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ABSTRACT

'An:upwelling gravel incubator was.operated at
Fulton River, B. C., to establish optimum egg densities
for sockeye salmoﬁ production. Load levels were 5,000
to ll,OOO’eggs per layer, eggs were planted while soft,
in gravel 2.5 to 3.2 cm in diameter with an'aﬁproximate
total inflow of 795 1/min. for 1.5 million eggs. Com-
parisons were made of egg-to-fry survival, emergence
timing and fry quality between egg densities; Satisfactory
survivals to the fry stage were obtained at all load
levels, although fry emerging from egg densities of 11,000
eggs per 1ayér were shorter. Furthermore, fry migrations
were contracted in those sections planted at.9,000 and
11,000 eggs per layer. It was concluded thét practical
egg densities for sockeye production are considered below

11,000 eggs per layer under the above conditions.



TABLE OF CONTENTS

ii

ABSTRACT
LIST OF fABLEs
LIST OF FIGURES
INTRODUCTION
MATERIALS AND METHODS
RESULTS :
SURVIVAL
ﬁIGRATION TIMING
fRY QUALITY
WATER QUALITY
DISCUSSION:
SURVIVAL
MIGRATION TIMING
FRY QUALITY
CONCLUSION -
ACKNOWLEDGEMENTS
REFERENCES -

APPENDICES

PAGE

iid

iv

11

13

13

14

15

16



- 1iii -

LIST OF TABLES

TABLE
1 Compafison of loading density and egg-
to-fry survival of sockeye in a gravel
incubator.
2 Statistics comparing emergence timing
of sockeye fry between loading densities.
3 Mean lengths, weights, and develophental

indices-of sockeye fry in paired samples
from egg plants in densities of 5,000,
7,000, 9,000 and 11,000 eggs per layer
(Appéndices 1-6).

PAGE

10



FIGURE

- jyv -

LIST OF FIGURES

: PAGE
Soékeye egg densities employed in the incubator. 3
The éffect of egg density on egg-to-fry survival. 6
Coﬁparison of emergéuce timing of sockeyebfry
between loading densities, h 8
Schematic effects of egg density on survival. 11

Meéﬁflengths‘and weignhts of sockeye fry from differ-

ent loading densities (Appendices 1-6). 12



INTRODUCTION

There are several studies on propagéting salmonid
species by means of upwelling gravel incubators, utilizing
filtered ﬁater pumped through fertilized eggs planted
between sucéessive gravel layers. Bams (1970, 1972, 1974)
~investigated this method on pink and chum salmon and
Ginetz (MS, 1975) applied the current knowledge of incuba-
tors to sockeye salmon in the extreme winter conditions

of northern British Columbia.

At,Fulton River, near Babine Lake, B.C., a pilot
project in 1975 indicated that both operational as well
as biologicai problems required further research before
sockeye prqduction from an incubator could be optimized.
Results indicated that eggs planted in round gravel without
water-hardening produced good quality fry'at high survival
rates; however, information on optimal egg densities were

inconclusive under the prevailing conditions.

The experiment here reported at Fulton River
was designed to approximate loading criteria for optimal
sockeye production relative to a constant set of environ-
mental conditions. “A fibreglass incubator pfovided a |
uniform incubating environment while previous size.and

design characteristics were adhered to.



MATERIALS AND METHODS

The gravel incubator used for this experiment
was located at the Fulton River spawning channels and
camp near Babine Lake, B.C. It was constructed adjacent
to an existing incubator and was operated in approximately

the same. manner (see Ginetz, MS 1975).

‘Both incubation boxes utilized an opwelling
water supply pumped from the Fulton River, partially
filltefed before use. Eggs and sperm wereICOllected froﬁ
the local sockeye stocks, over a three day period, using
standard procedures of collection, fertilization and
volumetric enumeration. The eggs were planted immediately,
without watcr-hardening, in gravel 2.5 to 3.2 cm in
diameter. -Each of the twelve incubator sections contained
densitieé'of either 5,000, 7,000, 9,000 or 11,000 eggs
per 1ayerf Thus, there were three replications of each
loading density, randomly assigned (Figure 1). Box
covers were in place immediately after planting and
were removed when the first few fry emerged. Water flow
through the incubator was approximately 795 1/min. through-
out the incubation period Prior to hatching, the eggs were
given weekly prophylactic treatments with the fungicide
malachite green, by flushing one gallon of stock solution

in concentrations of 2,75 g/1 through the incubator.

ThlS study departed from the previous year's
project malnly with respect to design modifications of the
incubation box itself, The incubator consisted of eight
prefabricated fibreglass units and was assembled on the
operating site. The outside dimensions of the incubator
are 9.3 m x 1.2 m x 1.4 m deep, and each of the twelve

incubation sections is 0.5 m x 0.9 m x 0.9 m.deep._
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V

DISCHARGE

Total plant: 1,542,948 eggs

Figure 1. Sockeye egg densities employed in incubator.

All fry were refained in liveboxes and were either
individually or volume-counted before release into Fulton
River. Volumetric enumeration resulted in a degree of
accuracy . of approximately t 7% while individual fry counting

was virtually 100% accurate.



Twenty fry were obtained from each section of the
incubator every second day to obtain fry quality information
based on fork length and wet weight. Inflow water temper-
ature was continuously recorded on a Tayler thermograph.
Water samples were obtained by intragravel siphoning in
each seccioh of the incubator on June 9th, 1976. Dissolved
oxygen levels were determined for each secﬁinn using the
Winkler iodpmetric technique. After emergence, the gravel
was manually removed from the box and examined for dead

material,

Egg4to-fry survivals were examined using a linear
regressionebf survival on egg density. The Kruskall-Wallis
nonparametric analysis of variance was used to compare
statistical differences in emergence timing. The fry
quality data were analysed using the Mann-Whitney test
to compare differences between means of fork length, wet
weight and developmental stage (K ) on different dates.

The development index is derived from Bams (1970) and

is calculated from the formula:

KD = 10 \/wet weight in mg,
fork length in mm.

This index: is considered a sensitive 1ndicator of the relative
degree of development for pink and chum (Bams, 1970), and
sockeye (Ginetz, MS 1975) fry.

RESULTS

Survival:

Although the cdmposite egg-to~fry sufvival of the
incubator was 78,87, survival values from individual exper-
imental sections exceeded 100% 1in three cases (Table 1).

As it was virtually impossible for fry to stray within the
incubation‘box, the source of error probably originated
with volume-counting eggs and fry. Furthermore, fry counts

lost accuracy during the peak period when approximately 80%



of the fry emerged within a seven day period. There were
no large patches of dead eggs in the incubator élthough
some diffuse dead material was discovered mainly in the
bottom halves of sections planted at 9,000 and 11,000
eggs per layer. Sections planted with low densities of
eggs had viftually no visible dead, while others had some
small patches. Very high survivals are indicated, there-
fore those numbers exceeding 100% were retained in the

present analysis for their ordinal value.

According to the values below, egg density affected
survival to the fry stage (Table 1). A regression coeffic-
ient indicates a probability of more than;99z that survivals
differed iinearly; however, a gradual direct regression is
not evident (Figufe 2). The tabled survival values show a
decreasiﬁg effect with increasing density, opposite to
expectation. Furthermore, there appears to be two groups
of survival values: 65 to 73% and 93 to llSZ. Secondary
factors thét may have influenced survival rates were not
identified. | .

Tablé.l. Comparison of loading density and egg-to-fry

B survival of sockeye in a gravel incubator.

Egg - Sample % Mean 7% : :
Density o No. Survival Survival - Difference
1 93.3
5,000 eggs/layer 2 115.2 105.6
‘ 3 108.2
24,1
1 66.9
7,000 eggs/layer 2 72.7 81.5
I 3 104.8
10.4
’ 1 73.1
9,000 eggs/layer 2 72.2 71.1
3 68.0
3.6
1 64,9 '
11,000 eggs/layer 2 66.0 67.5
3 71.6 ‘
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Figure 2. Tne effect of egg density on eggéto—fry survival.

Migration Timing:

Loading density appears to cause variations in the
emergence timing patterns of sockeye fry (TaBle 2).‘ The data
do not indicate any differences significant at the .05_1evel;
however, the standard deviation comparison is near the criti-
.cal value (7.82 at p= .05). Figure 3 describes the shapes of
tne emergence curves of the different treatments, and demon-
strates a p0551billty that sections planted at 9,000 and

11,000 eggsvper layer produced more contracted emergence runs

than the otners.



. . a .
0T*>4d> 60 P

*aduETIeA JO STsATRUE fem-3uo STTTEM-TTEASNIY 8yl JO RELIELEIN

*sfep U} 23®p UBAW 2Yy3 JO UOTIBFADP paepue3s

~

q

‘uorlea8ym Y1 jo a3ep ay3 o3 Bujyiuerd jo a3wp 3yl woiy (°Jp) sanjeiadws) la3em ATjep ueaw aya Jjo B:mn

06°2 .WAmJn 06°T 88°S _ 6€°9 .um
T6L1°C Z5°9 o.mw L99 L7t €
10°2 06%L°T 20°9 61°S 8°LT7 AeW  Z°(2Z L9 8.9 S°2T kel [T 4 000°1T1
0960°2 9€°9 £°L7 A®R $89 ’ 122 AwR 1
£212°¢ £0°9 °62 L9 £°€T €
Tt §T0L°T ¥£°9 TZ°L %87 Ay 6°L2 S99 %S9 0°7Z Aol §°12 4 000°6
T69L°T SL°S 8" L7 L®H 699 T1°12 48R T
0698°T Le°s L°62 LS9 6°0T €
98°T 8680°C 1°s 0%°S  8°LT AeH  6°9Z 099 LL9 8°8T 4B 9°07 4 000°L
9619°1 LSy L°97 Lel 999 6°%1 Len 1
8%2s°1 €6°Y L°6T €49 6°12 €
$8°1 6LL0°C 89°%Y  00°S ¥°87 AeW 6°/Z 899 vL9 1°02 £e0 T1°22 [/ 000°S
TLE6 T 1Ty 9°L7 4wl LS9 €°9T 4eR 1
X ssaumadis | X *a's X *81w %06 X - &oovmuﬂca. m .w«E.NH *ON (134e71/8830)
- Jo Juat jJo aileq - T 3eay Jo a3eq a1dueg £378uaq
=23T3320) o - i :

*53F3]Suap BuTpeOT UdGAMIaq K13 9Lay208 Jo Suyuyl sousBiswe 8utaedwod sa138FIEIS °Z BTqEL
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Figufé-3, Comparison of emergence timing of sockeye fry

between loading densities.



Fry Quality:

Examination of the fry quality data on different
dates (Appendices 1-6) reveals some significant differences
in mean lengths and weights between treatments, but not
during peak.emergence. Fry planted at 11,000 eggs per
layer were néarly always shorter and lighter than the
others (Table 3) and there is a significant difference
between overall lengths of fry from treatments of 11,000
and 5,000 eggs per layer (p = .036). Morerinvolved ,
statisticé‘were not attempted as only a siﬁgle significant

result was obtained.

Water Quality:

This study did not incorporate rigorous water
chemistry énalyses as the water quality appeared consist-
ently satisfactory throughout incubation. Inflows remained
uninterrupted and the 1incubator maintained-avievel, water-
tight, and free-flowing substrate, Indications of freezing,
such as wéfer backing or visible ice, were not evident
although air temperatures reached lows of.-24°C and the
water temperature dropped to 0°C. on several occasions,
During emergence, an average value of 9.3 mg/i of intra-
gravel dissolved oxygen was determined over the entire box,
while indi?idﬁal sections varied from 8.85 to 9.9 mg/i.

Sabrolegnia patches, dead alevins, ammonia or H,S odours,

2
or other indicators of water quality deterioration did not

develop.

DISCUSSION

Survival:

Loading density significantly affécted egg-to-fry
survival, aithough other factors may have also been involved.
The large gap‘in graduation of the values suggests a secon-
dary influence but does not>negate egg denéify effects.

Minor variations in egg handling, fertilizing and planting
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procedures may nave caused lower survival to the fry stage,

nowever, identification of these influences was forestalled.

Altﬁougn egg density treatments produced successively
decreasing;sufvivals with bhigher egg loads, the density effect
also decreased at higher levels, contradicting expectations
(rigure 4). It is possible that interference factors may be
associated with this distribution, especially in the lowest

egg density treatment.

Figure 4. Schematic effects

“Expmned » of.egg iensity on
survival.

~

SURVIVAL

'\Observed

‘DENSITY

Even;the lowest recorded survival, 64.9% is acceptable.
in terms of increased sockeye fry production, however it is
considered possible to obtain 80 to 90% surﬁivals in gravel
incubators (Bams, 1974). Génerally, eggs planted at densities
of 11,000 eggs.per layer experienced an averége egg-to-fry
survival of 67.5% which snould, therefore, be considered below
expectation: for tnis type of facility. Ginetz (MS, 1975) sug-
gested good'éurvivals could be obtained at incfeaséd loading
densities,vproQiding gravel size and water delivery could be

optimized.

Migration Timing:

All differences in time of emergence.Were slight,
althougn sevéral factors may have contributed to this effect.
In the present study, the eggs were planted over a very few

days and consequently emerged in a short time.period,



thus obscuring temporal deviation. Furthermore,
migration timing as a parameter is difficult to quantify
and evaluate statistically. Therefore, it is evident
that the evaluation methods may influence the uncertainty

of the results,

There is some evidence that egg density affects
the standérd deviations of the fry migratidné; causing a
delayed start, faster emergence and earlier wéne. Figure
3 is in agreement with this trend and a sepération is
visible between the low and high-density treatments. Some
degree of cdntraction of each migration is also apparent
in the fry quality data. Lower length and weight measure-
ments of fry from high egg loads appear in each end of the
sampling pefiod (Figure 5), suggesting the presence of fish

that were not involved in the main migration.

7

30- o 1504
2 o
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z z

529' -.._140'
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= o
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Figure 5.  Mean lengths and weights of sockeye fry from
different loading densities (Appendices 1-6)

In view of the ecological'importancé of emergence
timing this character should be examined mo?é:closely,
especially as it relates to planting density.. Bams (1974)
considered that density-related effects are associated
with early emergence of fry in his gravel incubators.

Dill (1969) claimed competitive pressure may cause alevins
to move through the gravel and Bams (1969) stated that

pre-emergent fish will emerge upon flow cessafion. It
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seems likely that some competitive stress may affect the
emergence timing of fry, however, more sensitive means
of assessment than the ones used in this study are

desireable.

Fry Quality:

.Eggs planted at 11,000 eggs per layer ptoduced
sockeye.fty shorter in length than normal, although weights
of all fry appeared similar. Bams (1974)>concluded that
pink andtChum fry from gravel incubators were shorter and
emerged at a premature stage of development compared to river
fry. Inlthis study, no significant differénCes between
development stages were deteéted, however, some consideration
must be given to the degree of sensitivity bf the sole use

of a development index.

Apparently, some competitive stress is beginning to
affect the quality of fry at plants of ll,dOO eggs per layer.
Bams (1969) reports a greater deéree of activity among
crowded alevins and has related this to incfeasing levels
6f dissolﬁed carbon dioxide., Similarly, Dill (1969) postu-
lates that high concentrations of waste ptoducts méy be
responsiblé{for increased intragravel activity. Although
dissolved oxygen levels appeared satisfactdry, accumulation
of wastes was not tested and therefore may have been

associated with a reduction in fry quality.

CONCLUSION

5

Ittis considered that the gravel intubator was
designed, constructed and operated in a manner feasible
for production operations in northern and remote areas; how~
ever, there is evidence that the planting‘density of 11,000
eggs per léyer was associated with lower survival to the
fry stage and shorter fish. Furthermore, tréatment densities

of 9,000 énd'll,OOO eggs per layer produced more contracted



emergence timings. Lower egg loads appeared similar

and are considered within the critical limits for effective
fry production. Although this investigation did not assess
fry-to~-adult survival, it is suggested that the present
study provides an adequate basis from which.operation of

production facilities for sockeye can be recommended.
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