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Table Il Regression equations for the relationship between wet weight (W, g) and fork length
(FL, mm) of Salmo salar, S. trutta, and Salvelinus fontinalis at Mountain Brook.
Regression equation: log (W) = log a + blog (FL).

Species a(SE) b (SE) n R?

Salmo salar -11.45(0.12) 3.03 (0.03) 407 0.97
Salmo trutta -11.14 (0.11) 2.95 (0.03) 304 0.98
Salvelinus fontinalis -11.40 (0.33) 3.01 (0.07) 26 0.99

Growth in length was restricted to a five to six month period each year. For S. salar
and S. trutta of the 1986 year class, for example, mean size was similar on the October
and following May sampling dates, indicating very little growth occurred during the
winter months (Fig 2). Thus, although quantitative sampling was not feasible during
winter because of snow and ice cover, apparently little growth was occurring during
this time.
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Fig 2 Seasonal growth of S. trutta and S. trutta at Mountain Brook, as indicated by
increases in mean fork length with time of the 1986 year classes. Vertical lines
indicate actual sampling dates and represent one standard error (SE).
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Table Il Comparison of mean length (FL, mm) of Salmo salarand Salmo truttain August, 1986
and 1987. CV is coefficient of variation. Statistical differences in fork lengths between
species were identified using t-tests.

Salmo salar Salmo trutta
Date Age n FL cv n FL cv
August 1986 0+ 141 45.4 8.2 108 50.7 134  (P<0.01)
August 1987 0+ 128 45.7 6.4 148 49.1 11.6  (P<0.01)
August 1986 1+ 14 84.6 7.6 13 109.0 125  (P<0.01)
August 1987 1+ 40 83.2 8.7 26 99.1 11.8  (P<0.01)

B Salmo trutta
1 Salmo salar
6 - B Salvelinus fontinalls

Biomass (g/square metre)

O
308303000 BT Bl B0 @80 8%

Date (month.year)

Fig3 Biomass ( m?) of salmonid fish at Mountain Brook on nine sampling dates.



PRODUCTION OF Salmo salar AND S. trutta 105

Growth rate of S. trutta was greater than for S. salar. Mean size atage of S. trutta was
consistently greater than for S. salar, and the relative difference increased during the
growing season (compare the slopes of the growth curves for S. salarand S. trutta in Fig
2). S. trutta collected during August and October of 1986 and 1987 were significantly
larger than S. salar (Fig 2 and Table lll). Also, coefficients of variation (CV) were greater
foreachage groupof S. truttathan S. salar (Table I11). By the end of their second growing
season (age 1 fish in October), the fork length of S. trutta lay in the range 85-142 mm
and their weight 7.6-32.2 g. By contrast the analogous statistics for S. salar were 73-
99 mm and 4.6-11.2 g.

Biomass and production. Biomass (g m?) of salmonids at the Mountain Brook site
on each sampling date was estimated as the product of mean live weight and density.
Total biomass ranged between 1.23 and 5.63 g m?, and was generally least in May and
greatest in August and October (Fig 3) after the age 0 fish had fully recruited to the site
and seasonal growth had occurred. The biomass of S. salar exceeded the biomass of
S. trutta; average biomass for the nine sampling dates was 1.9 g m? for S. salarand 1.3
g m 2 for S. trutta. Biomass of Salvelinus fontinalis was low (average of 0.4 g m?; Fig
3).

The production of S. salar and S. trutta over the two years were similar; S. trutta
contributed 42% of the total Salmo production the first year and 56% the second year
(Table IV). Total annual production increased from 3.5 g m2y* for the period June 1986
to June 1987 to 5.9 gm? y"' for the period June 1987 to June 1988 (Table IV). Increases
in production between the two periods resulted from the greater density and biomass
of the age 1 fish in the latter period (Table V). Growth rates during the two periods were
similar (Table 1ll). Densities of Salvelinus fontinalis were too low to estimate the
production of this species.

Discussion

The average total production rate of Salmo spp. at Mountain Brook in Nova Scotia
over the two years was 4.7 g m? y" As S. salar and S. truttas contributed 90% of the
fish biomass (Fig 3), this rate was a rough estimate of the total community production
rate at this site. Fish production at Mountain Brook was within the range observed for
other rivers flowing into the Gulf of St. Lawrence (Table V), where the range of annual
production was 0.3 to 6.3 g m? y'. Although production by the two sympatric
salmonids at Mountain Brook was relatively high, it was not as high as allopatric brook

Table IV Comparison of the annual production (g mr2y") of Salmo salarand S. trutta at Mountain
Brook, 1986 and 1987.

Period Year class (age) Salmo salar  Salmo trutta Total % S. trutta
June 86 1984 (2) 0.12 0.00 0.12
to June 87 1985 (1) 0.42 0.18 0.60

1986 (0) 1.49 1.29 2.78

Total 2.03 1.47 3.50 42%
June 87 1985 (2) 0.04 0.00 0.04
to June 88 1986 (1) 1.26 1.82 3.08

1987 (0) 1.31 1.47 2.78

Total 2.61 3.29 5.90 56%
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Table V. Comparative production rate of salmonids in rivers flowing into the Gulf of St.

Lawrence.
River Location Predominant species Production  Reference
(gm2y")
Philip Nova Scotia Salmo salar 4.7 (3.5-5.9)  This study
Salmo trutta
Miramichi New Brunswick  Salmo salar 2.5(0.3-5.1) Randall & Paim
1982
Matamek Québec Salvelinus fontinalis 3.5 (1.5-6.3) O'Connor & Power
1976
Western Arm  Newfoundland  Salmo salar 2.2(1.6-2.9) Chadwick and
Green 1985)
Highlands Newfoundland  Salmo salar 2.1(0.8-5.0) Gibson and Myers
Salvelinus fontinalis 1986

trout production at Kaikhosru Creek in Québec, where production over two years was
estimated tobe 6.1 and 6.6 gm?y™'. Production at Kaikhosru Creek was high because
of the good nursery habitat and the high biomass of age 0 trout in this stream (O'Connor
& Power 1976). It may also be significant that fish populations in Québec were
unexploited, while salmon and trout at all other locations cited in Table V were
harvested. Production and yield of salmonids in eastern Canada is directly related to
spawning stock, which in turn is influenced by fishing mortality (Chadwick 1985).
Production rates of about 6 to 7 g m? y™' may represent the maximum for Gulf of St.
Lawrence rivers. In European rivers the yield of salmonids is higher, sometimes
exceeding 20 g m? y', due to the greater productivity of rivers in Europe than rivers in
eastern Canada (Gibson & Myers 1986).

The production of naturalized S. trutta at the Mountain Brook site was about equal
to the production of native S. salar during the study period. Individual population traits
that contributed to production however differed between the two species. S. salar were
usually more abundant than S. trutta at the time of sampling, but their seasonal growth
rates were significantly less. These differences between S. salar and S. trutta in
population densities and growth rates counter-balanced one another to some extent
and resulted in similar production rates.

Greater growth rates of S. truttathan S. salarhave been observed often where the two
species live sympatrically (Egglishaw & Shackley 1973; 1977; Gibson & Cunjak
1986Z). In a Scottish stream, where the population dynamics of the two species were
compared for ten years, Egglishaw & Shackley (1977) found that the larger size of
S. trutta resulted from a longer growing season than S. salar; S. trutta emerged earlier
and continued to grow later in the fall than S. salar. Growth rate of S. salar during the
spring/summer growth period actually equalled or exceeded the growth rate of S. trutta
in this Scottish stream. In contrast, growth of S. trutta at Mountain Brook exceed that
of S. salarduring the summer months, indicating that mechanisms other than length of
growing season caused the different growth of the two species. At Mountain Brook,
sampling was not frequent enough to compare emergence dates of the S. salar and
S. trutta fry, and therefore it was not possible to identify exactly when the S. trutta fry
initially achieved their growth advantage over S. salar.

Given the characteristics of the stream habitat at the Mountain Brook site, densities
of 5. trutta relative to S. salar were surprisingly high. As noted earlier, the Mountain
Brook site was predominantly riffle habitat, with water currents, depth and substrate
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characteristics ideally suited for juvenile S. salar (Symons & Heland 1978; Morantz et
al. 1987). S. trutta, in contrast, prefer deeper and slower water (Egglishaw & Schakley
1982; Kennedy & Strange 1982; Gibson & Cunjak 1986). In their Newfoundland study,
Gibson & Cunjak (1986) found that the two species were usually spatially segregated,
with S. trutta older than age 0 preferring deeper, slower water than S. salar, although
the differences were not statistically significant at all the sites studied. They also noted
thatoverhanging cover can substitute for depth for S. trutta. Alders and other streamside
vegetation provided abundant shade at Mountain Brook, and this may account for the
relatively high S. trutta densities at this riffle site. Despite differences in preferred
habitat, there is obviously considerable overlap in the type of habitat utilized by each
species.

At River Philip, the above observations on the growth, relative density, and
production rate indicated S. trutta have become established, and they are cohabiting
successfully with native S. salar at this localized site. Obviously, interpretations of the
relative status of the naturalized S. trutta popultion from this study are limited because
of the small area surveyed. Information on harvests of S. salarand S. trutta, however,
confirm that §. trutta populations have become well-established over extensive areas;
estimates of angling catches from Cumberland county, where River Philip is a major
stream, indicated that landings of S. trutta usually equalled or exceeded landings of S.
salar in this region (Table VI).

Kennedy & Strange (1986) have found that juvenile Salmo salarliving allopatrically
survived twice as well and grew larger than when living sympatrically with S. trutta.
Similarly, the latter species has replaced the native Salvelinus fontinalis population in
some rivers in the United States (Fausch & White 1981; Waters 1983). Concern about
the expansion of S. trutta into the native Salmo salar habitat in the Avalon peninsular,
Newfoundland prompted a study of the interactions of the two species (Gibson &
Cunjak 1986). These authors concluded that extension of the range of S. trutta in
Newfoundland will probably be limited, but they warned that deliberate stockings to
extend the range of the species should be discouraged until further research was done.
The work reported in this paper shows that production of S. truttaand S. salarin a riffle
habitat in a small Nova Scotia stream was similar; hence the concerns and conclusions
of the Newfoundland workers apply equally to Nova Scotia.

Table VI Numbers of Salmo salarand S. truttalanded by anglers in Cumberland County, Nova
Scotia, 1980-1987.

Angling catch (numbers)

Year Salmo salar Salmo trutta
1980 110 289
1981 99 292
1982 349 300
1983 964 442
1984 370 383
1985 204 536
1986 206 934
1987 N/A 252

Data sources - S. salar: Swetnam and O'Neil 1984; O'Neil et al 1985; 1986; and 1987. S. trutta: N. Adams,
Nova Scotia Department of Lands and Forests, personal communication.



108 RANDALL ET AL.

Acknowledgements
We thank R. Pickard for his help at Mountain Brook.

References

Chadwick, E.M.P. 1985. The influence of spawning stock on production and yield of
Atlantic salmon, Salmo salar L., in Canadian rivers. Aquaculture and Fisheries
Management 1: 111-119,

Chadwick, E.M.P. and Green, ).M. 1985. Atlantic salmon (Salmo salarL.) production
ina largely lacustrine Newfoundland watershed. Verh. Internat. Verein. Limnol. 22:
2509-2515.

Chapman, D.W. 1978. Production in fish populations In: Ecology of Freshwater Fish
Production. $.D. Gerking Ed. Blackwell Scientific Publications, Longon, U.K. pp.
5-25.

Egglishaw, H.). and Shackley, P.E. 1973. An experiment on faster growth of salmon
Salmo salar (L.) in a Scottish stream. J. Fish Biol. 5: 197-204.

Egglishaw, H.). and Shackley, P.E. 1977. Growth, survival and production of juvenile
salmon and trout in a Scottish stream, 1966-75. J. Fish Biol. 11: 647-672.

Egglishaw, H.). and Shackley, P.E. 1982. Influence of water depth on dispersion of
juvenile salmonids, Salmo salar L. and S. trutta L., in a Scottish stream. J. Fish Biol.
21:141-155.

Fausch, K.D. and White, R.J. 1981. Competition between brook trout (Salvelinus
fontinalis) and brown trout (Salmo trutta) for positions in a Michigan stream. Can.
J. Fish. Aquat. Sci. 38: 1220-1227.

Gibson, R.). and Cunjak, R.A. 1986. An investigation of compelitive interactions
between brown trout (Salmo trutta L.) and juvenile Atlantic salmon (Salmo salar L.)
in rivers of the Avalon Peninsula, Newfoundland. Can. Tech. Rept. Fish. Aquat. Sci.
No. 1472,

Gibson, R.). and Myers, R.A. 1986. A comparative review of juvenile Atlantic salmon
production in North America and Europe. In Proc 17th Annual Study Course, W.W.
Crozier and P.M. Johnston Eds. University of Ulster at Coleraine. pp. 14-18.

Kennedy, G.).A. and Strange, C.D. 1982. The distribution of salmonids in upland
streams in relation to depth and gradient. J. Fish Biol. 20: 579-591.

Kennedy, G.J.A. and Strange, C.D. 1986. The effects of intra-and inter-specific
competition on the survival and growth of stocked juvenile Atlantic salmon, Salmo
salarL., and resident trout, Salmo truttal., inan upland stream. /. Fish. Biol. 28:479-
489.

MacCrimmon, H.R. and Marshall, T.L. 1968. World distribution of brown trout,
Salmo trutta. J. Fish. Res. Board Can. 25:2527-2548.

Morantz, D.L., Sweeney, R.K., Shirvell, C.S., and Longard, D.A. 1987. Selection of
microhabitat in summer by juvenile Atlantic salmon (Salmo salar). Can. J. Fish.
Aquat. Sci. 44:120-129.

O'Connor, ).F. and Power, G. 1976. Production by brook trout (Salvelinus fontinalis)
in four streams in the Matamek watershed, Quebec. J. Fish. Res. Board Can. 33: 6-
18.

O'Neil, S.F., Bernard, M. and Singer, J. 1985. 1984 Atlantic salmon sport catch
statistics, Maritime Provinces. Can. Data Rep. Fish. Aqaut. Sci. No. 530.



PRODUCTION OF Salmo salar AND S. trutta 109

O'Neil, S.F., Bernard, M., and Singer, J. 1986. 1985 Atlantic salmon sport catch
statistics, Maritime Provinces. Can. Data. Rep. Fish. Aquat. Sci. No. 600.

O'Neil, S.F., Bernard, M., Gallop, P., and Pickard, R. 1987. 1986 Atlantic salmon
sport catch statistics, Maritime Provinces. Can. Data Rep. Fish. Aquat. Sci. No. 663.

Randall, R.G. 1982. Emergence, population densities, and growth of salmon and trout
fry in two New Brunswick streams. Can. J. Zool. 60: 2239-224..

Randall, R.G. and Paim, U. 1982. Growth, biomass, and production rate of juvenile
Atlantic salmon (Salmo salarL.) in two Miramichi River, New Brunswick, tributary
streams. Can. J. Zool. 60: 1647-1659.

Ricker, W.E. 1975. Computation and interpretation of biological statistics of fish
populations. Fish. Res. Board Can. Bull. 191: 382.

Seber, G.A.F. 1982. The estimation of animal abundance and related parameters.
MacMillan Publishing Co. Inc., New York.

Swetnam, D.A. and O'Neil, S.F. 1984. Collation of Atlantic salmon sport catch
statistics, Maritime Provinces, 1980-83. Can. Data Rep. Fish. Aquat. Sci. No. 450.

Symons, P.E.K. and Heland, M. 1978. Stream habitats and behavioral interactions of
underyearling and yearling Atlantic salmon (Salmo salar). J. Fish. Res. Board Can.
35:175-183.

Waters, T.F. 1983. Replacement of brook trout by brown trout over 15 years in a
Minnesota stream: production and abundance. Trans. Amer. Fish. Soc. 112:137-
146.

Zippin, C. 1956. An evaluation of the removal method of estimating animal
populations. Biometrics 12: 163-189.

(Received 10 May 1990)



	NSIS_v39_p3 (20)
	NSIS_v39_p3 (21)
	NSIS_v39_p3 (22)
	NSIS_v39_p3 (23)
	NSIS_v39_p3 (24)
	NSIS_v39_p3 (25)
	NSIS_v39_p3 (26)
	NSIS_v39_p3 (27)
	NSIS_v39_p3 (28)
	NSIS_v39_p3 (29)
	NSIS_v39_p3 (30)

