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ABSTRACT

Estimated total returns to the Saint John River in 1986 were 16,027 1SW and
11,839 Msw salmon. Homewater removals of about 4,000 1SW and 4,400 MSW fish led
to an estimated 1986 spawning escapement only 73 percent of the target number of
MSW spawners. The forecast of 1987 homewater returns is 13,152 1SW fish (5,552
more than the target escapement) and 18,003 MSW salmon (7,403 fish more than the
target escapement plus hatchery broodstock requirements). Homing tendencies of
the MSW salmon to 'above’ and 'below' Mactaquac origins will result in surpluses
to spawning requirements of 6,081 fish 'above' Mactaquac and 1,322 fish 'below'
Mactaquac. Variation between forecasts and 'actual' fish returns suggest the
utility and value of multi-year management plans based on general trends in stock
status rather than on a specific assessment.

RESUME

On a estimé d 16 027 unibermarins (un hiver en mer) et d& 11 839
redibermarins (plusieurs hivers en mer) le nombre de saumons qui sont
revenus dans le fleuve Saint-Jean en 1986. Des captures, dans les eaux
d'origine, d'environ 4 000 unibermarins et 4 400 redibermarins ont permis
de déterminer que 1'effectif de frai atteignait en 1986 seulement 73 pour
cent du nombre cible &tabli pour les reproducteurs redibermarins. On
prévoit qu'en 1987 les retours dans les eaux d'origine se chiffreront a
13 152 unibermarins (soit 5 552 de plus que 1'effectif de frai cible) et &
18 003 redibermarins (soit 7 403 de plus que 1'effectif de frai cible et le
stock reproducteur requis pour la pisciculture). Les tendances de retour
des redibermarins dans les eaux d'origine en "amont" ou en "aval" du
barrage de Mactaquac se traduiront par un surplus de 6 081 poissons en
amont et de 1 322 poissons en aval, par rapport a 1'effectif de frai
cible. Les différences entre les retours prévus et les retours “reéls”
témoignent de 1'utilité de 1'importance de plans de gestion pluriannuels
fondés sur la tendance générale des stocks plutdt que sur une évaluation
precise.



INTRODUCTION

This document is background to the management of Atlantic salmon stocks of
the Saint John River, New Brunswick, and, as such, documents data and analyses
available in November 1986 relevant to stock status in 1986 and forecasts for
1987.

BACKGROUND

Physical attributes of the Saint John River drainage, salmon production area,
barriers to migration, fish collection and distribution systems, the role of fish
culture operations and status of the salmon stocks since 1970 have previously been

described by Marshall and Penney (MS 1983), Penney and Marshall (MS 1984), and
Marshall (MS 1984; MS 1985).

Forecasts made in 1985 (Marshall, MS 1985) suggested that total 1986
homewater returns would number approximately 9,400 1SW and 13,600 MSW salmon.
CAFSAC advised managers (CAFSAC Advisory Document 85/22) that for 1986 there would
in total be 1,900 1SW and 2,800 MSW salmon surplus to spawning requirements,
including a deficit of 1,000 MSW salmon below spawning requirements returning to
tributaries 'below' Mactaquac; and that there should be no increase in the
exploitation of MSW salmon over that of 1985.

The Management Plan for 1986 was almost identical to that of 1985 in that
there was a total ban on homewater commercial fisheries, a prohibition on the
retention of MSW salmon captured in the sport fisheries, the same open seasons for
sport fishing and a 900 fish quota (blatantly ignored) for the Indian Food Fishery
at Kingsclear. Differences from 1985 were that the Kingsclear Indian Band was
unimpeded by mid-season closures (largely ignored in 1985) and that the Oromocto
Indian Band was granted Ticense to fish for 150 salmon. The reduction of open
commercial seasons in Newfoundland, 1984-1986, and closure of Nova Scotia
commercial fisheries, 1985-1986, are reflected in homewater returns but made
little impact on MSW forecasts derived from a 17-year data set. River water levels
were Tow in June, about average in July and among the highest of 20 years of
record for August and September. Sport fishing success was generally regarded as
"fair" at best, and down from 1985.

In general, estimates of total returns, removals and required spawners in
1986 and forecasts for 1987 were determined in a manner similar to that of
Marshall (MS 1985).

METHODS

Total River Returns

Total returns of 1SW and MSW salmon of both wild and hatchery origin from
both 'above' and 'below' Mactaquac Dam consist of the summation of Mactaquac
counts, estimated catches by the Kingsclear Indian Band located between the
Mactaquac Dam and Mactaquac Fish Culture Station, estimated angling catches in the
mainstem area immediately below the Mactaquac Fish Culture Station, estimated
by-catch and estimated returns to tributaries 'below' Mactaquac Dam.
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Mactaquac counts consist of those fish captured at the fish collection
facilities at the Mactaquac Dam and at the smolt migration channel (MC) at the
Mactaquac Fish Culture Station. The discontinuation in 1984 of clipping the
adipose fin from smolts originating at Mactaquac Fish Culture Station has meant
that the identification of 1SW and MSW returns in 1986 were dependent on fin

erosion (principally dorsal fin) and on interpretation of patterns of freshwater
growth on scales.

Guesstimates of removals by Kingsclear were obtained from federal sources.
Relative exploitation rates for 1SW and MSW salmon of hatchery origin (previous
tag recovery information) and proportions of hatchery and wild fish at the dam
were used to apportion total removals into hatchery/wild and 1SW/MSW components.

Estimates of by-catch removals were obtained from federal sources. Their
subdivision into TSW/MSW, 'above'/'below' components was approximated using the
proportion of both hatchery and wild, 1984-1985 homewater returns that the wild
1SW and MSW salmon by-catch were of the potential total homewater wild returns to
Mactaquac and 'below' Mactaquac. Hatchery/wild components of each were
apportioned on the basis of the relative contribution to and 'below' Mactaquac of
the 1984 (MSW) and 1985 (1SW) smolt releases.

The total angling catch from the main stem 'below' Mactaquac was assumed to
approximate that of 1985. Ten percent of the assumed MSW catch was considered to

have been removed from the spawning escapement either because of illegal retention
or delayed release mortality.

Returns of wild salmon to tributaries 'below' Mactaquac in 1986 were based on
their proportionate contribution to the estimated total Saint John River returns
1970-1983, i.e., 0.48 for 1SW and 0.41 for MSW fish (App. 1). This method was
used because there was, with the exception of 1SW removals from the Kennebecasis
River, no estimate of angling catch or release 'below' Mactaquac. Hatchery
returns to all tributaries ‘below' Mactaquac were calculated as the product of the

number of smolts released and the estimated return rate for fish released at
Mactaquac.

Total River Removals

Total removals include estimates of those fish to the Kingsciear Indian
Reserve (no estimate from Oromocto), mainstem sport fishery 'above' and 'below'
Mactaquac, Tobique and Kennebecasis sport catches and the by-catch fishery.
Additional removals include some fish captured in the Mactaquac collection
facilities and transferred to the Aroostook River, retained at Mactaquac for
broodstock, mortalities encountered during collection-handling operations and some
fish sacrificed for analysis.

Angling catches for the main stem 'above' Mactaquac and for the Tobique River
were guesstimated by DFO personnel. Proportions of 1SW/MSW and hatchery/wild were
based on the proportions released to each area. Angling catches of 1SW and MSW

fish in the Nashwaak River were not available. An estimate of the 1SW catch in
the Kennebecasis River was provided by DFO.



Required Spawners

An accessible salmon-producing substrate of 12,261,000 m2 'above' Mactaquac
and 15,928,000 m2 'below', an assumed requirement of 2.4 eggs/m2, a
length-fecundity relationship (loge Eggs = 6.06423 + 0.03605 Length)
applied to MSW and 1SW fish, 1972-1982, and the 1SW:MSW ratios in those years
suggest that, on average, approximately 4,400 and 5,700 MSW fish are required
‘above' and 'below' Mactaquac (Marshall and Penney, MS 1983). Because 1SW fish
normally contribute so few eggs (fewer than 5% females) a management philosophy
limits 1SW requirements to that number which provided males for MSW females
unaccompanied by MSW males, i.e., 3,200 'above' and 4,000 ‘below' (Marshall and
Penney op. cit).

Stock Forecasts

a) 'Above' Mactaquac

i) 1SW Wild

The forecast of wild 1SW returns originating 'above' Mactaquac was derived
from a regression of total wild 1SW fish returning to the Saint John River which
were produced 'above' Mactaquac, 1973-1984, on adjusted (method in Penney and
Marshall (MS 1984) with data updates, App. 2, 3 and 4, this paper) egg depositions
in the Tobique River, 1968-1969 to 1979-1980. Returns of 1SW fish originating
'above' Mactaquac in 1984 and 1985 were changed in accordance with a redivision of
the by-catch to 'above' and ‘'below' origins. This change resulted from the
utilization of 1986 fry densities in the Nashwaak River to reconstruct spawning
escapement (method adjusted to account for MSW throwbacks) and returns to the
Nashwaak River 1985 (App. 5) and revision of the exploitation rate and angler
harvest on the Kennebecasis and Hammond rivers (App. 6).

Egg depositions for the period 1979-1980 were adjusted in the same manner as
Penney and Marshall (MS 1984) using freshwater age composition from 552 wild 1SW
fish sampled at Mactaquac in 1986. Adjustment of the 1982 and 1983 egg
depositions, principal contributors to 1SW returns in 1987, was done with the use
of angular-transformed mean proportions for age 2:1 and age 3:1 1SW fish in the
1969 to 1981 year-classes.

To make multiplicative effects of environment, competition, variability in
recruits etc. amenable to linear regression analysis, the natural logarithms of
the observed values were used (Ricker, 1975). The geometric mean (GM) Y resultant
of the logarithmic relationship was converted to an arithmetic mean (AM) by the
formula 1og1g(AM/GM) = 0.2172 s2 (N-1)/N, where s is the standard deviation
from the regression line of the normally-distributed natural logarithms of the
variates (Ricker, 1975, p. 274).

1) MSW Wild

The 1987 forecast of MSW returns to homewaters which originated 'above'
Mactaquac was based on the regression of the estimated MSW returns destined for
Mactaquac, 1971-1986, on the estimated numbers of 1SW fish originating 'above'
Mactaquac and returning to Saint John River in the previous year. As in the
forecasting of 1SW salmon, analyses included the use of natural logarithms and
conversion of the GM to AM.



iii) 1SW Hatchery

The release in 1985 and again in 1986 of all 1-year smolts as opposed to
principally 2-year smolts, 1967-1984, prevented the forecasting of 1SW or MSW
hatchery returns by either the product of the long-term return rates and the
number of smolts released or by regression techniques. Instead, the return rate

for 1SW fish in 1987 from 1986 l-year smolts was assumed to be the same as for
1985 1-year smolts returning in 1986.

Additionally, 1SW returns are expected in 1987 from releases of parr in the
spring of 1985 which did not attain the 12-cm length criteria of a "smolt".
Returns of these parr as 1SW fish in 1987, which may/may not be discernible from
wild fish, were estimated as the product of their number, a 0.0074 survival rate
to 1SW fish (Ritter and Gray (MS 1977) corrected for non reporting of tags) and a

factor of 0.5 for reduced survival in non-parr-like habitat of the main Saint John
immediately below Mactaquac.

iv) MSW Hatchery

Returns as MSW fish for l-year smolts released at Mactaquac in 1985 were
estimated as the product of their number and return rates for tagged l-year smolts
released from Mactaquac in 1976, 1978 and 1979 prorated by the 1SW return rate for
1-year smolts returning in 1986. MSW returns from the 16,952 smolts tagged in the

1970's were about 3.2 times the 0.0015 return rate for 1SW salmon from the same
smolts reported by Marshall (MS 1985).

b) 'Below' Mactaquac

i) 1SW Wild

The 1987 return to homewaters of 1SW fish which originated 'below' Mactaquac
was estimated from the forecast number of 1SW originating 'above' Mactaquac and
the proportion that the 1SW fish from 'below' Mactaquac were of the total 1SW
river returns, 1970-1985. The regression technique used previously (Marshall, MS
1985) increasingly deteriorated with the inclusion of estimated returns since 1984
and was therefore not used in this assessment.

i) MSW Wild

The 1987 return to homewaters of MSW salmon which originated 'below’
Mactaquac was based on the forecast number of MSW fish originating 'above'
Mactaquac and the proportion that the estimated returns of MSW fish 'below’
Mactaquac were of the estimated total MSW returns to the river, 1970-1985.

iii) 1SW Hatchery

Returns of 1SW fish from l-year smolts released 'below' Mactaquac in 1986
were calculated in the same manner as for those smolts released 'above' Mactaquac.
Returns from ‘parr' released in parr habitat of tributaries below Mactaquac were

calculated per the 'above' returns but without the 0.5 habitat quality discount
factor.



iv) MSW Hatchery

MSW returns from l-year smolts released in 1985 to tributaries 'below’

Mactaquac were calculated in the same manner as for those returning ‘'above’
Mactaquac.

RESULTS

Total River Returns

Estimated homewater returns in 1986 totalled 16,027 1SW fish (8,457
originating 'above' and 7,570 originating 'below' Mactaquac) and 11,839 MSW fish
(7,216 originating 'above' and 4,623 originating 'below' Mactaquac; Table 1).

Hatchery returns comprised 7.2% and 8.6% of the total 1SW and MSW returns,
respectively.

Counts at Mactaquac were 83.3% of the 1SW and 57.4% of the MSW fish estimated
to have originated 'at' or 'above' Mactaquac (Table 1).

The total removal at Kingsclear was conservatively guessed at 3,000 fish.
Proportioning on the basis of the relative exploitation rates for hatchery 1SW and

MSW fish at Kingsclear, (Marshall, MS 1985) provided estimates of approximately
600 1SW and 2,400 MSW salmon.

Releases of 46,134 and 56,992 hatchery smolts to tributaries 'below'

Mactaquac in 1984 and 1985 respectively, and the 1985 return rates of 0.00934% and
0.00402% for smolts released at Mactaquac in the same years (Table 2) suggest

respective returns in 1986 (Table 1) of approximately 532 1SW fish and 186 MSW
fish 'below' Mactaquac.

Total River Removals

In the absence of timely provincial sport statistics and landings at

ﬁingscle?r, removals have been etimated at about 4,000 1SW and 4,400 MSW fish
Table 3).

Spawning Escapement

Collation of the total returns (Table 1), total removals (Table 3) and
numbers of fish required to meet an egg deposition of 2.4 eggs/m2 indicates that
80% and 68% of the required MSW spawners were attained ‘'above' and 'below'
Mactaquac, respectively (Table 4). For 1SW fish, 184% of requirements were met
‘above' Mactaquac; 140% of requirements were met 'below' Mactaquac. The
proportion of females among 1SW and MSW fish counted at Mactaquac was 0.054 and
0.855, respectively - similar to the average of previous years.

Stock Forecasts

a) 'Above' Mactaquac

i) 1SW Wild

The 1987 forecast of wild 1SW fish returning to Mactaquac in the absence of
homewater removals was based on the regression of returns to homewaters of 1SW
fish which originated 'above' Mactaquac on estimated Tobique River egg depositions
adjusted for smolt age (Table 5). The AM estimate for 1SW returns in 1987 is
4,989 1SW fish (95% C.L. 3,874-6,426) (Table 5).



ii) MSW Wild

The forecast of wild MSW fish destined for Mactaquac in 1987 was based on the
regression 1oge Y = 4.590 + 0.490 1oge X (n=16; r=0.70; p= 0.003; Table 5).
The 7,625 1SW returns to Mactaquac in 1986 provided an AM estimate of 8,327 MSW
fish (95% C.L. 6,446-10,756) destined for Mactaquac in 1987.

iii) 1SW Hatchery

The forecast of hatchery 1SW fish destined for Mactaquac in 1987 was in part
calculated as the product of an estimated 191,495 smolts released at Mactaquac and
- the 0.00934 return rate (Table 2) for l-year smolts to Mactaquac in 1986, i.e.,
1,789 fish. In addition, it was estimated that 143,658 parr released at Mactaquac
in the spring of 1985 might experience a return rate of one-half the 0.0074
adjusted value of Ritter and Gray (MS 1977), i.e., 530 fish. The total forecast
of hatchery 1SW returns to Mactaquac is then 2,319 1SW fish.

iv) MSW Hatchery -

MSW returns destined for Mactaquac in 1987 were calculated as the product of
an estimated return rate of 0.0298, i.e., 2.19 x 0.00934 and 89,051 smolts

released in 1985. The forecast of hatchery MSW returns to Mactaquac is 2,654 MSW
fish.

b) 'Below' Mactaquac

i) 1SW Wild

Based on the 1970-1985 proportions of 0.56 of the total wild 1SW returns
originating 'above' Mactaquac and 0.44 originating 'below' Mactaquac (App. 1) and
the 1987 forecast of 1SW returns ‘above' Mactaquac, it is estimated that the

number of 'wild' 1SW fish 'below' Mactaquac in 1987 will be 4,989/0.56-4989 or
3,920 1SW fish.

ii) MSW Wild

In a manner similar to that for forecasting 1SW fish 'below', MSW salmon
‘below' Mactaquac were estimated from the 0.61: 0.39 proportion for MSW fish
above:below, 1970-1985. Hence the estimate is 8,327/0.61-8,327 or 5,324 MSW
fish,

iii) 1SW Hatchery

The forecast of hatchery 1SW fish destined for tributaries below Mactaquac in
1987 was in part calculated as the product of an estimated 38,387 smolts released
and the 0.00934 return rate for l-year smolts in 1986, i.e., 358 1SW fish. 1In
addition it was estimated that 211,655 parr released in parr habitat below
Mactaquac would yield 211,665 x 0.0074 or 1,566 fish. Total 1SW hatchery fish
returning to tributaries below Mactaquac are expected to number 1,924 1SW fish.

iv) MSW Hatchery

MSW hatchery returns ‘'below' Mactaquac in 1987 were forecast as the product
of the estimated 0.0298 return rate and 56,992 smolts released in 1985, i.e.,
1,698 MSW fish.



Forecast Summary

The forecast of total homewater returns (Table 6) to the Saint John River in
1987 is 13,152 1SW (8,909 of wild and 4,243 of hatchery origin) and 18,003 MSW
fish (13,651 of wild and 4,352 of hatchery origin). For the total Saint John
River the forecast returns minus the spawning requirements result in potential
surpluses of 5,552 1SW and 7,403 MSW salmon. Separation to 'above' and 'below'
Mactaquac origins indicates surpluses over target escapements of 4,108 1SW and

6,081 MSW salmon for the former and 1,444 1SW fish and 1,322 MSW salmon for the
latter.

DISCUSSION

Total estimated river returns in 1986 of 16,027 1SW and 11,839 MSW salmon
were 170% and 87% of forecast returns. Returns of wild 1SW fish 'above' and
‘below' Mactaquac were 150% and 170%, respectively of forecasts; wild MSW fish
‘above' and 'below' were 83% and 99% of the respective forecast values. Hatchery
1SW and MSW fish were 710% and 73% of forecasts. Spawning escapement of MSW fish
‘above' Mactaquac was 80% of requirement; escapement 'below' was 68% of
requirement. 1SW returns which exceeded all forecast levels suggest that marine
survival of the 1985 smolt class was higher than average.

Total returns are however a function of the estimate of removals--a major
shortcoming at the time of assessment. Lack of angling data below Mactaquac
completely precluded an index of abundance independent of returns to Mactaquac.
Returns destined for Mactaquac were also uncertain, given that removals by
Kingsclear were guessed conservatively, yet purportedly were numerous.

Failure to adequately document returns and removals results in the
underestimation of the Saint John's production capacity and, in time, will
contribute to the underestimation of future returns. Forecasts and corrected
estimates of returns 1982 to 1985, presently suggest that forecasts in 4 out of 5
years have been higher than 'actual' returns:

Returns 1982 1983 1984 1985 1986
/1000 ISW MSW  TSW WMSW TSW  WSW TSW  MSW

Forecast 15.2 [6.8 15.8 16.2 14.9 10.0 "17.515.5 9.5 13.4
"Actual" 14.3 11.8 11.3 8.4 13.0 14.7 10.8 14.8 16.0 11.8
Act/Forec(%) 75 70 72 52 87 147 62 95 168 88

'Forecast' returns are the summation of estimates by different estimating
procedures but are largely based on regression techniques applied to
Mactaquac-based data since 1970. Forecasts of 1SW fish from estimated egg
depositions above Mactaquac would be increasing relative to ‘actual’ if, in recent
years, the MSW ‘escapement' and egg deposition were overestimated because of
proportionately more undocumented MSW removals than in early years (sport removals
since 1984 are illegal). Forecasts of MSW fish from the presumed better quality
estimates of 1SW returns, i.e., 1SW fish are less vulnerable to Indian, commercial
and by-catch fisheries by virtue of selectivity of fishing gear for MSW fish,
would be diminishing relative to estimates of 'actual' returns if in recent years
there were increasing difficulties in estimating 'actual' MSW returns to home
waters.
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If it can be assumed that estimates of 1SW returns are reasonably precise,
that distant exploitation/marine mortality and the ratio of wild MSW returns to
wild 1SW returns are relatively constant between smolt classes and that
forecasting models are appropriate, the wild MSW/1SW ratios for returns destined
for Mactaquac may be suggestive of MSW data deficiencies (Table 5). Coincidences
are: high ratios, 1971-1975, with public awareness of stock deficiencies and ban
on commercial fishing; reduced ratios, 1976-1978, with the start-up of the
Kingsclear Food Fishery (tag return data unadjusted for non-reporting) and reports
of increasing by-catch in the Saint John Harbour; increased ratios, 1979-1980,
with concerted effort to reduce by-catch; lowest ratios, 1981-1983, with the use
of logbook data from a "quota-controlled" homewater commercial fishery; erratic
ratios, 1984-1986, in the absence of MSW sport data comparable to pre-1984 data

and complete breakdown of estimation procedures for removals by the Kingsclear
Food Fishery.

The importance of annual forecasts have, of course, been down played by the
current 1984-1988 Management Plan. Deficiencies of these assessments would
support the continuation of multi-year management plans based on general trends in
stock status rather than on a specific assessment.

LITERATURE CITED

Marshall, T.L. MS 1984. Status of Saint John River, N.B., Atlantic salmon in 1984
and forecast of returns in 1985. CAFSAC Res. Doc. 84/84, 24p.

Marshall, T.L. MS 1985, Status of Saint John River, N.B., Atlantic salmon in 1985
and forecast of returns in 1986. CAFSAC Res. Doc. 85/104, 24p.

Marshall, T.L., and G.H. Penney. MS 1983. Spawning and river escapement
requirements for Atlantic salmon of the Saint John River, New Brunswick.
CAFSAC Res. Doc. 83/66, 17p. + app.

Penney, G.H., and T.L. Marshall. MS 1984, Status of Saint John River, N.B.,

Atlantic salmon in 1983 and forecast of returns in 1984. CAFSAC Res. Doc.
84/47, 34p.

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

Ritter, J.A. and R.W. Gray. MS 1977. Preliminary comparison of tag return rates
for hatchery-reared Atlantic salmon (Salmo salar) released as fall yearling
parr and 2-year smolts. ICES CM 19777WM:30.




*G86T UL TG0°68 B ¥86T UL Z9v°90¢7 d43M
,9A0QR, S3|OWS 943YM GBET UL SI|OWS 266°9G ¥ 86T UL SILOWS HE°Op PuUR ,9A0QR, JUO0J SOIBU UUNIDJ JO 1INPOUd

11

9
*MSW 404 Lp°0 pue MSL 404 8¥°0 “*®°L ‘(T °ddy) ,mMo|3qg, uoL3onpoad jo uotiuodoad £861-0L61 U0 paseq p
* .30 _.mn_
MSW %GT pue MST %/°€ ¢,9A0Qe, SUANIdA MSW [PI0I %G°8 PUBR SUUNLBL MS| [P2I03 %G°Z 40 suoriluodoud G861 ‘861 UGS -
*SanjeA G861 q
*%08 = MSW $%02 = MSL UDLUM 30 ysL} Q00°E 2e pajewLisy o
mmmmrh L10°1  228°01 mmmmw 2981 pumHMh. 912°/ 1£8  S8£‘9 s|ejol
626°¢€ 861 LLLCE 626°¢€ 8Gl  LLL°E - - - Jenbejoey ,Mo|aq,
*SQL43 03 Ssuaniay
L0g° L 66 802° 1L ¥69 82 999 €19 LL FAL 5U21e9-Ag
09 L €6 - - - 09 L €6 goenbeloey ,moiaq, SW pajbuy
00%°2 992 veEL®2 - - - 00¥‘2 992 veLee pUd3ed ued|osbuLy
VLY L8V 969°¢ - - - SvL‘v /(8% 969°¢ S3unos oenbejoey
MSW
L20°91  _P9E'l £99°¥l  0L9L  aZ€S p8EQ-L LSp°8 2€8  Ge9°/ sielo)
062°L 218 8/1°9 062°L FACTEE THAR - - - senbeioel Mo|3q
.mn_..; 01 SuJdnilsay
L6t Ly 05t 082 0¢ 09¢ A L2 061 5Ud1e2-A9
009 65 K7 - - - 009 66 L¥S qoenbeloey ,mMolaq, SW palbuy
009 €5 LS - - - 009 €S LYS eUo1ed Jea|osbuy
9y0°L 669 LYE®9 - - - 9v0°,L 669 L¥E°9 S3unos senbejoep
MSL
[e1ol ‘yoleHd  PpJliM |[P30]  *yoaeH PpILM [e30]l ‘udieH PpIIM sausuodwo?) abe
[e10] oenbeaoel ,M0iaq, UuLbLup senbeaoel ,aA0qe, uilbLdQ -eas

USLy 40 JSqUNN

*9861 “°4°N ‘49ALY uyop uLeS ayl o3 we@ denbejoey
,M0|3q, pue ,aroqe, Buljeurbrao uowies MSW pue MS| Audyoley pue piLM JO Su4nidJ [e303 pajewiysy | d|qel



* 9A0Qe, MST PLLM S3SEO340J :1X23 03 Buipaodde (G86T SW) LLBUSURW WO PaIsSNLpYy

88 G6v°161 98
L8 LG0°68 68
1€/°0 982°61 [71°9€9°2 v861-v.61
20r°0 LE8 WA L 99¢ LLY 91 98 29%° 902 ¥8
pG09°0 G/8 9Lt g 681 6P €L G8 6vS L £8
elt9°0 GLLEL €01 ] 10¢ 24 ¥8 78 LszeeLt ¢8
L0E°0 L8S 991 €l A 9/ G6¢ 2% €8 060°681 L8
699°0 L€s°1 oLl 0§ 181 29 09 88 8 862°2¢¢ 08
0L0°1 2192 666 Al G2l 252 €96 9¢1 18 210°vhe 6/
G26° L 266°2 9% 91 90§ 266°L  20¢ 08 961°961 8/
S0v°0 88L°1L 1Z g9 0l1¢ Lyl Gl 6L 2£1°€62 LL
268°0 v€G°2 0§ G91| 89¢ 8eL°l €22 8L 0G€°162 9/
L¥8°0 GeLe 125 LY 902 L2l (§2% LL 981°vee 7
£€89°0 20€°e 0¢ £92 26¢ cieL  ote 9/61 182 /€€ vl61
L8 00°T G6v° 161 98
€6°0 A% 12 69 €9 GE9 ¥9 98 00°L 1G0°68 68
G66°1  ¥65°29 [¥1°9€9°2 v861-v.61
ell6°0 810°2 99 8¢t 4] 882°L  ¥S¥ g8 82°0 29%° 902 ¥8
eb00° | 15%°1 8y €9 9¢ 878 9/t ¥8 ¢¢0 6v5 L £8
6£8°0 Gy L G6 Lt 69 6¢€ LG8 /7AY £8 90°0 Lg2 2L 28
G05° 1 9¥8°¢ ¢0e L L92 9 vopL 828 28 80°0 060°681 {8
1£0°¢ 0€L Y G8¢ 124 06¢ 6€1L 198°2 126 18 L0 8G2°2€2 08
gy €6.°01 65 0%9 §ee [89°9 2/0°¢ 08 60°0 210°v¥2 6L
196° 1 128°¢ 02 981 0ol 22L°C2 661 6/ 91°0 961°961 8/
8€0° L A0S 0/ 69¢€ 6% 6LL°L  LLL 8/ 92°0 2€1°€62 LL
lge*¢ 266°9 0/ 80/ 9¢ €eS°y  GH9°lL LL ¥1°0 05€° /62 9/
66/.°¢ ¥.0°6 PAS 621°1 6l1¢ LE8‘y  £98°2 9/ 90°0 981°v2¢e G/
068°1 vLE°9 123 LL6 8¢ v95°e  LLLCL G/61 00°0 182°LEE vi6l
u4niay [e30]  [BLO4d yoaed SW Jea|d we M -ETN *Uh-1 s1ows -ETN
9 -wo9 -Ag  pojbuy  -sbury senbeyoey *douad
(MSW/MST) suuamoay sasea|ay

*9861-v/61 denbeisel ,3e, pasedjaud
S1|OWS POURIA-AABYIIRY WOLS AIALY UYOD ULES BY] 0F SULNIIA MSW PuUe MST 40 4aqunu [e30% pajew(sy °Z a|qel



-quawadessa Burumeds wouj 3SO| 99 03 pawnsse ysty MSW patbue jo %0L g
*andui [eLoutAo4d pue [eJ3pay JuedLyLublLs 03 SNOLAdUd

+[EP'Y  +(8%  +0S6°¢ +0v/ = +8¢ \AVA L69°¢ {53472 8ee’e S|eiot
LOE° 1 66 802°1L 769 8¢ 999 €19 1L A yores-£Ag
LE ] 'A% 9 - 9 L€ S 9¢ *039 “SallL|eIJON
6§99 ¥6 Lot oY - oY Gl1s ¥6 (¥4 4 ysLypoouaq Auaydiey
6 6 - - - - 6 6 - *¥ 300315004y 031 pa)onal
A A A A A ¢ - - - A9A LY SLSeI3qauud)
i 2 ¢ ¢ ¢ P - - - J3A LY puowweH
¢ ¢ ¢ A A ¢ - - - J3A LY Yeemysen
A ¢ A A ¢ é - - - NOLMSDY
09 L €9 - - - 09 L €9 *100) MO[9Q wajsuley
0¢ I 8L - - - 0l ? 8t *310el 9A0QR WISULen
6v g 147 - - - 6t ] 147 J3A LY anbrgo]
qPo16uy
00v°2 99¢ veEL®2 - - - 00v°2 992 veLee suelpul Jeajasbut MSW
+§66°€  +/0€  +£¥S°2  +peptl  +02 +092 0/5°2 [82  £82°2 s 10301
L6v 187 0stY 08¢ 02 092 L2 L2 061 yozes-£Ag
8 9 I 0 0 0 8 9 4 *339 “S3LIL|eJUON
0 0 0 0 0 0 - - - ystLipoouaq Auaydsyey
65 65 - - - - 69 65 - *Y¥ 30035004y 03 paNdNJL
v6¢€ & ¢ v6¢€ é A - - 49A LY SLSeI2qauud)y
A é A ¢ ¢ ¢ - - - 43ALY puoumeH
009 i ¢ 009 i A - - - JOALY feemysen
0Gt A A 06l ¢ A - - - NI LMSIY
009 69 LvS - - 009 65 LvS ‘10| moiaq wajsulel
00¢ 8l 2381 - - 00¢ 8L 281 *30RlW dA0Qe WHISULEW
68 1L 128 - - 268 LL 128 J49ALY dnbiqo}
pabuy
009 €S AR - - - 009 €S LYS sueipul J4ea|dosbuiy MSL
le3ol  *yoleH PIIM |[e30]  °ydleH PpJLM [e30]  *ydoleH PpIIM squauodwo) abe
1010 oenbeloely ,M0iaq, uibiLug odenbeldel .9A0qe, uLbLuag -eas
Ust4 3O Joqunn
*986] “*g°N ‘48ALY uyop juleS ayjz uo
weQ@ oenbejoel ,mo|aq, pue ,aAoqe, BurjeulbLao uow|es MSW pue MS| JO pS|RAOWSJ JUD}eMBWOY pajewilsi °¢ ajqel



14

*S94 oenbejoel 1e

paJ4Lnbad ysL4poouaq Q0G SIPN|IXI

€L 89 08 sadumeds 336uel Jo aberuaduad
2001°0L 00.°S 200t ‘¥ suaumeds j9bue]
20%°1 0€s 2/8°9 861 G2L°¢ ZLE Ly1°E susumeds
LEV Y L8V 066°€ 8¢ rAVA 65Y 8€2°¢ S|eAOWRA 43]RMBUOH
6€8°LL  LlO°L  228°0T 98l LEVY 1¢8 689 SUJAN334 UBeMIWOH
MSW
861 o1 ¥81 sasumeds 18buel jo sberusduad
009/ 00V ¥ 002°€ sJaumeds 1abue]
€e0‘el 919 SbS 2ees sJsumeds
¥66°¢€ TAMRH 182 £Qe‘e S |eAOWDA JD)CMBUIOH
[20°91L  $9E°T  £99°pl 2€5 8€0° /L 2€8 G29°/ SuaN}ad UdJRMIUOH
MS1
ulog “udjeH  PpliIM ‘YoleH  PlIM *ysleH  PplLM Aiobaje)  abe
{e101 Jenbeloey ,Moag, Jenbeydel ,3A0QY, -eag

yst4 40 Jaquny

burjeuLbLao uow|es MSW pue

MSL 40 3uswadedsd bBurumeds pue S|eAOWRUL €SUINLBA LDIEMIUOY PIIRWLYST

9861 “49ALY uyop juLeS ‘weq oenbejoel ,Mo|3q, pue ,3A0qe,

‘v °lqel



15

Table 5. Adjusted Tobique River eg? depositiond/100 m2

(yr i & i+1) recruiting to total wild 1SW and MSW salmon which
would have returned to Mactaquac in the absence of homewater
removals in yr i+5 and i+6, resultant MSW:1SW salmon ratios, and

forecast numbers of 1SW and MSW fish to Mactaquac in the absence of
homewater removals in 1987.

Recruits

Eggs/100 m2 1SW MSW MSW/
Years Number Year  Numbér Year Number 1SW
(1) (2) (3) (4) (5)
1965-66 1970 3,057 1971 4,715 1.54
1966-67 71 1,709 72 4,899 2.87
1967-68 72 908 73 2,518 2.77
1968-69 23.95 73 2,070 74 5,811 2.81
1969-70 40.58 74 3,656 75 7,441 2.04
1970-71 74.35 75 6,858 76 8,177 1.19
1971-72 122 .34 76 8,147 77 9,712 1.19
. 1972-73 85.39 77 3,977 78 4,021 1.01
1973-74 81.66 78 1,902 79 2,754 1.45
1974-75 371.61 79 6,828 1980 10,924 1.60
1975-76 330.50 1980 8,482 81 5,991 0.71
1976-77 244.80 81 5,782 82 5,001 0.86
1977-78 288.96 82 4,958 83 3,447 0.69
1978-79 167.11 83 4,309 84 9,779 2.27
1979-80 240.71 84 8,311 85 10,436 1.26
1980-81 85 6,526 86 6,385 0.98

1981-82 86 7,625 87 8,327¢

1982-83 113.96 87  4,989b

a See App. 2, 3 and 4 for derivation and update of Marshall
(MS 1985).

b Based on regression of 1SW returns to Mactaquac,
1973-1984, (col. 3) on adjusted egg deposition in Tobique
River, 1968-1969 to 1979-1980, (col. 2):

Toge Y = 6.538 + 0.403 loge X: n=12, r=0.69, p= 0.013

Y1986 = 4,989(AM): 95% C.L. = 3,874 to 6,426.
C Based on regression of MSW returns to Mactaquac,

}971-19?6, (col. 4) on 1SW returns to Mactaquac 1970-1985,
col. 3):

Toge Y = 4,590 + 0.490 loge X; n=16, r=0.70, p= 0.003
Y1987 = 8,327(AM); 95% C.L. = 6,446 to 10,756.
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Table 6. Summary of the 1987 salmon forecast for the Saint John River,
New Brunswick (95% C.L. in parentheses].

1M

MSW

Requirement Wild Hatch. Total Wild Hatch. Total
‘Above’ 4,989 2,319 7,308 8,327 2,654 10,981
Mactaquac (3,874-6,426) (6,446-10,756)

Target escpm. 3,200 4,4001

Surplus s 6,081
‘Below' 3,920 1,924 5,844 5,324 1,698 7,022
Mactaquac

Target escpm. 4,400 5,700

Surplus 1,444 s
Total 8,909 4,243 13,152 13,651 4,352 18,003

Target escpm. 7,600 10,1001

Surplus 5,552 7,803

1 Excludes 500 broodfish for Mactaquac Fish Culture Station.
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App. 3. Number of wild 1SW salmon and proportion of age 2:1's of the total
that would have returned to Mactaquac for the 1969-1981 year-classes (numbers

of 1SW fish from Table 10, Marshall (MS 1984), and App. 2)

Year- Number at age of 1SW returns to Mactaquac Prop. 2:1's
class (i) 2:1 (1+3) 3:T (1+4) 4:1 [1+5) Total of total
1968 690 41

1969 127 451 37 615 0.207
1970 1,578 1,901 68 3,547 0.445
1971 1,718 4,465 212 6,395 0.269
1972 2,325 3,186 44 5,555 0.419
1973 4,749 2,887 40 7,676 0.619
1974 1,046 1,393 103 2,542 0.411a
1975 469 3,257 398 4,124 0.114a
1976 3,468 5,598 544 9,610 0.361
1977 2,486 3,619 298 6,403 0.388
1978 1,619 3,659 13+6 5,296 0.306
1979 1,001 1,503 91+6 2,601 0.385
1980 2,793 3,540 176 6,509 0.429
1981 4,679 4,790 180 9,649 0.485
1982 1,548 3,605

1983 3,840

a Influenced by low survival of 1977 smolt-class.
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App. 4. Number of eggs/100 m2 deposited in the Tobique River, 1968-1983,
and derivation of weighted number of eggs contributing to annual returns of
wild 1SW fish at Mactaquac, 1973-1984 and 1987 (explanation in Penney and
Marshall (MS 1984)).

Eggs/100 m2 Total
Proportion age contributing wt'd egg
Egg deposition at smoltificationa to 1SW fish contrib/100 m2
Year Number Age 2 Yr i to 1SW fish
Age 3 Yr i+l @ Mact. (yr)
1968 5.7 0.207
0.793 4.55
1969 43.6 0.445 19.40 23.95 (1973)
0.555 24.20
1970 60.9 0.269 ‘ 16.38 40.58 (1974)
0.731 44,52
1971 71.2 0.419 29.83 74.35 (1975)
0.581 41.37
1972 130.8 0.619 80.96 122.33 (1976)
0.381 49.84
1973  86.5 0.411 35.55 85.39 (1977)
0.589 50.95
1974  269.4 0.114 30.71 81.66 (1978)
0.886 238.69
1975  368.2 0.361 132.92 371.61 (1979)
0.639 235.28
1976  245.4 0.388 95.22 330.50 (1980)
0.612 150.18
1977  309.2 0.306 94.62 244.80 (1981)
0.694 214.58
1978 193.2 0.385 74.38 288.96 (1982)
0.615 118.82
1979  112.3 0.429 48.18 167.00 (1983)
0.571 64.12
1980 362.1 0.485 175.62 229.74 (1984)
0.515 186.48
1981 118.7
1982 139.8
0.633b 88.49
1983  69.4 0.367b - 25.47 113.96 (1987)

a Derived from App. 2 and 3.

b Mean (n=13) calculated with angular transformation.
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App. 6. Estimated returns of 1SW and MSW salmon to tributariesa ‘below'
Mactaquac Dam, Saint John River, 1970-1985.

No. of wild salmon

Sea- Nashwaak Kennebecasis Kennebecasis +

age Year Nashwaak x 0.16 and Hammond Hammond x 0.49 Total

ISW 1970 2,295 3603 46 23 2,132
1971 2,591 415 126 62 3,194
1972 1,205 193 15 7 1,420
1973 1,447 232 477 234 2,390
1974 2,520 403 1,060 519 4,502
1975 2,396 383 394 193 3,366
1976 3,708 593 1,446 709 6,456
1977 2,357 377 628 308 3,670
1978 2,313 370 154 75 2,912
1979 2,823 452 1,212 594 5,081
1980 2,507 401 592 290 3,790
1981 3,756 601 1,251 613 6,221
1982 2,164 346 1,227b 601 4,338
1983 1,750 280 1,314b 645 3,989
1984 1,296 207 786¢d 385 2,674
1985 1,317 211 131ef 64 1,723

MSW 1970 2,451 392 62 30 2,935
1971 726 116 146 72 1,060
1972 1,890 302 57 28 2,277
1973 3,456 553 229 112 4,350
1974 2,216 355 674 330 3,575
1975 1,688 270 537 263 2,758
1976 1,996 319 814 399 3,528
1977 2,563 410 2,177 1,067 6,217
1978 2,631 421 340 167 3,559
1979 650 104 326 160 1,240
1980 2,683 429 1,292 633 5,037
1981 1,729 277 571 280 2,857
1982 1,520 243 823 403 2,989
1983 1,127 180 709b 347 2,363
1984 1,275 204 1,047¢cd 513 3,039
1985 1,473 236 639ef 313 2,661

a4 Where Nashwaak represents 31.0 percent and Hammond + Kennebecasis
equals 42.9% of production area 'below' Mactaquac Dam.

b Wild fish only (hatchery fish removed as per footnote j, App. 5, where
hatchery smolt releases to Kennebecasis + Hammond were 24,518 in 1981 and
24,714 1in 1982).

C Based on DNR 'Fissys' estimate (303 1SW and 359 MSW) and exploitation
rate of 0.30.

d Wild fish only (hatchery fish removed per the product of 24,714 smolts
in 1982 and a return rate of 0.00646 and 23,000 smoits in 1983 and a return
rate of 0.01).

€ Based on DNR 'Fissys' estimate (134 1SW and 326 MSW fish) and
exploitation rate of 0.43.

f Hatchery fish from 23,000 smolts in 1983 and 18,760 smolts in 1984,
removed using respective return rates of 0.00519 and 0.00960.
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