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ABSTRACT

Two decades of electrofishing data from the Restigouche and
Miramichi rivers were used to investigate the relationship between
juvenile salmon abundance, egg deposition and site-dependent
physical and biological factors. Juvenile salmon abundance was
significantly related to egg deposition as well as to site-
dependent cofactors (tributary, elevation, gradient, stream order,
Julian date, effect of age 0+ recruitment on age 1+ abundance,
effect of age 1+ presence on age 0+ abundance).

Percent Habitat Saturation (PHS: Grant and Kramer 1990) rarely
exceeded 27%, supporting previous suggestions that both rivers
could produce additional juvenile salmon in the available habitat.

RESUME

On a utilise des donnees d'electropeche recueillies pendant
deux decennies dans les rivieres Restigouche et Miramichi pour
etudier les liens existant entre l'abondance du saumon juvenile, la
ponte et des facteurs physiques et biologiques relies au site. On
a pu etablir un lien net entre l'abondance des juveniles et la
ponte ainsi que les facteurs propres au site (tributaire,
elevation, gradient, categorie de cours d'eau, quantieme de
l' annee, effet du recrutement a l' age 0+ sur l'abondance du Poisson
d'age 1+ et effet de la presence de poisson d'age 1+ sur
l'abondance du Poisson d'age 0+).

Le pourcentage de saturation de 1'habitat (Grant et Kramer
1990) depasse rarement 27 %, ce qui confirme les hypotheses
anterieures selon lesquelles les deux rivieres pourraient produire
plus de saumon juvenile dans 1'habitat restant.
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INTRODUCTION

Information on egg deposition and juvenile salmon abundances
has been collected from the Miramichi and Restigouche Rivers for
the past two decades. During this time spawning levels and juvenile
salmon densities have fluctuated considerably. Our objective in
this paper is to utilize these data in order to address the
following questions:

1 - Is there a functional relationship between egg deposition
and juvenile abundance? What other site-related factors mediate
this relationship?

2 - How has habitat utilization changed with increases in egg
deposition?

3 - How do the two rivers compare with each other in terms of
functional relationship and habitat utilization?

METHODS

EGG DEPOSITION:

Annual egg deposition rates were obtained for each river based
on CAFSAC Assessment estimates (e.g. Courtenay et al. 1992, Moore
et al. 1992). Egg deposition was expressed as number of eggs m 2 of
suitable habitat.

JUVENILE ABUNDANCE:

Juvenile salmon abundance was determined by electrofishing
surveys of 15 standard sites on each of two rivers (Restigouche
River (Fig. 1), 1972-1991; Miramichi River (Fig. 2), 1970-1992). As
described by Randall and Chadwick (1986), sites for electrofishing
surveys were selected in areas of typical juvenile salmon habitat:
flowing water averaging 10-50 cm deep, with varying proportions of
cobble-boulder substrate. In both rivers, sites averaged about 300
m2 in area (140-870 m 2 ) and were located in stream orders.(Strahler
1957) 2 to 7. Electrofishing commenced in late June and continued
until September, but most sites were surveyed in July and August.
Water temperature during the surveys was between 8 and 27 C.
Species commonly captured include Atlantic salmon, blacknose dace
(Rhinichthys atratulus), slimy sculpin (Cottus cognatus) and brook
trout (Salvelinus fontinalis).

Sites to be electrofished were surrounded by barrier nets (0.3
cm mesh) at the upstream and downstream extremities of each site.
At higher stream order sites, where river width exceeded the length
of the nets, a third barrier net was erected parallel to the shore.
The enclosed sites were electrofished from the upstream to the
downstream nets from 4 to 6 times. After each fishing sweep,
captured fish were identified and counted. Salmon fork length was
measured to the nearest 0.5 cm. After the last sweep, all fish were
released back into the site.

Juvenile salmon were divided into fry, small parr and large
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parr categories on the basis of modes in length-frequency
distribution. Ageing of scale samples collected in 1982 and 1983
indicated 100% of fry were age 0+, more than 90% of small parr were
age 1+ and more than 80% of large parr were age 2+. Juvenile salmon
in both rivers smoltify predominantly at ages 2 and 3 and age 3+
parr were rare. For the purpose of this study, fry, small parr and
large parr were designated as 0+, 1+ and 2+ fish, respectively.
Densities of each age-group were estimated separately by the
removal method (Zippin 1956).

FACTORS DETERMINING JUVENILE ABUNDANCE:

We assumed that juvenile abundance was initially dependent on
egg deposition and then added covariables which might explain site-
to-site variability in juvenile abundance. Multiple regression
models were constructed using abundance of 0+ or 1+ juveniles as
the dependent variable, and egg abundance, elevation, grade, stream
order, tributary and Julian date of sampling as independent
variables. Analyses were conducted separately for the Restigouche
and Miramichi data, as follows:

- Restigouche: Abundance of 0+ at each site in the previous year
was used as an additional independent variable for models of 1+
abundance, and abundance of 1+ at each site in the current year was
used as an additional independent variable for models of 0+
abundance. In these models, stream order and tributary were used as
categorical variables and all other variables were continuous.

- Miramichi: In the 1+ parr model, 0+ densities of the same cohort
were not used as a covariate. In the 0+ fry model, the covariate
corresponding to parr density summed the abundance of 1+ and 2+
parr. Gradients and elevations were treated as categorical
variables (gradient: 1-4, 5-9, 10-19, 20-29, 30-39, and z40 m/km;
elevation: <50, 50-99, 100-149, 150-199, 200-249, 250-299, and
z300m).

To determine the most suitable regression model for each of
the two dependent variables, all possible regressions were computed
with egg abundance included as a variable in all models. The
resultant R2 values were plotted as R2 vs. number of independent
variables. The combination of'variables yielding the asymptotically
highest R2 was selected as the best regression model. For the
Restigouche River data, this procedure was carried out using both
log-transformed and untransformed variables. Since the log-
transformed models provided a consistently better fit to the data,
only these will be discussed here. Some quadratic models were also
inspected, but R2 values were lower than those of the log-log
models. For the Miramichi River data, only log-transformed
variables were analysed.
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HABITAT SATURATION AND DENSITY DEPENDENT EFFECTS:

The Percent Habitat Saturation Index (PHS) of Grant and Kramer
(1990) was calculated in order to assess changes in habitat
utilization by juvenile salmon on a site-by-year basis. PHS
integrates the number, size and space requirements of salmonids.

PHS = 100*X jDi*Ti*1.19

where 	 Di = density (number m -2 ) of size group i

Ti = territory size of individuals in size group i from
territory size-body size regression
(log 10 Ti = 2.61 log lo (body length) - 2.83; Grant and
Kramer 1990)

The value 1.19 is a correction factor to remove bias introduced by
the log-transformation of territory size and body length (Grant and
Kramer 1990).

The PHS index can be used as an indicator of potential
density-dependent effects on growth, mortality or emigration. The
probability of a density-dependent response increases at PHS > 27%,
according to a linear logistic response model with 81% accuracy of
predicting such responses (Grant and Kramer 1990).

We also attempted to identify density-dependent effects on
growth by examining mean body length of juveniles in each site in
relation to juvenile abundance. Since juveniles grow throughout the
summer, the Julian date on which the site was sampled also had to
be included in this analysis. Log-transformed mean body length was
therefore regressed on mean abundance and Julian date of sampling.
This analysis was carried out separately for each of the 0+ and 1+
age categories.

RESULTS AND DISCUSSION

FACTORS DETERMINING JUVENILE ABUNDANCE:

Fry (age 0+)

In both rivers, there was a trend for egg deposition in excess
of 2.4 eggs m-2 to result in increased numbers of electrofishing
sites with high densities of 0+ fry (Fig. 3).

Regression analysis of fry abundance on egg abundance in the
Restigouche River fit poorly (but significantly) with an R2 of
0.077 (Table 1). A regression model involving four independent
variables - egg abundance, stream order, tributary and Julian date
- was selected as giving the best fit (R 2 = 0.407; Table 1). R2 did
not increase appreciably in models with additional independent
variables. All four variables were significant at p<0.004 and the
overall model was significant at p=0.001 (Table 2). Fry abundance
increased with increasing egg deposition (b=0.664) and Julian date
(b=0.009). Fry abundance was higher at sites of stream order 6 than
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sites of stream order 5 and 7. Fry abundance was lowest in stream
order 4. Fry abundance was higher in the Main Restigouche and
Kedgwick Rivers than in the Little Main Restigouche River.
Residuals showed a trend associated with the inclusion of sites
with zero abundance (Table 2).

In the Miramichi River data, inclusion of tributary, stream
order, and density of older juveniles (1+ and 2+ parr) as
covariates in the juvenile abundance - egg deposition model
improved R 2 from 0.114 to 0.537 (Table 3). Inclusion of additional
covariates - Julian date of sampling, stream gradient and elevation
- did not greatly improve the correlation (R 2=0.544; Table 3). Fry
densities at sites in the Southwest Miramichi were significantly
higher than those in the Northwest, Little Southwest, and Main
Miramichi sites (Table 4). Densities in the Little Southwest were
significantly greater than those in the Main Miramichi, but not
those in the Northwest Miramichi. Stream orders 3, 4, 5 and 6 were
not significantly different in density of fry, and were all
significantly greater than stream order 2, which was represented by
only one site (#46) located in the Little Southwest Miramichi.
Unexpectedly, the relationship between fry densities and parr
densities was positive (b=0.301). We included parr density in the
model because we hypothesized that a high number of parr might
outcompete and exclude fry. Instead, it appears that where you
find high parr densities, you also find high fry densities. A plot
of residual versus predicted values reveals a trend in residuals
resulting from inclusion of electrofishing samples with zero fry
density (Figure 7).

Parr (age 1+)

High parr densities were more common at higher egg deposition
rates (Table 4) although this trend was less pronounced for parr
than for fry (Fig. 3).

In the Restigouche River, egg deposition alone was a less
reliable predictor of 1+ parr abundance than of fry abundance; R 2

of the regression was only 0.019 (Table 5). The same four-variable
model was selected for 1+ abundance as for 0+ abundance. In the
case of 1+ abundance, this was not the overall best-fit model
although it was the best of the 4-variable models, with an R 2 of
0.450 (Table 5). Two different five-variable models had higher R 2

than the 4-variable model. R2 continued to improve through the 6-
variable model. It was decided to use the four-variable model for
simplicity since the six-variable model was not substantially
better (R2 = 0.486). The four-variable model showed that 1+ parr
abundance increased with increasing egg deposition (b=0.238) and
Julian date (b=0.005). Parr abundance was higher in stream order 7
sites than in any of the other stream orders. As was observed for
for fry, parr were more abundant in the Main Restigouche and
Kedgwick Rivers than in the Little Main Restigouche River (Table
6). Residuals showed the same trend due to inclusion of zero
abundances as was seen for the fry regression analysis (Table 2).

In the Miramichi River dataset, including the covariates
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stream order, tributary, elevation, and gradient improved the
regression of parr abundance on egg deposition from R 2 = 0.068 to
R2 = 0.520 (Table 7). Significantly fewer parr were found in stream
order 6 than in the reference category, stream order 5. No other
significant differences with stream order were detected (Table 8).
Parr were significantly more abundant in the Main and Southwest
Miramichi rivers than in the Northwest and Little Southwest (a
tributary of the Northwest Miramichi) rivers (Table 8). This
contrasts with the lower fry densities in the Main Miramichi
relative to the Southwest and Little Southwest Miramichi rivers
(Table 4) . Sites at elevations <100 m held significantly lower parr
densities than sites at 150m or above (Table 8). Only three of the
15 standard electrofishing sites are above 100m (#46, #60, and #92;
Fig. 2). Sites of lower gradient (i.e., < lOm/km) showed
significantly lower parr densities than sites of higher gradient
(>10 m/km) (Table 8). All sites had a gradient < 10m/km except for
two of the three sites on the Little Southwest Miramichi River. A
plot of residuals versus predicteds reveals a trend in the data
consequent of inclusion of zero parr densities (Table 4).

General comments

The inadequacy of egg deposition alone to explain abundance
of juveniles on a site-by-site basis is not a new conclusion;
Randall and Chadwick (1986) found that summing total numbers of
individuals over all sites improved the relationship with egg
deposition and concluded that average density balanced out the
effects of juveniles moving in and out of sites. We similarly
obtained higher R2 values with average density regressed on egg
deposition (unpublished data) than with site-by-site density
regressed on egg deposition. However, movement of juveniles between
sites probably does not account for the poor fit obtained with
site-by-site data. Mark-recapture studies (Randall and Paim 1982)
show that little parr movement occurs from July to September during
our annual electrofishing survey. The main movement of parr occurs
in October (Randall and Paim 1982). Thus movement is not an
adequate explanation, except for age 2+ individuals which might
have moved in the previous October. At least two other
possibilities exist. The first of these is that the estimates of
egg deposition (although the best available) may be inaccurate. In
both rivers, egg deposition is estimated using calculated spawner
escapement, and biological data specific to salmon from each river
(sex ratio, eggs/kg of fish, and mean fish size). Spawner
escapement is calculated using different methodologies (see
Courtenay et al. 1992 and Moore et al. 1992 for details) in the two
rivers, and is considered to be more closely approximated in the
Miramichi than in the Restigouche. Even so, the R 2 values observed
for regression of site-by-site abundance on\egg abundance in the
Miramichi River are not much higher than those obtained with
Restigouche data (for age 0+, 0.114 in the Miramichi, 0.077 in the
Restigouche; for age 1+, 0.068 in the Miramichi, 0.019 in the
Restigouche; Tables 1-4). A second problem is that even if egg
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deposition is estimated accurately, it is determined for the river
as a whole and does not take into account population- or spawning
site-dependent differences between and within tributaries. The
improved relationship obtained when tributary and stream order
(significant in all four models; Tables 1-4) are incorporated as
explanatory variables suggests that treating the entire watershed
as one spawning unit is an oversimplication. Stream order and
tributary are variables which are to some extent confounded. In the
15 Restigouche River sites used for this analysis, for example,
sites of stream order 7 are found only in the Main Restigouche
River. However, analysis of a larger dataset (55 sites, not sampled
every year) supports the conclusions presented here.

In the case of the Miramichi River, one important result of
this analysis is that, for management purposes, the Southwest
Miramichi tributary must be considered separately from the rest of
the river. Fry densities are both larger and more variable between
years in the Southwest Miramichi River than elsewhere. For the
nine sites in the Southwest, the mean density (years pooled within
site) is 62.4 fry/100 m 2 , and the mean standard deviation is 49.8.
In comparison, the mean density is 16.9 fry/100 m 2 and mean
standard deviation is 19.4 in the 6 sites located in the Northwest,
Little Southwest, and Main Miramichi. Parr are also more numerous
in the Southwest than elsewhere (mean 11.8 parr/100 m2 compared
with 7.0 parr/100 m2 in other tributaries) but the interannual
variation at sites is comparable (average standard deviation: 8.0
cf 6.7). The lower interannual variation in parr densities than
fry densities may reflect redistribution of juveniles in the system
during their first year of life, or density dependent mortality.

HABITAT SATURATION AND DENSITY-DEPENDENT EFFECTS:

Percent Habitat Saturation

In both rivers, high PHS values have been more common in
recent years (Figs. 9, 10). Mean PHS values were lower in the
Restigouche in the 1970's than in the Miramichi (Figs. 11, 12) but
since the mid-1980s, the two systems have had similar mean PHS
values of approximately 14%. PHS values in excess of 27% at
individual sites have been estimated in all but three years in the
Miramichi River, but only in six years (primarily since 1987) in
the Restigouche (Figs. 11, 12).

Both systems have low PHS values compared to the 27% level at
which density-dependent effects are likely (Kramer and Grant 1990).
This suggests that both systems have the capacity to support larger
numbers of juveniles. Randall and Chadwick (1986) reached a similar
conclusion based on estimates of production of juveniles in the two
rivers. Density of juveniles was directly correlated to production,
thus they concluded that juvenile salmon populations were below
carrying capacity. Elson (1967) suggested that small parr levels of
about 24 100 m 2 are required for optimum smolt yields on the
Miramichi River; this level of abundance of small parr was not
routinely achieved on either the Miramichi or Restigouche (Table



4).
In the Margaree River, PHS values have regularly exceeded 30%

over the time series from 1976 to 1992. Mean values for five sites
in the Margaree have ranged between 30 and 40% since 1987 (Chaput
et al. 1992). Densities of fry have averaged from 16 to 140 per
unit of area while average parr densities (small and large
combined) have ranged between 19 and 58 for the period 1957 to 1987
(Chaput and Claytor 1989). The number of spawners generating the
maximum number of juveniles may not be the level which results in
maximum recruitment of adults as shown for Western Arm Brook
(Chaput et al. WP 1992).

Density Dependent Effects on Size

Both fry abundance and Julian date significantly affected
length of fry in the Restigouche sites (R2 = 0.427). Mean length of
fry decreased with increasing abundance (b = -0.017) and increased
with Julian date (b = 0.003). Both slopes were significant at p <
0.05.

No significant effect of abundance on length was observed for
Restigouche parr or for Miramichi fry or parr.

Thus an inverse relationship between abundance and body length
is only weakly supported. Such a relationship might be indicative
of a density-dependent relationship such as competition, especially
for the fry which are less mobile than parr. However, there is a
confounding effect between the two independent variables in the
model which weakens the utility of this analysis. As expected,
both fry and parr grow larger throughout the summer, justifying the
inclusion of Julian date as a covariable. There is also a positive
relationship between juvenile abundance and Julian date; thus the
'independent variables' are not truly independent.

CONCLUSIONS

1. In both rivers, there was a significant relationship between
both eggs and fry and eggs and parr. This relationship is improved
by addition of covariates describing the habitat.

2. In both rivers, there were important differences in juvenile
abundances in different tributaries.

3. In both rivers, average habitat saturation falls below 27%, the
level above which density-dependent effects might be observed
(Grant and Kramer 1990). Thus there appears to be room for
additional production of juveniles.

4. Even in years when the egg deposition target of 2.4 eggs m' 2 was
exceeded, juvenile habitat was apparently not fully saturated.
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Figure 11. Variability in the percent habitat saturation by all
ages of Atlantic salmon juveniles by site (over all years) and by
year (over all sites) in the Restigouche River. The dashed line
indicates the 27% saturation level.
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Figure 12. Variability in the percent habitat saturation by all
ages of Atlantic salmon juveniles by site (over all years) and by
year (over all sites) in the Miramichi River. The dashed line
indicates the 27% saturation level.
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