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1 INTRODUCTION

e

o A recent increase in mining activity on the watershed -
of 'the Northwest Miramichi- River in northeastern New Bruns-

- wick prompted the Resource Development Branch of the. Depart-
-ment of Fisheries to compile a summary of available knowledge
on this important salmon river.

This report reviews the present status of Atlantic
salmon in the Northwest Miramichi by describing the activities,
particularly base metal mining, affecting the resource with
regard to the following aspects: (1) fluctuations in
juvenile salmon abundance, (2) movements of migrating
adult salmon, (3} fluctuations in adult salmon abundance,
and (4) salmon potential, : ‘

The assistance and co-operation of .the Pollution and
Anadromous groups of the Fisheries Research Board of Canada,
Biological Station, St. Andrews, N.B. ig gratefully acknow-
ledged. : : ’ o
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'11 HISTORY .OF ACTIVITIES IN THE DRAINAGE BASIN.

The Northwest Miramichi has long been noted as an

‘important Atlantic salmon stream. Prior to 1953, sylvi-

cultural and industrial developmen+s had not notlceably
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 ‘'small blocks with about. 30 .or 40
years 1nterven1qg between cuts on any one part. Because

-the river is for the most part rapid flowing and has few

sections of stillwater, logs were floated down each spring’
without the use of large driving dams. Over the years the
only visitors to the river were salmon anglers, woodsmeﬁ

“and occa51onal hunters and trappers.

In 1934 large - scale lumbering operations began
with the openlng 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 209,200 cords had been cut, which is

‘roughly equivalent to one- Zfifth 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

: NortHwesi,Mlnamlghl River; the drives beglnnlng about
. April 15 of each year and lasting about two'months depending

upon-weather conditions (pers, comm., New Brunswick Forest
Service, Newcastle, N, B ). : o

, The entire basin was sprayed to varylng degrees w1th
D.D.T. in six -years:since 1954 in an attempt to control .
spruce budworm infestations. In the fall 'of 1957 pulp-
harvesting operations during.a time of low water caused a
log jam which formed a partial barrier to 'upstream .-
migrating Atlantic salmon.

In the eumMer of 1960, base-metal mlnlng‘polluéLon

-appeared in the Northwest eramlchl from the Tomogonops

tributary and this problem has per51sted to the present,

- The Northwest Miramichi has been the subject of a
continuing research program by the Fisheries Research
Board of Canada since 1953 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 19%0'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;gﬁﬁ;g;ent_ggunilng

fence with a permanent_concrete base was installed at
Curven+on, one- half mile- upstream from the site of the old

one.




Water chemistry in the river has been monitored almost
daily since 196D 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 1959, Atlantlc salmon frequenflng this river
have been 1nfluenced to varying degrees by other activities

. and factors in addition to base-metal mining. The llstlng

which follows serves to indicate the extent of these other
ac;1v1t1es,.some of which often tend to be overlooked,

(a) trabolng anfJ handling smoltq at the counting

ancos,
(b} tagging and fin-clioping salmon,
{c) removal of parr and smolt from ths river for

experimental purposes,

hatchery plantings,

- differential survival of- salmon betwoen years,
commercial fishing of N.W., Miramichi stocks in
tidal wabers, o ' o
‘D,D.T. spraying,.

pulpwood cutting and ﬂr1v1ng,

pulp-mill effluent in tidal water at Newcastle.
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" 111 BASE-METAL MINING

1. Historicsal-

: _ .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 1)}. In
January 1957 a 1,500 ton-a-day mill was opened which
began pro uCLng copper, lead and zinc concentrates., In
1958, the price of base.metal concentrates dropped and
the mine was closed for two.years until reactivitated in
the early part of .1960.. 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 3090 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 chemlcal analy51s

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 4,1} with a high conductance indicating
"a heavy load of lonlzed 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 trlbutary. S :

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

In 1960, a tentative estimate of 0.06 mg/1
'(63,ug/l) of zinc was used as a "safe" level of mining
pollution (Sprague MS, 1961). This level was exceeded in
the Northwest eramichl throughout most of the year and on
two occasions the zinc levels anproached or exceeded the
established lethal level which is 2.6 mg/1 (600/09,1).



2. %nurces of oo‘lutlon

_ The Resource’ Develovmont Brancn (formerly Flsh
Culture DeJelopment Bra nchs of the Department of Fisher
“attempted ‘in 19564 to accurately locate. the sources of
‘pollution at Heath Steele Mines (Anon. MS, 1965). :Six S
“stations (c.f. Fig. 2) were sampled wee klv and an additional
twelve were sampled once in May, August and Movember. - Station
A on- the Little-Soutn Tomogonops Rlvor above the mine property -
and station B on the main Northwest iiramichi immediately above
the mouth.of the Tomogonops River served as controls. At these
stations concentrations of copper ranged from O to 96‘po,. and
zinc from O to 55 ug/l, lethal concentrations being 48 ug/1
and 622 ug/l for copper and zinc rospect1v¢1v (Sprague 1364}
: Statlon C, lncated at the mouth. of the .
.TOﬂO]OnOpS River, ‘monitored the. total ront4ﬁ1n3+1on
. reaching the. Northwebt Miramichi from the mine. . The
"concentrations of zinc and’ coope* were. extremely high

5 thraughout 1264, copper ranglng from 27 to 176 ng/1

e 1}

and zinc from 330 to 16 300 jg/l. If :hese values are
expressed as toxic units 1/ it is evident ‘that toxicity
fluctuated between one- half and greater than twice the =
- lethal’ level on the days that the samples were taken.

Station D, ‘was located on the Sauth Tomo;onops
belaw the secoﬂd tailings pond which had been constructed
in 1963.. Toxic units were low throughout the test period.
May 17 fo ‘December” 1, ‘suggesting ?hat this tailings.pond
" was: doing an aueqna*e “job of nreven in:gy zinc -and copper

from eccahan into +Hv‘rrchv*n ' 'Iudﬂ. T

4

',’Tox1c unit’ is -an. ‘index of OOllUulon obtained- bv o
“calculating the ratio he tvéen the actual concentrotion |
of the no11utant and its incipient lethal level »r

oncentratlono - In the case of two cnemlrals such.as

copper and zirc-in the same environment, . the 1nc10*mnt 

lethal level of the mixture is attained wwhen addition
of texic units contributed by each metal’ reacnes a
total of l.O-(aprague and lamsey, 1965}

1
=



‘Station E was located on the Little S.uth
Tomogonons below the mine, Concentrations of copper and
zinc were ex*tremely hizh fHLouquuut the ;ear; v1_.,'_opper
fluc thJLQl bﬂfweoq 72 and 2 lr?,ma,l and zinc hetween 1927

and 21323 ug/1l.  This is thlcaLLVL of the large amount of
toxicity that can be atiributed to surface run-ol £f from

the mine property ahove this sampling site. Stat ton F was
13»a+ei on the "Clean “Jater" Channel at “edge HMine Road

just below the concentrator which is the functional center

1

of the mining operation here., Cobpner and zinc concentratio

Cwere nﬁsLxelaHLv higher than at Station £ shortly bel oW 3
the unuentLaLL;.s belng 36 ﬁﬁ?,ug/l and 388, DD,Mg/l for
covper and zingo ruSﬁe"tlvol‘ - It ceems klonr that the
maior source of nol lTution is the cUnc,“FraLor and the
operations immedlately assncliated with ;t.

: The twelve sunplementary stat 5 Te ted L

carlier were located In close nroximity to the aources of
pollution and discuSsi of the data is summarized here
using zinc as the crite rion. of pollutions {1} Only

a gmall amount of zinc Js contributed by Camp Stream above

the mine property; most of the contamination nccurring
'behween'fheAraad_tnraﬁn the mine property and-the “edge

Mine Ronad whn10~Cunn_uerable amounts of tallings and ot
ﬁ)”*ﬁ material wore dumped on the droinaye basin «f Can
Stream and subsequently leached out.inbe the stream,
(23 A large.amount of heavy metal contamin ation 1o con-

rributed periodically by the Mo, Z shaft area where sume -
construction and ‘elther oumplng Or ovefflowinx DCCUTS,

An illustration of this is the h

ta
e

I

heavy metal concentra-

3]
iun

tion in Pumping ¢ JIOUnUJ'BIUU} which receives af the
sump-water from Mo, 2 shaft. ({3} The -aL‘:ng pond is
funztioning adequately by retaining the bulk e heavy
metals which are pumped Lntn it, . )

A maidr noint arti Rt From thisstudy by tne
Resource ngﬁ‘preﬁt Pranch 1is that coprer and zinc
»?,llxtlun from hase-metal mines can he moderated, in
large part, by ¢onveying all wastes, bolh solid 1]
Tiquid, ko & tailinjys pond.. A properly sund Lening
tailings ponil has proven o he an effeltive means of
redu-ing Ehe amount of metal ions releacsd into a '

s ¥

s



3, Control efforts by the mininy Company”
A tailings lischarge line [rom “he-concentratar

Lo<C
5t o "old"™ tailinis pond waes bullt in 1003 and

Ruiad

the [ilrst b
Fifficulbties.wera 5000 wxperipnxw‘-thh tiiis system. when:
it was .liscovered ‘that the pondiwas tas qmu!.. A Taryer.
Hrow' t2ilings pond was completed 'in 1963 alony with a 7“4'
pipelire and pum Sk ’ ook Mairty?
“iater {rom Ul OF
“Ehis cecond. i
1764 bui fre n
ot has causcd ce 1
winter mynths vdzk yea;.up‘td‘thé present.

SetEling pondd ero constructed In 1207 and
t " -

iminy operations bejdn behnj dlmhﬂurﬂﬁ{
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IV JUVENILE SALMON POPULATIONS

1. Year-to-ve n

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 Flgure 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-sparying 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 195 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.



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 19358 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 (Spraque 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 1960, which
appearsto have seriously reduced fish of all age groups in. .
the 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-spray -
years., 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 within
the area affected by the mine effluent in 1960 (Elson MS, 1962b}

‘ The base-metal mine pollution is known to have
hindered 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. Howevex,
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 lower
river, only one quarter as many underyearlings were produced
in 1961. The correlation between the beginning of serious
base-metal mine pollution and poor juvenile saimon populations
- despite excellent seeding is obvious (Elson MS, 1962b).

: There were moderately ‘good numbers of underyearlings
throughout the river in 1962 explained by the fact that the
mine pollution was somewhat ameliorated throughout 1961 and
- into 1962, During the three-year period 1963 -through 1965
young 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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2. Changes in large parr abundance

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 one-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 pooulation 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 1/ Below Tomogonops 2/ Entire
Large parr per Total No. Large parr per Total No. River
100 sq. yds. large parr 100 sq, yds. large parr
(x1o£) (x104) (X192
1951-53 18 25.9 4 3.1 29,C
1954-59 2 1.6
17.4
1954-62 11 15.8
1960-65 1 0.8
238
1963-65 16 23.0

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

1/ Total rearing area above Tomogonops is 14,4 x 103 sq. vyds.

2/ Total rearing area below Tomogonops is 7.8 x 10° sq. yds. |
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large parr was approximately 40 per cent throughout the
period 1954 to 1999 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, : :



V -MOVERENTS 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.B. o S : E

1. Mining pollution and aduLt‘salmon movements

Saunders and Sprague (1967) found that a major
consequence of the disturbed migration through the polluted
“sectisn 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 1969, 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, 19690, 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, Hithin 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~relati5ns between ascending Atlantlc
salmon at two counting fences on the main river are-tabulated
below (source: Saunders and Sprague, 1967). : :

 YEAR CURVENTON . CAMP ADAMS  C.A./SURV, x 199
1957 1,881 IS T "' Pra
1988 . - 3,000 . o2 T
1050 3,357 5,499 | 65
1960 - 3,169 663 ~ 21
1961 1,331 o 626 34
1962 2 509 1,113 o a4

1963 6,397 2,484 | - 30.



13, -

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
1960 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 1960 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 assoclated with freshets.. .
Downstream movements were few., Judging by concentrations
of zinc and copper in the unpolluted part of the IMiramichi
during several years (Sprague and Carson M5, 1964) total
toxic units for these metals would have been only-about -
0.03 at Curventon throughout 1955 when there was no mining
pollution. ‘ S S :

In the years 1960-1963 there was significant
downstream movements whenever pollution exceeded about

- 0.3% 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 ¢ue to unexplained straying behavior or. unsuitable

- environmental conditions. Salmon which might have just
spawned have not been included in downstrean movement -
counts durirng recent vears. There is no evidence that
successive.year classes of salmon are 7rowing accustomed

to the pollution, Many cf 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
ses as voung 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 1962 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 was actually the home stream being sousht
by the fish (Saunders and Sprague, 1967).
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When the level of pollution rises above 3.8 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
present data for 1964 to 1966 inclusive 1in the same fashion,
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.

2. TFates of descending salmon and loss of spawners

' 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 halfA?1077)
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 1939 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 totdl were finally observed reascending in
the season of descent, and seven per cent were. 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: 489, 188, 195
and 650 salmon. These losses are 195, 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 ares 161, 117 and 20 salmon. These
losses are 3, 7 and 1 per cent of the numbers ascending at
_Curventon during the vears in question. It would appear
“that salmon losses have been smaller in recent vyears.
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During the years 1957 through 19359, prior to
pollution, Keenleyside (MS, 1961) found that the first
grilse passed Camp Adams counting fence on June 25, 15
and 25 respectively. In 1960 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
appearances occurred on June 17, 24 and 21. Table 5.
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 1960
while very slight disturbances may be detected in 1961
and 1962, Base metal pollution was more severe in the
river in 1960 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
reaches of the river (ibid.). In 1960 the comparable
figure was 5,0 per cent., Similar tagging data are not
available for succeeding years. : '



V1 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 136.6 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 (M3, 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 1in 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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Vi1 ESTIMATES OF PRESENT AND POTENTIAL SALMON RUNS

1. fFresent Run

Two methods have been used to estimate the present
size of the salmon run in the Northwest Miramichi: (a) escape-
ment plus catch and (b) calculating expected adult return from
data on large parr densities, The first method 1is preferable
and would offer a very good estimate if all the background data
_weTe available but there are certain inherent weaknesses which
will reveal themselves in the assumptions outlinad below,

(a) Escapement plus catch. The assumptions used 'in
this calculation are as follows: (i) insignificant numbers
of salmon are angled above Curventon and the number counted
at this point is equivalent to the spawning escapement;

(ii) 25 per cent of the salmon reported angled in the Noxrth-
west HMiramichi are acfu?lly destined for. the Little Southwest
Miramichi and Sevogle L1/ rivers since much of the angling on
the Northwest ldiramichi is concentrated near the mouths of
the other two rivers; and (iii) based on preliminary werk

by Saunders (115, 1965) it appears that less than one per
cent of the Northwest Miramichi large salmon stock 1s taken
by commercial fisheries. Based on these assumptions, the
annual escapement (1960-1965) is 3500 fish, the number
angled each year (1962-1965) is 22030 fish and the number
taken commercially is negligible. The estimated present

run size by this method -is 5700 salmon. '

. (b} Large parr densities. The assumptions used
in this calculation are as follows: (1) present total

r of large_parr in the Northwest Miramichi is 238,320
ction 1V (2)); and (ii) survival rates (Elson, 1962a}
arge parr to smolt (42 per cent) and smolt to returning
adults (3 per cent). The estimated present run size by this
method is 7620 salmon. ' a

= Aécofdinq_to the two methods outlined above, the
total adult salmon run presently supported by the Northwest
Miramichi may range from 5703 to 7620 fish. I :

1/ Sevogle River, although tributary to the Northwest
Miramichi, is not included ir any of the run estimates
since fence counts and large parr densities are not.
available for this river.
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2. - Potential Run

It is believed that under optimum‘environmenial
conditions the Northwest Miramichi could support a larger
run of Atlantic salmon. For the purpose of this calculation
average large salmon parr densities for the years 1951 to
1953 inclusive are used because it was in this period that:
exploitation of the forest and mineral resources was least-
evident and as a result optimum preoducticon of .salmon coula
be expected. As calculated in Section 1V (2), the total
number of large parr in the river each year during that
period (1951-1953) was 290,000, Using Elson's (1962a)
survival rates, *the estimated potentlal run size is. 9322,

It appears from the above calculations on present
and notential run sizes that with improved environmental
conditions, particularly pollution abatement, the salmon
stock supported by the Northwest Mitamichi could be increased
by at least 20 per cent. o - - ' '



VIIL 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 1954,

Heath Steele “1nes lelted first produced copper,
lead and zinc concentrates in 1957 at a site located on the
Tomogonops River, The effects of the effluent on Atlantic
salmon were first noticed in June 1960 when adult fish were
observed descending pnast 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 bheen carried out daily,‘almost without exception, since
1269 and although certain control efforts have been undertaken
by the mining company, there has been na great 1mprovoment 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 490 per cent through-
out the Northwest Miramichi River during the six-year period
16%4-1959 when DDT forest spraying and pulp wood blockage were
evidenced.,. After 1969, large parr Dopulaflono in the upper
river rebounded approacnlng levels of the nre-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 pollutlon 1960~ 1965 is estimated .
‘to be about 20 per cent. S ,

' The upstream spawnlng mlgratlon of Atlantic salmon
'_throuqh 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 19617-1963 there were significant downstream movements
of adults whenever pollutlon exceeded about 2,35 to 2,43
toxic units and there is some evidence to suggest that when
- the level .of pollution rose above 7.8 toxic units, 1t acted
as a complete barrier to upstream mlgratlon‘ :

Tagolng studles show that 69 per cent of the salmon
which descended through the lower countlng fence at irregular
times were lost from the stock available to the upper part of
the river. These losses ranged from one to fifteen ner 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 miqgrating 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 1967 in the number of fish
angled from the Northwest lMiramichi compared with a gain of 118
per cent on a neiqghbouring river, the Little Southwest Miramichi.

The present run of adult salmon to the Northwest
Miramichi each year is estimated to range from 5720 to 7620,
while the river has supported an estimated run of 9329 salmon
when natural habitat conditions prevailed.
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Above Tomoaonops

ings

-

Undervear
"Small parr

Large parr

Belcw Tomogonops

Underyearlings
Smali barr

Large parr

2 Average numbers of young salmon per 100 sq. yds.

in the Northwest Mirasmichi River above and below

‘the Tomogonops River tributary, 1951-1965, (Date

from P, F. Elson, pers, comm.,

Above Tomogonops: 5 steticns excert lQV*, 4 staticns

Below Tomogonops: . 4 staticns e%cent 1951, 3 stations;
1953, 1988 and 106J 2 staztions;
19954 and 19¢Z, 1 statl ny 1264 and.
1665, 7 stations.

19%6

1952 1653 1954 1959

1951 S 1957
DD T3
39 16 29 0 67 20 20
25 22 41 . 6 | J 53 37
15 9 20 - 8 3 1 29
DT DDT  DDT
3 17 8 2 32 2 5
7 18 12 1 1 13 4
3 o) 3 4 L J 4
 _*DDT {l Forest spraying with ODT.
”%¥P,W.g:f ?érﬁial barrier to salmon spawnlng » gration~by

pUprood Blockag

*9 ¥, P, ; Base-metal mlnlng pollutian.

{Continued on next pagel.
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Table 2 {cont'd.)

1963

1964 1065

1955 1999 ___196) _ 1961 1962
* X . :

Above Tomogonows P.W./DDT = | U
Underyeéarlings T 31 18 9 29
Small parr .24 13 16 20 1
Large parr - 10 16 1% 16 11
Relow LOMOQONOPS .PJN. CM.P. ‘M.P.  M.P./TC
Underyearlings 41 . 15 1 4 8
Small parr | 1 30 - 7 3 1
Large pérr 3 2 2 1 2

#7307 ¢ Forest spraying'ﬂith oUT.

«%P,%, 1 Partial barrisr tu salmon
culpeowd blockage.

SR D, Ba:e-mgtal mining Dallutil

bl

32

12

O W b el

N
D
NN
O

N
[
=
~1

W



33.

Table 3 Movement of adult Atlantic
"~ salmon past-the Curventon
Counting fence, 1954-1966
(Provided courtesy Fisheries
Research Board of Canada,
Biological Station, St. Andrews)

Grilse : - Larae salmon o
.Year, No. Up No.-Down: d/uﬂ§ 100 ' No, Up No. Down d/u i IOG
%1954 2,600 37 1.4 108 0 5 2.5
1955 2,756 58 2.1 778 11 1.4
#1956 775 BEVIREEENE IR 587 13 2.2
#1957 . 875 38 L a3 706 7 1.2
1958 2,420 | el 2.5 550, 12. 21
%195 7,355 40 - 0.5 I 1,002 oLl
$1060 2,775 665 24,0 376 39 . 10.4
1061 978 85 8.7 | 866 168 19.4
o2 2,285 246 10,8 || 224 40 17.9
1063 6,088 897 - 147 - || 309 51 16.5
1064 5,127 219 I S 14 9.6
1965 1,676 . - 162 STy s ’:'7 6.2
1966 2,913 27 0.9 | S SEE R 1;3'5

*Fehce'washed out for shorf*periods by flp@ds

#*%d/u = no. down/no., up
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Table 4 Fates of tagged adult salmon after they descended through
- Gurventon 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, S
C Tagged Finally }No further Caught  Angled in Angled
YEAR “salmon | reascended record commercially Miramichi in
descending in Miramichi below _ other -
' ~ estuary counting fence rivers
79 boea 5 8 9
1960 156 45% - 41 % 3% : ' 5% . 69
22 27 | 3 1 1
1961 54 41% . . " 50% : 6%, 2% 2%
27 1 92 6 6 2
1962 133 20% - 69% 5% . 5% ' 2%
- 219 489 . 10 17 '8
1963 . 734 29% 67% 1% 2% 1%
329 . 672 24 32 0%
Totals| 1,277 - 31% 62% 2% 3% 2%
¥ Of this number 16 weré angled in the Sevogle River which is a méjor tributary

joining the Northwest Miramichi Y4 mile below the counting fence,

‘ve



Table 5 Provortiosn of Jrilse run past Camp Adams,
by months, 19957~ 1363, '
(after Keenleyside M3, 1961)
| Month 1957 1958 1939 1962 1961 1962 1963
June 1.6 17.% 1.3 2.0 3.5 3,2 13.0
_ July_ 74,3 76,2 BZ.4% 29.3 56,9 737.3 . 69,6
August 17.1 2.1 12,9 53,7 22.2 19.5 6,0
September 3,2 3.9 3.7 4.7 6.3 4.9 3.0
October 3.3 2.0 1.4 7.7 3.1 2.9 7.4,
November 2.9 2.2 2.2 3.9 9.2 - 2.0
Total number 560 2033 5202 647 28

2375

o
. | el
Qo
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of grilse




Table 6 Comparison of numbers of Atlantic salmon
‘ _captured by three methods in the Northwest
Little Southwest and Main Miramichi ILV@IS,
1954-1966. (a plus sign indicates an increase,
" a minus sign a decrease) :

‘ : Number of Fish Grilse and . ' Catch per Large Salmon:
Location R Grilse Large Salmon Large Salmon Rod-days  Rod-day @Srilse Ratlo
N.W;‘Mirémichi‘

Curventon Fenre Counts e : : - ' = L
A¥ 2797 . 789 3586 - S 1:3,5
B% 3121 306 3427 - 1:12.2
Cx +12,2 561,90 -4.4
Angling A a0 6819 .45
. . 3. L ‘ 3187 5633 = .55
c - . B £ PR ' -17,0 . +12.0
L.S.N, Miramichi
Angling A © 2134 5324 , 41
: ' - B 4662 6962 .62
C +118.4 +31.2 +23 4
fillbank '
(%xramlchl Estuary)
Experlmental Trap: _ - ‘ :
. Net A 3444. - = 3479 : 6923 1:1.0
: B 8286 - 1252 9533 , o 1:6,6 0
o +14D, 6 -64,0 . +37.8 o &

A Yearly averaqge 1954-1959
B Yearly averagye 19620-1966
C  Per cent change between periods.

*
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Table 7 Mumbers of Atlantic salmon counted at
' Curventon and angled from Northwest
iliramichi River, N.B., 1950-1966."

No, Angled

Fence Counts

Large salmon Large

Year and qgrilse salmon - Grilse Total
1950 4779 726 ' 1971 - - 2697
1951 3089 812 .4 2183 - 2895
1952 3565 - 1397 2142 3449
1953 3718 1033 2165 3208
1054 4193 1081 2601 3682
1955 2446 782 . 2756 . 3533
1956 1754 563 : 774 R 1337
1957 1221 776 ' 3875 ‘ 1581'
'1657 3147 537 2429 . 3299
1959 4617 1992 - 7355 8357
1065 1797 377 2792 3169
1961 1269 877 Q54 1831
1962 12939 294 2285 2599
1963 2545 399 6785 6397
19014 4969 144 5117 5261
1065 5604 120 1669 1730
1066 5999 99 2913 3012

Yearly 3221 632 763 3499

- Average



