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Introduction

The Great Lakes c isc o , Leuclchthys artedl (LeSueur), i s  one o f the 

leading commercial f ish  o f the Great Lakes. This species i s  often  

referred as Lake herring or c isco  by many workers. In  th is  paper, the 

names Lake herring and c isco  are a lso  considered as synonyms o f the 

Great Lakes c is c o . To date only three publications have appeared per

ta in in g  to  the age and growth stu d ies o f c isc o . One o f them i s  on the 

extensive and exce llan t work done by Van Oosten (1929) on the Lake 

Huron Lake herring and the other two are on the Lake herring o f Wiscon

s in  lakes (H ile 193&) and Irondequoit Bay, New York (stone 193^)•

This paper i s  an attempt to  furnish further information on the age and 

growth h is to ry  o f  Lake herring from the commercial cen ters, Saginaw Bay 

and Green Bay, o f  the Lakes Huron and Michigan resp ectiv e ly , and to  

compare them with c isco  o f Grand Traverse Bay o f  Lake Michigan, a region  

where comnercial fish in g  operations are prohibited.

M aterials and Methods

This study of the age and growth o f the Great Lakes c isco  i s  based 

on 1160 specimens. Of th ese , 636 specimens from Saginaw Bay and 4l5  

specimens from Green Bay were co llec ted  from commercial fishermen. 

Majority o f these specimens were taken from trap n e ts , while a few were 

taken by g i l l  nets with 2 1 /2-inch stretched mesh. The fifty -n in e  

specimens from Grand Traverse Bay were co llec ted  by the experimental 

g i l l  nets with meshes rang>ing from 2 1 /2  to 4 inches. The data obtain

ed from c o lle c tio n s  made in  1942, 1943» 1944, 1945 1946 and the
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gela tin e-g lycer in e  scale s l id e s  for  344 specimens prepared by Dr. Peter  

I .  Tack were at my d isp o sa l. The w riter co llec ted  data fo r  the 1950 

samples from Green Bay.

Table 1 l i s t s  the source o f  the m aterials and data obtained in  

d ifferen t years o f c o lle c t io n . Excepting fo r  the 1950 sample from 

Green Bay, the weights and lengths o f the other samples were obtained 

immediately a fter  landing. The 1950 samples were packed in  cracked 

ic e  and shipped to  the F isheries Laboratory, Michigan State C ollege, 

where the data were gathered.

Scale samples were taken from a l l  specimens from the l e f t  side o f  

the body below the dorsal f in  and above the la te r a l l in e .  The sca les  

from th is  area were found le s s  variable in  shape and s ize  Van Oosten 

(1929). The follow ing data were recorded for  a l l  the specimens except

ing the ones indicated in  tab le  standard length and to ta l  length  

in  m illim eters, w e ig it in  grams, sex , date o f c o lle c t io n  and lo c a l i ty .

In  the 1943 c o llec tio n  o f  the Saginaw Bay sample, a l l  the key sca les o f 

one f is h  showed regenerated condition and hence, th is  f is h  was discarded 

from th is  study. In the 1944 c o lle c tio n  o f  the Green Bay sample the 

66 f ish  fo r  which no weight and sex data were obtained came in  drawn 

condition  from the fishermen.

your sc a les  from each f ish  were mounted in  ge la tin e-g lycerin e  

medium and the one read ily  readable was used for  age and growth determi

nations. The sca les  were projected on a sca le  viewing machine describ

ed by Van Oosten, e t a l .  (1934) using a 3^ objective  which yielded  

a m agnification o f 40.5 diam eters. Each sca le  length was read along 

the greatest an tero -la tera l radius.



Table 1: S ta t is t ic s  obtained fo r  tbe d ifferen t years co llec tio n
o f the Great Lakes c isco

Source

Year
o f

c o lle c 
tion

Number o f  
f is h  for  

which data 
were 

complete

Number o f f ish  fo r  which data were incomplete Total
number

of
f ishwithout

standard
length

without
to ta l

length
without
weight

without
sex

with
regenera

ted
sca les

Saginaw Bay 1942 5 5
1943 4o6 - 1 - 2 1 4io
1944 137 32 - 1 1 - 171
19U5 Si • 2 • •* 100

Sub--to ta l 636

Green Bay 1944 33 66 99
1945 3* - 6 - - 44
1950 272 * 272

Sub--tota l 415

Grand Traverse Bay 1946 59 - - - - - 59

Sub-•total 59

Grand Total 1160



TSie terms age groups and year c la sse s  used in  th is  paper are de

fined as fo llow s: An age group includes those individuals in  a c o l

le c t io n  of f ish  which have completed a given number o f winter marks 

based on which, the f ish  are c la s s if ie d  as age group I i f  they show 

one winter mark, age group II  when there are two annuli and so on.

The f ish  which do not show any anmilua in  th e ir  sc a le s  are denoted as 

age group 0 .

A year c la ss  refers to  those f ish  which have hatched out in  a 

particu lar year. For in stan ce, in  a catch o f 1950, when we indicate  

a group of f ish  as year c la ss  1945, i t  means that the members in  that 

group were a l l  hatched out in  1945 and caught 5 years a fter  hatching.

I t  should be carefu lly  noted that a catch may have d ifferen t year 

c la s se s , i . e . ,  groups that were hatched in  d ifferen t years. As an 

example, in our 1946 c o lle c t io n  o f  Grand Traverse Bay sample, age 

group II  may be referred as year c lass 1944, age group III as year 

c la ss  1943» age group IV as year c la ss  1942, and age group V as year 

c la s s  1941.

Length frequency d istr ib u tion  and age composition

A fter carefu l examination, the 1942, 1943* 1944 and 1945 samples 

o f  the Saginew Bay Lake herring did not show highly s ig n ifica n t d if fe r 

ences in  th e ir  length d istr ib u tion  for  the d iffe re n t age groups. 

Therefore, a l l  co llec tio n s  were combined in  the study o f the length  

frequency d is tr ib u tio n . For 32 f ish  the standard length was not 

recorded at the time o f  c o lle c t io n . Conversion factors, tab le 2 , 

were computed for  transforming to ta l  lengths in to  standard lengths and 

vice versa a fter  the method o f Van Oosten (1933). Standard lengths



Table 2: Factors fo r  the conversion o f  to ta l  and standard lengths
o f the Saginaw Bay Lake herring

Standard length 
in terv a l 

in  m illim eters

Number
of

f ish

Conversion factors

Total length to  Standard 
length  

no change in  u n its  o f  
length)

Standard length to  Total 
length.

(no change in  u n its o f  
length)

Under 200 27 0.32501 1.21043

201 -  300 600 0 . 2313** 1.20320

Over 300 23 0.831*71 1.19242



Table J>: Length frequency d istr ib u tion  o f 635 Saginaw Bay Lake herring
co llec ted  in  the years 19*12, 1943, 1944 and 1945

Class
In terval

Age Class Frequencies
Total

I II in IV V VI vn vni

160 -  169 2 2
170 -  179 2 2
130 -  139 5 7 12

& 0 1 & VO 12 1 13
200 -  209 13 3 21
210 -  219 1 17 7 25
220 -  229 1 24 21 9 55
230 -  239 1 27 36 12 76
240 -  249 3 20 13 3 44
250 -  259 7 29 13 13 2 69
260 -  269 9 4 3 47 27 9 1 1 157
270 -  279 2 16 4o 33 10 1 107
230 -  239 1 9 15 23 15 1 64
290 -  299 1 11 9 6 5 1 33
300 -  309 3 3 4 3 1 14
310 -  319 1 2 1 4
320 -  329 1 1 2 3 7

Total 10 134 136 169 117 49 13 7 635

Mean Length 135.300 224.413 244.973 264.530 274.431 234.296 234.962 295.357

Sd. Deviation 2.394 2.311 9.150 1.397 1.337 1.531 1.713 2.340

Standard Error 0.757 0.200 0.975 o .i4 6 0.124 0.226 0.475 0.334



were confuted fo r  the above 32 f ish  using these conversion factors, and 

th e ir  calculated values were employed in  th is  in v estig a tio n .

Table 3 shows the length-frequency d is tr ib u tio n  o f  665 Saginaw Bay 

Lake herring. The f ish es  in  each age group are grouped into  10 m il l i 

meter length in te r v a ls . The to ta l  number o f f ish  fo r  each age group, 

th e ir  mean len g th s, standard deviation  and the standard error o f the 

mean are recorded in  the bottom rows o f the ta b le . At the extreme 

righ t column o f  the tab le  the to ta l  number o f  f ish  fo r  the correspond

ing length in terva l irresp ective  o f the age groups i s  shown.

From the table i t  i s  seen that the four years' samples f a l l  within  

the 160-329 m illim eter range and the 260-269 m illim eter s iz e  c la ss  i s  

dominant with 137 ind iv idu als or 20$ o f the to ta l  catch. The age group 

I I I  represents the dominant group with 166 in d iv id u a ls. Following th is  

dominant age group the number o f  ind iv idu als in  each age group drop o ff  

sharply u n t il  in  the^ge groups 711 and T i l l  only 13 and 7 ind ividuals  

are represented. Since no f ish  o f  more than eight years o f age were 

found in  th is  c o llec tio n  i t  may be inferred that few ind ividuals survive 

beyond th is  age. Van Oosten (1929) found a few ind ividuals up to  eleven  

years o ld . T his, however, does not con stitu te  an inconsistency. In 

e ith er  instance the number o f ind ividuals e igh t years of age or older 

represent an in s ig n if ic a n t  portion o f the sample.

The length-frequency d istr ib u tion  o f Hl5 Green Bay Lake herring  

i s  given in  table 4 . The samples o f  19*W-, 19^5 ahd 1950 combined 

sin ce the data do not show any evidence that the length d istr ib u tion  o f  

any one year’ s sample d if fe r s  from that o f the others s ig n if ic a n tly .

The three samples f a l l  w ith in  a length range o f 160-299 m illim eters.

The 220-229 m illim eter s ize  c la ss  i s  dominant with 126 Specimens or 31$



Table 3 : Length frequency d istr ib u tion  o f 635 Saginaw Bay Lake herring
co llec ted  in  the years 1942, 1943, 1944 and 1945

Class
In terval

Age Class frequencies
Total

I II i n IV V VE v n v n i

160 -  169 2 2
170 -  179 2 2
130 -  139 5 7 12
190 -  199 12 1 13
200 -  209 13 3 21
210 -  219 1 17 7 25
220 -  229 1 24 21 9 55
230 -  239 1 27 36 12 76
240 -  249 3 20 13 3 44
250 -  259 7 29 13 13 2 69
260 -  269 9 ^3 47 27 9 1 1 137
270 -  279 2 16 4o 33 10 1 107
230 -  239 1 9 15 23 15 1 64
290 -  299 1 11 9 6 5 1 33
300 -  309 3 3 4 3 1 14
310 -  319 1 2 1 4
320 -  329 1 1 2 3 7

Total 10 13* 136 169 117 49 13 7 635

Mean Length 135.300 224.413 244.973 264.530 274.431 234.296 234.962 295.357

Sd. Deviation 2.394 2.311 9.150 1.397 1.337 1.531 1.713 2.340

Standard Error 0.757 0.200 0.975 o .i4 6 0.124 0.226 0.475 0.334



Table 4: Length frequency d is tr ib u tio n  o f  415 Green Bay Lake herring
co llec ted  in  the years 1944, 1945 and 1950

Class
Interval

Age Class Frequencies
Total

n n i 17 7 71 TEE

1^0 -  1^9 1 2 3
190 -  199 5 3 2 6
200 -  209 4 22 1 27
210 -  219 5 37 19 5 66
220 -  229 12 30 62 24 126
230 -  239 10 19 31 20 5 P240 -  249 16 11 12 3 1 45
250 -  259 1 10 6 4 1 22
260 -  269 2 10 2 3 1 16
270 -  279 1 4 2 1 6
260 -  269 2 1 1 4
290 -  299 1 1

Total 36 144 146 71 14 2 415

Mean Length 215.140 215.507 225.264 234.655 254.143 244.500

Sd. Deviation 1.496 1.726 1.672 1.609 1.692 l .4 l4

Standard Error 
of the Mean 0.249 0.144 0.137 0.191 0.452 1.000
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of the to ta l  catch. The ago group IV i s  represented by 143 ind ividuals  

or 35. 6#  o f the sample. Van Oosten (1929) in  h is  study on the Lake 

Huron Lake herring refers the age group IV as the dominant c la s s ,  a case 

sim ilar to  the Green Bay samples in  th is  in v estig a tio n . The difference  

in  the number o f  ind iv id u als in  age groups H I  and IV in  th is  study i s  

so sm all, i . e . ,  4 , that we should not lay  too much emphasis on the 

apparent observation o f  the dominancy o f  the age group IV.

Table 5 Tetera to  the length-frequency d istr ib u tion  o f  59 Grand 

Traverse Bay Lake herring caught in  1946. Their standard lengths f a l l  

w ithin 150-319 m illim eter in te r v a l, the 190-199 s ize  c la ss  being domi

nant with 13 in d iv id u a ls. The age group I I I  i s  dominant represented 

by 29 specimens or 4 9 of  the sample.

I t  i s  in te re stin g  to note that the age composition o f the three 

samples varies with one another. The Saginaw Bay sample i s  repre

sented by eight age groups, from I to  V III, the Green Bay sample by 

s ix  age groups from II  to VII and the Grand Traverse Bay by four age 

groups from II  to V. Hile ( 1936) found that that the entire lack of 

age group I in  h is  1923 co llec tio n  o f  Trout Lake c isco  and the scar

c ity  o f them in  the Muskellunge Lake c o lle c tio n s  were the resu lt o f  

the s e le c t iv ity  of gear. The sca rc ity  o f the age group I  in  the 

Saginaw Bay sample and the lack o f  them in  the Green Bay and Grand 

Traverse Bay samples may be considered the resu lt o f  the s e le c t iv ity  

of the n e t. The lack  of age groups beyond, in  sp ite  o f the use o f  

experimental nets w ith mesh s iz e s  2 1 /2  to  4 inches in  the Grand Tra

verse Bay sample in d ica tes the p ossib le  suggestions that Lake herring 

beyond fiv e  years o f  age suffered heavy m ortality or they had migrated 

to  some other place in  that season o f  the year. I t  i s ,  o f  course,

i



Table 5 : Length frequency d istr ib u tio n  o f 59 Grand Traverse Bay
Lake herring co llec ted  in  194b

Class
Interval

Age Class Frequencies
Total

H m IV V

150 -  159 1 1
160 -  169 1 1
170 -  179 2 2
ISO -  1S9 6 1 7
190 -  199 3 10 13
2 0 0 -2 0 9 1 5 1 7
210 -  219 1 1 2
230 -  239 4 1 5
240 -  249 2 2
250 -  259 1 3 1 5
260 -  269 2 2 1 5
270 -  279 2 2 1 5
2S0 -  2S9 3 3
310 -  319 1 1

Total 11 29 11 S 59

Mean Length 1S4.500 214.259 245.045 274.500

Sd. Deviation 1 .1S3 3.666 2.252 2.390

Standard Error 
of the Mean 0.357 0.569 0.679 O.S45
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true that the small sample warns us from over emphasizing the above 

suggestions.

Sex ra tio

Of the 6fi>2 Saginaw Bay specimens examined, 311 and 371 were males 

and females resp ec tiv e ly . The three hundred and forty-n ine Green Bay 

Lake herring consisted o f 133 males and 216 fem ales. The Grand Tra

verse Bay sample o f  59 ind ividuals was composed o f  30 males and 29 

fem ales. With the exception o f the Grand Traverse Bay sample, the 

females tend to be r e la t iv e ly  more abundant.

Ihe d istr ib u tion  o f  the sexes in  the d iffe re n t age groups accord

ing  to the year o f c o lle c tio n  i s  given in  tab le 6 . In the next to  

la s t  column the r a tio  o f the females to  males with a l l  age groups com

bined i s  shown. The la s t  column shows the number o f  females per 100 

males in  the year o f c o lle c t io n . I t  i s  seen from the table that 

there i s  a great variation  o f  the sex ra tio  w ith age. I t  i s  apparent, 

however, that the females outnumber the males in  the w ell represented 

years excepting the 1943 sample of the Saginaw Bay and 1946 co llec tio n  

o f the Grand Traverse Bay Lake herring. In the 1943 c o llec tio n  of  

the Saginaw Bay Lake herring th e  females o f  age groups, I ,  I I I ,  IV and 

V, are outnumbered by the m ales. In th ree , I I ,  IV and V, out o f four 

age groups o f the Grand Traverse Bay sample the males are more numer

ous than the females. In sp ite  o f  the discrepancies in  the ie la t io n -  

shlp between the sex ra tio  and age, i t  can be observed from the table  

that the males decrease in  number fa ste r  than the females as the age 

o f the f ish  increases from f iv e  years and onward.



Table 6: Sex ra tio  in  each age group o f  each year's c o llec tio n  o f the Lake herring 
samples from Saginaw Bay, Green Bay and Grand Traverse Bay

Year
o f

C ollection
Sex

Age Groups
Total

Females
per
100

malesI n I I I IV V VI 711 T il l

Saginaw Bay Sample:

1942 Males 1 1 1 3
Females - 1 1 2 67

1943 Males 3 17 50 71 51 22 5 2 221
Females 2 16 27 56 46 22 6 5 166 64

1944 Males 16 24 7 2 1 50
Females 1 29 60 23 6 1 120 240

1945 Males 1 26 5 2 3 — 37
Females 3 26 20 10 3 1 63 161

Green Bay sample:

1944 Males 1 4 6 1 1 15
Females - 4 7 5 3 19 127

1945 Males 5 2 7
Females 6 20 7 1 36 514

1950 Males 4 29 49 27 2 i l l
Females 5 43 65 3* 7 2 161 145

Grand Traverse Bay sample

1946 I Males 6 6 6 6 30
1 Females 3 21 3 2 29 97
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The 1942 sample o f Saginaw Bay i s  so sm all, 5 in  number, that i t  i s  

doubtful i f  th is  sample i s  the true measure o f  the re la tiv e  abundance o f  

the sexes in  that year. The 1944 and 1945 samples o f  Saginaw Bay show 

240 and 1S1 females per 100 males. In 1943 sample, the r a tio  o f the 

females to  males i s  34 to  100. When the Saginaw Bay samples o f  the years 

1942, 1943» 1944 and 1945 are grouped togeth er , the ra tio  o f the males to  

females i s  3H  to 371 or 45*6 per cent males and 54 .4  per cent females.

Van Oosten (1929) found in  the Lake Huron Lake herring taken at Bay City 

that the males and females were approximately equally  abundant, the males 

foiming 49.5 Per cent of the entire sample. He a lso  observed discrepan

c ie s  in  the sex r a tio  in  the d ifferen t age groups. H ile (1936) *n the 

Wisconsin lakes samples found sim ilar resu lts  as follow s: Trout Lake

267 females per 100 m ales, S ilver  Lake 124 females per 100 m ales, Mus- 

kellunge Lake 137 females per 100 males and Clear Lake 104 females per 

100 males.

Cahn (1927) found in  h is  studies on Lake Mendota c isco  that the 

males outnumber the females and that the males migrated in to  the shallows 

e a r lie r  than the females when the water temperature was 4.3°C. The 

females arrived a few days la te r  when the water temperature dropped to  

3.g°C . Whether the greater abundance of males in  the 1943 co llec tio n  

o f the Saginaw Bay sample and in  the 1946 c o lle c tio n  o f the Grand Traverse 

Bay sample i s  due to  a sim ilar  condition i s  d i f f ic u l t  to  judge at present 

since there are no data on the water temperatures at the time o f capture 

of samples.

Tne sex ra tio  Cor the en tire  sample o f Green Bay co llected  in  1944, 

1945 and 1950 i s  100 males to  lb 2 females or the males form 32 per cent 

o f the population. The abundance o f  the males here i s  13*6 per cent

i



le s s  than those o f Saginaw Bay population.

Tne Grand Traverse Bay 

97 females or the males fo

sample shows a sex r a tio  o f 100 males to  

ng 50.6 per cent o f  the sample.rmi

Carlander I1945a and 1945b) found in  the T ullibee and Yellow pike 

perch populations o f  the Lalae o f the Woods, Minnesota, that the per

centage of the males varied from year to  year and that the ra tio  o f the 

females to  males increased ks the age of the f ish  increased , suggesting

th at the males wtre shorter -lived  than the fem ales.

Geiser (1924) had pointed out in  h is  f ie ld  c o llec tio n s  o f Gambusia 

th at the females invariab ly exceeded the males in  number and that the 

r a tio s  varied with d ifferen t seasons o f the year. lfce greater abund

ance o f females for  other kinds o f f ish  was shown by many workers:

H ile and Jobes (19^1) fo r  Saginaw Bay perch as 296 females per 100 

m ales, the same authors (19^+2) for the combined c o llec tio n s  o f Green Bay 

perch as 556 females per 10j0 males, Dai her (1947) for  Traverse Bay yellow  

perch as 577 females per 100 males and S ig ler  ( 19tyW f ° r White bass in

Storm Lake as 156 females per  100 m ales.

Van Oosten (195^) determined the sex ra tio  o f the common w hitefish  

o f  Lake Huron as 50 males to  50 females and a lso  the tendency for  the 

males to  become r e la t iv e ly  l e s s  in  number than the females as the age of 

the f ish  increased . He further observed that in  the f a l l  c o llec tio n  

o f  1924 the males exceeded the females in  number ind icatin g  the male 

w h itefish  migrated to the spawning grounds e a r lie r  than females. In  

th is  study the 1945 f a l l  c o lle c t io n  o f Saginaw Bay Lake herring shows a 

r a tio  o f  lbfe males to  147 fem ales. In the 1 9 ^  co lled tion  of the

Saginaw Bay sample, the females exceeded the malea and for  the 1942 and



19^5 c o llec tio n s  there are not su ff ic ie n t  data in  d ifferen t seasons so 

as to warrant any comparison. U n til more data are co llec ted  in  d if fe r 

ent seasons o f  the year and compared, the 19̂ 3 f a l l  c o lle c tio n  may not 

be re lia b le  to  sta te  that the male Lake herring behaves lik e  the common 

w h itefish  in  v is i t in g  the breeding grounds e a r lie r  than the fem ales.

Among the factors that might cause d if fe r e n t ia l sex ra tio  in  

adult f i s h ,  two a ltern ative  ones are put forth by Geiser (1924):

"(a) a possib le d if fe r e n t ia l death-rate o f the sexes during the embryo

n ic , ju ven ile , and adult period , coupled with a normal sex ra tio  at 

f e r t i l iz a t io n ,  and (b) an a typ ica l primary se x -r a tio , due to  an aty

p ic a l d istr ib u tion  o f  sex-determining chromosomes to the two daughter 

c e l ls  in  the maturation d iv is io n s o f the germ c e l l s .M His stud ies  

on the spermatogenesis o f Gambusia fa ile d  to show any sp ec ia l chromo

somes that would explain the d if fe r e n t ia l sex r a tio s . Moreover, 

the Geeribusia raised by him in  the" aquaria shewed approximately equal 

numbers o f  males and.females at the time o f b ir th . lftese evidences 

led Geiser to b e lieve  that the males had an inherent character for  

higher death-rate than females thus resu ltin g  in  the d if fe r e n t ia l sex  

ra tio s  in  the adult population.

Hile (1936 and 194l) believed that the d ifferen ces in  the sex 

r a tio s  o f the c isco  and rook-bass in  the Wisconsin lakes were due to  

the greater s ta b il i t y  or survival value o f  the females. Geiser 

(1923) in  h is  general d iscussion  on the sex ra tio s  in  various animals, 

a fte r  quoting many cases , observed that the females had greater in 

herent v ia b i l i ty  than the males. I f  the observations o f Geiser and 

Hile are accepted, then, a p ossib le  explanation for the greater abund

ance o f the females in  Lake herring may be a higher survival value of



the females than m ales.

Eschmeyer (1938) h is  parch populations in  Michigan and H ile  

(1936 and 1941) in  h is  c isco  and rock bass populations have pointed out 

th a t g i l l  nets are h ighly se le c t iv e  with respect to  sexes. I f  such 

s e le c t iv i t y  had occurred fo r  the Lake herring, then , the c o llec tio n s  

o f  g i l l  nets may not be a r e lia b le  b asis for  any such d iscu ssion .

Whether the Lake herring tend to  be equally d istr ibu ted  as shown 

by Hasler (194?) in  h is  w inter c o lle c tio n  o f  yellow  perch or they tend 

to  school sexually  and separately as shown by Eschemeyer (1938),

W eller (1938) and Hasler (1945) in  th e ir  perch population stu d ies , no 

d e fin ite  remark can at present be made u n t il  further work i s  carried  

ou t.

Body-scale length relation sh ip

The sca le  method of growth an a lysis was demonstrated to be valid  

fo r  Leucichthys arted i (LeSueur) by Van Oosten (1929)* The body-scale 

rela tion sh ip  has been shown to  be very c lose  to a stra igh t lin e  reg

ression  in  a considerable number o f  f ish  populations Lewis and EngliBh 

( 19h9) ,  Tate (1949), Scott (1949), Perlmutter and Clarke (1949),

Bectonan (1941), Wright (1929) and Van Oosten (1942).

H ile (1 9 4 l) , in  the rock bass sample of Nebish and Muskellunge 

Lakes, Wisconsin, estab lish ed  a body-scale length relationsh ip  that 

was expressed by a weak th ird  order parabola. Carlander (1945a and 

1945b) in  h is  Tullibee and Yellow pike perch populations showed that 

the relation sh ip  between the scale radius and standard length was not 

a stra igh t l in e ,  but could be described by a th ird  degree parabola.
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In th is  study the body-scale length rela tion sh ip  was assumed to  

be a lin ea r  regression since the L/Sc (L = len gth , Sc *= scale radius) 

r a tio  in  the three samples did not show any trend towards a parabolic 

rela tion sh ip . Moreover, p lo ttin g  the observed standard lengths 

against the anterior sca le  radii indicated a relation sh ip  very close  

to  a stra igh t l in e .

Saginaw Bay sample:

The body-scale relationsh ip  o f 652 Lake herring from Saginaw Bay 

was determined by p lo ttin g  the mean standard lengths at 5 m illim eter  

in te rv a ls  against the mean o f  the anterior radii o f the sca les  for  

these in terv a ls  and f i t t in g  a lin e  to  the data, tab le  7» by the le a s t  

squares method.

The stra igh t l in e  equation i s :  y = a + b x , where y i s  the standard

length in  m illim eters and x i s  the scale radius and a and b are cons

ta n ts .

Figure 1 represents the equation: y = 39*90723 + 1.1321l4x

This stra igh t l in e  having an in tercep t on the y axis o f  39*91 

m illim eters and a slope o f 1.13 gave a sa tis fa c to ry  f i t .  Consequently, 

growth ca lcu lation s were made with the aid o f a nomograph on a d irect  

proportion b a sis  using 40 m illim eters as a base rather than zero 

(Carlander and Smith 19 H4). For th is  population we may presume that 

the sca le  i s  formed when the f ish  i s  about 40 m illim eters in  standard 

len g th .

A



Table J:  Body-scale rela tion sh ip  (L/Sc) o f 652
Saginaw Bay cisco grouped in  5 m illim eter  

in terva ls o f standard length

Class Mean Mean IylSC Number
in terva l standard sca le ra tio of

length measurement f ish

165 -  169 169 113 1.47 2
l'3o -  134 133 l 4 i 1.32 4
135 -  139 136 139 1.40 3
190 -  194 192 156 1.24 6
195 -  199 193 159 1.27 7
200 -  204 202 157 1-33 3
205 -  209 207 149 1 .43 12
210 -  214 213 . 151 1.43 6
215 -  219 217 169 1 .30 13
220 -  224 
225 -  229

222
227

156
161 i-k 20

24
230 -  234 232 169 i .4 o 39
235 -  239 237 177 1.36 27
240 -  244 242 l 3 l 1.37 20
245 -  249 247 137 1-35 21
250 -  254 252 195 1.31 23
255 -  259 257 139 1.33 4 l
260 -  264 262 192 1.41 74
265 -  269 267 200 1.36 63
270 -  274 272 195 1.43 P275 -  279 277 212 I .34 42
230 -  234 232 210 1-37 33
235 -  239 237 213 1.34 26
290 -  294 292 221 I .36 25
295 -  299 296 217 1.39 3
300 -  304 302 234 1-33 9
305 -  309 307 244 1.27 5
310 -  314 313 227 1 .3$ 2
315 -  319 313 252 1.27 2
320 -  324 322 263 5
325 -  329 323 165 2 .o4 2

I



T ig. 1 . Body-scale rela tion sh ip  o f  the Saginaw Bay Lake herring. The dots 
are based on the means in  table J .  The equation o f the stra igh t lin e

i s  y «  39.90723 + 1 .132WX
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Green Bay sample:

The method used in  determining the body-seale relation sh ip  of 

415 Green Bay sample was sim ilar to  the one used for  the Saginaw Bay 

Lake herring. Figure 2 was constructed to  the data, table 6 .

Ihe slope of the stra igh t l in e  f i t te d  to the equation, 

y =32*76055 + l.l4$47*»  cut the length ax is at 32*76 m illim eters. 

Consequently, 33 m illim eters were considered as the length o f the 

f is h  before sca le  formation.

Grand Traverse Bay sample:

The data, tab le  9 ,  o f the Grand Traverse Bay sample yielded a 

stra ig h t l in e  equation as:

y *17.40290 + 1.15910x

The stra igh t l in e ,  figure 3» having a slope o f  1 .16 in tercepts  

the y a x is  at 17*40 m illim eters. Growth c a lcu la tio n s, consequently, 

were made using 17 m illim eters as the base.

A comparison o f these three samples shows that the standard 

length before sca le  formation i s  highlj^variable from one sample to 

another, 40 m illim eters in  Saginaw Bay, 33 m illim eters in  Green Bay 

and 17 m illim eters in  Grand Traverse Bay Lake herring. Van Oosten’ s 

(1929) actual observations had shown a range o f 35 to 40 m illim eters 

standard length before sca le  formation for  the Lake Huron Lake herring. 

The Saginaw Bay and Green Bay samples have values o f standard length,

40 and 33 m illim eters resp ec tiv e ly , before sca le  formation which f a l l  

near the range mentioned by Van Oosten. Ihe two m illim eters d if fe r 

ence observed in  the Green Bay sample from the minimum len gth , 35

i
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Table 3: Body-scale rela tion sh ip  (L/Sc) o f  415 
Green Bay c isco  grouped in  5 m illim eter  

in terv a ls  o f  standard length

Class
in terv a l

Mean
standard

length

Mean
scale

measurement
L/Sc
ra tio

Number
of

f ish

135 -  139 137 159 1 .23 3
190 -  194 194 147 1.33 3
195 -  199 197 151 1 .33 5
200 -  204 202 152 1.37 3
205 -  209 207 152 1-37 19
210 -  214 212 153 1-35 26
215 -  219 217 161 1-3* 4o
220 -  224 222 167 1-35 60
225 -  229 227 175 1.32 63
230 -  234 232 172 1.33
235 -  239 237 133 1.29 42
240 -  244 242 136 1 .33 31
245 -  249 247 139 1 *33 i4
250 -  254 252 177 1 .H6 9
255 " 259 257 193 1 .3 2 13
260 -  264 262 204 1.30 10
265 -  269 266 204 1.33 3
270 -  274 272 191 1 .43 5
275 -  279 273 224 1.24 3
230 -  234 232 215 1 .3 2 3
235 -  239 239 163 1 .7 2 1
290 -  294 290 224 1 .2 9 1

f t



2. Body-seale rela tion sh ip  o f the Green Bay Lake herring. The dots are 
based on the means in  tab le  &. The equation o f the stra igh t l in e

i s  y =■ 32.76055 + 1 .1^ 47x
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Table 9: Body-scale rela tion sh ip  IL/Sc) o f  59 Grand
Traverse Bay c isco  grouped in  5 m illim eter  

in te rv a ls  o f standard length

Class
in terva l

Mean
standard

length

Mean
scale

measurement
L/Sc
r a tio

Number
o f

f ish

155 -  159 153 129 1.22 1
165 -  169 169 164 1 .03 1
175 -  179 176 143 1 .23 2
130 -  134 131 137 1 .32 4
135 -  139 1t r 153 1.25 3
190 -  194 192 149 1.29 3
195 -  199 196 157 1 .26 5
200 -  204 202 160 1.23 3
205 -  209 207 167 1.26 4
210 -  214 210 162 1.30 1
215 -  219 215 17* 1.21 1
230 -  234 233 200 1.17 1
235 -  239 237 167 1.45 4
240 -  244 242 230 1.05 1

CVJ1CM 249 167 1.49 1
250 -  254 251 212 1.19 2
255 -  259 256 205 1 .26 I
260 -  264 262 202 1.32 4
265 -  269 265 209 1.27 1
270 -  274 271 205 1.35 2
275 -  279 277 21.5 1.29 3
230 -  234 230 234 1.21 3
310 -  314 311 213 1.43 1

(



F ig . 3 . Body-scale rela tion sh ip  o f  the Grand Traverse Bay Lake herring. The 
dots are based on the means in  tab le  9* Ihe equation o f  the stra igh t

l in e  i s  y  = 1 7 .40290+ 1 .15910x
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m illim eters, observed by Van Oosten in  Lake Huron Lake herring may nbt 

be s ig n if ic a n t .

Tne 17 m illim eters standard length before sca le  formation in  the 

Grand Traverse Bay sample i s  used p rov ision a lly  fo r  growth calcu la

t io n s . This value may be due to  the small number o f f ish  employed.

Growth in  length

Tables 10 to 12 present the data for  the calculated growth in  

length fo r  the c isco  o f Saginaw Bay, Green Bay and Grand Traverse Bay. 

A preliminary an alysis o f  calculated length data o f  Saginaw Bay and 

Green Bay c isco  fa ile d  to  show sign ifican ce  in  length growth between 

samples taken in  d iffe re n t years, hence the samples were combined 

for  growth a n a ly s is . The c isco  from Grand Traverse Bay were a l l  

co llected  in  one year, 19H6.

The d ifferen ces in  the calculated  lengths o f  the two sexes were 

not large enough to  warrant separate growth curves for males and f e 

males. Figures 4 to 6 were made to  i l lu s t r a te  the growth curves o f  

the populations where the sexes were combined. The figu res in  the 

tab les are the average calculated lengths at the end o f the respective  

years. The average lengths o f  the combined sexes are weighted means. 

Hie number o f f is h  for  which sex was not id e n tif ie d  at time o f c o lle c 

tio n  are indicated in  parentheses in  the second column o f  the tab les  

10 and 11.

Growth in  length in  Saginaw Bay cisco:

An inspection  o f  the figures as they stand in  table 10 reveals
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Table 10: Average standard lengths fo r  each year o f l i f e  
o f 665 Saginaw Bay c isco  co llec ted  in  the years 

1942, 1943, 1944 and 1945

Age Group
Number

o f
f is h

Calculated length (mm) at end 
o f  year o f l i f e

I I I h i IV V VI VII VIII

I Male 4 139
I Female 6 143
I Sexes

combined 10 i 4 i
II Male 60 126 192
II Female 73 125 191
n Sexes

combined 134 ( 1 ) 126 191
h i Male 79 132 195 231
h i Female 107 126 166 226
i n Sexes

combined 166 129 191 226
IV Male 60 133 169 227 252
IV Female 69 126 163 219 245
IV Sexes

combined 169 131 166 223 246
V Male 57 129 161 217 243 262
V Female 56 125 177 214 239 261
V Sexes

combined 117 ( 2 ) 126 176 213 240 261
VI Male 24 120 169 202 226 249 267
vr Female 25 123 166 207 234 256 272
VI Sexes

combined 49 121 166 203 231 232 270

VII Male 5 122 173 207 234 252 269 267
v n Female 6 120 166 203 227 250 271 266
VII Sexes

combined 13 121 170 204 229 231 270 266

VIII Male 2 116 162 200 231 252 273 293 309
VIII Female 5 119 156 169 215 235 254 270 264
VIII Sexes

combined 7 116 159 192 219 240 259 277 291

In  column 2 , figu res in  parentheses in d ica te  the number o f f ish  
fo r  which sex  was not determined.

J



F ig . 4 . Mean calculated lengths at the end o f  each year of l i f e  o f Saginaw Bay
Lake herring based on table 10
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that the males had grown longer than the females In a l l  the years of  

age groups excepting the cases mentioned below. In age group I ,  the 

females exceed the males in  length by U m illim eters. This difference  

may not be considered va lid  because o f  the small s iz e  o f  sample, 4 

males and 6 fem ales. The age group 71 i s  ch a ra cter istic  in  that the 

females show greater length  than the males in  a l l  years of l i f e  ex

cepting the second year where the males exceed the females by 1 m i l l i 

meter. This one m illim eter d ifference may not be considered s ig n i f i 

cant and for  a l l  purposes we can assume that the females in  age group 

71 had exceeded the males in  length in  a l l  the years. The one m i l l i 

meter increment in  length in  the females o f  age group T ill  i s  in valid  

since the number o f  f is h  to  represent the sexes i s  very sm all,2 males 

and 5 fem ales.

Growth in  length in  Green Bay c is c o :

The calcu lated  lengths at the end o f respective years o f  l i f e  

for  the age groups II  to  711 from Green Bay are presented in  table 11. 

The growth h is to ry  o f the males and females in  age groups I I  to 71 

i s  o f considerable in te re st , f o r . i t  doeB not f a l l  under the d e fin ite  

pattern we find in  the Saginaw Bay sample where the males exceed the 

fem ales in  len gth . In  age group I I  the males outgrow the females in  

the f i r s t  year o f  l i f e  by 12 m illim eters, but in  the second year the 

reverse i s  tru e , the females exceeding the males by $ m illim eters.

In  age group I H , the males and females a tta in  the same len gth , 117 

m illim eters , in  the f i r s t  year and, in  the second and third years the 

females grow fa s te r  than the males by 1 and 2 m illim eters resp ective ly . 

These var ia tion s are in s ig n if ic a n t and we nay presume the males and 

females o f  age group I I I  have almost grown the same length in  a l l  years.
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Table 11: Average standard lengths for  each year o f l i f e
o f 415 Green Bay c isco  co llec ted  in  the years 

1944, 19^5 and 1950

Age Groups Number 
o f  f is h

Calculated length (mm) at 
end o f  year o f  l i f e

I n I I I IV V v i v n

II Male 5 141 196
II Female 13 129 204
II Sexes

combined 36 (13) 129 202

III Male 3# 117 173 214
III Female 72 117 179 216
III Sexes

combined 144 (34) 113 132 217 . __
IV Male 59 113 165 200 223
IV Female 79 •H5 167 202 227
IV Sexes

combined 143 ( 1 0 ) 114 169 202 226
V Male 23 116 161 190 212 223
V Female 4o 110 153 191 216 234
V Sexes

combined 71 (3 ) 112 159 190 214 231

VI Male 3 110 162 196 219 239 252
VE Female 10 107 154 136 212 229 242
VI Sexes

combined 14 (1 ) 103 153 191 216 233 246

VII Male _ — - —  —

v n Female 2 115 161 135 207 224 242 253
VII Sexes

combined — • •

In column 2 , figu res in  parentheses in d ica te  the number of 
f is h  for  whichsex was not determined.

I



F ig. 5* Mean calculated  lengths at the end o f each year of l i f e  and incremen 
o f  growth in  length of Green Bay Lake herring based on tab les 11 and 15 .

Ls and Is  in d icate  the length and length-increm ent curves 
o f the corresponding age group.
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In age group IV the females show greater length than the males in  a l l  

the years, the d ifferen ces being 2 m illim eters in  the f i r s t ,  second 

and th ird  years and k  m illim eters in  the fourth year. The males o f  

the age group V exceed the females in  the f i r s t  two years by 6 and 

3 m illim eters resp ectively ; bu t, in  the next three years they are 

exceeded in  length by the females by 1, 4 anfl 6 m illim eters. In age 

group VI, the males show co n sisten tly  greater growth in  length  than 

the females in  a l l  years o f  l i f e ,  the d ifferen ces from the females 

being 3» 10. 7» 10 and 10 m illim eters in  the years one to  s ix .

The age group VII i s  represented by 2 females on ly .

Ihe sh ift in g  o f the greater growth in  length from females to males 

in  some years o f  l i f e  and from males to  females in  other years, as 

shown in  the preceding paragraph, r a ise s  the question o f ,  whether f is h  

o f  d ifferen t populations with greater or lower ra tes o f growth in  

len g th , as the case may b e, are represented in  the catch; o r , whether 

there i s  a d ifference in  the response o f d iffe r e n t  age groups to the 

environment. The data in  th is  in v estig a tio n  do not reveal the so lu 

tio n  to the above questions. The w riter  b e lie v es  that in v estig a tio n s  

on the migratory and spawning a c t iv i t ie s  o f  Lake herring w i l l  throw 

more l ig h t  on these problems, p a r ticu la r ly  the d if fe r e n t ia l  growth 

rates o f  males and females in  d iffe re n t years o f  l i f e .

Growth in  length in  Grand Traverse Bay c is c o :

The mean calculated  lengths at the resp ective years o f  l i f e  o f the 

age groups I I  to  V of the Grand Traverse Bay sample are given in  table  

12. I t  i s  in te re stin g  to  note that in  age groups I I ,  in and V the 

males exceed the females in  len gth . In  age group IV the females out-
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Table 12: Average- standard lengths for  each year o f  l i f e
o f  59 Grand Traverse Bay c isco  c o llec ted  in  1946

Age Group
Number

o f
f is h

Calculated length  (mm) at  
end o f  year o f l i f e

I  H  II I  IV V

II Male g 10g 155
II Female 3 99 2.51
II Sexes combined 11 105 154

III Male g 105 167 213
III Female 21 9g 151 lg l
III Sexes combined 29 100 155 190
IV Male 3 107 162 212 234
IV Female g 107 l g i 2l4 237
IV Sexes combined 11 107 175 213 .2 3 6

V Male 2 121 173 213 249 271
V Female 6 103 164 200 226 249
V Sexes combined g 107 166 203 232 254

1



i g .  6« Mean calculated  lengths at the end o f each year o f l i f e  and increments 
o f growth in  length o f Grand Traverse Bay Lake herring based on tab les  

12 and 16. Ls and I s  ind icate  the length  and length-increment 
curves o f  the corresponding age group.
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grow the males in  length by 19, 2 , and 3 m illim eters in  the second, 

th ird  and fourth years and in  the f i r s t  year they a tta in  the same 

length , 107 m illim eters, as those o f  males. Whether the accelerated  

growth o f the females in  age group IV i s  due to any one o f  the four 

years favorable for  th e ir  growth, or these females compose a d if fe r 

ent population having a higher growth rate may not be accounted for  

in  view of the smallness o f  the sample.

Comparison o f  the growth in  length o f c isco  from Saginaw Bay, Green

Bay and Grand Traverse Bay;

The data in  tab les 10, 11 and 12 are regrouped in  table 13 to  

f a c i l i t a t e  comparison o f the growth in  length of the samples from 

Saginaw Bay, Green Bay and Grand Traverse Bay. I t  i s  p la in ly  evident 

from tab le  13 that in  the amount o f growth the Saginaw Bay cisco  

stands far  above the other two populations in  a l l  years of l i f e  ex

cepting the varia tion s described below. The Green Bay sample takes 

up a p osition  in  between the Saginaw Bay and Grand Traverse Bay c isc o .

The varia tion s exhibited by the three populations are the fo llow 

ing: 1 . The age group I I  from Green Bay exceeds in  length the c isco

from Saginaw Bay in  both years of l i f e .  2 . In age group IV o f the 

Grand Traverse Bay c isc o , the males in  th e ir  th ird  and fourth years, 

the females in  th e ir  second, third and fourth years and the sexes-  

combined year c la sse s  in  th e ir  second, th ird  and fourth years take up 

a p osition  intermediate between the Saginaw Bay and Green Bay popula

t io n s . 3 . In age group V from Grand Traverse Bay, the males in  th e ir

f i r s t ,  second and third years outgrow the males o f the Green Bay cisco  

in  these years and in  th e ir  fourth and f i f t h  years exceed in  length



grow the males in  length by 19, 2 , and 3 m illim eters in  the second, 

th ird  and fourth years and in  the f i r s t  year they a tta in  the same 

len gth , 107 m illim eters, as those o f  m ales. Whether the accelerated  

growth o f the females in  age group IV i s  due to any one o f the four 

years favorable for th e ir  growth, or these females compose a d if fe r 

ent population having a higher growth rate  may not be accounted for  

in  view o f the smallness o f the sample.

Comparison o f the growth in  length o f c isco  from Saginaw Bay, Green 

Bay and Grand Traverse Bay;

The data in  tab les 10, 11 and 12 are regrouped in  table 13 to 

f a c i l i t a t e  comparison o f the growth in  length o f the samples from 

Saginaw Bay, Green Bay and Grand Traverse Bay. I t  i s  p la in ly  evident 

from tab le  13 that in  the amount o f growth the Saginaw Bay c isco  

stands fa r  above the other two populations in  a l l  years o f l i f e  ex

cepting the varia tion s described below. The Green Bay sample takes 

up a p osition  in  between the Saginaw Bay and Grand Traverse Bay c isc o .

The variations exhib ited  by the three populations are the follow 

ing: 1 . The age group I I  from Green Bay exceeds in  length the c isco

from Saginaw Bay in  both years o f l i f e .  2 . In age group IV o f  the 

Grand Traverse Bay c is c o , the males in  th e ir  th ird  and fourth years, 

the females in  th e ir  second, th ird  and fourth years and the sexes-  

combined year c la sse s  in  th e ir  second, th ird  and fourth years take up 

a p osition  intermediate between the Saginaw Bay and Green Bay popula

t io n s . 3 . In age group V from Grand Traverse Bay, the males in  th e ir  

f i r s t ,  second and third  years outgrow the males o f the Green Bay c isco  

in  these years and in  th e ir  fourth and f i f t h  years exceed in  length
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Table 13: Comparison o f the growth in  length o f c isco  o f d ifferen t
age groups from Saginaw Bay (S .B .) ,  Green Bay (G .B .), and 

Grand Traverse Bay (G.T.B)

Age Year
o f

Males Females Sexes combined
Jroup l i f e S.B . G.B G.T.B. S.B. G.B. G.T.B. S.B. G.B. G.T.I

n 1 12g l 4 l 10g 125 129 99 126 129 105

2 192 196 155 191 204 151 191 202 154

in 1 132 117 105 126 117 9g 129 l lg 100

2 195 17* 167 lgg 179 151 191 lg 2 155

3 231 214 213 226 216 l g l 22g 217 190

IV 1 133 113 107 12g 115 107 131 114 107

2 lg9 165 162 1*3 167 l g l 136 169 175

3 227 200 212 219 202 214 223 202 213

4 252 223 234 245 227 237 24g 226 236

V 1 129 116 121 125 110 103 126 112 107

2 l g l 161 173 177 15g 164 17* 159 166

3 217 190 213 214 191 200 215 190 203

if 243 212 249 239 216 226 240 214 232

5 262 22g 271 261 234 249 261 231 254

VC l 120 110 123 107 121 log

2 169 162 l6g 154 l6g I5g

3 202 196 2 or lg6 205 191

4 22g 219 234 212 231 216

5 249 239 256 229 252 233

6 267 252 272 242 270 246
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the males o f the Saginaw Bay population; and, the females and the 

sezes-combined c la sse s  show greater growth in  length  than the Green 

Bay c isco  in  th e ir  second, th ird , fourth and f i f t h  years.

The general tendency towards the diminution in  calculated  

lengths o f the c isco  from Saginaw Bay to  Green Bay and from Green 

Bay to Grand Traverse Bay r e f le c ts  on the environmental conditions o f  

these three reg ions. I t  i s  apparent that the conditions in  Saginaw 

Bay are favorable for  the growth tif c is c o , while in  Grand Traverse 

Bay the conditions are very poor and in  Green Bay the conditions are 

s l ig h t ly  b e tter  than those o f  Grand Traverse Bay for  the growth o f  

c is c o .

Lee’ s Phenomenon

The "phenomenon o f  apparent change in  growth rate" has been 

questioned and much discussed by f ish e r ie s  b io lo g is ts  ever since i t  

was proposed by Lee (1912). Lee defines th is  phenomenon as: 

i a tendency by which with in creasin g  age the groups o f f is h  a l l  show 

a decreasing rate of growth in  the calculated values for  each year 

o f  th e ir  l iv e s ,  that i s  that as we compare the present with foimer 

years the amount o f growth at corresponding ages i s  increasing  

regu larly . For convenience and shortness th is  tendency w il l  be 

referred to  in  th is  paper as "the phenomenon o f apparent change in  

growth rate" ’ . I t  was o r ig in a lly  believed by many workers that 

th is  phenomenon was the r e su lt  o f  the error made in  assessing  growth 

by sca le  method or o f  the se le c t iv e  e f fe c t  in  s iz e s  during sampling. 

The resu lts  o f the d eta iled  in v estig a tio n s by the improved methods 

of ca lcu la tin g  growth from sca les  had led Van Oosten (1929) and Hile



(1936) to confirm that Lee's phenomenon was rea l and that i t  ex isted  

in  th e ir  Lake herring populations.

Scott (19^9) explains that the Lee’ s phenomenon »'is produced by a 

se le c t iv e  m ortality  which elim inates the faster-growing members of a 

year-c lass early  in  l i f e ,  thus allow ing the slower-growing f ish  to l iv e  

to a greater age and to  comprise the bulk o f the o ld er  f ish  in  a popu

la tio n ."  The two primary factors resu ltin g  in  the se le c t iv e  m ortality  

o f the fa s t  growing in d iv idu als o f a year c la ss  are: 1 . the growth o f

the rapidly growing f ish  to  such a catchable s ize  as they are eliminated 

e a r lie r  than the slow-growing f ish ;  and 2. a p h ysio log ica l correlation  

between growth rate and longevity  o f f i s h .  In reviewing the r e la tio n 

ship between the rate of growth and the span o f l i f e  w ithin a given 

sp e c ie s , McCay (1933) presents the> evidence obtained in  h is  feeding 

experiments on the brook trou t, namely, that in  the experimental trout 

fed on the same d ie t the fa s te r  growing f is h  died e a r lie r  them the 

slower growing f is h .

Lee’ s phenomenon in  Saginaw Bay and Green Bay c is c o :

An inspection  o f the ta b les  10 and 11 (figu res 4 and 5 ) d is t in c t ly  

brings out the presence o f  Lee's phenomenon in  the Saginaw Bay and 

Green Bay populations. I t  i s  seen from the above ta b les  that in  these  

populations, excepting fev; d iscrepancies, there i s  a tendency for the 

decreasing rate o f  growth in  the calcu lated  values o f  length for  each 

year o f l i f e  as the f is h  increase in  age.

In th e ir  f i r s t  year o f l i f e ,  the age groups I and I I  o f Saginaw 

Bay c isco  show the tendency to decrease in  growth as they advance in  age.



For the same year of l i f e  the growth rate seems to increase in  age 

groups I I I  and IV and in  the succeeding years the growth rate decreases 

from age to  age u n t il  age group. V III.

In  the Green Bay c is c o , L ee's phenomenon i s  pronounced in  a l l

years o f l i f e  o f  the age groups excepting age group VI which in  i t s  

th ir d , fourth and f i f t h  years o f  l i f e  show greater lengths than those 

o f age group V. Age group VII i s  not considered since i t  i s  repre

sented by two females only.

The d iscrepancies in  these two samples are n eg lig ib ly  small and 

no possib le  causes can be advanced to explain  them.

L ee's phenomenon in  Grand Traverse Bay c is c o :

The Grand Traverse Bay c isco  population i s  quite ch aracter istic  

in  that no "apparent change in  growth rate" i s  observed in  i t s  l i f e  

h istory  (see  tab le  12 and figure 6 ) .  The sm allness o f  the sample 

warns the w riter  from carrying on a long d iscu ssion  to explain the 

discrepancy in  L ee's phenomenon in  th is  sample. However, the w riter  

b e liev es that Grand Traverse Bay where coraneroial f ish in g  i s  prohibited  

might contain a d issim ilar  d is tr ib u tio n  of d ifferen t populations o f  

c isco  and th is  would have given r is e  to  a wide discrepancy in  the 

growth h istory  o f  the c isco  under in v estig a tio n .

I f  we assume that growth had been b e tter  in  age groups IV and V 

in  1 the years to explain  the discrepancy in  L ee's phenomenon, then, 

how can we exp lain  the growth discrepancies that are found to ocour 

between members o f the same year c la ss  captured at d ifferen t ages?

Since no sa tis fa c to ry  answer can be had from the availab le ,data, the
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better-growth explanation for  age groups IV and V may be rejected .

Length increment

The length increment data ( tab les l 4 , 15 ancl 16) for  the Saginaw 

Bay, Green Bay and Grand Traverse Bay samples ind icate that in  a l l  the 

cases the greatest amount o f growth was during the f i r s t  year of l i f e .  

Van Oosten (1929) observed the same condition in  h is  Lake Huron Lake 

herring where the f ish  in  th e ir  f i r s t  year had shown the greatest amount 

of growth.

Hie growth increment curves, figures 7 > 5 and 6 based on data 

from ta b le s  14 , 15 and 16 r esp ec tiv e ly , further reveal that growth in  

the second year had dropped down to almost 50 P®r cent o f the growth 

in  the f i r s t  year and in the succeeding years the growth in  length  

gradually dim inished. The age groups I I I , IV and V o f  Grand Traverse 

Bay sample show b etter  growths beyond th e ir  second year than those 

o f  Green Bay and Saginaw Bay samples. The age group VI o f Saginaw 

Bay population had grown b etter  in  i t s  s ix th  year than that o f Green 

Bay population in  the corresponding year, the d ifference in  length be

ing 4 m illim eters.

The comparatively low values in  growth for  the f i r s t  year o f a l l  

the agft groups o f Grand Traverse Bay sample should not be considered as 

rea l fo r , the assumption we made on the p re-sca le  formation length in  

th is  sample, 17 m illim eters, was only provisional and th is  might have 

introduced error in  the f i r s t  year growth.

The variations in  length increments between males and females in
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these samples were not conspicuous; and, therefore, no sp ec ia l con

sid era tion  was given to d iffe re n tia te  the growth increments between 

the sexes .
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Table 14: Average Increments in  length fo r  each year o f l i f e
o f 635 Saginaw Bay c isco  co llec ted  in  the years 

1942, 1945, 1944 and 1945

Age Group
Number

o f
f ish

Increments in  length  at end of 
year o f l i f e

I II  I I I  IV V VI VII VII]

I Male 4 139
I Female 6 143
I Sexes

combined 10 i 4 i
II Male 6o 123 64
II Female 75 125 65
II Sexes

combined 134 ( l ) 126 65
III Male 79 132 63 36
III Female 107 126 62 33
III Sexes

combined 136 129 63 37
IV Male 30 133 56 33 24
IV Female 39 123 55 36 26
IV Sexes

combined 169 131 56 . 37 2?
V Male 57 129 52 37 25 19
V Female 53 125 53 37 25 22
V Sexes

combined 117 ( 2) 126 52 37 to 20

VE Male 24 120 49 34 26 21 19
VI Female 25 123 45 39 27 22 16
VI Sexes

combined 49 121 47 36 26 22 17
VII Male 5 122 51 34 27 19 16 19
VII Female 3 120 43 35 24 23 21 17
VII Sexes

combined 13 121 49 34 25 22 19 13

VIII Male 2 113 44 39 31 21 21 20 17
VIII Female 5 119 39 31 26 21 13 17 14
VIII Sexes

combined 7 113 4o 33 23 21 19 13 l4

In  column 2 , figu res in  parentheses ind icate  the number o f f ish  
for which sex was not determined.



J ig . 7 • Annual increments o f growth in  length o f Saginaw Bay Lake herring based
on table l4 .
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Table 15: Average increments in  length  fo r  each year o f l i f e
o f  4l5 Green Bay c isco  co llec ted  in  the years 

19^4, 1945 and 1950

Age Group
Number

of
Increments in  length (mm) 

end o f  year of l i f e
at

f ish 1 II i l l IV V VI VII

II Male 5 l 4 l 54
II lb  male 13 129 75
II Sexes

combined 36 ( lg ) 129 74
II I Male 33 117 61 36
III Female 72 117 62 36
III Sexes

combined 144 (34) l lg 64 35
IV Male 59 113 53 35 23
IV Female 79 115 52 35 25
IV Sexes

combined l4g ( 10) l l 4 53 __ 35 24

V Male 2g 116 45 29 22 16
V Female 4o 110 4g 33 26 17
V Sexes

combined 71 (3) 112 46 32 24 17

71 Male 3 110 52 34 23 20 13
VI Female 10 107 47 32 26 17 13
VI Sexes

combined 14 (1 ) log 50 33 25 17 !3
VII Male — - - -

VII Female 2 115 46 24 22 17 17 12
VII Sexes

combined - — — •
"

In  column 2,  figu res in  parentheses in d icate  the number o f f ish  
for which sex was not determined.

i
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Table 16: Average increments in  length  for  each year o f  l i f e
o f  59 Grand Traverse Bay c isco  co llec ted  in  1946

Age group
Number

of
Increments in  length (mm) 

at end o f year o f l i f e
f ish  "

I i i III IV V

II Male g lOg 4g
II Female 3 99 52
II Sexes combined 11 105 49

II I Male g 105 62 46
III Female 21 9g 53 31
III Sexes combined 29 100 55 35

IV Male 3 107 55 50 23
IV Female g 107 73 34 23
IV Sexes combined 11 107 . 6g 3* 23. .

V Male 2 121 52 4o 37 22
V Female 6 103 6 l 35 27 23
V Sexes combined g 107 59 37 29 23

I
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Length-weight Relationship

The application  of Herbert Spencer's 'Cube Law' equation to f ish  

measurements has been carried out by many in v e stig a to rs . I f  form 

and sp e c if ic  gravity were constant throughout l i f e ,  the relation sh ip

between weight and length i s  described by the 'Cube Law* in  the

equation:

W =  KL5 

where W =, weight

and L =■ length

K = constant

The observations of Keys (192$), Hile (193& and 19*+1) and others 

reveal that the 'Cube Law' i s  an incorrect formulation of the re la tio n 

ship between weight and length and that a true re la tio n  can be much 

more accurately described by the equation:

W = cLn

where w eight, L*=-length, c -c o n s ta n t  dependent on

the u n its  employed and the general species form 

and n - t h e  rate o f change of weight with length .

SagLnaw Bay sample:

S ix  hundred and eighty-four Lake herring covering a length  range of  

160 -  329 m illim eters, standard length , were employed in  the determina

tio n  o f length-weight re la tion sh ip . The sexes and a l l  age groups were 

combined. Each f is h  was treated  as a separate un it in  deriving the 

constants c and n in  the formula.



The equation W = cLn when expressed in  logarithm ic form becomes 

a stra igh t l in e .  The logarithm ic equation i s :

lo g  W = log  c + n log  L

The values o f  log  c and n were determined from the follow ing  

normal equations:

S I  log  W . S  ( log  L)2 - S I lo g  L . f e L o g  L . Log w] 
log c = ----------------------------------------------------- b------------------------- L .

N . S ( l o g L ) 2 -  ( S I lo g L ) 2

2  lo g  W -  N .log  c
and n = -------------------------------

SlT lo g  L

Figure 3 i s  the graph o f the equation:

W = 43-643 x lO ^L 2 *̂ 9065

Logarithm ically the equation i s  expressed as: 

log  W = -4.63991+2.^9065 lo g  L

The points in  figure $ represent the mean calculated  weights 

plotted  against the mean calculated  lengths at the la s t  winter mark 

o f the age groups concerned. I t  i s  read ily  noted from the figure  

th at these mean values f i t  the curve c lo s e ly . The exponent 2.39065 

o f  the length  in d ica tes that the weight does not increase propor

tio n a te ly  to the th ird  power of every lin ea r  dimension o f the fish ;  

but rather le s s  than the cube o f  the len gth .

Green Bay sample:

The length-weight rela tion sh ip  of 349 c isco  from Green Bay, fa l l in g  

in  the length in terv a l 130 -  299 m illim eters, standard len gth , may be 

described by the follow ing formula:





F ig . g . Length-weight rela tion sh ip  o f Saginaw Bay Lake herring. W = 43*6^3 x  
10“5 l” *®9065. nje poin ts represent the mean calcu lated  weights 

p lo tted  against the mean calculated lengths at the la s t  
w inter mark o f  the age groups concerned.
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W = 23.025 x 10"5 L2 *76257 

Logarithm ically: lo g  W =  -4.36220 +- 2.76257 log  L

Figure 9 represents the above equation. The points represent

the averages o f w eights and lengths o f  the age groups at la s t  winter 

mark. The n value, 2.76257» shows that the weight i s  not proportional 

to the cube o f  the len gth , but s l ig h t ly  l e s s  as in  the case o f  the 

Saginaw Bay sample.

Grand Traverse Bay sample:

The length-w eight rela tion sh ip  o f  59 specimens covering the length  

in terv a l I50 -  3^9 m illim eters i s  determined by the equation:

W =3.1161 x 10"5 l 5#26657 

Logarithm ically: lo g  W = -5.49361 +  3.26657 log  L

Figure 10 i s  the graph o f  the above equation. The averages of

lengths and weights at la s t  winter mark o f  the age groups f i t  c lo se ly

the curve as in  the previous cases. I t  i s  in te re stin g  to  note here 

that the n value i s  greater than 3 in d ica tin g  that the weight in 

creases more rapidly than the cube o f  the len g th .

A comparison o f  the above three samples reveals that w hile the 

weight of the Grand Traverse Bay specimens increases more rapidly than 

the cube o f  the len g th , those o f the Saginaw Bay and Green Bay samples 

tend to increase l e s s  rapidly than the cube o f  the len gth . This ob

servation  forces one to  presume that the environmental conditions in  

Grand Traverse Bay might have been so favorable fo r  the Lake herring  

under in vestiga tion  that caused the greater increase in  weight than the



F ig . 9 . Length-weight rela tion sh ip  of Green Bay Lake herring. W = 23 .025 * 
10-5 L^*76251 . The points represent the mean calculated  weights 

plotted  against the mean calculated  lengths at the la s t  
winter mark of the age groups concerned.
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10. Length-weight relation sh ip  of*'Grand Traverse Bay Lake herring. 
Yf«=3*ll6l x 10-5l3*2°°57. The points represent the mean 

calculated  weights p lotted  against the mean calculated  
lengths at the la s t  w inter mark of the 

age groups concerned.
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cube o f the length  and that in  Saginaw Bay and Green Bay conditions 

were not favorable. To check th is  presumption tab le  17 i s  s e t  up.

The lengths and weights are the calculated averages at la s t  winter 

mark o f  the age groups. The age groups I ,  VI, VII and VIII o f  

Saginaw Bay and VI of Green Bay are l e f t  out o f consideration since  

there are no specimens o f  these age groups from Grand Traverse Bay for  

comparlson.

A carefu l survey poin ts out that there i s  p o s itiv e  correlation  

between weights and len g th s, excepting the age group V of Grand Traverse 

Bay where the f ish  o f 2$k m illim eters length weigh 257 grams. The 

age group V o f Saginaw Bay sample on the other hand weighs 223 grams 

for 26l m illim eters len gth . The age group V o f the Grand Traverse Bay 

sample d ev ia tes considerably from the d irec t w eight-length re la tio n 

ship as ca lcu la ted . There i s  some doubt whether th is  i s  the resu lt  

o f the small sample (g) or whether they are from a d ifferen t popula

t io n .

Growth in  weight

The weight o f an Individual f ish  i s  to  a considerable extent 

influenced by the availab le food and i t s  condition o f reproductive organs. 

These factors render d i f f i c u lt  the problems o f the fish ery  b io lo g is ts  

in  analysing the importance o f weight data. However, since weight i s  

the prevalent un it o f measujring commercial y ie ld  o f f ish  from a body 

o f  water, i t  i s  desirable that more a tten tion  be given to  weight data.

Tables 1$, 19 and 20 present calculated  weight data o f  the c isco  

of Saginaw Bay, Green Bay and Grand Traverse Bay. Curves baaed on

I
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Table 17: Averages o f  calculated  lengths and weights at la s t
w inter mark o f the age groups from Saginaw Bay,

Green Bay and Grand Traverse Bay

Age Groups
Saginaw Bay Green Bay G. Traverse Bay

length
mm.

Weight
gms.

Length
mm.

Weight
gms.

Length
mm.

Weight
gms.

I l 4 l 39

II 191 92 202 103 154 43

i n 223 15^ 217 125 190 97

IV 24$ 194 226 140 236 137

V 261 223 231 149 254 237

VC 270 247 246 176

v n 233 297 253* 139*

VIII 291 303

* The data r e fer  to the 2 females o f  th is  age group.

M



these data are shewn in  figu res 11, 12 and 1J>. The figures which 

appear in  the ta b le s  are averages o f  the calculated w eights. The 

averages for  the sexes-combined groups are the weighted means. In 

th is  study ca lcu la tion s fo r  weights were made from the calculated  

lengths at the end o f each year o f l i f e  using the appropriate foxmula 

given in  the sec tio n  for  length-w eight re la tio n sh ip .

I t  i s  seen from the ta b les  and curves that the growth in  weight 

followed the same trend as the growth in  length  fo r  each sex , as w ell 

as when the sexes were combined. The foregoing statement i s  strength

ened by the evidence of the re la tion sh ip s o f  the length and weight 

curves (f ig u res  4- and 11) for the age groups VI and VII o f the Saginaw 

Bay sample.

The males o f  the Saginaw Bay sample surpass the females in  weight 

in  a l l  excepting age groups I and VI where the opposite condition i s  

shown.

In  Green Bay sample, the females outweigh the males to  a greater  

extent as shown in  second year o f  age group I I ; second and third  

years o f age group I I I ; a l l  the years o f age group IV; th ir d , fourth 

and f i f t h  years o f  age group V. I t  i s  only in  the f i r s t  year o f age 

group I I , V and VI and in  the second year o f  age groupsV and VI 

the males have shown greater weight than the fem ales.

The data o f  the Grand Traverse Bay c isco  ind icate  that the males 

have grown heavier than the females in  a l l  the age groups, excepting  

the second and th ird  years o f  age group IV where the females exceed the 

males in  w eight.



Comparing the weights o f age groups I I ,  H I , IY and Y of the 

three samples, i t  i s  apparent that the Saginaw B-ay c isco  outweigh 

the other two samples generally  at comparative lengths; w h ile , the 

Green Bay sample weighs le s s  than the Grand Traverse Bay sample.

Weight increment data o f the three populations of cisco are 

given in  tab les 21, 22 and 23 with th e ir  corresponding curves in  

figu res lH , 12 and 13 . I t  i s  indicated that in  the Saginaw Bay cisco  

the weight increases progressively  in  each year upto the third year 

o f  l i f e  a fter  which i t  gradually recedes. In the other two samples 

such wide varia tion s in  weight increments erLst among year c la sses  

that we cannot draw any conclusions from then.
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Table 14: Average weights fo r  each year o f l i f e  o f 645
Saginaw Bay c isco  co llec ted  in  the years

1942, 1943, 1944 and 19^5

Age Group
Number

o f
Calculated weights (gms.) at 

end o f year o f  l i f e
f is h I n II I  IV Y VI VII VIII

I Male 4 ?I Female 6 40
I Sexes

combined 10 59
II Male 60 29 94
II Female 73 27 91
II Sexes

combined 134 (1 ) 24 _  92
II I Male 79 32 99 159
I I I Female 107 24 69 150
I I I Sexes

combined 146 30 93 154
IY Male 40 33 90 151 202
IV Female 49 29 42 136 147
X V S63C0S
________combined_______ 169_______ 31 46 143 194

V
V

Male
Female

57
56

29
27

76
74

132
127

l 4 l
174

224
223

V Sexes
combined 117 (2) 24 76 129 177 223

VI
VI

Male
Female

24
25

24
26

64
63

104
115

151
163

197
211

240
253

VI Sexes
combined 49 25 64 112 157 204 247

VEI
VII

Male
Female

5
4

25
24

71
64

119
109

165
151

205
196

244
249

296
297

711 SexBS
combined 13 24 67 113 156 201 247 297

T ill
VIII

Male
Female

2
5

23
23

56
53

103
67

156
127

200
166

252
206

309
244

361
246

VIII Sexes
combined 7 23 54 91 135 176 219 266 304

In column 2, figu res in  parentheses in d ica te  the number o f f ish  
fo r  which sex  was not determined.

i



Tig.  11. Calculated growth in  weight for  each year of l i f e  o f Saginaw Bay
Lake herring based on table 1$.
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Table 19: Average weights for  each year o f l i f e  of 415
Green Bay c isco  co llec ted  in  the years 

1944, 19U5 and 1950

Age Group
Number 

of  
f is h

Calculated weights (gms 
end of year o f  l i f e

.)  at

I II i n IV V 71 711

II Male 5 40 95
II Female 13 31 106
II Sexes

combined 36 (IS) 30 103
III Male 3* 23 73 121
III Female 72 23 74 123
III Sexes

combined 144 (34) 23 77 125

IV Male 59 21 60 101 136
IV Female 79 22 61 103 l4 l
IV Sexes

combined l4g (10 ) 22 62 103 l4o

V Male 2* 22 55 *7 117 143
V Female 4o 19 52 ** 124 154
V Sexes

combined 71 (3) 20 5 3 . *7 121 149

VI Male 3 20 56 93 127 163 1*7
71 Female 10 1* 4* *1 116 143 16*
71 Sexes

combined 14 (1 ) 1* 52 . *7 12 3 . . . I S  .. 176

711 Male w , _ «• — —
711 Female 2 22 54 79 103 135 165 1*9
VII Sexes

combined — — • *•

In column 2 , figures in  parentheses in d icate  the number o f f ish  
for  which sex and weight were not determined.

J



12. Calculated growth in  weight (YJs) and weight-increments (I s )  for  each 
year o f l i f e  o f Green Bay Lake herring based on ta b les  19 and 22.
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Table 20: Average weights for each year o f l i f e  o f  59 Grand
Traverse Bay c isco  co llec ted  in  1946

Number Calculated weights (gins.) at
Age Group of end o f year o f  l i f e

f ish I II III IT T

II Male g m 47
II Female 5 11 42
II SexBS combined 11 13

III Male g 13 63 l4 l
i n Female 21 11 44 go
h i Sexes combined 29 11 49 97
IT Male 3 14 54 134 lgg
IT Fa male g i 4 g l 137 137
IT Sexes combined 11 14 _ 73 156 137

T Male 2 22 75 133 220 293
T Fa male 6 12 59 109 162 213
T Sexes g 15 63 116 176 237

1



Fig. 15. Calculated growth in  weight (Ws) and weight-increments (I s )  for  each 
year of l i f e  o f  Grand Traverse Bay Lake herring based on tab les 20 and 2J.
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Table 21: Average increments in  weight for  each year o f l i f e
o f  635 Saginaw Bay c isco  co llec ted  in  the years 

1942, 19^3. 1944 and 19U5

Number Increments in  weight (gms.) at
Age Group of end o f  year o f l i f e

f is h I II III IV V VI VII VIII

I Male 4 FI Female 6 40
I Sexes

combined 10 39
II Male 60 29 65
II Female 73 27 64
II Sexes

combined 134 (1 ) 23 64
II I Male 79 32 66 60
I I I Female 107 23 61 61
II I Sexes

combined 136 30 63 60

IV Male 30 33 57 61 51
IV Female 69 29 53 54 51
IV Sexes

combined 169 31 55 57 51
V Male 57 29 49 55 49 43
V Female 56 27 k l 53 47 50
V Sexes

combined 117( 2 ) 23 43 53 43 46

VI Male 24 24 4o 43 45 44
VI Female 25 26 33 52 47 49 42
VI Sexes

combined 49 25 39 43 46 47 43

VII Male 5 25 46 43 46 4o 39
VII Female 3 24 4o 45 42 43 51 43
v n Sexes

combined 13 24 42 46 43 45 46 42

VIII Male 2 23 33 47 54 44 52 57 53
VIII Female 5 23 30 34 33 39 4o 42 33
VIII Sexes

combined 7 23 31 3^ 42 4o 44 46 42

In column 2 , figu res in  parentheses in d icate  the number of fish  
for  which sex was not determined.

4



J ig . lU. W’eight-increm ents for each year of l i f e  o f Saginaw Bay Lake herring
based on table 21.
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Table 22: Average increments in  weight for  each year o f l i f e
of Green Bay c isco  co llec ted  in  the years

1944, 1945 and 1950

Age Group
Numbe r 

of
Increment 

at end of
in  weight ( gms.) 

year of l i f e
f ish  “

I n i n IT T 71 7 n

II Hale 5 4o 55
« i Female 13 31 75
II Sexes

combined 36 (13) ?o 73
III Male 3^ 23 50 43
III Female 72 23 51 49
III Sexes

combined l44 (3U) 2 ? 54 47
IT Male 59 21 39 4 i 35
IT Female 79 22 39 42 33
IT Sexes

combined 143 ( 10) 22 4o 4 l 37
TTt Male 23 22 32 32 30 26
T Female 4o 19 32 36 37 30
T Sexes

combined 71 (3 ) 20 32 3^ 3^ 23

71 Male 3 20 36 37 3* 35 24
71 Female 10 13 31 33 35 23 24
71 Sexes

combined 14 (1) 13 3^ 35 3^ 29 24

711 Male .

711 Female 2 22 33 25 29 27 31 24
711 Sexes

combined — — — •
'

In column 2, figures in  parentheses ind icate  the number of f ish  
for which sex and weight were not determined.
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Table 23: Average increments in  weight for each year o f  l i f e
o f  59 Grand Traverse Bay c isco  co llec ted  in  1946

Age Group
Number

of
Increment in  weight (gras.) 

at end o f year of l i f e
f ish  ~

I II i n IV V

II Male 3 14 33
II Female 3 11 31
II Sexes combined 11 13 32

I I I Male 3 13 50 65
III Female 21 11 33 ?,6III Sexes combined 29 11 3* 44
IV Male 3 14 4o 3o 54
IV Female 6 14 67 56 50
IV Sexes combined 11 14 60 62 51 . . .

V Male 2 22 53 63 *3 73
V Female 6 12 46 50 53 57
V Sexes combined 3 15 43 53 6o 6l

i
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C oeffic ien t o f condition

The c o e ff ic ie n t  o f condition , "K", has been customarily used by 

many f is h e r ie s  workers to measure the r e la tiv e  heaviness and other 

phases o f b iology of f i s h .  The K value i s  derived from the equation:

W x 105
Iw g j  .

l3

where W weight and L length o f fish

H ile and Deason (1934), H ile (19ul ) ,  Jobes (1949), Carlander (1945 a 

and 19H5b), Tate (1949), Cleary (1943), S ig ler  (1949b) and several other 

in vestiga tors have indicated in  th e ir  stu d ies on the "condition" of 

f ish  that K i s  a d irect measure of the r e la tiv e  plumpness or heaviness 

of f i s h .

Hile (193^), a fter  commenting on the K values and in terpretations  

of K by other f ish e r ie s  in v e stig a to rs , remarks that K value determined 

from em pirical exponents do not show the true condition o f f ish  and 

that those derived by the use o f cube rela tion sh ip  are more re liab le  

in describ ing the "well being" o f f is h .  In the study o f the Wisconsin 

lakes c isco  H ile ( 1936) has observed that the c o e ff ic ien t o f condition  

i s  w idely variable from population to population o f the same species  

and in d ifferen t sexes in  d ifferen t years' c o lle c tio n s  o f the same po

pu lation . The K values o f the d ifferen t lakes' samples are so highly  

s ig n if ica n t that H ile mentions that one value cannot be compared with 

that o f the other d ir e c t ly  as a measure of condition . I f  th is  i s  true,

then, there i s  l i t t l e  object in ca lcu la tin g  Y values.

J
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Van Oosten (1929) found in  the Lake Huron Lake herring that the 

sexes did not show consistent d ifferences and that there was a s lig h t  

tendency fo r  the K value to  increase with increase o f length . Scott’ s 

(19^9 ) K values o f the rock bass reveal no s ig n if ica n t trend with 

increasing s iz e .

The wide varia tion s o f the K values in  d ifferen t populations of 

the same sp ec ies , in  d ifferen t sexes , in d ifferen t years* c o lle c t io n s ,  

in  d iffe re n t length in terv a ls  of the same sp ecies and in  extreme cases 

aa those o f Van Oosten (1929) and Scott (19^9) where no s ig n ifica n t  

trend in  K values were shown, are problems yet to  be s a t is fa c to r ily  

in v estig a ted . The works on the c o e ff ic ie n t  o f condition so far done 

by numerous in vestiga tors seem to be of s t a t i s t i c a l  in terest without 

throwing much lig h t  on the management of f is h e r ie s .

i
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Summary

1 . This paper presents the age and growth h istory  o f  the repre

sen ta tive  samples o f the Great Lakes c isco  (Leucichthys artedi LeSueur)

from Saginaw Bay, Green Bay and Grand Traverse Bay. A comparison of 

the growth h isto ry  o f c isco  from commercial cen ters, Saginaw Bay and 

Green Bay, with that o f  the sample from Grand Traverse Bay, a region  

where commercial f ish in g  operations are prohib ited , i s  made wherever 

p o ss ib le .

2 . The study i s  based on 636 c isco  from Saginaw Bay and 4 l5  from 

Green Bay and 59 from Grand Traverse Bay. Most of the specimens from 

Saginaw Bay and Green Bay were co llec ted  by trap n e ts ; w h ile , a few 

were taken by g i l l  n ets  with 2 1 /2-in ch  stretched mesh. The Grand 

Traverse Bay specimens were c o llec ted  with experimental g i l l  nets with 

mesh ranging from 2 1 /2  to 4 inches.

5 . The data for the c o lle c tio n s  made in  1942, 1943, 1944, 1945 

and 1946 and ge la tin e -g ly cer in e  sca le  s l id e s  for  344 specimens prepared 

by Dr. Peter I .  Tack were at the w r iter ’ s d isp osa l.

4 . The 1942, 1943, 1944 and 1945 c o lle c t io n s  from Saginaw Bay

were d istr ib u ted  through the length  range o f 160-329 m illim eters. The 

260-269 m illim eter s iz e  c la ss  i s  dominant with 137 ind iv idu als or 20 

per cent of the to ta l  catch . The age group II I  represents the dominant 

group with 136 in d iv id u a ls.

5 . The Green Bay samples co llec ted  in  1944, 1945 and 1950 were 

distributed  through the length range o f 130-299 m illim eters, with  

220-229 m illim eter s iz e  c la ss  being dominant w ith 123 specimens or 31

f l



per cent o f the t o t a l .  Age group IV i s  dominant in  Green Bay c o lle c 

tio n s .

6 . The f if ty -n in e  Grand Traverse Bay c isco  were scattered through 

150-319 m illim eter length range. The 190-199 m illim eter s iz e  c la ss  i s  

dominant with 13 in d iv id u a ls. Age group II I  i s  dominant.

7 . Net s e le c t iv i t y  i s  evident in  age group I o f the three samples.

The r e la t iv e  abundance o f males and females varies with age 

groups. In general, the females tend to be more numerous than the 

males with each higher age group, in  Saginaw Bay and Green Bay samples. 

In Grand Traverse Bay sample, the opposite i s  tru e.

9- The body-scale length rela tion sh ip  i s  shown to  be very c lose

to  a lin ea r  regression  in  the three samples. The in terception  o f the

stra igh t l in e  on the length  ax is i s  taken as the length before scale  

fonnation in  the f i s h .  Based on t h is ,  Ho, 33 811(1 17 m illim eters are 

considered as the p re-sca le  formation length in  Saginaw Bay, Green 

Bay and Grand Traverse Bay samples r esp ec tiv e ly . The 17 m illim eter  

length in  Grand Traverse Bay c isco  i s  provisional since the sample 

i s  sm all.

10. The growth in  length i s  variable in  these samples. In 

general, the males of the Saginaw Bay c isco  have grown longer than the 

fem ales. The male c isco  o f Green Bay does not follow  a pattern  

sim ilar to Saginaw Bay sample; on the other hand, the higher growth 

in  length in  male s h if t s  from year to year and from age to age. The 

males o f the Grand Traverse Eay sample show generally greater growth 

in  length than the females excepting age group IV.



11. The var ia tion s in  growth rate in  Green Bay and Grand Traverse 

Bay samples are attributed  e ith er  to environmental condition or to  

d iffe r e n t populations represented in  the catch.

12. In the amount o f growth the Saginaw Bay c isco  stands far  

above the other two populations excepting a few v a r ia tion s. The Green 

Bay sample takes up a p o s itio n  in  between the Saginaw Bay and Grand 

Traverse Bay c isc o .

13. Lee’ s phenomenon i s  d is t in c t ly  evident in  Saginaw Bay and 

Green Bay samples.

14. No apparent change in  growth rate i s  observed in  Grand Traverse 

Bay sample. This ra ises  the question whether th is  sample represents 

d ifferen t populations w ith varying growth r a te s .

15. In the three samples, the greatest amount of growth in  length  

i s  during the f i r s t  year of l i f e .  The growth in  the second year has 

dropped down to almost 50 per cent of the growth in  the f i r s t  year and 

in  the succeeding years the growth i s  gradually diminished.

16. The length-weight rela tion sh ip  i s  these samples i s  described  

by the equation: W= cLn

17. The weights fo r  the ind ividuals at end o f  w inter marks were 

determined from the formulas given below using the calcu lated  lengths 

for the corresponding years.

Grand Traverse Bay c isco

Saginaw Bay cisco

Green Bay c isco

W-H3.6H3 x 10-5 L2 .39065 

= 23.025 x 10“5 l 2.76257 

W * 3.1161 x 10"5 j? ’26657
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l£ .  The growth in  weight increases at a rate s l ig h t ly  l e s s  than 

the cube o f the length in  Saginaw Bay and Green Bay c is c o , w hile the 

Grand Traverse Bay specimens increase more rapidly than the cube of 

the length .

19• Generally the growth in  weight fo llow s the same trend as the 

growth in  length  for  each sex , as w ell as when the sexes were combined.

W x io5
20. The conventional ap p lication  o f the equation, K a ----- —  ,

in determining the c o e ff ic ie n t  o f condition i s  questioned as being 

u sefu l in  f ish e r ie s  management. I t  i s  believed  that th is  equation i s  

more o f s t a t i s t i c a l  in te r e st  than of p ra c tica l value for  management 

o f fish e r y .

I
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Catalog
No.

150
166
403
943

APPENDIX I

ORIGINAL CATALOG DATA OF TEE SAGINAW BAY LAKE HERRING

I Age Group Male

Source

East Tawas 
11

Bayport
C asev ille

Date

2/29/43  
2/29/43  

11/ 2/43 
11/ 6/45

Standard 
length in

mm.

169
1*7
237
163

Total Weight 
length in  Grams. 

mm.

202
224
266
224

63
90

176
76

Scale
radius
x32

93
101
143
121

I Age Group Female

162
206
732
912
920
939

East Tawas 
Bayport 

East Tawas 
Bay City  

u
C aseville

6/29/43  
10/11/43  
11/ 9/44  
10/31/45

11
11/ 6/45

165
213
222
169
165
166

226 
255 
264 
211 
226
227

64
126
124

673
126
142
136
133
136
147

II Age Group Male

79
159
165
167
170
171 
190 
194 
203

$
346
349
353
376
366
431
557
610
632
634
655
6U0
643
669
694
705
707

Linwood 
Bayport 

East Tawas

Bayport 10/ 6/43

10/ 11/^3
10/27/43

n
11

East Tawas

11/ 1/42  
5/25 /43  
6/29/43

11/ 1/43
1 1 / 2/43  
11/0/43  

6 / 7 /44  
6/13/44

11/ 6/44

250
247
216
216
164
201
206
256 
199 
236 
262 
267 
259
257 
226 
265 
213 
265

2iZ
211
230
220
232
242
265
239
205
223

290
293
256
260
223
242
246
303
241
265
314
3!9
314
310
266 
325
259 
325 
277 
256
249
260
267 
275 
265 
321 
269
254
273

205 
210 
113
n 4
61

106
115
206 
92

166
226
226
224
236
160
264
120
266
126
112
106
132
100
120
160
166
164
66

116

166
l44
154
160
125
107
126 
17*
129
160
179
160
166
171
166
166 
160 
226 
l46  
134
130 
166 
152 
i46
164
167 
1*7 
l46  
156

I



1\<

703
729
731
795
799
902
904
906
907
910
911
913
916
921
922
926
927
929
932
93̂
9%
949
950
956
953
963
964
963
969
970
971

155
161
163
164
134
192
193
207
203
222
299
302
323
355
361
411
425

*32

150
140
3 1
191
143
197
174
174
191124
136
179
156
176
139
139
143
143
153
152
162
165
206
151

%
160
149
190
166

151
132
142
143
245
210
215136
163
153
146
106
126
175193
123
209
195

Source Date
Standard 

length in  
trim.

Total 
length in 

mm.

11
ti

C aseville
11

Bay City 
11 
11 
11 
n 
11 
11
ti
11
11
11
ti
11

C asev ille
11
ti
n
11
11
n
11
11
11
11
11
11

II Age Group Male (Cont’d)

Fast Tawas 
n 
it
11

Bayport
11
11
11
n
11
11
11
n
n
11
11
n
11

11/ 6/44 223 273
11/ 9 /4 4 231 276

11 203 250
12/ 4/44 277 326

11 269 315
10/31/45 216 261

n 232 234
n 215 265
11 213 270it 201 246
11 225 274
11 214 260
11 209 252
n 136 2?1
11 203 249
n 222 267
11 199 237
11 209 252

11/ 6/45 190 230
11 193 230
11 193 231
11 203 243
11 225 271ti 236 235
11 231 273
ti 225 266
11 230 273
11
11 $
11 133 226
11 133 220

I I  Age Group Female

6/29/43 217 259
11 206 255
11 230 273
11 224 271

10/ 6/43 242 296
11 264 321

10/11/43 232 234
11 231 232
11 243 305

10/14/43 242 236
10/26/43 242 294

11 207 252
10/27/43 261 315

11 254 302
10/23/43 272 313
11/ 4/43 264 319
11/ 9/43 234 333
11/17/43 259 313

Weight
Grams.

112
116
96

212
203
34

119 
74 
39103

115
106
104 
34

112
93
96

\ \
34
34
92

104
104
112
92

120 
63 
72 
34 
72

125
33

153
134
203 
292 
l3o 
164 
260 
134 
192 
112 
260
204 
264 
244 
300
236



I l l

Source Date
Standard

length in
mm.

1*96
501
50h
505
506
507 
506 
509 
511 
516 
566 
574 
576 
560 
562 
609 
622 
630 
639
641
642 
696 
697 
699
701
702 
711 
727 
730 
676 
903
905
906 
909 
914 
916
923
924
925
930
931 
93? 
934 
936

$
944
945
946 
951

East Tawas

C asev ille  
Bay City 

11 
11 
11 
11 
11 
11 
11 
11 
11 
ti

Casevii^leit
11
11
II
II
II
If
II

I I  Age Group Female (Cont1 d)

6/  1/44
11 _

11
11
11
11 _

11
11

6/  7 /44

6/13/44

11/  6/44

11/  9/44
11

10/19/45
10/ 31/45

11
11
11
n
11
11
11
n

11/  6/45
11
11
ii
11
11
11
11
11

234
245
216
197
221
233 
205 
22 
23' 
202 
232 
232
234 
217 
230 
221
235 
226 
221 
253 
235 
230 
222 
201 
209 
224 
249 
21?> 
193 
230 
235 
193 
195 
167 
193 
201 
221 
197 
192 
161

Total Weight Scale
ingth in Grams. radius

mm. 132

266 120 224
260 126 162
246 l'Oti 156
264 136 170
255 106 164
269 124 142
276 132 127
271 126 196
261 136 i4o
277 140 156
275 124 192
264 172 164
270 132 160
245 100 154
277 126 176
261 i4o 126
245 96 132
267 l4o 146
262 126 127
241 96 147
277 l46 164
262 112 194
265 1.32 166
261 io4 155
279 io4 166
266 116 179
261 120 175
274 100 164
266 66 157
304 172 220
265 64 140
261 95 162
274 112 154
244 104 194
255 :66 164
274 109 143
293 l44 166
266 101 219
235 97 137
273 101 199
264 101 154
236 92 161
235 92 179
224 76 126

64 165
244 96 176
271 100 169
237 100 164
233 92 162
216 76 151



952
953
954
966
967

733

46
47
55

i l l
146
151
154
160
169
176
177
1*7
193
204
210
220
225
252
275
2*9
306
307
311
316
320
322
333
337
339
341
342
344
352
353
362
371
373

146
13#
l€S3
159
122

190

1**
193
201
175
166
152
137
222
147
222
16*
167
156
200
259
276
156
1*0
167
16*
200
1**
172
196
17*
150
270
211
206
175
193
153
153
136
204
1*9
162

Source

C aseville
11
11
11
ti

East Tawas

Bayport

East Tawas

Bayport

Standard Total Weight
Date length in  length in  Grams,

mm. mm.

II Age Group Female (Cont1 d )

11/  6/45 221 270 100
» 227 271 100
« 229 275 104
" 204 246 104

1*5 222 7611

[I Age Group ( Sex not determined)

11/  9/44 215 260 116

III Age Group Male

5/ 12A 3 264 313
II 266 317
II 227 26*

5/ 26/43 249 -

6/ 29/43 231 279
It 216 262
II 205 243
II 245 291
II 202 239

10/  4/43 254 312
It 266 326

10/  6/43 275 332
II 25* 311

10/ 11/43 2** 356
II 252 312

10/ 14/43 2*6 336
i o / i */43 253 309
10/ 20/43 246 310
10/ 21/43 25* 312
10/ 25/43 265 32*
10/ 26/43 257 310
10/ 27/43 263 316

n 266 325
11 267 325
it 26* 32*
it 262 319
n 275 333
11 253 312
n 25* 317
11 266 323
11 2*5 343
it 263 317
11 292 344
11 260 309

10/2*/43 2*0 331
11/  1/43 252 312

II 260 316

246
237
157
1*6
126
121
100
1*0
101
272
292
292
256
344
260
300
256
204
216
26*
2E2
240
260
24*
260
252
256
224
252
252
316
236
312
224
256
240
240



x32

201
134
207
139
171
132
131
175
197
191
133
193
216
191
lU2
2l4
17&
164
173
191
l3o
203
157
165
132
141
193
130
150
134
167
I 63
147
211
232
166
176
209
l3o
154
154
199

136
151

Source Date
Standard

length in
mm.

Total
length in

mm.

I l l  Age Group Male (Cont’ d)

Weight
Grams.

11
11
n
11
11
it

11
n
11
11
11
11

East Tawaa 
11 
n 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
ti 

11
ii

11
C aseville

11
11
11
11

Bay City 
11

C aseville

East Tawas

11/  2/43 250 296 ‘ 133
II 275 334 272
II 267 323 256
II 263 320 232
II 260 317 220

11/  3 /u3 261 309 243
11/3 /4 3 259 316 236

11 254 309 223
11/10/43 263 322 243

11 269 325 244
H / l l /4 3 263 311 240
11/16/43 261 320 236
11/17/43  

6/  1/44
267 325

279
256
124

11 — 261 103
ti _ 276 120
11 _ 265 116
11 261 116

6/  7 /44 229 274 132
n 264 312 220
11 243 235 143
11 240 234 172
11 234 233 143
11 239 291 i4o

6/13/44 237 234 l4o
11 225 269 123
11 237 235 152
11 237 235 144
11 222 263 124

11/  6/44 255 302 134
11 272 327 240
11 215 257 92
11 224 269 104

11/  9 /44 256 303 196
12/  4 /44 234 322 236

11 264 305 134
11 275 317 192

10/19/45 266 317 134
11 253 312 216

10/31/45 227 274 125
11 224 269 100

11/  6/43 237 290 124

II I Age Group Female

6/29/43 247 295 173
n 242 234 140
11 223 270 145



No.

153
156
157
1 9 6

2 0 9

2 2 9
232
234
295
301
30$

323
3 2 4

332
351
3 7 2

379
3$o
3**3
327
4 1 0

4 1 6

4 4 3

4 6 2

495
497
493
500
503
510
521
522
5 2 4

525
553
559
560
562
563
5 6 4

565
5 6 7r*7 n

Source Data
Standard

length in
mm.

Total
length in

mm.

Weight
Grams.

Tawas 
11

III Age Group Female ( Cont< d )

East Tawas

Bayport

6/ 2 9 /4 3 2 6 0 3 0 5
It 205 250
It 1 9 $ 2 4 0

10 / 1 1 /4 3 2 5 4 3 0 6
II 2 3 4 3 3 3

10/ 13 /4 3 2 6 7 3 3 0
II 2 6 $ 3 2 5
II 2 7 $ 3 3 4

10 / 26 /43 2 7 3 3 3 2
II 2 4 5 3 0 3

10 / 27 /43 2 6 2 3 1 $
II 2 7 6 3 3 1
II 2 7 6 3 3 0
II 2 3 3 3 3 9
II 2 5 7 306

11 /  1 /4 3 2 6 2 3 1 7
II 251 306
II 2 5 5 306
II 2 6 1 320

1 1 /  2 /4 3 252 306
1 1 /  4 /4 3 262 315
11 /  3 /4 3 2 6 2 3 1 5
11 / 1 0 /4 3 2 6 7 326
11 / 1 1 /4 3 2 7 2 3 2 7

6 /  1 / 4 4 - 2 6 7
11 2$ $
11 2 $ 9
it 270
11 2 $ 1

11 2 7 9
11 2 7 2
11 2 6 0
11 2 $ 0

11 — 2 9 5

6 /  7 / 4 4 2 3 $ 3 3 4
ti 2 5 5 2 $ 9
it 2 1 3 254
11 232 276
11 2 3 4 277
11 230 275
11 2 3 5 2 7 5
11 2 5 6 2 9 9
11 2 4 3 2 $ 3
11 2 4 $ 2 8 9
11 2 2 0 2 6 $

11 2 2 9 2 $ 3

11 2 3 1 2 7 7

6 / 1 3 / 4 4 2 4 6 2 9 9
«  j /

11 2 3 5 2 $ 6

11 2 4 1 2 $ 7
11 23$ 2 9 0

202
35
$2

2 4 4
316
300
312
300
316
1$ $

256
2$$
2450
300
252
272
2 2 3
2 4 0
272
22$
260
196
256
276
12$

1 4 $
1 4 4

116
136
1 4 0
12$
116
12$
160
232
1 4 4
10$
132
1 4 3  
1 4 0  

120 
1 6 0

1 4 4  
1 3 0  

116 
1 2 4  

136 
1 6 4  
1 2 4  

132 
156



VII
Catalog

No. Source Date
Standard 

length in
Total 

length in
Weight
Grams.

616
617 
619 
621 
623 
624 
626 
627 
629 
636
633
634 
693 
693
703
704
706
709
712
714
719
720
723
724
725 
723 
734 
737
790
791
792 
794 
796 
372
375
376 
330
m
335
336
337 
395 
397 
915 
919 
955
940
941 
957 
960 
961

mm. mm.

II I  Age Group Female (Cont* d)

East Tawas 6/13/44 232 276
11 It 241 29311 11 233 233
11 If 230 279
11 11 234 230
TI It 252 302
11 11 227 274
M 11 234 230
11 11 233 232
11 II 230 279
11 11 235 234
11 11/ 6/44 260 317
It 11 253 310
11 11 237 236
U II 225 266
n It 223 279
it II 235 273
11 11 230 232
11 11/  9/44 274 321
11 it 271 326
11 11 253 307
ti 11 250 303
11 11 237 239
11 n 227 273
11 11 232 273
11 ti 224 269

C aseville 12/  li/44 270 317
11 11 271 317
11 ti 233 323
11 n 266 311
ii 11 274 322
ti 11 264 313
11 11 270 312
it 10/19/45 266 320
H 11 266 315
11 11 257 306
11 11 255 303
n ti 260 311
n 11 247 293
u n 263 316
11 11 255 302
11 11 247 301
11 11 264 319

Bay City 10/31/45 221 271
II n 234 234

C aseville 11/  6/45 260 307
H 11 234 232
n 11 249 304
11 n 244 293
ti 11 241 290
ti n 235 232

123 
143 
143 
152 
1&0 
140
124
143 
160
123 
136 
216 
l3o  
116 
104
124
132 
116
133 
204 
192 
196
144 
123
123 
104 
216 
252 
260 
200 
212 
203 
133 
200 
200 
200 
133 
160 
163 
203 
163 
220 
224 
101 
113 
143 
100 
l4o
124 
112 
120

Scale
radius

*32.

193
173 
234
129 
161 
213 
152 
203
194 
l4^ 
I54 
277 
166 
191 
136
151 
133
130 
223 
160 
262 
230 
130 
163 
139 
176 
130
152 
205
133 
136 
191
165 
210 
246 
236
166 
220 
212
134 
133
174
195 
152 
174
163
194
200
133
176
190

A



No

962
965

29
36
39
ill
42

f 349
51
56
93
93

102
110
142
147
152
173
135
197
211
217
219
221
223
230
231
240
245
254
253
260
265
273
233
292
300
304
305
309
325
326
329

Source Date
Standard

length in
mm.

Total
length in

mm.

Weight
Grams.

C aseville
11

Bayport
n
u
11
11

Bayport
11
ti

11
11
11
11
11
11
11
it

11
n
11
11
11
11
11
11
n
11
11
ti

tt
ti

n
11
11
11
n

III Age Group Female (Conti d)

11/  6/45 217 266
II 233 233

IV Age Group Male

5 /  6/43 233 345
it 232 333
it 275 331
11 233 333
11 257 307
11 265 315

5/12/43 237 3^1
11 272 326
11 309 362

5/25/43 273 320
5/26/43 269 313

ti 235 -
ti 261 309

6/29/43 230 275
II 227 270
II 232 233

10/  4/43 263 323
10/  6/43 294 353
10/ 11/43 270 323
10/ 14/43 239 354

II 262 323
II 290 347
II 239 351

10/ 13/43 275 332
II 265 321
II 259 315

10/ 19/^3 295 357
II 279 339

10/ 20/43 262 322
10/ 20/43 267 320

(I 266 330
10/ 21/43 292 354
10/ 25/43 257 313

It 269 329
10/ 26/43 231 336

II 260 320
II 273 329
11 254 314

10/ 27/43 265 321
tl 223 273
ti 265 320
II 260 317
II 262 322
II 272 32s
II 277 335
It 270 317

72
120

310
275
272
236
250
223
297
262
353
262
250
262
222
126
142
142
230
424
343
403
256
376
360
234
300
244
333
320
264
240
292
352
232
272
234
234
260
220
224
263
243 
232
244 
2b4
264 
236



Catalog
No. Source Date

Standard
length in

mm.

Total
length in

mm.

Weight
Grams.

I V  Age G r o u p  M a l e  ( C o n t ’ d )

3 5 6 B a y p o r t 1 0 / 2 7 / 4 3 2 7 1 320
3 5 7 11 11 272 322
3 6 3 n 1 0 / 2 6 / 4 3 263 3 0 7
3 $ 6 it 1 1 /  2 / 4 3 2 4 $ 3 0 5
3 9 5 n tt 274 3 3 2
3 9 9 11 11 2 6 7 326
4 0 6 it 11 /  3 / 4 3 2 7 1 3 1 $
4 2 0 11 11 /  6 /4 3 270 3 2 $
4 2 $ n 11 /  9 /4 3 270 3 2 9
432 it ti 26$ 322
436 n 11 266 320
4 3 $ 11 11 263 3 1 9
4 4 1 11 11 / 10 / 1*3 2 7 3 3 3 3
4 4 5 ti 11 2 7 7 3 3 6
4 4 6 11 ti 2 7 3 3 3 6
4 4 $ n ti 263 3 1 5
4 5 3 11 n 2 6 9 3 2 4
4 5 $ ti 11 / 11 /43 2 6 $ 3 1 5
4 6 0 1111 ti 266 310
4 7 4 11 1 1 / 1 5 / 4 3 2 7 3 325
1176 ti n 2 7 3 330
4 7 $ 11 11 / 16 /43 2 5 9 3 1 2
4 $ 0 11 11 266 324
4 $ 2 11 n 2$ $ 3 4 3
4 $ 5 ti 1 1 / 1 7 / 4 3 256 3 1 9
5 1 3 B a s t  T a w a s 6/  1 / 4 4 - 2 8 1

5 7 3 11 6/  7 / 4 4 2 4 6 2 9 3
5 7 5 11 n 2 4 6 2 $ 9
5 7 7 11 ti 2 2 7 2$0
6 3 7 11 6 / 1 3 / 4 4 226 2 7 6
6 $ 7 it 11 /  6 / 4 4 262 3 1 5
$00 C a s e v i l l e 12 /  4 / 4 4 2$1 3 3 0
$92 n 1 0 / 1 9 / 4 5 261 3 1 5
$ 9 6 n 11 261 316

24$
26$
216
20$
292
256
256
296
260
24$
240
244
260
260
252
236
240
220
240
236
2$4
224
24d
344
224
144
14$
160
14$
132
220
224
16$
l$4

Scale
radius
x32

231
229
175*
14$
1$4
1$6
223
174
201
202
154
1$5
160
1$2
150
l4o
131
l$3
225
169
25$
196
194
200
196
200
169
212
163
1$$
152
162
240
199

4$
53
73
$0
92
95

144
3.119

15$
179
1$1
1$6
201

I V  A g e G r o u p  F e m a l e

B a y p o r t 5 / 1 2 / 4 3 263 3 1 7
11 11 2 5 9 3 0 3
n 5 / 2 5 / 4 3 2 7 3 320
u 11 276 3 3 2
11 11 2J6 3 2 5
n 5 / 2 6 / 4 3 261 316

B a s t  T a w a s 6 / 2 9 / 4 3 2 2 7 26$
11 ti 2 4 2 2 $ 9
11 11 2 4 0 2 $ 7

B a y p o r t 10/  4 / 4 3 2 $ 3 3 4 1
11 11 272 3 2 7
11 10/  6 / 1 * 5 2 6 7 3 2 5
11 1 0 / 1 1 / 4 3 300 3 5 9

266
249
2$2
290
270
234
113
159
161
304
304
24$
420

175
1$4
216
165
207
143
122
167
161
1$0
222
207
211



No.

213
216
224
227
235
237
246
250
253
259
290
303
317
316
319
321
331
336
336
343
347
359
370
375
377
361
362
390
393
4oi
406
409
419
422
423
430
433
434
U44
450
457
459
473
502
512
515
516
517

Source Date
Standard

length in
mm.

Total
length in

mm.

Weight
Grams

Bayport

IV Age Group Female (Cont* d)

10/ 14/43 294 357II 276 336
10/ 16/43 294 354II 270 333II 267 320
10/ 19/43 290 3̂ 9II 275 340
10/ 20/43 260 34311 263 320II 296 355
10/ 26/43 260 339(1 236 266
10/ 27/43 263 321II 260 313II 272 330II 266 327II 257 314

II 252 304
II 259 317It 326 372It 254 307II 261 331

11/ 1/43 266 325II 256 310
It 264 320
II 267 323II 270 324

11/ 2/43 239 293II 256 306
It 272 324

11/ 3/̂ 3 276 330n 303 359
11/ 3/43 264 521
11/ 9/u3 276 336

11 270 327ti 274 333
11 255 316
11 261 320

11/ 10/43 265 325
11 297 359

11/ 11/43 271 317
11 294 342

11/15/̂ 3 274 326
6/ 1/44 - 264

11 - 269n 271n — 276
it — 269

6/ 7/44 247 292
11 241 294

432
304
406
326
276
332
326
366
276
364
360
144
276
240
276
296
260
216
252
252
244
300
300
246
266
264
264
220
236
256
266
432
272
304
266
266
260
266
264
356
260
366
324
140
164
152
144
136
152
172



No,

5^5
6i3
620
625
635
690
695
715
716
722
726
736
733
795
797
£02
375
332
333
390
393
399
900
901
9^7
959

1
30

45
50
54
57
56
36
29
91
94
97

101
105

x32

175
170
136
211
134
169
193
170
130
166
206
133
223
210
175
151
211
240
190
132
202
191
209
202
229
219

133
132
2j4
259
222
162
193
255
174
214
203
202
225
204
175
213
246
237
191
219
233

Source

East Tawas

Case V ilie

Linwood
it

ti

Bayport
it

11
it

11
it

11
11
11
n
11
11
11
11
11
11
11
11

Standard Total Weight
Date length in  length in  Grams

mm. mm.

IV Age Group Female (Cont’ d)

6/  7 /44 231 279 156
6/ 13/44 226 263 136

» 233 290 140
" 227 276 132

11/  6/44 251 300 204
« 271 316 240
" 230 273 144

11/  9/44 236 235 134
« 265 321 204
« 241 291 156
» 240 290 144

12/  4 /44 275 320 232
« 233 332 256
11 291 340 230
|| 255 299 134
|| 267 315 204

10/19/45 264 316 220
11 245 303 163
II 235 231 120
I' 262 314 133
11 242 299 152
" 274 333 232
11 253 305 240
11 244 302 143

11/  6/45 256 313 112
11 262 320 164

V Age Group Male

11/  1/42 275 320 254
11 233 342 326
■' 267 323 252

5 /12 /43  277 329 253
11 271 322 247
11 271 322 254
" 253 305 213
ii 233 324 295

5 /25/43  272 321 276
n 237 33^ 236
'I 301 351 373

5/ 26/43 272 323 290
11 262 305 222
11 255 303 230
ii 23H 356 314
" 273 329 269
n 272 323 274

10/  4 /43 236 350 352
10/  6/43 264 319 242
10/ 11/43 299 362 434

11 302 37 2 230



Catalog
No. Source Date

Standard
length in

mm.

Total
length in

mm.

Weight
Grams

V Age Group Male (Cont» d)

213 Bayport 10/14/43 233 3*1
226 11 10/13/43 270 325
247 11 10/19/43 263 330
261 11 10/20/̂ 3 254 303
262 11 11 261 313
264 ti 10/21/43 273 334
263 11 10/21/43 271 329
230 11 10/25/43 275 337
236 n 10/25/H3 275 335
294 n 10/26/43 249 301
297 11 11 277 335
312 11 10/27/43 273 323
327 it 11 274 337
364 11 10/23/43 271 313
365 11 ti 274 326
366 n 11 235 330
367 11 11/ 1/43 232 345
373 11 11 270 332
3̂ 5 11 11/ 2/43 236 342
392 it 11 231 340
394 11 11 269 327
4 l4 11 11/ 4/43 263 313
421 it 11/ 3 /43 263 325
427 ti 11/ 9/43 260 315
437 n 11 260 315
449 it 11/ 10/43 263 316
H52 it n 265 321
454 n 11 235 346
463 11 11/ 11/43 271 326
472 11 11/15/43 275 326
431 11 11/ 16/43 231 33̂
713 East Tawas 11/ 9/u4 256 310
301 C aseville 12/ 4/44 276 320
377 ti 10/19/45 275 332
331 11 11 253 320
339 11 11 274 327

552
272
300
236
260
300
230
264
304
220
260
256
230
256
264
233
320
26$
296
296
263 
240
264 
263
232 
232 
223 
304 
260 
2b3 
276 
216

233 
130 
244

Scale
radius
*52

235
222
190
134
217
210
230
200
254
17*
210
221
206
253
176
203
17H
132
139
169
163
192
17*
260
134
237
211
239
130
171
193
241
196
202
225
l3o

V Age Group Female

3
23
33
37
4o
32
33
34 
37 
33 
96

Linwood 11/ 1/42 
5 / 6/43

Bayport 5/25/^3

5/26/43

295
274
252
263
266
260
233
274
239
312
253

340
327
299
31J314
306
327
317
336
361
312

3^7
232
196
263
244
209
315
273
302
393
257

210
142
164
135
191
190
236
i3o
226
223
220



m i

Catalog
No. Source Date

Standard
length in

mm.

Total
length in

mm.

Weight
Grams

99
166
172
175
200
212
214
223
236
243
249
251
256
257
270
263
267
291
293
293
310
315
3U0
346
360
397402
4o4
1405
417
426
429
455464
467
469
470 
475 536 
636 
69; 
692 
721 
735 
333 
391 
393

V Age Group Female (Cont’d)

Bayport 
1s t  Tawas 
Bayport

East Tawas

C aseville

5 / 26A3 249 296
6/ 29/43 254 310

10/4 /4 3 231 340II 279 335
10/ 11/43 277 332
10/ 14/43 275 335

11 292 357n 271 325
10/19/43 290 356

n 251 302
10/ 20/43 232 34o

it 232 339
11 279 342
11 264 313

10/ 21/43 269 325
10/ 25/43 234 340

it 306 363
10/ 26/43 263 321

11 276
11 235 343

10/27/43 272 335ti 269 323
11 237 346
11 273 337n 290 3%

11/ 2/43 263 329
11 260 315

11/ 3/43 275 324
11 293 339

11/ 3/43 255 303
11/ 9/43 250 306

11 267 326
11/10/43 279 334
11/ 11/43 272 324

it 292 355
11 239 345it 264 320

11/ 15/43 270 327
6/ 7/u4 243 292

11/ 6/44 295 352
II 267 321II 232 335

11/ 9/44 264 320
12/ 4/44 290 34o
10/19/45 231 342

11 263 317
11 264 319

227
136
336
343
343 
233 
334
303
344 
223 
300 
320
304
243 
233 
324 
443 
233

20 
76 

276
263 
330 
276 
376
264 
263 
276 
323 
260
223 
263 
276 
230 
424 
34o
244 
212 
164 
323
243 
236
224 
312 
200 
236
244

Scale
radius
*32

204
133
240
232
197
253
203 
250 
244
204
155
256
263
222
133
139
214
223
292
233 
232 
214 
136 
132 
232 
196
191
262
202
177
227
223
204
136
241 
163 
172 
139135 
276 
223 
240 
203
171
210
136
254

i



Catalog
No.

103
107

Source

Bayport
11

Date
Standard 

length  in
Total 

length in
mm. mm.

7  Age Group (Sex not determined)

5/26/43
11

254
251

303
290

Yfeight
Grams

207
194

Scale
radius

x32

160
135

71 Age Group Male

&
35
90

io4
i3o
191
195
215
233
236
242
243 
263 
272 
279 
231 
296 
363 
413 
424 
451 
479 
7$3

Linwood
11

Bayport
it

11
11
11
11
11
n
11
11
11
ti

n
11
11
ti

11
11
11
n
n

C aseville

11 /1 /42  
5 / 6/43  
5/25/43

11
5/26/43  

10/ 4/43  
10/  6/43  
10/ 11/43 
10/ 14/43 
10/ 13/43 
10/ 19/43

II
10/ 20/43

II
10/ 21/43
10/ 25/43

II
10/ 26/43 
11/  1/43 
11/  4/43  
11/  9/43
11/ 10/43 
11/ 16/43 
12/ 4/44

270
260 
237 
269
261 
279 
305 
234 
237 
236 
316 
291
239
250
275
266
294
239
272
273 
234
230
269
231

325 
312 
343 
305 
312 
333 
367 
343 
343 
346 
371 
350 
343
305
33?
324
354
353
333
340
345
331
324
326

232 
226 
321 
256
233

I 96 
320 
4o4
330
43o
412
323
243
363
233
376
352
276
300
296
304
263
220

136
216 
192 
243 
224
243 
279
266 
253
267 
230 
233 
263 
200
217 
226 
247 
214 
205 
219
244 
135 
202 
226

71 Age Group Female

2
34
35 
52

103
139
199
241
255
266
274
276
232
234
3^5
354

Linwood
it

11
Bayport

11
11
11
11
11
11
11
it

11
ti
n
11

11/ 1/42 
5 / 6/43

it

5/12/43  
5/26/43  

10/  6/43 
10/ 11/43
10/ 19/43
10/ 20/43
10/ 21/43

II
10/ 25/43

10/ 27/43

270
233
232
272
232 
304 
302
273 
290
233 
301
274
293
323
233
294

320
332
335
322
341
367
365
332
351
343
360
335
359
3^9
350
341

271
273
299
313
293
520
423
263
392
330
443
276
423
572
376
336

206
163
203
152
200
232
133
l4o
215 
210
216 
220 
263 
272 
212 
253



XV

Catalog
No.

369
415
463
465
466 
471 
466 
717 
679

Source

Bayport
11
it

Date
Standard

length in
mm.

Total
length in

mm.

VI Age Group Female (Cont’d)

11/ 1/43  
11/ 4/43  
11/11/43

" 11/11/43
•• 11/15/43
•• 11/17/4?

East Tawas 11/ 9 /44  
C aseville  10/19/45

275
267
256
264

2t 
293 
265 
262

316
315 
322 
376
316 
353 
321
335

Weight
Grams.

264
264
256
276
506
256
372
252
266

Scale
radius
x32

190
263
172
163
226
233

2^2
236

VII Age Group Male

51
61

244
273
277

Linwood
Bayport

5 / 6/43 
5 /  25/43 
10/19/43  
10/21/43  
10/25/43

294
300
305
326
267

356
355
374
397
327

1-02
420
564
264

254
204
247
190
226

VII Age Group Female

32
100
173
239
269
265
412
456

267
271

59
162
163
439
440

Linwood
Bayport

Bayport
11

Bayport
11
it
11
n

5 / 6/43 
5/  26/43 
10/  4/43  
10/19/43
10/ 21/43 
10/ 25/43 
11/  4/43  
11/ 11/43

294 
276 
309
319 
292
320
295 
290

VIII Age Group Male

10/21/43
11

322
324

VIII Age Group Female

5 /12 /43  
10/ 4 /43

II
H /lO /43

11

263
301
320
299
266

355
330
376
364
352
390
359
3^1

3*$5
395

336
366
3^9
362
325

350
271
520
536
364
536
366
296

500
512

28
566
396
296

253 
239
271
274
250
254 
232
231

255
233

209
327
300
230
246

i



No.

595
1262
1263
1267
1310

606
609
611
619
£56
664
666
667

1136
1239
1243
1269
1273

530
532
533
536
537
539
542
543
547
550
554
556
592
594
644

APPENDIX II

ORIGINAL CATALOG DATA OF THE GREEN BAY LAKE HERRING 

II Age Group Male

Standard Total Weight
Source Data length in  length in  Grams.

mm. mm.

Escanaba 6/ 9/44 221 26$ 136
" 2/ 22/50 206 254 125
'• 2/ 22/50 209 253 12^
11 11 210 255 122
n 11 202 246 100

II Age Group Female 

Escanaba 1 / 3/45 234 -  12$
11 I' 237 263 176
" " 230 277 152
11 11 224 274 136
'' 1/ 22/45 220 260 100
11 11 220 260 112
11 'I 229 272 112
11 11 195 22$ 66
" 2/ 13/50 196 235 96
11 2/ 22/50 216 259 112
11 11 194 235 112
11 11 1 33 229 64
II II 209 250 103

II Age Group (Sex not determined) 

Escanaba 6/3 /44  227 266
11 » 211 253
11 11 230 262
11 11 224 266
n 'I 233 261
11 11 223 270
11 11 256 306
11 11 239 265
11 11 239 266
11 I' 216 259
11 " 220 264
11 11 232 276
.1 6/  9/44 219 263
11 11 234 261
ii 6/14/44 230 277
11 « 226 271
11 11 224 270
n .« 223 270



Catalog
No. Source Date

Standard 
length in

Total 
length in

Weight
Grams.

XI

Scale
radii

754 Escanaba

III

12/  2/44

mm.

Age Group Male 

259

mm.

300 1$4

x32

210
764 11 11 254 301 1$$ 169
776 11 11 254 294 1$$ 169
$0$ 11 1/  3/ ^ 224 - 120 204
$53 n 1/ 22/45 201 235 96 154
$5$ 11 n 240 2$4 144 174
659 11 11 225 266 100 154
$61 ti 11 265 305 200 1$$
$69 11 it 225 266 96 155

105$ 11 1/ 25/50 207 247 $2 146
1060 11 II 219 256 114 14$
1115 ti II 223 269 134 132
1117 11 2/ 13/50 223 260 122 130
112$ 11 11 225 26$ 136 12$
1131 n it 207 251 112 176
1142 11 11 252 299 146 220
1155 11 n 219 265 120 139
1165 ti n 20$ 252 104 14$
1176 n 11 205 250 10$ 152
1179 11 ti 225 269 140 154
11$6 n 11 20$ 255 10$ 170
11$7 11 i i -. 1$$ 225 72 155
1192 11 11 20$ 250 112 134
1193 ti n 209 252 103 156
1195 11 11 226 272 141 166
1197 11 n 201 240 92 160
1199 11 it 219 263 132 147
1212 11 11 210 252 115 164
1215 11 2/ 22/50 210 250 109 160
1221 11 11 204 24$ 10$ 1$4
1227 11 ti 209 251 10$ 142
1237 11 ti 216 263 130 157
1249 11 11 21$ 260 117 201
1270 11 !!>-, 212 257 116 155
1275 ti II 224 267 124 150
12$2 11 II 220 265 139 125
1296 11 II 200 241 96 114
1300 11 II 20$ 251 120 14$

I l l  Age Group Female

755 Escanttba 12/ 2/44 26b 311 220 1$6
757 ii ii 234 276 160 202
753 11 " 250 290 172 141
767 '• 11 24$ 2$7 192 1$2
$05 « 4/  3/45 230 274 124 1$$
^07 « " 255 307 17 2 22$
$10 11 11 242 2$$ 164 176
$12 11 " 245 296 1$$ 192
$14 11 11 201 -  116 210



No.

315
317
320
345
346
343
354
655
357
360
362
363
363
370
671

1052
1066
1074
1031
1034
1097
1113
1127
1130
1133
1145
1157
II 63
1164
1169
1173
1174
1133
1139
1194
1196
1202
1210
1211
1213
1213
1220
1224
1225
1229
1232
1233
1234
t on

172
171
169
162
172
152
193
130
146
133
156
232
210
143
136
172
126
167
117
137
130
156
145
141
149
143
197
152
171
155
143
190
164
135
170
133
170
116
156
139
143
140
130
146
131
152
152
146
129

Source

Escanaba
tt

Standard Total Weigh
Date length in length in Grams

mm. mm.

III Age Group Female (Cont» d)

1 / 3/45 223 273 123tt 227 271 144
n 225 - 160

1/22/45 234 274 124it 243 235 136
11 236 275 152
11 236 277 140
11 226 265 103
11 240 231 124
11 234 275 123
11 207 245 33
11 243 236 123it 237 277 132
11 203 245 103
n 215 256 96

1/25/50 231 271 142
n 235 275 154
11 240 232 161
11 210 257 115
11 214 253 103
11 216 260 }22
11 223 266 129

2/13/50 214 254 99ti 223 267 129
11 214 253 100
ti 219 262 132
n 225 271 140
11 210 251 100
11 212 256 116
11 217 264 116
11 215 260 113
11 203 255 120
ti 212 255 114
n 217 263 124
11 199 239 92
n 223 265 120

llll 205 243 94
II 219 264 116
II 219 262 119II 200 241 101

2/ 22/50 216 260 133II 210 251 112
II 244 290 170
II 215 260 136
II 209 250 120
II 225 269 143
It 224 263 139
II 211 253 121
II 216 265 135



I

XIX
Catalog

No.

526
527
528 
529 
531 
534 
533 
540
544
545
546 
551 
553 
555
589
590
591
599
600 
601 
604 
606 
607 
645
647
648 
650 
652
653
654 
857
658
659 
661

Source Date
Standard

length in
mm.

Total
length in

mm.

I l l  Age Group Female (Cont'd)

Fscanaba

Weight
Grama.

6/  3/44 215 260 -
11 241 293 -
11 224 271 -

ti 254 306 -
11 235 281 -
11 227 277 -
n 258 312 -
11 233 276 -
n 236 285 -
it 220 263 -
n 259 309 -
11 247 296 -
11 240 295 -
ti 217 257 -

6/  9/44 242 291 -
11 272 326 -
11 242 290 -
11 259 313 -
ti 232 275 -
11 242 292 -
ti 242 292 -
ti 237 266 -
11 240 292 -

6/14/44 234 260 -
11 213 261 -
it 226 282 -
11 230 280 -
11 246 296 -
11 226 276 -
n 239 293
11 237 288 -
it 227 273 -
n 239 285 -
11 224 276 -

Scale
radius
xj>2

1242 Facanaba 2/22/50 218 263 120 180
1246 11 11 220 267 141 174
1247 11 11 216 262 136 139
1255 11 11 185 227 88 200
1256 ti 11 204 253 97 126
1259 11 11 221 263 126 164
1260 11 ti 210 251 124 154
1265 11 11 194 237 66 142
1274 ti 11 216 260 141 155
1284 it 11 225 272 144 210
1290 n ti 197 238 83 144
1291 11 it 207 251 117 147
1294 11 n 212 256 127 166
1304 111 11 216 258 129 190

III  Age Grbup (Sex not determined)

167
220
176
165 
176
152
195
153 
204 
156
166 
200 
216 
124 
156 
197 
150
152
178
153
196 
164 
156 
190 
167 
234
179 
169 
166 
216 
210 
164 
172
154J



*32

143
234
166
210
180
214
136
204
152
213
175
139
179
193
166
164
210
173
132
161
150
157
163
156
142
139
132
165
194
134
176
156
166
153
164
159
152
170
194
204
193
153
174
135
137

Source Date
Standard 

length in
Total 

length in
mm. mm.

Weight
Grams

IV Age Group Male

"Escanaba
11

it
11

ti

11

11

11

11

11

11

11

it

11

n
11

11
it
it

11
ti

11
11
11

11

11

11

11

ti

11

11

11

n
ti

11

ti
it

ti

it
11

11

11

n
it

11

n
ti

it

11

11

11

12/ 2/44
11
11
11
11
11

1/22/45
11

1/25/50
11
11
11
11
11
ti
11
11
11
ti

11
11

2/13/50
11
11
11
11
11
11
11
11
11
11
11
11
it

2/ 22/50
11
ti
11
11
11
11
11
11
11

249
260
265
261
272
264
263
236 
194 
267 
224 
227
214 
242
237 
216
224 
220 
231 
222 
236 
227
215
225 
223
223 
214 
212
224 
223 
213 
213 
226 
233 
217 
235 
221 
222 
226
225
225 
222
226 
222 
227 
229 
226 
219
216 
223 
232

295
310
312
305
323
304

273
225
312
272
271
255
237
279
253
265 
267 
277 
267 
230 
270 
255
271 
263
272
252
253
270
271 
260 
251 
270 
230 
263 
230
266 
267
269
270 
266 
266
271 
265 
275
272 
272 
265 
261 
270 
277

130 
220 
224 
204 
232 
203 
236 
163
33

203
120
153
123
172
156
131 
130 
130 
146 
138
151 
142 
108 
142 
146 
146 
104 
116
152 
150 
126 
108 
140 
152 
136 
168 
152 
144 
142 
150 
136 
125 
152 
136 
144 
148 
136 
129
132
140
154



No.

12 {$0
1236
1233
1292
1295
1299
1301
130b

752
759
760
762
766
775
732
304
313
3}6
3l3
347
350
351

1040
10W
1047
1049
1050
1053
1056
1059
IO63
1070
1075
1073
1030
1032
1095
1096
1102
1113
1126
1155
1137
1133
1144
1146
1147

Standard Total
Source Date length in length

mm. mm.

IV Age Group Male ( Cont* d)

Escanaba 2/ 22/50 227 271
it n 222 267
11 11 231 272
ti 11 224 263
11 n 213 257
11 n 222 267
11 n 227 270
n 11 223 263

IV Age Group Female

Escanaba 12/  2/44 253 304
11 11 279 322
11 11 261 304
11 11 274 319
11 11 260 307
11 11 239 232
11 11 239 333
it 1/  3/^5 251 296
11 n 225 -

ti 11 231 276
it n 232 -

11 1/22/45 243 235
11 n 252 294
11 11 235 270
ti 1/25/50 255 230
11 11 234 230
it n 246 290
ti 11 229 270
ti 11 237 276
11 11 242 230
ti 11 243 236
11 it 222 264
it 11 246 236
ti 11 224 271
11 11 230 276
11 11 227 272
11 11 216 261
11 11 233 276
11 11 211 252
11 n 230 274
11 n 237 232
11 2/ 13/50 205 240
it 11 251 299
ti 11 215 253
11 11 223 270
11 11 227 272
11 11 246 293
11 n 199 240
11 11 233 275

Weight
Grams.

142
125
152
146
124
119
136
142

236
224
224
220
204
130
244
172
140
144
124 
164 
152 
120 
164 
146 
162
143 
153 
160 
171 
130 
164
132 
132 
140
125 
153 
110
144 
162 
106 
106 
163 
136 
136
133 
106 
156



x m

Catalog
No. Source Date

Standard
length in

mm.

Total
length in

mm.

Weight
Grams.

IT Age Group Female (Cont* d)

1143
1152
1153
1154 
1153 
1161 
1162 
1166 
1167 
1175 
1177 
1173 
1133 
1135 
1201 
1204
1207
1203
1214
1216
1223
1226
1230
1235
1245
1243
1252
1253
1256
1261
1266
1273
1276
1279
1235
1239
1297
1293
1302
1307

535
543
549

"552
596
602
603 
605 
651 
660

■Escanaba 2/13/50 233 279 151
11 11 223 271 136
it ti 223 264 130
11 11 240 235 164
ti tt 222 267 144
n 11 226 272 136
11 11 225 271 140
11 n 222 270 133
n 11 231 275 156
11 11 223 275 144
11 11 227 272 144
it 11 236 232 159
it 11 227 269 145
11 n 217 260 136
it 11 223 270 143
11 11 230 272 146
11 11 221 261 146
11 11 224 266 136
11 11 233 277 152
11 2/ 22/50

11
213 257 132

ti 213 261 134
11 11 220 259 116
n 11 221 265 152
ti ti 255 300 201
11 11 220 265 140
11 11 223 271 133
11 it 230 275 146
11 11 232 231 160
11 11 213 255 123
11 11 221 265 137
11 11 227 275 150
it 11 222 267 143
ti 11 239 235 160
11 11 243 292 201
ti 11 223 274 153
11 11 227 263 136
11 11 236 230 3.52
11 11 223 269 1W
11 11 232 273 159
11 11 223 269 132

IV Age Group (Sex not determined)

Escanaba 6/  3/44 261 317 -
it 11 221 269 —
11 11 233 233 -
n 11 213 262 -
11 6/  9 /44 265 317 -
11 11 231 333 —
it n 277 334 -
it ti 253 303 —
n 6/14/44 241 239
11 11 223 273

Scale
radius
132

132
176
135
171
174
133
192
130
132
151
153 
139 
160 
176 
132 
123
174
171 
196 
166
157
176
147
154
177 
150
165 
199
175 
135 
193 
205 
192
166 
201 
174
172 
162 
202 
146

191
l3o
139
174
219
211
223
173
169
216



XXIII

Catalog Standard Total Weight Scale
No. Source Date length in length in Grams. radius

mm. mm. i 32

V Age Group Male

7$o Escanaba 12/ 2/44 25$ 300 204 24l
1051 11 1/25/50 216 256 124 192
1065 11 ti 235 279 14$ 254
1067 11 ti 225 270 133 1$6
1069 11 11 22$ 273 144 200
1071 11 11 225 270 145 l$$
1072 11 11 233 274 144 171
1073 11 11 214 253 124 153
1100 11 11 245 2$9 166 16$
1105 11 it 235 2$0 142 142
1106 11 11 241 2$4 160 173
110$ ti 11 225 266 130 1$2
1109 11 11 220 261 129 151
1110 11 11 243 290 1$2 207
1140 it 2/13/50 22$ 272 151 16$
i i4 3 11 it 22$ 270 153 1$1
1149 11 11 215 261 132 • 174
1160 ti 11 220 262 135 167
n $ i 11 ti 235 2$3 1$4 192
1190 ti 11 241 2$6 157 1$$
1205 n 11 245 2$6 1$0 1$0
1236 ti 2/ 22/50 225 270 150 14$
1250 n 11 225 271 152 200
1254 11 11 235 2$1 14$ 190
126$ 11 11 240 2$6 177 200
12$1 ti 11 225 275 152 1$$
1293 it 11 239 290 1$0 22$
1311 11 11 224 26$ 140 16$

V Age Group Female

756
7bi
763
770
777
$49

1041
1046
104$
1055
1057
1061
1062
106$
1076
10$3
1090
1092
1093
1094

■Escanaba
n
11
n
11
11
11
ti
11
ti
11
11
11
11
it
11
11
11
11
n

12/ 2/44
11
ti
n
11

1/22/45
1/25/50it

11
11
11

11
11
it
11
n
11
it
11

27$
2S2
263
264
271
290
244
235 
256
236
245 
212 
233 
227 
242 
256 
229 
225 
222 
231

324
327
309
311
319
340
290
2$1
304
2$3
290
255
274 
270 
2$9 
299
275 
270 
269 
272

26$
240
212
260
220
276
164
160
196
150
175
101
15$
14$
l$5
200
150
162
133
132

222
22$
220
20$
1$3
224
224
16$
201
220
192
196
20$
196
210
191
156
1$6
20$
149



XXIV

Catalog Standard T o ta l Weight Scale
No. Source Date length  in len g th  in Grams. radiu

mm. mm. x32

V Age Group Female (Cont* d )

1098 Escanaba 1/ 25/50 223 267 133 182
1101 11 11 225 268 128 166
1121 11 2/ 13/50 236 277 152 230
1123 11 11 231 273 146 162
1124 ti 11 228 272 132 180
1134 ti n 221 268 121 201
1139 11 it 220 262 120 176
1156 11 it 238 288 176 278
1159 11 11 242 287 169 203
llb 8 11 11 235 275 149 209
1184 11 11 234 282 156 180
1200 ti 11 230 276 167 210
1209 11 11 230 273 148 208
3.228 11 2/ 22/50 229 275 156 161
1263 11 11 231 280 168 190
1271 it 11 222 271 139 230
1272 11 11 233 281 160 178
1303 11 n 230 275 158 180
1308 it n 227 272 144 202
1309 11 11 257 306 200 192

V Age Group (Sex not determined)

541 Escanaba 6/  3/44 219 268 — 188
593 11 6/  9/44 242 293 - 210
597 11 it 247 303 — 183

VI Age1 Group Male

768 Escanaba 12/ 2/44 257 305 200 240
1042 11 1/25/50 249 297 292 236
1180 11 2/13/50 262 316 216 220

753
769
774

1037
1033
1089
1120
1240
1267
1305

596

VI Age Group Female

Escanaba 12/ 2/44
u
n

1/25/50
11
11

2/ 13/50
2/ 22/50

11
it

266
265
273
235 
243 
237 
233 
237
236
240

313
303
313
277
286
285
276
285
284
285

VI Age Group (Sex not determined) 

Escanaba 6 / 9/*& 284 3^6

220
203
216
141
160
160
183
180
169
170

205
270
192
186
152
176
212
206
236
204

206



XXV

Catalog Standard T otal Weight Scale
No. Source Date length in  length in  Grams. radius

mm. mm.

VII Age Group Female 

10$6 Escanaba 1/25/50 244 290 172 2j4
1091 " " 265 314 240 1^2



XXVI

Catalog
No.

973

979
933
934 
937 
994

1012
1023

93o

936
939

931

935
992
997

1002
1010
1011
1026

975

976
977 
932 
936
990
991 
993

1001
1013
1014
1015
1016 
1016 
1019

APPENDIX I I I

ORIGINAL CATALOG DATA OF THE TRAVERSE BAY LAKE HERRING

II  Age Group Male

Standard Total Weight Scale
Source Date length in length in Grams. radius

mm. mm. 132

Grand Traverse 9/17/46 160 215 65 136
Bay
ti 11 206 246 106 159
11 it 169 224 61 122
tt tt 156 190 46 129
it 11 192 226 37 3.32
11 11 162 220 76 l44
n n 165 220 61 176
11 11 162 220 64 134

II Age Group Female

Grand Traverse 9/17/46 I 65 224 90 162
Bay
11 II 190 225 91 IBS
n II 192 227 91 1W

III Age Group Male

Grand Traverse 
Bay

9/17/46  194

206
192
264 
270 
236 
276
265

I I I  Age Group Female

Grand Traverse 9/17/46 196
Bay
11
11
11
n
n
11
ti
11
11
11
n
11
11
11

n
11
11
11
11
it

11
11
ti

n
11
11
n
11

169
176
207
196
200
190
175
235
195
210
207
195
204
192

233

245
230
320
317
262
332
313

236

202
219
241
237
236
224
210
260
232
255
246
232
242
234

92

io4

64
70

104
105
107
90
73

200
90

129
125
93

112
90

162

159
152
177
173
130
206
209

160

164
150
147
164
144
157
136
167
136
162
204
151 
151
139 I



XXVII

Catalog
No.

1020

1021
1022
1030
1032
1033

Source Date
Standard 

length In 
nun.

Total
length in

mm.

I l l  Age Group Female (Cont’d)

Grand Traverse 9 /17/46  
Bay 
11 
11 
11 
11 
n

192

195
1*0
233
233
256

232

240
220
232
234
303

Weight
Grams.

93

103
32

190
219
237

Scale
radius
*32

143

154
134
133
200
174

1009

1017
1031

995

1004
1005
1006
1007 
1003 
1025 
1029

IF Age Group Male

256Grand Traverse 9 /17/46  
Bay
11 11 202
« « 273

Grand Traverse 
Bay

IF Age Group Female 

9/17/46 242

11
ti
11
11
11
11
11

262
215
249 
260
250 
271 
256

309

236
327

295

313
260
300
313
296 
323 
306

232

102
305

206

271
159
262
237
223
267
237

209

134
212

230

136
17*
167
212
210
232
233

1024

1027

996

99*
999

1000
1003
1026

F Age Group Male

Grand Traverse 9 /17/46 26l
Bay
11 11 311

F Age Group Female 

252Grand Traverse 9 /17/46  
Bay

273
230
230
235
230

312

363

305

331
336
336
234
334

234

435

257

347
337
327
133
304

231

213

213

225
253
221
134
223

f l


