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ABSTRACT 

Semple, J.R., P.J. Zamora and R.J. Rutherford. 1995. Effects of dredging on egg to fry 
emergence survival, timing, and juvenile Atlantic salmon abundance, Oebert River, Nova 
Scotia. Can.Tech. Rep. Fish. Aquat. Sci. 2023: viii + 34p. 

Fry emergence success and timing from artificial Atlantic salmon redds in one dredged and 
two adjacent undredged areas were determined from 1981-85. Supporting information was 
collected to explain some of the observed differences between fry emergence and juvenile 
salmon abundance in undredged and dredged areas. This information included counts of natural 
salmon redds, determination of gravel permeability and sand concentrations in artificial redds, 
and streambed degradation/aggradation. 

Evidence of the adverse effects of dredging on Atlantic salmon included significantly lower 
fry emergence survival from artificial redds in the dredged zone and undredged area below it, 
when compared with the undredged area above; conSistently lower mean annual densities of fry 
and 1+ parr in the dredged zone, and severe gravel shifting in the dredged zone and area above. 

A year of extreme habitat changes followed dredging and a kilometre of stream above the 
dredged zone scoured down to bedrock. Transverse elevation profiles, 1981-85, along a series 
of transects in the dredged zone showed a high degree of bedload movement. In two of the four 
years emergence was studied, there was no fry emergence in the dredged zone. 

The effects of gravel permeability and sand concentration on fry emergence from the 
artificial redds was unclear and was probably masked by ice scouring and steambed 
degradation/aggradation. In 1982, mean days to 50% emergence was inversely correlated with 
percent sand (4.00-0.50mm) concentration in the artificial redds, suggesting a stress response 
due to increasing sand content. 

Counts of natural redds were consistently higher in the undredged areas. Mean fry 
densities in year t+ 1 were significantly related to natural redd counts the previous year (t) and 
to percent survival, in year t+ 1, from the artificial redds. 

Key Words: Atlantic salmon, eggs, emergence, timing, survival, abundance, juveniles, 
dredging, sand, gravel, permeability 
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RESUME 

Semple, J.R. , P.J. Zamora and R.J.Rutherford. 1995 . Effects of dredging on egg to fry 
emergence survival, timing and juvenile Atlantic salmon abundance, Debert River, Nova 
Scotia. Can Tech. Rep. Fish. Aquat. Sci. 2023: viii + 34p. 

On a determine I'emergence des alevins et Ie moment de cette emergence dans Ie cas 
de nids de fraie artificiel de saumon atlantique dans une zone draguee et dans deux zones non 
draguees adjacentes et ce, de 1981 a 1985. Des donnees a I'appui ont ete rassemblees pour 
expliquer certaines des differences observees entre I'emergence des alevins et I'abondance des 
saumons juveniles dans les zones draguees et non draguees. Parmi ces donnees figurent Ie 
nombre de nids de fraie naturels de saumon, la permeabilite du gravier et la concentration de 
sable dans les nids de fraie artificiels et I'erosion/alluvionnement du lit du cours d'eau. 

Parmi les indications d'effet defavorable du dragage sur Ie saumon atlantique, on constate 
une survie inferieure des alevins provenant des nids de fraie artificiels dans la zone draguee et 
la zone non draguee en aval, comparativement a la survie observee dans la zone non draguee 
en amont; des den sites moyennes annuelles d'alevins et de tacons 1 + constamment plus faibles 
dans la zone draguee et des mouvements importants de gravier dans la zone draguee et la zone 
non draguee en amont. 

Une annee de changements extremes d'habitat a suivi Ie dragage et un kilometre de cours 
d'eau en amont de la zone draguee a ete decape jusqu'a la roche en place. Des profils 
transversaux etablis de 1981 a 1985 Ie long d'une serie de transects dans la zone draguee ont 
revele un degre eleve de deplacement de la charge de fond. On n'a pas observe d'emergence 
d'alevins dans la zone draguee au cours de deux des quatre annees ou I'emergence a ete 
etudiee. 

Les effets de la permeabilite du gravier et de la concentration de sable sur I'emergence 
des alevins dans les nids de fraie artificiels ne sont pas clairs et ils ont probablement ete 
masques par I'affouillement glaciel et I'erosion/alluvionnement du lit du cours d'eau. En 1982, Ie 
nombre de jours moyens jusqu'a I'emergence de 50 p. 100 des alevins etait inversement 
proportionnel a la concentration de sable (4,00-0,50 mm) dans les nids de fraie artificiels, ce qui 
laisse entendre une reaction de stress attribuable a I'augmentation de la teneur en sable. 

Le nombre de nids de fraie naturels etait toujours plus eleve dans les zones non draguees. 
La densite moyenne d'alevins au cours de I'annee t+1 etait correlee de maniere statistiquement 
significative au nombre de nids de fraie naturels I'annee precedente (t) et au taux de survie au 
cours de I'annee t+1, dans les nids de fraie artificiels. 

Mots cles: Saumon atlantique, oeufs, emergence, moment, survie, abondance, juveniles, 
dragage, sable, gravier, permeabilite. 
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INTRODUCTION 

Debert River flows into the Bay of Fundy on the north shore of Cobequid Bay, Minas Basin 
(Fig. 1). In the summer of 1981, after a history of ice jamming and flooding at the village of 
Debert, a two-kilometre section of the main river was straightened, widened and deepened for 
flood-protection purposes. Dredging (by bulldozing) was confined to the streambed in some 
areas and involved straightening of the stream in others. Prior to dredging, this two-kilometre 
section of river was typical of good quality juvenile Atlantic salmon habitat with an abundance 
of riffles and runs over clean gravel and cobble. 

MATERIALS AND METHODS 

Artificial Atlantic salmon redds were constructed at potential spawning sites in dredged 
and adjoining undredged areas. Spawning sites were chosen subjectively on the basis of bottom 
substrate, stream flow and water depth characteristics that are typical of natural spawning areas, 
as described by Scott and Crossman (1973), Peterson (1978), and Beland et a/. (1982). 

Four redds were constructed in each of the three study areas each year from 1981 to 
1984. Each redd was constructed using a garden hoe to dig a depression 20cm into the 
gravel, the mean depth of eggs found in natural Atlantic salmon redds (Belding 1934; Warner 
1963; Jordan and Beland 1981). The eggs were placed in the depression using a one-metre 
length of stove pipe, 25 cm in diameter. The pipe was placed vertically into the depression and 
gravel was hoed around the outside bottom edge to keep it in place. Eggs ( 512 per redd ) were 
lowered inside the pipe on a tray, and swirled to distribute. River gravel was gently added to 
cover the eggs and the pipe carefully removed. Each artificial redd was marked with a metal 
rod. The location of each rod was documented using standard survey methods as further 
insurance for exactly locating each redd should the metal stake be dislodged. 

Green, newly fertilized, Atlantic salmon eggs were used in this study. They were fertilized 
at Cobequid Fish Culture Station and planted in the redds within twelve hours. Before transport 
to the study sites, known numbers of eggs were placed on hatchery trays, covered with moist 
cheesecloth and stacked in a Coleman, insulated cooler. Crushed ice was placed in an empty 
tray at the top of the stack. Eggs were counted using a perforated plexiglass counter containing 
256 countersunk holes. The egg counter was loaded twice for each tray giving a count of 512 
eggs for each artificial redd. 

Emergent fry were collected in a emergence trap similar to that described by Porter 
(1973). The trap was a dome-shaped apparatus made of canvas over a metal frame. The dome 
was fitted with fine mesh netting at the upstream end and was attached to a baffled, wooden box 
at the downstream end, where the fry were captured. The dome and box were held in place with 
metal rods inserted through "eyes" on the framework and driven into the stream bottom. Steel 
grader blades , boulders and gravel were placed on the canvas apron around the perimeter of 
the dome to secure it in place.The emergence traps were installed in early to mid- May and were 
tended daily until late June. Numbers of trapped fry were recorded daily. 

Gravel permeability was measured using the method described by Terhune (1958). A 
standpipe with a perforated tip was driven 20 cm beneath the surface of the redd at the 
downstream end of the actual egg deposit. Water was pumped out of the pipe to maintain a 



2 

water level difference of one inch between the interior and exterior of the pipe, and percolation 
of water into the pipe from the surrounding gravel was measured. To facilitate comparison of 
redd permeabilities, inflow rates into the standpipe were converted to standard permeabilities 
(KlO) at 10° C according to Terhune (1958). Permeability measurements were taken in May of 
each year, just prior to installation of the fry emergence traps. 

Sand concentrations (% by weight) in each artificial redd were determined after the 
completion of fry emergence and removal of the traps. To do this, a length of 15 em-diameter 
stovepipe was twisted into the centre of each redd to a depth of 20 cm. Teeth were filed into 
the driving edge of the pipe and handles were added to facilitate its insertion into the gravel. 
The enclosed redd material was removed with a plastic scoop and wet-sieved in the field through 
a series of six circular (20 cm-diameter) screens having square mesh sizes of 25.0, 6.35, 4.00, 
2.00, 1.00, and 0.50 mm. The particle sizes retained on the three finest screens (4.00-0.50 mm) 
were defined as sand. After sieving, all samples were oven-dried at 105°C for one hour. When 
they returned to ambient room temperature, they were weighed to the nearest 0.1 g. Percent 
sand concentration was the % of the total weight retained on the three finest screens. As 
materials passing through the finest (0.50 mm) screen were lost, the sand proportions estimated 
here are minimum values. 

Aggradation and degradation of the streambed in the dredged zone in years 1981-85 and 
at all artificial redds in 1981182 were established by standard (rod and level) survey techniques. 
Transverse elevation profiles along a series of transects in the dredged zone were usually 
determined in early fall, and levels at the artificial redds were measured periodically following 
redd construction in 1981. 

The streambed in the dredged area and the adjoining two 2 km-sections of undredged 
stream above and below it, were visually examined to estimate the numbers of natural salmon 
redds in each area, 1982-84. Contrasting clean gravel, and mounding and depressions in the 
streambed were the criteria used in locating and counting the redds. 

Three sites within each of the three study areas were selected for determining juvenile 
Atlantic salmon abundance, 1981-85. The population size was determined by the catch removal 
method from closed (barriered with nets) sites. A series of three constant-effort sweeps in the 
census sites were made with a 24 V, D.C., backpack electrofishing unit (Smith Root, Model XIA). 

Lengths of fish at the time of individual census were sufficiently different to separate them 
into fry (underyearlings) and age 1+ and 2+ parr. The maximum likelihood estimator was 
employed in deriving the population estimates. These in tum were expressed as population 
densities by dividing by the census area (m2

) and multiplying by 100 to get population density per 
100 m2

. A computer program similar to that described by Higgins (1985) and based on Zippin's 
(1956) method was used in making the actual calculations. 

Test statistics employed regression analyses, ANOVA, Duncan Multiple Range tests for 
significant differences between means, Student's t for significance of correlation coefficients (r) 
or F values for significance of multiple regressions. 

Percent emergence values were transformed to arcsin ..J% emergence in computing mean 
values and in making statistical comparisons. Similarly, standard permeability measurements 
(K,o) were transformed to natural logarithms to determine mean (geometric) values. In both 

• 
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cases, the mean values are expressed in back transformed scales in our results. 

RESULTS AND DISCUSSION 

EGG TO FRY EMERGENCE SURVIVAL IN THE THREE STUDY AREAS 

Mean % fry emergence varied between 1.3-7.4% at the upper undredged site, 0.0-1.9% in 
the dredge zone and 0.23-3.9% in the lower undredged area over the four emergence years 
(Table I, Fig . 2) . For all years pooled, mean % fry emergence ranged from a high of 3.5% in the 
upper undredged zone to a low of 0.35% in the dredged zone. The lower undredged area had 
an intermediate level, 1.0%, of fry emergence. 

A two-way ANOVA of egg to fry emergence survival (arcsin v% emergence, in degrees) 
by location and year showed significant differences for sites, P = 0.003, but not for years, P > 
0.05, and the interaction effect of location by year was not significant, P > 0.05. 

Fry emergence in the undredged upper site was higher and significantly different than 
the dredged zone or the undredged lower area, P < 0.01. There was no significant difference, 
P > 0.05, between the dredged zone and the undredged lower site. 

A frequency distribution of % emergence survival is shown in Figure 3 for each of the three 
study areas pooled for years. Low emergence survival was the norm at all sites. Survival rates 
equal to or exceeding 4% were uncommon and accounted for only 18.9% (range = 12.5-24.8%) 
of the redds sampled in all years (Table 2). 

For Atlantic salmon, Gustafson-Marjanen (1982) found emergence survival of 0.9%, 3 .3% 
and 7.2% from known numbers of eyed eggs deposited in artificial redds in Old Stream, Maine. 
Peterson (1978) planted green Atlantic salmon eggs in artificial redds in the S1. Croix River, New 
Brunswick. Mean emergence there ranged from 0.0-7.7% . Green eggs planted in plexiglass 
boxes in a Scottish stream had survival rates of 11.1-14.8% to the end of the first growing season 
(Egglishaw and Shackley 1980). Elson (1957), for the Pollett and Miramichi rivers and Meister 
(1962) for Cove Brook, Maine, reported mean survival rates of 6-8% and 9-11%, respectively, from 
egg deposition to mid-summer young-of-the-year. They (op. cit.) based their estimates on 
standing crops of juveniles, average fecundity, and measured weights of spawning females . Dill 
(1977, in Gustafson-Marjanen 1982) estimated that as many as 90% of Atlantic salmon and 
rainbow trout eggs that are deposited will never result in emerging fry. The low survival rates 
found in our study are comparable with those found elsewhere, though emergence survival in 
the Oebert River dredge zone was more towards the lower end of the survival range. 
Emergence survival for Atlantic salmon in the present and other studies is well below that found 
in more controlled situations such as spawning channels and hatcheries. Taylor (1973) reviewed 
egg to fry survival rates for Atlantic salmon under different incubation techniques - natural 
spawning, spawning channels, and hatcheries - and concluded that under natural conditions, it 
would not normally exceed 10%, whereas in a properly constructed spawning channel, 60%:!:10% 
might reasonably be expected, and in hatcheries, 90% might confidently be anticipated. 
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GRAVEL PERMEABILITY AND FRY EMERGENCE SURVIVAL 

There were no significant correlations, P > 0.05, between arcsin ...J% emergence and Kl0 
for the artificial redds in any of the four emergence years (pooled for sites) or the three study 
sites (pooled for years), nor was there any for the pooled data for all sites and years (Table 3). 
Three of the years (1982-84) and one of the sites (dredged, middle site) had non-significant, P 
> 0.05, positive correlations, all others were non-significant and negative. The scattergram for 
mean % emergence and geometric mean Klo is shown in Figure 4 for the three sites and each 
of the four emergence years, and clearly indicates the lack of significance correlation between 
these two parameters in the present study. 

Gravel permeability determination is another way of measuring the amount of sediment 
(sand and smaller particles) in salmon redds and indicates the ease with which water can pass 
through the gravel - when sediment cOr:lcentration is high, permeability is low and vice versa 
(McNeil and Ahnell 1964; Peterson 1978). It is a further indication of the possible entrapment 
effect of fines on the successful emergence of salmon fry and of developmental conditions for 
eggs and embryos in the egg pit. When the permeability of spawning gravel in four British 
Columbia streams was compared with the survival of pink and chum salmon fry, streams with 
high gravel permeability had higher survival than those with low permeability (Wickett 1958). 
Wickett (op. cit.) based his survival rates on estimates of potential egg deposition from spawning 
females and the capture of fry emigrating to sea. Peterson (1978) stocked known numbers of 
green Atlantic salmon eggs in artificial redds in St. Croix River and installed fry emergence traps 
similar to the one used in our study. He (op. cit.) had no fry emergence from three redds at one 
site where mean (geometric) K10 was 620 cm.h(l, and at two other sites with higher mean 
permeabilities (1,100 and 1,600 cm.h(\ mean fry emergence percentages were higher, 1.8% and 
3.6%, respectively. From his data, he suggested that a permeability of about 1,500 cm.h(1 
should yield a mean percent emergence of 2%-3% and pointed to the likelihood that mean fry 
emergence survival would be even lower at permeabilities less than 1,000 cm.h(l. Peterson's 
(1978) survival data were highly variable. For example, Kl0'S of about 1,100 cm.h(1 yielded 
emergence percentages ranging from 0.0% to about 6.2%. Gustafson-Marjanen's (1982) results 
for fry emergence of Atlantic salmon vis-a-vis gravel permeability were also highly variable, viz-

% Emergence KID (cm.h(1 ) Remarks 

3.3 747 artificial redd 

5.8 948 wild redd 

6.4 979 wild redd 

0.9 986 artificial redd 

7.2 1,031 artificial redd, frequent exposure 

6.1 1,042 wild redd, frequent exposure 
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She (op. cit.) exhumed eyed eggs deposited in natural (wild) redds, replanted known 
numbers in artificial redds and installed fry emergence traps similar to the one used in the 
present study. She also derived emergence survival estimates for three wild redds based on an 
estimate of the numbers of eggs per egg-pit of a wild redd, the number of egg-pits per redd and 
visual counts of fry over the redd. Two of the redds she examined were frequently exposed due 
to falling water levels. Standard permeabilities (Kl0) for the six redds after completion of fry 
emergence ranged from 747 cm.h(l to 1,042 cm.h(\ and emergence survival generally 
increased with increasing permeability. 

Other factors in the present study, to be discussed elsewhere in this report, appear to have 
masked the positive relationship between fry emergence survival and gravel permeability found 
by other investigators (Wickett 1958; Peterson 1978; Gustafson-Ma~anen 1982). 

Mean emergence survival for different 1,000 cm.h(l permeability classes are presented in 
Figure 5 and Table 4 along with the frequency of artificial redds in each permeability class, 
pooled for years and sites. Like Peterson (1978), emergence survival was highly variable (Table 
4). For example, with Kl0'S less than 1,000 cm.h(l fry emergence survival from individual redds 
ranged from 0.0% to 18.6%. There did not .appear to be any consistent trend in mean % 
emergence with increasingly higher permeability class; however, the three highest mean 
emergence survival rates (2.8%, 2.3%, and 4.9%) were from artificial redds having standard 
permeabilities of 3,000 cm.h(l or more. Even at the lowest K10 measured (100 cm.h(l ), there 
was some fry emergence, 4.3 %. 

Between 1982-85, annual, mean (geometric) Kl0 at the upper and lower undredged sites 
showed the same up and down trend (Fig. 6) but it was always higher at the upper site. It 
ranged from a low of 807 cm.h(l at the lower undredged site to a high of 10,198cm.h(1 at the 
upstream undredged site. The dredged zone had an intermediate permeability level, 3,700 
cm.h(l (Table 5). This decreaSing trend in permeability with proximity to the sea is one that 
might be anticipated. The depth and width of river reaches usually increase in a downstream 
direction and stream gradient and water velocity decrease (Welcomme 1983). This would 
suggest that fallout of suspended sediments and larger bedload materials would more likely 
occur in the lower reaches of streams. It is probable that the decreased permeability in the lower 
undredged stream reach was promoted by sediment and bedload export during and after 
dredging at the upstream. Mean (geometric) K10 in the middle, dredged, stream reach (8,341 
cm.h(l) was higher than in the upper and lower undredged reaches the year following dredging. 

SAND CONCENTRATION AND FRY EMERGENCE SURVIVAL 

There was a low, negative, non-significant correlation between fry emergence survival 
(arcsin ...J% emergence) and % sand concentration in the 48 artificial Atlantic salmon redds 
examined during the four emergence years, r = -0.047, P > 0.05 (Table 6). 

For individual years (1982-85) with all artificial redds in the three sites pooled, correlation 
coefficients for arcsin ...J% emergence VS. % sand concentration ranged from -0.388 to +0.019; 
none were significant, P > 0.05. Similarly, for individual sites with all artificial redds in each year 
pooled, the correlation coefficients ranged from -0.036 for the dredged zone to +0.678 for the 
undredged upper site. The positive correlation for the upper site was highly significant, P(t) = 
0.004, and unexpected. Other researchers have found inverse relationships for numbers of 
emergent salmonid fry and the proportion of sand in the redds or gravel mixtures (Bjornn 1969; 
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Hall and Lantz 1969; Hausle and Cobble 1976}. These investigators (op. cit.) placed known 
numbers of salmonid alevins in gravel of known sand concentration. The particle sizes 
considered as sand varied in these studies - Bjornn (1969) considered sand as particles less than 
6.35 mm and used chinook salmon and steelhead trout; Hall and Lantz (1969) considered sand 
as particles in the 1-3 mm range and used coho salmon and steelhead trout, while Hausle and 
Cobble (1976) considered particles of less than two mm diameter as sand and used brook trout. 
In our study, sand was considered as particles between 4.00 mm and 0.50 mm and we used 
green Atlantic salmon eggs. 

These researchers found that emergence declined when the sand component exceeded 
about 20% (by weight). In laboratory experiments using coho salmon alevins, Phillips et al. 
(1975) also found an inverse relationship between fry emergence and sand concentration 
(particles 1-3 mm diameter), as did Peterson and Metcalfe (1981) for green egg to fry emergence 
in Atlantic salmon, where "sand" in this case was particles 0.06-0.50 mm in diameter. 

We plotted mean % sand content with mean % fry emergence survival for the three sites 
and four emergence years. We could find no clear relationship between these two parameters 
(Fig. 7); however, highest mean emergence occurred at sand concentrations of less than 15% 
by weight but even then, it was quite variable. 

The significant positive correlation between % fry emergence and % sand concentration 
in artificial redds at the undredged upper site may have been due to localized spring upwelling 
at this location. Peterson and Metcalfe (1981) found this to be the case for Atlantic salmon in 
laboratory experiments. Strong upwelling of water through their gravel mixture resulted in more 
emergent fry at higher sand Indices. They (op. Cit.) reasoned this to be attributable to reduced 
sand compaction resulting from upwelling. 

In the present study, the frequency of artificial Atlantic salmon redds in sand concentration 
classes incremented at 5% (by weight) intervals is shown in Figure 8. Forty-one of the 48 redds 
sampled in all years had sand concentrations less than 20% (by weight) and mean % fry 
emergence levels which ranged from 0.89% to 3.4%. Individual redds at this sand concentration 
level had fry emergence rates (%) ranging from zero percent to 18.6% (Table 7). In redds with 
higher sand concentrations, i.e., equal to or greater than 20%, emergence ranged from zero 
percent to 10.7%. All of the artificial redds in the upper undredged area had some fry emergence 
and none of them had sand concentrations greater than 20%; in the dredged and undredged 
lower sites, eleven redds - eight in the dredged zone and three in the undredged area - had no 
fry emergence. All except one of these no-emergence redds had sand concentrations between 
5.0% and 14.9%, while the one exception was in the 25.0-29.9% sand concentration class (Table 
7). 

Mean % sand concentration (all years included) increased in a downstream direction from 
a low of 7.9% at the upper undredged site to a high of 16.6% in the lower undredged area (Table 
8). Artificial redds in the intervening dredge zone had a mean % sand content of 12.2%. Mean 
% fry emergence was highest, 3.5% (Table I) in the upper undredged area where mean % sand 
content was lowest. The sand content at this site showed a decreasing trend over the four 
emergence years (Fig. 9), but it was not accompanied by increased % fry emergence within the 
range of mean sand concentrations, 3.9-14.2%, observed (Tables I and 8). 

In 1982, the year following dredging at the middle site, artificial redds in the dredge zone 
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had a much lower sand concentration (mean = 11.7%) than those in the adjoining undredged site 
downstream (mean = 30.0%)(Table 8). This probably resulted from the export of dislodged 
sediments In the river flow and to bedload exports of larger materials. 

Fines (sediments and sand) may decrease salmonid fry emergence from spawning gravels 
by obstructing their movement out of the gravel (Koski 1966, in Hall and Lantz 1969; Hausle and 
Cobble 1976; Phillips et a/. 1975). Alevins must displace particles of four mm or less to emerge 
from spawning gravels (Witzel and McCrimmon 1981). Coarser gravels have more void space 
between the particles and hence offer less impediment to emergent fry than more compact 
substrates. In gravel finer than 3.36 mm, Cooper (1965) suggested that the voids may become 
so small that the upper layers of gravel impose potentially lethal pressure. 

EMERGENCE TIMING AND SAND CONCENTRATION 

The mean number of days from egg deposition in the artificial redds to various stages of 
emergence are summarized in Table 9 for each year, with all sites pooled, and is shown 
graphically in Figure 10. Mean days to first emergence varied from 189 to 209 days over the four 
years and mean days to last (100%) emergence, from 197 to 216 days. Earliest emergence 
occurred on May 24, while emergence was complete in all years by June 27. 

In all cases, mean days to various stages of emergence were significantly different, P < 
0.001, for years (sites pooled) but the differences between sites (years pooled) were not 
significant, P > 0.05. The significant differences between years were not unexpected as the 
temperature regime during egg incubation is known to influence the time of hatching and the 
emergence of fry from the redds (Foda and Henderson 1977; Peterson et a/. 1977; Peterson and 
Metcalfe 1981). Emergence timing from redds in the upper and middle sites were quite similar 
and usually only varied by about one day for the emergence stages at these sites (Fig. II) while 
the difference was usually about five days between them and the lower undredged area. 

In 1982, a highly significant, negative correlation (r = -0.907, P(t) = 0.005, df 6) was found 
between days to 50% emergence and % sand concentration in the artificial redds. The line of 
best fit is described by the equation: 

Y = 210.90 - 0.20 X 

where Y = days to 50% emergence and X = % sand concentration in the artificial redds. There 
were no significant correlations, P > 0.05, for these two variables in any of the other three years 
(Table 10). 

Phillips et al. (1975) found an inverse relationship between days to mean emergence for 
coho salmon fry planted in gravel mixtures with various concentrations of 1-3 mm sand. A similar 
inverse relationship was found for rainbow trout fry by Witzel and McCrimmon (1981) using 
unigranular-sized gravel ranging from 2 to 6.5 mm diameter. All of these investigators supposed 
this outcome to be the result of stress due to increasing amounts of fines. Bams (1969) found 
that environmental factors, such as reduced flow and oxygen deficiency can cause early 
emergence of sockeye salmon fry. 
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AGGRADATION AND DEGRADATION OF STREAMBED 

A year of severe habitat changes followed the dredging. Nearly a kilometre of good 
spawning and rearing area above the dredged zone scoured down to bedrock. The dredged 
area (Middle site) showed significant bedload movement, which for the most part was manifested 
by a scouring of material along a series of measured transects. The scouring effect was 
enhanced in a downstream direction through the dredged zone (Fig. 12 a-d). 

In 1981, baseline elevations of the centers of the artificial redds were measured on 
November 10 following completion of the redds. Subsequent measurements prior to fry 
emergence in May of the following year revealed that both the dredged zone and undredged 
upstream site were areas of streambed degradation (scour) while the undredged downstream 
site was one of streambed aggradation (Table II). 

There was no fry emergence from artificial redds in the dredged zone in 1982. Streambed 
scouring observed at the four redds in this location ranged from 7.3 cm to 23.5 cm showing that 
the eggs deposited in at least one of the redds must have been scoured away ,as eggs were 
deposited 20 cm beneath the stream bottom the previous fall . All of the redds in the undredged 
areas had some fry emergence in 1982. 

LaCroix, reported by Peterson and Metcalfe (1981) as personal communication, estimated 
that 40-75% of egg mortality of landlocked Atlantic salmon was due to ice scouring and gravel 
shifting. Kennedy (1984) found that the green, Atlantic salmon eggs he stocked in artificial redds 
in Northern Ireland had a significantly lower survival rate (4% to summer fry) than eyed eggs 
(19.2-19.4%) planted later. This result is further corroborated by Kennedy and Strange (1981). 
They found annual survival rates of green and eyed eggs to be 1.4% and 10.3%, respectively, and 
attributed the difference to the scouring effect of winter floods which completely destroyed 
several of their redds. Moreover, Harris (1978), as cited in Kennedy (1984), recorded that up to 
30% of natural redds can also be washed away before the eggs hatch out. 

We believe that ice scouring and shifting gravel which was particularly evident in the 
dredged zone played an important role in the low emergence survival there and masked many 
of the effects of gravel permeability and sand concentration (in the artificial redds) on fry 
emergence, in our study. 

SALMON REDD COUNTS 

Counts of natural Atlantic salmon redds were made during late fall in 1982-84 in the 
dredged zone (middle site) and in two 2 km-sections of adjoining, undredged area upstream and 
downstream from it (Table 12). The dredged area had lower numbers of redds than either of the 
undredged areas in each of the three years. Of the total redds counted in the three years, 19% 
were found in the dredged zone and 42% and 39% in the undredged upper and lower areas, 
respectively. 

JUVENILE SALMON DENSITIES 

Mean annual fry and age 1+ parr densities in the three study areas varied widely between 
sites and years (Figure 13, 14 and Table 13) but were consistently lower in the dredged zone than 
in the adjoining undredged areas above and below it in all years, 1981-85. Mean densities of 
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salmon fry and age 1+ parr in the dredged zone for all years combined averaged 11.5 fry.100m·2 

and 7.0 age 1+ parr.100m·2 respectively. Fry and age 1+ parr appear to have emigrated from the 
dredged zone during dredging in 1981, judging from the wide divergence in mean densities of 
these age classes between it and the two undredged sites (Fig. 13 and 14). 

A highly significant correlation (r=0.8I, P(t)=0.008, df 8) was found between redd counts 
in year t (1982-84) and mean fry densities in the respective dredged and undredged areas the 
following fall (years t+1). The point scatter and least squares regression line are shown in Fig. 
15. Nearly 65% (100 r2) of the variation in mean fry density (No . .100 m·2) in the study sites is 
explained by the linear relationship existing between it and the redd counts. 

On the supposition that mean % fry emergence survival in the artificial redds constructed 
in the three study areas might further explain some of the variation in mean fry densities found 
in them, this independent variable was included in the preceding regression. The resulting 
multiple regression was highly significant, P(F)=0.0065 df 1,7 and explained nearly 81% (100 f) 
of the variation in mean fry densities in the three sites. The multiple regression equation defining 
the relationship is: 

Y = 3.77 + 0.58X, + 3.18X2 

where Y and X, = X are the same as in the preceding bivariate regression and X2 is the mean 
% fry emergence in years 1983-85 (t+l) at the three sites (Table 14). 

Prior to dredging, the river flow in the dredged zone was more tightly confined in the 
stream channel. Dredging widened and deepened the channel. The same flow now extends 
over a wider area and hence is more shallow. It is possible that the shallower depth of flow in 
the dredged area may have reduced its suitability as spawning habitat for salmon. The instability 
of the streambed in the dredged area, particularly in the year following dredging, may account 
for the paucity of natural redds and subsequent lower abundance of salmon fry and parr there, 
relative to the adjacent undredged areas. 
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Table 1.Mean annual % emergence of Atlantic salmon fry from artificial redds in dredged and undredged areas of Debert River, 1982-
19851

• 

Year Upper site (undredged) Middle site (dredged)2 Lower site (undredged) 

1982 5.4 (3.00 - 8.4) 0.0 (0.0 - 0.0) 0.23 (0.0 - 22.5) 

1983 7.4 (0.30 -22.6) 0.97 (0.0 - 6.3) 0.91 (0.0 - 11.6) 

1984 1.7 (0.01 - 6.4) 0.0 (0.0 - 0.0) 0.43 (0.0- 3.4) 

1985 1.3 (0.74 - 2.1) 1.9 (0.0 - 7.7) 3.9 (0.0 - 22.5) 

x weighted 3.5 ( 1.7 - 6.1) 0.35 (0.02 - 1.1) 1.0 (0.10 - 22.5) 

1. The 95% confidence interval (x ± t.os S. ) for the means are shown in parenthesis; there were four replicates per site per year; 
mean values here are back transforms of data that was transformed to arcsin ..J% emergence. 
2. None of the artificial redds in the dredged zone had any fry emergence in 1982 and 1984. 

Table 2. Frequency of artificial Atlantic salmon redds in dredged and undredged areas of Debert River by egg to fry emergence 
survival class, pooled for years 1982-851

• 

% egg to fry Upper site Middle site (dredged) Lower site All sites (combined) 
emergence survival (undredged) (undredged) 

o -0.9 1 ( 6.2) 11 (68.8) 9 (56.2) 21 (43.8) 

1 - 1.9 5 (31 .2) 2 (12.5) 3 (18.8) 10 (20.8) 

2 - 2.9 3 (18.8) 1 ( 6.2) 4 ( 8.3) 

3 - 3.9 3 (18.8) 1 ( 6.2) 4 ( 8.3) 

4 - 4.9 1 ( 6.2) 1 ( 1.2) 

5 - 5.9 2 (12.5) 2 ( 4.2) 

8 - 8.9 1 ( 6.2) 1 ( 1.2) 

10 -10.9 1 ( 6.2) 1 ( 1.2) 

12 -12.9 1 ( 6.2) 1 ( 1.2) 

13 -13.9 1 ( 6.2) 1 ( 1.2) 

15 -15.9 1 ( 6.2) 1 ( 1.2) 

18 -18.9 1 (6.2) 1 ( 1.2) 

1. Percent of total redds in each egg to fry emergence survival class is shown in parenthesis for each site; four artificial reclds were 
constructed each year, 1981-84, in each site 
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Table 3. Significance of correlation coefficients (r) for arcsin "°Ao emergence vs. In ~D in artificial salmon redds in Debert River. 

Year' or site2 Correlation coefficient (r) pet) df 

1982 +0.219 0.05 n.s. 11 

1983 +0.534 0.05 n.s. 11 

1984 + 0.498 0.05 n.s. 11 

1985 -0.504 0.05 n.s. 11 

Upper site (undredged) -0.188 0.05 n.s. 15 

Middle site (dredged) +0.312 0.05 n.s. 15 

Lower site (undredged) -0.190 0.05 n.s. 15 

All years and sites weighted -0.020 0.05 n.s. 47 

,. Pooled data for all years. 
2 Pooled data for all sites , 

Table 4, Individual and mean °Ao fry emergence from artificial Atlantic salmon redds arranged by K'D class, pooled for sites and years 
1982-85. 

K'D class (cm.h(') Frequency % fry emergence (individual 
redds)2 

000 - 999 8 0.0(2),0.2,0.4,0.6,1.8,4.3, 
18.6 

1,000 - 1,999 6 0.0,0.2,0.6,0.8,3.1,10.7 

2.000 - 2,999 4 0.0(2),1.4,5.3 

3,000 - 3,999 8 0.0(2),1.0,1.6,2.0,3.5,13.7, 
15.6 

4,000 - 4.999 5 0.4,1.6,2.0,3.1,5.3 

5,000 - 5,999 2 0.0,1.2 

6,000 - 6,999 3 0.6,1.2(2) 

7,000 - 7,999 2.3 

8,000 - 8,999 3 0.0(2),8.4 

9,000 - 9,999 3 1.0,3.9,12.9 

10,000 - 10,999 2 0.0,3.9,12.9 

12,000 - 12,999 2 0.4,2.5 

13,000 - 13,999 0.0 

" Mean values given here are backtransforms of data that were transformed to arcsin ,,% emergence. 
2, Numbers in parentheses are numbers of redds with the same fry emergence survival. 

Mean % emergence' 

1.1 

0.49 

0.77 

2.8 

1.9 

0.3 

0.66 

2.3 

0.96 

4.9 

0.45 

0.80 

0.0 
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Table 5. Mean (geometric) annual standard gravel permeabilities, K,o (cm.hr"'), in artificial Atlantic salmon redds constructed In 
dredged and undredged areas of Debert River, 1982-85. 

Year Upper site (undredged) Middle site (dredged) Lower aite (undredged) 

1982 7,603 (4,183-13,820) 8,341 (4,611-15,089) 2,530 (700 - 9,143) 

1983 3,492 (3,146- 3,878) 3,100 (1,192- 8,062) 807 (178 - 3,653) 

1984 10,198 (6,665-15,603) 2,909 (1,543- 5,484) 3,312 (173 - 63,545) 

1985 4,688 (4,531- 4,849) 2,491 (1,382- 4,490) 347 ( 76- 1,577) 

X weighted 5,969 (4,606- 7,736) 3,700 (2,641- 5,184) 1,237 (576- 2,656) 

'-The 95% confidence limits for the means (x :I: t.05 Sx-) are shown In parentheses; there were four replicates per site per year; mean 
values given here are backtransforms of data that were transformed to natural logarithms. 

Table 6. Significance of correlation coefficients (r) for arcsin ";.'(' emergence vs. % sand concentration In artificial Atlantic salmon redds 
in Debert River. 

Year' or site ' Correlation coefficient (r) pet) df 

1982 - 0.167 0 .05 n.s. 11 

1983 +0.019 0.05 n.s. 11 

1984 -0 .388 0.05 n.s. 11 

1985 -0.046 0.05 n.s. 11 

Upper site (undredged) +0.678 0.004 highly signif .. 15 

Middle site (dredged) -0.036 0.05 n.s. 15 

Lower site (undredged) - 0.119 0.05 n.s . 15 

All years and sites weighted -0.047 0 .05 n.s. 47 

, Pooled data for all years . 
2 Pooled data for all sites . 



16 

Table 7. Percent emergence of Atlantic salmon fry from individual artificial redds in dredged and undredged areas of Oebert River 
arranged by % sand concentration (4.00-O.50mm) in the redds ,pooled for years,1982-85" 

% sand in redds by weight 

0.0 - 4.9 

5.0 - 9.9 

10.0 - 14.9 

15.0 - 19.9 

20.0 - 24.9 

25.0 - 29.9 

30.0 - 34.9 

35.0 - 39.9 

Lower site (undredged) 

0.4,1.0,1.2,1.6,2.0,2.5,3.5, 
3.9 

1.2 

1.0,2.3,15.6 

3.1,8.4,12.9,13,7 

Middle site (dredged) 

0.0(4),1.4,5.3(2) 

0.0(4),0.4,3.1 

0.6 

0.8 

1.2 

,. Numbers in parentheses are numbers of redds with the same fry emergence survival. 

Upper site (undredged) 

0.2,1.8 

0.0,1.6,18.6 

0.0(2),1.8 

0.2,0.4,4.3 

2.0 

0.0,10.7 

0.6 

0.6 

Table 8. Mean annual % sand (4.00-O.50mm) concentration by weight, in artificial Atlantic salmon redds constructed in dredged and 
undredged areas of Oebert River, 1982-1985" 

Year Upper site (undredged) Middle site (dredged) Upper site (undredged) 

1982 14.2 (10.5 - 8.1) 11.7 (9.1 - 14.3) 30.0 (18.5 - 41.5) 

1983 8.0 ( 0.0 - 19.0) 20.0 (6.6 - 33.4) 16.0 ( 0.2 - 31.8) 

1984 5.6 ( 0.0 - 12.8) 8.4 ( 5.7 - 11.1 ) 7.6 ( 2.7 - 18.4) 

1985 3.9 ( 0.5) - 7.3) 8.8 ( 4.6 - 13.0 ) 12.8 ( 7.2 - 18.4) 

x weighted 7.9 ( 4.9 - 10.0) 12.2 (8.8 - 15.6) 16.6 ( 11.1 - 22.1) 

t. The 95 % confidence interval (x ± t.05 S. ) for the means are shown in parenthesis; there were four replicates per site per year. 
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Table 9. Mean number of days from green eggs (Atlantic salmon) planted In artificial redds, to fry emergence in Debert River, by year, 
1982-85, pooled for sites. 

Days to emergence 

Year Statistical First 25% 50·" 75% 100·" 
measure' 

1982 X 204 206 207 207 209 

SE 0.84 0.99 0.84 0.89 1.61 

CI 202-206 204-208 205-209 205-209 205-213 

N 7 7 7 7 7 

1983 X 189 192 193 196 199 

SE 1.64 1.30 1.59 1.37 1.87 

CI 185-193 189-195 189-197 192-200 194-204 

N 12 12 12 12 12 

1984 X 190 192 194 195 197 

SE 2.69 2.80 2.74 2.62 2.85 

CI 184-196 186-198 188-200 189-201 191-203 

N 6 6 6 6 6 

1985 X 209 210 212 214 216 

SE 1.20 1.23 1.13 1.03 1.39 

CI 206-212 207-213 209-215 212-216 213-219 

N 11 11 11 11 11 

, CI is the 95·" confidence interval of the mean, X ± t.os S: . 

Table 10. Significance of correlation coefficients (r) for days to 50% emergence of Atlantic salmon fry from artificial redds vs. % 
sand (4.00-0.50mmJ concentration by weight in the redds, 1982-85, Debert River. 

Year 

1982 

1983 

1984 

1985 

Correlation coefficient (r) 

-0.907 

-0.376 

-0.045 

-0.289 

pet) 

0.005 highly signif. 

0.05n.s. 

0.05n.s. 

0.05n.s. 

df 

6 

11 

5 

10 
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Table 11. Aggradation (+) and degradation (-) in centimetres, at artificial Atlantic salmon redds constructed In dredged and dredged 
areas of Debert River, after they were completed on November 10, 1981. 

Location Redd number December 14, 1981 February 17, 1982 April 8, 1982 

Upper site -0.9 NA -4.9 
(undredged) 

2 -4.3 NA -8.5 

3 -0.6 NA 0.0 

4 +0.9 NA -1.8 

Lower site (dredged) -17.1 -14.0 -13.7 

2 -7.3 -14.6 -16.2 

3 -22.6 -21.9 -23 .5 

4 -15.5 -9.4 -10 .4 

Upper site +7 .9 NA +3.4 
(undredged) 

2 +12.9 NA +3.0 

3 +7.3 +4.0 +4.0 

4 +3.0 -3.4 -0.6 

Table 12. Annual numbers of Atlantic salmon redds counted in dredged and undredged areas of Debert river, 1982-84. 

Year Upper site (undredged) 

1982 8 

1983 41 

1984 74 

Total' 123(42) 

Middle site (dredged) 

5 

20 

32 

57(19) 

, Numbers in parentheses are percentages of total redds counted in aU years. 

Lower site (undredged) 

9 

28 

79 

116(39) 
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Table 13. Mean annual densities of Atlantic salmon fly and age 1 + parr (No.100m·2 
) in dredged and undredged areas of Debert 

River. 1981-85. Individual population densities were determined by the maximum tiklihood estimation method" 

Year Number of census Uppre site Middle site (dredged) Lower site 
(undredged) (undredged) 

1981 3 15.2 (32.7) 2.4 ( 4.9) 59.2 (33.9) 

1982 3 4.2 (25.6) 1.3 ( 12.0 ) 7.5 ( 15.6 ) 

1983 3 31.8 ( 8.5) 23.2 ( 2.0) 37.2 ( 3.9 ) 

1984 3 24.1 ( 18.9) 9.3 ( 7.4) 19.0 ( 12.7) 

1985 3 59.4 (17.9) 21 .6( 8.8) 56.2 ( 9.8 ) 

All years 15 27.0 (20.7) 11.5 ( 7.0) 38.8 ( 15.2) 

,. Age 1 + parr densities are shown in parentheses. 

Table 14. Mean densities of Atlantic salmon fly and mean % emergence (in year t + 1 ). from artificial redds in the three study areas 
and corresponding counts of natural redds the previous year (t). Debert River. 

Location and year (t) 

Upper site (undredged) : 

1982 

1983 

1984 

Middle site (dredged) : 

1982 

1983 

1984 

Lower site (undredged) : 

1982 

1983 

1984 

Redd count 
(in year t) 

8 

41 

74 

5 

20 

32 

39 

28 

79 

Mean fly density 
(No.100m-2 in year t + 1) 

31.8 

24.1 

59.4 

23.2 

9.3 

21 .6 

37.2 

19.0 

56.2 

Mean % fry emergence 
(in year t + 1) 

7.4 

1.7 

1.3 

0.97 

0.0 

1.9 

2.5 

0.44 

2.2 
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salmon redds were constructed and juvenile salmon abundance was ascertained. 
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