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Abstrac t

Spatial and temporal vari abili ty of juvenile population densities and juvenile relative
condition in Harry 's River, Newfoundland were examined for 1987-1997 . Apparent
differences in growth allometry (slopes from log weight : log forklength regressions) among
sites and years were attributable to va riabili ty in stomach contents of the smaller fish and to
sex and maturity status of the largest fish . Pooling of all weight : length data permitted
comparison among relative condition factors (regression intercepts for specific sites/years)
for all years and locations . The most extreme (low) relative condition factors obse rved were
confined to headwater streams in 1987 which was an unusually d ry year. The data indicated
that fish of all sizes and ages were under stress at those sites . There was no significant
correlation between densi ty and relative juvenile condition overall, however one site (site 12)
with consistently high total densities displayed average to above average relative condition in
all years . Total densities for each "closed" site in 1997 were higher (except site 12) than
those obse rved in 1996 . No significant correlations were found between relative juvenile
condition and habitat factors in 1996, however potential relationships with benthic
inve rtebrate abundance remain to be explored . A declining propo rt ion of females with
increasing age class indicated that females made greater use of pond habitats than males .
Obse rvation of a high proportion (73%) of precociously mature males in the streams was
consistent with the observed low propo rt ion of males (29% in 1995) in adults retu rn ing from
the sea .

Résumé

La variabilité spatiale et temporelle des densités des populations de juvéniles et de la
condition relative des juvéniles dans la rivière Harry's, à Terre-Neuve, a été examinée pour
les années 1987 à 1997. Des éca rts apparents entre les taux de croissance (pentes des
régressions log du poids : log de la longueur à la fourche) selon les sites et les années
s'expliquaient par la va riabilité des contenus stomacaux des plus petits poissons et par le sexe
et l'état de maturité des plus gros poissons . Le regroupement de toutes les données poids
longueur a permis d'effectuer des comparaisons entre les facteurs de condition relative
(coordonnées à l'o rigine des régressions pour des sites-années part iculiers) pour toutes les
années et tous les sites . Les facteurs de condition relative les plus extrêmes (faibles) obse rvés
se limitaient aux eaux d'amont en 1987, année anormalement sèche . Les données indiquent
que les poissons de toutes tailles et de tous âges faisaient l'objet d'un stress à ces endroits . Il
n'y avait pas de corrélation significative entre la densité et la condition relative générale des
juvéniles, mais en un endroit (site 12) où les densités totales étaient constamment élevées, la
condition relative était égale ou supérieure à la moyenne au cours de toutes les années . Les
densités totales à chaque site « fermé » en 1997 étaient supérieures (sauf au site 12) à celles
notées en 1996 . Aucune corrélation signi ficative n'a été décelée entre la condition relative
des juvéniles et des facteurs liés à l'habitat en 1996, mais l'existence de relations avec
l'abondance des invertébrés benthiques demeure à être examinée . Le déclin de la population
de femelles correspondant à l'augmentation de la classe d'âge indique que les femelles
faisaient une plus grande utilisation des fosses que les mâles . L'observation d'une proportion
élevée (73 %) de mâles à maturité précoce dans les ruisseaux est cohérente avec la faible
propo rtion de mâles (29 % en 1995) au sein des adultes revenant de la mer .
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Introduction

Harry's River, SFA (Salmon Fishing Area) 13, is one of eight scheduled salmon rivers flowing
into Bay St . George on the west coast of Newfoundland . The recreational catch of Atlantic
salmon (Salmo salar L.) in this region declined from 1973 through 1991, with particularly
strong declines since 1985 (Mullins et al ., 1996) . An assessment of the status of the salmon
stock conducted from 1992-1996 indicate that the stock has improved since 1992, but is still
below required levels for conservation (Mullins et al ., 1996) .

Although considerable attention has been given to the status of the adult salmon population on
Harry's River, relatively few studies have been conducted on the ecology of the juvenile
populations . A better understanding of how these future spawners are utilizing the river
system is important to the evaluation of management strategies that have been implemented in
recent years, and to the estimation of future conservation requirements .

In this study, we determine the spatial and temporal variability of juvenile salmon population
densities as well as juvenile length-specific condition in Harry's River . We then examine
relationships among these parameters, environmental conditions, and habitat variables .
Observations of changes in sex ratio with age (in riverine habitat) suggest that females make
greater use of pond habitats .

Methods

Location and Study Areas

Harry's River is located on the southwest coast of insular Newfoundland and drains into Bay
St. George (48° 30' 45" N, 58° 25' 00" W) . The river has a total drainage area of 816 km2 and
the watershed includes two major lakes: George's Lake and Pinchgut Lake. A general
description of the river is given in Porter et al . (1974) . Electrofishing surveys were conducted
on tributaries and portions of the main stem of Harry's River in July and August of 1987-1989
and 1992-1997 (Figure 1, Table 1) . A total of 28 sites were surveyed in the eight year period,
although only sites 3, 7, and 12 were surveyed consistently . Sites were selected on the basis of
habitat type and stream order to provide a representative sample of the entire system .

Juvenile Salmon Abundanc e

Juvenile salmon abundance was estimated using electrofishing removal techniques . Fish were
removed from each sample site using a single anode Smith-Root, model V III-A backpack
electrofishing unit . The majority of sample sites were "closed" by barrier nets and surveyed by
successive removal, with juvenile abundance estimated by the depletion method (Zippen,
1958) for both total and age - specific density (/100 m2) . Other "open" sites (no barrier nets)
were electrofished for a period of 5 minutes . These catches were used as an index to calculate
age-specific and total population density for that site using methods described by Strange et al .
(1989), Chaput and Jones (1992) and Scruton and Gibson (19 -95) .
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Growth and Condition

Juveniles captured at each site were measured for forklength (to the nearest 0 .1 cm) and whole
weight (to the nearest 0. 1g) . Scale samples were removed from approximately three fish in
each 0 .5 cm length group for subsequent ageing and growth analysis . Back-calculated, age-
specific lengths and growth rates were estimated for each fish based on techniques described
by Bagenal (1978) . Approximately 2-3 fish from each age class at each site were sampled and
preserved on ice for subsequent freezing and laboratory analysis . Laboratory weights (to the
nearest 0 .0001g) were determined for fish with gonads and stomach contents removed .
Gonads were weighed separately . All fish were categorized in terms of sex and reproductive
status and then dried to a constant weight in a convection oven at 60 C .

Growth rates were examined by comparing differences in length-specific weight among sites
and rate of weight gain with increasing length among sites . This was explored using log weight
- log forklength regression analysis . The y-intercepts of the regressions were used as a
measure of length-specific weight while the slopes provided an indication of rate of weight
gain. A Pearson correlation test and a chi-square test were used to determine if the ranking of
slopes of individual sites were consistent across years. All statistical tests were performed
using the statistical software package SPSS 7 .5 for Windows .

Stepwise multiple linear regression was used to fit a general log weight - log forklength
relationship to the complete database for all sites and all years and to then evaluate the
condition ofjuveniles at individual sites and years relative to the overall relationship . A binary
dummy variable was created for each site and year (i .e ., Site387 = site 3 in 1987) and data
from that site/year were coded as 1 with data from all other sites and years coded as 0 for that
variable . Each site was tested in turn as a single additional independent variable in a stepwise
multiple regression model (log Wt = bl log Lt + b2 STYRx + a) . When converted back to
linear form, the regression coefficient for the site/year dummy variable (STYRx) gives a
quantitative estimate of the length-specific weight of juveniles in that year relative to that of
the complete data set (Wt =(l0a) * L bl * ST )(Rx b2) .

Juvenile Habitat

Site desc riptions for each location included such habitat variables as area, mean depth (m),
maximum depth (m), habitat type (riffle, run, pool), substrate composition (% rubble, cobble,
etc.) and vegetation (% overhang) . In addition, air and water temperatures (C) were recorded
as well as water velocity (m/s), conductivity (umhos) and salinity (ppm) . P rincipal component
analysis (PCA) was used to condense these variables into a smaller, more manageable number
of related habitat components (Norusis, 1988) . Variations in density and condition were
related to environmental variables using stepwise multiple regression analysis performed using
site component scores as independent variables to explain variation in density, regression
slopes and condition coefficients .

Stream invertebrate colonization bags containing washed crushed stone were placed
approximately 20 m upstream from electrofishing sites and were left for a period of two
weeks. Colonizing invertebrates were removed using a washing and sieving method and all
organisms were preserved in alcohol for future examination .
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Results and Discussion

Density

Juvenile population densities on Harry's River varied widely among sites in 1996 (Figure 2),
and populations of all age classes of parr (0+, 1+, 2+ and 3+) displayed a contagious or
"patchy" distribution with high variability relative to the mean density (coefficient of dispersion
> 1) . Long-term data for sites 3, 7, and 12 permit a comparison of juvenile densities among
sites during pre and post-moratorium years (Figure 3) . Young of the year (0+) densities did
not vary consistently among sites, suggesting equivalent levels of "seeding" at this early life
stage. In contrast, juvenile densities for 1+, 2+ and 3+ age classes were consistently higher at
site 12 during pre-moratorium years (1987-1992), suggesting that it was a preferred habitat .
Total juvenile densities at sites 3 and 7 approached or exceeded those at site 12 by 1997 . Total
densities for each "closed" site in 1997 were higher (except site 12) than those observed in
1996 (Figure 4) .

Growth Allometry

There were significant differences in the log weight - log forklength regression slopes among
sites in 1996 (Figure 5) which would suggest that the allometry of the weight-length
relationship varied among locations. The differences in slopes would also have an influence on
the y-intercepts and complicate interpretations of the "relative condition factor" . To test for
relationships in the data, slopes were plotted against mean weights, mean forklengths, y-
intercepts, and density for each site . No pattern wasfound which suggested that there was-no
significant bias in the slopes due to these variables . Log weight - log forklength regression was
also performed on data collected for all years . Again, slopes were found to differ significantly
among sites in 1987, 1988, 1993, 1994, and 1996 suggesting that the allometry of weight
versus length varied among sites . Differences in weight at length might be related to varying
food availability or to environmental conditions at the site .

Relationships between regression slopes and habitat conditions were investigated using
stepwise multiple regression analysis . Analyses using individual habitat variables as well as
PCA revealed only weak, non-significant correlations between the regression slopes and the
habitat data . Furthermore, there was no relationship between the slopes and juvenile
population density . A Spearman rank correlation test indicated that there was no significant
correlation between the ranking of the regression slopes for all sites in 1996 verus 1997 .
Similarly, a chi-square test revealed that there was no correlation in the ranking of slopes from
sites 3,7, and 12 (the only sites with a long data record) for years 1988-1997 (1987 was
excluded because site 12 was not electrofished that year) . These observations raised further
questions about the biological cause of the apparent variation in the growth allometry .

Scales were analysed to determine if the apparent differences in growth allometry among sites
were reflected in the growth patterns of individual fish at those sites . The analysis revealed
that the growth rates for the year of capture did not differ significantly among sites in 1996
(independent sample t-test) . As a result, it could be concluded that the differing growth
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allometry inferred from the weight - length regression analysis was not supported by scale
analysis . Further investigation into the observed variance in the weight - length data was
required .

Inspection of log weight-log length field data for the two most divergent sites (sites 7 and 1 l
in Figure 5) revealed that most of the variance was associated with fish less than 6 .0 cm
(Figure 6) . Removal of stomach contents from the weights of fish collected in 1997 eliminated
the differences in weight of small fish among sites . Visual inspection of the stomach contents
from fish of the same length but with differing weights from several sites confirmed that the
heavier fish had eaten a large amount of food, compared to the lighter fish whose stomachs
contained little more than mucous . Thus the previously observed variation among small fish
weights reflected their recent feeding history rather than true differences in growth allometry . -

Removal of small fish (< 6 .0 cm) from the 1997 field weight-length data left only a few sites
with significantly different slopes (Figure 7). Plots of log weight vs . log length at the most
extreme of these sites revealed that the differences were now due to variation in the weights of
the largest fish and were related to differences in sex and maturity status (Figure 8) .
Precocious males were heavier at length than immature males and immature males were
heavier than immature females. This variation can produce statistically significant differences
in regression slopes in small samples wherein the sex/maturity classes may not be equally
represented . It was concluded that a single fundamental allometric relationship could be
applied to field data from all sites and years after small fish (< 6 .0 cm) were removed from the
population. This permitted pooling of data for analysis of relative juvenile condition .

Relative Juvenile Condition

Relative juvenile condition varied significantly among sites and years on Harry's River ranging
from a maximum 15 % above mean condition and to a minimum of 40 % below mean
condition . Inspection of log weight-log length plots for sites with the most extreme differences
in condition (site 7, 1987 and site 8, 1996; Figure 9) revealed a clear separation of weight at
length between the sites across all lengths (and thus all ages) . Such variation might possibly be
related to environmental conditions. However, stepwise multiple regression analysis using
1996 condition coefficients as the dependent variable and the habitat factor scores generated
by PCA as the independent variables revealed no significant relationships . There was also no
significant relationship between relative juvenile condition and population density over all
years (Figure 10) . The four extremely low condition factors were all from sites sampled in
1987 .

Temporal Variation

The long-term data se ries for sties 3, 7, and 12 permitted a comparison of temporal va riation
in relative condition among sites . These sites displayed similar temporal trends du ring the

post-morato rium years . For example, from 1994 through 1997 the year to year pattern was
down, up, down at all three sites . This observation is suggestive of broad spatial influences at
scales larger than that of the entire watershed. The observation that site 12 always had fish
with a relative condition at or above average (Figure 11), despite its relatively high densities
(see above Figure 3), suggests the effects of localized factors such as food supply .
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Geographic Variatio n

There was also evidence for significant within-watershed variation associated with extremely
low condition at four sites in 1987 (see above, Figure 10) . These four sites are all located in
the upper reaches of the watershed in the Pinchgut Lake area (Figure 12) . Unusually low
stream water levels in 1987 (unpublished data) would have affected these headwater sites
more than those located further downstream . The fact that fish at all lengths (and consequently
ages) displayed unusually low relative condition is suggestive of severe short-term stress .
Relative conditions the following year (at sites 3, 7, and 12) were not unusual (see above,
Figure 11) ; indicating that surviving fish recovered the lost weight .

Juvenile Sex Ratio s

There was a clear trend for increasing percentage male composition in the streams with age
and more than half of the males were matu ring precociously, even at age 1+ (Table 2) . The
decline in % female composition with age indicates that the females dispropo rtionately enter
pond environments prior to smoltification to continue their growth . Adult retu rns on Harry 's
River were predominantly female over the last two decades (i .e . 71 % in 1995 ; Mu ll ins et al .,

1996). This suggests that the males remain in the t ributaries and mature precociously rather
than migrating to sea as smolts . This might be pa rticularly advantageous at times when marine

surv ival rates are low. For example marine su rv ival rates on the Conne River (south coast of

the island) decreased from a high of - 10 % in 1988 to a low of - 2 .5 % in 1994 (Dempson

and Furey, 1997) . Smolt su rv ival in the Campbellton River (northeast coast of the island), has

ranged from 6.1 % to 7.2 % du ring 1993-95 (Reddin and Downton, 1997) . Smolt su rv ival in

Western Arm Brook (Northern Penninsula) decreased from 6.8% in 1971 to a low of 2 .1 % in

1987 and increased to 8 .1 % in 1996 (Mullins and Caines, 1997) .

Conclusions

Population densities of juvenile Atlantic salmon vary widely among tributaries on Harry's
River . Long-term data suggests that juvenile salmon populations are increasing since 1992 .
This would appear to correspond with increasing numbers of adults returning to the river .
However, longer series of data are needed to draw any direct correlations .

Analysis thus far has revealed only weak correlations between density and environmental
variables . The relative condition of fish examined using weight - length stepwise regression
analysis have revealed that there are also variations in these juvenile populations among sites
and years . Principal component analysis revealed no correlation between condition and
environmental variables .

Pre- and post-moratorium population densities provide valuable information regarding the
future adult stocks on Harry's River . Changes in relative condition with increasing density will
highlight those locations on Harry's River which are optimal for future spawners . Habitat
conservation efforts should be concentrated in these areas .
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Future Research

The potential relationship between juvenile population densities and annual va riation in the
distribution of spawning redds, recorded from spawning surveys in 1995-1997, will be
investigated .

Further analysis of condition and growth rate will be examined using back-calculation
techniques with scales. Additional analysis will explore potential relationships between
variation in growth and density with food supply .

An among-site comparison of stream invertebrates from the artificial substrates is planned to
investigate the effects of localized factors such as food supply on relative juvenile condition .
Environmental conditions such as water discharge and monthly temperature ranges will be
further explored in relation to spatial and temporal variability in juvenile density and condition .

It would be interesting to determine if the proportion of precocious males has increased with
increased fishing effort and the resulting decrease of Atlantic salmon stocks on the river .
Analysis of archived scales for spawning checks (Daley, 1978) may be one source of
information . Circulli spacing within scale growth annuli will be used to determine growth
rates of known precocious males during the year of sexual maturity to see if they differ
significantly from non-maturing fish . Such information may provide a means of determining
the proportion of precocious males from archived scales for all sites and years . Further
analysis of the length-specific weight of precocious males relative to immature males may
enable them to be distinguished in historical data .
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Table 1 . Location of electrofishing sites on Harry's River, 1987-1989, 1992-1997 .

Site # I Site Name

1

a

0

Main Stem T,ewer

Main Stem Middle

Trout Brook (A)

Main Stem Upper

Pinchglit Brook (A)

St,qg Lake Brook

Pine,hpit Brook (D)

Trout Brook (B)

Spnice Brook

Crooked Brook

Ahwhachenjeech Brook

North Rrook (A)

MiLskrat Brook

Beaver Brook

Stag Lake Trib North (A)

Stag Lake Tributany South

Meadow Brook

Stag Lake Trib North (B)

North Brook (R)
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Table 2 . Age-specific sex and state of sexual maturity of sampled fish, Harry's River, 1997 .
Note : Fish for which sex could not be determined were not included in the analysis .

Age
(years)

#

immature
females

#

immature
males

#

precocious
males

#
indeterminate

%
female

%
male

%

precocious

males N

1 36 19 29 4 42 .9 57.1 60.0 84
2 16 5 35 28 .6 71 .4 88.0 5 6
3 2 3 9 14 .3 85.7 75 .0 14

Total 54 27 73 4 T 35 .1 64.9 73 .0 154



Figure 1 : Sites Electrofished on Harry's River 1987 - 1989, 1992 - 1997 .

5 0 5 10 15 pbma.a .



Figure 2: Total Population Density (#/100sq.m), Juvenial Atlantic salmon, Harry's River, 1996 .
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Figure 3 Total and age-specific population densities (/100 sq .m)
Juvenile Atlantice salmon, Sites 3, 7, and 12, Harry's River, 1987-1997 .
Note : Site 12 was not electrofished in 1987 .
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Figure 4 Juvenile population density (#/100 sq .m)

Harry's River, 1996 and 1997 .
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Figure 5 Slopes from log weight - log forklength regression

Juvenile Atlantic salmon, Harry's River, 1996 .
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Figure 7 Slopes from log weight - log forklength regression

Juvenile Atlantic salmon, Harry's River, 1997 .
Note : Fish < 6.0 cm were excluded from analysis .
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Sex distribution for various sites, Harry's River, 1997



1 .4
20

••

1 .2 ~

1 .0

. 8

.4

.2

- . 3
0.0

•~ ••
~• •

i ~

6j:
aj.

-.2 1 - . 0

Log field forklength (dm)

. 1

Figure 9 Log field weight (g) Vs log field forklength (dm)
Site 7, 1987 and Site 8, 1996 .

•

.2

Site, Year

• Site 8, 1996

~ Site7, 1987



21

1 . 2

1 .0 -~

0.9-~

0.8-I

0.7 -~

0.6 -~

0 .5

•
• • •

•~• t ~r~ - ~ ~
• ~ ~ •
% » e e. .i • . . ,

. • :~ ~~ ~ .

•

•

•

0

•
•

20 40 60 80 100 120

Population density (#/100 sq .m)

Figure 10 Population density (#/100 sq .m) Vs Relative condition of
Juvenile Atlantic salmon, Harry's River, 1987-199 7
Note : Pearson correlation coefficient = 0.041
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Figure 11 Relative condition of juvenile Atlantic salmon .

Sites 3,7, and 12, Harry's River, 1987-1997 .



Figure 12 : Relative Condition, Juvenile Atlantic salmon, Harry's River, 1987 .


