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ABSTRACT

The length, age and sex compositions of dead and dying alewives
col lected in  June 1967 at  s ix  locat ions  in  southern,  central ,  and
northern Lake Michigan are compared with those of fish taken in
experimental trawls at five locations in April and June 1967. Be-
havior at the time of death, condition of the body and gonads, stomach
contents, and the incidence of Saprolegnia and subcutaneous hem-
orrhages also are described for alewives in the dieoff.

The length dis t r ibut ions of  a lewives in  the dieoff  and t rawl
collections were similar and bimodal, Yearlings made up 25 and 42
percent  of  the respect ive col lect ions.  The average ages of  adults
(age-group II and older) were nearly identical in the dieoff and trawl
collections (3.5 and 3.6 years, respectively). Both collections were
dominated by age-groups III and IV. The average lengths of adult
alewives in age-groups II to V in the dieoff were smaller than or
identical to those in the trawl collections, In all collections females
were consistently older (0.4 year) than the males and larger at the
g rea t e r  age s . The sexes were almost equally represented among
age-11 and older fish in the dieoff.

Despite the presence of Saprolegnia and hemorrhages on some
fish, alewives in the dieoff appeared robust. Spawning attrition could
not have been a major cause of the dieoff because many immature
yearlings died and 80 percent of the dead adults were unspawned.
The presence of rapidly digestible zooplankton in the stomachs of
dead alewives indicated that  many f ish were feeding just  before
death. About 20 percent of the alewives in the selected samples of
fish from the dieoff were infected by Saprolegnia; twice as many
females were infected as  males. The fungus was randomly dis-
t r ibuted among the s ize  groups. Hemorrhages  may have been a
symptom or physiological response to the cause of the dieoff because
they affected a much higher percentage of the dying alewives (47
percent) than did fungus, Occurrence of the hemorrhages did not
differ  s ignif icant ly between the sexes or  among the s ize groups.

1 Contribution No, 377, Ann Arbor Biological Laboratory, U. S.
Bureau of Commercial Fisheries.
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Introduction

A f t e r  t h e  f i r s t  r e c o r d  o f  i t s  o c c u r r e n c e  n e a r  S o u t h
Manitou Island in 1949 (Miller ,  1957).  the alewife spread
throughout Lake Michigan; i ts  abundance increased tremen-
dously during the 1960’s.  The classic population explosion,
which crested in the southern and central basins of the lake
in 1966 (Fig. 1). was accompanied by progressively heavier
spring and summer dieoffs and was climaxed by a massive
mortality in June and early July 1967. The 1967 dieoff was
in progress by the first week of June and reached its greatest
intensity by the third week, when huge windrows of fish were
deposited by wind and waves on beaches in Michigan, Indiana,
Illinois, and Wisconsin.

An aerial  survey on June 22 revealed that the alewife
dieoff extended around the circumference of the lake from
Arcadia, Michigan, south to Michigan City, Indiana, and along
the west shore to Sturgeon Bay, Wisconsin (Fig.  2).  Dead
alewives were also seen along the east shore of Green Bay,

I I I I I I I I
1 9 6 0 1961 1962 1963 1 9 6 4 1965 1966 1 9 6 7

Figure 1. Relative abundance of adult alewives taken in experimental
and Commercial  bot tom trawls  in  southern and central
Lake Michigan, November 1960-67.
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Figure 2. Sampling locations and route (broken line) of the airplane
survey of June 22.
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and  a  nor thward  ex tens ion  of  the  d ieof f  was  repor ted  a t
Char levo ix  and  Pe toskey ,  Mich igan .  Dead  a lewives  were
most ly  concent ra ted  wi th in  1  mi le  o f  shore  and  gradua l ly
disappeared toward midlake. The accumulation of dead fish
was  g rea tes t  f rom Benton  Harbor , Michigan, to Chicago,
Ill inois,  and was heavier along the Michigan shore of the
cen t ra l  bas in  than  a long  the  Wiscons in  shore . Prevail ing
winds, currents. and changes in wind direction affected the
daily concentrations of dead fish, and undoubtedly contributed
to the vast concentrations at Chicago.

The annual spring and summer dieoff of alewives coin-
cides to some extent with the annual inshore migration in
April and May and the subsequent movement into tributaries
where alewives spawn from late May to mid-August. Exten-
s ive  d ieof f s  in  Apr i l -Augus t  have  been  observed  in  Lake
Huron in recent years and in Lake Ontario since the early
appearance of the f ish in the late 1800’s (Miller 2 ;  Graham,
1956).

The alewife encounters sharp changes in water temper-
ature between the deep, cold waters of the Great Lakes and
the shallow, warmer waters inshore and in the tr ibutaries.
The possible inability of the fish to adapt to severe temper-
ature changes is one of the more plausible explanations sug-
gested for the mortali t ies.  In Lake Ontario Graham (1956)
correlated daily mortalities with water temperature gradients
that were intensified by sti l l  days and rising air  tempera-
tures.

A phys io log ica l  mal func t ion  tha t  may  be  t r iggered  by
environmental change to cause catastrophic death of the ale-
wife remains to be identified. Hoar (1952) suggested that fish
may lose osmotic control in warm water through an exhausted
thyroid mechanism possibly related to low iodine in fresh-
water. It is not known, however. if the thyroid gland has an
osmoregulatory function in fish (Pickford and Atz, 1957), but
it may influence other important physiological functions of the
a lewi fe .

Alga l  tox ic i ty  was  recen t ly  sugges ted  as  the  poss ib le
cause of the dieoff. Williams (1968) contended that the 1967
m a s s  m o r t a l i t y  “  .  . appear s  to  be  r e l a t ed  to  a  b loom of
toxic blue-green algae and is not simply the result  of the

2 Miller, G. W. 1930. The mortal i ty of  alewives (Pomolobus
pseudoharengus  Wilson)  in  Lake Ontar io.  Univ.  of  Toronto,
Ont. Fish. Res. Lab. Manuscript 47p.
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alewife’s instinctive behavior and lack of ability to adapt to
new lake conditions .  .  .  ” Alewives were abundant after the
dieoff, however, in areas where blue-green algae thrive.

The present report documents the 1967 dieoff--an event
of great public concern--and provides background information
for further research needed to explain the annual phenomenon.

Methods

Dead and dying alewives were collected randomly in dip
nets from the surface of inshore waters off Michigan City.
Indiana; St.  Joseph, Saugatuck, Ludington, and Frankfort .
Michigan; and Sturgeon Bay, Wisconsin, on June 9 and 27-29,
1967 (Fig. 2). The earliest sampling (June 9) was at Frankfort
from a public dock inside the mouth of the Betsie River. The
samples at Michigan City were netted from small boats near
beaches north and south of the breakwall on June 28 and 29.
The sample at St. Joseph was obtained on June 29 by dipping
fish just  off  a public beach near the breakwall .  Fish were
collected by the R/V Kaho at the southern end of Sturgeon
Bay (June 27) and at the mouths of the breakwalls at Luding-
ton (June 28) and Saugatuck (June 29).

F i sh  were  p rese rved  in  fo rmal in  o r  f rozen  and  la te r
examined at the Ann Arbor Biological Laboratory. The total
length of each fish was recorded in millimeters and most of
the adults were weighed to the nearest gram and sexed. Sex
could not be determined for age-1 fish. Scales for age deter-
mination were removed from an area 4-5 scale rows below
the insertion of the dorsal fin. The number of fish used for
age determination and sex composition varied according to the
number available or the number needed for the various anal-
yses.  Age groups are designated by Roman numerals corre-
sponding to the number of completed annuli. All the fish were
considered to have passed into the next higher age group on
January 1.

The condition of the gonads of age-11 and older alewives
from the dieoff at Saugatuck, Ludington, and Sturgeon Bay
was  de te rmined  by  d i ssec t ion .  The  gonads  of  f rozen  f i sh
re ta ined  mos t  o f  the i r  na tu ra l  co lor  and  sur face  t ex ture ,
which is broadly diagnostic of spawning condition.

The incidences of fungus infection (Saprolegnia) and sub-
cutaneous hemorrhaging, common among the dieoff alewives,
were recorded for dying fish taken north of the breakwall at
Michigan City and at St. Joseph.
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The length, sex, and age compositions of fish in the die-
off were compared with those of alewives taken in experi-
mental trawls at the following locations and dates: Saugatuck,
April 13; Grand Haven, April 16; Benton Harbor, April 19;
Sturgeon Bay (Lake Michigan side),  June 9; and Frankfort .
June 11. The trawls were of the North Atlantic whiting design
and had 39-foot  head ropes,  2-1/2- to 2-inch-mesh bodies,
and 1/2-inch-mesh cod ends (stretched measure). The trawls
were fished on the bottom along the contour at depths of 3 to
50 fathoms.

Behavior of Dying Fish

The  behavior  o f  dy ing  a lewives  was  observed  on  the
afternoon of June 9 at  Frankfort  and June 28 at  Michigan
City. The stricken fish swam weakly on their sides in ver-
t ical  spirals that  brought them to the surface.  Some exerted
sudden bursts of swimming effort  and were propelled side-
ways or downward. The i r  a t t empts  to  r ega in  equ i l ib r ium
lasted several  seconds before they again rose to the surface
where they quivered and died. All sizes of alewives died side
by side and behaved in the same manner. The behavior of the
dying  f i sh  in  Lake  Michigan  agrees  c lose ly  wi th  accounts
given for Lake Ontario by Miller’ and Graham (1956).

Length Composition

The length distributions of alewives in the dieoff and
trawl collections were similar and bimodal--a lower mode for
yearlings and an upper mode for older f ish (Table 1).  The
discontinuity or dip in the individual frequencies fell  near
1 2 0  m m ,  w h i c h  w a s  t h e  a r b i t r a r y  l e n g t h  u s e d  t o  s e p a r a t e
year l ings  f rom adul t s  (5 120  mm) .  The  average  l eng th  o f
yearling alewives was greater in the combined dieoff samples
(88 mm) than in the trawl collections (81 mm), but the aver-
age length of adults in the respective collections were nearly
identical (161 and 162 mm). In five dieoff and trawl collec-
tions that came from the five general areas (Michigan City-
Benton Harbor-St. Joseph, Saugatuck, Grand Haven-Ludington,
Frankfort, and Sturgeon Bay), yearlings from the dieoff were
longer than those from trawls in four, but the adults from the
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Tab le  1 .  Leng th  d i s t r i bu t ions  o f  a l ewives  t aken  in  bo t tom t r awl s  and  f rom the  d i eo f f  a t  va r ious  l oca t ions  i n  Lake  Mich igan ,  Apr i l  and  June  1967

T o t a l
l eng th

( m i l l i m e t e r s )

T r a w l s ’ Dieo f f

B e n t o n  S a u g a t u c k  G r a n d  F r a n k f o r t  S t u r g e o n M i c h i g a n St . S a u g a t u c k  L u d i n g t o n  F r a n k f o r t s t u r g e o n

H a r b o r H a v e n B a y Ci ty J o s e p h B a y
A p r i l A p r i l A p r i l J u n e J u n e JUIE J u n e J u n e J u n e JIlIle Jlllle T r a w l  D i e o f f

19 13 16 11 9 28-29 29 29 28 9 27 t o t a l t o t a l

5 0 - 5 9
6 0 - 6 9
7 0 - 7 9
8 0 - 8 9
9 0 - 9 9

1 0 0 - 1 0 9
1 1 0 - 1 1 9
1 2 0 - 1 2 9
1 3 0 - 1 3 9
1 4 0 - 1 4 9
1 5 0 - 1 5 9

LI  1 6 0 - 1 6 9
1 7 0 - 1 7 9
1 8 0 - 1 8 9
1 9 0 - 1 9 9
2 0 0 - 2 0 9
2 1 0 - 2 1 9
2 3 0 - 2 3 4
Tota l  f i sh
Average  l eng th
P e r c e n t a g e  y e a r l i n g s
Average  l eng th

y e a r l i n g s
P e r c e n t a g e  a d u l t s
Average  l eng th

a d u l t s

2
8

14

2 3
3 14 162
5 33 646
7 38 251
2 23 105

6 23
4 3

4 16 8
12 39 24
47 92 32

132 190 75
240 232 162
181 129 112

87 51 52
22 14 10

4 3 1
2 1

5
13

8
8
2
6

7 -
303 10

1,429 61
9 3 9 9 5
469 76
163 42

66 11
106 7
271 38
566 119

1 ,003 2 3 9
1 ,361 2 6 8

9 0 5 159

116
731
613
320
112

54
58

138
240
296
274
141

4 9
12

1
24
38
19

9
7
3

11
32
70
80
44

9

4
18
28
16
18

3
2
4
2
2
1

11
28
63
56
20
11

9
18
27
10

30
19
22

4
2
2

5
20
58

155
3 1 0
453
342
152

43
8

2
5

14
18
2 7
22

9
3

1
15
36
4 4
29

6

5
17
44
53
4 2
13

3
391 54
101 7

16 -
3

348 196 109 263 67 203
139 138 156 139 129 154

28 33 8 32 37 6

6 -
1 -

8 , 1 0 3 1 ,186
128 143

4 2 2 5

8 9 80 83 77 83 87 8 9 9 0 88
94 98 86 29 38 72 67 92 68

85 92 8 1 8 8
63 94 58 75

162 163 155 158 162 161

1
748 886 1,670 3 .158
165 150 102 111

2 14 71 62

1 .641
‘159

6

164 167 161 164 155 160 162

1  T h e  c a t c h e s  o f  a l e w i v e s  i n  t r a w l s  w e r e  s o r t e d  i n t o  t w o  g r o u p s - y e a r l i n g s  ( l e s s  t h a n  1 2 0  m m )  a n d  a d u l t s  ( 1 2 0  m m  o r  l a r g e r ) - a n d  c o u n t e d .  A  s u b s a m p l e  f r o m
e a c h  g r o u p  w a s  t h e n  m e a s u r e d  t o  d e t e r m i n e  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n .  F o r  a d u l t s ,  t h e  e n t i r e  s u b s a m p l e  f o r  e a c h  l o c a l i t y  i s  r e p r e s e n t e d  i n  t h e  t a b l e .  F o r
y e a r l i n g s ,  h o w e v e r ,  t h e  n u m b e r s  s h o w n  h a v e  b e e n  a d j u s t e d  t o  p r e s e r v e  t h e  r a t i o  b e t w e e n  t h e  n u m b e r  o f  y e a r l i n g s  a n d  n u m b e r  o f  a d u l t s  i n  t h e  t o t a l  c a t c h . T h e
n u m b e r  o f  y e a r l i n g s  a c t u a l l y  m e a s u r e d  f r o m  c a t c h e s  a t  t h e  v a r i o u s  p o r t s  w e r e :  B e n t o n  H a r b o n ,  1 2 7 ;  S a u g a t u c k ,  5 3 ;  G r a n d  H a v e n ,  1 5 3 ;  F r a n k f o r t ,  3 7 5 ;  a n d

S tu rgeon  Bay ,  803 .



dieof f  were  s l igh t ly  smal le r  in  th ree .  Al though growth  of
young alewives may start in late June, the dieoff was sampled
only 2 days before the trawl collections at Frankfort in early
June (9-11) and the dieoff fish were larger.

Comparisons between the percentages of yearlings in the
d ieof f  and  t rawl  co l lec t ions  a re  d i f f icu l t  because  of  l a rge
discrepancies between the percentages in the southern (2 to
14 percent) and northern (62 and 71 percent) trawl collections
(Table  1) . The  d i f fe rences  in  the  t rawl  co l lec t ions  were
undoubtedly caused by a change in the bathymetric distribution
of alewives between mid-April and early June. Yearling ale-
wives are widely scattered in April but in May and June the
f i sh  move  shoreward  and  a re  more  concen t ra ted  near  the
bot tom.  Also  by  la te  May and  June  many adul t s  a re  c lose
inshore or have entered streams to spawn and are not avail-
able to trawls. The percentage of yearling alewives from all
locations combined was 25 percent in the dieoff and 42 percent
in the bottom trawl collections.

Graham (1956) also found substantial numbers of yearling
alewives in the dieoffs in the Bay of Quinte region of Lake
Ontario.  Biologists and fishermen from Lake Michigan re-
ported, however, that yearlings were much better represented
in the 1967 dieoff than in those of previous years.

Age Composition

The average ages of the adult alewives were nearly iden-
tical  in the dieoff and trawl collections (3.5 and 3.6 years,
respectively) and the average age of females exceeded that
of males in every collection (Tables 2 and 3).  Preliminary
studies have shown that  males mature earl ier ,  are recruited
at a younger age to the bottom stocks and to the spawning
population, and die earlier than females. The females conse-
q u e n t l y  a v e r a g e d  0 . 4  y e a r  o l d e r  t h a n  t h e  m a l e s  i n  b o t h  t h e
trawl and dieoff collections.

Age-II alewives that mainly occupy midwater levels of the
lake until midsummer and fall were scarce in the dieoff (5.5
pe rcen t  fo r  a l l  po r t s )  and  t r awl  co l l ec t ions  (4 .3  pe rcen t ) .
Most age-11 fish are immature in the spring and early sum-
mer and these fish apparently do not enter the inshore waters
or the tributaries in proportion to their numbers in the lake.
During the 1965 spawning season, age-11 alewives represented
only 11 percent of the spawning fish in the Kalamazoo River
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Table 2. Age composition (percentage) by sex of dead and dying adult ale-
wives from six locations in Lake Michigan and Sturgeon Bay,
June 1967

Location
and date Sex

Number
of

fish II

Age group
Average

III IV v VI age

Michigan City
June 28-29

St. Joseph
June 29

Saugatuck
June 29

Ludington
June 28

Frankfort
J u n e 9

Sturgeon Bay
J u n e 2 7

Unweighted Male
mean all Female
por t s Combined

Male 79
Female 75
Combined 154

Male
Female
Combined

75
54

129

Male 44

Female 56
Combined 100

Male
Female
Combined

55
86

141

Male 19
Female 24
Combined 43

Male 82
Female 71
Combined 153

2.5 57.0 36.7 3.8 -
1.3 48.0 44.0 6 . 7 -
1.9 52.6 40.3 5.2 -

5.3 66.7 22.7 5.3 -
- 40.7 46.3 13.0 -

3 . 1 55.8 32.6 8.5 -

13.6 52.3 29.6 4.5 -
1.8 41.1 46.4 10.7 -

7.0 46.0 39.0 8.0 -

5.5 69.1 23.6 1.8 -
3.5 28.7 44.8 20.7 2.3
4.2 44.4 36.6 13.4 1.4

15.8 47.4 26.3 10.5 -
8.3 50.0 16.7 25.0 -

11.6 48.9 20.9 18.6 -

8.5 67.1 22.0 2.4 -
1.4 38.0 47.9 12.7 -
5.2 53.6 34.0 7.2 -

8.6 59.9 26.8 4 . 7 -
2 . 7 41.1 4 1 . 0 14.8 0.4
5.5 50.2 3 3 . 9 10.2 0.2

3.4
3.6
3.5

3.3
3.7
3.5

3.2
3 . 7
3 . 5

3.2
3 . 9
3.6

3.3
3.6
3 . 5

3.2
3 . 7
3 . 4

3.3

3 . 7
3.5

at Saugatuck. The limited migration of age-11 fish of the 1965
year  c lass  to  the  inshore  a reas ,  however ,  d id  no t  account
entirely for their poor representation in the dieoff. As age-III
f ish in April  1968, the 1965 year class contributed only 16
percen t  o f  the  adu l t s  in  ca tches  o f  exper imenta l  t r awls  a t
Saugatuck, whereas the average percentage contribution of the
1961-64 year classes at age III in earlier collections was 41
percent .

Age-groups III and IV were the principal age groups of
adults in the dieoff samples and in the bottom trawl collec-
tions.  The higher percentages of age-III fish in the dieoff
than in the trawl samples may reflect a later inshore move-
ment  o f  younger  f i sh  tha t  were  no t  vu lnerab le  ea r l i e r  to
trawls.

The two oldest age groups of alewives (VI and VII) were
poorly represented in all collections, but were less numerous
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Table 3. Age composition (percentage) by sex of adult alewives taken in experi-
mental trawls at four locations in Lake Michigan April and June 1967

Location
and date Sex

Benton Harbor Male
April 19 Female

Combined

Number
of

fish

41
65

106

Saugatuck
April 13

Male 71
Female 74
Combined 145

Frankfort Male
June 11 Female

Combined

Sturgeon Bay’ Male
June 9 Female

Combined

62
82

144

99
115
214

Average
all ports

Male
Female
Combined

Age group
Average

II III IV v VI VII age

- 53.1 41.5 4.8 - - 3.5
3.1 32.3 55.4 9.2 - - 3.7
1.9 40.6 50.0 7.5 - - 3.6

5.6 45.1 43.7 5.6 - - 3.5
- 27.0 60.8 12.2 - - 3.9

2.8 35.8 52.4 9.0 - - 3.7

3.2 51.6 40.3 3.2 1.6 - 3.5
1.2 11.0 64.6 19.5 2.4 1.2 4.1
2.0 28.5 54.2 12.5 2.1 0.7 3.9

13.1 60.6 26.3 - - - 3.1
8.1 43.5 41.7 5.2 - 0.9 3.5

10.7 51.4 34.6 2.8 - 0.5 3.3

5.5 52.8 37.9 3.4 0.4 - 3.4
3.3 28.5 55.6 11.5 0.6 0.5 3.8
4.3 39.1 47.8 8.0 0.5 0.3 3.6

‘Lake Michigan off Sturgeon Bay Canal

in the dieoff samples than in the trawl collections. The per-
centage of VI-group fish was 0.2 percent in the dieoff samples
and 0.5 percent in the trawl collections. Age-VII fish appeared
in only two of the trawl collections (0.3 percent)  and were
absent in the dieoff alewives. Older fish in the trawl samples
may have died before late June when most of the collections
w e r e  m a d e  f r o m  t h e  d i e o f f .  A  d e c r e a s e  i n  t h e  a g e s  o f
spawning-run alewives at Chicago in 1966 between late April
and early June (data unpublished) suggests that  older f ish
spawn earlier and many may die during the early weeks of
the spawning season.

Average Lengths of the Age Groups

The mean lengths of alewives of age-groups II-V in the
samples from the dieoff were either smaller than or identical
to those in the trawl collections (Tables 4 and 5).

The average lengths of alewives are presented separately
by sex because of sex differences in growth rate that begin
in the third year of life. In all collections the average lengths
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T a b l e  4 .  A v e r a g e  l e n g t h s  ( m m )  o f  m a l e  a n d  f e m a l e  a l e w i v e s  a t  v a r -
i o u s  a g e s  i n  t h e  d i e o f f  s a m p l e s  f r o m  s i x  l o c a t i o n s  i n  L a k e
Michigan and Sturgeon Bay, June 1967

[Number of fish in parentheses1

Loca t ion
and  da te Sex II

Age  group

III IV v VI
A l l

a g e s

Michigan  Ci ty
June  28 -29

S t  J o s e p h
June 29

Sauga tuck
June 29

Luding ton
June  28

F r a n k f o r t
June  9

S tu rgeon  Bay
June  27

Unweighted
m e a n
a l l  p o r t s

M a l e 147

(2)
F e m a l e 142

(1)
C o m b i n e d 145

(3)

M a l e 146

(4)
Female -

C o m b i n e d 146

(4)

M a l e 134

(6)
F e m a l e 132

(1)
C o m b i n e d 134

(7)

154

(50)
160

(22)
156

(72)

154

(23)
158

(23)
156

(46)

M a l e 144 153

(3) (38)
F e m a l e 135 158

(3) (25)
C o m b i n e d 140 155

(6) (63)

M a l e 135

(3)
F e m a l e 137

(2)
C o m b i n e d 136

(5)

143

(9)
152

(12)
148

(21)

M a l e 135

(7)
F e m a l e 132

(1)
C o m b i n e d 135

(8)

M a l e 140
F e m a l e 136
C o m b i n e d 139

152
(55)
154

(27)
153
(82)

152
157
154

155

(45)
157

(36)
156

(81)

165 170 -
(29) (3)
173 179 -
(33) (5)
169 176 -

(62) (8)

169 179 -

(17) (4)
171 181 -

(25) (7)
170 180 -

(42) (11)

168 180 -

(13) (2)
173 182 -

(26) (6)
171 181 -

(39) (8)

164 167 -

(13) (1)
170 177 187

( 3 9 )  ( 1 8 ) (1)
168 176 187

(52) (19) (1)

161 160 -

(5) (2)
168 180 -

(4) (6)
164 175 -

(9) (8)

166 164 -

(18) (2)
166 180 -

(34) (9)
166 177 -
(52) (11)

166 170 -
170 180 187
168 178 187

159

(79)
165

(75)
162

(154)

158

(75)
168

(54)
162

(129)

157

(44)
167

(56)
162

(100)

155

(55)
167

(86)
162

(141)

148
(19)
160

(24)
155

(43)

154
(82)
163

(71)
158

(153)

155
165
160
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Table 5. Average lengths (mm) of male and female alewives at various ages
in trawl samples from four locations1  in Lake Michigan, June and
April 1967

Number of fish in parentheses1

Location
and date Sex II

Age group
All

III IV IV VI VII ages

Benton Harbor
April 19

Saugatuck
April 13

Frankfort
June 11

Sturgeon Bay’
June 9

Unweighted
mean
all  ports

Male

Female

Combined

Male

Female

Combined

Male

Female

Combined

Male

Female

Combined

Male 141 157 166
Female 138 159 172
Combined 141 158 170

158 165
( 2 2 )  ( 1 7 )

142 157 170
(2) ( 2 1 )  ( 3 6 )

142 157 169
(2) ( 4 3 )  ( 5 3 )

144 159 168
(4) ( 3 2 )  ( 3 1 )

164 175
( 2 0 )  ( 4 5 )

144 161 172
(4) ( 5 2 )  ( 7 6 )

140 157 167
(2) ( 3 2 )  ( 2 5 )

137 161 173
(1) (9) (53)

139 158 171
(3) ( 4 1 )  ( 7 8 )

140 154 165
(13) ( 6 0 )  ( 2 6 )
136 154 172
(10) ( 5 0 )  ( 4 8 )
138 154 170
(23) (110) (74)

177 - 162
(2) (41)

182 - - 166
(6) (65)

181 - 165
(8) (106)

173 - 163
(4) (71)

188 - - 174
(9) (74)

184 - - 168
(13) (145)

174 187 - 162
(2) (1) (62)

180 200 172 173
(16) (2) (1) (82)
179 195 172 168
(18) (3) (1) (144)

155
(99)

185 - 215 162
(6) (1) (115)

185 - 215 159
(6) (1) (214)

175 187 - 160
184 200 194 169
182 195 194 165

1 Fish from Grand Haven were not aged.
2 Lake Michigan off Sturgeon Bay Canal.

o f  t h e  f e m a l e s  e x c e e d e d  t h o s e  o f  t h e  m a l e s  b y  2 - 3  m m  a t  a g e

I I I  a n d  9 - 1 0  m m  a t  a g e  V .  A g e - I I I ,  - I V ,  a n d  - V  f e m a l e s  w e r e

l o n g e r  t h a n  m a l e s  i n  2 7  o f  3 0  c o m p a r i s o n s .  A g e - I I  f e m a l e s

w e r e  s l i g h t l y  s m a l l e r  t h a n  I I - g r o u p  m a l e s  b u t  t h e  d i f f e r e n c e
d o e s  n o t  r e f l e c t  s l o w e r  g r o w t h  f o r  f e m a l e s  b e c a u s e  s e c o n d -

y e a r  c a l c u l a t e d  l e n g t h s  o f  t h e  s e x e s  o f  o l d e r  f i s h  a r e  i d e n -

t i c a l .  M o r e  l a r g e  a g e - 1 1  m a l e s  t h a n  f e m a l e s  a p p a r e n t l y  m i n g l e

w i t h  t h e  a d u l t  p o p u l a t i o n .

1 2



Faster growth of the female alewife in Lake Michigan was
noted by Joeris and Karvelis3  for fish from commercial pound
nets in Green Bay and recently by Norden (1967) who reported
an average difference of 4 mm between the sexes in a pooled
sample of age-I, -11, and -111 fish.

Sex Composition

The sexes were nearly equally represented in the sam-
ples of alewives from the dieoff.  The percentage of females
for all ages combined, exclusive of age I for which sex could
not be determined, ranged from 42 percent at  St .  Joseph to
61 percent at Ludington and averaged 52 percent for the six
locations (Table 6).

The  percen tage  of  females  was  s l igh t ly  h igher  in  the
trawl samples (56 percent) ,  but  changes in sex composit ion
with increases in age were similar in most collections (Table
6 and 7). The  cons i s ten t  change  in  sex  compos i t ion  was
marked by more males than females at ages II and III and
more females than males at  ages IV through VII in all  the
collections except the small  sample of age-IV fish from the
dieoff alewives at Frankfort.

Condition of the Body

Alewives in the dieoff were generally robust despite the
presence of hemorrhaging and fungus on some fish. Emaciated
fish, common in bottom trawl catches in late July and August
when the condition of adults is  normally the poorest,  were
not conspicuous in the dieoff. The normal condition of the
body was confirmed by weight comparisons between alewives
in the dieoff at St. Joseph and Michigan City and those from
the spawning migration at  Chicago, May 26-June 13,  1966
(Table 8).  Unweighted means of the body weights of males
and females in length groups from 130-139 to 180-189 mm

3  J o e r i s , L e o n a r d  S . , a n d  E r n e s t  K a r v e l i s . 1 9 6 2 .  T h e  p r e s e n t
status of our knowledge of the biology of the alewife in northwestern
Lake Michigan and Green Bay. U. S. Bureau of Commercial Fisher-
ies, Ann Arbor Biological Laboratory. File report 6 p. (typewritten).
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Table 6. Percentage of females in different age groups’ of alewives
in the dieoff samples from six locations in Lake Michigan
and Sturgeon Bay, June 1967

[Number of fish in parentheses]

Location
and date II

Age group
All

III Iv v VI ages

Michigan City
June 28-29

St. Joseph
June 29

Saugatuck
June 29

Ludington
June 28

Frankfort
June 9

Sturgeon Bay
June 27

Unweighted mean
all ports

‘Exclusive of age I.

were  25 .5  and  26 .7  g rams ,  r espec t ive ly ,  in  the  d ieof f  and
25.9 and 26.6 grams in the spawning run at Chicago. Males
are  l igh te r  than  females  a t  a l l  t imes  of  the  year  in  Lake
Michigan.

Condition of the Gonads

The presence of many immature yearling alewives and
unspawned adults in the dieoff is proof that spawning attrition
was  no t  the  major  cause  of  the  d ieof f .  Large  percen tages
(32-67) of marine alewives die after spawning in freshwater
streams (Cooper,  Havey, 1961) and spawning mortali ty un-
doubtedly occurs annually in Lake Michigan, but nonetheless
more than 80 percent of the dead or dying fish (exclusive of

14



Table ‘7. Percentage of females in different age groups 1 of alewives
in the trawl samples from four locations in Lake Michigan,
April and June 1967

[Number of fish in parentheses]

Location
and date II III

Age group

IV V VI VII
All

ages

Benton Harbor
April 19

100 49 68 75 - -
(2) (43) (53) (8)

Saugatuck l, 38
April 13 (52) (z:, (E, (12,

Frankfort 33 89 100
June 11 (3) (f “l, (ii, (18) ; (1) (144)

Sturgeon Bay 2 43 100 - 100 54
June 9 (23) (1::) (2, (6) (1) (214)

Unweighted mean
all ports 39 38 65 83 67 100 56

1 Exclusive of age I.
2 Lake Michigan off Sturgeon Bay Canal.

yearlings) from Saugatuck, Ludington, and Sturgeon Bay were
either in prespawning condition or immature (Table 9).

The actual developmental stage of fish classified as “may
spawn” in Table 9 does not weaken this conclusion because
they definitely had not spawned before the dieoff. Lack of a
sharp difference between partly spent and spent males, how-
ever,  may have caused some misclassifications in the “will
spawn” and “spent” categories.

Stomach Contents

Of 100 stomachs examined from adult  alewives in the
dieoff at Michigan City and St. Joseph, only 50 percent con-
ta ined  food  (mos t ly  smal l  quant i t i es  o f  zooplankton) .  The
smal l  amounts  of  food  and  the  empty  s tomachs  were  not
unusual because alewives normally do not feed for extended
periods before and during spawning (Cooper, 1961). Presence
of the rapidly digestible zooplankton indicates that many fish
were feeding just before death.

15



Table 8. Average weight (grams) of alewives from the dieoff at St.
Joseph and Michigan City, June 28-29, 1967, and from the
Chicago Central District Filtration Plant, May 26 and June 13,
1966

[Number of fish in parentheses1

Total
length

(millimeters)

120-129

130-139

140-149

150-159

160-169

170-179

180-189

190-199

200-209

Unweighted mean 1

Males Females

1966 1967 1966 1967
Chicago dieoff Chicago dieoff

18 13.0
(1) (3)

16.7 17.2 15.3 17
(3) (11) (3) (1)

20.6 20.8 22.8 21.5
(11) (32) (5) (16)
23.4 23.4 24.5 24.4

(37) (72) (16) (34)

27.4 27.4 28.7 28.7
(67) (67) (48) (56)
31.2 29.9 31.3 32.9

(39) (25) (50) (47)

36.0 34.5 36.8 35.7
(16) (2) (23) (13)

40.0 40.6 51
(2) (5) (1)

47.7
(3)

25.9 25.5 26.6 26.7

1 Over length intervals of 130 through 189 mm

Fungus Infection and Subcutaneous Hemorrhaging

Subs tan t ia l  numbers  o f  dy ing  a lewives  a t  the  var ious
sample locations were infected by Saprolegnia, were hemor-
rhaging subcutaneously, o r  were  bo th  in fec ted  and  hemor-
rhaging. The possible significance of these conditions was
investigated from their occurrence among fish in the selected
samples from the dieoff at Michigan City and St. Joseph.

Saprolegnia is common in freshwater where it often en-
gulfs the fertilized eggs of fish and invades the body surfaces
of adults that are damaged in the act of spawning (Webster,
1948; Davis, 1953; Brown, 1960). Floating alewives that have
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Table 9. Condition of the gonads of alewives in the dieoff collections from
Saugatuck, Ludington, and Sturgeon Bay, June 27-29, 1967

[Age-group I excluded]

Number of fish

Total
length

Immature May spawn 1 Will spawn 2 Spent

(millimeters) Male Female Male Female Male Female Male Female

120-129
130-139
140-149
150-159
160-169
170-179
180-189
190-199

Total

2 1 - - - -
1 3 4 - 6 1 - -
1 - 6 5 12 9 5 -

1 13 4 17 12 7 4
9 13 14 24 10 9

1 4 9 4 41 2 8
1 2 1 16 8

1 - 2 - 2

2 5 39 35 54 105 24 31

P e r c e n t a g e  2 3 33 20 45 59 20 18

1 Condition intermediate between adjacent categories
2Gonad in advanced state, ripening, or ripe.

been dead for long periods are usually matted with the fungus
which Graham (1956) observed on the bodies of two alewives
in a school that suddenly began to surface and die in one of
the Lake Ontario mortalities.

Twenty  percen t  o f  the  a lewives  f rom the  samples  a t
Michigan City and St.  Joseph were infected by the fungus
which formed dense, isolated patches on some fish and was
broadly dispersed on others (Table 10).  The greater  rate of
infection for females than males (26 percent for females; 13
percent for males) was statist ically significant (X’ =  4 .349;
1 d.f.; p<0.05), but length frequencies of the infected fish of
b o t h  s e x e s  d i d  n o t  di f fe r  s igni f icant ly  f rom the  f requencies
expected under the hypothesis of a common infect ion rate  for
all size groups:

Sex d.f. X2
P .

Male 3 1.167 >0.75

Female 4 6.458 > 0 . 1 0

Because of its low incidence. Saprolegnia was not an impor-
t a n t  f a c t o r  i n  t h e  d i e o f f  a l t h o u g h  i n f e c t e d  f i s h  w e r e  p r o b a b l y
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Table 10. Incidence of fungus infection and subcutaneous hemorrhages among
dying alewives, Michigan City, Indiana, and St. Joseph, Michigan,
June 28-29, 1967

Total
length

(millimeters)

Total number Number of fish with:

of No fungus or
fish hemorrhage Fungus Hemorrhage

Male Female Male Female Male Female Male Female

130-139 4
140-149 17 11
150-159 48 15
160-169 42 32
170-179 1 3 28
180-189 2 6
190-199 1

Total 126 93

Percentage of total 100 100

Average length 158 165

2
9 5

23 4
14 17

5 14
1 1

1

54 42

43 45

157 166

2
1 8
6 24
9 24
4 7
4 1

24 66

26 52

166 159

5
6

12
11

4

38

41

166

more vulnerable to conditions causing death than were unin-
fected fish.

Hemorrhaging that produced fresh blood streaks along the
lines of scale imbrication and denser blotches on some indi-
viduals was present on a much higher percentage of the dying
alewives (47 percent) than was fungus infection (Table 10). A
higher incidence among the males was not statistically sig-
nificant (X” = 1.513; 1 d.f.; p>0.10), nor did the length fre-
quencies of the hemorrhaged fish differ significantly from the
frequencies expected if the condition had been randomly dis-
tributed among the length groups:

Sex d.f. X2
P

Male 5 0.385 >0.995,

Female 4 0.581 >0.95

Because  the  hemorrhages  were  f resh  and  wel l  d i s t r ibu ted
among all sizes of both sexes of the dying alewives, they may
have been a symptom or physiological response to the cause
or causes of the dieoff. Even if the hemorrhaging was coin-
cidental, however, it may have increased vulnerability to the
ac tua l  cause  of  dea th .  Any hemorrhaged  f i sh  tha t  escaped
immediate death would have been susceptible to Saprolegnia
which  rap id ly  in fec t s  wounded  and  weakened  ind iv idua ls
(Davis, 1953).
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