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ABSTRACT

(AJOR STUDY in this investigation was one of growth and form, carried out
yate differences in growth rates and body proportions between the land-
1Lake Ontario and the anadromous Atlantic alewives, Particular attention
so given to the nature of the annual mortality that is characteristic of P.
harengus in Lake Ontario. The Atlantic alewife has a more rapid rate of
. than the landlocked form. Both groups display early rapid growth followed
screase in the growth rate coincident with the onset of sexual maturity. It is
ed that the freshwater environment hastens the onset of maturity with its
inhibition of growth. The Lake Ontario alewife matures about one year
an the Atlantic alewife,

on of form of the alewife within Lake Ontario is essentially small. Of
n measurements made, only three showed slight differences between samples.
there was a wide difference between the form of the Lake Ontario and
tic representatives. Eight of the thirteen characters compared showed
ant differences in their growth partition constants. Three of the remaining
aracters showed differences in the intercept of the relative growth lines.
d length of the Lake Ontario sample was measured at three sizes
g small, medium, and large fish; the range decreased progressively with
body length. The slope of the line representing the relative growth of
length in the Atlantic sample roughly paralleled the upper limit of
as set by twice the standard deviation, but converged with the lower
imilarly set. It is concluded that the differences in form between the two
s are chiefly the result of differential selection of the freshwater alewife by its
nment, Inadequacy of osmotic regulation by the Lake Ontario alewife is
it to be acting, possibly in conjunction with temperature, to remove small-
1 fish from the population.

the alewife’s spring entry into shoal water in Lake Ontario it sometimes
s gradients that have maximum surface temperatures approaching 20°C.
were observed to die principally within the upper ranges of these
ts. A correlation between the gradual increase in surface temperature from
f_ Summer with increase in mortality was also found. Comparison of the
of lethal temperatures found in the laboratory with the lethal ranges of the
rature gradients observed in the field showed that the early incidences of
'Y are related to the entrance of the alewives into warm shoal waters in
they are still acclimated to the low temperatures of the lake’s depths.
_°HC more extensive mortalities are believed to be also caused by lethal
atures although no support for this belief was obtained in the laboratory.




ypservations on the Alewife, Pomolobus
doharengus (Wilson), in Fresh Water

INTRODUCTION

MAJOR STUDY in the investigation was one of growth and form,
.4 out to evaluate differences in growth rates and body propor-
otween the landlocked Lake Ontario and the anadromous
tic alewives. Particular attention was also given to the nature
e annual mortality that is characteristic of this species in Lake
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perimental Limnology, Maple, Ontario, which is ¢
the Department of Lands and Forests and the Unj
Financial support for the work was given by the Un
the National Research Council of Canada, and th
of Ontario.

y ner cent formalin. Specimens from the Port Credit area were
ed when fresh.
4. following were the measurements made:

csgndard length—Distance from the most anterior part of the
head to the distal end of the hypural plate.

Head length—Distance from the anterior part of the junction of
the premaxillary and maxillary bones to the most distant point of
the operculum (opercular membrane excluded).

Head depth—Distance from the midline of the occiput vertically

PeratEd loln :
Versity of Ty, ‘.
'versity of Tq
e Research

MATERIALS AND METHODS
Growth rate

The ages of 168 specimens from the Bay of Quinte region of I . .

Ontario and 141 Adantic speemens were determined by the scale Jownward to the ventral contour of the head or breast.

meth.od. Most of t}?e Bay of Quinte Specimens were members of o Orbital length—Greatest distance between the orbital rims
relative growth series collected there. Thirty-four specimens of the (horizontal in this case)

{\tlantic samp l'e were secured from Silver Lake, New Brunswick, dur. .. nout length—The least d.istance between the rim of the orbit and
ing the spawning ran (July .14 through July 16, 1_950)- The remainder the anterior edge of the junction of the premaxillary and maxillary.
were captured during their downstream run in Fletchers Creek, rédorsal length—Distance from the most anterior part of the

Shubenacadie River, Nova Scotia (young, July 26, 27 and August 2; junction of the maxillary and premaxillary to the base of the first
adults, July 9, 1950). 2 dorsal ray

Scales were taken from the left side in the midline above the origin E . . . .
of the anal fin. This area was found by Huntsman (1918) to be the gdtef;i};;)create“ dimension (not including structures per

grrfs}tloagflvf}izg (S)(l:)asleers\;eghii s;:ltzsr ;v:ézrciﬁzn;?cgsz‘;atzr with SIS Caudal peduncle length—The oblique distance from the insertion
™ of the anal base to the distal end of the hypural plate.

Anal and dorsal fin bases—Over-all length of the base.

Pelvic and pectoral fin lengths—Distance from the base of the most

anterior ray to the extremity of the fin.

audal length—Greatest horizontal distance between the end of

the hypural plate and the extremity of the pinched caudal fin.

Dorsal fin length—Distance from the origin of the fin to the

extremity of the anterior lobe.

Relative growth ]

The main collections of the freshwater specimens were made in th
Bay of Quinte region. But to obtain a general survey of the variab
within Lake Ontario itself, samples, composed chiefly of adults,
also taken from four other areas of the lake proper: at -‘
Frenchman Bay, Port Credit, and Bronte. The Atlantic SPEciii=
were those referred to in the previous section.

Measurements N ebral counts were made from X-ray plates on 121 Lake Ontario

o Aves and 70 Atlantic alewives. A check of five specimens showed

A steel ruler divided into half-millimetres for the first ten cen®
and into millimetres for the remaining forty centimetres, i Ounts upon actual dissection and from the plates were the same.
giment of data

is 1
to measure standard lengths greater than 60 mm. Below eﬁe ] .
and for other measurements besides standard length, 1 Specimens measured were selected to fill logarithmic classes of
N d length set up at 0.05 logarithmic intervals (DeLury, 1951).

dividers or a caliper having a vernier reading: to 0.1 mﬂkl lw:: :

according to the size of the measurement being tal;fn'were o " €mpt was made to fill each class with measurements from ten

ment on fish smaller than 45.0 mm. Stﬂl_1dard leng \dleas urements 2 CBS. A 5:5 sex ratio was striven for with classes of mature fish.

0.1 mm. with the use of a binocular microscope. * o division into logarithmic classes simplified treatment of data.
of the logarithms were obtained from the original measurements

» 1 class. These were then plotted as a regression of the logarithm

., EXCE

fish of larger standard length were also estimated to 0.1 r:emro ndl
specimens taken from the Gananoque River which weé

,$'"en body part on the logarithm of the standard length (Huxley,

and the line of best fit was calculated.

to the nearest 0.5 mm. o fish P eserVe
With one exception, measurements were made 0
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Tests for statistical differences between the
of the two groups were made by the method
were tested when difference between slop

significant. Only those points representing ten Specimeng used
statistical analysis. 3 ‘

slopes of ped the low average value of 1 per cent per day. Towards t}_le
of COVariance Charg g, f this period of apparent equilibrium, a noticeable increase in
es was ® Intergey ality generally occurred. Efforts were made to use a sample before
ot statis . crease began. Thirty-two days was the longest period that a
¢ was maintained, although individual fish sometimes lived for
¢+ two months.
Jicease was infrequent in the acclimating fish with the exception of
rolegnia. Treatment with Roccal caused a noticeable mortality even
oh dilutions of 1:140,000 with exposures of approximately 30
stes were used. Any fish showing fungus was removed from the
ole and in one case an entire sample was discarded. The growth
o fungus appeared to be correlated with the amount of waste food
sent and with low temperatures.

LABORATORY INVESTIGATION

Transport of alewives

In any operation of transporting or collectin
never removed from the water. When collecting
formed with the net and the alewives were ?h
splashless carrying tank (Fry, 1951) was used in carrying alewiye,
from the sampling area to the laboratory. When alewives were A'.'
short distances about the laboratory, beakers or glass battery '_
were used. Fish undergoing acclimation were never forced into
container but allowed to swim into it undisturbed. They were ther
transferred into a large bucket. '

In spite of extreme care in handling, carrying mortalities were con
siderable. Of 576 adult alewives transported from the Port Credit area
between June 16 and July 29, 1950, 51 per cent died in transit. Young
of the year were transported between September 26 and October 6,
1950, also from the Port Credit area. At this time, 1,560 young of th
year were obtained of which 45 per cent died in transit. It is though
that many of the carrying mortalities were due to over-exertion.
resulting from fright (Huntsman, 1938).

&
g, the alewiyes Were.
a large enclosure
en bailed from it

al acclimation

“forts were made to acclimate alewives long enough to remove
ssible influences of their past thermal history. If the number in a
mple decreased to as low as 20, the sample was used regardless of its
griod of acclimation in the laboratory. In such emergencies due con-
eration was given to the probable thermal history of the fish just
or to capture.

ts and under-yearlings were acclimated in large and medium
Iding tanks having capacities of 75 and 48 gallons respectively. These
re supplied with running well-water appropriately heated or cooled.
e temperatures in these baths were maintained constant, within

Acclimation of adult alewives to temperatures of 10°C, 15°C, and
»"C was attempted. Probably the so-called 10°C acclimated fish were
Wally adjusted to temperatures between 10°C and 15°C because of
%€ limited time available to acclimate them. Acclimation to 15°C and
* Lis thought to be accurate because these temperatures were closer
. 9@ experienced by the samples in their lake environment before
rure. Under-yearlings were acclimated to temperatures of 5°C and
E A shorter range of acclimation temperatures (4 degrees), a close
elation of these temperatures to those of the lake environment, and
q Jdefini , 8er period of acclimation have made greater accuracy possible in
v di?n k: SXperiments involving under-yearlings.
e hol d;fs. hi “Celimation to Jow temperatures (5°C) was carried out by progres-
~~ "OWering of temperature 0.5°C to 1°C every four days. Acclima-
t0 higher temperatures (15°C and 20°C) was approached at
~SXimately 1°C per day.

Maintenance of samples P

A wide variety of foods were used, but Daphnia and suspensions =
a mixture of strained liver, entrails, and solidified blood were '--"'-‘-
These two foods were alternated in daily feedings. When sam. y
fish were small, feedings consisted entirely of live food, gemereis
Daphnia. eriments

Alewives were fed six hours before lethal temperature exp o
were begun. If the experiments lasted beyond one day, the sp
were fed Daphnia every 24 hours.

The mortalities recorded from the holding tanks foll
pattern. The transfer of the sample from the lake to th
was followed by a very high initial mortality lasting 2 fe::)n ditions o
high mortality is probably the result of handling ar'ld t%le -
transport. A reduction in mortality followed, which in
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Lethal temperature experiments

The baths used in lethal temperature experiments
Were

designed by Brett (1952) and measured 99 in th%
. ches -
deep. Their inner galvanized surfaces were Painte(;%:iiie and 13 lncha ‘

| _men are sufficient to present a general summary of the alewife’s
" tions and movements in Lake Ontario.

inshore movement of adult alewives from deep water begins some
& in April, but the precise time differs in various areas. The

(T)f gon). The maintenance of the desired lethal te @ Plasti Paing "~ ot number arrive inshore about mid-June in the Port Credit area
achieved in each bath by 120 watt heaters, thermostati fnlperatm_e Wag pout late June in the Bay of Quinte region. The migration begun
whic‘h balanced a slow flow of water (9°C to 10°C), ;aﬂll}; Contm]led,- may last into mid-July in the Port Credit area and late July
of vinylite tubing of %-inch diameter with an adjustab] el coil Bay of Quinte region. Once inshore, the alewives first appear in
water was placed in the bath when lethal templerat:lree o cold jow water during the daylight hours. They are then found in

. "ere beloy ow water at dusk and at dark and are observed in the offshore

room temperature. Generally, variation of tempe
baths was of the order of =0.1°C. If this variation
experiment was either abandoned or continued with
the fo]lowing results, Air saturation within the bath
70 per cent at temperatures above 26.0°C and was
at lower temperatures,

Five fish were employed in each test. Cold water in i
the lethal baths with the alewives was immediately countet;;)ftlzleg nzht*c;
addition of warm and the desired lethal temperature was regayined
within 1% minutes. The time of death was recorded for each fish, Ex-
periments were examined every hour during the first 12 hours and
every four hours during the next 24. Half the interval of time from the
last observation was recorded when death occurred during periods
when no observations were made, for example, overnight.

The median resistance time of each experiment was obtained by
plotting the order of death along a vertical axis of probability units
and the time to death expressed in minutes along a horizontal log-
arithmic axis. The time at which 50 per cent of the sample had suc-
cumbed to the lethal temperature was read directly from the resulting
graph. This method of determination has been shown to be satisfactory
in previous lethal temperature experiments with fish (Brett, 1952; Fry,
et al., 1946). The median resistance times were then plotted along @
vertical axis denoting the temperature at which the experiments wers.
carried out and along a horizontal logarithmic axis of time.

rature within
Was exceeded, the
Teservationg about
$ was found to phe
presumably greater

e water during the day. During the inshore migration, adult
sives ascend rivers but the ascent is limited by dams.
Jes of early migrants are predominantly females. Samples taken
the bulk of the population, which arrives later, are predominantly
5. Spawning begins shortly after the arrival of the first schools and
s its height about mid-June in the Port Credit area and late June
ly July in the Bay of Quinte region. Spawning takes place at
and is carried out in groups of three or in pairs. It is probable
the adult alewives reach the stage of ripeness abruptly, perhaps
uring a day.
The adults leave the inshore waters immediately after spawning.
he majority of them migrate to the deep water of Lake Ontario
per some time in late August. They may leave abruptly as in the
 Credit area or gradually as in the protected Bay of Quinte and its
iated reaches. They begin to appear in numbers in the deep water
00 feet) about mid-September, reaching abundance there by
nber and remaining until March.
dung of the year remain on the spawning grounds until at least the
larval stage is reached. Those in the lake proper probably collect
N protected areas, such as the mouth of the Credit River, some
: early September. They then migrate to the shallow water along
€xposed shore of the lake about late October. The young of the
from the Bay of Quinte do not appear off the exposed shores
S0me time after December. Commercial fishermen have suggested
ary and February. Their migration probably ends in the shallow
I of the exposed shores of the Bay of Quinte region, for example,
€8 Edward Bay. Some young of the year may not migrate but
in the Bay of Quinte proper.
SPring inshore migration of juvenile alewives is similar to that
'€ adults, Once inshore, they engage in a diurnal movement. They

- %und in shallow water at dusk (8:00 p.m.), and at dark. During

ResuLts

Summary of migrations and movements
Observations and the collection of data on the migrations and o
ments of the alewife while in the field were subordinated to t'he ‘f::n &
tion of alewives for relative growth analysis and the investigat! =
mortality, which form the major portion of this thesis. Howevefr ol
obtained through personal observation and interviews with comme

move
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the day the juveniles are located on bottom in 6 to ]
Their distribution in the Bay of Quinte re 0 feet of v,

gion
prefer exposed shorelines. It is likely that tﬁe ﬁ;lzgg;&sts that
. . . of Migrms:
the juvenile alewives to deep water and the time spent th:rl;gir:'hf“
S 1)

to times of the adult alewives.

. similarly, reported that the female alewife had a faster growth
':-,,, the male Atlantic alewives from the Hudson River, New York.
0 alewives of both sexes mature one year later than Lake Ontario

Growth rate

1801~ Odelt @ Eatonli940X

The mean age—length relations of the samples i £
Ontario and the Atlantic coast are given in TSble ?a’ﬁ:: eIii lf(rom : 1407 Pritchara (1929)
alewife displays an early rapid growth which decreases wi?h ihon_ io 2
of maturity at ages II (males) or III (females). The femal € Onset 7 oo
a greater size than the male and possibly has a longer life Spane F? ains - E g0
alewives have also been found to exhibit a faster growth rate tb - :1-_: 5 e pnerts
males by the following authors: Pritchard, 1929 (Lake Ontario). y 7 b .
and Eaton, 1940 (Lamoka Lake and Kensington Reservoirs T 20
author does not have sufficient data to compare the growth rate af = I M I i ; ; E
sexes of the Atlantic alewife but Rounsefell and Stringer (1943) re- o rerE A:

2.—Comparison of the growth rate of the Lake Ontario alewife as
mined by Pritchard (1929), Odell and Eaton (1940), and the author. Data
bined for both sexes and where necessary converted from fork or total length
standard length.

TABLE I

MEAN STANDARD LENGTHS IN RELATION TO AGE AND SEX FOR LAKE ONTARIO A
ATLANTIC ALEWIVES ]

(The age designation indicates the number of completed annuli, the num!
brackets is the number of specimens examined. The sexes of immature and
individuals were not determined)

~comparison of the Lake Ontario age and growth studies by
= itchard (1929), Odell and Eaton (1940), and the author is presented
Lake Ontarie Atlantic gure 2. The data of the three studies agree closely excepting for

Age = o I and II. Possibly the disagreement for ages I and II of Pritchard
group  Immature  Male Female Immature  Male 1 1 of the author is because of net selection. The divergence between
o 32103 — _ 45.4(84) e = 'data of Odell and Eaton (1940) and those of the author for year
[ 620036 9.5 () _ _ e 3 ! cannot be considered important because of the small number of

1T 95.1 (4) 108.6(18) 110.0 (5) — : 4”: © - ~Cumens,
IIl\i _ ggé(l(;; ﬁ?g%; 1%;);”;)7) i;g:l(“) 167.3 B uer CO_mparisons of the growth of the Lake Ontario alewife
v - 1555 (3 183 4010) 2705 (5 198.6 @) 302_3 [ b grolx)vth in other lakes and in the ocean are made in figure 3. There
I — o 1570 (5) 214.5 (2) = AS-—  be seen that the Kensico Reservoir alewives (Breder and
VII _ _ 184 (1) _ — - &€, 1936; Odell and Eaton, 1940) grow more slowly than the
VIII — — w2 () — o " Ontario and Lake Seneca alewives. The difference between the
X — — - = . 1a for Kensico Reservoir of Breder and Negrelli (1936) and Odell

ported that the Atlantic female alewives averaged
than the males in the Newmasket, Demariscotta, an
Maine. As in the Lake Ontario alewife, the male appeéa 3
sexually mature one year earlier than the female. Odell 2

g o © mun, IOAEN 3 :ton (1940) is probably due to selection in the material of the
1 Ouland Rivers t.r':lll:thors. Breder and Negrelli obtained their data from speci-
s to becdr en from water intake screens of the reservoir during a

ty of alewives. The Lamoka Lake data are of little significance

S€ of the small number (21) of specimens measured. The Atlantic
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alewife has a more rapid rate of growth throughout

) . MOost of jtg 1:¢ i
the Lakg Ontario alewife. The mean standard lengthg of i 1ts Jife 1o major series of specimens used for the relative growth analysis
(Atlantic) alewives are also included (Odell and udson 1

oy Eaton, 1 Ay _taken from samples collected in the Bay of Quinte region, but
samlg?le shows a still higher growth rate than do the ,N(?v - Th "'}r samples were also collected from Gananoque, Frenchman Bay,
specimens. 1 . Credit, and Bronte areas (see fig. 1). The minor series were com-
"4 with the Bay of Quinte series to assess variability within Lake

:on within Lake Ontario

L o Author (1952) T .
2601 odell (1934) Hudsan & ) - i0. The most complete comparison made was for head length;
40 ©® Breder 8 Negrelli{1936) 1L .
2901 e Odelt 8 Eaton (1940) _e--"%——=-e .« presented in figure 4.
220F *—* Odell BEatan (1940) o-~ /o Atisala s 15 P
L [
200 o Broante Sampie
180 x  Gananoque Sample
: . a Port Credit Sample
E’ rso[ ° teke Omarlg a5l e Frenchman Bay Sample o
| w Slope °
< 140 - 35 oxse Less.than 10 Specimens
2 . €
s 120p P € -
Seneco Lake _—(_:’___. 250
o 1001 L amoka Lake bl 20l
2  s8o- c
2 * g5l
%) 60 Kenslco Ressvoir -
aol s
P 10
20 T
] 1 L I i ] 1 1 1
o b4 b4 m ™ b u Yo o
5 -
Age
) 1 Lo b

Fieure 3.—Comparison of the growth of anadromous and landlocked alewi
sexes combined. Anadromous groups are the Hudson River (Odell and Ea
1940) and the “Atlantic” data of the author. The remaining curves are for land- i
locked populations. Data converted to standard lengths where necessary.

20 40 €0 B0 100 150 200
Standard Length mm.

16URE 4.—Comparison of head lengths between the Bay of Quinte sample and
or samples taken elsewhere in Lake Ontario. The Bay of Quinte line (solid)

Relative growth @s obtained from figure 6.

The data gathered to describe the relative growth of the alewife are
presented on double logarithmic grids after the method of Huxley
(1932). The slope of the line (k) represents the growth partition €O
stant in Huxley’s formula,

igure 4 shows the log head length-log standard length relation for
® Minor series in comparison with the calculated line for the Bay of
.'" series. The Bay of Quinte line is the continuous line with a
'Pe of k=1.03; the points on which this line is based are shown in

y = bx”* ure 6

h . It can be seen from fi 4 that all of the points for the
s . : . " the body 3 ] gure a P
wh;)rexm thfiiboTcLy . b.ls the intercept ththl? lmef anc:aydlls characte? 0us series fall closely about the Bay of Quinte line. The slope
part measured. The resulting relative growth lines tor nd 1.05) and the intercept of the line for the points outside the Bay

are described in the terminology introduced by Huxley, Need}}am’ 1
Lerner (1941) and applied to fish by Martin (1949). Essentiall’,
term “auxesis” is used to distinguish ontogenetic from phylog
relative growth series. “Bradyauxesis” is used when a body Paf,t &
relatively more slowly (k<1) than the body. “Tachyauxesis

_ l;inte do not differ significantly from those of the Bay of Quinte
Uple,

. aparisons of the remaining characters investigated are presented
. 8Ure 5. The slopes of the lines drawn through the points are those

Smined statistically f i i i
term used when the body part grows relatively faster than the__ 10, llC y for the Bay of Qu%nte series shown in ﬁgl.xres 6
(k>1) and “isauxesis” when the growth rat “of the body parts : amples used in these comparisons are not as extensive as
uxesis” when the growth rates used for head length, but they are made up of adult fish and

body are equal (k=1). °Im to a similar pattern. The points for most of the characters
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shown in the lower half of figure 5 fall closely

lines of the Bay of Quinte sample with the exception
of the Bronte sample representing body depth and pel
those shown in the upper right of the figure do not 4
the calculated Bay of Quinte lines. The points showj
peduncle length-body length relation of the Gananog
more adequately described by a line (dotted) drawn

OBSERVATIONS ON THE ALEWIFE 13

along ¢, Jium-sized a similar orbit length, and the larger a larger orbit length
2 f € Caleulageg on compared to the Bay of Quinte fish.
vicSngle POingg The parallelism found in caudal peduncle length and snout length
greeefn th, But . been shown to be the usual condition encountered in connection
ng thuny With 1, variability in form between local populations of the same species
e € cay \fartin, 1949; Svardson, 1950; Hart, 1951). The results of these three
Sample

x'
x Ganawque Sample =
e Bronte Sample R
! &
c.\° \’s“ ~
8 N },- =
g & o &0 R
£ 74 of i
(_,Q\‘ { ( “‘
= A ':\Q -
o & .
c - A S e
: 80 E eb\ o}\q
60 ‘bo &
T - <t o il
. % : Q\‘\ 53\\, X
a A ) § A
40 & \0 R R &
b — Q &) &
E) o @° ~ &S
.
; 3o ?® %o‘ \~° ~
= (4 N ° N ‘o\
° ‘§° QQQ \Q
- / > ~ o
20 ?° o ) & *
i >
15 I ! L1 2% L1
100 150 100 150 o]} 150 0o 150

Standard Length mm.

Ficure 5.—Comparison of the variation in relative growth of various body
characters of the adult alewife in Lake Ontario. The solid lines drawn through fh;
points are those determined statistically for the Bay of Quinte series (see figures

to 11). The broken lines were drawn by eye.

lying a short distance from, the Bay of Quinte line.
standard length applicable to the above plot the Bay o
has longer caudal peduncles than the Gananoque samp
exhibits a similar phenomenon, but here the Bronte ra
Gananoque sample is more adequately described by
drawn parallel to, but lying a short distance from, that o
Quinte sample. This means that fish from the Bronte area hi .
snouts than those from the Bay of Quinte. In contrast, th®

length-standard length relationship of the Gan
described by a line (dotted) crossing over that of th
sample and exhibiting a different slope. Thus the sma
fish, described in the above plot, have a smaller or

baralle] o, but

Thus, at any given
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le. Snout Jength
ther than the
a line (d"ttad)
f the 1133)’ ‘;r
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% rbl'gml
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ller Ganandd
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thors agree in showing that such intraspecific variability is displayed
; 3 the characters following relative growth lines which are parallel to
“oh other, but which may be some distance apart. Differences be-
en slopes, on the other hand, are commonly considered to repre-
interspecific variability in form (Martin, 1949) and were found
e the main source of differences between the relative growth of
he Bay of Quinte and Atlantic samples.

Gomparison of Bay of Quinte and Atlantic samples

Relative growth lines for the Bay of Quinte and the Atlantic samples
re combined in pairs in figures 6 to 11. The Bay of Quinte series in-
Judes fish from 17.1 mm. to 173 mm. while the Atlantic fish range
fom 26 mm. to 270 mm. Thus the two overlap only from 26 mm. to
[3 mm. and it is within this range that they may be compared.
The presence of a “growth stanza” in certain characters of the Bay
Quinte sample, which is not represented in the Atlantic sample,
complicates the comparison. The relative growth curve for a given
acter of fish from hatching to senescence is rarely a single straight
on a double logarithmic grid. The pattern usually shown is a series
ne or more straight lines of different slope which change sharply
certain sizes in a given population (Martin, 1949). Each portion
curve over which a given growth partition constant holds is
fmed a “growth stanza”. Occasionally (Thompson, 1934) the change
VI one stanza to another is a gradual change of slope rather than
abmpt one, but such cases have been rare to date and none has
*en found in the alewife in the present investigation.
- ead region. Relative growth lines for the head length in the fresh-
T and Atlantic samples are presented in figure 6. The head length—
Y length relation of the alewife displays a single stanza over the size
Studied. The line for the Bay of Quinte sample shows slight
yauxesis (k=1.08) while that for the Atlantic sample is slightly
duxetic (k=0.93). There is a significant difference between
3¢ slopes (P=.01).
L, © Comparisons of other measurements taken in the head region
- Pody length are shown in figure 7. Two of these characters show
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within the main relative growth stanza, head depth approaches

more than one growth stanza. These are head depth ) :
Both initially s%ow strong tachyauxesis (k:l.Sg aniln(llcir}) 15tgl length. _esis. There is no significant difference between either the slopes
: " the freshwater (k=1.06) and Atlantic (k=1.02) samples or their

early growth of the Bay of Quinte series. This is followeq by a) in
tion at 31.7 mm. standard length in both characters, Thn Inflec. - ercepts. But, there is a significant difference between slopes in the

¢ slopeg
o Bayof Quinte Sampie o Boy of Quinte Sample
e Marine Sample 60 e Marine Sample
v Slope [ » Slope
ee Less 'hqn 10 Specimens 50 L oe Less than 10 Specimens
49 Pritchard's Data (1929} a0k
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Freurg 7.—Comparisons of head depth, orbital length, and snout length to
0dy length for the Bay of Quinte and Atlantic alewives. Double logarithmic

Ficure 6.—Comparison of the head length in relation to body I(:mg
the Bay of Quinte and Atlantic samples. Double logarithmic grid.
(1929) data from Port Credit (Lake Ontario) and Halifax Harbqur :
are also shown. In this and following Sgures the sexes are combmec}i S_mf;‘n e
significant difference was found between the relative growth of the head in

e ot of orbital length (P=.05) with the slope for the freshwater sample
and females. The data separated as to sex are on file at the University © 3

=0.98) being steeper than that for the Atlantic sample (k=0.84).
. we Ssnout length measurement does not exhibit any inflections, but
S.Only a single straight line in both the Bay of Quinte and the
ttéclfamples. Two points fall well off the lower end of the Bay of
0 me. However, no measurements made on fish smaller than
Mm. standard length were used in statistical analysis. The Bay
iDte line has a slope of 1.02 and the Atlantic line a slope of 0.96.
. ‘erence between these slopes is not significant, but that between
., tercepts is significant (P=.01).
Tunk region. The relation of measurements taken in the trunk

k—=1.06 and k:0.9t8h)e-
le sincé

d there Wi

following these inflections approach isauxesis (
These inflections are not present in the Atlantic samp
smallest fish measured was 26 mm. standard length an sl
little opportunity for the first stanza to appear. Presum'ably , His an 00
tion occurs at a smaller standard length in the Atlantic group oction
the Bay of Quinte alewife. In orbital length, there is a secondiﬁ b
at about 115 mm. in the Bay of Quinte sample and at 142 -
Atlantic sample.
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region ;o bogy le?gl;th ishprssznt(iid inhﬁgurg 8. Téle measurements magq itial geriog O}f tachy}inxesi;,.a pause in tvl‘tihgrowth of this region of
were of predorsal length, pody depth, and caudal Pedqu e . bo y an then a phase of isauxetic gro .

All three characters show inflections of the relative grf)\e‘ rtl}?n}_th- With respect to predorsal length there is a statistically significant
one point or another. In predorsal length, there is a stanz, - nes ¢ ||(grence of slope between the freshwater (k=1.02) and Atlantic

bradyauxesis (k=0.40) below 26 mm. body length in the C‘gtreme ) samples over the ranges where they can be compared
ay of
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120k )
E o Bay ot Quinte Sampte
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Ficure 9.—Comparisons of the lengths of the fin bases in relation to
O_dy length for the Bay of Quinte and Atlantic alewives. Double logarithmic

£

Stondord Length mm.

Ficure 8.—Comparisons of measurements taken in the trunk region .
body length for the Bay of Quinte and Atlantic alewives. Double logarithmi¢ :
rid.
g (P=.05). In the case of body depth the difference in the slopes dis-
Played in the middle growth stanza (Atlantic k=1.30, freshwater
f 1.17) is highly significant (P=.01). It is interesting to note that the
o crence in body proportions brought about by this difference in
| 1s not maintained throughout all of the subsequent size ranges:
_I€T€ is convergence after the next inflection so that at 210 mm.
“andard length the body depth would again be the same in the two
Populations,
There is also a significant difference between the slopes of the two
“mples in the main growth stanza for the caudal peduncle length
ATeshwater k—1.08, Atlantic k=0.98; P=.05).

Quinte sample. Two inflections are seen in the body depth lines. The
first one occurs at 30 mm. in the freshwater sample. The size ran.ge_ i
the Atlantic sample is not sufficient to determine whether a SIGE is
early inflection occurs in this group also although the presumptionﬁc
that it does. The second inflection is best displayed in the At'an

sample where it occurs at 118 mm.; it is so weakly expresse:d mtion
freshwater group that it is impossible to fix the point of mﬂect §ix
with any accuracy. The slope (k=0.96) was obtained for the lgsndﬂ
points which include only adult fish. The curves for caudal pedt

g 2 5 o 15
length were the most complex found in the investigation. There
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_oth. The Atlantic sample might also experience an inflection, but it
_ould occur at a smaller standard length than is represented in the
.., measured. Subsequent to the early inflection, the Bay of Quinte
ple shows a decrease in the rate of growth of the pectoral fin in
ation to body growth although the relation still remains tachyauxetic
—1.28). The Atlantic sample shows essentially the same relative
owth rate of the pectoral fin at this position in relation to body
_..;, as does the Bay of Quinte sample, since comparison of the
dopes (k=1.28 and k=1.12) showed that they were not significantly
sfferent. However, a comparison of intercepts showed a highly signifi-
ant difference (P=.01). A subsequent inflection towards bradyauxesis
between their intercepts was highly significant (P=.01). £ the relative growth lines of b(?th thf: Be'ly of Quinte and the Atlantic
Paired fins. The relative growth of the pectoral fins (length) of the wamples occurs. The Bay of Quu.lte.hne inflects at a smaller standard
Bay of Quinte and Atlantic samples is shown in figure 10. Again the Jength (80 mm.) than the Atlantic .hne (126 mm:).
Bay of Quinte sample exhibits an early fast growth of the body part Figure 10 shows that the pt?lwc fin grows in length at a much
concerned followed by an inflection at approximately 30 mm. standard faster rate than the body during the early growth of the Bay of

Fin bases. Figure 9 shows that the anal base of the young spee:
of the Bay of Quinte sample grows at a much faster rateg t}?eclmens
length, thus exhibiting strong tachyauxesis ( k=1.71). Subse e
this early tachyauxesis, an inflection occurs at about 27 mm gtu °nt to
length and a shift to slight bradyauxesis takes place. A COm'Par‘iindard
the slopes of the Atlantic line, which exhibits tachyauxesig wit;Orl “
of the Bay of Quinte line above the inflection show them t’o he _tha.t
ficantly different (P—=.05). o

The relative growth lines for the dorsal base of both
Quinte and Atlantic samples approach isauxesis (k=1.03 and
and no inflections are present. The lines are parallel, but the

e Bay of
k=1.01)
difference

o Bay of Quinte Sample | o Boyof Quinte Sample
e Marine Sample 8oL e Marine .Sample .
- x Slope &« Silope .
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Poahla lggal‘ithm,c . Froure 11.—Comparisons of the lengths of the median fins in relation to

Ficure 10.—Comparisons of the lengths of the p
Y length for the Bay of Quinte and Atlantic alewives. Double logarithmic

body length for the Bay of Quinte and Atlantic alewives.
grid.
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Quinte sample. This is followed by an inflection at
§tanda:rd lengtb. Possibly, the Atlantic sample may €Xperience g gjr.
inflection but it would occur at a standard length of 97 G, Similgy
Following the inflection at 34 mm. standard length, the Pel\;j ‘.)r legs,
the Bay of Quinte sample grows at a slightly slower rate than t}? fin of
(k=0.95). The pelvic fin of the Atlantic sample grows at thg bod)’
rate as the body (k=1.00). No significant differences were foungame
tween these slopes or between the intercepts. bes
Median fins. No early inflection of the caudal length relative e
lines in either the Bay of Quinte or the Atlantic samples is shg“(:nw?h
figure 11. The difference between the slo =1.39 =
g € ence e slope (k=1.32) of the Bay of
Quinte relative growth line and that (k=1.17) of the Atlantic line was
significant (P=.05). A subsequent inflection in the Atlantic line caused
a shift from tachyauxesis to bradyauxesis (k=0.80) while in the case
of the Bay of Quinte line the shift was from tachyauxesis to near
isauxesis. The inflection occurred at a smaller standard length in the
Bay of Quinte sample (60 mm.) than in the Atlantic sample
(110 mm.).
Similarly, the relative growth lines for dorsal length for the Bay of
Quinte and Atlantic samples show no early inflection. The difference
between slopes of the Bay of Quinte sample (k=1.22) and of the
Atlantic sample (k=1.11) was significant (P=.05). Both lines exhibit
tachyauxesis, but their slopes changed to bradvauxesis following an
inflection at about 68 mm. and 132 mm. standard lengths of the Bay
of Quinte and Atlantic samples respectively.

im’s) was statistically significant. The means of the two Atlantic
_ nples were within the standards accepted for random variation.

" The Atlantic sample had a larger number of vertebrae than the Lake
atario sample and this agrees with comparisons of other meristic
rts made by Pritchard (1929). Pritchard did meristic counts on ten
mens from the Port Credit area and ten from Halifax Harbour,
va Scotia. He found that the Atlantic specimens had more scales,
akers, scutes and fin rays than specimens from the Port Credit

about 34 g

MORTALITIES

Mortalities of the freshwater alewife are common and occur at
\ifferent times of the year and in various situations. Records of
mortalities extend as far back as 1890 (Smith, 1892). These records,
with few exceptions (Miller, 1930), are not accompanied by data re-
rarding the circumstances of the mortalities or possible cause of death.

Annual mortality

In Lake Ontario the most spectacular of the mortalities among
glewives is the “annual mortality,” so called because of its almost
lar recurrence. The extent of these mortalities is indicated by an
ate made July 3 and 4, 1928, of a little over a quarter of a million
alewives on the beaches between Kew Beach, Toronto, and one
e east of Dalhousie Beach, a distance of approximately fifty miles
(Miller, 1930).

- The annual mortality usually occurs some time during the months of
May, June, and the first half of July. The pattern of mortality begins
With small incidences of death (about one thousand fish). These are
Owed by larger mortalities which reach their maximum in late
16 or early July. This pattern remains constant although the period
mortality may shift from year to year within the months of April

TABLE 11

STATISTICAL ANALYSIS OF VERTEBRAL COUNTS OF LAKE ONTARIO
AND ATLANTIC ALEWIVES

— ———

Source Sample size Mean and standard error
=

Bay of Quinte 121 47.88&0.1(()3 OI}gh August (see Rathbun, 1895). Miller (1930) recorded the be-
Atlantic (Graham) 70 4‘ji,?i:))(l);:8 IRing of epidemic conditions in 1928 as June 13 in Toronto Bay and
Atlantic (Leim) 99 e M 18 1 in the Bay of Quinte area. The termination of the annual

ton with the Hality of 1928 was about July 12. During 1950, the first incidence

tistically and S ang fhannual mortality in the Bay of Quinte area was noted on May 26
aboYe re%ative growth analyses' wereftiﬁzteil t;télr}: .l counts urr:dlzll\it belt’;veeg ]}le17 and 12, Duri.ng 1951, the ﬁrs.t mortality
mfmzed in Tablg II. A compag;ojxi 1o e fenives Bk cots- N .. fEzly an 1t e last on May 22 in the Port Cred}t area.
with those of Leim (1924) f(ird . Er irl i diﬂé rence betweert the { stactory explanation of the mortality has been given. Miller
man Bay, Nova Scotia, is included. '1he mean

i the author 0) .inYeSl:igated the annual mortality of 1928 and concluded that
Lake Ontario alewives and both Atlantic samples ( € infections nor parasites were the cause of death. The following

Vertebral counts. Vertebral counts made in connec

‘o
L]
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observations and data obtained in the present stu
mortality is related to the alewife’s inabiﬁty to ad]’ujtyt(f l;%%ﬁﬂ that e
of temperature. Pt change
Bay of Quinte region (1950). On May 26 many d :
observed on the south shore of Point yPleasant-‘7.9110(;&;1 f}ll:\wves Were
shoreline indicated as the mortality region in figure 13 Thl_sstretch of
was considered an incident of the annual mortality because of“;}Orta.l .
of its occurrence, the large number of fish involved (about 1 ;gOMe
within a mile and three-quarters of shoreline), and the lack of a -
cause. Forty-one dead alewives were counted along 20 yards OIE)L;)arent
] each
at 9:30 am. By 1:00 p.y. the number of dead alewives had doubled ;
some places and in the vicinity indicated by a cross on figure 12 hu(;
formed a windrow about 50 yards long. S .
Ab.out 1:30 p.M. observations were begun upon a large school of
alewives (at least 500 fish) which frequented the above vicinity. The
school had three other species in association with it: perch, Perca
flavescens; another species which might have been the lake emerald
shiner, Notropis atherinoides; and a third believed to be the spottail
shiner, N. hudsonius. These species were not affected by the mortality.
The perch were preying upon the dying alewives. The movement of the
school was languid and wandering. Two of the alewives had growths of
Saprolegnia on them. All sizes (about 80 mm. to 145 mm. standard
length) of alewives in the school were affected by the mortality. The
stricken members of the school exhibited the following symptoms
from beginning to the end of their death struggle:
1. Swimming quickly along the bottom often on their sides.
9 Increase in the rate of swimming.
3. Loss of balance accompanied by sudden darts of speed-
4, Approaching the surface, swimming in a corkscrew fashion:
5. Attempts to reach the bottom and even to burrow bened
stones
6. Swimming in circles at the surface.

7.

Fluttering at the surface just bef

This description is similar to that given by
died during the annual mortality of 1928.

the water was 19.5°C in the vicinity of poin g
and the water calm. The school frequented the above P&)

slight,

until 4:30 p.m. The surface temperature ha

A survey was carried ou
mine limits of the mortality along the
temperature, shown in figure 12, was
essentially correlated with the areas O

t May 27, 10:30 aM. to 3.55 .M., 10

ore death. ke
Miller (1930) for fish Whl‘;
The surface temperature

vind was Y@
t X, the wi 108

Jeter
dient ©

d risen to 21°C by 7:

shoreline. The gra j ¥
found; the higher valules
£ mortality as determi?t

OBSERVATIONS ON THE ALEWIFE 23

jeach counts. The mortality was greatest at the readings of 19°C and
the second consecutive reading of 18.5°C. Observation in the water
\vas hindered by a cloudy sky and waters roughened by a southwest
_ind and ‘thus it was difficult to observe any dying fish. Two hours of
ing \Vl.th a fifteen-foot common sense minnow c;eine produced onl
]'uvemle alewives. The scarcity of alewives in the area is probably
ated to their avoidance of rough water. Many of the dead alewive);
ong the beach were fresh and a few were floating in from a short
di tar;ée oﬂs}fxore,dbtrllfhno evidence of a recurrence of the mortality of
Aay 26 was found. The mortality had pro i

ai’l 26 and ended no later thant{]oon (f} 1\/?:;7) 1.%]7.begun the momig of
;‘};:r::uzizq:vﬁzhbizl:sogﬁe r?f “:tl}tlg gradien.t was shown by three
| in the vicinity of the mortality
area on May 28 and were as follows: 11°C at the position marked by a
€ross in figure 12, 14°C at the position registering 19°C, May 27 :an
15°C at the other end of the gradient observed the prev,ious }Zla , The
ind was south and of sufficient strength to form white-caps up><;;1 the

PRINCE EDWARD BAY

L s .
[ | z 3
MiLES

s —Part of the B £ ; - .

_ Ttali ey P ay of Quinte region showing the locati

Per;}tlu of alewives on May 26 and 27, 1950, and itsg associati o 'OE .
re gradient. ’ ion with a

g CURE 12,
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The potentialities for the formation of the temperatyre

= X gradi 'd apparently resulted in the death of all the alewives in the area.
observed May 27 lie in the existence of shallow gravel bars apg , 3 o e mortality was reported to have occurred some time between
shoal areas off the south shore of Point Pleasant. One of the Shau:,“r:d 7 and 12 of 1950, On July 12 the entire beach was covered by
bars is indicated on figure 12 as a stippled area. Surface water genﬁt ad young and adult alewives. No alewives were captured by seining

driven by a wind (south or southeast) apparently moved
bar where warming of the water by the sun took place. Th
less than 6 feet below the surface 50 yards from shore. The solar radj
tion necessary for providing the heat needed to warm the Surfa:(;
water was present during the days concerned (see figure 13). The
temperature along the Adolphus Reach shoreline where such condi-
tions are not present was 15.7°C on May 27 as opposed to the high
temperatures found on the south shore where the bars are present,
Another mortality occurred in the Bay of Quinte region at a strip of
beach bordering both Lake Ontario and Spencer (East) Lake in Prinee
Edward County. The incident took place on the Lake Ontario side

' the mortality area and their noisy performances accompanying
eding and spawning at night had ceased.

No water temperatures were available during this incident, but
Jar radiation shows a pattern similar to that at the time of the
cident at Point Pleasant (see figure 14).

" port Credit area (1951). Further mortalities indicating a correlation
f death with temperature gradients were observed in the Port Credit
ea in May 1951. A temperature gradient was found in the surface
vater extending along 2,000 feet of the Credit River mouth and the
ke shore (see figure 15). The first mortality occurred on May 17 when
he surface temperature gradient extended from 9°C at the lake shore
119.5°C within the river mouth. The high surface temperature of the

aCross the
18 bar wag

. Mean Air Tamperature ver mouth was preceded by four days of increased solar radiation.
A R ature he mortality subsided by May 18 when only one fish was observed
M Mortality o be in difficulty. Dying fish were observed again on May 22 when
24 he surface water temperature of the river mouth, after three days of
23 Laseo nereased solar radiation, rose to 19.8°C. In both instances of mortality,
B [ g
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¥ 13.—Comparison of solar radiation and maximum 8l lt: |E10rt ? Fig S !
IGURE 13. P associated with the i 1 CRE 14.—Solar radiation and air temperature recorded at Toronto over the

recorded at Toronto with surface water temperature
mapped in figure 12.

at which a mortality occurred in 1950 in the vicinity of Spencer (East)
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fish were observed dying only near or within the river mo
higher temperatures existed. uth Wherg
St. Lawrence River area. Commercial bait fishermen, hydr
operators, and sport fishermen reported that no mortalities o (;lstafion
occur in the hydro station and mill raceways of the Catara SWives
Gananoque Rivers which are tributaries of the St. Lawrell(iil and
“annual mortalities” were reported to occur in the St, Lawrence 'R_But
and Kingston Harbour into which the above rivers ent g

. .. €r respectiy,
The annual mortality begins in late June and extends into ]quy ul]\te}lly
is

area.
A survey of the St. Lawrence River area, May 31 through June 1 ok
1951, did not reveal any incidences of mortality. The raceways were

x Water Temperatyre Credit Temperature Gradient
o Mean Air Tempsrature River R e e
® B.TU./Sq.Ft. May 8 13-5
m  Mortality at Given water Moy 17 195 150 90
Temperature May 18 170 120 120
- Area of Mortality May 22 196 70 132

26
24
22
20
18
16

BTU./Sg Ft

14
12
10

Trr 1T rrr1ritrrrrrvroeT

Degrees Cantlgradse

/
L2 N S N SN [ |
12 13 14 15 16 17 18 19 20 21 22 23 25 26

111 4 ]
7 8 9 101

Days of May

: i rtality
Ficure 15.—The association of temperature gradients with occurrences of mo

of alewives observed at Port Credit in 1951

crowded with alewives in contrast to the St. Lawrence Bl\(’:]“-_; anti
Kingston Harbour where no alewives were observed. ACCOf ing
commercial fishermen, the latter are not occupied in numbers dyneaf
alewives until late June. Temperatures taken in the raceways al

the river mouths were as follows:
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Ar Surface Date
Cataraqui raceway 21.0°C. 19.2°C. May 31
Kingston Harbour — 16 .5°C.  May 31
Gananoque raceway 24 .5°C.  20.5°C. June 1
Gananoque Municipal Dock — 15.0°C.  June 1

Temperatures recorded for the raceways were about the same
agnitude as those associated with incidences of the annual mortality
described above (see pages 23 and 26). That no alewives died at these
igh temperatures can be explained, for the alewife is able to withstand
temperatures of this magnitude indefinitely under certain conditions.
These conditions will be discussed below (see page 37).

Previous records. The most complete census of the annual mortality
of the Lake Ontario alewife was taken by Miller (1930) in 1928. The
results he obtained are plotted in figure 16. Mean air and surface water

26 ® Mean Air Temperature
x Water Temperature
25 m Mortality Maximum
Mortality
24
o 23 sight
-g 22 Mo‘rtullty
2 21
k=
o 20
© e
i o 18
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o |7
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[~}
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13 4
’
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12 14 16 18 2022 24 26 28 30 2 4 6 8 10 12 (4 16 18
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Ficure 16.—The annual mortality of 1928 and its association with the air and
surface water temperature. Data from Miller (1930).

temperatures were taken in and around Toronto Harbour during the
0nual mortality. The incidences of mortality noted are those in which
Y or more alewives were reported to be dying. An area extending
foughly from Toronto Harbour to Port Dalhousie was investigated.
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LeErgAL TEMPERATURE EXPERIMENTS

Since the field observations suggested that temperature
factor responsible for the annual mortality of alewives in Lake
tests were performed in the laboratory to find their lethal
temperature. (“Lethal temperature” is used here to mean the tem.
perature at which 50 per cent of the population dies on COlltinue(i
exposure.) The results of these experiments are presented in figureg 17
and 18. Adult alewives acclimated to 10°C approach their uppér letha]
temperature just above 20°C.

Acclimation of adults to 15°C resulted in an expected increase o
almost 23°C. The line obtained for adult alewives acclimated to 20°C
shows a further increase in thermal resistance. The upper lethal tem,.
perature for 20° acclimation could not be estimated exactly but i
approximately 23°C.

Young-of-the-year alewives, acclimated to 5°C, approached their
upper lethal temperature at slightly less than 15°C (see figure 18).
Only 60 per cent total mortality was reached at the lethal temperature
of 15°C. Acclimation to 9°C resulted in a considerable increase in
thermal resistance and the upper lethal temperature. Exposure to 23°C
resulted in only 60 per cent total mortality, suggesting that the upper
lethal temperature was only slightly less than 23°C.

Was the
Ontarjo
Tan ge of

Discussion
Growth
The growth of both freshwater and Atlantic alewives is very rapid
during the summer subsequent to hatching (see figure 4). Young of
the year in Lake Ontario show a slightly faster rate of growth .than
those from Fletcher Creek in Nova Scotia. This is probably assomate'd
with the higher mean summer temperatures found in the Lake Ontario
region. . ' ‘ ' .
Following their initial migration, freshwater alewives encou 8
an environment not greatly unlike that which they have left, wh
Atlantic alewives are confronted with salt water, an enviroment W}_“,CS
is considerably different. Both the freshwater and Atlantic alcwrlsti
show a decrease in growth rate following the onset of sexual matufiﬁé
but the freshwater in contrast to the saltwater environment hastens g
onset of sexual maturity and the coincident decrease in growth rate
more pronounced (see figure 3). ¢
Theptendency of(the or%set of sexual maturity to inhibit the gro“:lhl:?}’
fish is well known (see Hubbs, 1926) and has been demonstrate 3
Svardson (1943), who found that a retardation of growth occt!

Degrees Centigrade

Degrees Centlgrade
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when young guppies, Lebistes reticulatus, were fed oesteron and
testosteron. Thus, the larger size attained by the Atlantic alewife in
comparison to the freshwater alewife is chiefly related to the fact that
the former experiences approximately one more year of uninhibited
growth.
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Ficure 17.—Lethal temperature relations of adult alewives.
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URE 18.—Lethal temperature relations of under-yearling alewives.
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Hoar (1952) has suggested that the slow r
water alewife is relate%lgto the functioning ofattl(leeoih%rrcc))\i‘c’lth}? f i fresh.
and c'ompared the thyroids of mature Atlantic alewives. frL e'Xa‘f“ined
becasis Estuary, New Brunswick, and mature freshwateom enne.
from Lake Ontario. The thyroids of the Atlantic fish showr 13‘1‘ewiveS
state of activity which is apparently normal for sexuall e
teleosts. . . .” Those of the freshwater alewives, in contmg}; -
bausted. Hoar suggested that this exhaustion might be ;él"t\vere ¥,
m.suﬂ?iciency of hormone for both growth and osmotic ?id to- N
Smce the onset of maturity is not necessarily dependent oeblllatmn'
itself, but on those factors which also influence growth (g :5 o
1943),. excessive activity of the thyroid gland might also has.te:;‘udson’
maturity. Thus, the relatively slow growth of the freshwater ‘Texqal
might reflect the stress of its freshwater environment. .

Form

ot it Lok Qi Yoron of e it i
in gnificant in mature fish and
presumably also in immature fish. Only three characters showed differ
ences between samples taken from various parts of the lake (see fi urt;
5). Two o.f these, caudal peduncle length and snout length, sho%ved
Sv(;i;lﬂ:}l]ee if{gzrtlg.es between intercepts of the relative growth lines
I?Lff.erences between intercepts represent the general type of racial
vailatlon within species encountered previously (Martin, 1949;
Svards.on, 1950; Hart, 1952). Martin’s (1949) explanation for this type
of racial variation in relative growth is that the relative growth of the
quy parts of fish is characterized by a series of growth stanzas, each
W1Fh a different growth partition constant, and that in different popu-
!atlons the sizes attained by the individuals differed at the point of
%nﬂection where they changed from one stanza to the next. Two stages
in development where such inflections commonly occur are the time of
ossification and the time of sexual maturity. The relative growth pattern
of the Bay of Quinte material displays inflections that coincide with the
first ontogenetic event and in some cases with the second.
The inflections found in the Bay of Quinte material are summarized
in Table I1I. The body lengths at the point of the first inflection for the
characters given are grouped about a mean of 30.6 mm. and have 2
spread of 26 mm. to 35 mm. Body length at the second inflection varied
from 60 mm. to 115 mm. The inflections at 60 mm., 68 mm. &7
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TABLE III

SUMMARY OF INFLECTIONS FOUND IN THE BAY OF QUINTE RELATIVE
GROWTH SERIES

Slope before Length at  Slope after Length at Slope after
Character inflection  inflection inflection  inflection inflection

-

Head depth 1.58 32 mm. 1.06 — -
Orbital length 1.56 32 0.98 115 mm. 0.82
Predorsal length 0.40 26 1.02 — —
Body depth 1.72 30 1.17 107 0.96
C. P. length 1.58 35 1.08 — —
Anal base 1.71 27 0.98 — —
Pectoral length 2.05 30 1.28 81 0.99
Pelvic length 1.87 34 0.95 — —
Caudal length — — 1.32 60 1.02
1.22 63 0.85

Dorsal length — —

81 mm. are probably not associated with the onset of sexual maturity
since this event generally occurs at a standard length slightly above
100 mm. It is interesting to note, however, that body size at the point
of inflection is greater for body measurements than for fin measure-
ments.

The third character which showed a difference between samples
taken in Lake Ontario was orbital length. Here, there apparently was
a difference in growth partition constants rather than intercepts. This
would suggest that Martin’s (1949) explanation of racial variation
within species might not be applicable in the case of the Lake Ontario
alewife. However, the data presented here are insufficient to form a
definite conclusion, and further Martin found a similar exception in
the behaviour of eye diameter in his malnutrition experiments.

Comparison of Ontario and Atlantic alewives

The comparison between the Bay of Quinte and Atlantic samples
given in figures 6 to 11 and summarized in Table IV shows that the
relative growth of the Atlantic sample differs from that of the fresh-
water sample largely through differences in slope of the relative growth
lines. The slopes were significantly different at the 5 per cent level or
better in eight of thirteen characters compared. A significant difference
in slope implies a significant difference in intercepts. Intercepts, there-
fore, were not tested where slopes were different. In three of the five
cases, where the slope did not differ significantly, the intercept did
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TABLE 1V

ARISO OF THE (;R()W TH PART ITION ( TS kB =
C(lMPx N ONSTA | HI i
N NT ( ) DURING
TANZZ [y AK T AND ATLANTIC ALF WIVES
(;R()WIH S A A IN LARE ()l\[iRl() N A ¥ o

( ' ne the re si i icant erer the intercept re not
Where S[OpeS .a signinca ly dlﬂ t h i pts a ot ¢ mpa I
XX g- at 1 per cent level X—sig CT \ e e
X St 3 1g. at 5 pe cent le el) ;

Character Region Stat. sig. of diff
Ontario Atlantic Slope Inte
gead length 1.03 0.93 —

gl N A
0.98 0.84 ’

Snout length 1.02 o &
Predorsal length 1 '02 oo N =
Body depth 1.17 130 . _
C.P. length 1 -08 o8 . =
Anal base 0.98 Vo3 . _
Dorsal base 1 '03 o o -
Pectoral length 1.28 e 0 -
Pelvic length 0.95 0o 6 g
IC):eludall length 1 .32 }(1)(7) ° :
orsal length 1:22 1.11 . _

. X -

differ, showin
page 30. g the customary type of racial variation referred to on
Perha .
salt- anc{) i:rtehsig;igonderance.()f _dlﬂ:erences in the values of k between
g oV vrlr samples indicates that as the alewife grows older
for it, progressively O;{Iuﬁ;ca?nag become more and more unsulfER
represent a certain part of the r g more and more ' individuals which
selection were occurring, i ange of morphometric variation. If such
within the population with 1 would be expected that the variability
selection wouIl)d be 2 WItl respect to any character influenced by such
apparently few ser(;emef o with increasing size. Although there are
statistioal test, the variar data extensive enough to afford a reliable
to remain con,stant V;;;iltlice, about a relative growth plot is considered
his fnvestigation of o b ris (1949) best documented example is from
alis. Tn these he ob at‘é‘ef}’ StOpk of brook trout, Salvelinus fontin-
Body hsts found _Setr}l’e t.h%lt dlffert'ences in the relative size of the
to the same r(—:‘lativler:1 degrgél%ﬁ?)zgzgm;g Oli the fofs were (ALISNGY
; & ut subsequent growth.
Or’};; ic(l)eatlcirrmi?e L};e degree of variability in body I%Irts in the Lake
ewife throughout life, the dispersion of the head length was

- gtandard deviations) for
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determined at three size ranges in the Lake Ontario sample.! One
measured over each of the size ranges

pundred specimens Wwere

37.5-43.9 mm, 59.3-71.5 mm., and 190.0-130.0 mm. The ranges (two
the head lengths of each size group were
dard length of

calculated and then plotted in figure 19 at the mean stan

- each respective size group.

Two Standard Deviations
Two Standard Deviations

29 of the Sexes

23

30 50 70 90 110 130 150

Standard Length mm.

Ficure 19.—Relative variability of head length throughout life in the Lake
in slope of mean head length in

Ontario alewife and its relation to the difference 1
relation to body length between the Lake Ontario and the Atlantic alewife.

The data on the variability of the head length as displayed in figure
19 together with the position of the relative growth line for the Atlantic
alewife strongly suggest that the fish with shorter heads are removed
from the population at 2 rate faster than the general mortality rate.

Selection is suggested by the reduction in variability in the upper size
range while the slope of the mean head length for the Atlantic alewives
erges with the

essentially parallels the up
lower limit,

1t seems probable that
the freshwater and Atlan

per limit of variation but conv

found between

the other differences in slope
d in a similar

tic samples can be explaine

y of Quinte samples. However,
also used in the smallest

any error into the degree
these areas and the Bay

1Most of the specimens weré obtained from Ba
some from the Port Credit and Frenchman Bay areas were
and medium size ranges. This is not thought to introduce
of variance since it has been shown that specimens from

of Quinte are homogeneous for this character.
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fashion since there are correlations between head
bOc%y part measurements. These correlations are
which gives the calculated values for their coefficients of

The following method was used to obtain these figures a g i
head lengths of the ten specimens in each logarithmic o

presented in T,

ble v

Broup of the gy,

smallest and so on, Subsequently, the other measurem

related were arranged in the same order as their r:DtS t(')
}.engths and summed. The figures and values obtained o
in Table V, represent only those segments of the reIati,v

be Cor-

e head

and Presenteq

€ growth lineg
TABLE Vv

SLOPE OF REGRESSION LiNE oF Bopy M

(6: values of the slope of the regression line of
length. These characters are those which sh
between the marine and fresh water sam

EASUREMENTS ON HEeap LeENgry

various body nmeasurements op head
owed significant differences i slope
ples. A ¢valueof 2.31 or greater is significant
at the 5 per cent level)

%

Character b ¢
Orbital length 0.291 1.31
Predorsal length 0.293 3 -46
Body depth 0.399 2.75
C.P. length 0.395 2.03
Anal base 0.241 1.59
Caudal length 0.358 2‘58
Dorsal length 0.554 3:81

_—
of the characters which were compared statistically. Four of the seven
ch;)rgcters shov'v significant regressions by the method used.
o ezsﬁienrizces i proportional parts. Pritchard ( 1929) described differ-
¢ morphometry of the freshwater and Atlantic adult alewives
expressed as differences in body proportions. He measured ten speci-
mens of 180 mm. to 176 mm. standard length from the Port Credit area
f'md ten Atlantic specimens from Halifax Harbour, 239 mm. to 279 mm.
f1in length. He characterized the Atlantic specimens as having longer
dns, much shorter'heads, and smaller eyes. He also presented his original
ata, togeth.er with the means of measurements taken, These means
are plotted in figure 6 and figures 8 to 11. The data of Pritchard and
that of the author show a close agreement in the case of head length,
body length, pectoral length, and pelvic length. Differences in re“ifd
to other characters appear to be related to differences of techn?que

Iength and othey

>
Tession,
€S. The
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and to the small number of fish measured by Pritchard. The statement
by Pritchard that the Atlantic alewife has longer fins does not agree
with the findings of the author (see figures 10 and 11), but the data
are insufficient for accurate comparison.

Pritchard qualified his statement that the Atlantic alewives had much
shorter heads by suggesting that this difference, “, . . might be due
only to their Jarger size.” Figure 6 shows that this qualification is
correct. If Pritchard’s Atlantic specimens had been of the same body
size as his freshwater specimens, the difference between their head
length would have been much less. If he had measured fish at about
75 mm. standard length, the differences would not exist. Below this
length, the situation would be reversed and the freshwater alewives
would have the shorter heads.

Differences in vertebral counts. The size effect shown above in the
case of head length is also evident when correlations of vertebral
counts are made with other characters, It is a general rule that a popu-
lation of fish which have fewer meristic parts than another population
of the same species, also have longer body parts, such as heads, eyes,
and fins. However, this correlation does not necessarily hold through-
out the entire life span of the fish. When a comparison is made with
adult freshwater and Atlantic alewives such a correlation is evident in
the case of head length (figure 6), orbital length (figure 7), paired fins
(figure 10), and caudal length (figure 11). However, the correlation is
clearly reversed for head length and orbital length when standard
lengths somewhat smaller than those of adult fish are considered.

Since the establishment of meristic parts occurs early in life, the
saltwater enviropment of the anadromous Atlantic alewife cannot be
regarded as responsible for the statistically significant differences noted
between the vertebral counts of the freshwater and Atlantic samples.
Such differences have long been known to be associated with tem-
perature gradients. Also, alteration of the developmental rate of fishes
has been shown to result in differences in the number of meristic parts

(see Martin, 1949, p. 5). Therefore, it is possible that the differences
in temperature between the two regions where development of the
samples took place (Lake Ontario and Nova Scotia) was responsible
for the difference in vertebral counts.

Mortalities

The alewife, during its winter occupation of deep water, is exposed
to a constant low level of temperature (about 3° to 5°C). Thus it is
acclimated to a low temperature when it reaches inshore waters during
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and in the laboratory. It shows that the range of temperature in the
temperature gradients within which the alewives died corresponds to
a respective range of thermal resistance extending from 45 minutes at
the highest point (19.6°C) to 430 minutes at the lowest (17°C). That
is, 50 per cent of the young of the year (and presumably juveniles and
adult alewives also), acclimated to 5°C, upon entering this range
of the temperature gradients (19.6°C through 17.0°C), would die
sometime within 45 to 430 minutes. Figure 20 shows that acclimation
to higher temperatures once inshore would preclude further death of
alewives in the temperature gradients since the upper lethal tempera-
tures of fish acclimated to 9°C and 10°C are above 19.6°C, the highest
temperature of the gradients.

The above explanation of the cause of the annual mortality is not
consistent with the later and more severe incidents which occur in
late June through mid-July. However, two things suggest that tem-

erature is the lethal factor in the later and more Severe mortalities as
in the early incidences. There is a steady increase in the extent of
mortality which is coincident with an increase in temperature (see
figure 16). The mortality ceases shortly after the maximum surface
temperature is reached around mid-July. The mortalities occur during

eriods of calm water and of bright sunshine (high temperature).
Miller (1930) states concerning the annual mortality of 1928, . .. we
have noticed in many instances that a large mortality has followed
upon a day of complete calm and high temperature.”

There are two apparent exceptions to the action of lethal tem-
perature 2s 2 causative agent in the annual mortality. Alewives died
in the offshore surface water of the lake as well as in the inshore shoal
water and no mortalities have been reported in the raceways of the
Cataraqui and Gananoque Rivers (see p. 26). In the offshore surface
water, death from lethal temperature probably results when the alewife
schools invade the uppermost level of the surface water during periods
of calm water and bright sunshine. It is suggested here that the lack of
mortalities in the raceways under temperature conditions which pro-
duced death elsewhere (see pp- 93 and 27), is possibly related to the

shallowness of the water through which these fish migrate and that
they are early arrivals in the area. Their migration route begins in the
lake proper and lies more along shoal water (Bay of Quinte and St.
Lawrence River) than that of the fish which migrate directly from the
depths of the lake proper towards its shore. The temperatures of
Kingston Harbour (16.3°C) and the St. Lawrence River (15°C) are
still relatively low when the alewives migrate to the raceways. Pre-
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Differential mortality
Since the annual mortality seems to be brought about by physical
events there is a possibility that fish of certain bodily form mgly be
referentally killed by the operation of the lethal factor. It appears
Jikely, since this mortality is @ feature of the landlocked group, that
a loss of osmotic control acting as an accessory factor to lethal tem-
erature brings about the death of the freshwater alewife.

The sites of osmotic exchange of the alewife with the external en-

vironment are chiefly its gills and oral membranes and these sites are

Jocated in the head. Keys (1931) found that 1arger-headed killifish,
Fundulus parvipinnis, had a greater ability to withstand adverse con-
ditions, that is, decrease of salinity and asphyxiation. He suggested
this ability was related to the relatively greater area of gill surface
of the larger-headed fish. If 1arge-headed fish have an advantage in
osmotic regulation, then the progressive loss of the smaller-headed
representatives is easily explained. The greater ability of larger-headed
fish to survive the mortality is possibly related to “chloride secreting’
cells found in the gills of fish. Keys and Willmer (1932) found large
ovoid cells at the base of the gill leaflets of several fishes and suggested
that they performed the special function of chloride secretion (inward
or outward) to maintain osmotic balance. Krogh (1939) has also sug-
gested that the entire respiratory epithilium might be secretory. Thus,
fish with larger heads probably have a greater number of chloride
secreting cells and perhaps 2 larger respiratory secretory surface with
which to control the osmotic balance of their bodies. These larger-
headed fish are not selected out of the Lake Ontario alewife population

as is shown in figure 18.
SUMMARY
1. The ages of 168 freshwater alewives from the Bay of Quinte
region of Lake Ontario and 141 Atlantic alewives from Nova Scotia and

New Brunswick were determined by the scale method. A comparison

of the author’s data for the freshwater alewife and for the Atlantic
as has

alewife showed that the latter had a more rapid rate of growth,
also been suggested by other authors. Both the freshwater and Atlantic
alewives displayed an early rapid rate of growth followed by a decrease

in growth rate coincident with the onset of sexual maturity. Tt is sug-

gested that, in contrast to the saltwater environment, the freshwater
environment hastens the onset of sexual maturity with its gro
inhibiting tendencies. The Lake Ontario alewife matures about one
year earlier (age groups 14 and III 2 ) than the Atlantic alewife (age
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groups II1 ¢ and IV ¢ ). Thus, it is conc]

ta i
ined by the Atlantic alewife is related t € oo 20 af

approximately one m
ore vea inhibi
water alewife, year of uninhibi

1H(?a.r (1952) has proposed that
a e’w1fe is related to excessive stj

ed growth thy |

since excessive Stimulation of the t
sexuaé matun:ty and thus retard growth,
- Lomparison of samples of adult alewi

measurement
s made, only three showed slight differences bety
veen

gro'wth lines of the sampleg
nt intercepts which jg the
ed previc.Just (Martin, 1949;

OBSERVATIONS ON THE ALEWIFE 41

from small to large standard lengths while the slope of head length
for the Atlantic alewife roughly paralleled a line two standard devia-

| tions above the mean but converged with the corresponding limit

drawn below the mean. Regression values between head length and
the other seven characters showing differences between slope were
calculated. Values were obtained ranging from 0.29 through 0.55 for
coeflicients of regression.

It is concluded that the differences in body form between the fresh-
water alewife and the Atlantic alewife are chiefly the result of differen-
tial selection of the freshwater alewife by its environment.

The mean difference betwen the number of vertebrae of the Lake
Ontario and Atlantic sample from Nova Scotia was found to be statistic-
ally significant. The lesser number of vertebrae of the Lake Ontario
alewife is attributed by the author to the higher developmental tem-
peratures of the Lake Ontario region.

The general rule, that a population of fish which have fewer meristic
parts than another population of the same species also have longer
body parts, does not necessarily hold throughout the entire life span of
the alewife.

3. During the alewife’s spring invasion of shoal water in Lake
Ontario it sometimes enters temperature gradients that have maximum
surface temperatures approaching 20°C. Alewives were observed to
die principally within the upper ranges of temperature of these
gradients. A correlation between the gradual increase in surface tem-
perature from spring to summer with a parallel increase in the in-
cidences of the mortality was also shown.

Adult alewives acclimated to 10°C, 15°C, and 20°C approached
their upper lethal temperatures (that temperature at which only 50 per
cent of the sample dies on continued exposure) at just above 20°C,
just below 23°C, and about 23°C respectively. Young-of-the-year ale-
wives acclimated to 5°C and 9°C had upper lethal temperatures
slightly below 15°C and 23°C.

Comparison of the range of lethal temperature obtained in the lab-
oratory with the lethal ranges of the temperature gradients observed
in the field showed that the early incidences of the mortality are re-
lated to the entrance of alewives into warm shoal waters during the
spring while acclimated to the low temperatures of the lake’s depths.
Later and more severe incidences are believed also to be related to
lethal temperature although no support for observations made in the

field was found in the laboratory experiments.
Inadequacy of osmotic regulation by the Lake Ontario alewife is
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