg survival

¥
(:s
=
‘"‘e
=
(-?

and bag location (comparing points 9 and 3) in the study area, treatm

of survival data by analysis of variance did not support a contention

i

vt there was a difference in envirvonmental quality (Table 2). High

TS

bWk}

th

survival appeared to be related to high dissolved oxygen at point 9. By

the same token low survival and low dissolved oxygen appeared correlated
Although dissolved oxygen fell below 2.0 mg,/ 1 at points 1
% e & kWi g S 3 A A W ] L

and & voward the end of

and 6 and approached 2.0 mg/l at points o, 7, &

betwren the second and third
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i

variance comparing survival in bags with location

.

of Variation  Bum of Squares d.f. Mean Square F F.

Total 2,331 9

Location 991 9 1161
1.64 _‘”9
Within Samples 1,340 20 67

oxygen concentration of 2.0 mg/l, He further claims that eggs close to

hatching can survive at a1 oxygen concentration of 0.5 mg/l, while ale-

vins are capable of enduring oxygen levels as low as 0.28 mg/l. In the

current study the correlation coefficient between dissolved oxygen and

survival in bags was insignificant (r= 0.36] Therefore, no linear

\.,-

relation was indicated between the two. Silver et al. (1963) subjected

g B

x,«

ri)

incubating chinook salmon and steelhead trout (Salmo gairdneri gailrdne

S1oat dif-

egos to concentrations of dissolved oxygen of 11.5 to 1.6

ferent velocities and found that no appreciable mortality occurred at

»w;

the lower levels of oxvgen except at 1.6 mg/l where complete mort

resulted. Coble (1961) found the percentage survival of

o5 incubated in stream beds to be directly associated with dissolved

chum salmon egg

Lenoa d

saturation conditions.

‘ T o e oy
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y the experimental condition in the hatchery. Silver's laboratory study

fer

suggests a lower lethal dissolved oxygen threshold for steeclhead trout

embryos, while Coble's work, under field conditions, |

;"L
Lt
J»—J-.

<

association between survival and oxygen concentration. In view of
Levanidov's work, and in terms of fairly high survival in the Chena

s

study a

b

red in the face of low dissolved oxygen concentration, there is
reason to expect survival of chum salwon eggs which are depusited
springs to conform to a lower dissolved oxygen threshold and not to a

linear =

e"

ssociation with oxygen.
A significant correlation coefficient was demonstrated for dissolved

oxygen concentration and dry weight of alevins in bags (r=0.78 at the 5%

level of significance). Alderdice et al. (1958) have determined that

ez
o
2,
o

~
3
»

o
L
=
%m«
e
<
L
?x.ae!
t

the respiration rate of chum salmon eggs is unaffected

as low as 1 mg/l in the early stages of development but that ©

ot vt

rises to 7 mg/l near the end of incubation. Shumway et al. (1964},

5

working with coho salwmon and steelhead trout embryos, discovered tha

alevin weight varied directly with dissolved oxygen concentration and

G W

water velocity. Dissolved oxygen had much the stronger effect. When

P

cpes were reared at constant temperature and velocity, resultant alevins
ot i At FY Sk 3 Rl o

were twice as large at an average dissolved oxygen concentration of 4.9
mp/1 than at 2.8 mg/] They a.so found that eggs hatched sooner at hi

i B bR " i ° S A

oxygen levels., In the present study, a decrease in oxygen consumption in

R

E D S R . o - N " B
response io low oxygen concentration in the environment probably accous

Deviat

of alevins between samples.

Tor




e

NI
[N

actors. Differences in water veloeit ty past chorionic surfaces is the
most likely possibility. To szy that dissolved oxygen is high 4@@$’ﬁgﬁ
preclude the possibility that the delivery rate of oxygen to the chorion
is low. Also, even at high dissolved oxygen, waste prodrcts might accu-
mulate and interfere with respiration. Spatially separate sources of
water, and in some cases differine qualities of water, affected gravel
beds in the study area. Slight shifts in location of upwelling ground--
water occurred during the experimental incubation period. These obser-
vations, coupled with a lack of surface flow in the channel, sugg@SE that

the environment of developing salmon embryos

he

is good reason to suspect that the rate

fferent from point to point. Differential

for a large part of alevin weight variation

centration., In terms of survival, however,

mental condition may be a sufficient flow of

some oxygen, past embryos and alevins (Levan
Another potential source of variation 1

-~

11 L5

quali

gol
]

ts of water

i

&

bag from point 9 appeared advan

Tl

&5 ?Ze%‘ﬂ(:iri"’k/ well

L

is highly variable. There

intragravel water seepage 18

8

rates of flow could account

with respect to oxygen con-

the only necessary environ-

water, bearing at least

1954) .

idov,

the distance betwesn

ies in

5

s} . Although

ced and on the verge of

beasn

hatching 16 January 1965, 15 days later there appeaved to have
no further development in another bag that point. Thils probably
indicates that a few centimeters in distance between bags might make a
diff. ‘once in environmental quality. Lmbryos at point 1| appeared

on 16 January 1965, yet the last bag removed contained 89%

4 embryos of substantial size s-samples at
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particle size

reliacie. &ﬁ&¢yﬁvv ware discontinued when it was found Luatﬁaapsjaab on

results was not possible. Results that were obtained tended to indi-

cate fairly high levels of dissolved carbon dioxide (20-30 mg/l) but

in indistinet titration end points.

im.;

little confidence was placed

-30 mg/1 of carbon dioxide

{;”E
Q}

Levanidov (1954} reports the occurrence of 2

il
m;
N

slightly inhibits developmental rate. Alderdice and Wickett (1958)
found no decrease in oxygen uptake by chum salmon eggs at carbon dioxide

12

T

concentra tions below

o

mg/1 when eggs were incubated at 2.5 mg/i of

dissolved oxygen for nine days.

@Wl

et

Sampling survival in redds proved somewhat difficu The major

sroblem was the lack of current in the spring-fed sloughs containing
chum saimon redds. Without current embryos could not be readily carried

P

free of the gravel into a collecting net. Due to ineificlency of the

oyed catch per unit effort was low. Predation on chum

g E £ [ TR T S PPN e
salmon eggs and alevins by chinook salmon

fingerlings proved to be a

problem during egg digging

[P T SR T I e e Ve Gy e edidy avaa ook wilace it early
hatoning in onum SH1MONn rodds 1n dhe study area TOOK pLace 1n cdllLy
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94% of eyed epgs, determined at 1IN, probably represents the best estl
at IN after correction fov total eyg L0855
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retained in th

{1
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t
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away. According to Levanidov (19547,
the eggs not deposited in redds amount to about 25% of the total, of

winich 0.5 to 1.5% ave ret ained in the female and the rest are swept out
of the redd or perhaps consumed by pryoatérsﬁ

Statistically, egy loss was linearly unrelated to temp ?afurc and
dissolved oxygen (non-significant aoxzii ition coefficients). FEggs
probably disappear from redds due to decomposition, predation, and

MceNe

;..n

i
e
e
<
R
jos’
4383
?-J x
o
Gu
f"‘""\

1oet al., 1964). Aquatic insects wers generally founc
in bags at 108 and 123 days. Specimens of Trichoptera, Plecoptera,

Diptera, and Ephemerida could evidently pass through bag meshes. During

separation of eggs and alevins from gravel, a plecopteran was observed

Rty Fe

feeding on the yolk sac of a living alevin. Whether egg loss might occur
in this manner in redds is unknown. Although slimy sculpins were found

g...:,

in redds, none were soen bags. Those ~apable of passing the meshes

of the bags would not be able to consume whole eggs in the event that

this type of predation occurred. Cottids found in redds were small (3-4

cm) and apparently not abundant.

McNeil et al. (1964) have shown that dead pink salmon alevins dis-

appear from spawning beds within Two months of fry emergence, while dead

cggs may linger as long as IS
R 1S g o
sucgeading generation o
o 5 * % i S | PN [EOR . I S
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vequired in aerobic ba

e

decomposition is dependent on water temp-

erature. Kaganovskil (1949) claims a higher rate o

S

iy
{
o

zog loss due to
accelerated decomposition in redds of salmon located in springs in com-
parison with those located in river fairways where winter temper Lurc¢

fall to © C. McNell et al. (1964) suggest, on the basis of pink salmon

B —— .

studies, that decomposing eggs from a

escapement of salmon may
impair water quality in spawning gravel for more than one year. The
occurrence of decomposing chum salmon eggs of the 1963 brood year, re-

covered as

w
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months after depo

the possibility of a similar effect on chum salmon spawni

study area. Disler (1953) has found that unfertilized eggs of autumn

chum salmon can survive the duration of the incubation period in the

absence of mechanical 5h@c§ and at low temperature. He considers

a4 Sury ,L"fc;,.

¥ o o e oy gy gy B oy T e Y £ 3 STt E s
The cause of complete mortality at A was not estapliished. Ground-
water affected point A as the high water temperature there indicates.

e

contention. It is unknown
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CONCLUSION

The Chena River does not support a

of dissolved oxygen in gravel be

»j.n

of spawn to the

o

surviva

affected.

although air temperatures in December 1964,

record lows.,

Spring water in sloughs h

irectly or indirectly affect

atehi

No evidence of redd

concentration than in the main

winter, however, the pH level i

Ihickness of ice at seepage

Y

upwellin

.3

Fao,

river in places where watex

comparable, Oround-water vary

are

p ground-water but was

freezing
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water. Ground-water influence at most redds was indistinct -s determined

s

water sampling in standpipes. Ground-water did influence surface

water temperature and consequently ice cover over redds.

Jead eggs were still recognizable 18 months after their brood h@d

been deposited. Decomposing egg masses could possibly impair water

quality in chum salmon redds.

According to Levanidov (1954), the spawning of autumn chum salmon

under the influence of springs is not only a survival adaptation, but

has become a spawning requirement in the coursc of evolution. The
abserce of a direct effect of ground-water on redds in the study area

may indica

{{3

that it is not necessary pev se. [f this is true then

perhaps the primary importance of ground-water is its relatively warm

e

N

54

. s v . & s
mperature in preventing freezing of redds. The results of the
vestigation of salmon survival in sorings on the Chena River are con-

stent with the hypothesis that the major influence of springs on the

. s VI SR« S O X T
redds of autumn chum salmon in Siberia is the prevention of freezing.
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ARTW K e et s N N .
FABLE 5. Intragravel and surface water analyses in the study area and

in the main river (1964-65)

Location  date pH alkalinity hardness iron
(mg/1) (mg/1) (mg/1)

4N 11/12 6.
1/18 6

oo oo

LU
o O

<
Gt Boed

10 10/30 6
1/18 6.
377 6
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377 6
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8 10/30 6.5 68.5 35.6 0.l
1718 6.5 68.5 85.6 0.1-0.3
377 6.5 85.6 102.7 0.1

7 10/30 6.5 68.5 85.6 0.1
1718 .5 H8.5 85.6 0.1-0.3
85.6 102.7 0.1
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6 10/ 30 6.5 08.5 68.5 0.1
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