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I.

1 INTRODUCTION

A recent increase in mining ac t iv i ty on the watershedof the Nor thwes t Miramichi River in nor theas te rn New Bruns-wick prompted the Resource Development 3ranch of the Depar t-ment of F isher ies to compi le a summary of ava i lab le knowledgeon th i s impor tan t sa lmon r iver.
This repor t rev iews the presen t s ta tus of At lan t icsa lmon in the Nor thwes t Miramichi by descr ib ing the ac t iv i t i es,par t icu la r ly base meta l min ing , a f fec t ing the resource wi thregard to the fo l lowing aspec ts: ( l ) f luc tua t ions injuveni le sa lmon abundance , ( 2 ) movements of migra t ingadul t sa lmon , ( 3) f luc tua t ions in adul t sa lmon abundance ,and ( 4 ) sa lmon poten t ia l.
The ass i s tance and co-opera t ion of the Pol lu t ion andAnadromous groups of the Fisher ies Research Board of Canada ,Bio logica l S ta t ion , . S t. Andrews , N.B. i s gra te fu l ly acknow-ledged.
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/

11 HISTORY .OF ACTIVITI IN THE DRAINAGE BASIN.12 q
L..)

\ The Northwest Miramichi has long been noted as an
important Atlantic salmon stream. Prior to 1953, Sylvi-cultural and industrial developments had not noticeably
altered the fishery resource of this river system and
the upper two-thirds of the watershed was largely in-accessible except by foot or horse and wagon. The forest ,

was periodically cut in sma.ll blocks with about 30 or 40
years intervening between cuts on any one part. Because
the river is for the most part rapid flowing and has few
sections of Stillwater, iogs were floated down each spring
without the use of large driving dams. Over the years the
only visitors to the river were salmon anglers, woodsmen
and occasional hunters and trappers.

In 1954 large - scale lumbering operations began
with the opening of truck roads to the headwaters and the
establishment of large lumber camps. In the next few years
the valley was extensively cut for timber and pulpwood, and
by 1961. approximately 200,000 cords had been cut, which is
roughly equivalent to one-fifth of the initial forest
resource in the upper half of the drainage .basin. Most of
the wood was driven to the pulp-mill at Newcastle via the
Northwest Mixamlchi River; the drives beginning about
April 15 of each year and lasting about two. months depending
upon weather conditions (pers. comm., New Brunswick Forest
Service, Newcastle, N.B.).

The entire basin was sprayed to varying degrees with
in six years - since 1954 in an attempt to control .

In the fall of 1957. pulp-
D.DvT,
spruce budworm infestations,
harvesting operations.during a time of low water caused a
log jam which formed a partial barrier to upstream
migrating Atlantic salmoh.

In the summer of 1969, base-metal mining pollution
appeared in the Northwest Miramichi from the Tomogonops
tributary and this problem has persisted to the present.

The Northwest Miramichi has been the subject of a
continuing research program by the Fisheries Research
Board of Canada since 1959 when juvenile salmon densities
were first assessed and a counting fence for upstream and
downstream migrants was erected at Curventon, about seven
miles above tide head. Stream bottom invertebrate studies
began in the late 1950's and from 1957 to 1963 a second
counting fence was operated at Camp Adams, about ,33 miles
upriver from Curventon. In 1964 a more effici.e.n±.

_
.c.oun_t.ing

fence with a permanent concrete base was installed at
Curventon, one-half mile upstream from the site of the old
one.
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'.Vater chemistry in the river has been monitored almost
daily since I960 by the Board and this work has been
supplemented in recent years by the Resource Development
Branch of the Department of Fisheries who have placed
particular emphasis on the analysis of stream water
flowing through, or in close proximity to, the mine site.

Since 1950, Atlantic salmon frequenting this river
have been influenced to varying degrees by other activities

• and factors in addition to base-meta.l mining. The listing
which follows serves to indicate the extent of these other
activities, some of which often tend to be overlooked.

(a) trapping and handling smolts at the counting
fences,

(b) tagging and. fin-clipping salmon,
(c) removal of parr and smolt from the river for

experimental purposes,&(d) hatchery plantings,
(e) differential survival of salmon between
(f) commercial fishing of N.’V.

tidal waters,
g) D.D.T. spraying,
h) pulpwood cutting and driving,
i) pulp-mill effluent in tidal water at Newcastle.

years,
Miramichi stocks in
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Ill- BASE-METAL MINING

1. Historical '

Heath Steele Mines Limited was incorporated
in 1955 to develop an area of land along the Tomogonops.

River, a tributary to the Northwest Miramichi entering
about 24 miles above head of tide (Figure l). In
January 1957 a 1,500 ton-a-day mill was opened which
began producing copper, lead and zinc concentrates. In
1958. the price of base .metal concentrates dropped and
the mine was closed for two years until reactivita-t.e.d_in
the early part of JLa.6H.. At this time, it was necessary
to pump out flooded

^

mine shafts and this operation re-leased mine water to the Tomogonops at the rate of
approximately 3000 gal./min. These activities coincided
with the previously unobserved phenomenon in .which large
numbers of adult salmon were seen to be returning down-stream through the Curventon counting fence in June.

The first water samples, for chemical analysis
were collected by the Fisheries Research Board on June 29,
1960, about two weeks after pumping had started and the.

results revealed that water being pumped from the shafts
was very acid (pH 4„l) with a high conductance indicating
a heavy load of ionized material. Tests from . the Tomogo-nops River itself indicated that the pumped material, was
causing a major upset . in water quality. Further investiga-
tions confirmed that zinc and copper were present in high
concentrations which could be traced in the Northwest
Miramichi River for about 15 miles downstream from the.
mouth of the .polluting tributary.

When the mining company was made, aware of the
situation, they discontinued pumping. into the Tomogonops
River and began pumping the mine-- water into the pit of a
former strip mine. The mine property was subsequently
examined by representatives of both federal, and provincial
agencies and it was found that the pollution had many and
varied sources.

In 1960, a tentative estimate of 0.06 mg/1
(60/jg/l) of zinc was used as a "safe" level of mining
pollution (Sprague MS, 1961). This level was exceeded in
the Northwest Miramichi throughout most of the year and on
two occasions the zinc levels approached or exceeded the
established lethal level which is 0.6 mg/l (ôOO^ug/l).

j



• Source.s of pollution •
4#

The .Resource Development Branch (formerly Fish
Culture Development Branch)
attempted in 1964. to accurately locate the sources of
pollution at Heath Steele Mines (Anon. MS, 1965). Six
stations (c.f. Fig. 2) were sampled weekly and an additional
twelve were sampled once in May, August and Movember. Station
A on the Little South Tomogonops River above the mine property
and station B on the main Northwest Miramichi immediately above
the mouth- of the Tomogonops River served as controls. . At- these
stations concentrations of copper ranged from 0 to 26 jjg/1 and
zinc from 0 to .55 gjg/l, le thaï concentrations being 43 jug/1

^and 699 jug/l for copper and zinc respectively (Sprague 1964).

Station C, located at the mouth.of the
Tomogonops River, monitored the. total contamination
reaching the Northwest Miramichi from the mine. . The
concentrations of, .zinc and copper were, extremely high

/ throughout 1964, copper ranging from 27 to 176 >jg/i .

and zinc from 339 to 1699 gjg/1..- If these values are
expressed as toxic units 1/ it is evident that .toxicity
fluctuated between one-half arid greater than twice the •

lethal level on the davs that the samoles were taken.
à *

Station. D, was located pn the South Tomogonops
below the second tailings pond which had been constructed
in 1963. . Toxic units were low throughout the test period. .

May 17 to '-December'- 1,'.'suggesting that this tailings pond
' w a s doing an adequate job of preventing zinc and copper
from escaping into the'receiving' stream.

of the Department of Fisheries

' l/.- -’Toxic unit ' is an index of. pollution obtained by .

calculating the; ratio between the actual concentration
of the pollutant and its incipient lethal level or
concentration. In the'case of Wo chemicals such. as
copper and zinc in the same environment, the incipient

. -lethal level of the mixture is attained when addition
of toxic units contributed by each metal'reaches a
total of 1,9 (Sprague, and Ramsey, 1965).

if -
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station E was located on the Little 3.ruth
Concentrations of copper and

conoer
1933

Tomogonops below the nine.
zinc were extremely high throughout the year,’ viz.,'
fluctuate'] between 72 and 2463 /jg/t. and

' zinc between
and 21330 /jg/l. This is indicative of the large amount of
toxicitv that can be attributed to surface run-off from

*

the mine property above this sampling site. Station F was
located on the "Clean V/ater" Channel at '.ledge Mine dead
just below the concentrator which is the functional center ,

of the mining operation here. Cooler and
were considerably higher than at
the concentrations being 36,333 /jg/l and
cooper and zinc respec tively.

zinc concentrations
Station E shortly below;

383,303/.ig/1 for
11 seems c.1ear tha t the

major source of pollution is the concentrator and the
operations immediately associated with it.

twelve supplementary stations referred to
in close proximity

the data is summarized here
e criterion.:> f ' po.11ution.:

zinc is contributed by Camp Stream ,
above

the contamination occurring

The
the sources of-! x ..COcar1ier were 1ocate

pollution and discussion of
using zinc as

amount
the mine property ; most of
be tween the. road .through, the . mine property and the ".'edge
ine Soad "'here considerable amounts of tailings and other'

dumped on the drainage basin of Camp
subseouen11v 1eached out . into the stream.

«

• A large amount of heavy metal contamination is con-
2 shaft area ".-here some •

U

( T \
V i f On.1vLl-,1̂ 1 !

S La small

i • i

wasto mater.ia1 wore
Stream and
(2'
tributed periodically by the Mo.
construction and either pumping or overflowing occurs.
An illustration of this is' the high heavy metal concer.tra-
tion in Pumping Grounds- Brook which , receives much of the
sunrp-w-ater .from Mo. 2 shaft. (3) The tailings pond is
functioning adequately by .retaining the bulk of the heavy ,

me taIs"which are pumped into it. .

n major point arising from . thisstudy by the
'desource Development Branch is that' copper and zinc

llution from base-metal mines oan. be moderated , in
large part, by conveying all wastes, both solid and
liquid , to a tailings pond. À properly
tailings pond has proven to be an effective means of
reducing the amount of metal ions released , into a.

waterway.

» * *

••ningfnneti
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Con t ro I *? t fo r t s by the min ina Cnr r.oany

• concen t ra to r
t a i l ings pond - was bu i l t in 1 .963 and.

f f i cu i b ies -eve re , -s o' j n
' exper i enced •••-• i t l*» t h i s .sys t em . when

'scovered
now'* t a i l ings pond was comple ted In

p ipe l ine and , pumping s t a t ion -to remove
' i c i to r f rom the se t t l ing ponds heo r the concen t ra to r to
th i s second - nond. The " new" ta i l ings nond
l°‘v> d bu t f r ees!no -o f • t he'

, p ipe l ine convey ing
pond has caused, ces sa t ion of th i s - ope ra t ion - du r ing
win te r months each yea r up. to the presen t.

Ba t t l ing ponds • -'e r e cons t ruc ted in I960 once -
• T lmi r. j .ope ra t ions began fo r Lhb wa te r be ing d i scha rged'

/ .

2 sha f t à nd "A" p i t.. Th i s sys tem proved' to be
very inadequa te espec ia l ly dur ing ex t reme f reshe t s, . La te
in the Fa l l o f I960 a la rge r - s e r i e s , o f - ~ e t.f l t r ig ponds "-a s •••

comple ted .' end , Ct-J r i.y good cor. t r > > l ’o f : pô T Ic i t ion was ach ieved' 6 .
du r ing thé win te r o f 1069V and . the* sp r ing oi
vo te r channe l was-" conshrwc téd in 1961

Came Proof: ••«a t e r f r..m nea r "A
. - h>

•an
sh r i f i to. .Camp Brook
to the "new" t'a i l inos oond.

Degree of Po l lu t ion

harv ie l ine f rom theA t a i l i n g s
"o ld"

J * /» Z'• ^ L Of

: h -o ‘ t he. f o r
X. i

i I wos tha t the. pond;wà s- • too ' sma T I . A Va rgor
1963 a long -v .i t h. a

damn Brook “d i r h

! •
^ L

/ »
V *

en l.a r ::t;J in. .

"-••- a s t e - t b the
iva s

the

. <

r M -rorr?i

:

1.961. A. " clean
to carry u nt o n ?:am l na te*I - •

Tomo;'j o r.o ps ,
/ - pass ing the se t t l ing ponds and l in ing . jne ra t ion.

overhead '

, l aunder- v/a s comple ted to ca r ry was te f r -.'*m, *’
ponds f rom which i t ip; - pumped

trC

U X - i,, J- I-. iU • i s
roAp.T - !- o. » trV. C/

if'.
i *l.t 9 .

Se t t l ing

' - .Cooper -z inc po l Iu.f i on in the l lo r i h-ves t ’l i r amich i •

h r i s been bon i to réd ' r egu la rd .y 's inch -1963 by . t he- r.i she r l e s t < • -
t he re su l t s a rc .

'

.summar i zed in Tab le 1‘

F i. su re 3‘. . !'l l ives t ave rage month ly '
, t ox ic: un i t va lues "'

1

•were recorded fo r'
., t he months .November th rough • May . t Average . /

month ly va lues t r ea te r. than 1 .3 tox ic un i t s ind ica t ing
. ' l e tha ï , cond l t I.> nc. occur red - fu r e igh t m jn ths dur ing , the

. - s fudv oer iod •d'. l ch covered - 79 months. -

a

pe sea rch Boa id • T
- # i '..} -i V

•*'•

wevermonth ly
tox ic un i t s were above the . l e tha l Leve l/ fo r 36.

the l e tha 1 and ...avo i lance l eve l s fo r ?'d
the ci ve ida nce level

max LCI .'. i r
months , be v. 'ee
rn n ths anJ be- 1

The yea r ly 'average for pol lu t ion in
ldent ica l to t.he . s ix
tha t there .- has b»d > h .no marked , inpr.ivemeh 4-

» '- mi <

:on ly 11 months,
ye a r 1966 rs a1m > s t.

and one-ha l f yea r ave t a je - r evea l i-n g ...;
i n the '

.s i t ua.! ion. .

f or
t- 1-.0>: i



JUVENILE SALMON POPULATIONS

Year-to-year changes1.
Year-to-year changes in the densities of young

salmon populations as determined by electroseining techniques
at ten stations along the Northwest Miramichi River for the
period 1951-1965 are illustrated in Figure 4. D.D.T. forest-
spraying to control the spruce budworm occurred in 1954 on
the upper river and in 1954, 1956, 1957, 1962 and 1964 on
the lower river (for analysis of effects to 1963, see Elson
1967); a partial barrier to upward-moving adult salmon
occurred in 1957 due to pulp wood harvesting at a time of
low water; and mine-sump water containing high concentrations
of base metals was discharged into the river beginning in 1960.
These harmful factors have reduced underyearling populations
drastically in the year of occurrence, but there is some
tendency for the effects to be partly ameliorated for larger
fish, and thus presumably for smolt production in any one
year, by variable growth rates (Elson MS, 1963).

Little industrial.encroachment of any consequence
to salmon had occurred in the Northwest Miramichi up to the
year 1953 and juvenile salmon densities were thought to have
been normal during the years 1951 to 1953 inclusive as shown
in Figure 4 and Table 2. Severe reductions occurred in 1954
when the forest of the entire basin was sprayed with D.D.T.
at^ lb. per acre. In 1955 a substantial increase in under-
yearling populations was evidenced which may be attributed
to the absence of D.D.T. forest-sparyinq during that year
and possibly excellent seeding in 1954 (Keenleyside 1959).
However, small and large parr populations continued to be
low throughout the river, reflecting the 1954 crash.

Underyearling densities for the upper river were
similar in 1956 to those recorded for pre-spray years while
small parr were extremely abundant as expected from high 1955
underyearling estimates. Large parr in the upper river, being
from the 1954 year-class, were the lowest on record. The
lower part of the river presented trends similar to the upper
river in young salmon densities in 1956, although an overall
reduction seems to have occurred following D.D.T. forest-
spraying here during that year. In the upper portion of the
Northwest Miramichi in 1957, parr populations approached
normal levels but fry density was lower than anticipated.
Young salmon populations in the lower part of the river
continued to be affected by D.D.T. spraying as evidenced
by reduced populations.
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The partial barrier to adult migrating salmon
caused by pulp-wood in 1957 resulted in a reduction in
the number of spawners to the upper river. Consequently
there were lower than normal densities of underyearlings
there in 1958 and the disturbance was reflected again by
low small parr densities in 1959 (Elson MS, 1963). On
the other hand, particularly good numbers of underyearlings
were recorded in the lower river, in 1958. probably resulting
from increased numbers of spawners in 1957. Small parr
densities were unusually high here in 1959. There was
almost complete recovery from the effects of heavy D.D.T.
spraying in the Northwest Miramichi by 1959 (Sprague and
Elson MS, 1961).

The greater numbers of small parr in the lower
part of the river in 1959 did not appear as corresponding
numbers of large parr in 1960. This is associated with
poisonous mine effluent throughout the summer of I960, which
appears to have seriously reduced fish of all age groups inthe lower part of the river (Elson MS, 1963). Continued
recovery from D.D.T. spraying was evidenced in the upper
river by a return of populations to the levels of pre-sprayyears, The 1960 population of underyearlings was derived
from an abnormally large run of nearly 8,400 adults of
which 5400 went to the upper half and over 2900 stayed below.
This did not result in a better population of underyearlings
in the lower river sampling stations, which are all withinthe area affected by the mine effluent in 1960 (Elson MS, 1962b)

The base-metal mine pollution is known to havehindered upward migration of spawners in 1960 (Sprague et.
al.1965). This can be seen by the reduced numbers of under-yearlings in the upper part of the river in 1961. However,
in contrast to the 1957 pulp blockage, there were not greater
numbers of underyearlings in the lower part in 1961. Over
2400 adults entered the river in 1960 and just over 650 went
to the upper part, leaving nearly 1800 below. Although this
number is nearly twice as great at that for 1958 in the lowerriver, only one quarter as many underyearlings were produced
in. 1961. The correlation between the beginning of serious
base-metal mine pollution and poor juvenile salmon populations
despite excellent seeding is obvious (Elson MS, 1962bJ „

There were moderately good numbers of underyearlings
throughout the river in 1962 explained by the fact that themine pollution was somewhat ameliorated throughout 1961 and
into 1962. During the three-year period 1963 through 1965young salmon maintained fairly good populations in the upper
river but were depressed in lower part reflecting continued
pollution from the base-metal mine.
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Changes in large parr abundance2.
Variations in juvenile Atlantic salmon densities

in the Northwest Miramichi River are well illustrated by an

examination of large parr densities since it is this age
group which resides in the river for three years and consti-
tutes the smolt run early in its fourth year. There has
always been a great disparity between juvenile salmon
abundance of the upper versus the lower part of this river.
Prior to industrial encroachment on the Northwest Miramichi,
indices of juvenile salmon populations at sampling stations
above the mouth of the Tomogonops River were approximately
three times greater than those for stations below. Indices
for populations of large parr were about four and ona-half
times greater in the upper part of the river.

Mining pollution first occurred in June 1960 and
juvenile salmon in the lower part of the river were affected
directly in that year and each year thereafter. Young salmon
in the upper part of the river were first affected in 1961
when fry population indicies showed reductions, possibly due
to delay and reduction of spawners in 1960. Consequently,
any changes in numbers of large parr in the upper part of
the river might be sought in 1963. A summary of these
changes is presented as follows:

Above Tomogonops
Large parr per
100 sq. yds.

Below Tomogonops 2/ Entire
Total No. Large parr per Total No. Rivei
large parr 100 sq. yds. large parr

(X10*) (X104) (XI0
25.9 4 3.1 29.C1951-53 18

1 . 621954-59 17.̂
1954-62 15.811

1960-65 1 0.8
23.8

1963-65 23.016

The data presented above indicate that under normal
conditions about 89 per cent of the large parr were being
produced in the upper part of the river above the mouth of the
Tomogonops. With the advent of D.D.T.spraying in 1954 and base-
metal pollution in 1960, this differential favoring the upper
river increased to over 90 per cent.

For the entire river, the apparent reduction from
previously normal levels of

7
1 / Total rearing area above Tomogonops is 14.4 x 10^ sq. yds.
2/ Total rearing area below Tomogonops is 7.8 x 10J sq. yds.
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large parr was approximately 40 per cent throughout the
period 1954 to 1959 inclusive and approximately 20 per cent
from 1960 to 1965 inclusive. Large parr populations rearing
in the Northwest Miramichi below the mouth of the Tomogonops
were severely reduced from normal levels by approximately
50 per cent in years of heavy D.D.T. spraying and by
approximately 75 per cent in the mine pollution period.
However, any conclusions regarding specific effects of
base-metal mine pollution on juvenile salmon in this
river are further complicated by the fact that some D.D.T.
spraying has occurred since 1960 in the lower part of the
river.
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V MOVEMENTS OF ADULT SALMON

Saunders and Sprague (1967) and Henderson et.
al. (1965) provide a thorough treatment of salmon move-
ments in the Northwest Miramichi River prior to 1963.
Salmon movements during the years 1964 to 1966 have been
provided through the courtesy of the Director, Fisheries
Research Board of Canada, Biological Station, St. Andrews,
N.3.

Minina pollution and adult salmon movements1.

Saunders and Sprague (1967) found that a major
consequence of the disturbed migration through the' polluted
section of the Northwest Miramichi was that early runs of
salmon to Camp Adams were delayed and reduced in number.
Saunders (1967) has shown that under normal conditions
and with few exceptions only the early (June-July) run of
salmon reaches Camp Adams, 40 miles above tidehead and 18
miles above the polluted tributary. In I960, no salmon
were seen at Camp Adams counting fence by July 10 whereas
during the three previous years substantial numbers of
salmon had reached that area of the river by the end of
June. Accordingly, on July 10, 1960, 24 grilse were tagged
by the Fisheries Research Board at Curventon, transported
upriver and released in the main river five miles above
the mouth of the Tomogonops, Within 12 days, 18 of them
had reached Camp Adams, 3 were taken by anglers below
Camp Adams and the remaining 3 were not seen again.
Apparently once salmon were past the outflow of the
Tomogonops they moved quickly upriver (Keenleyside MS, 1961).

The percentage relations between ascending Atlantic
salmon at two counting fences on the main river are tabulated
below (source: Saunders and Sprague, 1967).

A./CURV. x 100CAMP ADAMSYEAR CURVENTON r
o

457111957 1,581

3,000 2,133

5,409

711958 .

653571959 V 9

663 . 213,1691960
346261,831

2,509

• 6,397

1961

1,113 441962
391963 2,484
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In pre-pollution years, between 45 and 71 per cent of the
number of salmon counted at Curventon were subsequently
observed at Camp Adams, while the comparable figure for
I960 was only 21 per cent. During the seasons 1961 to
1963 the situation was improved somewhat but fewer salmon
reached the upper part of the river than in pre-pollution
years. The Camp Adams counting fence was not operated
after 1963.

Saunders and Sprague (1967) compared salmon,
movements through Curventon fence during I960 to 1963
with 1955 which was chosen from the pre-pollution years
to illustrate a typical seasonal pattern of movement past
the Curventon fence, viz; a large upstream run of salmon
in the spring, little activity during summer, and a
variable run in autumn. It was found that movements
generally coincided with changes in river flow, and
large runs of fish were usually associated with freshets..

Downstream movements were few. Judging by concentrations
of zinc and copper in the unpolluted part of the Mirarhichi
during several years (Sprague and Carson MS, 1964) total
toxic units for these metals would have been only about
0.03 at Curventon throughout 1955 when there was no mining
pollution.

In the years 1960-1963 there was significant
downstream movements whenever pollution exceeded about
0.35 to 0.43 toxic units (Saunders and Sprague, 1967).
Figure 3 illustrates the frequency at which such avoid-
ance levels occurred. Data on the upstream and downstream
movements of grilse and large salmon at Curventon are
presented in Table 3. There are two types of downstream .

movement; one occurring after spawning in autumn and the
other due to unexplained straying behavior or unsuitable
environmental conditions. Salmon which, might have just
spawned have not been included in downstream movement
counts during recent years. There is no evidence that
successive -year classes of salmon are growing accustomed
to the pollution, Many of the adults moving upstream in
1962, and most of those moving up in 1963, had swum down
through the polluted section of the river on their way to
sea as young fish in the spring seasons of 1961 and 1962.
However these workers found little or no difference between
avoidance reactions of these fish and those which had moved
upstream in 1960 and 1961. These findings. also serve to
eliminate, the possibility that avoidance reactions resulted
merely from confusion as to whether the metal-contaminated
Northwest Miramichi '«'as actually the home stream being sought
by the fish (Saunders and Sprague, 1967).
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When the level of pollution rises above 0.8 toxic
units, there is some indication that it acts as a complete
barrier to upstream migration. Saunders and Sprague (1967)
present circumstantial evidence which supports this hypoth-
esis. After several periods during which there were no up-
stream movements, high toxicity (greater than 0.8 toxic units),
and flows which were suitable for upstream migration, they
report that most of the salmon ascending through the Curven-
ton fence were, dark colored, .indicating that they had been
in freshwater for several weeks, Moreover, many of them
bore tags which had been applied earlier in the season as
they descended through the counting fence (ibid).

The effect of various levels of base metal
pollution on movements of adult salmon in the Northwest
Miramichi for the period 1960 to 1963 inclusive has been
discussed above. It was therefore deemed unnecessary to
Dresent data for 1964 to 1966 inclusive in the same fashion.
I

Suffice it to say that there has been no striking improve-
ment in pollution conditions in this river (c.f. figure 3).
However, Sprague and Carson (MS, 1967) note that during
this later period, pollution was for the most part low
enough during the spawning migration of salmon to avoid
disturbances to upstream migrating adults.

Fates of descending salmon and loss of spawners2.
Table 4 presents the results of a study designed

to determine the fates of descending adult salmon durin
the period 1960 through 1963. Slightly more than half
of the descending salmon were tagged over the four year
period. These fish were observed moving downstream at a
time when little such descent was observed in 1959 and
earlier (Saunders and Sprague * 1967). Sixty-two per cent
of the tagged descending salmon were not observed again
during the respective seasons of descent, thirty-one per
cent of the total were finally observed reascending in
the season - of descent, and seven per cent w^re removed by
angling and commercial fishing at various points below the
counting fence. It would therefore seem that during the
period 1960 through 1963, 69 per cent of the descending
fish were lost from the stock available in the upper part
of the river. By applying the average loss of 69 per cent
to the yearly totals of descending adult salmon, estimated
losses from the upper part of the river are:
and 650 salmon.

(*1077)

489, 188, 195
These losses, are 15, 10, 8 and 10 per cent

of the numbers ascending in 1960 through 1963 respectively
(ibid). Extending the percentage average loss of 69 per
cent to the succeeding years 1964 through 1966, the estimated
losses to , the upper river are: 161, 117 and 20 salmon. These
losses are 3, 7 and 1 per cent of the numbers ascending at

. Curventon during the years in question. It would appear
that salmon losses have been smaller in recent years.
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During the years 1957 through 1959, prior to
pollution, Keenleyside (MS, 1961) found that the first
grilse passed Camp Adams counting fence on June 25, 15
and 25 respectively. In I960 the first grilse passed
this fence on July 11, but such a delay was not notice-
able in the succeeding three years when first grilse

Table 5 .appearances occurred on June 17, 24 and 21.
shows the proportion of the . grilse run passing Camp
Adams during the seven-year period 1957-1963. The
greatest upset in the annual migration appears in I960
while very slight disturbances may be detected in 1961
and 1962. Base metal pollution was more severe in the
river in I960 than in the next succeeding two years.
Tagging experiments in two pre-pollution years showed
that 53.3 per cent (1958) and 44.4 per cent (1959) of
grilse passing Curventon in June eventually pass through
the Camp Adams fence and, presumably, spawn in the upper

(ibid.). In 1960 the comparable
Similar tagging data are notreaches of the river

figure was 5.0 per cent,
available for succeeding years.



16 .

VI ABUNDANCE OF ADULT SALMON

The most reliable counts of Atlantic salmon in
the Miramichi River system are available from the counting
fence at Curventon (Henderson et. al. MS, 1965). In the
seventeen year period 1950 - 1966, the number of large
salmon and grilse migrating upstream through the fence
has averaged 3400 fish annually (Table 9); the average
number remaining almost constant during the periods prior
to and following 1960. Obviously there has been no osten-
sible decrease in the total number of adults in recent years.
On the other hand, a breakdown of the counts into grilse and
large salmon reveals that grilse increased by 12 per cent in
the same period whereas large salmon decreased by 61 per cent.
In other words, the large salmon to grilse ratio changed from
1:3.5 prior to pollution, to 1:10.2 after pollution. However,
a change of the same order of magnitude occurred in the estuary
of the Miramichi River at Millbank experimental trap. The Mill-
bank results revealed a change in the large salmon to grilse
ratio of 1:1 before 1960 to 1:6.6 afterwards. The implication
here is that factors other than mining pollution are influencing
stocks of Miramichi salmon; possible over-exploitation by the
commercial fishery has been suggested as a contributor in this
regard (Saunders MS, 1965).

There are indications of a pronounced relative de-
crease in the number of adult salmon in the Northwest Miramichi
after 1960. Since that year,total numbers of Atlantic salmon,
including both grilse and large salmon, have increased 38 per
cent at Millbank while at Curventon the numbers decreased 4
per cent. Referring to the statistics for 1965, Allen (MS, 1966)
states that "in view of the well sustained catches in the
Miramichi system as a whole, the decrease in the numbers of
grilse at the Curventon trap appears to be a local effect in
the Northwest Miramichi which may well be associated with the .

effects of pollution from the Tomogonops tributary”. A further
indication of a relative decrease is obtained when angling
statistics for this river are compared with those for the
Little Southwest Miramichi, a neighbouring tributary. A
rough analysis (c.f. Table 6) reveals that in more recent
years the average number of salmon angled per year has in-
creased 6 per cent in the Northwest Miramichi while the
comparable figure for the Little Southwest Miramichi. is an
increase of 118 per cent. One obvious contributing factor
to this disparity is the increase in angling pressure on the
Little Southwest Miramichi and the corresponding decrease on
the other river, but this cannot be the only explanation for
it is axiomatic that anglers are more likely to fish in areas
where there is a relatively better chance of success.
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Since base metal mine pollution affects the
behavior of adult salmon in the river, it is probable
that an indirect causal relationship exists between the
presence of such pollution and angling catches. For example,
during periods when avoidance levels of pollution were present
it appears (Saunders and Sprague, 1967) that significant numbers
of salmon were obliged to remain in lower river pools until
conditions became more favourable for continuation of their
upstream migration* It is conjectured that while concentrated
in these pools salmon were more vulnerable to anglers» Further-
more, it is known that some salmon reversed their direction of
migration in the presence of pollution and that they subsequently

entered rivers other than the Northwest Miramichi and were angled
there.
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' V3J. ESTIMATES OF PRESENT AND POTENTIAL SALMON RUNS

1. . Presen t Run

Two methods have been used to es t imate the presen t
s ize of the sa lmon run in the Nor thwes t Miramichi: (a ) escape-
ment p lus ca tch and ( b ) ca lcu la t ing expec ted adul t re turn from
data on la rge par r dens i t i es ,, The f i r s t method i s preferab le
and would of fe r a very good , es t imate i f a l l the background da ta
were ava i lab le but there are cer ta in inheren t weaknesses which
wi l l revea l themselves in the assumpt ions out l ined below.

( a ) Escapement p lus ca tch. The assumpt ions used in
th i s ca lcu la t ion are as fo l lows: ( i ) ins ign i f ican t numbers
of sa lmon are angled above Curventon and the number counted
a t th i s poin t i s equiva len t to the spawning escapement ;
( i i ) 2 b per cen t of the sa lmon repor ted angled in the Nor th-
wes t Miramichi a re ac tua l ly
Miramichi and Sevogle r ivers s ince much of the angl ing on
the Nor thwes t Miramichi i s concent ra ted near the mouths of
the o ther two r ivers ; and ( i i i ) based on pre l iminary work
by Saunders ( MS , 1965) i t appears tha t less than one per,
cen t of the Nor thwes t Miramichi la rge sa lmon s tock . i s taken
by commerc ia l f i sher ies. Based on these assumpt ions , the
annual escapement ( 1960-1965) i s 3500 f i sh , the number
angled each year ( 1963-1965 ) i s 2200 f i sh and the number
taken commerc ia l ly i s negl ig ib le . The es t imated presen t
run s ize by th i s method i s 5700 sa lmon.

des t ined for the Li t t l e Southwes t “

( b ) Large par r dens i t i es. The assumpt ions used
in th i s ca lcu la t ion are as fo l lows: ( l ) p resen t to ta l
number of la rge par r in the Nor thwes t Miramichi i s 238 ,000
( c. f . Sec t ion JJ/ ( 2 ) ) ; and ( i i ) surv iva l ra tes ( Elson ,
a re:

___ 1962a )
la rge par r to smol.t ( 49 per cen t ) and srnol t to re turn ing

adul t s ( 3 , per cen t ) . The es t imated presen t run s ize by th i s
method i s 7600 sa lmon.

Accord ing to the two methods out l ined above , the
to ta l adul t sa lmon run presen t ly suppor ted by the Nor thwes t
Miramichi mav ranae from 5700 to 7600 f i sh.

1 / Sevogle River , a l though t r ibu ta ry to the Nor thwes t
Miramichi , i s not inc luded in any .o f the run es t imates
s ince fence counts and la rge par r dens i t i es are not .

ava i lab le for th i s r iver.



19.

?... Po ten t ia l Run
V

i s be l ieved tha t under opt imum envi ronmenta l
condi t ions the Nor thwes t Miramichi could suppor t a la rger
run of At lan t ic sa lmon. For the purpose of th i s ca lcu la t ion
average la rge sa lmon par r dens i t i es for the years 1951 to
1953 inc lus ive are used because i t was in th i s per iod tha t
explo i ta t ion of the fores t and minera l resources was leas t
ev ident and as a resu l t opt imum product ion of sa lmon could
be expec ted. As ca lcu la ted in Sec t ion IV ( 2 ) , the to ta l
number of la rge par r in the r iver each year dur ing tha t
per iod ( 1951-1953} was 290 ,000. Using Elson ' s ( 1962a )

surv iva l ra tes , the es t imated poten t ia l run s ize i s 9300. .

r f-

I t appears f rom the ahove ca lcu la t ions on presen t
and poten t ia l run s izes tha t wi th improved envi ronmenta l
condi t ions , par t icu la r ly pol lu t ion abatement , the sa lmon
s tock suppor ted by the Nor thwes t Miramichi could be increased
by a t leas t 20 per cen t.
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VI11 SUMMARY

Industrial encroachments in the form of DDT forest
spraying, pulp-wood cutting and driving, and base-metal mine
effluent have affected the production of Atlantic salmon in
the Northwest Miramichi River at different periods since 1054.

Heath Steele Mines Limited first produced copper,
lead and zinc concentrates in 1957 at a site located on the
Tomogonop.s River. The effects of the effluent on Atlantic
salmon were first noticed in June 1960 when adult fish were
observed descending past a counting fence, located on the
Northwest Miramichi 17 miles below the tributary in question,
shortly after they had ascended. Monitoring of water quality
has been carried out daily, almost without exception, since
1.960 and although certain control efforts have been undertaken
by the mining company, there has been no great improvement of
the pollution situation to date.

Population estimates of juvenile salmon are available
from 1950 to the. present and these data reveal that large salmon
parr populations were reduced by an estimated 40 per cent through-
out the Northwest Miramichi River during the six-year period
1954-1959 when DDT forest spraying and pulp wood blockage were
evidenced. After 1960, large parr populations in the upper
river rebounded , approaching levels of the- pre-spray years.
Populations in the mine-polluted portion were further depressed;
the reduction of large parr throughout the entire river during
the first six years of mining pollution 1960-1965 is estimated
to be about 20 per cent.

The upstream spawning migration of Atlantic salmon
through the polluted section of the Northwest Miramichi River
was disturbed following 1960 and a major consequence was that
early runs of salmon to the upper river were delayed and re-duced in number. It has been demonstrated that during the
period 1960-1.963 there were significant downstream movements
of adults whenever pollution exceeded about 0,35 to 0.43
toxic units and there is some evidence to suggest that when
the level of pollution rose above 0.8 toxic units, it acted
as a complete barrier to upstream migration.

Tagging studies show that 69 per cent of the salmon
which descended through the lower counting fence at irregular
times were lost from the stock available to the upper part of
the river. These losses ranged from one to fifteen per cent
of the total number ascending during 1960 through 1966, with
some indications that salmon losses have been smaller in the
last three years of that period.
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There is no evidence of a pronounced decrease in
the total run of adult salmon migrating to the Northwest
Miramichi each year but there are strong indications that
a relative decrease has occurred. Data on the annual abun-
dance of upstream migrating salmon in Miramichi River estuary
reveal that numbers have increased 38 per cent while Northwest
Miramichi runs appear to have decreased 4 per cent. Additional
evidence from angling statistics indicates that there has been
a slight increase of 6 per cent since I960 in the number of fish
angled from the Northwest Miramichi compared with a gain of 118
per cent on a neighbouring river, the Little Southwest Miramichi.

The present run of adult salmon to the Northwest
Miramichi each year is estimated to range from 5700 to 7600,
while the river has supported an estimated run of 9300 salmon
when natural habitat conditions prevailed.
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MIRAMICHI RIVER
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T a b l e 1 M o n t h l y a v e r a j e o f t o x i c o n i t s
f o r m i n i n g p o l l u t i o n o f N o r t h - v e s t
M i r a m i c h i A i v e r a t C u r v e n o o n ,
1960-1066.
f c 1 CA7 Îr* •

j-JOr r orn oor a f ) f i J o a r s o n i\

*rYear p
* »

> 4 TM T n o. . N. ! D, v/-« . r e a r i vo .* • *-* I

.a ve r age

196") • Ü O o 63 z-». "0 1 .3 1 .0 .41 .77O S

1Q6 1 .29 . 39 * 31 .36 o 36 49 ' 1 4© a. .14 .28 .2e) .39i i o />. cL —r* —
1962 / o.CO .« 77 .53 z-.59 .74 .44 .56 37 - .26 .49 .57 .49• O 6 ’

1963 .35 .70 .44 an i• / *' . 54 , 33 .61 .31 .52 - . 74 .57 .67-U. © 4l

1064 . 54 A. Q .59 .32 1 .0 A ri . 24 - .29 4 R .63 1 .2 r-, 4
41© 0.1• -+\J • •-

691965 .82 mn
O .̂ 1 - 9».• -J . 57 .32 .23 .42 .34 .62nn .44 mo« 0 -V • s-z J.

1966 . 70 .92 1 .7 .631 .23 . .14 .14 .26 .46 .39 .48X •

Average
for a
y e a r s

T ?
X L

•657o .30 . . . 35 . 36- . 39 .52.31 .34 » ’>4 . 38 •0 ..65 r z
0

CO .
O
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Table 2 Average numbers o f young sa lmon per 100 sq. yds.
in the Nor thwes t Miramich i Rive r above and be low
the Tomogonops Rive r t r ibu ta ry , 1951-1965. ( Da te
f rom P. F. El son , pe r s. comm.;
Above Tomogonops: 5 s ta t ions excep t 1951 , 4 s t a t ions
Below Tomogonops: . 4 s t a t ions excep t 1951, 3 s t a t ions ;

1953 , 1958 and 1963 ,
1954 and 1962 , 1 s ta t ion ;
1965, 7 s t a t ions.-

2 s t a t ions ;
1964 and .

' 1955 19561953 ' 1954 1957Ü2S21951

DDT*Above Tomogonops

Underyea r l ings 67 290 2939 . 16 29 .

22 7 6 0 53 37 .41O f\4.Smal l pa r r
23323 1815 19Large pa r r

DDT DDT DDTBelow Tomogonops

Underyea r l ings 32 2 517 38 8

131 412 1187Smal l oa r r
33 1 45 43Laroe oa r r

^ *

Fo res t sp ray ing wi th DDT.
. Pa r t i a l ba r r i e r to sa lmon spawning migra t ion by

pu lpwood b lockage ,

: Base-meta l min ing po l lu t ion.

*DDT :

w
P

. ( Continued on next page ) ,
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( can t ’d. }Tab le 2 \

1 0651 063 1 0641961 1 06JLS&l n
î Q5B 1 959

**
P.W./DDT M P **** 9Above Tomogonops

Underyèa r l Ings
2119222931 918 .7
2030 2120i 9

j. ^ 16 124Smal l pa r r
O *10 1716 11191610Large pa r r

M. P./DDT MPMP. MP./DDT MP.M P.p <n
+ O • * IlBelov/ lomogonops

515 8 4 41 441Under yèa r l ings
03 23 130 • 71.Smal l Dar r

30 1n
V'

O23 /.Laroe oarr
•

Fores t sp ray ing wi th DDT.*DD7
migrat ion byPar t i a l ba r r i e r to sa lmon spawning

ci1o'-ood b1oc k a ge .* <5 4 1
\

Base-me ta1 m 1r. in g p a .11u 11o n.#**M P
1 * J *

U)
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Table 3 Movement of adult Atlantic
salmon past the Curventon
Counting fence, 1954-1<566
(Provided courtesy Fisheries
Research Board of Canada,
Biological Station, St. Andrews)

Large salmonGri.1se
d/u x 100 .Year . No. Up No. Down d/ü*^ 100 No. Up No.- Down

1,08.1 5 0.5*1054 2,600 37 1.4

7781955 2,756 58 2.1 11 1.4

1.8 587 13 2.2*1956 775 14
706 1.04.3 738*1957 . 875

580 2.161 9 ^ 12 .
1958 2,420

1,002 11 1 . 1' 40 0.5*1959 7,355

376 39665 24.0 10.4*1960 2,775

866 1683.7 19.4851961 978

4010..8 . 224 17.92461962 2,285

51 16.5309" 897 14.71963 6,088
9.6146 . . 144.32191964 5,127

113 7 6.21621965 1,676 9.7

20.9 111" 1.81966 2,913 27

*Fence washed out for short periods by floods

**d/u = no.down/no. up
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Fates of tagged adult salmon after they descended through
Curvento.n counting fence, 1960-1963,, Data are for recaptures
during the same year and do not include a few records for fish
caught one or two years later. Percentage to nearest whole
number. (from Saunders and Sprague 1967;

Table 4

! No further
record

Angled in
Miramichi

be1ow
counting fence

AngledCaught
comnerctally
in Miramichi

estuary

Tagged
. salmon

descending

Finally
reascended inYEAR

other
rivers

6470 5 8 9
6%3% 5%1960 156 45% 41%

3 ' 112722
50% 6% 2% 2%41%' . .1961 54

6 269227
20% 5% 2%5%69%1331962

10 17 8489210
2%1I/O 1%67%29%1963 . 734

20*32672
62%

24329
• 31% 9C/ 2%09'1 ,077Totals

* Of this number 16 were angled in the Sevogle River which is a major tributary
joining the Northwest Miramichi % mile below the counting fence.

OJ
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Propor t ion of gr i l se run pas t Camp Adams ,
by months , 1957- 1963,
a f te r Keenleys ide MS , 1961 )

Table 5
' !

1969 19631961 19621953. 19591957Month

3 .2. 13 .913 .5 3 . 01 . 6 1 3 3 .5June

69, 659, 9 ' 73 .329 .576 .2 - 32 .474 .3Ju ly

. 6, 053.7 19 .513 .9 2 2 . 2 .8 . 117.1Au gus t

4 .3 . 6 .3 3 .0-3 .7 • 4 .93 .3o 9September

2 .37 .7 - 3 .1 7 .4 .2 .3 1 .43 .3October

3 .3n 2 .3 3 .33 .20 .3November

2375232 13516475232Tota l number 560
of gr i l se

2033

u>u1



a* > “ . V •

•*.1''1

Table 6 Comparison of numbers of Atlantic salmon
captured by three methods in the Northwest
Little Southwest and Main Miramichi rivers,

(a plus sign indicates an increase,
a minus sign a decrease)
1954-1966.

Grilse and
Grilse Large Salmon Large Salmon Rod-days

Number of Fish Catch per Large Salmon:
Rod-day Grilse RatioLocation

N.y/-, Miramichi

Curventon Fence Counts
i * " A1 •^3586

3427
-4.4

789A* 2797
B* 3121
C* +12.0

306-61.0
1:10.2

3000 '

3187 '

+6.0

6810
5633-17.0

.45AAngling
55B .

+10.0C

L.S.'/V. Miramichi

5304
6960
+31.2

2134
4660
+118.4

.41AAngling .62B
+20.4C

MilIbank
(Miramichi Estuary)

Experimental Trap
6923 1:1.0

1:6 . 6
3479
1252
-64.0-

Net A 3444-
B .8286
C +140.6

9533
+37.3

to
ON

Yearly average 1954-1959Yearly average 1960-1966Per cent change between periods.

4r A

B
C
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Numbers of Atlantic salmon counted at
Curventon and angled from Northwest
iiiramichi River,

Table 7

IP50-1966.N.a» 9

Fence CountsNo. Angled
Large salmon
and grilse

Large
salmon Grilse TotalYear

269719717.26I960 4779

2133 239581230891951
3449214213071952 . 3565

2165 3298103337131953
36822601-103141031-54 •

3538275673224461955

13377745631956 1754

158.137570612211957
3000242053031471953

83577355100246371.959

316927923771707. 1°60
1331954 •8771269 .1961
2509228522420391962
6397603830925451963
5261511714440601954

1669 178912056041965

2913 3012991966 5099
' \

340027686323221Yearly
Average


