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, \ 111e broolc lampreys live the greater part of their lives in 
a larval state, the period of adult existence being less than a 
year. As f a r  as known, metamorphosis usually takes place 
in late summer or in the fall. At  the time of lnetamorphosis 
the larvae have reached the adult size and no food is taken 
subsequent to transformation. After the spawning season, 
which is usually in April or in May, all the adults die, and 
co~~sequently only larvae are found during the early summer 
months. 

Dlue possibly to the difficulty of obtaining large collections 
of larvae from one locality at any one time, no one has yet 
tried to determine the rate of growth in the brook lampreys. 
Several attempts have been made, however, to determine the 
duration of the larval period, but so far  no uniformity of 
results have been obtained. This may be due to the small 
number of specimens often used in making the calculations, 

1 Mr.  Carl I,. Hubbs has kindly read and criticised the manuscript 
for this paper. 



but it is also likely that different species vary with respect to 

the length of the life cycle and that the same species may vary 

in different localities. 

Miiller (1S56), who is usually credited with the discovery 

that the aillinocoetes ai-e the larval fornls of the lampreys, 

nleasui-ed s i s  larvae of the Europeail brook lamprey, pre- 

sunlably L a r ~ r p e t ~ ~ a  plnileri, and fouild their lengths to be 5.8, 

6.3, 6, 15.3, 15.4, and I4  centimeters, respectively. The first 

three he judged to be a little over a year old and thc last three 

about t n o  years. Two metamorl~hosed illdividuals ineasured 

16.2 and 19.3 ceiltinleters each, and he concluded that these 

inust be at  least over two years old and \vould be three years 

at the time of spawning. 

In  the saine species, Lubosch (1903) found larvae of three 

different sizes. Those of the first few months ineasured fronl 

one to two centimeters in length. The average size of larvae 

of the first year was five centimeters, that of the second year 

larvae ten centiinetei-s, and that of the third year larvae, or 

just before metamorphosis, fifteen to eighteen centimeters. 

I-Ie thus agrees wit11 Miiller regarding the length of the life 

cycle in this species. 

Loinan (1g12), on the other hand, found larvae of four 

different sizes in single collectioi~s of this species, and he 

believed that these represented four different generatiot~s. No 

lneiltion is lxade of the seasoil when such collections were 

made, so it is not possible to tell whether he meant to imply 

that the life cycle is four or five years. 

Larvae of the An~er ica i~  brook lamprey, E~ztosjlzetzz~s appe~z- 

din;? collected near Ann Arbor, Michigan, were found by 
Schaffiler (1902) to be of three different sizes just before the 

"he species commonly k ~ ~ o w r ?  as Lalr~fletra or E~f :osp l~e l l~~s  zwilderi. 
See Creaser and Hubbs (1922). 
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Fig. 2. Graph showing year groups of 134 larvae of Icl t t l tyo~~zyzotz  u!ticolos collected August 26, 1921. 
in Gilchrist Creek, a tributary of the Thunder Bay River. 
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spawning season in the spring, and he took this to mean that 

it required four years for the whole life cycle. The three 

groups were arranged by him as follows: larvae of the third 
pear, 17 to 20 centimeters; those of the second year, 9 to 1 1  
centimeters, and those of the first year, 3 to 6 centimeters. 

In the same form and from the same locality, the writer 

(1921) found larvae of five different sizes during the month 
of August, indicating a life cycle of a t  least five years. 'I'his 

conclusion was based on measurements of 167 larvae. Sim- 

ilar results were obtained from collections made in February 

and during the months of April, May, and June. 

Nature of Material.-In 1921 two collections of another 

species of brook lamprey, Ich thyomyzon  z~nicolor (see Creaser 

and Hubbs, 1922), were obtained by Messrs. Carl L. Hubbs 
and Charles W. Creaser, one on August 25 in Thunder Bay 

River southeast of Atlanta, Michigan, consisting of 229 speci- 

mens, and another on August 26 in Gilchrist Creek, a tributary 

to Thunder Bay River, of 134 specimens. I n  the former col- 

lection there were two metamorphosing individuals and in the 

latter another one. These collections were kindly turned over 

to the writer for a determination of the rate of growth and 

of the length of the life cycle. 

Ichthyog~zyzo~z fossor, a synonym of this species, was 

described by Professor Jacob E. Reighard and Mr. Harold 

Cummins in 1916 from specimens obtained in Mill Creek, 

near Dexter, Michigan. The adults which formed the basis 
for the description ranged in size from 112 to 149 millimeters 

and the larvae from 80 to 158 millimeters. The time of meta- 

morphosis and the duration of the larval period were not 
determined. 

Length of  the Life Cycle.-The specimens of both collec- 

tions were carefully measured and the measurements were 
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recorded separately. The larvae of the first collection \yere 
found to range from 16 to 128 inilliineters in length and those 

of the latter from 17 to 126 millimeters. The measurements 

were plotted and used as the basis for the life cycle curves 

shown in Figs. I and 2,  for the two collections respectively. 

The ordinates in the curve? represent the number of indi- 

viduals and the abcissae their lengths in millimeters. 

A stu~ly of these graph? reveals the fact that. they are made 

up of sevkral distinct modes around which.the larvae seem to 

be grouped.' This can scarcely be a matter of chance, since 

both of the collections exhibit the same groups. The groups 

undoubtedly reiresent different generations of larvae, and the 

conclusion is reached that thf: length of the life cycle in this 

forin and in this particular locality is seven years. This does 

not preclude the possibility, however, that some precocious 

illdividuals may metamorphose at a11 earlier stage than others 

and that some retarded individuals iiay even take more than 

seven years for their full development. The great amount of 

variation in the size of the larvae due to inequality of growth 

inalces it ilnpossible to determine with any degree of exachess 

the age of any single individual. The only part of the curve 

that stands out definitely in each case is that part which rep- 

resents the youngest larvae in the collection, namely, those 

three months old. FF& this time on the year-group curves 

iiiei-ge i~iore or less with one another and it is only possible . 
to arrange the larvae according to age around certain average 

sizes. The full-grown larvae are grouped around the last 

mode, whicli is at 105 millimeters; and although two trans- - 
formed individuals were found to be shorter than this, it is 

likely that the adults would on the average be about 105 milli- 

meters or more. Most of the larvae grouped around the last 
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inode ~vould presun~ably transform before the next spawning 

season. 

.Summarizing the data contained in the curve, it is fourld 

that the annual groups may be arranged around the modes as 

follows : 

Age Ti~uitder Bay River Gilclwist Creek 
3 tnonths . . . . . . . . . . . . . . . . . . . . . .  20 millilneters 20 millimeters 
194 years . . . . . . . . . . . . . . . . . . . . .  47.5 i' 50 '' 
2 <' . . . . . . . . . . . . . . . . . . . . .  Go 65 < 

. . . . . . . . . . . . . . . . . . . . .  3% " 70 75 " 

. . . . . . . . . . . . . . . . . . . . .  4~ " 80 85 

. . . . . . . . . . . . . . . . . . . . .  5% " 90 95 " 

. . . . . . . . . . . . . . . . . . . .  ~6x '7 10; 1x0 " 

At present there is not a sufficiently large collection of lar- 

vae from the type locality (Mill Creek, near Dexter, Michi- 

gan)  on hand for the study of the life cycle. I t  is hoped that 

such a collection may be obtained so that a comparison may 

be made with the above more northern series. I t  is possible 

that temperature may have some influence on the length of 
the life cycle and that the northern form may pass through its 

development more slowly than the more southern forms. The 
difference in latitude between the two points is only about 
185 miles, but the difference in, the temperature of the water 
is greater than indicated by the difference in latitude. 

Rate of G~owtlz.-Taking the average size of the larvae of 

,each year to be represented by the modes of the graphs I and 

2, growth and growth increment curves may be constructed 
which will throw interesting light upon the rate of growth in 

the larvae during the successive years of their life cycle. Such 
curves are shown in Fig. 3. 

I t  will be seen that the greatest increase in length takes 

place during the first year and a quarter of the animal's life. 
I n  fact, the larvae have attained to about half the adult length 
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at the end of this period. From this time on there is a sud- 

den decrease in the growth rate up to the third year, when the 

r,ate becomes constant until between the fifth and sixth years, 

when there seems to be a slight increase again. This inay 
accompany changes that eventually lead to  metamorphosis. 

No data are available for a comparison of the size of the full- 

grow11 larva with that of the adult. Since the animal does 
not feed after metamorphosis, it is likely that there is no 

increase subsequent to  this period. Neither is it likely that 
there is any decrease in size during or  after metamorphosis, 

as Meek (1916) has suggested. 

Reduced to percentages, the growtli incremeilts for the suc- 
cessive years of larval life are found to be as follows: 

A ge TIz~~qider Bay River 
. . . . . . . . . . . . . . .  o to 3 months.. 19.0% 

3 nlonths to 1% years . . . . . . . . . . .  26.1% 
1% years " 2% . . . . . . . . . . . .  11.9% 
2% '( ' 1  3% . . . . . . . . . . . .  9.5% 
3% t r  4s '( . . . . . . . . . . . .  9.5% 
',34 gi 'I 5% . . . . . . . . . . . .  9.5% 
5% '' 6% ((( . . . . . . . . . . . .  14.2% 

From the above table and from the graphs it will be seen 
that the rate of growth differs somewhat in the two collections. 
The rate is a little higher in the brook collection during the 
first and second years. This variation may, of course, be 
within the limits of error due to the small size of the series, 
but if any meaning can be attached to it, one might suggest 

the cause to  lie in differences in food conditions, differences 

in temperature, or  some other factor which might favor the 
brook-living individuals. 

Mortality Rate.-By grouping the larvae that approximately 

belong to each year in the life cycle of the animal, it is pos- 
sible to  obtain some idea of the annual death rate. One can- 
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not be absolutely certain of the year to which a certain larva 

belongs, since there is a great deal of intergradation due to 

inequality of growth, but one should be quite nearly right by 

taking the larvae represented in each hump of the curve as  

the number of each year. These numbers and their equiva- 

lents in percentages are as follows : 

A g c  
3 n~on ths  . 
1% years . 
2 " . 
3% " . 
4% " . 
5 " . 
6 " . 

Tlzutzder Bay Rive?, 
. . . . . . . . . . . . .  21 indiv. or 9.1% 
. . . . . . . . . . . . .  58 " " 2j.3% 

. . . . . . . . . . .  37 " " 16.1% 
. . . . . . . . . . . . .  30 ' " 13.1% 
. . . . . . . . . . .  . . 2 6  " " 11.3% 
. . . . . . . . . . . . .  26 ii " 11.3% 
. . . . . . . . . . . . . .  3I " " 13.5% 

Gilclzrist Creel2 
I3 indiv. or 9.7% 
49 " " 36.5% 
24 '' '' 17.9% 
18 " " 13.470 
I5 '' '' 11.1% 

9 " " 6.7% 
6 " " 4.4% 

On plotting these figures the curves represented in Fig. 4 

are! obtained. Theoretically, the largest number of individuals 

should have been obtained of larvae three months old, and yet 

the graphs show that relatively few were obtained of this age 

as compared with soine of the older stages. There may be 

several reasons for this. For one thing, the young larvae a re  

very small and soine of those landed may have escaped obser- 

vation. I t  may be also that the young larvae remain nearei- 

the spawning grounds, among roclts and higher up the streams, 
during the first summer, due to the absence of conditions, such 

as floods, etc., which later would be operative in carrying them 

down stream and into more favorable collecting places. 

The largest year-group of larvae obtained comprised those one 

year old. There is a sudden drop in number during the second 

year, and this is correlated with a sudden drop in the growth 

increment curve during the same period. This might indi- 

cate that this is a critical period in the life of the larvae, when 

vitality, perhaps, is low on account of some internal change 
of great importance. I n  another species of lamprey, Entos- 
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pltelizls appendi-r, this is the period when sex is being established 

in the larvae (see Okkelberg, I~ZI), and during which pro- 

found changes are taking place in the gonads. Since the germ 

cell history in Ichthyar~.yxon zcnicolor has not been studied, only 

the suggestion can be offered of correlation between the appar- 

ent low vitality of this period and the changes connected with 

the establishment of sex. 

Another explanation of the sudden drop in the curve 

between the first and second years may be that the smaller 

larvae are more subject than the older ones to destruction by 

fish, for which they undoubtedly serve as food. 

There is a gradual decrease in the number of larvae during 

the third and fourth years. After this there is no decrease 

in the series from Thunder Bay River and the curve even 

indicates an increase during the sixth year. In the tributary 

to  the river, however, the decrease is quite gradual up to the 

last year. This discrepancy in the two curves may be corre- 

lated with a passive migration of the larvae down stream dur- 

ing heavy rains and spring thaws. Such transporkation of 

larvae down streail1 has been suggested for Entosphent6s appen- 

dix  (Okkelberg, 1921). The larvae which during their early 

life period were found in the smaller streams might well have 

been carried into the river by the time of their fifth and sixth 

years, and thus there should be an increase of larger larvae 

in the collection from the river 

In the above discussion it has been assumed that spawning 

took place under identical conditiotls each year. I t  is conceiv- 

able that the crop of larvae of one year might be greatly 

reduced during or directly after the spawning season, through 

the agency of floods or other circumstances appearing at  a 

time when the embryos or young larvae are least able to sur- 
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vive unusual conditions. Such catastrophes would, of course, 

influence the shape of the graphs. 

SUMMARY 

The length of the life cycle in I c l q t l ~ o o  z~lzicolor in the 

region of the Thunder Bay River, h/licl~igan, appears to be 

seven years. This is a longer life cycle than has been recorded 

for any other lamprey. 

The greatest increase in length takes place during the first 

year. A t  the end of the first year and a quarter the larvae 

have attained to about one-half their full-grown lengths. Froin 
' this time on the increase is uniform from year to year except 

the last, when there is a slight increase over the normal. This 

nlay be correlated with changes leading to metamorphosis. 

The inortality rate is greatest between the first and second 

years. A suggestion is made that this inay be a period of low 

mortality correlated with internal 'changes leading to the estab- 

lishment of sex. 
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