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INTRODUCTION

In the past 10 years there have been many investigations into use of
egg incubation substrates for Pacific sa1mon (Oncorhynchus sp.), particu1ar1y
in British Co1umbia and Alaska. Bams and Simpson (1977) provide an exce11ent
description of various types of "deep substrate and shal1ow-matrix" incubators
current1y in use for experimental or mass fry production. A summary of pilot
projects and a bibliography is included in their report. The primary
objective of the substrate incubator is to produce fry of similar size to
those produced in the natural environment. The direct relationship of the
size of a fry to its swirnming performance and ability to avoid predators was
demonstrated for sockeye salmon QQ. nerka) by Bams (1967). Mead and Wooda11
(1968) showed that sa1mon fry produced in natural streams on rugose substrate
were larger in size than those produced in conventional hatcheries. Thus,
hatchery fry are considered inferior to fry produced in the wild. There are
several factors in hatcheries that lead to sma11er size fry. Rearing alevins
on f1at surfaces such as in Heath incubator trays causes increased activity
by a1evins to satisfy its righting response (Bams 1969). High water ve10cities
and daylight increases activity of alevins (Brannon 1965). This increased
activity or energy expenditure results in a lower conversion of yolk to body
tissue. Substrate incubators were designed to overcome these inefficicncies·
of hatcheries by providing a rugose substrate to (1) aid a1cvins in maintaining .
their upright position, (2) reduce ambient water velocity, and (3) e1iminate
exposure of the cggs and alevins to light.
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The first dcep-substrate incubator for Atlantic salmon eggs ,~as

constructcd in 1975 at thc spm~ing channel on the Exploits River,
Newfoundland. This paper will describe the design of thc incubators,
the operations during 1975-76 and 1976-77, the environmental conditions
during operations, and compare the quality of fry produced in a '
gravel substrate incubator with fry produced in an AstroTurf (plastic

grass) Substrate incubator. Fry from the incubators are compared to those
from the more natural conditions of a spawning channel.

DESIGN OF THE "EXPLOITS RIVER BOX" •
~~o incubators were constructed in'parallel in the upper section of the

artificial spawning channel (Fig. 1). Thera were two bencfits achieved by
choosing this location:

1. The watcr supply for thc boxes could be gravity fed from the
existing spawning channel head pond, and

2. The portion of the boxes submerged in the channel (1 m) would
be partia1ly insulated by the water flowing in the channel.

The "Exploits River Box" is essentially a variant of the deep-substrate
incubators designed for Pacific salmon (Bruns and Simpson 1977). Its outside
dimensions are 4.79 x 2.07 x 1.92 m dcep and is constructed of 15.2 cm
concrete walls with 10.2 cm of rigid polyurethane insulation and a 1.9 .cm
(.75 inch) p1~~ood liner (Fig. 2). The box is subdivided into three.incubation
compartments (0.91 x 1.52 x 1.37 mdeep), one head compartment for inlet water •
and one overflow compartment. A false floor in the incubation compartments
consist of 2.5 x 5.1 cm (1 x 2 inch) slats set on edge and spaced 1.3 cm apart.
An insulated cover was placed over the box throughout the incubation period. A
S' to 8 cm layer of clean crushed gravel.l.9 to 3.8 cm;in diameter,was placed
on the false floor. A 13 cm layer of pea gravel (OoS'to 1.5 cm) was then added
to each box. The pea gravel acted both as apressure layer and as a fry barrier.
During the first year of operation the water supply was not filtered. Ho,~ever,

prior to the 1976-77 incubation, a washed gravel filter (Fig. 3) wasadded to .
the intake system in the head pond (Fig. 1). The water flows fram the head pond
to each box and upwells through each incubation compartment (Fig. 4). Total rate
of flow of water in each box was maintained at 284!(/min.

The cost of each incubation box ,~ns approximatc1y $10,000 (Canndian) in 1975.
This pricc does not includc the cost of thc drun for thc hcad pond; it was pre
viously constructcd for thc spawning channcl. If the boxcs could have been built
in a 1css rcmotc area, construction costs wou1d havc been considerably 1css.
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NOEL PAUL'S BROOK
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Fig. 1. Site plan of incubation boxes on Noel Paulls Brook, tributary of the

Exploits River.
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EXPER!}lliNTAL DESIGN AND OPERATIONS

In the initial brood year (1975) of operations~ washed~ crushed gravel
(1.9 to 3.8 cm) was used as the substrate in one incubation box and AstroTurf
(Marine surface FlI.Ol by Monsanto) was used in the other. For thc·1976 brood
year, AstroTurf uas used in both boxes. The AstroTurf was cut to fit each
compartment then perforated with 1.8 cm holes at 7.6 crn centers. The per
forations were made to ease fry emergence. Atlantic salmon were stripped of
eggs and sperm and fertilization occurred by the dry method (Leitritz 1969) in
late October and early November. The oggs l'lere washed, water hardened for two
hours, counted by the displacement method and seedcd in the boxcs. In thc
gravel incubator a 5 cm layer of gravel was placed over the pea gravel followcd
by 10~000 to 12,000 cggs which wcre uniform1y distributed over the gravcl in
each compartment. The addition of layers of gravcl and cggs was repeatcd until.
15 layers of cggs were seeded in the box. The top layer of eggs was also
covcred with 5 cm of gravel. Thc procedure for seeding the AstroTurf uns
similar to that for sccding thc gravcl. A lnyer of turf 't-laS placcd on thc pea
gravel and a small qunntity of incubation gravel wns sparscly scattcred over
thc turf to hold it flat against thc pea gravel. A 1ayer of 10~000 to l2~000
cggs was thcn uniformly distributcd on thc AstroTurf in each compartment.
This proccdure was repeated for 14 to 18 1ayers. Thc top laycr'of eggs was
covercd with a layer of AstroTurf and 3 to'5 cm of gravel.

The gravel filter was back-flushcd with thc use of a large pump at regular
ueekly intcrvals to prcvent thc accumulation of silt. Air and watcr temperatures
were rccorded throughout both incubation periods. In 1976-77 dissolved oxygen
conccntration of thc outlct wnter wns dctermined five times a weck using thc
modified Winkler technique.

Prior to fry emergence, light-proof enclosures were built on top of
incubators and equipped 't'lith elcctric lights. The 1ights were illuminatcd to
reducc emergence prior to yolk sac absorption. Fry werc enumerated as they
moved from each incubator. No attempt was made to collcct fry. from each com
partment. A sampie ~ 20) of thc emergent fry was taken daily from each
incubation box and spmming channel. Thc l'lcight and length of each fry was
mcasured. Thc deve10pmental condition factor (KD) was calcu1ated using the
formu1a (BaIDS 1970).

Kn = 10 \}( weight in mg
length in mm

RESULTS

The density of cggs in thc gravcl incubator uas 152,OOO/m3 of substratc.
This is less than 50% of dcnsity seeded in the AstroTurf incubators. The
dcnsity of eggs per la~cr in each box for thc 1975 brood yenr 't'las 8000 eggs/m2

coroparcd to 9XO eggs/rn for thc 1976 brood ycar (Tab~c 1). Thc rate water
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f10wed through each box was re1ative1y constant for both years; however, the '
volume of water used per 1000 eggs being dependent upon the egg densities,
ranged from 0.7ß/min to 0.6~/min. In the 1976 egg stripping, the ferti1ization
success was chccked and found to be 95.4%.

Thc periods of fry emergcnce in both boxes wcre May 31 to June 24 and
June 10 to July 8 for 1976 and 1977 respcctive1y. For the first weck of
emergence, in both incubators, the fry were prcmature (yolk sacs not comp1ete1y
absorbed). Hence, 1ights over the boxes were turned on for 7 to 8days, which
effective1y de1ayed cmergence unti1 the yo1k sacs were absorbed. ,The pattern
of fry emergence from each box for 1976 and 1977 were simi1ar.

Comparisons of unpreserved fry between samp1e 10cations and years (Tab1e 2)
indicated the fo110wing significant differences (t· 05): (1) those from the
grave1 box were 10nger, heavier and had a higher condition factor compared to
both the AstroTurf and the channel, (2) fry:from the AstroTurf in 1977 were ~
10nger, and because of this, had lower condition factors compared to 1976, and
(3) fry from the channe1 in 1977 were 10nger than in 1976. The weight of fry
was not significant1y different between 1976 and 1977 from any location.

During the enumeration of fry from thc boxes in 1976, technica1 difficu1ties
were encountered and on1y a partial count of fry was obtaincd (Table 3). Thc
fry that escaped uncounted were later captured in the wolfe traps in the
spalvning channcl. Using this information the minimum survival from ferti1ization
of the eggs to fry emergence was estimated to bc 82% (Table 3). Green egg.to
fry survivals during the 1976-77 incubation pcriod was 83% and 84% for each of
thc two boxes (Tab1e 3). A110wing 4.6% for unfertilized eggs, the survival from,
green fertilized eggs to fry cmcrgence would bc 87% and 89%.

During egg incubation in both years the boxes were subjected to air tem
peratures that ranged from -24 C to 22C. Table 4 shows the mean temperature,
dissolved oxygen concentrations and percent saturation of the water in the
incubation boxes for five stages of egg development from November 1976 to"
July 1977. The temperature and disso1ved oxygen concentrations remained relati~y

stable during the pre-eyed stage of development~ As tlle water tcmperature' ,.,
increased, so did the rate of embryo development. This was concurrent l~ith a
decrease in oxygen levels. The percent oxygcn saturation dropped from 98.3%
at prehatching to 77.5% during the stage fromhatching to first emergence
(Tab1e 4).
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Tab1e 1. Egg densities per m3 and m2 of substrate and f10w of water for each incubation box.

Incubator
substrate

Brook
year

No. of eggs
(,OOOs)

Density
eggs/m3 eggs/m2

(,OOOs) . (,OOOs)
1. Imin

Water
) Imin/

1000 eggs

.avel
"IIIIIIfstroTurf

AstroTurf
AstroTurf

(I)
(11)

1975
1975
1976
1976

432
486
504
472

152
420
457
460

8
:8
9
9

284
284
284
284

0.7
0.6
0.6
0.6

Tab1e 2. Mean + standard deviation for the 1ength, weight and deve1opmenta1 eondition faetor
(Kn) of fry fram the incubators and spawning ehanne1 .in 1976 and 1977.

Substrate Length (em) Weight (g) Kn
1976 1977 1976 1977 1976 1977

e
Grave1 2.75+.06 0.17+.02 2.01+.07
AstroTurf 2.70+.05 2.75+.09 0.16+.01 0.16+3.02 2.00+ 0 05 1.95+.06
Spawning

ehanne1 2.70+.05 2.76+.14 0.16±.01 0.16+.02 1.98+.06 1.96+.06
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Table 3. Survival of eggs from fertilization to fry emergence. Number in parenthesis
is percent survival of fertilized eggs only.

Brood No. of eggs No. of fertile No. of fry Survival
year Substrate (,OOOs) eggs (,OOOs) (,OOOs) (%)

1975 Grave1 432 311a
a2b

1975 AstroTurf 486 397a

1976 AstroTurf (I) 504 481 417 83 (87)
1976 AstroTurf (11) 472 451 399 84 (89)

a - partial count
b - estimated

Table 4. Mean temperature, oxygen concentration, and percent oxygen saturation of water in
incubation boxes for five periods of egg development during 1976-77.

Fertilization
to eyed

Nov.l - Mar.16

Eyed to
hatching

Mar.17 - May 25

Hatching to
1st emergence
May 26 - June 10

1st emergence
to peak
June 11

- June 22

Peak to
end of

emergence
June 23

-July __

Temp.
C ± sn 0.3 + .1 2.2 ± 1.5 9.4 + 3.0 14.8 + l.1

Oxygen
mgl ± sn 13.6 ± .2 13.1 + .7 10.1 + 1.1 8.0 + .5

% saturation 97.1 98.3 77.5 81.2

17.2 + 2.6

8.7 + 0.5

93.1
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DISCUSSION

The use of upwelling deep substrate incubators, such as the nExploits Rivern
box, was proven to be successful for producing good quality Atlantic salmon fry.
The boxes are relatively inexpensive to construct and requiremintmum maintenance.
Throughout incubation it was ncccssary, onoccasion, to adjust the flow through
the boxes to compcnsate for fluctuations in head pressure of the water supply.
Silting was a problem during both years of operations, although to a lesser
extent during the second ycar. The gravel substrate appeared to accumulate more
silt than the AstroTurf and several times the volume of water passing through
the box had to be increased to flush the silt away.

The prcparation of thc gravel substrate was considcrably more labour
intensive than thc AstroTurf. The gravel had to be sifted to separate the pea
gravel and washed thoroughly. All handling of the gravel was done manually
using a shovel•. AstroTurf requircd vcry little preparation.' Scrubbing with
soap and water und washing with a hose was sufficicnt to preparc the turf for
re-use.

~le statistically significant larger size and higher KD for fry from the
gravel incubator is not considered to indicate a biologically significant
difference in fry qua1ity. The difference in KD is so smal1 that performance
tests are ncccssary to show true biologica1 differcnces. Also, the differences
in mean lcngth and weight (Tab1e 3) of the fry are so small that it is beyond
the accuracy of the field measuring tcchniques. The 1arge samp1e sizes enab1e
a statistical difference to be shown •.

The mean surviva1 (83.5%) for green eggs incubated in AstroTurf to fry
emergence is excellent considering that the incubators were exposed to extreme
cold and silting and operated \vith Im-l head pressure. This percent surviva1 is
higher than the 75% obtained for pink salmon (Q. gorbuscha) fry by Bams (1973)
and the 74% obtained for Sockeye sa1mon by Ginetz (1976) when green eggs werc
incubated in gravel incubators.

The density of eggs per m3 of substrate can be projected to indicatethe
relative densities of alevins. Thus, assuming that the percent survival of the
eggs to hatching was the same for both substrates, the density of the alevins
was 164% to 203% highcr in thc AstroTurf (Tab1c 1). A1though the maximum
dcnsity of eggs or alevins that can be successfully LlCubated to produce a good
quality fry cannot bc extrapolated from these data, it can be stated that a high
percent survival and high qua1ity of fry was produced at 460,000/m3 or 9000 cggs/m2 :



premature emergence of fry is a problem that has been ass6ciated with
incubation in p1astic substrates (Bums and Simpson 1977). For the 1975
brood year, initial emergence of Atlantic sa1mon fry occurred on the same
day from both the gravel and the AstroTurf ; indicating that the factors
causing premature emergenc~ were occurring in both types of substrate
incubators. It is postulated that the prcmature emergence was caused by
either the silting or crowding of the alevins. Although premature emergence
is of concern, it is not considered to be a serious problem for operation
of the boxes. By exposing the surface of the incubator substrate to
continuous light, when premature emergence commences, the emergence can be
delayed until the yolk sac has been absorbed. .

" .

The 1.8 cm perforations in the AstroTurf are considered to be important
in easing the spatial distribution of the alevins in the gravel and easing
fry emergence. This provides a potential reduction in energy expenditure. ~
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