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Introduction

%almon return to their natal stream to spawn and this
e segregation of spawning adults in both time and
which leads to the formation of discrete stocks (Ricker
sific salmon also appear to be genetically adapted to
f:-awning times, locations, and temperatures (Ricker
Jer and Brannon 1982; Burger ef al. 1985; Brannon
thus, indirectly to specific incubation temperatures.
.~ Adaptation to specific incubation temperatures ensures maxi-
mum fry. survival and size (Beacham and Murray 1985, 1986,
 1987; Mrray and McPhail 1988) and maintains fry emergence
at the most favourable time cach year {Godin 1982; Brannon
1987). Transplants of Pacific salmon within what was thought to
be their normal range have been relatively unsuccessful in
poducing new stocks (Withler 1982). Adaptations to local
environments may explain some of these unsuccessful trans-
piants (Helle 1981). Transplants may be more successful if
donor stocks are better matched to proposed environments
(Beacham and Murray 1987).

In British Columbia, coho salmon (Oncorkynchus kisutch)
spawn in over 970 rivers and streams, with spawning concen-
tated mainly in coastal systems and in small systems rather than
?ﬂfge ones (Aro and Shepard 1967). Spawning of coho salmon
I British Columbia typically peaks in November and December
when autumn rains have raised water levels, but spawning may
tontinue at low levels into Japuary or as late as March at
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hus kisutch) stocks in British Columbia spawning from October to April were surveyed for variation
tics at incubation temperatures from 1.5 to 15°C. There were no trends in embryo or alevin survival
g temperature. The highest embryo and alevin survival rates occurred at 4 or 5°C
14 or 15°C.. Vancouver and Queen Charlotte Island stocks had lower survival rates
Time to 50% hatching and 50% emergence varied inversely with incubation
ime for the Patlant Creek stock on the Queen Charlotte Islands was later than for all other stocks.
levin and fry length and weight with respect to incubation temperature. Northern stocks tended to
tocks at converting yolk to body tissue at 1.5 and 2°C, as were mainland stocks compared with

T.D., et McPHAIL, J. D. 1990. Influence of parental stock and incubation temperature on the early
mon {Oncorkynchus kisutch) in British Columbia. Can. J. Zool. 68 : 347-358.

Oncorhynchus kisutch) de Colombie-Britannique qui frayent d’octobre 4 avril ont été
les variations de croissance 2 des températures d”incubation de 1,5 2 15°C. Les taux de
iculiére en fonction du moment de la fraye ou de la température
de survie maximaux des embryons et des alevins se produisent 2 4 ou 5°C et la mortalité est
(. Les stocks de I'Tte de Vancouveretdes lles dela Reine-Charlotte ont des taux de survie 1,5
ks du continent. Le temps écoulé jusqu’a I'éclosion de 50% des embryons ou jusqu’a
t en fonction inverse de la température d’incubation. L’ éclosion des alevins se produit plus
les de la Reine-Charlotte, que dans tous les autres stocks. La longueur et la masse
ivent des tendances différentes selon’la température d’incubation. Les stocks
de vitellus en tissu plus efficace que les stocks dusud & 1,5 et 2°C; de méme, les stocks

[Traduit par la revue]

temperatures from 0.8 to 14.4°C (Godfrey 1965). In this study,
we examine the effects of incubation temperature on survival,
development time, and alevin and fry size of coho salmon in
British Columbia. We also present evidence which illustrates
that coho salmon in British Columbia have steck specific
developmental traits that may be adaptations to different
environments. :

Materials and methods

Coho salmon gametes were collected from 13 different stocks (Table
1) with the specific locations shown in Fig. 1. Postorbital-hypural
length of females was measured to the nearest mm. Eggs from single
females were fertilized with sperm from single males, producing up to
five full-sib families per stock. A sample of 30 water-hardened eggs
from each female was preserved for at least 3 months in 10% formalin
for subsequent determination of egg size. Egg diameter was measured
along the longest axis to the nearest 0. mm and weight was obtained by
first blotting the egg dry and then weighing it to the nearest mg.

The incubation system we used from 1976 to 1979 has been
described by Murray and Beacham (1986). Briefly, it consists of two
water-filled refrigeration units operating at 1°C that contained the
temperature baths. Temperature control was maintained by heating the
temperatuze baths to 2, 5, 8, 11, or 14°C, The eggs were incubated in
submerged aquarium filters half filled with pea gravel and compressed
air circulated water through each filter. Single egg lots from each
family were incubated at each temperature.

The incubation system we used in 1986 has been described by
Beacham and Murray (1985). The eggs were incubated in vertical stack
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TaBLE 1. Collection date, water temperature, postorbital-hypural length (POHY), and
egg diameter and weight for 49 females from 13 stocks of coho salmon i British
Columbia (& is the number of females or eggs examined; standard deviations are in

parentheses)
Female Egg size
Water
Stock and temperature POHY Diameter Weight
collection date °C) N (mm) N (mm) (mg)

Capilano River

Dec. 4, 1976 6.5 1 477(—) C 30 7.2(0.25) 224.4(11.85)

Nov. 18, 1979 9.0 2 489(6.4) 60 7.0(0.28) 215.8(10.83)
Coho Creek

Dec. 19, 1976 6.0 2 508(17.7) 60 7.0(0.22) 235.8(8.94)

Nov. 16, 1979 9.0 1 546(—) 30 7.6(0.31) 212.4(10.87)
Salmon River

Nov. 11, 1977 9.0 531(10.6) 60 7.5(0.200 243.6(i1.42)

Nov. 7, 1979 6.5 1 499(—) 30 7.0(0.22) 214.912.70)
Elk Creek )

April 6, 1977 10.0 I 459(—) 30 6.7(0.30) 171.6(9.16)

Nov, 24,1979 6.0 2 446(50.9) 60 6.2(0.31) 169.7(26.38)
Nathan Creek

Nov. 7, 1979 6.5 1 482(—) 30 7.80.25) 221.0(12.58)
Gosden Creek

Nov. 19, 1979 6.0 1 598(—) 30 8.1(0.19) 302.6(12.22)
Spius Creek .

Oct. 31, 1986 6.0 5 501(31.4) 150 6.6(0.45) [32.8(21.51)
Pallant Creek

Nov. 7, 1986 4.0 5 577(38.0) 147 8.7(0.51) 348.2(30.40}
Kitimat River

Nov. 14, 1986 1.5 5 597(21.9) 150 7.5(0.40) 219.230.77
Robertson Creek

Nov. 19, 1986 5.0 5 617(17.6) 150 8.0(0.40) 262.7(30.40)
Bella Coola River

Nov. 29, 1986 2.0 5 593(23.8) 148 7.6(0.37) 215.1(25.99)
Chehalis River

Dec. 4, 1986 3.0 5 505(28.4) 150 7.2(0.37) 174.2(22.15)
Big Qualicum River

Dec. 10, 1986 4.0 5 515%(38.4) 150 7.5(0.39) 206.8(29.54)

incubators maintained at 1.5, 2,4, 8, 12, and 15°C, with each tray
containing 20 plexiglass containers. The bottom and lid of each
container were covered with screen. Two egg lots from each family
were assigned to each temperature, with each replicate in a separate
tray. Water velocities and oxygen tensions for both series of experi-
ments were within the recommended ranges for the incubation of
salmonid embryos and alevins (Bams and Simpson 1977).

In both series of experiments, dead eggs were removed and
preserved in Stockard's solution (Rugh 1952), and later inspected to
remove unfettilized eggs. Embryo survival rates were then calculated
based upon the number of festilized eggs. Once hatching began in each
family, we recorded the number of newly hatched alevins daily, and
within 1 day of 50% hatching, we anesthetized and then preserved, for
at least 3 months, 25-30 alevins per family (15 alevins per replicate in
1986) in 10% formalin for subsequent determination of alevin length
and weight. Standard length was recorded to the nearest 0.1 mm. Total
wet weight was recorded to the nearest mg and, for the 1986
experiment, yolk was separated from the rest of the body and weighed
(mg). Tissue weight was determined by subtracting yolk weight from
total weight. Dead alevins were removed and counted to determine
alevin survival rates. The timing of fry emergence for each family was
determined by placing 20 alevins in an emergence trap (medified from
Mason {1976) and Godin (1980)). Alevins in the trap were classified as

~ proportions and then used the arcsine square root transformation. ¥

newly emergent fry when they became neutrally buoyant and positivel
phototactic. Within 1 day of 50% emergence, all the fry remaining
the incubator for each family were anesthetized and then preserved
10% formalin. A sample of 25-30 fry (15 fry per replicate i 198
from each family was subsequently measured and weighed, using
methods outline for alevins. o

Variation in egg size for all stocks was analyzed with the analysis
variance mode] (all effects random})

Yijk=[.L+Sj+F£j+ 77

where ¥;; = egg diameter or weight, p. = mean, §; = effect of stod
(i = 1,13}, Fy = effect of female within stock (j = 1,5), and &
error term for & observation in subgroup .

For the analysis of stock and temperature effects on embryo
alevin survival for a1l coho salmon stocks surveyed in British Colu
during 19761986, we calculated survival rates for cach group

then used a one-way analysis of variance model to analyze variation
survival rates for stocks from 1976— 1979 and a model similar tothe?
size model for stocks in 1986, except that Y = embryo of ale
survival rates and §; = effect of stock (i = 1,7). In both analy®
temperatures were considered separately. i

Variation in 50% hatching and emergence times for all coho sl
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stocks was ;—:xamined with the model
Y,}k :l.L + Sr’ + I} + STU + Eiik

where Yy = observed 50% hatching or emergence times, b = overall
mean, 5; = effect of stock (i = 1,13}, T; = effect of temperature (;
19), §T; = interaction between stock and temperature, and ey
error term for ¥ observation in subgroup ij.

Variation in alevin and fry length and weight for coho salmon stocks
surveyed during 1976—1979 or 1986 was exmained with the model

Vg = o+ 8 + T+ STy + Fy + FTip + ey

where ¥ = observed length or weight, i = overall mean, S; = effect
of stock, T; = effect of temperature, S7; = interaction between stock
ad temperature, Fy = effect of family within stock (k= 1,5),
Ty = interaction between families within stock and temperature,
md ey = error term for {™ observation in subgroup k. Temperature
was considered fixed and other effects random. Satterthwaite’s (1946)
fgproximation was necessary to calculate an appropriate mean square
lotest the effect of stock, :
Regional differences in alevin and fry tissue weight for stocks

sutveyed in 1986 were investigated by analysis of covariance with the
made]

TN

Vi=w+ R+ BW; — W)+ ey

wherc. ¥y = alevin or fry tissue weight, j. = overall mean, R; = effect
of Tegion (i = [,2 for northern vs. southern stocks and for island vs.
maflﬂand stocks), B = regression coefficient of alevin or fry tissue
¥eight on mean egg size, W;; = mean egg weight by stock (f = 1,3 for
Worthern and island stocks and 1,4 for southern and mainland stocks),
V= overall mean egg weight, and ¢; = error term for j™ observation

a":la;“l?gmup i. Temperatures were considered separately in the
calysis,

Results
Egg Size
There were no clear regional or seasonal trends in egg size

: :mon_g the 13 coho salmon stocks surveyed (Table 1). However,
. B diameters and weight in coho salmon were dependent upon

%ale postorbital-hypural length. As mean female body length

7
F16. 1. Location where coho salmon gametes were collected in 1976—1986.

increased, mean egg diameter (v = 0.79; df = 11; P < 0.01)
and weight (r = 0.64; P < 0.03) also increased. Significant
differences were observed among stocks in mean egg diameter
(F=10.24;, df = 12,36; P-<<0.01) and weight (F 12.92;
P < 0.01), where variation among stocks in egg diameter and
weight accounted for 65 and 74% of the total vanance,
respectively. There were also significant differences among
females within stocks in both egg diameter (F = 80.96; df = 36,
1416; P <2 0.01) and weight (F = 231.62; P < (.01}, account-
ing for 26 and 23% of the total variance, respectively. The stock
and female components accounted for more of the total variance
in egg weight (96%) than in egg diameter (91%).

Survival rates :

Survival rates of coho salmon embryos from fertilization to-
hatching were variable for the 13 stocks examined (Table 2).
The highest embryo survival rates for most stocks were recorded
at 4 or 5°C and were usually over 85% at 2, 4, 5, and 8°C.
Complete mortality was recorded at 14 and 15°C except for two
Coho Creek families in 1979 (Fig. 2) and one Spius Creek
family in 1986 (1.7%}). Survival rates for coho salmon embryos
during 1976-1979 were not significantly different among
stocks within temperatures (P > 0.10). In 1986, embryo
survival rates were significantly different among stocks within
temperatures at 1.5, 2, 4, and 8°C (P < 0.05), but not at 12°C.
The lowest embryo survival rates at 1.5°C were recorded in the
Pallant Creek and Robertson Creek stocks and, although not
significant, in the Kitimat River stock at 12°C (Table 2). Within
a stock, there were marked differences in embryo survival
among families (Fig. 2), with the greatest differences occurring
at the extreme incubation temperatures. In 1976—-1979 these
differences were greatest at 11°C, where embryo survival rates
for three families in both the Salmon River and Elk Creek stocks
ranged from 76 to 92% and 73 to 95%, respectively. Similar
differences were recorded for the five Bella Coola River
families at 12°C in 1986. At 1.5°C, embryo survival rates for
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TaBLE 2. Survival rates of embryos and alevins for 13 stocks of coeho salmon sampled from 1976 to 1986 and incubated 4
temperatures of 1.5, 2, 4, 5, 8, 11, 12, 14, and 15°C; time to 50% hatching of alevins, 50% emergence of fry, and mean ten?mm
observed under each controlled temperature regime for each stock is also indicated (& is the number of fertilized eggs (for embryg Se
rates) or alevins hatching (for alevin survival rates); standard deviations of mean temperatures and 30% hatching and emergence timeg arUrv
in parentheses) °t

Embryo Alevin
Survival rate Survival rate
Water _  ———  Timeto350% Water Time to 5
temperature Fertilization hatching temperature Hatching to  Fertilization Cmergeﬂ%
Stock (°C) N to hatch {days) °C) N emergence to emergence (days)cg

Coho Creek 2.3(0.75) 593 0.960 164.6(2.57) 2.2(0.73) 569 1.000 0.960 222.02.96
5.0(0.20) 587 0.954 90.2(0.74) 5.0(0.16) 560 0.996 0.951 155.6(0.51
7.9(0.30) 595 0.936 61.2(1.06) 8.0(0.23) 557 0.993 0.929 106.9(1'53

10.9(0.47) 614 0.876 43.4(1.35) 10.7(0.25) 5336 0.985 0.860 69,1(2:07
13.8(0.36) 428 0.554 31.0(0.07) 13.9(0.25) 237 0.903 0.500 63.0(0.2¢

Salmon River 2.10.57) 627 0.960 158.8(0.17) 2.1(0.49 602 1.006 0.960 198.4(0,55
5.1(0.28) 617 0.955 86.2(1.68) 5.1(0.26}) 589 0.998 0.953: 139.8(1.00
8.0(0.13) 657 0.933 53.6(1.97) 3.0(0.10) 613 0.980 0.915 91.0¢1.39

10.9(0.38) 632 0.842 38.3(0.57) 10.9(0.26) 532 0.890 0.748 61.9(0.50
13.8(0.39) 629 0.000 —_ — .

Elk Creek 2.2(0.30) 619 0.730 150.7(7.21) 2.1(0.48) 452 0.958 0.700 26530211
5.0(0.28) 627 0.982 87.2(1.00} 5.1(0.22) 616 1.000 0.982 139.5¢2.12
8.1(0.30) 607 0.886 61.1(1.98) 8.0(0.27) 538 0.994 0.881 94.2(1.7

10.9(0.32) 592 0.861 42.3(0.97) 11.0(0.17) 510 0.953 0.821 68.1(0.82
13.9(0.59) 608 0.000 _ —

Capilano River 2.3(0.87) 629 0.900 152.2(2.22) 2.1(0.78) 566 0.926 0.833 265.3(1.5
5.0(0.28) 652 0.962 80.5(0.86) 5.0(0.33) 627 0.989 0.951 147.5(0.9
8.1(0.30) 657 0.988 51.3(0.82) 8.0(0.22) 649 0.995 0.983 97.8(0.3

10.9(0.32) 658 0.953 38.8(0.46) 10.9(0.31) 627 0.974 0.929 69.1(1.4
13.9(0.59) 649 0.000 -_— =

Nathan Creek 2.3(0.40) 220 0.945 149.8(—) 2.1(0.58) 208 0.880 0.832 196.6(-—)
5.0(0.27) 201 0.975 74.6(—) 5.1¢0.22) 196 0.990 0.965 137.3(—)
7.9(0.29) 289 0.958 53.5(-—) 8.0(0.27) 277 0.940 0.910 92.8(—

10.9(0.44) 250 0.960 38.4(—) 10.8(0.43) 240 0.871 0.836 67.4(—
13.8(0.37) 241 0.000 —_ —

Gosden Creek 2.0(0.51) 205 0.878 149.5(—) 2.1(0.49) 180 0.900 0.790 214.9(—
5.1(0.32) 185 0.973 87.8(—) 5.000.35) 180 1.000 0.973 153.5(—
8.0(0.25) 201 0.975 57.6(—) 8.0(0.30) 196 0.995 0.970 109, 1{—

10.9(0.37) 225 0.951 38.7(—) 11.0(0.35) 214 0.902 0.858 78.4(—
14.0(0.49) 207 0.000 _— —

Spius Creek 1.4(0.15) 1102 0.984 189.5(1.75) 1.4(0.14) 1084 0.975 0.959 280.0(1.8%):
2.0(0.07) 1004 0.968 138.7(1.58) 2.000.07) 972 0.984 0.952 230.0(0.00),
3,8(0.32) 1033 0.981 105.6(1.08) 3.9(0.31) 1013 0.996 0.977 154.8(3.02)
7.9(0.39) 1157 1.000 58.1(0.54) 7.8(0.34) 1157 0.997 0.997 88.7(5.53)

11.9(0.30) 1042 0.958 36.6(0.135)  12.0(0.36) 908 0.998 0.946 57.9(0.%9)
14.9(0.23) 1051 0.031 28.0(0.06) 14.9(0.27) 33 0.485 0.015 53,0(0.00)

Pallant Creek 1.4(0.15) 1679 0.634 217.4(2.02) 1.4(0.13) 1064 0.497 0.315 350.007.83
2.000.06) 1361 0.858 185.5(1.42) 2.000.100 1339 0.964 0.827 264.9(1.39)
3.9(0.32) 1643 0.998 - 123.8(1.12) 3.9(0.33y 1639 0.981 0.979 169.0(1.34)
7.8(0.37) 1730 0.998 67.7(0.82) 7.8(0.34) 1710 0.968 0.957 99.3(1.14

11.9(0.31) 1668 0.865 41.2(0.60)  12.000.34) 1442 0.784 0.677 73.701.7)
14.90.27) 1916 0.000 —_— = :

Kitimat River 1.4(0.15) 1332 0.978 198.0(2.13) 1.4(0.14) 1303 0.921 . 0.90t 293.4(8.34)
2.0(0.06) 1278 0.988 168.6(1.76) 2.0(0.10y 1263 0.988 0.971 237.3(0.00
3.9(0.31) 1214 0.972 112.3(1.06) 3.9(0.33) 1181 0.993 0.965 154.32.10
7.8(0.39) 1164 0.979 61.2(0.51) 7.8(0.35) 1140 0.989 0.968 94,6(0.88

12.0(0.32) 1218 0.646 37.9(0.46) © 12.00.35) 787  (.882 0.570 62.8(1.37
14.9(0.31) 1249 0.000 — -

Bella Coola River 1.400.13) 1170 - 0.987 195.1(3.14) 1.5(0.12) 1155  0.972 0.960 299.6(9.13
2.000.07) 1095 0.990 171.8(2.49) 2.000.07y 1084 0.977 0.967 245327

3.9(0.33) 1158 1.000 110.3(0.79) 3.9(0.39) 1158 0.997 0.997 156,379
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o

Embryo Alevin
Survival rate Survival rate
Water Time to 50% Water Time to 50%
temperature Fertilization hatching temperature Hatchingto  Fertilization ~ emergence
Stock Q) N to hatch (days) “C) N emergence to emergence (days)
7.8(0.39) 1145 0.996 61.1(0.39) 7.8(0.36) 1140 0.989 0.984 89.2(1.82)
12.2(0.34) 1126 0.878 37.6(0.59) 12.1(0.34) 989 0.930 0.817 60.8(0.86)
14.9(0.26) 1139 0.000 - — .
pig Qualicum River 1.4(0.11) 2142 0.930 188.0(2.13) 1.4(0.10) 2035 0.585 0.556 318.2(4.73)
2.0(0.07) 2272 0.974 163.3(3.65) 2.(0.10) 2214 0.880 0.857 237.5(3.54)
3.9(0.31) 2125 0.988 104.1(1.56) 3.9(0.41) 2099 0.988 0.976 152.7(0.94)
7.9(0.32) 2125 0.956 57.9(0.53) 7.8(0.34) 2031 0.834 0.797 91.2(4.30)
12.1(0.35) 1986 0.834 37.8(0.41) 12.1(0.29) 1657 0.923 0.770 62.8(1.27)
15.10.200 1935 0.000 — -
gobertson Creek 1.4(0.15) 2358 0.660 198.1(2.01) 1.4(0.12) 1536 0.789 0.521 323.8(6.20)
_ 2.0(0.06) 2366 0.861 168.9(2.69) 2.000.100 2037 0.951 0.81% 244,4(2.07)
3.9(0.31) 2458 0.984 112.1(1.06) 4.000.32) 2419 0.995 0.979 157.1(2.11)
7.8(0.39) 2408 0.915 61.5(0.39) 7.8(0.35) 2204 0.975 - (.893 96.1(3.64)
12.1(0.35) 2375 0.899 37.1(0.34) 12.0(0.32) 2134 0.836 0.751 67.7(1.62)
-14.8(0.26) 2303 0.000 —_ —
Chehalis River 1.4(0.13) 2221 0.973 190.0(1.88} 1.4(0.11) 2160 0.930 0.904 308.8(6.19)
2.000.07) 2270 0.979 164.7(2.45) 2.000.07y 2220 0.983 0.963 230.8(1.03)
. 3.8(0.33) 2185 0.999 105.2(0.77) 3.9(0.32) 2182 0.999 0.998 149.3(3.32)
7.9(0.39) 2037 0.992 58.3(0.51) 7.8(0.34) 2021 0.994 0.986 92.0(3.26)
11.9(0.28) 2066 0.924 36.4(0.47) 12.000.36) 1908 0.887 0.819 61.5(1.83)
14.9(0.24) 1922 0.000 — — '

five families in both the Pallant and Robertson Creek stocks
ranged from 20 to 97% and 16 to 94%, respectively, and similar
differences were recorded for the three Elk Creek families at 2°C
(32-95%) (Fig. 2). Incubation temperature had a marked effect
on subsequent embryo survival and, within a stock, families
apparently were not all equally adapted to survive in similar
environments..

As with embryos, the highest alevin survival rates were
rcorded at 4 or 5°C and were usually over 90% at 2, 4, 5, and
§°C. Coho salmon alevins incubated at 1.5 and 12°C had lower
survival rates than did those at the other incubation temperatures
examined. Alevin survival rates in 1976—1979 were not signi-
ficantly different among stocks within temperatures, except at
'C where the Coho Creek and Salmon River stocks had higher
survival rates than the other stocks examined. In 1986, survival
fates of coho salmon alevins differed among stocks within
Incubation temperatures at 1.5, 2, 8, and 12°C (all P < 0.05),
but not at 4°C. The lowest alevin survival rates at 1.5°C were
corded in the Pallant Creek, Big Qualicum River, and
Robertson Creek stocks, and at 12°C in the Pallant and
Robertson Creek stocks (Table 2). As with embryos, there were
m_"WIEEd’ differences in alevin survival rates among families
%ithin stocks, with the differences most apparent at the extreme
ncubation temperature (Fig. 2). Very low and high incubation

:m;_!eratures reduced the survival of coho salmon embryos and
Eving,

co}ehe 13 coho salmon.stocks surve){ed in Britis'h Columbia
0 Ted 4 wide geographic range and diverse spawning tempera-

TS, but spawning times were very similar among stocks
IOVember—December), except for the one family from the Elk
eek stock that spawned in April. No clear trends in survival
S from fertilization to emergence were associated with
4Wning time or spawning temperature. Survival rates withina

region and over several years were relatively consistent (Table
2, Fig. 2). For example, within the Chehalis River drainage,
overall survival rates for the Coho Creek stock at 2 and 8°C were
96 and 93%, respectively, and 96 and 98% for the Chehalis
River stock. There was significant regional variation in overall
survival rates for coho salmon stocks in British Columbia, with
the Queen Charlotte Island stock (Pallant Creek) and both
Vancouver Island stocks (Robertson Creek and Big Qualicum
River) having lower survival rates from fertilization to emer-
gence at 1.5 and 2°C than the mainland stocks examined. Coho
salmon survival rates clearly differ among incubation tempera-
tures, among stocks, and among families within stocks.

Development time _ : :

Time to 50% hatching and 50% emergence for all coho
salmon stocks surveyed in 1976-1979 varied inversely with
mean incubation temperature (Table 2). As expected, there
were significant differences among temperatures in the time
from fertilization to 50% hatching (F = 1461.38; df = 8,42;
P < 0.01), with hatching at 8 and 2°C requiring 51-68 and
149-185 days, respectively. Significant differences occurred
among stocks (F = 10.90; df = 12,42; P << 0.01), with coho
salmon alevins from Pallant Creek on the Queen Charlotte
Islands hatching later at all temperatures than those in the other
stocks surveyed. Significant interactions occurred among stocks
and incubation temperatures (F = 37.15; df 42,348; P < (.01),
so that stocks hatching sooner at one incubation temperature did
not necessarily hatch sooner at another temperature. Because of
these interactions there were no clear regional {except for
Pallant Creek) or seasonal trends associated with hatching time.

There were significant differences in the time from fertiliza-
tion to 50% emergence among incubation temperatures (F =
490.92; df = §,42; P << 0.01) and among stocks (F = 3.67,
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df = 12,42; P < 0.01). In addition, there were no clear regional
or seasonal trends associated with emergence time because of
the significant interactions among stocks and temperatures
(F = 49.45; df = 42,348; P < 0.01). Emérgence at 8 and 2°C
required 84—109 and 197-265 days, respectively. The trend of
Pallant Creek coho salmon hatching later at all temperatures was
not maintained at emergence.

Alevin size

Alevin size at hatching for stocks surveyed in 1976—1986 was
variable among stocks within an incubation temperature and
among temperatures within a stock (Table 3, Fig. 3). For stocks
surveyed in 1976—1979, there were significant differences
among temperatures for alevin standard length (F = 12.86;
df = 4,15, P <0.01) and total wet weight (F = 24.1; P < 0.01),
but no significant differences among stocks for either size
characteristic. Alevin length and weight generally increased
with decreasing incubation temperatures. Significant variation
also occurred among families within a stock for both length and
weight, but this variation was probably the result of differences
in female egg size within stocks. Interactions were observed
between families within stocks and incubation temperature, but
not between stock and temperature, for both length and
weight. Families within a stock responded differently to incuba-
tion temperatures (Fig. 3), suggesting that families within a
stock are not necessarily adapted to the same environmental
conditions. .

We compared trends in alevin size for stocks surveyed in
1986 with replicates for each family at each temperature
combined. As indicated for the stocks surveyed in 1976—1979,
alevin standard length clearly differed among incubation tem-
peratures (F = 25.60; df = 5,24; P < 0.01), with the longest
alevins generally produced at 4 and 8°C (19.4 and 19.3 mm,
respectively) and those at 12°C being the shortest (17.5 mm).
Alevins hatching at 4 and 8°C had similar total weights (245.2
and 241.3 mg, respectively) with total weight declining at 1.5
and 2°C to 208.7 and 210.6 mg, respectively. Alevin tissue
weights were heavier at 4°C (119.8 mg), intermediate at 1.5 and
2°C (93.1 and 94.5 mg, respectively), and lighter at 12°C (84.5
mg). Incubation temperatures clearly affect alevin length,
weight, and the conversion of yolk to body tissue, with the
longest and heaviest alevins generally produced at 4°C. Alevin
yolk weights at hatching also varied significantly among
incubation temperatures (F = 31.38; P <<0.01), with alevin
yolk weight decreasing with declining incubation temperature.
There were no significant stock differences detected for alevin
size parameters, except for total weight (F = 6.24, df = 6,13;
P < 0.01). Differences in total weight were largely the result of
differences in mean egg size among stocks (Table 1). Heavier
alevins were produced by stocks with larger eggs. Significant
variation among families within stocks was observed for all
alevin size parameters investigated (all P << 0.01) (Fig. 3), but
this variation was again the result of differences in female egg
size within stocks, with longer and heavier alevins produced by
females with larger eggs.

Significant interactions were observed between stock and
incubation temperature for alevin standard length (F = 7.10;
df = 24,111; P < 0.01), total weight (F = 5.58; P < 0.01),
yolk weight (F = 7.96; P << 0.01), and tissue weight (F = 6.90;
P < 0.01). Interaction between stock and incubation tempera-
ture suggested that stocks were adapted to different environ-
ments with respect to incubation temperature. Interactions were
also observed among families within stocks and incubation
temperatures for all alevin size parameters (all P << 0.G1) (Fig.
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FiG. 2. Survivalrates of embryos from fertilization to hatching and of alevins from hatching to emergence for 47 families from 11 stocks of coho

salmon. Families are indicated by different lines.

3). Families producing larger alevins at one temperature did not
necessarily produce larger alevins at another temperature.

Fry Size

Incubation temperatures had an effect not only on alevin size,
but also on fry size for all stocks surveyed (Table 3). At
emergence for stocks surveyed in 19761979, there were
significant differences in fry standard length among incubation
temperatures (F = 23.74; df = 4,15, P < (.01}, and among
families within stocks (F = 11.79; df = 8,23; P < (.01), but
not among stocks (F = 1.47; df = 5,10; P > 0.10). Fry total
weight also varied among families within stocks (F = 18.20;
df = 8,23; P < 0.01), but not among stocks or temperatures
(P > 0.10). The longest {26.9 mm) and heaviest (273.4 mg) fry
were produced at 5°C. As with alevins, differences in fry length
and weight at emergence among families within stocks were
attributable to variation in egg size among females. Conversely,
the similarity in egg size among stocks probably accounts for the
lack of stock differences in fry length and weight in 1976-1979.
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Significant interactions were observed between temperature and . ¥
families within stocks for fry length and weight (£ < 0.01), but .
not between stock and temperature (P > 0.10). Trends in fry
size with respect to temperature can be dependent upon the: §
family under consideration (Fig. 3). :
In 1986, fry standard length at emergence differed among
incubaticn temperatures (F = 30.3; df = 5.24; P < 0.01), with
the longest fry produced at 4 and §°C (27.9 and 28.3 mm,
respectively) and the shortest, at 1.5°C (25.3 mm). Total weight .
at emergence for fry incubated at 4 and 8°C was 389.3 mgandit
declined to 248.3 mg at 1.5°C (F = 52.6; P < 0.01). On
average, fry tissue weights were the heaviest at 8°C (364.5 mg
and they declined at 1.5 and 12°C to 221.3 and 322.3 mg::
respectively. There was no significant difference in the amount
of residual yolk among temperatures (F = 1.42; P > 0.10-
Incubation temperature had a marked effect on fry size at
emergence, with the longest and heaviest fry produced at 8°C.
There were no significant differences in standard length, total
weight, and tissue weight among stocks (all P > 0.10), but

Fic. 3. Standard length and total weight of alevins at 50% hatching and fry at 50% emergence for 47 families from 11 stocks of coho sl
incubated at 1.5, 2, 4, 5, 8, 11, 12, and 14°C. Families are indicated by different lines.
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residual yolk weight was variable among stocks in 1986
(F=5.93; df =6,22; P <0.01). Fry from stocks with large
eggs had more residual yolk (Pallant Creek, 52.7 mg) than fry
from stocks with small eggs (Spius Creek, 9.0 mg). Fry size
parameters varied among families within stocks (all P < 0.01;
Fig. 3), but, as with alevins, these differences were attributable
to variation in egg size among females.

Trends in fry size with respect to incubation temperature
were different among stocks and significant interactions were
observed between stock and incubation temperature for all size
parameters investigated (all P < 0.01). When standard length
was compared at 2 and 12°C, Pallant Creek, Kitimat River, and
Bella Coola River fry were longer at 2°C, and Spius Creek,
Robertson Creek, Chehalis River, and Big Qualicum River fry
were longer at 12°C. Spius Creck, Pallant Creek, and Chehalis
River fry were the heaviest at 4°C, while Robertson Creek,
Kitimat River, Bella Coola River, and Big Qualicum River fry
were the heaviest at 8°C. Stocks clearly respond differently to
incubation temperatures with respect to fry size.

Interactions were observed among families within stocks and
incubation temperatures for all fry size paramters (2ll P << Q.01;
Fig. 3). The interactions between families and temperatures
were the most apparent in the Robertson Creek stock and the
least apparent in the Pallant River stock.

At a common egg size there were no significant differences in
the efficiency of converting yolk to alevin or fry tissue between
northern and southern or between island and mainland stocks
surveyed in 1986 (all P > 0.10}. However, at 1.5°C, there was
a tendency for northern stocks to be more efficient at converting
yolk to tissue than southern stocks (alevin, 97 and 91 mg,
respectively; fry, 243 and 208 mg, respectively) and for
mainland stocks to be more efficient than island stocks (alevin,
96 and 89 mg, respectively; fry, 236 and 205 mg, respectively).
Conversely, at 8°C, southern stocks tended to be more efficient
than northern stocks (alevin, 107 and 100 mg, respectively; fry,
366 and 349 mg, respectively) and island stocks, to be more
efficient than maintand stocks (alevin, 108 and 100 mg,

respectively; fry, 372 and 348 mg, respectively. Northern or

mainland stocks tend to be more efficient at converting yolk to
alevin and fry tissue at low incubation temperatures than
southern or island coho salmon stocks.

Discussion

Salmonid species generally segregate into distinct seasonal
stocks within a river system, and exhibit differences in spawn-
ing time and temperature, size, fecundity, age at maturity, and
embryo and alevin survival rates (Ricker 1972; Beacham and
Murray 1987; Brannon 1987). Unlike the other salmoenids, coho
salmon do not seem to form distinct seasonal races within a
stream, with characteristic differences in size, fecundity, and
age at maturity (Ricker 1972). We observed coho salmon
spawning from October to April at temperatures between 1.5
and 10.0°C, and there appeared to be little correlation between
the time of entry into a spawning stream and the spawning date
or temperature. Early run fish may spawn early or may wait
weeks or even months to spawn and, conversely, late run fish
may spawn immediately or also wait weeks (Ricker 1972).
Differences in the spawning migration of coho salmon seem to
be related to flow conditions, wheré the migration begins when
there is a large increase in flow (Neave 1943; Sumner 1953,
Shapovalov and Taft 1954; Fraser et al. 1983).

Incubation temperatures near the upper and lower thresholds
for normal embryonic development substantially reduced coho

salmon embryo and alevin survival rates. Except for two
Creek families incubated at 14°C and one Spius Cree
incubated at 15°C, coho salmon incubated at 14 a
suffered 100% mortality. Other researchers have obsep
increased mortality for coho salmon incubated at amt:iv :
temperatures between 11 and 12°C (Shapovalov ang p, ;
1940; Shaw and Magh 1943; Smimov 1975; Alley 196
Murray and McPhail 1988). Tang er af. (1987) reporteg p;
survival rates to emergence for two Washington Stae cofy
salmon stocks incubated between 1.3 and 10.9°C, tyy at 0]
0.6, and 17°C no embryos survived. They also reported tlll'
survival to emergence for one stock ranged from 75 o 799,
12.4°C and from 10 to 11% at 14.5°C, whereas SUIvivy]
emergence for the other stock ranged from 30 10 399 4t 12,5
and was 0% at 14.4°C. We also found that there were Iegion;
differences in survival rates at 1.5 and 2.0°C, with island stock
generally having lower survival rates to emergence th
mainland stocks. Mainland stocks may be adapted to colg;
initial incubation temperatures than island stocks becgyg
mainland streams tend to be colder than island strean;
(Sheridan 1962; Anonymous 1977). Clearly, there are regiong}
stock, and family differences in survival rates, with the up
threshold for normal development near 14°C and the lowe
threshold between 0.6 and 1.3°C.
We found no regional trends or differences in coho saimy
egg size among stocks, but mature water-hardened egg size
dependent on female length, with small females produciy
smaller eggs than large females. Similarly, Allen (1958
reported that the diameter of mature water-hardened eggs with
a stock was correlated with female length.
Alevin hatching time at each incubation temperature wa
similar for all coho salmon stocks examined, except for th
Pallant River stock from the Queen Charlotte Islands, wher
hatching was considerbly later than in the other stocks. Chu
(0. keta) and pink (0. goruscha) salmon stocks on the Quee
Charlotte Islands also hatch later (Beacham and Murray [987
1988) and are genetically distinct from stocks in other areas a
British Columbia (Beacham er al. 1987, 1988). The Quee
Charlotte Islands were a refugium during the last ice age i
British Columbia (Warner et @/. 1982). Salmon stocks ind
genous to the Queen Charlotte Islands have thus presumably ha
a longer time to accumulate genetic differences and adaptation
to the environment. This greater time period coupled wi
higher mean winter water temperatures than comparable main-’
land areas (Anonymous 1977) may account for the differences:
between hatching times for Pallant Creek coho salmon and othet .
stocks in British Columbia.
Emergence timing is considered to be a major selective forc
influencing spawning time and the differentiation of specifi
stocks (Godin 1982; Miller and Brannon 1982; Beacham an
Murray 1987; Brannon 1987). Coho salmon develop faster an
emerge sooner at all temperatures than other Oncorhynchi
species (Murray and McPhail 1988). They also spawn later an
at lower temperatures than the other species and their rapid ra
of development is thought to be a mechanism for maintainin
fry emergence timing similar to that of the other species in th
spring (Lister and Genoe 1970; Smirnov 1975; Godin 198%
Brannon 1987, Murray and McPhail 1988). L
Spawning later than other species may reduce interspecific
competition for spawning areas. It is not uncommeon to find coho .
and chinock (Q. tshawhytcha) salmon utilizing similar spawi-;
ing sites, but at different times (Burner 1951; Lister and (Genog- i
1970; Fraser er al. 1982). Pravdin (1940) also observed 1€~
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ng coho salmon digging up the eggs of sockeye (0.
and chum salmon. Coho salmon fry have an extended
ater rearing period and frequently cohabit rearing areas
i chinook salmon and rainbow (Salmo gairdneri) and
M[mroat (S. clarki) trout (Mason 1976; Miller and Brannon
5382' Rosenau and McPhail 1987). Interspecific competition
;0{ re,ariﬂg areas may make it necessary for coho salmon fry to
eree at a similar time to chinook salmon and cutthroat trout or
Lfore rainbow frout in order to establish a territory. Coho
Imon fry that cannot establish territories may be disptaced into
Subgptimal rearing areas and thus have lower survival rates
(Chapman 1962). '

As with other species, coho salmon females with larger eggs
woduce larger alevins and fry than other females with smaller
8 {Kazakov 1981; Wallace and Aasjord 1984; Beacham and
uray 1983, 1986, 1987). Incubation temperatures also
influence alevin and fry size (Beacham and Murray 1987;
Murray and McPhail 1988). Northern or mainland stocks
erally produced heavier alevins and fry at low incubation

e
fcmperatures (1.5-2.0°C) than southern or island stocks, with

avist
g,"ka)
freshw

e opposite trends occurring at 8°C. Incubation environments

yury among stocks, with mainland and northern stocks on
werage subjected to lower mean temperatures during develop-
ment than island or southern stocks (Martin 1959; Sheridan
1962: Beacham and Murray 1987). Tang et al. (1987) found
¥ tat for one coho salmon stock the conversion of yolk to tissue
was maximized at 4°C and for another it was maximized at 4.7
ad 6.5°C. Murray and McPhail (1988) suggested that maxi-
mum conversion of volk to tissue for a single coho salmon
family was near 2°C. Our results from several coho salmon
ymilies and stocks suggest that maximum conversion of yolk to
dssue occurred between 4 and 8°C. Clearly, coho salmon stocks
do not respond identically to changes in incubation temperatures.

Coho salmon stocks in British Columbia differ in egg size,
embryonic survival, development time, and alevin and fry size.
These differences are adaptations to stock-specific environmen-
tl conditions, and genetic mechanisms have evolved through
natural selection to stabilize these life-history characteristics to
assire maximum fry survival. The unique characteristics of
each stock emphasizes the need for management stategies to
ensure that, before transplants occur, donor stocks are well
matched to the proposed environment.
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