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older trout in 1970; survival of the 1969 trout fry to
the stream in 1971 was poor. The record low for fry
densities was established in 1971. There has been little
production of brook trout in Nashwaaksis since 1966.

As previously noted, stocks of juvenile salmon
have been maintained through the introduction of large
female spawners into Trout Brook; there are no salmon in
Nashwaaksis. There has been little relation between
spawners and subsequent underyearling densities in Trout
Brook. Number of spawners, potential egg deposition,
and resulting underyearlings are given in Table 3.

Table 3. Number of female salmon spawners relocated to
Trout Brook, potential egg deposition, and
survival to underyearlings.

Year Potential No. of under-

of eqgg yearlings % survival
spawn- No. of deposition next year egg-under-
ing females No/100 yd2 No/100 yd? yearling
1966 6 57 12.10 21
1967 5 47 6.48 14
1968 17 160 8.05 5

Only in 1968 did egg deposition approach the
200 per 100 square yard suggested by Elson (1957) for

the production of underyearlings at a density of 20/100 yd
Elson's rates were for larger salmon rivers.
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Movements of fish both up and down stream were
recorded at the Trout Brook counting fence. From 1966
through 1971 about 1,400 trout were recorded at this fence.
Major runs out of the stream are in May, June, and
November; trout move into the stream in June, July, and
November. Few trout home to Trout Brook after descending
into the Northwest Miramichi. Subsequent recaptures by
anglers (5-15%) indicate that many of these trout moved
up the Northwest where the majority were taken in Crown
Reserve waters.

Of interest, because of the possible effects
of forest spraying on movements, are the fall movements
down out of the stream in autumn. Numbers of trout that
des?ended from Trout Brook in various years are given in
Table 4.
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Table 4. Number of trout that left Trout Brook in autumn.

DoT Unsprayed Fenitrothion
Year 1966 1967 1968 1969 1970 1971
No. of trout 57 17 2 106 101 45

leaving Trout
Brook in autumn

The number of trout that left the brook in autumn
was greatest in spray years (1966, DDT; 1969-71, fenitrothion).
Movements were not a function of numbers of trout in the
stream since there were substantial numbers of trout, within
the size range that ran in other years, in the stream in
both 1967 and 1968.

Juvenile salmon, ripe male parr, also displayed
a tendency to leave the stream in the autumn following
spraying. The estimated numbers of parr in the stream in
successive summers and the percentage of those that left
in the following autumn are given in Table 5

Table 5. Estimated summer parr populations in Trout Brook
and number and percentage that left stream in

autumn.
DDT Unsprayed Fenitrothion

Year 1966 1967 1968 1969 1970 1971
Summer parr
population in
Trout Brook 6500* 3000 5600 6500 7000 2200
Number that left
stream in autumn 130 15 31 448 780 7
% of summer
population that
left stream 2.0 0.50 055 6.89 " 17.14 0.32

*High mortality of this stock in autumn, 1966, following
exposure to DDT in spring

With the exception of salmon parr in 1971, both
trout and salmon moved in greater numbers during spray years.
The autumn of 1971 was unusual in that water levels remained
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low and there were few freshets. It is inferred that
exposure to the pesticides (although DDT was last used

in 1966 it is probably still being recycled in the stream
environment) plus stresses induced by low temperatures
and high water velocities resulted in downstream movement
of fish in autumn.

0f considerable concern is the apparent loss of
the salmon parr after they left the brook. All were
tagged at the counting fence but, with the exception of
a few individuals taken at the Curventon fence in the
next spring, none has been recaptured in the sport or
commercial fishery.

Aberrant downstream movements were also noted
for other stream fish in Trout Brook. The common shiner
(Notropis cornutus (Mitchill)) descends into the Northwest
in late spring and autumn, the majority usually in late
spring. As shown in Table 6 autumn movements were more
prominent in the three fenitrothion years. Data for 1966
are not available.

Table 6. Downstream autumn movements of common shiners
expressed as percentages of total yearly
movements out of Trout Brook.

Unsprayed Fenitrothion
Year 1967 1968 1969 1970 1971
% of fish in total
runs each year that
left brook in autumn 6 7 35 25 71

0f interest was a downstream movement of 200
shiners and 50 suckers shortly after the spraying in 1971;
the movements were associated with a slight (3 inch) rise
in the water level. A 5-inch rise before the spraying
failed to move fish.

Discussion and summary

Fenitrothion did not have observable effects on
phytoplankton in Trout Brook.

There were severe mortalities among the aquatic
stages of insects (prominent food items for salmonids) in
one year (1969) when the brook was sprayed on two successive
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days. In the other two years standing crop of aquatic

invertebrates was low (30 to 40 organisms per ft2 com-
pared to 200 in 1967) during the normally productive
months following spraying.

Salmonids and other stream species, exposed
to DDT in late spring, suffered heavy mortalities in
autumn when water temperatures fell below 5°C. Among
salmon, mortalities were largely confined to large (fork
length greater than 10 cm) sexually mature males.

There was no evidence of immediate post-spray
mortalities of fish following spraying with DDT or
fenitrothion. Our observations indicate that production
of brook trout is at very low levels in both Trout Brook
and Nashwaaksis; a contributing factor could be pesticides
either acting directly on the fish or indirectly by re-
ducing available food organisms for salmonids.

A forest fire in 1965 removed much of the bank-
side vegetation from the lower part of Trout Brook. The
lack of shade caused high summer temperatures and low
water levels. New growth has provided more shade in recent
years and, with respect to summer water temperatures and
levels, the stream has improved as an environment for
salmonids, particularly brook trout. But the improvement
in the environment has not resulted in increased salmonid
production.

Aberrant downstream movements of stream fish were
observed in most spray years. The loss to the stream of
parr in autumn is a matter of concern because tagging re-
turns indicate they are lost to both the commercial and
sport fisheries. An examination of the 1970 run of autumn
parr and the 1971 run of spring smolts gives an idea of
the extent of this loss; 780 pre-smolt parr descended in
the autumn of 1970, but only 906 smolts ran from the stream
in the spring of 1971. The autumn descent of parr thus
;ep;esented a loss of 45% of the potential smolt run for

971,
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Aside from Saunders' data presented above, evidence of
delayed after effects of organophosphate insecticides like
fenitrothion is lacking. Zitko et al. (1970) found inhibition
of acetylcholinesterase activity in minnow and sucker brains, but
no loss in salmon or trout, shortly after forest spraying with
fenitrothion. No delayed effects were evident in the physio-
logical system studied up to 5 1/2 months after spraying.

Hatfield and Anderson (1972) used fenitrothion under
the trade name Sumithion in studies of vulnerability of young
salmon to predation by trout. After exposure to 1.0 ppm for
24 hours the salmon were significantly more vulnerable than their
untreated brothers. But Sumithion at 0.1 ppm had no noticeable
effect. Even 0.1 ppm is far above the 0.045 ppm postulated by
Wildish et al. (1971) as a likely treatment for wild fish in
streams (spray at the rate of 2 oz/acre falling on water 1 ft
deep). However, as the latter authors point out, it is possible
that toxic effects might accumulate as a result of ingesting
poisoned insects.

Yule and Duffy (1971) found that about 70% of the
fenitrothion present on sampled foliage 1 day after spraying
had disappeared by 30-60 days later. But 336 days after appli-
cation they still found residues amounting to about 10% of the
day 1 content. They do not suggest whether these lower amounts
are available to foliage-eating insects, or whether they can pass
through ecosystems by other food chains during the period when
quick Tethality to leaf-eaters no longer occurs. The possibility
that insect-eating fish could concentrate such residues to their
own eventual harm should not be ruled out. The long-term obser-
vations reported by Saunders, above, provide a basis for reserving
judgement on the long-term harmlessness of fenitrothion.

Effects of secondary industries

The above account is concerned only with the impact
of maintenance and harvesting procedures of forest management
on fish. Secondary industries such as sawing or processing wood
for structural use, and production of pulp can also have heavy
impact on fish production and utilization. Bark and sawdust in
streams can smother bottom fauna and produce noxious chemical
changes in water quality, as well as increasing oxygen demand
from the water. Effects of such industries are more or less
localized to the dispersion area of wastes and effluents. They
may nevertheless be serious. For example, Elson et al. (1970)
showed that effluents associated with pulpmills and other urban
waste so contaminated the Miramichi estuary as to delay upstream
migration of salmon. Keachie (1972) summarized information on
how pulp and paper mill effluents damage aquatic ecosystems.
Such industries not only produce their own wastes but indirectly
increase the load by providing needs for urbanization (more
sewage) and transport (more oil spills). A point to be remem-
bered is that any segment of the forest-based industries is an
interwoven unit in a much vaster ecosystem.
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Discussion

It should be not only possible but feasible and
desirable to manage New Brunswick forests, on a long-range basis,
to give optimum wood yield while at the same time maintaining
associated fishery resources To quote Professor John D. Hewlett
(1964), a specialist in forest hydrology, “A point sometimes
overlooked is that good resource management and good water manage-
ment are often the same, right down to particulars." To the non-
professional, inspection of past forest practice in the Maritime
region leads to the impression that water resources have received
almost no consideration in either short- or long-range planning
of forest harvesting procedures. Probably only the fortuitously
patchy pattern of past cutting and the fact that many forests of
the area are on hard rock-based hills has forestalled more serious
ground erosion. In the Maritime region water, except where
streams were used for log driving, seems to have been regarded as
much as a nuisance as an advantage in forest management. To
quote further from Hewlett, "To repeat a basic premise, the
success or failure of any program for managing forest and wild
land rises or falls with the long-range effect such management
has on the water resources." To the fish biologist this seems to
imply that a healthy, well managed forest should automatically
supply one of the prime prerequisites for good stream and lake
production of fish - an ample and balanced supply of water run-
off and seepage well distributed throughout the year. To the
extent that such principles are accepted, but only to that extent,
usable forests and fish should be entirely compatible. Any trend
to change from patch cutting to clear cutting of large areas
should be accompanied by much more effective planning of associ-
ated water conservation than has been practised in the past. To
quote once more from Hewlett, "A 1ittle careless logging every
ten years can keep enough silt and debris moving to ruin a good
trout stream, or to require expensive processing before human
use." A degree of such careless logging appears to have produced
some degeneration in the Northwest Miramichi, as evidenced by the
data presented earlier. The damage does not appear to be very
severe, but neither has recovery been complete 15 years after the
cut.

Finally, it should be remembered that forestry practice
can affect ground water supplies and wells many miles away from
the actual site of logging operations. It may require long
periods of time (months and even years) for ground water to move
from the precipitation site to wells where the water is used and
perhaps to some stream discharge areas (Tolman, 1937, especially
chapters VII to XI).

Good cutting and good road-building practices can
assure an ample supply of water reaching streams at all seasons.
The quality of that water is also an important consideration. To
the extent that modern forestry practice turns to increasing use
of chemicals spread over stream basins water quality may be
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affected. This can happen through the agencies of direct run-off,
sub-surface seepage or ground water springs. At the Munich Con-
ference on Water Pollution (1966) one of us (P.F.E.) was told of
an incident in which a Swiss forest some 60 miles from a large
town was sprayed with insecticide (1indane?) in o0il. Some 6 to 8
months later the town water supply, from wells, became distaste-
fully tainted, the off flavour being confidently related to the
spray by the senior scientist who commented on the undocumented
incident.

Use of non-persistent pesticides on New Brunswick forests
should help to minimize any adverse effects of these poisons on
fish. But it will be important to maintain constant monitoring
of these new environmental parameters if fish production is to
be maintained at satisfactory levels.

In summary, to obtain the stated objectives of the New
Brunswick Forest Resources Study, good forest management must
become good wild land natural resource management with much con-
sideration given to conservation of fresh water in respect to
both quantity and quality.
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