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A B S T H A C T 

A styrofoam insulated upwelling gravel incubator 

employing a gravel substrate and partially filtered river 

water was tested under extreme cold weather conditions and 

evaluated as a technique for propagating sockeye (Oncorhynchus 

nerka) salmon at Fulton River, near Babine Lake, B.C. Criteria 

for evaluation were survival rates, emergence timing and 

fry quality relative to gravel composition, egg density and 

the soft versus water-hardened planting technique. 

Interpretation of the results is complicated 

because all experiments were confounded with non-controlled 

environmental parameters, such as oxygen supply and metabolic 

waste concentrations, which resulted from an absence of 

controlled flows. 

The incubator performed well throughout extreme 

weather conditionsat sustained air and water temperatures 

of -30 degrees celsius and 0 degrees celsius, respectively. 

Filtering by a gallery-furnace filter combination was only 

effective in removing large foreign matter and did little 

to prevent organics from entering the incubator. Sedimenta­

tion did not appear to affect the survivals. 

Survivals were significantly higher in round gravel 

as compared to crushed gravel, however, the presence of a 

high proportion of fines in the latter clearly indicated 

the substrate size was unsuitable for incubation purposes. 

Emergence timing from crushed gravel was delayed by five 

days in comparison to the timing from round gravel. 

Eggs planted in the soft condition experienced a 

higher mean survival than did eggs planted in the water­

hardened condition. Fry from the soft egg plants were 

lighter in weight than fry from water-hardened eggs. 

There were no differences in emergence timing between 

treatments. 
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For the range of egg densities tested, one level 

above 11,000 eggs per layer planted in the water-hardened · 

condition and under the prevailing environmental conditions 

experienced a significantly higher mortality than lower density 

plants. Fry quality and emergence timing were similar between 

all treatments. 
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INTRODUCTION 

The upwelling gravel incubator has been studied 

over the years (Robertson, 1919; Bailey and Taylor, 1973; 

Barns, 1974) as a method of propagating Pacific Salmon 

(Oncorhynchus). Most studies were cdnducted using pink 

(Oncorhynchus gorbuscha) and chum (Oncorhynchus keta) 

salmon. Little is known on the application of the gravel 

incubator technique to other salmonid species. It appeared 

desirable to apply a version of the technique, using a supply 

of unfiltered water and a gravel substrate to other species . 

The results, if favourable are necessary for application 

of the technique in large scale enhancement of salmonid 

stocks on the Pacific coast, particularly in the northern 

regions which are subject to extreme cold for extended 

periods during the incubation period. 

A pilot study was designed primarily to evaluate 

the gravel incubator under -extreme cold weather conditions and 

secondarily to evaluate the gravel incubator in propagating 

sockeye salmon (Oncorhynchus nerka). The biological 

criteria of evaluating the sockeye gravel incubator were 

survival rates, emergence timing and fry quality relative 

to three test factors: gravel composition, egg density 

and soft versus water-hardened eggs at the time of loading. 

According to Barns (1972), crushed rock provides 

a more favourable medium than round rock due to the crevice 

to solid ratio and superior support surface qualities. 

Crushed and round gravels were tested in the present study 

to help identify the optimum type for incubating sockeye 

salmon. 

Egg density is an important factor determining 

subgravel survival of salmonid eggs and alevins (McNeil, 

1964, 1969; Ginetz, 1972; Mathisen, 1955). Little has 

been accomplished in determining optimum loading densities 
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of salmonid eggs in upwelling gravel incubators. The 

present study was intended to demonstrate the effects of 

varying loading densities on sockeye fry quality and survival. 

Robertson (1919) suggested that in many instances 

the conventional hatchery practise of allowing fertilized 

eggs to water harden prior to loading is unnecessary. The 

standard practise of water hardening before planting in 

many present day gravel incubators is time consuming and 

a radical change from the natural situation. The present 

study tested for survival and quality differences between 

eggs planted in the soft versus the water-hardened state 

to determine the success of either technique. 

The ultimate success of any enhancement method 

is measured by adult return, however, particular importance 

must be placed on the design and operational success of 

the gravel incubator as a precedent to developments comprising 

many incubators. The present study was intended to identify 

the deficiencies and assist in developing the technology 

essential fo~ successful enhancement of Pacific salmon. 

MATERIALS AND METHODS 

The study was conducted on the enhanced stock of 

sockeye salmon of the Fulton River, near Babine Lake, B.C. 

(Figure 1). The incubator was located adjacent to Fulton 

River about one mile upstream from its confluence with 

Babine Lake. The incubator, a modified "Wilson" box, 

(Figure 2) was of wood construction with fibre-glass resin 

waterproofing and insulated with 1.6 cm. styrofoam had 

outside dimensions 7.6m. x l.7m. x l.5m. and was mounted 

on a concrete base. The entire unit was surrounded by 

sand filled to a depth of 1.2 m. The incub~tor was divided 

into 12 compartments with inside dimensions 0.7 m. wide 

x 0.9 m. long x 0.9 m. deep. Each compartment had a 

discharge outlet which was operated only during fry migration. 

The water came from the river by means of a well connected 
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to the river incorporating a perforated pipe in an 

infiltration gallery beneath the stream. Water was pumped 

by one of two 5 h.p. electric pumps, or an automatic-start 

propane standby pump. Water passed through a head tank 

(1900 litre capacity) located in the adjacent wet laboratory, 

to the incubator. Suction lift was 5.1 m., discharge 

lift to the head tank was 3.0 m. and the head difference 

between the head tank and incubator was 3,5 m. The upwelling 

water supply in the incubator approximated S70 litres per 

minute (± 20 litres per minute). Intermittent shutdowns 

of less than 15 minutes duration occurred on three separate 

occasions, however, the water supply was maintained with 

auxiliary pumps. 

Within the head tank, furnace filters were installed 

to retain large foreign matter such as sand, leaves and 

sockeye fry. The tank also acted as a partial sedimentation 

chamber in that some sediment passing through the filters 

settled out in the tank rather than passing through the 

discharge lines leading to the incubator. 

Crushed and round gravels of size range 0.5 to 

1.9 cm. were the media used in the incubator. A difference 

existed in the compositions by percentage in the two 

gravel types in that crushed rock contained a significantly 

larger proportion of fines than did round gravel. 

Eggs were obtained from the latter portion of 

the 1974 adult sockeye run into Fulton River. Standardized 

spawning procedures were used in all cases to the fertili­

zation stage. Each batch of eggs collected from 10 female 

sockeye, was fertilized with a five ml. subsample of sperm 

collected from one .large group of 20 male sockeye. This 

was necessary to maintain homogeneous egg size and fertili­

zation rates in eggs of different replicates and of different 

levels within a replicate. The entire egg collection and 

fertilization took three days. 



- 6 -

Live eggs were enumerated by indexing from hand 

counted volumetric subsamples and planted in successive 

layers, with each layer separated by about 5 cm. of gravel. 

A gravel spreader, designed to hold the specified amount 

of grave l, was used with the intention of spreading the 

gravel uniformly over the planted eggs. 

The normal procedure of introducing gravel in 

a compartment was to wheel the spreader, mounted on wheels 

on a permanent track, over a compartment, open the spreader 

and allow all gravel to drop simultaneously onto the eggs. 

During the entire loading process of all compartments, 

operational problems with the spreader prevented its use 

in the described manner. The problem encountered was 

that the gravel dropped from the spreader in a wave pattern 

causing the eggs to pile up in the corners. This was 

verified after completion of the test when all gravel 

was careful ly removed and examined for "hot spots". In 

most cases the eggs were heavily distributed in the corners 

and a lon g the walls of all compartments. 

Experimental design was for five densities, two 

gravel types and the soft versus hard egg plant. The 

compartments utilized in each test were se lected at random. 

(Figure 3). Four compartments, two of which contained 

crushed gravel were allocated to test for the effects of 

gravel type on fry quality and survival. Densities of 9000 

eggs per layer and water-hardened eggs were used in all 

four compartments. 

In testing the hard versus soft planting technique, 

four compartments were used, two of which were planted 

immediately upon fertilization (within 5 minutes) and two 

of which eggs had undergone two hours of water-hardening. 

All compartments were planted at a density of 11000 eggs 

per layer and in the round gravel medium. 

The remaining four compartments were used to 
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test egg density in relation to fry quality and survival. 

Egg densities in these compartments were 5000,7000, 9000, 

11000 and 13000 eggs per layer. Water-hardened eggs and a 

round gravel medium were standard for all treatments. To 

provide a larger range of densities and also some replication, 

two compartments from the test conducted on planting 

technique and two from the test on gravel types were 

combined with the above in the statistical analysis. 

·Fry emerging from the gravel in each compartment 

were trapped daily in catch basins located below each 

compartment and either individually or volumetrically 

enumerated. For sampling, live fish were obtained at 

regular intervals and pro~essed within 24 hours for 

individual fork length, in millimeters, and total weights 

in milligrams. All fish were anesthetized with 2-phenoxy­

ethanol for easier measurement. 

Water and air temperature were recorded continuously 

with a Taylor Thermograph. This provided both a measure of 

the operational limits in terms of freezing of the incubator 

during cold periods as well as an indicator of stage of 

development of eggs (Figure 4) with time (thermal heat units). 

Dissolved oxygen concentration within each compartment 

was measured weekly by the "Winkler method" during the 

fry migration. Water samples were collected on April 9, 
May 9 and May 27 and analysed for ammonia levels in the 

Vancouver Laboratory within two days of taking the sample. 

All samples were stored at 0 degrees celsius prior to 

analysis. 

Incubating eggs were treated at weekly intervals 

prior to hatching with malachite green to help control 

mortality from fungus. The "California flush method" 

used involved a stock solution of 125 grams of malachite 

in 37.8 litres of water. During each treatment, 3.7 litres 

of stock solution was added to the head tank of the incubator. 
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The dilution factor, once the stock solution was added resulted 

in obvious differences in concentrations between individual 

compartments. 

Flows through each compartment could not be measured due 

to the incubator design. During winter operation, a common 

outflow was used · to minimize freezing, and at fry migration, 

all compartments were interconnected by a small reservoir above 

the gravel in the incubator. Screens were used to partition 

the compartments. 

The non-parametric Mann-Whitney U Te st (Siegal, 1956) 

was used in most statist ical test. The F-Test (Snedecor, 1946) 

for homogeneity of variance, the one-way analysis of variance 

and Duncan's New Multiple Range Test (Steel and Torre, 1960) 

were a l so applied. Differences in variability in lengths, 

weights and development indices were expected; therefore, the 

one-tai led test was used for lengths and weights, which differed 

in the predicted direction, and the two-tailed version for the 

developmental index, which did not. 

Determinat ion of the stage of development during the 

latter portion of the l arval period was accomplished with a 

method based on relative changes in chum salmon embryo length 

and larval weight (Barns, 1 970, 1972). Apparently, primary 

measurements are not suitab le to indicate stage of development 

because embryo l ength declines to zero and remains at zero 

while growth in larval weight declines to zero and then becomes 

negative. However, in lab oratory tests, Barns demonstrated a 

continuous decline in the ratio of larval weight to length and 

developed the formula for development: 

K = 10 '\/'we i ght in mg. 
D length in mm. 

Barns a l so applied the above relationship to pink salmon 

fry. The close similarity in weight, length and KD values 
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between pink and sockeye salmon fry at spring migration 

supported the application of the formula in the present study. 

For all experiments described, it must be 

emphasized that all experiments are confounded with non­

controlled environmental parameters particularly flow rates. 

The absence of controlled flows through each compartment 

will affect o2 , co
2 

and NH
3 

concentrations and thus prevent 

accurate or precise interpretation of the results. Further­

more, confoundment also arises from differences in spawning 

dates and hence, thermal regimes. However, confoundment 

does not negate interpretation but it lowers the reliability 

of the conclusions drawn from the results. 

RESULTS 

Time of Planting 

Results (Table 1) show a mean difference in 

mean egg to fry survivals between treatments. Eggs planted 

after water-hardening averaged 58.3% survival to the migrant 

fry stage survival of eggs planted in the soft condition 

average 67.4%. The difference is relatively small, 9.1% 

and is not significant at the 0.05 level . Comparing 

environmental conditions within the four compartments indicates 

that one compartment having water-hardened eggs had a 

significantly large sediment accumulation beneath it. 

Perhaps, this explains the overall difference in survival 

between the two treatments. 

Migration timing of fry between the two treatments 

(Table 2, Figure 5) occurred over a six week period beginning 

in early May and ending about June 7. Fry from both treat­

ments peaked during the week May 17-24, however, eggs 

planted on October 7 appeared delayed in their migration 

over those planted two days earlier. The differential may 

be partially attributed to the difference in total thermal 

heat units accumulated between the spawning dates. 
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TABLE 1: Egg to fry survival for the experimental tests involving gravel types, plant 
techniques and varying egg densities in relation to sedimentation, mean dissolved 
oxygen and ammonia l evels. 

Compartment Plant Gravel Egg Spawn Sediment Mean o2 Mean NH 3 % 
Number Type Type Density Date g/cm2 mg/l mg/l Survival 

Al soft round 11000 Oct.5 .057 10.73 < .01 60.8 

A2 hard round 11000 Oct.5 .054 10.87 <,Ol I 68.9 

B1 hard round 7000 Oct.6 .038 10.51 <.01 69.8 

B2 hard round 9000 Oct.6 .043 10.72 < .01 50.8 

C1 hard round 13000 Oct.6 .052 10.57 .02 32.4 

C2 hard round 5000 Oct.6 .044 10.71 < .01 64.5 

D1 soft round 11000 Oct.7 .057 10.69 <.01 74.0 

D2 hard round 2000 Oct.7 .061 10.71 < .01 51. 0 

E1 hard round 9000 Oct.7 .104 10.62 <.01 46.1 

E2 hard crushed 9000 Oct.7 ,114 9.65 <.01 I 23.2 I 

F1 hard crushed 9000 Oct.7 .201 8.26 I .02 I 13.0 
-

F2 hard round 11000 Oct.7 .193 10.45 < .01 47.7 



! 

- 13 -

TABLE 2: Weekly count s of sockeye fry from eggs planted in the 
wat er-hardened and soft condition. 

Week 
Ending 

May 3 
1 0 
17 
24 
31 

June 7 
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The difference in the migration patterns of both treatments 

planted on October 7 may be due to the differences in gravel 

composition between the two compartments. (F
2

, D
1

; Figure 3). 

It i s highly probable that compartments F
2

, loaded with the 

remains of the grave l stock pile had a higher percentage of 

fines than did compartment D1 (soft plant). Thi s could have 

delayed migration as well as affected egg to fry survival. 

Mean lengths of fry from the hard plant were larger 

than from the soft plant; however, differences are not signifi­

cant (Table 3, Figure 6). During the peak period (May 17- 31), 
fry from the hard plant were a lmost consistently l arger and 

were significantly l arger on May 21, 27 and 29 (P<0.05). 

Fry of the two sources showed a gradual increase in 

size which in turn was followed by a gradua l reduction, Mean 

differences in length were, except on May 29, l ess than one mm. 

per day. 

32 
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Figure 6: Average lengths in mm of sockeye fry from 
hard (-o-) and soft (···•···)egg plants. 
Trend lines were drawn hy eye through 
means. 



TABLE 3: Mean lengths, weights and developmental indices, their difference and statistical significance of sockeye fry in 
paired samples from hard and soft egg plants . Each sample is a subsample obtained from all fry available from 
two replicates. 

Mean Mean 
s2 

Mean 
Samplea Date N length (mm) s2 lli(mm) u z p weight(mg) lli(mg) u z p index( Ko) s2 lli(Ko) u z p 

1 H May 10 40 28.60 .66 . q 591. 0 - 2 . 135 . 0164 156.80 158 . 85 13· 20 504.0 - 2.850 .0022 1. 88 . 002 .0 2 578.0 - 2 .137 . OlE4 
1 s " 40 28.13 1. 29 143 . 60 498.83 1. 86 .007 
2 H May 13 35 28.49 1. 55 - . 33 598. 0 - 1.125 .1 303 144.29 299.88 - .91 664 . 0 - .3 82 .3513 1. 84 . 002 . 02 537.5 - 1.726 . '.J42i 
2 s " 40 28 . 82 1. 02 145 . 20 291. 92 1. 82 . 002 
3 H May 15 40 29.07 1.15 . 27 690 . 0 -1. 104 .1315 161. 13 674 . 01 21.16 428 . o - 3 . 581 .0002 1. 87 .004 . 07 307 . 0 - 4 . 745 J 

3 s " 40 28 . 80 1. 04 139.97· 444 . 04 1. 80 . 002 f-' 
4 H May 17 38 29.47 . 58 - .03 rn.5 - . 352 . 3624 150.21 259,70 1. 21 744.5 - .15 5 . 4384 1. Bo . 003 . 01 718. 5 - .415 . 3390 \Jl 
4 s " 40 29.50 1. 54 14 9 .. 00 390 . 97 1. 79 . 003 
5 H May 19 40 29 . 52 .67 ,37 6:;2 .5 -1. 502 . 0665 156.25 318.09 6.50 677.0 -1. 184 . l1 82 1. 82 . 003 0 781. 5 - .178 . 42g !i 
5 s " 40 29.15 1. 36 149,75 507 . 58 1. 82 .004 
6 H May 21 40 29 . 95 .97 . 57 516.5 - 3 . 043 . 00 12 159. 80 509.47 1. 00 772 . 5 - .264 . 3959 1. 81 . 003 -. 03 560.0 -2.310 .0104 
6 s " 40 29 . 38 .96 158 . 80 448 . 64 1. 84 . 00 4 
7 H May 23 40 29.92 .89 .54 614. 0 -1. 89 1 .0293 157 . 63 262.55 16 .7 8 462.0 - 3.254 . 000 6 1. 80 . 002 . 04 469 . 5 - 3 . 181 . 0007 
7 s " 40 29.38 1. 63 140.85 528.10 1. 76 . 002 
8 H May 25 40 29. 70 . 9 3 . 25 719. 0 - . 838 . 2011 14 8.13 361. 65 -1 2 . 69 569 . 0 - 2.224 . 0131 1. 78 . 002 -. 06 383 . 5 - 4 . 009 0 
8 s " 40 29.45 1. 78 160 . 82 675 , 96 1. 84 . 006 
9 H May ,, 27 40 30 . 15 1. 00 . 80 512.0 - 2 . 993 .0014 15 6 . 72 313.25 10.87 476.o - 3 .120 .0007 1. 79 . 002 0 783 . 0 - . 164 .4340 
9 s 40 29.35 1. 77 145.85 2 35 .1 7 1. 79 . 006 

10 H May 29 40 29 . 82 1. 48 1.10 4]5 .5 -3. 62 7 .0002 144 . 70 366 . 69 7 . 93 614 .5 - 1 . 786 . 0370 1. 76 .004 - . 03 577 . 0 - 2 . 146 . 01::~ 
10 s " 40 28 . 72 1. 69 136 . 77 401.68 1. 79 . 003 
ll H May 31 40 29 . 27 . 87 - . 03 773 , 5 - .268 .3944 136 . 45 244 . 32 - . 10 728 . 5 - . 688 . 2543 1. 76 . 002 .01 758 . 5 - , 399 .3 u5c 
11 s " 40 29 . 30 1.14 136.55 45 0.89 1. 75 . 003 
12 H June 2 40 28 . 97 1. 46 - . 13 741. 5 - .584 . 2796 131. 52 367 , 96 3.27 728 . 5 - . 688 .2543 1. 75 . 002 .02 640.5 - 1. 5 35 . '.l62i! 
12 s 40 29 . 10 1. 43 12 8 . 25 346.35 1. 73 . 004 
13 H June 40 29. 05 1. 84 .05 712. 5 - . 885 .1880 129.02 522.96 - 1. 9 3 791. 5 - .082 . 4673 1. 73 . 004 -. 02 650.0 - 1.444 . 0743 
1 3 s 40 29 . 00 ,97 130. 95 258 . 27 1. 75 . 00 2 

EH 513 29 . 39 1. 31 . 30 56 . ob >.05 148 .70 461. 29 5 . 13 61. ob >. 05 1. 80 . 00 5 0 ·, Si.ob >·05 
ES 520 29.08 1. 42 14 3 .57 49 7. 61 1. 80 .005 

F:l. 21 c >.05 F:i.1 sc >.05 F:l. ooc >o 05 

aH , hard plant sample; s, so ft plant sample ; N, number o f fry in sample ; s2 
' 

variance of the mean ; Iii ' difference between 
means o f parameter (H- S); U, z, P, statist i cs of the Mann - Whitney test . 

bTest on sample means , n1 : n2 : 13. 

cTest on homogeneity of variances. 
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Variance of the mean lengths was similar in fry of the 

two sources. (F test on homegeneity of variance~ P > 0.05). 

Fry from the two sources did not differ significantly 

in their mean weights throughout the run . (P > 0 .05, Table 3). 

In 9 of the 13 samples, fry from the hard plant were noticeably 

heavier (Figure 7). The largest difference between means 

occurred in sample 3 and was significant at P < 0.01. In each 

of the runs, weight remained fairly constant until May 27 

(sample 9), and then declined abruptly in the remaining migra­

tion. The decline occurred in the last 25 percent of the 

populations. 

Variance of the mean weights was virtually the same 

for both fry types (F test on homegeneity of variance, 

p > 0.05). 

Average stage of development (Kn) of fry from each 

source was constant for most of the run (Table 3, Figure 8). 

Kn values continually declined after the peak from May 27 to 

the termination. During the early migration, fry from the 

hard plant were further developed, but this situation was 

reversed during the peak period of migration. 

The drop in KD value at the latter position of the 

mi gration suggests that these fry were past the optimum stage 

for migration, their yolk reserve depleted and body tissue 

resorption was occurring. Similar results were obtained for 

pink and chum salmon fry by Barns (1970). 

Variance of means was the same for fry of both treat­

ments (F test of homegeneity of variance, P > 0.05). 

Round and Crushed Gravel Media 

Gravel composition in the present experiment (Table 4) 

had a significant effect on survival. The gravels differed 

markedly especially in "fines" content (< 0.187"): at 27.6% and 

46.7% for round and crushed, respectively. · Survival (Table 1) 

of eggs to the fry stage was significantly higher in the round 

gravel than in crushed gravel. 
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Figure 7: Average weights in mg of sockeye fry 
from hard (-o-) and soft ( ... • · · ·) 
egg plants. Trend lines were drawn 
by eye through means. 

x 2.0 
w 
Cl 
z 

0 
...J • 0 
<( 
I-
z l8 w 
~ 
0... 
0 
...J 
w 
> w 
Cl 

1.6 
1 10 20 30 

MAY JUNE 

Figure 8: Average developmental indices of 
sockeye from hard (-o-) and soft 
(•) egg plants. Trend line was 
drawn by eye through means. 

8 



- 1 8 -

Table 4. Composition in percent by 
each of round and crushed 
in the gravel incubator. 
based on sieve retention 

Sieve Size Round Gravel 

. 750" 12.4% 

• 500 II 30.3% 

. 375" 29.7% 

.187" 26.9% 

.0937" .7% 

weight of one sample 
grave l used as media 
All weights are 

Crushed Gravel 

10. 2% 

24.5% 

18.6 % 

41. 3% 

5.4 % 

Mean survival s in round and crushed grave l were 48.6 and 18 . 1 

percent, respectively. Aside from the effect of the gravel 

spreader which undoubtedly caused significant egg mortality 

from suffociat i on, lower than normal dissolved oxygen le vels 

and high ammonia level s suggest that crushed gravel of the 

size range used was unsatisfactory for inc ub ating sockeyeeggs. 

A h i gh sediment load beneath the crushed gravel compartments 

indicates that the crushed gravel acted as a barrier to ade­

quate water flow as well as inhibited dilution of metabolic 

wastes. 

Migration timing of fry from the two media differed 

most noticeably durin g the peak o f migration (Table 5, Fi g ure 9). 
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Week Round 
Ending (Oct.7) 

May 3 3 
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June 7 2,760 
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Weekly migration counts of sockeye fry from 
round and crushed grave l media. 

Round Crushed Crushed Mean 
(Oct. 7) (Oct. 7) (Oct.7) Round 

0 1 0 1. 5 
6 18 16 17.5 

417 470 552 1,056 .5 
36,899 11,613 7,720 40,611 
28,490 21,872 11,022 26,565 
1,155 3,565 1,761 1,957 -5 

-·-:-r~-.:.,.. ,,. .. ~ 
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OCT. 6 f 1
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0. 5 
17 

511 
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2,663 

Figure 9: Migration of sockeye from from round 
and crushed gravel in cumulative percentages. 

Although fry commenced migration from both media at essentially 

the same time, significant emergence from crushed gravel was 

de l ayed by about five days. Once fry from both treatments 

began migrating in significant numbers, the rate of migration 

appeared to be near equal. 

Mean lengths of fry from round and crushed gravel 

differed by 0.15 mm. over the migration period, however, 

the difference was not significant (Table 6, Figure 10) . 



TABLE 6: Mean lengths , weights and developmental indices, their difference and statistical signi f icance of sockeye fry 
in paired samples from crushed and round gravel media. Each sample is a subsample obtained from all fry 
available from two replicates. 

Mean Mean 
s2 

Mean 
Samplea Date N lengt h(mm) s2 iii( mm) u z p weight(mg) lli(mg) u z p index(KD) s2 iii ( KD) u z p 

1 c May 12 40 27 . 85 1. 77 - .22 438 . o - .92 2 .1781 145.38 235 . 37 10 . 06 420.0 -1. 746 .0404 1. 89 .003 . 07 24 1. 5 - 3. 9 70 J 
1 R " 28 28.07 2 . 4 4 135 - 32 820 . 75 1. 82 . 003 
2 c May 14 40 28.67 1. 00 . 85 536 . 0 - 2. 65 1 . 0037 148 . 45 4 31. 2 4 7 . 32 683.0 - 1.126 .1301 1. 84 . 004 -. 02 608.0 - 1.848 . 0403 
2 R " 40 27.82 2.51 141.13 705 . 96 1. 86 .003 
3 c May 16 40 28 . 60 2 . 04 0 734.0 - . 45 6 .3242 146.1(1 638 . 93 - 6.25 646.0 - 1. 4 83 .0690 1. 84 . 006 - .02 648 . 5 - 1.458 .0724 f\) 

3 R " 40 28.60 3 . 02 152.35 522.00 1. 86 .006 0 

4 c May 18 40 29 . 63 1. 06 .46 730.5 - . 697 .2422 154 .35 4 80. 61 9.85 644.5 - 1. 497 .0672 1. 81 .002 .02 680 . 5 - 1.150 .1251 
4 R " 40 29 .17 3 . 4 8 144 . 50 764.36 1. 79 .005 
5 c May 20 40 29 . 42 2 . 25 -. 26 652 . 0 - 1.136 .1279 156.97 643.68 .4 0 753 . 5 - . 065 .4741 1. 83 . 00 4 .02 635 . 5 - 1.245 .~0 65 
5 R " 38 29 . 68 1. 68 157.37 647.50 1. 81 .004 
6 c May 22 40 29 . 10 1. 43 - . 95 462.5 - 3.387 . 00 03 147. 88 549.19 - 12.27 569.0 - 2 . 224 . 0131 1. 81 .003 .01 745 . 5 - .529 . 2984 
6 R " 40 30.05 1. 23 160. 15 394.30 1. 80 . 00 1 
7 c May 25 40 28. 97 3 . 72 - .70 702.5 - . 982 . 1630 152 . 07 1062.09 -1 0.63 702 . 0 - .943 .1703 1. 83 .004 - .01 767. 0 - . 318 . 3753 
7 p " 40 29.67 1.10 162.70 545.90 1. 84 . 004 
8 c May 27 40 29.77 1.10 -. 28 573 . 5 - 2 . 327 .0099 147.67 34 3 .11 - 4.68 637 . 0 - 1.570 . 0582 1. 77 . 003 0 798 . 0 . 019 . 4924 
8 R " 40 30. 05 2 . 72 15 2.35 474 . 92 1. 77 . 002 
9 c May 29 40 29.35 1. 52 -. 20 753 .5 - .469 . 3196 14 5.95 451.04 - 3 . 65 704.0 - .924 .1778 1. 79 .003 0 781. 0 .183 .42 74 
9 R " 40 29.55 . 97 149.60 291. 29 1. 79 .003 
10 c May 31 40 29.63 1.11 .13 716 . 0 - .854 .196 6 144.30 345.46 - 2. 77 734 . 0 - . 635 .2 622 1. 77 . 003 - . 02 679 - 5 - 1 . 160 . 123 0 
10 R " 40 29.50 . 77 147.07 341.11 1. 79 .004 
11 c June 2 40 29 .32 2 . 4 3 -. 13 755.5 - . 114 7 .3275 139.38 554. 70 1. 33 799.0 - .010 .49 60 1. 76 .003 .01 717. 5 - .794 . 2126 
11 R 40 29 . 45 1. 54 138.05 365.25 1. 75 . 003 
12 c June 40 29 . 35 . 95 -. 15 664 . 0 - 1.375 . 0845 131.92 277.52 - 8.03 538.0 - 2 . 522 . 0059 1. 73 . 002 -. 02 574.5 - 2 .170 . 0150 
12 R 40 29.50 2.10 139 -95 490.32 1. 75 . 002 

LC 466 29.14 2 . 36 - .15 54 _5 b >.05 146 . 70 529.56 - 1. 98 64. ob >. 05 1. 80 .005 0 68 . 5b >. 05 
LR 480 29 . 29 1. 93 148 . 68 580.21 1. 80 .005 

F=l. 15c >. 05 F=l.J6C >. 05 F=l. OOC > . 05 

ac , c rushed gravel sample ; R, round gravel sample; N , number of fry in sample , s2 , varianc e of the mean; 6i, difference 
bet wee n means of parameter ( C- R); u, z' p ' statistics o f the Mann - Whitney Test. 

0Test on sample means , n1 = n2 = 12 . 

cTest on homogeneity of variances. 
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In eight of twelve samples, fry from round gravel were 

larger especially during the peak of migration. From 

May 20 to June 4, on ly one sample displayed a reversal. 

Fry from both treatments showed a marked increase in 

size from about 28 to 30 mm. prior to the peak of migration 

and declined s li ghtly thereafter. 
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Figure 10: 

10 20 30 9 
MAY JUNE 

Average lengths in mm of sockeye fry 
from crushed (•) and round (o) grave l . 
Trend line was drawn by eye through 
means. 

Variance of lengths was similar in fry of both 

so urces (F test on homogeneity of variances, P > 0.05). 

Mean weights were not significantly different 

between fry of both treatment s ( P > 0. 05). In each of the 

runs, average weight increased up to May 25 and then gradually 

declined to the end of the migration. (Table 6, Figure 11) . 

One unusual aspect was that fry migrating at the beginning 

displayed approximately the same weight as those migrating 

at the end. 

Variance of the mean weights was the same for both 

fry types (F test on homo geneity of variance, P) 0.05). 
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Figure 11: Average weights in mg of sockeye fry from 
crushed (') and round (o) gravel. Trend 
line was drawn by eye through means. 

Average development (KD) at the time of migration 

did not differ appreciab l y between samples on an individual 

day however, a gradual decline occurred overall (Table 6, 

Figure 12). KD values declined more appreciably after the 

peak migration period, suggesting that these fry were beyond 

the optimum stage for migration and that the yolk reserve 

was low and body tiss ue resorption had begun. The fact 

that fry from both sources displayed comparable overall 

declines is diffi cult to interpret. As noted earlier, 

crushed gravel created unfavourable environmental conditions 

and could explain the overall KD decline for fry originating 

from crushed gravel. Perhaps the round gravel used in this 

test was comparable to the crushed as a result of using th e 

last of the round gravel stock pile and thus cre at e d 

unfavourable environmental conditions. It is highly probable 
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that in the last remains of the large stockpi l e, percentage 

fines we l'.'e high. 

Variance of means did not differ s i gnificantly between 

fry of the two sources (F-test on homogeneity of variance, 

p > 0 .05). 
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Figure 12: 
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Average developmental indices of sockeye 
fry from crushe d(•) and round grave l (o). 
Trend line was drawn by eye through means. 

Different Levels of Egg Density 

Varying the loading densities (eggs per layer), did 

not result in a significant difference in survival between treat­

ments at the 0.5 leve l (Table 7, Figure 13). However, analyzing 

the individual treatments as gro ups indicates that eggs planted 

at a density of 130 00 per layer experienced significantly greater 

mortality (P < 0.05) than those planted at the l esser levels. For 

example, egg to fry survival at the hi gh density was 32. 4 percent, 

whereas survival of eggs planted at the 5000, 7000, 9000 and 11 000 

levels averaged 60.5 percent. Additionally, egg to fry survival 
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at the 5000 and 70 0 0 levels was significantly higher than 

at higher densiti e s (P (.. 0.05) . Overall, it appears that 

densities exceeding 11000 eggs per layer may result in 

exce s s mortality under the prevailing experimental conditions. 

Unfortunat e ly, the cause of high mortality at th e higher 

egg densities canno t be attributed solely to density related 

stresses, as vari o us operational problems encountered with the 

gravel spreader d u r i ng loading may have had a s imilar effect. 

Table 7, Results of (a) one-way analysis of variance, with 
unequa l r e plication, on the effect of the egg 
densit y pe r layer on egg to fry survival in the 
gravel i n c ubator and (b) Duncan's new multiple 
range te s t of comparisons between treatment means. 

(a) Source of Va r i ance 

Treatments 
Error 
Total 

d.f. 

4 
3 
7 

SS 

929.62 
240.10 

1,169.7 2 

MS F 

2 32.41 2.90 
80.03 

( b) Treatments 5,000 7,000 9,000 11,000 13,000 
(Eggs /layer ) 
Treatment 64.5 
Means 
Significance 

df=degrees o f freedom 
SS=sum of squares 
MS=mean square = SS/d.f. 

69 .8 

F=Ratio of MS of effect/residual MS 

49.3 58.3 

Treatment = egg density in the incubation box. 
= si gnifies means which do not have a 

s ignificant difference between them and 
a ll means between those two. 

32.4 
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Fi gure 13: Rel at i -::n :::; hip between sockeye egg density per layer 
and egg, t o fry survival in the upwelling gravel 
incub a t(.! r . Trend line was drawn by eye. 

Varying the loading densities w~thin the grave l incu­

bator did not appe ar to affect migration (Table 8, Fi gure 14). 

The maximum timing dtfference between runs was five days which 

can be partially ac co unted for by the different spawning dates 

and the resultant thermal heat unit differentials between the 

various treatments . Expected emergence delay based on different 

spawning dates was c alculated to be about three days. Since the 

maximum differenti al between all five treatment s was three days, 

it would appear that the density levels had little bearing on 

migration timing. 

Mean lengths were not significant l y different between 

the various densiti e s (Appendix Tables I to X, P > 0.05) . Fry 

from all sources displayed rapid increases in length to the 

mi gratio n peak and then gradually declined. The trends show 

close simi larity t o t hose exhibited by the fry from other test s. 
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Table 8. Weekly mi gration counts of sockeye fry from 
eggs planted at densities of 5000, 7000, 
9000 , 11000 and 13000 per layer. Densities 
of 9000 and 11000 used in other tests were 
combined with the p resent test for replication. 

Eggs Per Layer 

Ending 5000 7000 - 9000 1100 0 13000 x x 

May 

June 

z 
::J 
0:: 

LL. 
0 

f­z 
UJ 
(.) 
0:: 
UJ 
a.. 

3 
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24 
31 
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Fi gure 14: Migration of sockeye fry from eggs planted 
at different densities. The 9000 and 110 00 
de nsitie s are means of replicates. 
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Variance of mean lengths were the same for all 

fry (F test on homogeneity of variances, P> 0.05). 

Mean weights of fry from each source did not 

differ significantly (Mann Whitney U-test, samples 1-8, 

P > 0. 05 , Appendix Tables I to X). On occasion, samples 

collected showed significant differences between means, 

however, overall differences were negligible. In most of 

the runs weights either remained fairly constant to about 

the peak period of migration and then declined rather 

abruptly, or showed a slight weight increase followed by 

an abrupt decline. 

Variance of mean weights was similar in all fry 

runs ( F test on homogeneity of variances, P > 0. 05). 

Average KD values for all runs were not significant­

ly different overall, however, on occasions significant 

differences between samples did occur (Appendix Tables I 

to X). In all fry runs, an overall decline in KD values 

occurred from the beginning of a run. Individual slope 

comparisons indicate that fry from plants at densities 

of 11,000 or greate r declined more abruptly than at the 

l esser densities. For densities of 5000, 7000 and 9000 

eggs per layer, KD values appear fairly constant at least 

until after peak migration and then declined. Thi s suggests 

that at hi gher densities development may have occurred 

at a greater rate and resulted in fry migrating after yolk 

absorpt ion was complete and body tissue absorption was 

occurring. 

Variance of mean KD value was not significant 

between the various treatments (F test on homogeneity of 

variances, P > 0. 05). 

DISCUSSION 

The results demonstrate that various physical 

and biological parameters influence not only the egg to 
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fry s urvi va l in the upwelling incubator, b ut also the q ual ity 

of the produ ct. Factors s uch as gravel composition, l oading 

densities and planting technique appeared to play a s i gnif icant 

role in the success of producing sockeye salmon. In the tests 

conducted at Fulton River, some light has been shed on the 

affect of th~ aforementioned factors on production of sockeye 

fry, and also on the ability to produce salmon with the upwell­

ing grave l incubator in extreme environments. 

Water-Hardened and Soft Egg Plants 

Robertson (1919) suggested that in many instances the 

conventi ona l hatchery practi se of a llowing fertilized eggs to 

water-harden prior to loading is unneces sary. The standard 

practise of water-hardening before planting in many .present-day 

gravel incubators is time consuming and is a radical change from 

the natural sit uati on. Bailey and Tay lor (1972) and Barns (1974) 

have had good results ln producing pink and chum salmon u sing 

the water-hardened technique. Result s from studies conducted 

by the International Pacific Salmon Commi ssion ( 1970) indicated 

that plants of soft eggs gave adverse results with l ess than 

60 percent of the eggs surviving to the emergent stage. 

In the present study, egg to fry survival was 

hi gher for eggs planted in the soft state as compared to 

those in the water-hardened state. Under the prevailing 

environmental conditions, no significant differences existed 

in fry emergence and fry quality between the two treatments. 

Comparing fry from al l sources in the Fulton River system 

(Table 9), including those originating from other experimental 

tests, indicates that eggs planted in the soft state developed 

into the smallest fry overall. However, the fry deve l opment 

i ndex (KD) was larger than fry from other groups including 



- 29 -

TABLE 9 : Mean lengths, weight and developmental indice of 
sockeye fry from Fulton River, Channel No. 1, 
Channel No. 2 and the gravel incubat or (hard and 
soft plants, round and crushed gravel, and vary­
ing egg densities). 

Variable 

Location Mean Length Mean Weight Mean KD 

Fulton River 29.99 148.55 1. 76 

Channe l No. 1 29.18 147. 97 1. 81 

Channe l No. 2 30.05 153.40 1.78 

Hard Plant 29.39 148.70 1.80 

So ft Plant 29.08 143.57 1.80 

Round Gravel 29.29 148. 68 1.80 

Crushed Gravel 29.14 146.70 1. 80 

Density 5000 29.58 151. 54 1. 80 

Density 7000 29.65 149.63 1.7 8 

Density 9000 29.41 151. 58 1. 81 

Density 11000 2 9. 44 14 8.01 1.79 

Density 13000 29.45 148.27 1.79 

/ 
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Fulton River and Spawning Channel No. 1. This suggests 

that in terms of reabsorption of body tissues, fry from 

soft eggs were not emerging prematurely. Extending this 

ob s ervation further, in an environment experiencing a 

shortage of food in the early spring, fry still containing 

yolk reserves would fare better than those undergoing tissue 

reabsorption. 

Overall it would appear that planting eggs in 

the soft state warrants attention and should not be over­

looked in the operation of large scale development facilities. 

Gravel Composition 

Gravel size is one of a host of factors important 

in determining subgravel survival of salmonid eggs and 

alevins (McNeil and Ahnell, 1964; Phillips, 1964; McNeil, 

1963, 1966). Fry size at emergence (Shelton, 1955) · :t~s also 

affected by gravel size. 

Reasons why developing eggs and alevins are 

affected by gravel size are that intra-gravel oxygen con­

centrations are determined by intra-gravel flow, which depends 

in part upon gravel porosity. The larger the gravel interstices, 

the higher the intra-gravel oxygen concentrations. Brannon 

(1965) and Koski (1966) have shown that low oxygen concentrations 

result in reduced fry size, while Phillips (1964) reported 

that only the smallest fry were able to emerge from small 

gravel. 

Large gravel may also inhibit proper development 

and emergence. Brannon (1965) pointed out that higher 

intra-gravel flow in large gravel may result in forced activity 

and excessive expenditure of energy reserves, thereby decreasing 

energy available for maintenance and growth. 

In the present study, survival differences between 

the round and crushed gravel probably occurred f o r the following 

reasons: firstly, size analysis of the two media indicated 

that crushed gravel contained a high proportion of fines which 
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would reduce adequate water flows and result in a low oxygen 

supp ly and a high metabolic waste (NH 3 ) buildup. Secondly, 

fine gravel could have acted as a filter to incoming silt which 

will cause s i gnificant mortality (Stuart, 1953). Finally, low 

survival s may have resulted from observed alevin entrapment 

within the smal ler gravel. Whether one or all factors influ­

enced survival, it is fairly evident that the crushed gravel 

medium was inadequate as an incubation medium. 

Emergence timing from crushed gravel was delayed 

about five days, more than could be expected from the accum­

ulated thermal heat unit differential. Experiments conducted 

by Koski (M.s.:, 1 966) on coho (Oncorhynchus kisutch) salmon 

support these results. Shelton ( 1955) . reported that premature 

emergence occurred with chinook (Oncorhynchus tshawytscha) 

salmon in small gravel. It is very likely that in the present 

test, the grave l acted as a barrier to premature emergence and 

that migration through the gravel required more time than in 

the round gravel compartments. 

The condition coefficient was similar for fry from 

both treatments; however, fry from crushed grave l were smaller 

in length and weight than fry from round gravel. 

Overall, the present study indicated that gravel 

composition and shape, and water flows through the gravel 

affected egg to fry survival, emergence timing and fry quality. 

The results do not suggest that crushed gravel is an unsuitable 

medium in which to incubate eggs as Barns (1974) had excellent 

results with uniform crushed gravel of the 3/4 inch size. 

Egg Density 

The present study, to some degree, demonstrated 

the effects of loadin g density on egg to fry survival, emergence 

timing and fry quality. For the range of egg densities 

tested, one level above 11,000 eggs per layer planted in the 

water-hardened condition and under the environmental conditi ons 
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outlined earlier, experienced a higher mortality than lower 

density plants. The results do not indicate a precise 

optimum loading density but provide some indication that 

good survivals and fry quality could be obtained at densities 

approximating 9000 to 11000 eggs per layer. 

Egg density had no significant effect on emergence 

timing or on development condition possibly because the 

"critical" density occurs outside the existing treatment 

range. Since development rates appeared to be similar for 

all density treatments, it might well be that with slight 

modification in gravel composition, the optimum loading 

density at the prescribed water inflow may reach or exceed 

13000 eggs per layer. 

GENERAL DISCUSSION 

The successful propagation of sockeye salmon has 

been achieved in the past through the use of artificial 

spawning channels. The foregoing has demonstrated to some 

degree that sockeye salmon may be successfully propagated in 

the gravel incubator as well. Assessment of these types 

of enhancement facilities can only be truly measured by adult 

production. It is important to recognize that enhancement 

facilities require refinement before production is optimized 

and that the biological character of the species being propa­

gated influences the operational and construction criteria for 

the facility. Until further operational experience is 

gained, and applied research focus~ng on loading densities, 

gravel sizes and loading procedure is conducted on the gravel 

incubator, optimized production will not be achieved. 

Another key factor to consider in the artificial 

propagation of salmon is the methodology in relation to 

geographic location. The present study demonstrated that 

incubators, may be operated in areas experiencing sustained 

air temperatures of -30 degrees celsius and water temperatures 

of 0 degrees celsius. The study also indicated that sediment 
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free water is not an absolute prerequis ite for all gravel 

incubat i on systems. However, in streams charac terized by 

unstable flows and high silt loads due to poor loggin g 

practise, or by heavy rainfall, filter ing systems should be 

a prerequisite in a ll artificial propagation developments. 

Certainl y, when consistent ly high survivals and good quality 

are denied, o r an invaluable stock of salmon is tn jeopardy, 

every measure should be taken to ensure continued existence 

and propa gation of that stock. 
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APPENDIX TABLE I: Mean lengths, weights and developmental indices, the ir difference and statistical significance of sockeye fry 
in paired samples from egg plants at densities o f 5,000 and 7,000 eggs per layer, r espectively. Each sample 
is a subsample obtained from all fry available from each treatment . 

Mean Mean Mean 
Samplea Date N l ength(mm) 32 lli(mm) u z p weight(mg) s2 lli(mg) u z p index(KD) s2 ti i(KD) u z p 

ls May 13 20 28 . 40 2 . 67 .15 172 .5 - . 764 . 2224 142.60 524.99 8.30 137 . 0 -1. 706 . 0440 1. 83 . 003 . 02 155.0 -1. 217 .1118 
1, 20 28 . 25 . 93 134 . 30 283.28 1. 81 . 003 
2s May 15 20 29 . 60 . 99 . 70 127.5 - 2 . 048 . 0203 1 71. 55 543.00 15.10 119 . 0 - 2 . 194 . 0141 1. 87 .004 .01 178.5 - .582 . 2803 
21 " 20 28.90 1. 25 156 . 45 392 .16 1. 86 . 005 
3s May 17 20 29.60 1. 31 . 30 171.0 - . 818 . 2067 147.95 371 . 95 .35 197 . 0 - . 081 . 4677 1. 78 .001 -. 02 14 B.5 -1. 394 .OBl 7 
31 " 20 29 . 30 1. 49 14B . 30 46o.B6 1. Bo . 002 
4s May 19 20 29.95 . 47 - .05 1 B9 . 0 - .315 . 3764 173.35 142. 77 16.45 96 .0 - 2.Bl5 .0024 1. B6 .001 . 07 67 . 0 -3.59B . 0002 w 
41 " 20 30. 00 1. 47 156 . 90 444. 94 1. 79 .003 a-
5s May 21 20 30.25 . B3 .60 141.0 - 1. 660 . o4B5 159 . 00 274.74 4.35 16B.5 - . B53 . 1969 1. 79 . 001 -. 02 136.5 -1 . 719 .042 8 
51 " 20 29 . 65 1.19 154.65 477 . 61 1. Bl .002 
6, May 23 20 30. 45 . 6B - .20 162 . 0 - 1. 097 . 1364 154.BS 230.14 - 1.30 190.5 - .257 . 39B6 1. 79 . 00 4 . 01 1B3 . o - .460 .322 B 
61 " 20 30. 25 1. 04 156. 15 422.35 1. 7B .002 
7s May,,26 20 29 . 70 .75 - . 55 145 . 5 -1.537 .0622 1 77. B5 295 . 19 12.00 149.0 -1. 3Bl .0B36 1. B9 . 003 . OB 62.0 - 3. 734 . 0001 
71 20 30.25 1. 36 165.BS 513. 30 1. Bl . 003 
Bs May 2B 20 30 . 15 .6 6 - .50 131. 5 -2. Oll . 0221 14B.75 213.57 - 12 . 20 107. 5 -2. 505 .0051 1. 76 . 00 1 - . 01 147. 0 -1. 434 . 0759 
B1 " 20 30. 65 . 45 160 . 95 221. 74 1. 77 .001 
9s May 30 20 2B . BS 2.35 - . 70 14 3 . 5 - 1.602 . 0546 129.30 306.02 - lB.30 10 2 . 5 - 2 . 640 .004 1 1. 75 . 003 -. 03 119 . 5 -2 . 179 . 0146 
9 1 " 20 29.55 1.10 147.60 510 . 6B 1. 7B . 002 

10s June 1 20 29 . 30 . 96 - 1.15 76.5 - 3. 469 .0003 130.65 3B5.30 - 22.65 79 . 0 - 3 . 275 .0005 1. 73 .003 -. 03 134.5 -1 . 772 . 03B2 
101 " 20 30 . 45 . 79 153.30 30 2 . 5 4 1. 76 . 003 
lls June 2 20 29.50 . 4 7 . 20 197. 5 - . 073 . 4719 131. 0 5 ll6 . 5B 1. 95 189 . 0 - . 29B . 3B25 1. 72 . 001 0 193 . 5 - . 176 . 4302 
ll7 " 20 20.30 1. 49 129 . 10 456.20 1. 72 .005 

Es 220 29.5B 1. 34 - .11 55 . 5b > . 05 151.5 4 577.21 . 30 60 . ob >.05 1. Bo . 006 . 01 59.5b >.05 
E1 220 29 . 69 1. 57 151. 2 3 499 . 30 1. Bo . 004 

F=l. 04 c > . 05 F=l.32c >.05 F=l. 5oc >.05 

a5 , samples with 5,000 eggs per layer; 7, s amples with 7,000 eggs per layer; ti, number of fry in samples; S2, variance of the mean; 
t,i, difference between means of parameters ( 5- 7); u, z, P, statistics of the Mann- Whitney Test. 

bTest 0:1 sample means, n1 = n2 = 11. 

cTes t on homogeneity of variances. 



APPENDIX TABLE II: Mean lengths , weights and developmental indices, their difference a nd statistical significance of sockeye 
fry in paired samples from egg .plants at densities of 5 , 000 and 9,000 eggs per layer, respectively . Fo-r 
the 9 ,OOQ .iJ.ensity, each samp l e is a subsamp l e obtained from a ll fry available from three replicates . 

-- - -- -- -
Mean Mean Mean 

3amplea Date N length(mm) 32 t.i(mm) u z p weight (mg) 32 t.i(mg) u z p i ndex(KD) 32 t.i (KD) u z p 

ls May 13 20 28.70 1. 91 . 53 473 . o - 1. 44 8 .0738 142 . 60 524 . 99 4.02 527 .0 - . 806 .2108 1. 82 . 006 - .01 557 . a . 478 . 3163 
l• " 60 28 . :7 2 . 48 138. 5 8 6 88. 9 8 1. 83 . 003 
2s May 15 20 29 . 60 . 99 .90 359.5 - 2 .754 . 0030 171.55 543 . 00 23 .10 296 . 5 - 3 . 374 . 0004 1. 87 .004 . 03 446.5 - 1 . 706 .0440 
2• " 60 28.70 1. 81 148.45 630.64 1. 84 . 005 
3s May 17 20 29.60 1. 31 .32 557 . 0 - .502 . 3078 147.95 371. 95 - 5.07 497 . 5 -1. 140 .1271 1. 78 . 001 -. 05 351. Q - 2 . 76 7 .ans 
3• " 60 29.28 2.85 153 . 02 396.37 1. 83 .005 
4s May 19 20 29.95 .47 . 52 501. 0 - 1.157 .1236 173 . 35 142. 77 23 . 53 199.0 -4.4 58 0 1. 86 . 001 . 06 196 . o - 4 . 490 0 w 
4, " 60 29.43 2.66 149.82 654.1 4 1. 80 . 005 -..J 
5s May 21 20 30. 25 . 83 . 41 492.0 - 1.077 .1408 159 .00 274.74 - 4 . 62 491. 5 - 1. 013 .1555 1. 79 .001 - .04 355.0 -2. 575 . 0050 
5• " 58 29.84 1. 33 163 . 62 595.25 1. 83 . 004 
6s May 23 20 29 . 95 1.10 - .08 568.0 - .379 .3450 154 . 85 230 . 14 -11. 50 394.0 - 2.290 . 0110 1. 79 .006 -. 04 366.5 -2. 595 . 0047 5, " 60 30 . 03 1.05 166.35 400.84 1. 83 .003 
7s May 26 20 29 . 70 .75 .17 545.0 - . 639 .2614 177 . 80 296 . 17 12.85 410 . 5 - 2.106 . 0176 1. 89 .003 .04 39 1. 5 - 2 . 317 . 0103 
7• " 60 29.53 1. 30 164.95 601.63 1. 85 .004 
Ss May 28 20 30 .15 .66 .25 578.5 - .255 . 3993 148.75 213.57 - 1. 80 522.5 - .862 . 1944 1. 76 .001 - .02 479.5 - 1. 339 . 0903 
8• " 60 29.90 2 . 26 150.55 392 . 14 1. 78 .002 
gs May 30 20 28.85 2.35 -- 57 484.5 - 1.338 .0904 129.30 306.n - 16 . 82 299.5 -3 -341 .0004 1. 75 . 003 -. 04 359.5 - 2 . 673 .0038 
9• " 60 29 . 42 1. 26 146 . 12 320.59 1. 79 .004 

lOs June 1 20 29 .30 . 96 - . 32 471. 5 -1. 5 30 . 0630 130. 6 5 385.30 - 15 . 67 310 . 5 - 3 . 220 . 0006 1. 73 . 003 - . 05 317.5 - 3.140 . 0008 
10• " 60 29.62 . 68 143.32 285 . 73 1. 78 .003 
llS June 3 20 29.50 . 4 7 - .10 511. 5 - 1 . 077 . 1408 131. 0 5 116. 58 - 8. 9 3 359.0 .- 2 . 681 .0047 1. 72 .001 -. 03 353.5 - 2 . 740 . 00 31 
11• 60 29 . 60 1.16 139 . 9 8 299.25 1. 75 .002 

Ls 220 29 . 60 .19 46.5b > .05 151. 5 3 577 . 05 .05 60.ob > -05 1. 80 .006 -. 01 48. 5b >. 05 
i:, 658 29.41 151.58 554.52 1. 81 .005 

F=l.60C >.05 F=l. 55c >-05 F=l. 33c >.05 

a5, samples with 5 , 000 eggs per layer; 9 , samples with 9,000 eggs per layer; N, numb er of fry in samples; t.i, difference between 
means of parameter (5- 9); u, z, p, statistics of the Mann- Whitney test . 

bTest on sample mean , n1 = n2 = 11. 

cTest on homogeneity o f variance . 



.'FPE. DTX IIT: "-tc::an lengths, ··:2i.ghts r-n rl :~!eve lopme!l t 3.l indice s , t heir diffe rence and st atistical s ignificance of sockeye fry 
in paired S2.ntples i'"rom l'? gg plants at U.er1::;i t l es of 5 , 000 and 11, 000 e ggs per layer , respectively . For the 
l l , OGO jensl ty )" ea. e ll Si-i.mpl e is a sub.5an1f,.J.e ~ t>.tai ned fro m all fry available from two replicates. 

Mean Mean 
32 

Mean 
3amplea Date N l ength (mm) 32 tii(mm) u z p weight(mg) tii(mg) u z p i ndex(Kol 32 tiHKol u z p 

ls May 14 20 2B . 4o 2 . 67 -. 09 339 . 5 - . 1 B9 . 4260 142.6 0 524 . 99 - 1. 69 342 . 0 - . 140 .44 43 1. B3 .003 -. 01 314 . S .621 . 2673 
1 1 l " 35 2B . 49 1. 5S 144 . 29 299 . BB 1. B4 .002 
2 5 May 16 20 29 . 60 .99 . 50 296 . 0 - 1. 721 .0419 171.55 543 . 00 10 . 42 300.s -1. 561 . 0593 1. B7 . 004 .01 36 2 . 0 - . 596 .2756 
2 1 l " 40 29.10 1.12 161.13 674 . 01 1. B6 .004 
3s May lB 20 29 . 60 1. 31 . 34 328.0 - .922 . 17B3 147.95 371. 95 - 2 .26 373.0 - .115 .4542 1. 7B .001 - . 04 300.5 - 1. 302 . 096S 
31 l " 3B 29.26 2.4 7 lS 0 . 21 259 . 70 1. B2 . 004 
4 5 May 20 20 29 . 95 . 47 . 4 3 2BB.o - 1.B95 . 0290 173-35 142 . 77 17.10 177 -5 - 3 . 491 . 000 2 1. B6 .001 . 04 201. 0 - 3 . 121 . 0009 
4 l J " 40 29.52 . 67 156 . 25 31B.09 1. B2 .003 w 
5s May 22 20 30.25 . B3 . 30 342.5 - . 9B7 . 161B 159 . 00 274 . 74 . Bo 3B6 . o - . 220 .4124 1. 79 . 00 1 -. 02 323 .o - l.20B . 1135 OJ 
5 11 " 40 29.95 . 97 159. Bo 509 . 46 1. Bl .003 
6 s May 24 20 30 . 05 . 6B .13 37B.o - .3 72 .3550 154.BS 230 . 14 - 2 . 75 394 . 5 - . OB6 .4657 1. 79 . 00 4 - .01 313 . 5 - 1. 357 . OB74 
6 1 l " 40 29 . 92 . B9 157 . 60 262 . 93 1. Bo . 002 
7s May 25 20 30.45 2.05 ,75 255.5 - 2 . 374 .ooBB 15 2.10 525.6B 3 . 97 34 3 . 0 - . B94 .1BS7 1. 7S . 001 -. 03 25B . s - 2 . 219 . 013 2 

·11 l " 40 29 . 70 .93 14 B.13 361. 65 1. 7B .002 
8s May 27 20 29.70 . 7s - .20 303 .0 - l. S97 . oss2 1 77 . Bo 296 . 17 21. 08 1S3 . S - 3 . 868 0 1. 89 . 003 . 08 62 . 0 - s.302 0 
811 " 40 29 . 90 3. S8 156 . 72 313 . 2s 1. 81 .005 
9s May 29 20 30 .1s . 66 . 33 343 . s - . 930 .1762 148 . 75 213.57 4.05 35B . s - . 6Sl .2575 1. 76 . 00 1 0 394.5 - . 086 . 46S7 
9 11 " 40 29.82 1. 48 144.70 366 . 69 1. 76 . 004 

10s May 31 20 28.B5 2 .35 - .42 343 . S - . 941 .1733 129.30 306. 02 - 7 . 15 281. 5 - 1. 860 . 0314 1. 75 .003 -. 01 324 . 0 - 1.192 .11 66 
101 l " 40 29 . 27 .B7 136 . 4 5 244 . 32 1. 76 .002 
ll s June 2 20 29 . 30 . 96 . 3 3 345 . 0 - . 8B6 .1B78 130 . 65 385 . 30 . 87 3B6 . 0 - .220 . 412 9 1. 73 .003 - .02 280 .o - 1.B82 .03 00 
111 l 40 28 . 97 1. 46 131 . 52 367. 96 1. 7S . 002 
12s June 20 29.50 .4 7 . 45 34 ) . 0 - 1.001 .1584 131. 0S 116 . 58 2 . 03 400.0 0 .s ooo 1. 72 . 00 1 - . 01 3B2 . o - .282 . 38B9 
121 l 40 29 .05 1. 84 129 . 02 522 . 96 1. 73 . 004 

[ s 240 29 . 65 1. 45 . 23 5J.ob >.05 151. 5 8 570.sB 3 -S7 61.ob >. OS 1. 79 . oo s 0 66 .5° >.05 
L1 1 473 29.42 1. 64 14B.Ol 4Bl. 22 1. 79 . 007 

F=l.36c >.05 F=l.16C >.OS F=l. soc >. as 

as, samples with 5,000 eggs per layer; 11, samp l es with 11 , 000 eggs per l ayer ; N, number of fry in sample; 32 , tii, difference 
bet ween means of parameter (S - 11) ; u, z , p , statistics of the Mann- Whitney test. 

bTest on samp l e means , n1 = n2= 12 . 

cTest on homogeneity o f varianc e . 



APPENDIX TABLE I V: Mean lengths , weight s and develop mental indices, their difference and statistical significance of sockeye fry 
in paired samples from e gg plants at densities of S,000 and 13,000 eggs per layer, respectively . Each 
sample is a s ubsample obtained from all fry available from each treatment . 

-- - - --·-·- - - ---
Mean Mean Mean 

s2 Samplea Date N length(mm) s2 Lli(mm) u z p weight (mg) s2 Lli(mg ) u z p index(KD) Lli(KD) u z p 

ls May 13 20 28.40 2.67 . as 183 . S - .4 S8 .323S 142. 60 S24 . 99 - 8 . 8S 170 . S - .799 . 2121 1. 83 . 00 3 -. a s 11 0 . 0 -2 . 43 S . 0074 
11 3 " 20 28 . 3S 1. 61 1Sl.4S 3 31. 21 1. 88 .004 
2 5 May lS 20 29 . 60 . 99 . 8S 110 .s - 2.S30 .OOS7 1 71. SS S43.00 8 . 20 lSl. s - 1. 313 . 0946 1. 87 .004 -. 03 164 . s - . 960 . 168S 
2 l 3 " 20 28 . 7S .93 163.3S 497.72 1. 90 .oos w 
3 5 May 17 20 29.60 1. 31 .os 184. 0 - . 466 .3207 147.9S 371. 9S ··' 1.10 181. 0 - . SlS .30 34 1. 78 .001 0 176 . S - . 636 . 26 24 \0 
31 3 " 20 29.SS . S8 146.8S 262.3S 1. 78 . 002 
4, May 19 20 29.9S . 4 7 - .20 168.s - . 972 .16ss 173 . 3S 142 . 77 8.ss 119 . 0 - 2.193 .0142 1. 86 . 001 . 04 96.0 - 2.814 . 0025 
4 l 3 " 20 30.15 . 35 164.80 223.6s 1. 82 .003 
5 5 May 21 20 30. 25 . 83 .92 115. 5 - 1. 972 . 0243 159 . 00 27 4.74 2 . 00 177.5 - .076 . 4697 1. 79 .001 - . a s 59. 0 -3. 700 .0001 
5 l 3 " 18 29.33 1. 88 157. 00 470 . 12 1. 84 .002 
6 5 May 23 20 30.4S 2 . os .70 138 . 5 -1. 731 .0417 1S2.1 0 525 . 6 8 5.0 5 173 . 0 - . 731 . 2324 1. 75 . 001 - . 02 144 . 5 - 1 . 501 .0667 
6 l J " 20 29.7S 1. 46 147. 05 515. 00 1. 77 .006 
7 5 May 26 20 29.70 . 75 . 20 181. 5 - . 54 1 . 2943 177 . 80 296 . 17 25 . 2S 65 . 0 -3. 655 .0001 1. 89 . 003 . 08 4S. 5 - 4.183 0 
7 l 3 " 20 29.5 0 1. 00 152.5 5 37S. 6 3 1. 81 . 002 
8, May 28 20 30.15 . 66 . 05 194.0 - . 174 . 4309 14 8 .75 213 . 57 . 95 19 4 . 0 - . 162 .4356 1. 76 . 00 1 0 184. 0 - . 433 .3 325 
8 1 J " 20 30.10 1. 04 149.70 326 . 43 1. 76 .003 
9 5 May 30 20 28 . 85 2 .35 - 1. 05 101. 0 - 2.909 . 00 18 129.30 ~06 . 02 - 15 . 95 112 . 5 - 2.369 . 0089 1. 75 .003 0 198 . o - . 054 .4 785 
9 I 3 " 20 29 . 90 . 31 145 . 25 398. 7 2 1. 75 . 004 

10 5 June 20 29 . 30 . 96 - . 05 197 . 0 - . 0 84 .4 66 S 130 . 65 38s . 30 - s.75 170 . 5 - .799 . 2121 1. 73 .003 -. 02 13S. J -1.759 . 0 393 
10 l 3 20 29.35 1. 50 136 .4 0 31 5. 20 1. 7S .002 
lls June 20 29 . 50 . 4 7 0 196 . 5 - .103 . 4590 131. 05 116. 58 - 3 . 65 169 . 5 - . 826 .2044 1. 72 .0 01 - .01 170. 0 - .81 2 . 2084 
111 3 20 29 . 50 1. 00 134 . 70 556 . 86 1. 73 . 004 

Es 220 29.61 1. 51 .1 4 48 . sb >.05 lSl.28 60 1. 65 1. 43 60.0 >.05 1. 79 . 006 - . 01 55. 5b >. 05 
E i, 218 29 . 48 1. 27 149 . 8S 453.67 1. Bo .006 

F=l. Q4C >. 05 F=l. 26c >. 05 F=l. soc >. 05 

as. samples with 5 , 000 e ggs per layer; 13 ' samples with 13, 000 eggs per l ayer ; N, number of fry in sample; s2 , variance o f the 
me an ; di ' difference between means of parame ter ( 5- 13); U, z ' p' stat istic s of the Mann- Whitney test . 

bTe st on sample means , n1 = n2 = ll . 

cTest on homogeneity of vari an ces . 



.~PPENDIX TAB LE V: Mean l engths, w~ i ghts ~nd developmental indices) theic differe nce and s t atistical significance of sockeye 
fry in paired s ~mp Je s f rom e gg p Lan ts at densities 0 f 7 ,0 0iJ and 9 , 000 eggs pe r laye r , respectively. Each 
samp l e fro:n th·:.' ·~ , GDCl i3 a s ubsai:"tple ob.t ained from all f'r•y a vai l able f r om three replicates. 

-· ··----------
Mean Mean Mean 

s2 Samplea Date N lengt h(mm ) s2 .'>i(mm) u z p weight(mg) s2 t.i(mg) u z p index( Ko) t> i( Ko) u z p 

1 7 May 13 20 28 . 25 . 93 . 08 576 . o - .274 . 3920 134 . 30 283 . 28 - 4. 28 517.5 - . 917 .1796 l. 81 . 003 -. 02 470 . 5 - 1. 4 39 . 0075 
l• " 60 2B . 17 2. 4B 138. 5 B 6BB.9B l. 83 .003 
2 7 May 15 20 2B.90 1. 25 . 20 54 9.0 - . 5B9 .2779 156 . 45 39 2. 16 B.oo 4B7 . 5 - 1.251 .1054 l. 86 . 005 .02 505.5 -1. 050 . 146 9 
2. " 60 2B.70 l. Bl 14B.45 630 . 64 l. B4 . 005 
3 7 May 1 7 20 29 . 30 1. 49 - .10 530. 0 - . B13 .2 0B1 148 . 30 460.B6 - 3 . 93 541. 0 - . 656 . 2559 1. Bo . 002 -. 02 554 - 5 - . 506 . 3064 
3• " 60 29.40 3 . 23 152 . 23 412. 64 1. 82 . 005 
4 7 May 19 20 30 .00 1. 47 . 72 439 . 5 - 1. 857 . 0312 156 .90 444. 94 6 .4 2 565.5 - 3 . B4 0 . 350 5 l. 79 . 003 - .0 2 479 . 0 - 1. 345 .0 893 
4. " 60 29 . 2B 2 . 27 150.4B 645. 73 1. Bl .004 -!=' 

5 7 May 21 20 29. 65 1.19 - . 19 501. 5 - .944 . 1726 155.55 539-95 - B. 07 432 . 0 -1. 694 . 0451 1. Bl . 002 -. 02 493 .5 - .990 . 1611 0 
5• " 5B 29 . B4 1. 33 163.62 595 . 25 1. B3 .00 4 
6 7 May 23 20 30 . 25 1. 04 . 20 535 . 0 - . 765 .2221 156 .15 422 .35 - 7.1 3 4B8.5 - 1.24 0 . 1075 1. 78 .002 - . 03 344.0 -2 . 845 .0022 
6 . " 60 30 .05 1. 30 163.28 544.29 1. Bl .003 
7 7 May 25 20 30 . 25 1. 36 .22 54 0 . 0 - . 695 . 2435 165 . 85 513 . 30 6. 45 505.5 -1. 051 .1467 1. Bl . 003 . 01 590 . 0 - . 111 .4558 
7o " 60 30. 03 LO B 159 . 40 417. 97 1. Bo .003 
81 May 27 20 30 . 65 . 45 1. 05 330.5 - 3 . 121 . 0009 161.30 239 - 70 .62 5B7 . 5 - .1 39 .4447 1. 77 . 001 - .06 342. 0 - 2 . 867 .0021 
s. " 60 29.60 2 . 69 160 . 68 76 3. 9 7 1. 83 .006 
9 7 May 29 20 29 .55 1.10 - . 30 516 . 0 - .997 . 1594 147 . 60 510.68 - 3 . 40 533.5 - .74 0 . 2296 1. 7B .002 0 571. 5 -.317 . 375 6 
9• " 60 29 . 85 . 91 151. 00 273-93 l. 7B . 003 

10 7 May 31 20 30 . 45 . 79 1. 08 282 . 0 - 3.666 . 000 1 153.30 302.54 7. 73 452 . 5 - 1. 6 40 . 0505 1. 76 . 003 - . 03 435 . 0 - 1. 834 . 0333 
10• " 60 29.37 1. 25 145 . 57 290 . 71 1. 79 .005 
111 June 2 20 29 . 30 1. 49 - . 30 540 . 5 - . 706 . 2401 129.10 456.20 - 13 . 40 345 . 5 - 2 . B31 .0023 1. 72 . 005 - .04 368. 5 - 2. 573 .0050 
11• 60 29.60 .99 142.50 322.56 1. 76 . 003 
12 7 June 20 29 . 25 . 83 - . 33 449 . 0 -1. 826 . 0 339 131. 20 286. 07 - B.63 389 . 0 - 2.347 .0 09 4 l. 73 . 002 - . 02 445 . 5 -1. 71 8 .0429 
12• 60 29.5 8 1. 20 139. B3 280 . 36 1. 75 .002 

E 1 240 29.65 1. 52 .19 62 . ob >.05 149 . 67 518. 92 -1. 60 10 . ob >. 05 l. 79 .00 4 - .01 46 .5b > . 05 

"· 71B 29 . 46 1. 96 151. 27 552.83 l. 80 . 005 
F=l.53c >.0 5 F=l. 21 c >.05 F=l. 33c > .05 

a7, samples with 7,000 eggs per layer; 9 , samp l es with 9 ,00 0 eggs per laye r; N, number of fry in samp le ; s2, varianc e of the mean; 
<'>i, difference in means between parameters (7 - 9) ; U,z,P, stat istics o f the Mann- '.fui tney test . 

bTest on sample means, n1 = n2 = 12 . 

cTest on homogeneity of variances . 



.:.?:~ ~~ s :;:~< · ~'f\ BL:t::: VI: Ne an e n ,sths, wei gl1t.s and d-?ve l -:::i ~ment al indice sJ t i11" . j i ffere nce and statistical significance of sockeye 
f r y i p.3.irc d samp ~ c 3 :rom ~f;g p l o.n t.s ct densities 0 7 ,ooa e.nd 11, 000 egg~ pe r }.ayer> r e3pectively. Each 
s ampl from the 11,00 0 treatment is a sub.sample ob.ta ned fr om all fry avail ab.le from two replicates. 

Kean Mean Mean 
Samplea Date N length( mm) s2 lli (mm) u z p weight(mg) s2 lli (mm) u z p index( KD) s2 L'li(KD) u z p 

11 May 13 20 28 . 25 . 93 - . 24 299.0 - -933 .1754 134. 30 283 . 28 - 9-99 236.5 -1. 987 .0235 1. 81 .003 -. 03 227 . 0 - 2 . 152 .0157 
1 1 1 " 35 28 . 49 1. 55 144.29 299 . BB 1. 84 .002 
21 May 15 20 28. 90 1. 25 - .17 370 . 0 - .491 .3117 156.45 392 .1 6 - 3 .68 374 . 0 - . 4oB .3416 1. B6 .005 0 395 . 0 - . 018 . 4689 
21 I " 40 29 . 07 1.15 160.13 747 . 09 1. 86 .005 
31 May 17 lB 29 .2 B 1. 63 - .1 9 321. 5 - .3B7 . 34 94 147.56 506. 2 7 - 2.Bl 31B.5 - . 413 .339B 1. Bo . 003 0 336. J - . l.J5 .45B2 
31 I " 3B 29 . 47 .58 150 .37 257.34 1. Bo .003 ..e:-
4 7 May 19 20 30 . 00 1. 47 . 48 297 . 0 -1. 699 .0447 156.90 44<1.94 . 65 388.5 - .1Bo . 42 B6 1. 74 .003 -. 04 292.5 - l .~ 8 6 . 04 59 I-' 
4 1 I " 40 29 .52 .67 156 . 25 318.09 1. 82 .003 
51 May 21 20 29 . 65 1.19 - . 30 330 . 0 -1. 167 .1216 155-55 539.95 - 4.17 333.5 -1. 043 .14 B5 1. 81 . 002 0 378 . 5 - .337 . 3680 
511 " 40 29.95 -97 159 - 72 506.B9 1. Bl .003 
61 May 23 20 30.25 1. 04 . 3 3 307 .o - 1. 556 .0599 156.15 422 . 35 - 1. 48 384.0 - .251 . 4009 1. 78 . 002 - .02 274 . 5 - 1. 369 .0245 
611 " 40 29.92 . B9 157 .63 262 . 55 1. Bo .002 
71 May 25 20 30.25 1. 36 . 55 296 . 5 -1.693 . 0452 165.85 513 . 30 17 . 72 225.5 - 2. 73B . 0031 1. 81 . 003 .03 261.0 - 2.180 .0146 
71 1 " 40 29. 70 . 93 148 . 13 361. 65 1. 78 . 002 
81 May 27 20 30 . 65 .45 .50 294 . 5 - 1.765 .0388 160 . 95 221. 74 4.23 363. 5 - .573 . 2833 1. 77 . 001 - .02 330 . J -l .~'.l 3 .1361 
8 1 I " 40 30 . 15 1. 00 156.72 313 . 25 1. 79 . 002 
91 May 29 20 29.55 1.10 - . 27 34 8 . 0 - . B52 .1971 147 . 60 510 . 68 1. 65 39 3. 0 - .110 .4562 1. 78 . 002 .02 319 . : - l.2 7~ .1020 
9 1 I " 40 29.82 1. 48 145. 95 365 . 86 1. 76 . 004 

101 May 31 20 30.45 - 79 1.18 155-5 - 4.044 0 153 - 30 302.54 16 .85 192-5 - 3.257 .0006 1. 76 . 003 0 400 . '.J ~ .500 0 
lQ I I " 40 29 . 27 .87 136. 4 5 244.32 1.76 . 002 
111 June 2 20 29 . 30 1. 49 . 33 325.0 - 1.225 .1102 129 . 10 456.20 - 2 .1'2 378.0 - . 345 .3650 1. 72 . 005 -. 03 267 . J - 2 . :SC: . 01S5 
111 I 40 28. 97 1. 46 131.52 367. 96 1. 75 .002 
121 June 20 29 .25 . 83 .20 390.0 - . 165 .4344 131.20 2 86 . 0 7 2 . 18 393 - 5 - .102 .4 594 1. 73 .002 0 377. 5 - .353 .3621 
121 I 40 29.05 1. 84 129. 02 522.96 1. 73 . 004 

E 1 23 8 29 . 65 1. 53 .19 56.ob >.05 149.59 520. 73 1. 55 68.ob >. 05 1. 79 .004 0 6i.5b > . 05 
EI I 4 73 29.46 1. 31 14B.o4 4 80. 00 1. 79 . Q04 

F=l. QQC >.05 F=l. 07c >. 05 F=l .OOC >. 05 

a7 , sample with 7 , 000 eggs per layet-; 11, samole with 11,000 eggs per lay e r; N' number o f fry in sample; s2 , variance of the mean; 
t>i , difference between mean s o f parameter (7- il); u, z ' p, statistics of the Mann- Whitney test. 

bTest on sample means , n1 = n2 = 12. 

cTest on homogeneity o f variances. 



. ..:.:·PEil:=' .~X TABLE VII: Mea r;i l engths , weights and developrnen;;al indi ces , their difference and stc.i:is t ical signifi canc e cf sockeye 
fry i n paired samples from egg plants at densities of 7 ,000 and 13 ,000 eggs per l aye r , respecti~·e l y . Each 
s a mp l e is a s ubsample ob..tained from all fry ayai l ab l e from each treatment. 

Me an Mean Me an 
Samplea Date N l ength( mm) s2 lli(mm) u z p we i gh t (mg) s2 lli(mg) u z p inde x(KD) s 2 ti i( KD) u z p 

l 7 May 12 20 28.25 . 9 3 - . 10 191. 0 - . 253 . 4001 1 34 . 30 283 . 28 - 17 . 15 97 . 5 - 2. 77 7 . 0027 1. 81 .003 - .07 81. 5 - 3 . 206 .0007 
11 3 " 20 28 . 35 1. 61 151.45 3 31. 21 1. 88 .00 4 
? 7 May 1 4 20 28 . 90 1. 25 . 15 179.0 - .599 .2746 156.45 392 . 16 - 6.90 177 .0 - .623 . 2666 1. 86 .005 -. 04 150 . 0 - 1. 353 . 08 80 
21; " 20 28 . 75 . 93 163 . 35 497 - 72 1. 90 . 005 
31 May 16 20 29 . 30 1. 49 - .25 181.0 - . 546 . 2926 148 . 30 460 . 86 1. 45 166 . o - . 380 . 3520 1. 80 .002 . 02 149.0 - 1. 380 . 0838 
31' " 20 29.55 . 58 146 . 85 262.35 1. 78 .002 _;::::-
4 7 May 18 20 30 . 00 1. 47 - -15 190 . 0 - .292 . 3851 156 -90 444 _94 - 7-90 140 . 0 - 1 . 624 . 0522 1. 79 . 003 -. 03 155 -5 - 1. 204 - i143 I\) 
4 l' " 20 30 .15 . 35 164.80 223 . 65 1. 82 .003 
5, May 20 20 29 . 65 1.1 9 . 32 168 . o - .367 . 3568 155-55 539 . 95 - 1. 45 162 . IJ - . 550 . 29 12 1. 81 . 00 2 - . 03 120 . 0 - 1. 835 -0332 
5 1' " 18 29.33 1. 88 157.00 470.1 2 1. 84 . 002 
61 May 22 20 30 . 25 1. 04 . 50 14 7 .5 - 1. 492 . 0678 156. 15 422 . 35 9.JO 147 . 5 - 1. 421 . 077 7 1. 78 . 002 . 01 196.0 - .108 .4570 
6 1 3 " 20 29.75 1. 46 141. 05 515 . 00 1. 77 . 006 
7' May 25 20 30 . 25 1. 36 .75 131. 5 - 1. 92 8 . 0269 165 . 85 513 . 30 13.30 1 33 . 'l - 1. 81 4 . 03 48 i. e1 . 003 0 190.0 - . 271 . 3932 
71 3 " 20 29 . 50 1. 00 152 . 55 375 . 63 1. 81 . 002 
81 May 27 20 30 . 65 . 45 . 55 132-5 - 1 . 954 .0254 160 . 95 221. 74 11. 25 127 . J - 1. 976 .024 1 1. 77 .00 1 . 01 171 . 5 - - 771 . 2203 
81 3 " 20 30 . 10 1. 04 149 .70 326.43 1. 76 . 003 
9 , May 29 20 29.55 1. 10 - .35 166 . 0 - 1. 0 30 .15 15 1 47 . 60 510.68 2 . 35 190 . 5 - .257 . 3986 1. 78 .002 . 03 130.5 - 1.881 . 0300 
9 1 3 " 20 29 . 90 . 31 145 . 25 39 8. 72 1. 75 .004 

101 May 31 20 30 . 45 . 79 1.10 102 . 0 - 2.742 . 0031 153 - 30 302 . 54 16.90 102 . J - 2 . 653 . 0040 1. 76 .003 . 01 185.5 - .39 2 . 3476 
101 3 " 20 29 . 35 1. 50 136 . 40 315.20 1. 75 . 002 
117 June 2 20 29.30 1. 49 - .20 191. 5 - .248 .4021 129-10 456 .20 - 5.60 176 . 5 - . 636 . 26 24 1. 72 .005 -. 01 17 6 . 0 - . 650 .25 73 
111 3 20 29 . 50 1. 00 134.70 556 . 86 1. 73 .004 
127 June 20 29 . 25 . 83 0 185.5 - . 428 . 334 3 1 31. 20 286.0 7 1. 00 189 . ·J - . 298 . 3829 1. 73 .002 0 199. 0 - . 027 . 4892 
121' 20 29.25 .83 130 . 20 217 . 33 1. 73 . 001 

l: 7 240 29.65 1. 52 . 19 60 . 0b > . 05 149.64 515 . 82 1. 44 63 . ob > . 05 1. 79 . 004 0 10 . sb > . 05 
!: 13 238 29.4 6 1. 24 1 48 . 20 462 . 67 1. 79 .006 

F=l. o8c >.05 F=l. o8c >.05 F=l. ooc > .05 

a7 ' samples with 7 , 000 eggs per layer ; 13, samples with 13,000 eggs per l ayer ; 'J , number of fry in sample; s2 , variance o f the 
mean ; tJ. i , difference be t ween means of paramete r ( 7- 13) ; u, z , P, st atistics of the Mann-Whitney test. 

bTest on sample means , n1 = n2 = 12 . 

cTest on homo geneity of variances . 



ttiPENDiX TAaLE VIII : Mean lengths, we:.gi':':!=l ane 1r.•relopmentaJ. indices, their difference a nd s:atiscical sigr.ifi<>O.nc·:: :Jf J1 clceye 
f ry in paired samples from egg plants at densities of 9,000 and 11,000 eggs per la:, 2r , respectively . Each 
sample is a subsample obtained f rom all fry available froro two replicates. 

Mean Mean Mean 
Samplea Date N length(mm) s2 lli(mm) u z p weight(mg) s2 lli(mg) u z p index( Ko) s2 ll i (Ko) u z p 

lg May 13 60 28 . 17 2 . 48 -. 32 960.0 - . 713 . 2380 138.58 688.98 - 5.70 931. 0 - .918 .1793 1. 83 .003 - .01 918 . 0 - 1 . 019 .1541 
li 1 " 35 28 . 49 1. 55 144.29 299.88 1. 84 .002 
2. May 15 60 28 . 70 1. 81 -. 37 1016.0 - 1. 339 .0901 148.45 630 .6 4 - 12.68 919.5 - 1.975 .0 24 1 1. 84 .005 -. 03 968.5 - 1. 629 . 05 17 
21 1 " 40 29 . 07 1.15 161.13 674 . 01 1. 87 .004 
3• May 17 60 29 .4 0 3 . 2 3 -.07 1015.0 - . 9 72 .1660 152 - 35 408 . 22 2.14 1021.0 - . 869 .1925 1. 82 .006 .02 1020.0 - . 875 .1905 
311 " 38 29.47 .58 150 . 21 259.70 1. 80 . 003 4:::" 
4. May 19 60 29 . 28 2 . 27 -. 24 11 71. 5 - .212 . 4160 150.48 645 . 73 - 5 . 77 1091.0 - .767 .2215 1. 81 .004 - . 01 1119-5 - .566 . 2857 w 
41 l " 40 29.52 . 67 156.25 318.09 1. 82 .003 
5• May 21 58 29 . 84 1. 33 -.11 1153.0 - . 055 .47 81 163.62 595 . 25 3 . 82 10 36. 0 - .897 .1849 1. 83 .004 .02 953 . 0 -1. 496 .'167 3 
511 " 40 29.95 .97 159.80 509.46 1. 81 . 003 
6. May 23 60 30.05 1. 30 . 13 106 2 .0 - 1.032 . 1510 16 3. 30 544.20 5.67 960 . 0 -1. 689 .0456 1. 81 .003 .01 1044.0 - 1. 098 .1361 
611 " 40 29.92 .89 157 . 63 262.55 1. 80 .002 
7• May 26 60 29.55 1. 34 -. 60 835.0 - 2.665 . 0039 164.95 601.63 8. 23 958.5 -1. 700 .0446 1. 85 .005 .06 510.5 - 4.852 0 
711 " 40 30 .15 1. 00 156.72 313.25 1. 79 .002 
s. May 28 60 29.90 2.26 . 08 1088 . o - . 828 . 2039 150.55 392.14 4 . 60 1022.0 -1. 253 . 1051 1. 78 .002 . 02 1052.0 - 1. 042 . 148 8 
81 l " 40 29 . 82 1. 4 8 145 . 95 265 . 86 1. 76 . 004 
9, May 30 60 29 . 42 1. 27 .1 5 1119 . 5 - .596 .2756 146.18 322 .75 9.73 852.0 - 2.450 . 0071 1. 79 .004 .03 895.5 - 2.143 . 01 61 
911 " 40 29 .27 .87 136 . 45 244.32 1. 76 .002 

lo, June 60 29.62 . 68 .65 816 . 5 - 2.845 .0022 146.32 285.73 14. So 695 . 0 - 3 . 556 .0002 1. 78 .003 .03 853.0 - 2.442 . 0073 
101 l 40 28 . 97 1. 46 131.52 367 . 96 1. 75 . 002 
11, June 3 60 29.60 1.16 . 55 896 . 5 - 2.295 . 010 8 139 . 65 278.80 10. 63 865.5 - 2.356 . 0092 1. 75 .002 . 02 945 . 5 - 1. 791 - ~3 65 
111 l 40 29 .0 5 1. 84 129.02 522 .96 1. 73 . 004 

i:, 658 29.41 1. 99 -. 03 58.ob > .05 151.28 558.93 3.15 49.ob > .05 1. 81 . 005 .02 46 .ob > • 05 
l: 11 433 29.44 1. 34 148.12 492 .41 1. 79 .004 

F=l. ooc > .05 F=l.30c > .05 F=1.33c > .05 

a9 , sample s with 9,000 eggs per layer; 11, samples with 11, 000 eggs per layer ; N, number of fry in sample; s2 
' 

variance of the 
mean; 6. i, diffe r ence between means of parameter (9 - 11); u, z ' p ' 3tatistics of the Mann- Whitne y test. 

bTest on samp l e means , n1 = n2 =11. 

cTest on homogeneity of variances . 



APPENDIX TABLE IX: Mean lengths, weight c- and Ceve~opmcnt al ind~c es_ th-?l •" ·J1 ffe!"'ence :rn<: statistical. significance o:" sockeye 
fry in paired samnle$ frorn e t:;~ :.:lants at. densi ti e~ 0 ··· ~ . ClOO and 13 .. ono eggs per laye- , respecti vel" . For 
the 9 , 000 densi ty, e~~r:;-. sarr.ple 1.s a subsample UO.tt!l!1e :·~ from al l fry 'availal>O.e ~rom two rep l icatec. 

Mean Mean Mean 
Samplea Date N length(mm) s2 c,i(mm) u z p weight(mg) s2 c,i(mg) u z p index(Kol s2 l>i(K0 l u z p 

lg May 13 60 28.13 2.49 - .22 581. 5 - . 211 .4164 138.58 688.98 -1 2 . 87 435 . 5 -1. 829 . 033 7 1. 83 . 003 - .05 352.0 - 2.756 . 00 29 
11' " 20 28.35 1. 61 151.45 3 31. 21 1. 88 .004 
2, May 15 60 28.67 1. 85 -. 08 593.0 - . 080 . 4681 148.45 630 . 64 - 14 . 90 417. 0 - 2 . 035 . 02 10 1. 84 .006 - .06 361. 5 - 2.650 . 0040 
2 1' " 20 28 . 75 . 9 3 163.35 497.72 1. 90 .005 
3, May 18 60 29.40 3. 2 3 - .15 558.5 - .4 90 . 3121 152.35 408 . 22 5 .5 0 4 Bo . 5 - 1. 329 . 0920 1. 82 .006 . 04 447 . 5 - 1. 695 . 0451 
31 3 " 20 29 . 55 .58 14 6.85 262.35 1. 78 .002 
4, May 20 60 29.58 1. 37 . 25 499.0 . 486 . 3135 154 .15 458 . 42 - 2 . 85 497 . 5 - .018 .4928 1. 81 . 002 - .03 363.0 - 1. 613 . 0534 ..c:-
4 I 3 " 18 29 . 33 1. 88 157 . 00 470.12 1. 84 . 002 ..c:-
5, May 22 58 30 .07 1. 01 . 32 1193. 5 - 1 . 040 .14 92 169 .2 6 401. 86 22 . 21 270 . 5 - 3. 543 . 0002 1. 84 .003 . 07 305.0 - 3 .1 47 . 0008 
51' " 20 29.75 1. 46 147.05 515.00 1. 77 .006 
6, May 25 60 29. 97 1.15 .4 7 449 . 5 - 1 . 771 .0383 164 . 53 512 . 54 11. 98 406 . 0 - 2 . 157 .0155 1. 82 .004 . 01 461. 5 - 1.539 . 0619 
61 ' " 20 29 . 50 1. 00 152 . 55 375 . 63 1. 81 .002 
7, May 27 60 29 . 62 2 . 72 - .4 8 315.0 - . 979 . 1638 160 . 68 76 3. 97 10.98 428 . 5 - 1.907 .0283 1. 83 .0 06 . 07 294.0 - 3.400 .0003 
71' " 20 30.10 1. 04 149 . 70 326.43 1. 76 . 003 
s, May 29 60 29 . 85 . 91 - . 05 392 . 0 - .097 . 1660 151.00 273.93 5.75 486 . 5 -1. 262 .1034 1. 78 .0 03 .03 420.0 -2 . 001 . 0227 
81' " 20 29 . 90 . 31 145.25 39 8. 72 1. 75 . 004 
9 , May 31 60 29.37 1. 25 . 02 585 . 0 - .167 .4337 145 . 60 291.08 9.20 415.5 - 2 . 051 . 0202 l; 79 . 005 . 04 348.o - 2.800 . 0026 
91' " 20 29. 35 1. 50 136.40 315.20 1. 75 .002 

10 , June 2 60 29 . 60 . 99 .10 557 . 0 - .514 .3036 142 . 60 322.68 6 .40 500.5 - 1.107 .1 342 1. 76 .003 . 02 465. 0 - 1. 501 . 0667 
10 I 3 20 29.50 1. 00 136 . 20 618 .59 1. 74 . 004 
lh June 60 29 . 58 1. 20 . 33 420.5 - 2 . 130 .0166 139.83 280.36 9.63 371. 5 -2 .541 . 0055 1. 75 . 002 .02 414.5 - 2.062 . 0196 
111' " 20 29 . 25 . 83 130.20 217 . 33 1. 73 . 001 

l:, 218 29.39 1. 27 - .05 49.ob > . 05 146 . 82 460 . 29 - 4.68 46.ob > . 05 1. 79 . 006 -. 02 43 . 5b >. 05 
LI' 658 29.44 1. 92 151. 50 541.44 1. 81 . 005 

F=l.50c >.05 F=l.16C >. 05 F=l. 33c >-05 

a9' sample with 9 , 000 eggs per layer; 13, sample with 13 , 000 eggs per layer; N' number of fry in samp le; s2, variance of the 
mean; l>i, difference between means of parameter (9 - 13); u, z' P , statistics of the Mann - Whitney test . 

bTest on sample means , n1 = n2 = 11. 

cTest on homogeneity of varian ce s . 



'• r. ~. '": ~ !'') :~ '!- f'ABL '.: X: Mean lengths, weights and deve Jo~mental indiC'=S, t h c "lr:- ~ lfferen ce and st a. tistical significance of so ckeye 
fry in paire d samples from e gg p -~ a.'1t~ at densiti es ~ :· : 1 , 0.10 and 13 ' J·'J 0 egg3 per layer, re.>pectively_ 
For the 11,000 treatme n t , ea c :: s ample is a subsampl e c.b.tained from all fry available from two replicates . 

.. - --- - - - . 

Mean Mean Mean 
Sarnplea Date N length (mm) s2 l'li(mm) u z p weight(mg) s2 l'li(mg) u z p 1ndex(K0 l s2 l'li(Ko) u z p 

111 May 13 35 28. 49 1. 55 .14 321. 5 - .515 . 3032 144. 29 299.88 - 7.16 278 . 5 1 .252 .1052 1. 84 . 002 - .04 220.0 - 2. 275 .Oll4 
11 3 " 20 28. 35 1. 61 151.45 331. 21 1. 88 .004 

21 1 May 15 40 29.07 1.15 .32 329.0 -1. 166 . 1218 161.13 674. 01 - 2.17 378.5 - . 337 . 3680 1. 87 .oo4 - .03 301. 5 -1. 545 .06ll 
21 3 " 20 28.75 . 93 16 3. 30 495.49 1. 90 . 005 

31 1 May 17 38 29.47 .58 - .08 361. 5 - -337 . 3680 150 . 21 259 .70 3 . 36 322.0 - - 951 .1707 1. 80 . 003 .02 315 -5 -1.056 .1455 
31 3 " 20 29.55 . 58 146. 85 262 . 35 1. 78 . 002 

41 I May 19 40 29.52 .67 - . 63 229.5 - 2.902 . 001 9 156 .25 31 8 . 09 - 8.55 305.0 - 1.491 . 0680 1. 82 . 003 0 366 . 0 - . 533 . 2970 ~ 

41 3 " 20 30.15 .35 164.80 223.65 1. 82 .003 Vl 
51 1 May 21 40 29 .95 . 97 .62 277 . o -1. 395 . 081 5 159 . 80 509.46 2.80 335.0 - .420 .3372 1. 81 . 003 -. 03 232.0 - 2.151 .0158 
51 3 " 18 29.33 1. 88 157.00 470. 12 1. 84 . 002 

611 May 23 40 29 .92 . 89 .17 396.0 - .4~~ . 3446 157.63 262.55 10 .28 289.0 - 1. 742 . 0423 1. Bo .002 .03 309 .5 - 1.419 .0 779 
6i 3 " 20 29.75 1. 46 147.35 51 8 . 66 1. 77 .006 

711 May 25 40 29 . 70 . 93 . 20 360.0 - . 66 7 . 2524 148.13 361. 65 -4.4 2 350.0 - . 785 . 2162 1. 78 . 002 -.03 247.5 - 2.392 . 0084 
71 3 " 20 29 .50 1. 00 152 . 55 375.63 1. 81 . 002 

811 May 27 40 30.15 1. 00 .10 361. 0 - .636 . 2624 156.72 313.25 7.02 309 . 5 - 1. 420 . 0778 1. 79 .002 .02 293 . 0 - 1. 678 .0466 
81 3 " 20 30.05 1. 00 149. 70 326 . 4 3 1. 76 . 003 

91 I May 29 40 29.82 1. 48 - .07 395.0 - . 0 84 . 4665 144.70 366 . 69 - .55 384 . 5 - .24 3 .4040 1. 76 . 004 0 374.5 - . 400 .344 6 
91 3 " 20 29 . 90 . 31 145.25 398.72 1. 75 . oo4 

101 I May 31 40 29.27 . 87 - .07 393 . 5 - . 107 . 1!574 136 .4 5 2111! . 32 . 05 376.0 - .377 . 3531 1. 76 . 002 0 336 . 5 - .995 .1665 
101 3 " 20 29.35 1. 50 136.40 315.20 1. 75 . 002 

lli I June 2 40 28. 97 1. 46 -- 53 300 . 0 - 1.652 .0493 131. 52 367. 96 - 3 .1 8 394.5 - . 400 .3446 1. 75 .002 .02 328. 5 -1.122 . 1310 
lll 3 20 29 . 50 1. 00 134.70 556.86 1. 73 .004 

1211 June 40 29.05 1. 84 -. 20 390 . 0 - .165 .4344 129 . 02 522:96 - 1.18 382 . 0 - . 282 . 3889 1. 73 .oo4 0 389.0 - . 173 . 4313 
121 3 20 29.25 . 83 130 . 20 217,33 1. 73 .001 

Ell 473 29.4 6 1. 31 .01 70.5b > • 05 14 8.02 481.23 - .21 n.ob > .05 1. 79 .004 0 68.ob >.05 
E1' 238 29.45 1. 23 148.22 462 . 60 1. 79 .006 

F=l. osc > .05 F=l.02C > . 05 F=l. 00 c >.05 

all, samples with 11,000 eggs per layer; 13, sa'1lples with 13,00 0 eggs per layer; N, number of fry in sampl e; s2, variance of 
the mean; l'li, difference between means of parameter (11- 13); U,z,P, statistics of the Mann- Whi tney test . 

bTest on sample means, n1 = n2 = 12. 

cTest on homo geneity o f variances. 




