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ABSTRACT

During the 1965 smolt run in the Northweet Miramichi

River in New Brunewick, 1000 emolts were collected end

examined for length, weight, age, plus growth, eex, and

condition factor. Comparisons between the daily water

level, the water temperature, and the number of smelts

in the daily run were aleo made.

The average length of the smolts ill the sample wae

14.7 centimetree, and the average weight was 21.9 grams.

Larger fish dominated the early and late parts of the run.

Three-year smolts formed 67.6~ of the sample; 2-year

smolts formed 11.1~; and 4-year smolta formed 1.1~. The

number of 2-year smelts increased slightly as the season

advanced, while the number of 3-ye~r smalts decreased

slightly ae the season advanced. The size of the smolts

increased with age.

The number of smolts showing plus growth increased

Be the season progressed. Females dominated the run,

decreasing slightly toward the latter part of the season.

More malee were noted in older age groups. Of the 1000

smolts collected, 664 were female end 336 were male.

The peak of the emolt run occurred ae the daily water

level was dropping and the daily water temperature was risinG.

". ,••"'. ,.."",. ,.",. " ." ", ",", ." 0.'.~
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LIFE HISTORY OF ATLANTIC SALMON

The Atlantic Salmon (~ salar) smolt run in any

river is the migration of the young salmon to the sea.

The smolt stage is the most delicate of all stages and

1s characterized by silvery sides, and a dorsal colo~

ing which may vary from almost black to light green, or

brown. The dorsal colouring is related to the type of

bottom over which the smolts grow.

Adult salmon deposit eggs on gravel bottoms in their

native river, and usually bury them several inches deep

where the water is clear. ~gs are deposited in autumn

and hatch during the spring of the following year. NeWly

hatched salmon, called alevins, are nourished from a yolk

sac which is lost before swimming begins. This usually

occurs late in June in the year of hatching, depending

on the temperature of the water. At this stage they are

about two inches long, and are termed fry.

During the fry stage scale growth commencss, and by

ths end of the summer, the fry are fairly well marked

with parr characteristics. The transition from fry to

parr is assumed to occur when the fish reach a length

greater "than a man's finger" (Jones 1959). The change

from fry to parr is only a change in size.
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If feeding conditions are good, fry become amsll

parr the following spring. Parr exhibit 8 to 11 dark

bare, and red spots on their eides, moat numerous about

the lateral line. Prom the parr stage, the fish change

into scolts. Bo definite reaeon for the latter change

has been found, but it is thought to be associated with

size and physiological factors. The major change

characterizing this stage is the deposition of guanine

on the scales, giving a silvery coating to the lateral

and ventral surfaces of the fish which obscures the

parr bars and red spots.

Ths smolt stage represents the transition between

the fresh and salt water life of the salmon, and the

young salmon now leave their native rivers and descend

to the sea until they return to spawn.. 1'entelow,

Southgate, and Bassindale (19}}) reported the size as

being a factor of importance in inducing migration and

that before they can migrate "they must have attained

aome physiological condition which is associated with

a definits minimum size." Illiatever ths cause of the

I:l1gration, it is with the examination of this stage of

~~ that this paper is concerned.
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LITERATURE REVIEW

Previous work in this field has been extensive. The

following reports and works were used 8a references in the

Miramichi work in 1965.

Pentelow, Southgate, and Bassindale (1933) reported on

smolts in British rivers. In the River Tees their data on

age, sex, and length were collected from smolts killed by

pollution and picked off the estuary shors. Their reports

on other rivers were taken from works by Meek (1925),

Menzies (1921), and Hutton (1932).

Blair (1934) issued a report entitled "Ages at Migration

of Atlantic Salmon (~~) in Miramichi River." The

fish he examined were caught in the estuary and bay of the

Miramichi River in 1931, and Were obtained as follows, 271

aalmon from the fish house of Mr. A. F. Betts at Millerton,

N.B.; 421 large salmon and 46 grilse from the A. and R.

Loggie Company, Loggieville, N.B.; and BB salmon and 12B

grilse from Mr. David Kelly's stand at Loggieville, N.B.

Ths fish from the bay consisted of 603 salmon obtained from

the W. S. Loggie Company, Hardwicke, n.B. These fish were

caught eastward of a straight line from Escuminac breakwater

to the we"tern end of Neguac Island, usually no t more than

twelve miles out. These data would represent salmon from

the whole rUramichi system.
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Tchernavin (1939), in his "Ripe Salmon Parr. A Summary

of research," summarized the work of other investigators on

the fertilization powers of parr, and on ths ages at which

they are ripe. In Ireland, Hewetson (1958) reported scale

readings made from 881 large salmon. ThelO fish were taken

in the River Corrib by nets, weirs, rod and line in 1956,

1957, and 1958. Jones (1959) reported a general description

of salmon at all stages. He compiled a book on his own work

and from the work of others. Twomey (1959) reported the age

of smolts in the River Erne in Ireland. Scales for this

work were taken from large salmon going through a fish pass

at two hydro-electric plants, one at Cathaleen's Falls, and

one at Cliff, further upstream.

Azbelev and Lagunov (1960) issued a report on smolts of

ths Kola Peninsula Rivers. Thuadata were obtained from large

salmon caught by fishermen in the Barents and White Seas.

Azbelev (1963) organized and assessed material on~

~ of the Kola Peninsula of Northern Russia. Collections

of material were made by worksrs of the Polar Research

Institute of Marine Fisheries and Oceanography (PiJiNRO)

and the Ichthyological Station, Murmangosrybvod, and since

1958 collections on the salmon of the Tuloma River stock

have been made entirely by ~~osry~7od.
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09terdahl (1964) compiled a report of lengths, ages,

and sexes of smolts caught at a counting fence located a

short distance from the mouth of the River Rickle~, in

S~eden. Went (1964) reported on the 1963 9molt ages in

the Rivers Foyle and Finn in Ireland. In the River Foyle,

1442 sets of large 9almon 9cales ~ere obtained from fi9h

taken in the commission's o~ fishery, ~hile in the River

Finn, 88 sets of scales were o~tained from salmon taken

by rods.
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OBJECTIVES

The study was conducted to obtain fundamental

information on tbe Northwest Miramichi smolt run. The

collection of a representative sample (1~) of the

Miramichi smolts was a first objective. I hoped to

obtain information about Miramichi smolt character

istics and compare them with that of other areas.

Smolt characteristics were also studied relative to

the time of the run. The information obtained will

be used in continuing the study in fUture years. It

will make possible yearly comparisons, and give a

more complete picture of the smolts as an integral

part of the biology of the Atlantic Salmon, in the

Northwest Miramichi River.



- 8 -

SCOPE

The Northwest ~liramichi River is approximately

80 miles long. Figure 1 shows the river with its

tributaries and the location of the Curventon Counting

Fence, about 28 miles from the Miramichi Bay, where

the smolts were captured. The Northwest Miramichi River

is located in Northeast New Brunswick, and flows into the

Gulf of St. Lawrence.

Smolts were taken from this river during the entire

run in 1965. Smolt runs vary in numbers, but occur at

approximately the same time each year. In 1965 the scolt

run began on Hay 10 and lasted until June 29, with a few

being caught during a small freshet on July 20 and 21.

Each day a small portion of the run was kept for a

sample, and these fish were preserved in 10% formalin for

future examinatioq. The effect of formalin on the length

and weight of the smolts was studied. Smolts were examined

for length, weight, age, sex, the amount of plus growth

shown on their scales, and their condition factor. A com

parison between numbers of smolts in the run, water level,

and water temperature was also made.



- 9 -

TECHNIQUES

Method of Capture.

The smolts were captured in a trap at the counting

fence which is located at position 6, Figure 1. A base

plan of thie counting fencs is shown in Figure 2, and a

completed section of it showing the centre and west

traps, "A" frames, catwa1..k:, and steel racks is shown in

P~te 1. This fence formed a complete barrier of the

river, so the sample is a portion of all the smolts de

scending to the sea. A daily record of the total number

of smolts descending the river was also kept.

The trap frcm which most of the smolts were taken

for the sample was ~he east trap, although a few were

taken from the west trap. Both the east and west traps

had entrance funnels, and were Bet up to catch fish de

scending the river.

At the lower end of the east trap there was a

sluiceway with water from ths trap flOWing into it. The

sluiceway was about 20 feet long, 2 feet Wide, and approxi

mately ; feet high. It was made of aluminum sheet with one

eighth inch holes bored every half-inch. At the upper end

of the sluiceway there were 2 hinges which permitted the

lower end to be lowered, depending on ths water level. At

the upper end of the sluiceway thl!re Ims about one foot of

water, and at the lower end about 4 inches of wRter.
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The aluiceway led to a lower eaat trap, which had all but

one small portion of its sides boarded. The purpose of the

sluiceway and lower east trap was to create a pool of quiet

water with little or no water flow, whers the smolts could

rest easily until they could be released.

Each day before the amolts were taken for tagging and

released, a seine net was run through the lower eaet trap

and the sample was collected. On days with a large number

in the run only a Bmall portion waB kept, and on days with

few smolts in the run, all were kept.

Preservation of Smolts.

The smolts were kept alive in a tub with water running

into it until they were examined. If timc permitted, they

were anaesthetized, measured, weighed, identified wi~h a

tag or fin olip, recoyered in water, put in a cheesecloth

bag with a tag containing the date on it, and killed in

10% formalin. The purpose of rscovering the Bmolts before

putting them in formalin was that they preserved better

when placed in formalin alive. The anaesthetic uBed was

2-methyl-2-butanal,-tertiary-pentyl alcohol-diluted

approximately 50,1.

{CH3)2C(CH2CH3)OH

tertipIY-pentyl alcohol
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The emolte taken on the folloWing datee were measured

and weighed before being put into formalin, May 10, 14-21.

23-28, June 14, 21-25, June 29. and July 20 and 21. On

all other days the smolts were put in a oheesecloth bag,

labelled with the date, and placed directly into 10~ for

malin, as time did not permit measuring and weighing prior

to preservation.

The latter process made necessary the devising of a

method for the determination of the length and weight of

preserved smolts as it was found changes occured in formalin.

Determination of Length and Weight after Preservation.

On May 19, 30 smolts Were taken and used as the basis

of this method. They were measured, weighed and indiVidually

identified with tags prior to being put in 10% formalin on

May 19, and were remeasured and weighed on the following

dates, May 20, 21. 23, 25, 26, 27, 28, J~s 3, 9, and 21.

Whils in formalin, the smolts decreased in length and in

creased in weight. After 3 days they had reached a stable

length, and after 8 days had reached a relatively stable

weight. After reaching the relatively stah'.e ,:eight, the

smolts varied from day to day, being either 0-.5 g heavier

or lighter per day. On June 21, the change in length and

wsight for each smolt was determined. From these data

the per cent decrease in length and ~he per oent
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incre~se in weight were calculated for each smolt. The

mean per cent decrease in length, and the mean per cent

increase in weight for all 30 smolts were then calculated.

The following terms must be clarified before descri

bing the remainder of the procedure.

1) Final length and weight are the length and weight

of the smolts after being in formalin about one month.

2) Orieinal length and weight are the length and

weight of the smolts when taken from the river.

All the calculations were based on the final lengths

and weights, because these were the only lengths and

weights available from smolts which were placed directly

into formalin on the day they were captured.

The range of length decrease was from 0.3-0.8 cm, with

a mean decrease of 0.6 cm. The range of weight increase

was from 0.9-3.5 g, with a mean increase of 2.1 g. Larger

smolts gained more weight, but averaged about the same loss

in length as smaller smolts. For all 30 smolts, the mean

psr cent decrease in length was 3.9 of the final length and

the mean per cent increase in weight was 8.1 of the final

weight. To obtain the original length, 3.9~ of the final

length was added, and to obtain the original weight, 8.1~

of the fin~ weight was subtracted. This method was used

for smolts taken on May 22, ~wy 29 - June 13 (inclusive),
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June 15-20 (inclusive) and June 26. The lsngth of all

smolts was the total length, from the tip of the snout

to the tip of the tail. The measurements were taken on

a metre stick, and the fish were measured to the nearest

one-tenth of a centimetre. An error in the metre stick

was ± 0.1 cm and should be considered in relation to in

dividual measurements. All calculations were made without

the error.

Weights were made using a pan balance with a weight

arm on the riGht-hand side of the pan. It was checked for

accuracy with a corrected set of weights obtained from the

St. Andrew's Biological Station. The balance was found to

weigh 0.1 G too heavy in the follOWing weight ranges.

0.73-1.0 g, 17.3-20.0 G, 27.3-29.9 g, 47.3-50.0 g. Weights

were taken to the nearest one-tenth of a gram with an error

in the balance scale of 0.05 g.

Age Determination.

The scale reading technique was used in determining the

smelt age. A sample of Bcales was taken from an area dorsal

to the pelvic fins, posterior to the dorsal fin, and ventral

to the lateral line. These Beales were put in water, and

read under high (BOx) or medium (40x) power, using a bino

cular microscope. The number of rings of plus growth on



- 14 -

euch sCllle wus also noted. Plutes 2 and 3, Platea 4 and 5,

and Plat~ 6 show scales of a 2-year smolt with plus growth,

a 3-ycar smolt showing plus growth, a 3-year smolt with a

possible spawning mark, a 4-year smolt with a start of plus

growth, and a reGenerated smolt scale, respectively. A

regenerated scale is one which replaces a lost scale, and

no agc can be determined from it.

A year of growth is represented by a band of Widely

spaced dark ridges, and a band of narrowly spaced dark

ridges. Theae can be seen in the Plates 2 throu~h 5. The

\'11dely spaced rid:;es represent summer growth when the fish

are feedine w~ll, and the narrowly spaced ridges repreoent

winter growth when the fish are feeding less. On the outer

most winter bands some "cut tine; off ll of the dark ridGes may

be aeen; that is the ridcl:es llr~ not completed, but are

microscopically visible in only a portion of the complete

ring which they normally form. Plus growth rings can be

.aeen on the outer portion of the scalcs shown. This is

growth which occurs in the spring of migration.

Most smolts do not show spawning marks, but the scale

shown in Plate 4 has what possibly is a spawning mark. A

spawning mark, which occurs when the smolt spawns, is an

erosion of the scale causing some rings to be obliterated.

Many scales were questionable on the first reading.
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Any queetionable ecalee were eet aeide and checked by

myeelf, Mike Dadewell, a Carleton Univereity etudent, or

one of the techniciane at the fence site. A decision was

rsached on each of theee acales and the age recorded.

Sex Determination.

There was no method of dietinguishing the sex of the

smolts by external observation. In order to determine the

sex, a smolt was cut from the pectoral region on both sides

to posterior of the anal opening, and the gonads examined.

Visual observation of the gonads, or microscopic examination

of a section of the gonads, was the only way to determine

the sex of ths smolts. Plates 7 and B show the female and

male smolt gonads, respectively, with the viscera removed.

Plates 9 and 10 show a cross-ssction of a fsmale and male

smolt gonad respsctively. By visual obssrvation, some

smelts were questionable as to Bex and microscopic examina

tion of a portion of the gonads was made.

Water Level and Temperature.

Mean daily water levele were calculated from measure

ments taken at 0800 hours and 1700 houre. On May 10, the

water level stick was not in operation, and no data were

available for that day.
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Water temperature in degrees centigrade, was also

recorded at 0800 houre and 1700 hours and a mean daily

water temperature was calculated. The mean daily water

level and watsr temperature were correleted with the

numbsr of smolts in the daily run (Pig. 22).

Condition Factor.

The condition factor (K) for the smolts was also

calculated. The formula used was, K =~ , where

Wwas the weight in grams, and L the length in centi

metres. This formula gives an answer approximating unity

for normally fed fish. If a fish has a condition factor

of one or above, it is in good, healthy condition; whereas

a fish with a condition factor below one is in poor condi

tion. Mean daily, mean 5-day period, and mean annual con

dition factors were calculated.
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RESULTS AND DISCUSSION

Smolt Run and Sample.

During the smolt run of 1965, 26,778 smolts descended

the river. One thousand smolts, or 3.7~ of ths total run,

wsre kept in a sample to be examined.

The number of smolts kept daily varied dspending upon

the total number in the run for a particular day. Figure

3 shows the number of smolts in each daily run, and the

number of smolts kept in each daily sample. Figure shows

the per cent of the daily run kept in the sample. On days

with a smolt run of 1-21, all the smolts were kept in the

samplej and on days with a large run, only a portion of the

total number was kept. Table 5 gives the number of smolts

in both the run and sample during 5-day periods.

On the following days, after the beginning of the run,

there were no smolts taken. May 11-13 (inclusive), June 27,

28, and June 30 - July 19 (inclusive), and none after JUly 21.

Length.

The range in length of the 1965 smolts collected was from

11.7-20.6 cm. This range compares favourably with that of

British smolts in the River Tees, where in 1930, 1,176 smolts

exhibited a total length range of 10.8-20.3 cm, and in 1931,
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3,289 smolte exhibited a range of 10.8-19.0 em (Pentelow,

Southeate, and Bassindale, 1933).

Figure 5 shows the length of the smolts in centimetre

Groups. The 14.1-15.0 em group eontaine a greater per

centage of smolts than any other, and a smaller percentage

of the smolts is contained in each sueeesei,e group pre

ceding and followine this group.

The average length of all the smolts in the sample was

found to be 14.7 em ± 0.1 em. In the River Tees in 1930, the

average total length of 1,176 smolts was 14.7 em; and in 1931,

3,289 smolts averaged 14.5 em (Pentelow, Southgate, and

Bassindale, 1933). These lengths were taken to the nearest

quarter-inch. Osterdahl (1964) reported that in the River

i±ekleAn the mean length of smolts in 1961, 1962, 1963, and

1964 was 15.3 em, 15.8 em, 16.1 em, and 15.9 em respectively.

The average daily length of the smolts is portrayed in

Figure 6 and in Table 1. The curvs in Figure 6 shows a

gradual increase in average length from May 27 until the end

of the run, and a decrease in average daily length from May

14-27. The emolts of May 22 and 27 were noticeably ehorter

than the smolts of other days. The average daily length

range wae from 13.9 em on May 27 to 16.4 em on May 24, ex

cluding emaIl samplee of May 26, and July 20-21. Data from

theee days are shown on Figure 6 to complete the figure. The

gradual increase in average length as the season pro~ressed
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olin be more oloarly BOen in Figure 7, where the average

l~ngth per 5-day period is plotted. ~sterdahl (1964)

reported an increase in length as the Beason advanced.

weight.

Figure B shows that the average weight during 5-day

periods decreased from 24.4 g, during May 10-14, to 20.0 g

during ~my 30 - June 3. After June 3. there was a gradual

increase in average weight per 5-day period to 27.4 g on

June 29 - July 3. The ~ish of July 20. 21 are excluded here

as samples were inadequate. but are shown in Ficure 8.

The weight range. for all smolts collected was 10.6-65.6

G. The same two smolts produced the extremes for both length

and weicht. The average weight of all smolts eollected was

21.9 g ± 0.05 g.

From Figure 9. a gradual increase in average daily weight

cun be seen from June 4 until the end of the run. On Hay 22,

the average weight was light compared to the average for other

clays.

Table provides a complete list of average daily weights

and lengths. The smolts of July 20-21 were large compared to

the omolta of other d~ily rune. The average length and weight

of the smolts per weekly period of the run are shown on Table 2.
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The age of the smolts as they descended the river is

positively correlated with the length and wsight of the

fish. As shown in Table 3, there is a gradual increase in

the length and weight as the number of river years increases,

sxcept between 2+-year smolts and 3-year smolts. In this

latter case, the 2+-year smolts averaged 14.6 em in length

and 22.2 g in weight, whereas the 3-year smolts averaged 14.6

em and 20.8 g. Table 3 gives the average length, weight, and

the total number of smolts for five age classes.

The avsrage length of all 2, 3, and 4-year smolts in the

Northwest Miramichi in 1965 was 13.7 em, 14.6 em, and 15.7 em.

The smolt age gives the number of years the smolt has

been in fresh water since its hatching. In more northerly

rivers with colder waters than the Miramichi, the smaIts are

older at migration. In the Northwest Miramichi the main bulk

migrated at 3+ years. The plus (+) sign indicates that the

smolt has put some growth on its scales in the spring of mi

gration. Figure 10 shows the number of 2, 3, and 4-year

smolts in the daily sample. These data for 5-day periods are

shown on Table 5. The per cent of 2, 3. and 4-year smolts

psr day is shown on Figure 11. During ths first part of the

run all the smolts were 3 river years with the first 2-year

smolt being taken on May 19. and the first 4-year smolt

taken on May 20.
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The proportion of 2-year smolts 6howed a slight increase

as the Season advanced, and the proportion of 3-year smolts

showed a alight decrease ae the sesson advanced, but the

latter year clas6 predominsted throughout ths run. Oster

dahl (1964) reported a 6imilar situation between 2 and 3-year

smolts in the River Ricklean. The 4-year smolts averaged one

or two a day from May 20 to June 8, after which there were

none.

The gradual per cent decrease of 3-year 6molts during

the run, and the gradual per cent increase of 2-year smolts

per 5-day period can be seen on Figure 12. The 4-year smolts

form only a small curve at the base of the figure. Such days

as May 16 (one smolt) and May 26 (3 smolts) have samples

which are too small for proper comparison and the extremities

of all figures are formed by such samples. In this report,

these days will be considered as bsing too small for proper

comparison. The distribution of age classee in this study wasl

2-year smolts 11.1%, 3-year smelts 87.8%, and 4-year smolts 1.1%.

Blair reported the age class percentages in the Miramichi

system in 1934, from scale readings of 1,557 large salmon, as

being, 2-year, 15.1%; 3-year, 78.1%; 4-year, 6.6%; and 5-year

smolts, 0.2%. He also 6tated that these percentage6 were

practically the same as those of the Restigcuche River of

Northern New Brunswick as determined by Phelps and Beldinc

(1930). He reported Calderwood (1927) as notillG that t,le
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Cuscapedia River, on the Gasp~ Peninsula, had 34.1~ 4-year

amolta and stated that ~~cFarlane (1926) on the Rivi~re

Moisie, in Southeastern Quebec, reported '-year smolts only

slightly dominating 2-year smolts. Blair further stated

that Huntsman (1931) reported younger smolts predominating

in the St. John and ~tlnas System rivers. Pentelow, South

gate, and Bassindale (1933) reported 95~ 2-year smolts in

the River Tees, and the following percentages of 2-year

smolts in British rivers: Tyne, 94~ (Meek, 1925); Wye,

90~ (Hutton, 1932); Tweed, 97~; Forth, 90~; Findhorn, 92~;

Spey 71~; and Don, 62~ (Menzies, 1921).

British and Irish rivers both have smolts migrating at

the age of one year. Twomey (1959) found 17% one-year smolts

in the River Erne, in Ireland, in 1956, and 3.9% i~ 1957.

Twomey added that, in the River hToe, 2-year smolts formed

almost 60% of the total in 1956 and over 60% of the total

during the years 1954, 1957, and 1959.

According to Azbelev and Lagunov (1960), 40% of the

smolts descending the Barents Sea Rivers are 4+ and 5+ years,

while those of the Kola Peninsula Rivers migrate mostly at 3+

years, and those of the White Sea Rivers mostly at 2+ years.

Hewetson's study (1956) reveals that, in each year from

1956 to 1956, about three-quarters of the smolts in the

River Corrib in Ireland migrated at 2 years, and the percentage

of 3-year smolts was high. Hewetson statoo that a similar high

percentage (12.5) of 3-year smolts was recorded in the years
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1924 to 1926 by Went (1943), but the percentage in 1945 was

only 6.2 (Went, 1947). The remainder of the River Corrib

smolts were one year old. Azbelev (1963) showed the main

bulk of smolts of the Tuloma River, near Murmansk in

Northern Russia, to migrate at 4+ and 5+ years.

In Ireland, smolts of the River Foyle migrate at 2

years (90.1~); 3 years (7.4~); and one year (2.5~). Simi

larly, in the River Finn, 91.7~ were 2-year smolts; 7.1~

were 3-year smolts, and 1.2~ were one-year (Went, 1964). In

Sweden, of 421 smolts in the River Rickleln examined in 1962,

73.8~ were 3-year smolts, 25.2% 2-year smolts, and 1% 4-year

smolts (dsterdahl, 1964).

As the Miramichi run seemed to come in two segments in

1965, the 2 and 3-year smolts each show peak increases and

decreases, in the per cent of the sample which each forms.

The 2-year smolts reached their maximum during the larger

runs, whereas the 3-year smolts formed a higher proportion

of the samples when the daily runs were smaller in number.

To obtain a good comparison of the size of smolts with

and without plus growth, the 3 and 3+-year smolts were com

pared in size. The percent and the number of 3 and 3+-year

smolts in the sample that are within certain centimetre

groups are shown in Figures 13 and 14 respectively. The

numbers of 3 and 3+-y.ar smolts per 5-day periods of the

run are shown in Table 5. The percentages are of the tot~l

nucber of 3 and 3+-year smolts, the greatest per c~nt De:~
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within the 14.0-14.9 em group. The range of these groups

differs from those in Figure 5. A greater proportion of

3+-year smolts, however, are in higher centimetre groups

than are 3-year smolts, indicating a longer average length

of 3+-year smolts due to a longer period for feeding.

The 3+-year smolts were also heavier. The average

weight of 3-year smolts plotted over 5-day periods shows

a gradual decrease as the number of 3-year smolts decreases.

Hence, larger fieh migrated first. These data, shown on

Figure 15, reveal a slight increase in average weight of

3-year smolts during the last 5-day period of June 4-8. The

3+-year smolts were heavier than the 3-year smolts at all

times and decreased in average weight from the first of the

run until the period May 30 - June 3. Then they increased

sharply in average weight per 5-day periods from June 4 until

the end of the run.

Plus Growth.

Associated with age is the presence of plus growth (+l

on the scales of individual smolts. The daily number and per

cent of smolts in the sample shOWing plus growth are represen

ted on Figure 16.

The number and per cent of smolts in the sample shOWing

plus growth increased throughout the run. There was no plus
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Growth ohown on the scalcs of any smolt token during the

period Mny 10-18. After this date there was a gradual

increa3~ in the number of amolts showing plua growth until

June 9, ufter which all omolts taken showed plus growth.

This factor corresponded with the increase in length and

weiGht dUring the season.

On the contrary, Pentelow, Southgate, and Bassindale

(19}}) stated that, in 19}O, there was no corresponding

increase in the size of the smolts as the proportion of

smolts showing plus growth increased. They reported, how

ever, that, in 1931, there was a slight increase in size

as the proportion of smolts showing plus growth increased,

and both rectors incrE::ascd UG t.he St:[J.Lon advanc~d. In IJoth

years they noted that few early run smolts had plus growth,

and that few late run smolts were without plus growt',.

The percentage of smolts with plus growth 1s pl~ttcd

by 5-day periods on Figure 17. Note that the curvc n ueo

sharply to 100% of the smolts showing plus growth durin&

the period of June 9-1}. Table 5 shows the same data by

the number of smolts per 5-day period.

The number of plus growth rings on each scale indicates

the amount of growth, hence how much the smolts have been

feeding since the last winter before the run. Later in the

eeason, the mean daily number of plus growth ringn increased

from 1.2 to 11. Th· mean number of rings on May 19, the
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first day on which any plus growth was noted, was 1.2. A

gradual decr~a8e in .he average daily number of rings from

2 on May 20 to one on May 27 was noted, but then there was

a gradual increase in the mean daily number of rings to 6

on June 29 and 11 and 10 on June 20 and 21, respectively.
f1i

These data are plotted on Figure 16. Of ~ three-year

smolts, 5~ had plus growth; 66 of 111 two-year smolts;

and 9 of 11 four-year smolts. From this it can be conclu

ded that smolts with plus growth dominated the Northwest

Miramichi smolt run in 1965. Similar conditions were noted

in the Rivers Erne and Foyle in Ireland (Twomey, 1959, and

Went, 1964).

Sex.

Another factor which may influence age at migration is

the sex of the smolts. There have been many reports on the

ripening and spawning of male parrs before they go to sea

as smolts (Tchemavin, 1939, and Jones, 1959).

Tchemavin (1939), (after Hoek, 1902, and Tchemavin,

1936), reported that male parrs were ripe betw~en the ages

of 1+ and 4+ river years, and in some cases, "in the first

autumn of their existence." According to Tchernavin (1939),

reporting on Hoek (1910) and Huitfeldt - Kaas (1914),

(after Otterstr¢m, 1933), male parrs may spawn twice before

going to sea. Tch~rnavin (1939) fUrther stated that male
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parrs of~ salar under natural conditions. ripen before

going to sea, "end take part in spawning with females that

have already been to sea," and that, lithe milt of such parrs

cen be successfully used for artificial fertilization of the

eggs of females."

According to Tchernavin (1939) female parrs are ripe

much morc rarely than male parrs (after Shaw, 1840, Day,

1665. Schaferna, 1934, Smirnov. 1935; end Regan, 1936).

Also according to Tchemavin (1939). Schaferna (1934), and

Regan (1936) found female parrs to be ripe at 6 years and

2! years respectively.

Jones (195~) reported Shaw (1640) as haVing taken an 11

pound female salmon and 4 male parr from the same spawning

bed in a river end impregnating 4 lots of her eggs, "one lot

by the sperm of each parr." "The four batches of fertilized

eggs were hatched in a stream to "lhich no salmon had access, It

and matured in 18 months. "Three ripe parr from each of these

batches were used to fertilize eggs from en adult female sal

man, and aga~ >1 these matured." These experiments showed the

impregnating power of male parr sperm.

Jones (1959) reported that, of a sample of parr caught

in the River nee in October, 1937. "nearly all were four.d to

be sexually mature males," and that during the years 1936 and

1939. approximately "30~0 parr and smolts from 20 British

1'1 vers "I ere examined. II From the examination of these fish,
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it was found that about one-half were males," and of these

about 75 per cent were ripe (sexually mature), spending (in

the process of spawning), or spent (finished spawning). Of

the smolts examined, 60 per cent of the males were definitely

spent." According to Jones (1959), (after Orton, Jones, and

King, 1938, and Jones and Orton, 1940), of the 1500 females

examined not one was maturing, mature, or spent.

In England male parr or smolt were classified as male

(1) and male (2), depending upon the size of the testes. Male

(1) parr have small testes, and male (2) have large testes.

Male (2) parr tended to migrate early in the season in the

River Tees (Pentelow, Southgate, and Bassindale, 1933). Com

parable studies were not done on the Miramichi male smolts in

1965, but it may help to explain why male smaIts Will, on the

average, be older and form a greater proportion of the late

run than female smolts.

Although the number of 4-year smolts was small, 72.7% of

them were males. (Although male (1) and (2) smolts were no

ticed when sex examination was done, no record of them was

kept because, at the time, I was not aware of the significance

of this difference.) One of these 4-year male smolts, and one

3-year male smelt were b~lieved to have spawning marks at the

time of migration. The 3-year smolt scale is shown on Plate 4.

Table 4 shows that a hi.,her proportion of carly age females

migrate than early age males.
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Sex ratios during the smolt run wsrs approximatsly 211

favourine females. Of 1000 fish examined, 336 were males

and 664 were females. Azbelev (1963) stated that females

makc up s larger percentage of Atlantic selmon than Pacific

salmon. He reported 45~ of the migrating Tuloma River stock

to be males. Osterdahl (1964) reported that, in 1962, of

421 smolts from the Rive~ RickleAn, 36.1~ were males.

Pentelow, Southgate, and Bassindale (1933) from the examina

tion of 3,063 smolts, found that the female to male ratio

was 1.9311 in the River Tees, and they reported that Meek

(1925), found the female to male ratic 1.7:1 form smolts

picked up dead in the River Tyne estuary. Hewetson (1958)

recorded the average sex ratio for the River Corrib, during

the years 1956-1958, as 1 :1.1 females to males.

The average length and weight for males and females was

found to be approximately the same in the Miramichi. The

averags weight of males and females was 21.9 g and the average

length was 14.5 em and 14.8 em, respectively. A similar con

dition was found in the River Tees where the mean size of ths

two sexes did not differ in either case by more than 0.3 em

(Pentelow, Southgate, and Bassindale, 1933).

Table 5 shows the number of males and femalea per 5-day

periode of the run, and daily numbers and percentages of male

and f~ale smolts are plotted on Pigures 19 and 20, respectively.



- 30 -

A greater percentage of female smolts wae encountered

during the period May 10-24 (excluding the 16th when there

was only one smolt--a male). Towards the latter part of

the run, the eex ratios approached 1.1.

From the curve of Figure 21, it can be seen that the

percentage of females decreased 8S the season advanced.

The extremes on the ends of the linee are the reeult of

the examination of four smolte after June 28, all of which

were femalee. Only during the period June 24-28, when

only 8 smolts were examined, was the proportion of male

to females1.1. During all other 5-day periods the propor

tion of females was greater.

From the above data it can be concluded that female

smolts dominated the first part of the run, and decreased

in percentage as the season advanced, but never dropped

below 50% during any 5-day period.

Smolt Run Rslated to Water Level and Water Temperature.

The number of smolts in the daily run was correlated

with the mean daily water level in feet (water level taken

ae height above sea level), and tne mean daily water tempera

ture in degrees Centigra~e. These data are plotted on Figure

22 where it oan be seen that the water level was drop ing and

the water temperature was increasing when the peak of the run

occurred. On the peak day, May 29, when there were 4,254
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smolts, the water level had fallen 2 inches from the day

before, and the water temperature had risen 1.9 degrees

from the previous day.

Osterdahl (1964) reported a ceneral drop in water level,

except in 1963 when it remained relatively constant, and a

rise 1n water temperature as the smolt run increased in

number. but no lIstraightforward correlation between tempera

ture, rise of temperature, or water level fluctuations and

the daily catches of smolts," was revealed. He stated that

the factors controllinG smolt migration are rather likely

"strongly coupled with water temperature and water level. 1t

Abrupt changes, he reported, ~ore rapidly effected a peak

whereas gradual changes made the run lighter on anyone day,

but of longer duration.

The smolt run of 1965 consisted of two segments, the

peak of the first one occurring on May 22. On this day the

water temperature had risen 1.8 degrees, and the water level

had dropped 4 inches from the previous day. The peak of the

second segment occurred on May 28.

Condition Factor.

The final calculation was the de lcrmination of the

condition factor (K) of the smolts. The average condition

factors, per day and per 5-day periods of the run, are shown

on Figures 23 and 24. respectively. The mean yearly condition
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factor Was 0.7. The ranee of the daily condition factor

was from 0.6-0.8, and there was no range of the condition

factor for 5-day periods, for on each 5-day period it

averaged 0.7 when taken to the nearest tenth. Neither

curve for Figure 23 or 24 shows significant chaose.
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SUl1HARY

1) A sample of smolta waa collected at the Curventon

counting fence during the 1965 amolt run in the Northweat

Miramichi River in New Brunawick. This aample consiated of

1000 amolta, forming 3.7% of the total amolt run of 26,778.

2) The average length of the amolta collected was

14.7 em, and the average weight waa 21.9 g.

In centimetre groups, the largeat percentage, 32.8

was in the 14.1-15.0 group.

Larger smolts were caught during the early part (May 10

241 and later part (June 19 - July 21) of the smolt run, with

smaller smolts dominating the middle of the run.

There was a gradual decrease in average daily length

from the beginning of the run until May 27, after which there

was a gradual increase in average daily length.

A similar relation existed in average daily weight, with

the lowest average daily weight being recorded on May 22, and

a gradual increase from then until the end of the run.

The length and weight rangss were from 11.7-20.6 em, and

from 10.6-65.5 g, respectively, With the aame two fish produ

cing both extremes.

3) Three-year smolts dominated ths entire aample

(B7.8~), two-year smolts formed 11.1~, and 4-year smolts

1.1~ of the sample.
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The 2-year smal ts increased in the per cent of the

daily sample 8S the season progressed, whereas '-year em01ta

decreased sliGhtly but dominated the first part of the run.

4) T~ree-yea.r sm01ta with plus growth had a greater

average length and weight than '-year smolts showing no plus

growth.

5) The average length of 2, 2+, 3, }+, and 4-year smolts

was 13.7 em, 14.6 em, 14.6 em, 14.8 em, and 15.7 em, respec

tively. This was a gradual increase in average length 8S age

increased except for 2+ and }-year smolts. The average weight

of smolts in these age classes was: 16.8 g, 22.2 B, 20.8 g,

22.6 g, and 27.5 g respectively.

6) The per cent of sm01 ts wlth plus growth increased 8a

the season advanced, with no smolts from May 10-18 showing

plus growth, and all smolts after June 9 showing plus growth.

7) The average number of rings of plus growth increased

from 1.2 to 11 as the season advanced. There was an increase

in the size of the amol te with increasing plua growth.

8) Females dominated the first part of the run, and the

proportion of femalcs decreased slightly 8S the season advanced,

but never dropped below male numbers during any 5-dny period.

On only a few individual days did the number of males surpass

that of females.

or 1000 smolto, 664 were females and 336 were males.
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9) Of 111 two-year smolts, 88 (79.3~) were females and

23 (20.7%) were males. Of 878 three-year smolts, 573 (65.3~)

were females, and 305 (34.7~) were males. Of 11 four-year

smolts, 3 were females and 8 were males. With increasing age,

the proportion of males appeared to increase.

10) The average length and wei&ht of melee and females

were approximately the same. The averSbe length of males and

females was 14.5 em, and 14.8 em, respectively. The average

w~icht of mules and females was 21.9 g for cacho

11) The peak of the smolt run occurr~d as the water

level was droppinG and the water temperature was increusin6_

12) TIl" averag~ condition factor for all the smolts

collected was 0.7.
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Table 1. Average daily ~ength and weight of smolts during the run.

Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
Date ength weight Date engt <eight Date ength weight Date ength weight

em g em g em g em g

May 10 14.4 22.0 May 25 15.6 25.6 June 9 15.0 23.7 June 24 15.3 25.7

May 11 --- --- May 26 18.0 43.9 ~une 10 15.1 24.0 June 2<; 1<;.6 2'.0

~lay 12 --- --- lay 27 13.9 18.5 ~une 11 14.5 21,4 Jur.e 26 15.9 27.7

May 13 -- --- lay 28 14.4 20.6 une 12 14.6 24.9 June 27 -- ---

M"v 1A 16.1 31.0 May 29 14.1 18.8 une 13 14.8 22.7 June 28 --- ---
I'lay 15 16.1 28.2 lay 30 14.7 21,0 une 14 14.5 22.9 June 29 15.7 27.4

Mav 1/; 15.0 22.1 May 31 14.3 19.1 une 15 14.7 23.0 June 30 ._-- ---
May 17 16.2 29.8 ~une 1 14.4 20.3 une 16 14.9 22.9 July 20 19.5 45.6

~une --11ay 18 14.6 20.4 une 2 14.3 19.4 17 14.8 22.7 July 21 18.8 48.6

Mav 1q 15.1 23.6 une 3 14.3 20;1 une 18 15.1 23.6

May 20 15.0 23.4 une 4 14.1 18.3 une 19 15.2 23.8

Hay 21 14.7 20.9 une 5 14.6 21.6 une 20 15.0 23.7

11ay 22 14.0 16.7 une 6 14.5 21.4 une 21 15.3 24.7

~y 23 14.8 22.3 une 7 15.1 24.0 une 22 14.9 22.9

~y 24 16.4 30.0 une 8 14.6 22.2 une 23 15.0 25.1



- 42 -

Table 2. Average length and weight of emolte per week during run.

Avg. Avg. No. in No. in

Week length weight weBkly weekly

em g eample run

olav 10-16 15.2 2~.4 19 20

lay 17-2~ 14.8 22.0 169 1.711

-lay 24-30 14.6 21.4 187 6.931

1!ly 31 - June 6 14.4 20.0 291 13,562

une 7-13 14.8 23.0 183 4 160

!June 14-20 14.9 23.2 101 346

une 21 27 15.2 25.4 36 36

une 28 - July 15.7 27.4 2 2

Illy 19-23 19·2 47.1 2 10



- 43 -

Table 3. Average length, weight, and total number of

smolts in five age groups.

Age of smolt 2-year 2+-yeaI 3-year 3+-year 4-year

Total in each
age group 23 88 325 5~ 11

AvC' length
(em) 13.7 14.6 14.6 14.8 15.7

AV~. weight 16.8 22.2 20.8 22.6 27.5(g

Table 4. Sexes of smolts in three age groups

Age Group 2-year 3-year 4-year

No. in each 111 878 11age group

No. of 88 573 3
females

Per eent of 79.3 65.3 27.3femalee

No. of males 23 305 8

Per cent of 20.7 34.7 72.7
males



Table 5. N~erical data for 5-day periods of the smolt run.

Number Numbe Number Number Number llumberof of of Numbe !lumber
Sample Run of of howing

Date 3-year 2-year 4-year of of
nUl!l.ber number 3-lear 3+-yea smolts smolts smolts plus

smolts smolt in in in
males emaJ.ee

total total total growth

l·iav 10-1' 12 12 12 0 12 0 0 2 10 0

J1ay 15-19 72 113 66 4 70 1 0 13 59 6

Hav 20-24 111 1,624 87 21 108 1 1 32 79 23

I·!ev 2~-2Q 139 5.762 60 47 107 26 3 48 91 63

Hev ~O-Jtlne ~ 216 9,615 .81 108 189 26 2 73 143 126

June 4-9 182 7,072 17 152 169 15 2 62 120 164

I.T""" 0-1' 117 2,187 .0 97 97 19 1 41 76 117

I.,,,,," 1 -'" 84 300 0 70 70 12 2 37 47 84

I.T"" " 1O_~~ 55 73 0 50 50 5 0 24 31 55

I.T""" ~ _~" 8 8 0 5 5 3 0 4 4 8

J-...:.r.e ~O_.T,,' v ~ 2 2 0 1 1 1 0 0 2 2

Julv 20-21 2 10 0 0 0 2 0 0 2 2

Totr.lc 1000 26 778 323 555 878 111 111 336 664 734

I......
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Table 5. j;umerical data for 5-day periods of the smolt run.

iumber l.UI:lber 11umber ~:\.1!:lber l;umber
lumberof of of

Date S"",ple Run of of 11umber Iiumber
3-year 2-year II-year Ishowin<;

nUJ!lber nUl:lber 3-year 3+-year stlolts scolts slool ts of of plus
in in in males female'

snolts smolts total total total rowth

!lay 10-11, 12 12 12 0 12 0 0 2 10 0

66 5 59 6
Iliay 15-19 7? 113 71 1 0 13
fllay 20-21t 111 1,621t 88 21 109 1 1 32 79 23 I

llay 25-29 139 5,762 61 1t9 110 26 3 't8 91 63
llay 30-June 3 216 9,615 81 188 26 Ilt3 126 \) .107 2 73

'1
June 1t-8 182 7,072 17 Ilt8 165 15 2 62 120 161t ii

(l
June 9-13 117 2,187 0 97 97 19 1 Itl 76 117 t
June 14-18 81t 300 0 70 70 12 2 37 1,1 '81; ......1

June 19-23 55 73 0 50 50 5 0 24 31 55
~
(b-

June 24-28 8 8 0 5 "5 3 0 4 It 8 ("
June 29-J'uly 3 2 2 0 1 1 1 0 0 2 2
July 20-21 2 10 0 0 0 2 0 0 2 2

TotaIn 000 26,778 325 553 878 III 11 336" fi6'l+ 6SO
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Plate 1. Photograph showing west leg and long leg of counting fence, taken downriver from fence.

Sho....s vest trap (left) and centre trap (to the left of the oentre), catvalk. "All frames,

and steel r~cka on upriver face of fence. Arrow indicates river nov,
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2nd winter lncd

1st. "'i~t.er lnnd

2 rings of plus grovth

P.1;lte 2. Scale of 2-yeor smolt showing plus growth (mog. SOx).

Jrd winter Ix1nd

2nd winter band

2nd s.-er growth

16 ~ winter band

2 rings of plus growth

__.,-- basal portion

P.1;lt. J. Scals of J-l".er smolt showing plus growth (mag. 5Ox).
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5 rinco plu:J crovth

3rd wlnter oond

2nd win tel' Innd

1st winter Innd

posoible opnwnlng """'k

Plate 4. Scale of 3-yoar mole smolt showing posoible spawning

mark (mag. :J8x).

~--- bit of Crowcb

_~--- 4th winter oond

---'-- 3rd wlnter oond

2nd \oIintcr band

1st wintor Innd

Plate 5. Scale of 4-yeor smelt with 11 st.1rt of spring plus

growth (moe. 4Ox).
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PlAte 7. Female smolt gonads

Plete 6. Regonerated smolt (mag. 1x)'-

scaJ.e (mag. :lOx).

testes

!'late 8. lW.e _It gonads (1ll8g. 1x).
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!':Late 9. Section of felll:l.1e smolt gonad (mag. 100x).

fiate 10. Section of llI:l.1e smolt 60nad (meg. 100x).
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