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Abstract

The relationship between the estimated deposition of Atlantic salmon eggs
and the subsequent abundance of 0+ parr was examined. Data from four Maritime
rivers (Nashwaak, Tobique, Big Salmon and LaHave) were combined because a
sufficient range of egg depositions does not exist for any single river.

The density of 0+ parr varied with egg density in a skewed, dome-shaped
curve. Maximum production 2f 0+ parr was achieved at about 4.0 eggs.m 2
A deposition of 2.4 eggs.m is currently accepted as minimum for optimal
smolt production and is used to determine spawner requirements. It is suggested
that a deposition of 2.4 eggs.m 2 is less than optimal.

Resume

Nous avous examine le rapport entre la densite estimative de la ponte chez
le saumon de 1'Atlantique, et 1'abondance subsequente de tacons d'age 0+. Pour
ce faire ii a ete necessaire de combiner les donnees de quatre rivieres des
provinces Maritimes (Nashwaak, Tobique, Big Salmon et LaHave), la ganune des
densites de ponte n'etant pas suffisament large dans une seule riviere.

La courbe de la densite des tacons d'age 0+ en foncton de la densite des
oeufs pondus auparavant, prend la forme d'une dare biais. La production
maximale de tacons 0+ correspond a une ponte d'environ 4,0 oeufs.m 2 . Une
ponte de 2,4 oeufs.m 2 est actuellement consideree canme le minimum pour une
production optimale de saumoneaux; c'est cette valeur qu'on emploie pour
calculer les besoins en reproducteurs. Nous pensons qu'une ponte de moins de
2,4 oeufs.m 2 est inferieure a 1'optimale.



Introduction

The relationship between spawning stock size and future recruitment is
central to the effective management of Atlantic salmon stocks. A series of
linkages exists between spawning stock size and the abundance of spawning
progeny. Aspects of this relationship have previously been studied, e.g.,
survival of egg-to-emergent-fry (Shearer 1961), egg-to-parr survival (Meister
1962; Elson 1975), egg-to-smolt survival (Elson 1962, 1975; Paloheimo and Elson
1974; Chadwick 1982; Buck and Hay 1984), fry density and smolt year-class size
(Elson 1962, 1975), egg deposition to adult recruitment (Watt and Penney 1980).
This paper will consider the relationship between potential egg deposition and
the abundance of 0+ parr.

Methods

A fence on the Big Salmon River, New Brunswick, was used annually between
1964 and 1973 to count and obtain biological data on adult Atlantic salmon
(Jessop 1984). Annual potential egg deposition was calculated using the length
distribution of female fish in the escapement and the revised fecundity-length
relationship (Y = 177.77e0 .05X, where Y = fecundity and X = fork length
(cm) provided by Glebe et al. (1979) and Glebe (pers. comm., 1983).
Electrofishing surveys of juvenile abundance were conducted annually in late
August and September of the years 1968 and 1970-1973. Sampling sites were
distributed throughout the river system and were chosen to be representative of
the region where they were located. This analysis used from 9 to 13 of the
sites fished annually. Sites (1 or 2) normally inaccessible to spawning salmon,
where hatchery-reared fry had been released in 1971 and 1972, were excluded.
At each site, an area of 100 m2 to 400 m2 was enclosed by barrier nets and
fished by catch-removal procedures using up to five sweeps. All salmon parr
were counted, with 0+ parr categorized by their size.

Egg deposition and 0+ parr abundance data for the Tobique and Nashwaak
rivers were obtained from T.L. Marshall (pers. comm.) and for the LaHave River
from R.E. Cutting (pers. comm.). Electrofishing and parr abundance estimation
techniques for these locations are believed to be similar to those for the Big
Salmon River.

Results

Egg-to-0+ parr survival was significantly negatively related (P < 0.001)
to the density of egg deposition when data from several rivers were combined
(Table 1; Fig. 1) The relationship was described by the equation Y -1=
0.0373 + 0.0372X, where Y = % egg to 0+ parr survival and X = egg
deposition.m 2 of rearing area (n=21, r 2= 0.88). The density of 0+ parr
varied with egg density in a skewed, dome-shaped manner (Fig. 2). The
logarithmically- transformed parr and egg densities.l00 m 2 (Fig. 3) were
fitted using a polynominal equation of the form Y =-0.902
+1.005X-0.20lX2-0.679X3 where Y = log number of 0+ parr.100 m 2 and X
= log egg deposition.m 2 (n=20, r2=0.73, s2 .x = 0.0214). The
circled points in Figures 1 and 2 were omitted from the fitted curves for
reasons given in the discussion.
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The turning point of the curve in Figure 1 occurs at about 4.2 eggs
• m 2 of rearing area whereas the peak of the curve in Figure 3 occurs at
3.8 eggs.m 2 (note: the G.M. estimate of the point at the peak has been
converted to the A.M. estimate (Ricker 1975)). This relationship implies that,
although decreasing egg deposition below about 4.0.m 2 results in higher
survival to 0+ parr, the density of 0+ parr decreases and vice versa.
A deposition of 4.0 eggs.m 2 should produce about 29 0+ parr.100n 2
of accessible rearing area, with parr production declining at egg levels greater
than 4.0.m 2 .

Discussion

A relationship between egg deposition and smolt production implies a more
direct relationship between egg density and abundance of 0 + parr, linked by
the positive relationship Elson (1962, 1975) found between fry densities and
smolt production. The influence of egg density on smolt production also varies
with the smolt age composition (Symons 1979).

Egg deposition and survival to the 0+ parr stage were found to be
negatively curvilinearly related when a sufficiently wide range of egg densities
was considered. Data from the Big Salmon River and three other Maritime rivers
were combined because the necessary quantity of, and contrast in, data was
unavailable for any single river. The use of data from several river systems
may be objected to on the grounds that environmental factors influencing
survival and growth obviously differ between rivers, not to say within rivers.
It is also true that, within geographic regions, similar environmental factors
(climatic, edaphic, geomorphologic) result in similar fish yields (Binns and
Eiserman 1979; Schlesinger and Regier 1982) and that relationships derived from
pooled data may usefully predict yields for individual rivers. According to
Smith (1966), the four rivers considered here have low productivity and broadly
similar climate and geomorphology.

The 1980 Tobique River spawning was omitted from calculations because of
its unusually high egg-to-parr survival, which may have been related to the
abnormally high water levels (37% higher than the 10-year mean and 7% higher
than any other year) throughout the winter of 1980-81. Chadwick (1982)
attributed poor survival rates to low winter temperatures and discharges, and
the converse is probable. Tobique River survival rates (n=ll) were related to
discharge levels at the 90 percent, but not at the 95 percent, probability
level.

The curve in Figure 1 implies that egg-to-0+ parr survival declines
substantially with increasing egg deposition in the 1 to 4 eggs.m 2 range.
It should be recognized, however, that there is considerable variability in the
data within this range. The rate of decline in egg-to-parr survival is clearly
inadequate to overcome the increasing abundance of parr derived from increasing
egg deposition until the critical level is reached at about 4.0 eggs.m 2 .
Smoothing the data by using group means creates a curve having a flat or
slightly descending slope up to egg depositions of about 4 eggs.n► 2 , after
which it declines sharply. Such a curve might be interpreted as indicating that
egg-to-parr survival is constant or declines slowly until a critical egg density
is reached. However, smoothing can eliminate important effects and indications
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of shape in smoothed data must be viewed cautiously (Mosteller and Tukey 1977).
The theoretical implications of each interpretation are intriguing, but it is
fair to say that more data are required before a firm choice of interpretation
can be made.

Egg deposition and the subsequent abundance of 0+ parr were related in a
dome-shaped curve. Elson's (1975) conclusion that underyearling density was
linearly dependent on density of egg deposition, over the range of egg
depositions he considered (< 2.5 eggs.m 2 ) is consistent with these
results. In Figure 2, a linear relationship is evident up to egg depositions of
about 4.0 eggs.m 2; non-linearity becomes evident at higher egg densities.
A linear egg-0+ parr relationship was reported by Buck and Hay (1984) for egg
densities between 2-12 eggs.m 2 in a small Scottish strem. Continuation of
the linear trend at egg densities greater than 4 eggs.m is consistent with
the density-dependent effects observed by them between parr year-classes and the
fact that many Scottish parr emmigrated from the stream at ages 1-1.5 years
younger than typical in Maritime streams. Data on the 1967 Big Salmon River egg
deposition were omitted from calculation of the relationship on the grounds that
the high (3 times larger than the next largest egg deposition) deposition was
unrepresentative of the relationship existing at lower egg densities. Despite a
very low egg-to-parr survival rate, the large egg deposition resulted in
moderate parr abundance, possibly via a process of density-dependent mortality.
Ricker (1954) has shown for Pacific salmon that maximum recruitment occurs not
from maximum but from intermediate levels of spawning. Elson (1975), Symons
(1979) and Buck and Hay (1984) have reported results suggestive of
density-dependent mortality influencing the production of Atlantic salmon
younger parr and smolts.

If optimal spawning requirement is defined as the lowest egg deposition
which maximizes 0+ parr production, then 4.0 eggs.m 2 is optimal.
Chadwick (1982) cautioned that the potential deposition of 2.4 eggs.m 2
recommended by Elson (1957, 1975) for optimal smolt production could be an
underestimate. This study supports that caution, given the positive
relationship between 0 + parr abundance and smolt production (Elson 1962).
Buck and Hay (1984) recommend 3.4 eggs.m 2 as appropriate for the
production of migrant parr in a small Scottish stream.

Greatly increased escapements will be needed to achieve the proposed
optimum egg depositions in most Maritime rivers; such escapements will be
difficult t? attain given the present failure to achieve depositions of even
2.4 eggs.m in most rivers.
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Table 1. Potential egg deposition, 0+ parr abundance and percent egg-to-parr
survival for Atlantic salmon from four Maritime rivers.

Year- % survival
River 	 class Eggs .rri 2 0+ parr.m 2 egg - 0+ parr

Tobique 1970 0.44 0.069 15.8
1971 0.61 0.079 13.0
1972 0.71 0.066 9.3
1973 1.31 0.152 11.6
1974 0.87 0.072 8.3
1975 2.69 0.347 12.9
1976 3.68 0.314 8.5
1977 2.45 0.287 11.7
1978 3.09 0.428 13.9
1979 1.93 0.247 12.8
1980 3.62 0.712 19.7
1981 1.19 0.208 17.5
1982 1.40 0.103 7.4

Nashwaak 1972 1.20 0.220 18.3
1973 3.04 0.340 11.2

Big Salmon 1967 30.60 0.307 1.0
1968 1 18.10 - -

1969 11.50 0.161 1.4
1970 9.80 0.203 2.1
1971 6.70 0.140 2.1
1972 6.20 0.173 2.8

LaHave 1979 2.93 0.231 7.9
1980 6.37 0.338 5.3

'Electrofishing not done in 1969.
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Figure 1. Relationship between density of egg deposition and survival to 0+
parr for Atlantic salmon. Data pooled from four Maritime rivers.
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Figure 2. Relationship between potential Atlantic salmon egg deposition .m 2

and subsequent density of 0+ parr .m 2 based upon the pooled data
from four Maritime rivers.
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Figure 3. Relationship (log lo transformed) between density of egg deposition
and abundance of 0+ parr for Atlantic salmon. Data pooled from
four Maritime rivers.
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