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LIFE HISTORY OF LAKE HERRING OF LAKE HURON

INTRODUCTION

The most extensive inland fisheries of this country, those of the Great Lakes,
had an output in 1922 of more than 102,000,000 pounds, and the gross return to the
fishermen was some $6,500,000.! Statistics of the Great Lakes fisheries have been
collected for United States waters nine times, at intervals varying from three to
nine years. In 1893, 1899, and 1903 the whitefish and herring statistics were variously
combined in the several lakes with those of other species of fish. The statistics
collected in the other years show that on the average 49 per cent of the product has
consisted of species of whitefishes and herrings, fishes constituting the family Core-
gonidee. Attention has been called often to the depletion of the coregonid fisheries.
(See P. Reighard, 1910, and citations for the whitefish.) As the result of an exhaus-
tive study of the history of the coregonid fisheries of the Great Lakes recently com-
pleted for the United States Bureau of Fisheries, Dr. Walter Koelz (1926) concludes
that, on the whole, these species are diminishing in varying degrees in all the Great

Lakes.

Proper measures of conservation or rehabilitation can be formulated only after
thorough study of all phases of the biology of the individual species and of the effect
of the fishing industry on them. Doctor Koelz has laid the foundation by describing
the species and by collecting data on their occurrence and life history and on the
fisheries. The present study aims to contribute by other methods to our further
knowledge of the biology of the coregonids.

Many investigators in many countries have found it possible to determine the
age and rate of growth of fishes by a statistical study of the structure of the scales.
The same characters often have permitted the discrimination of local races not other-
wise distinguishable. The method is referred to currently as the scale method.
The results, embodied in a voluminous literature, have been used in formulating

fisheries regulations. The method has been used for determining the age of core-
gonids by Seligo (1908), Heide (1912), Jarvi (1920, 1924), Clemens (1922), Couch
(1922), Van Oosten (1923), Prawdin (1925), and Riakhovsky (1925), and divergent
views have developed as to its validity. Before applying the method extensively to
the coregonids of the Great Lakes, therefore, it has seemed best to test its basic

assumptions and its applicability to a coregonid species.

. THE PROBLEM

This paper, based ﬂe structure of the scales and on the weights and measure-
ments of a single coregonid species, attempts (1) to determine whether the structural
characters of these scales are so clearly recognizable as to permit their use by the scale
method; (2) to determine from the same material, if usable, how far the fundamental
assumptions underlying the method are warranted (this involves a critical study of

1 For detailed statistics see Sette (1925 and 1928) and U. S. Tariff Commission, Tariff Information Series No. 36, 1927. For
statistics of the Canadian waters see the annual reports of the game and fisheries department of Ontario, Canada. The manu-
seript for this paper was submitted to the bureau in June, 1927, and has not been revised to include data and reviewe of

publications that have appeared since January, 1927.
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GENERAL CONSIDERATIONS

DESCRIPTION OF COREGONID SCALES
TYPICAL SC._ALES

Or posterior areg, (caudal). The area opposite the cauds] is the anterior (anterior),
while the two areas that separate the caudal from the anterior are the lateral, or the
dorsal (dorsal), and the ventral (ventral). The borders of thege four areas, which
form the periphery of the scale, accordingly are termed the caudal, anterior, dorsal
and ventral borders, The radiating ridges are either anterolatera] (AR) or postero-

lateral (PR). The greatest anteroposterior diameter that bisects the caudal area of
the scale is its length (L-L).

seen that the first 20 are complete and uniformly spaceq. With occasiong] breaks
and irregularities, they may be traced entirely around the scale. The next six are

areas of strong, complete, and widely spaced circuli, often stands out as a rather sharply
defined bang. This band may be traced around the whole scale and is, perhaps,
better defined In the posterior field, where jt appears as a lighter zone with very
little detail. This band, Tepresenting retarded growth, is here called the annulyg A4).

When the scale resumes jtg rapid growth, g complete circulus jg formed again,
which, in the Process of uniting, as it were, the incomplete lines, bends sharply at
the anterolaters] ridge. This circulus is considered the limit of the annulus it incloses
and is employed so in the Mmeasurements of scales,

(Doc. 1053.)
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3

F16. 6.—Scale of Lake Huron herring (L. artedi) taken November 1, 1922, at Bay City, Mich.
(Saginaw Bay). University of Michigan Museum No. 58557. Length, 239 millimeters.
Weight, 5.25 ounces. Mature male. Age V (determined from other scales). Scale
shows accessory annuli in the second, third, and probably in the fifth summer’s growth

zone.

F1c. 7.—Scale of Lake Huron herring (L. artedi) taken October 27, 1921, at Bay City, Mich. (Saginaw
Bay). University of Michigan Museum No. 54329. Length, 219 millimeters. Male. Age III.

Scale shows a wide double annulus in the second year
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Burn. U. S. B. F., 1928. (Doec. 1053.)
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F16. 10.—Scale from the same individual of which scales are shown in Figures 8 snéi 9. All trace
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n
of the first annulus has disappeared. Compare with Figures 8 a

F16. 8.—Scale of Lak o
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FiG. 11.—Scale of Lake Huron herring (L. artedi) taken September 17, 1917, at Alpena, Mich.
University of Michigan Museum No. 52220. Length, 108 millimeters. Immature. Age I.
No completed annulus shown on scale
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IRREGULARITIES IN SCALE STRUCTURE

Various irregularities may occur in the structure of coregonid scales.

1. The normally small, clear, well-defined focus may be replaced by an expanded
, central area, devoid of circuli, rough or granular in appearance and irregular in out-
! line, the relative size of which depends upon the recency of its formation. (Fig. 3).
ﬁ Scales with such expanded centers are termed ‘‘regenerated scales,” because they
i have replaced those that are lost (Ryder 1884, Scott 1912, Creaser 1926).”
C

2. The first circulus, that which limits the normal focus, may assume various
characteristics. It may be complete and entirely separate from other circuli (figs. 6,
8, etc.); it may be incomplete and continuous with other circuli, forming a spiral (fig.
9), or incomplete, with one half missing, so that it resembles a horseshoe.

. 3. Occasionally a condition is found that may be interpreted by assuming that
i young scales sometimes become dislocated and rotate in their scale pockets. Aslater
j growth is normal in direction, there results the appearance of a large scale with a
I smaller one inset, the two with foci in different positions and main axes at different
) angles. (Fig. 4.)

i 4. Small scars or patches commonly found on scales presumably are the repaired
X injuries of what was formerly the margin of the scale. These scars, like the expanded
centers of regenerated scales, are irregular in form, granular in appearance, and entirely
devoid of circuli or annuli. (Fig. 5 near focus.) Other patches clear, clean-cut, and
with obscure circuli occur very rarely. (Fig. 5 at margin.) These apparently are

- not repaired injuries, as the lower layers in these patches of the scale appear normal
I with well-defined and typically formed annuli, continuous with those of adjacent areas.

5. With respect to the annuli, various irregularities appear. Their circuli are
not always approximated. The divergence of the circuli is sometimes apparent in one
lateral field only. Approximated circuli often appear between two annuli, so as to
form “accessory annuli.” Especially is this the case during the years with large
orowth increments, when the scales show more clearly a retardation in growth at a
temporarily unfavorable time. In the scales of some fish these “accessory annuli”
simulate the true annulus so closely as to make an accurate age determination impos-
sible. (Fig. 6.) In such cases the fish are discarded unless other more easily read
scales can be found on them. Very rarely two annuli form in the place of one (fig. 7),
so as to produce a wide, double annulus. This may be interpreted as due to a
resumption of growth following its retardation caused by some unusual circumstances
in the life of the individual, such as an injury, disease, starvation, etc. Still more
exceptional is the case in which an annulus fails to form on all the scales of the same
fish. The first annulus of the scale shown in Figure 8 is very distinct and unques-
tionably a true annulus. Figure 9 shows a scale of the same specimen, in which the
first annulus is less distinet but recognizable. A third scale (fig. 10) of this same fish
shows no trace of the first annulus. That all three scales actually belonged to the
same individual and that, therefore, no error occurred in technique, such as would
accidentally introduce a stray scale into the scale sample of the individual, can be

2 According to Taylor (1916), Dahl (1910) was the first to explain correctly the significance of abnormally large foci in scales,
‘However, Reighard (1906) published a photograph of a regenerated scale of a whitefish and designated it as an “atypical” scale
“probably formed after the fish had grown to some size and in place of scales that had been lost [p. 51].”
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SCALE METHOD AND ITS APPLICATION
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METHODS OF MEASUREMENTS AND COUNTS
BODY MEASUREMENTS
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ot 810013170;) aﬁg fi)srh us}elad by me were preserved in formalin, transferred to 70 per
cent alo fm;n b ought to the laboratory before they were measured or s Iiel
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because measured along the body curvature. It is necessary to correct the labora-
tory measurements to those of fresh fish by making allowance for shrinkage in the

preservatives.

TasLE 2.—Errors in the measurements of length of Bay City herring, due to use of the field method and
due to shrinkage of the body in formalin

Milli-

meters

Average length of 182 herring preserved in 4 per cent formalin and measured Nov. 28, 1921, by field method__._._..___. 238.28
Averagghleclllgth of the same 182 herring preserved in 4 per cent formalin and remeasured Nov. 28, 1921, by laboratory o

T e B e e e 2. 9!
Diffetence dus tomethod of medsurernent. . 2 2 i L e e oL 5.30
Average length of 182 fresh herring measured Oct. 26 and 27, 1921, by field method . _____ . 242.24
‘Average length of the same 182 herring preserved in 4 per cent formalin and remeasured Nov. 28, 1921, by field method. _.._|  238.28
Difference alter shrinkage informalin. 1 =1l o S ioioiohooeeo e —g. 9(1)

238.2.

Average length of 199 herring preserved Oct. 29, 1921, in 4 per cent formalin and measured Nov. 28, 1921, by field method. ..
Average lenglt]hdof the same 199 herring preserved Oct. 29, 1921, in 4 per cent formalin and remeasured Dec. 2, 1921, by
ALl et s LN seed U st R O R L e W PR PR e 2 5 s 8 s
Difference due to error in measurements made by field method . _____ . -
Coefficient for correcting lengths of fish measured by the field method d = 250 .978
Coeflicient for correcting lengths of fish preserved in formmalin.

To obtain a coeflicient of correction for the length of fish measured along the
body curvature 182 preserved herring were measured on the same day by this method
and by the laboratory method. The difference between the averages, 238.28 for
the field method and 232.98 for the laboratory method (Table 2), was found to be
5.30 millimeters. This involves an error of about +0.022 millimeter for each
millimeter of the field measurement. The coefficient of curvature for correcting
field measurements is therefore -1—1:%057 or 0.978. To obtain a coefficient for shrinkage
in preservation 182 fresh herring were measured by the field method and remeasured
by the same method after being a month in 4 per cent formalin. The difference of
the averages was 3.96 millimeters. (Table 2.) To learn whether this difference is
due to the errors involved in the method of measurement, 199 fish that had been in
formalin for about 30 days were measured and then remeasured after 4 days. The
difference between the two averages was found to be 1.33 millimeters. (Table 2.)
Thus, a fish of 242 millimeters apparently shrinks 3.96 =+1.33 millimeters through
the action of formalin, or 0.016 millimeter per millimeter of body length. A shrink-
age coefficient of 1.016, therefore, was used for all preserved fish.

Errors due to shrinkage or body curvature generally have been ignored in life-
history work. According to Szemundsson (1913), Schmidt reports an average shrink-
age of' 0.5 centimeter in the length of fish (plaice?) upon death. Williamson (1914)
observed no significant shrinkage in the length of the marine herring preserved in
formalin. Johansen (1915) corrected his plaice lengths, as follows: 0.5 centimeter for
shrinkage at death and 1.0 centimeter when the specimen had begun to putrefy, had
been salted, or been left to dry.

In the lake herring several other measurements besides total length were em-
ployed. H represents the length of the head as measured from the tip of the snout
to the most distant point on the margin of the bony suboperculum, excluding the
soft opercular membrane. H, represents the length of the head as measured from
the tip of the snout to the most anterior point of the body proper on the projected
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lateral line and just posterior to the supra-clavicle of the shoulder girdle. Ordinary
straight calipers were used for both measurements. To find the point on the body
proper for the H; measurement the point of the calip
under the soft, posteriorly directed flap of the supracl
is usually more dorsal than the one chosen on the suboperculum for H and is more
constant in position. The H head Imeasurements were made by Doctor Koelz for
taxonomic purposes. The H, head measurements were made later by the writer,
as they represent more nearly the true head lengths as included in the length measure-
ments of the body. H, measurements are more often parallel with the long axis of
the body than the H measurements. The head lengths were not corrected for
shrinkage. The distance between the caliper points was measured on a steel milli-
meter tape. 7' and T represent the length of the body proper, excluding the head
and tail. They were obtained by substracting the head from the body length (K),
as follows: T=K—-H; T'=K—H,. '

The weights of all fish were recorded to the nearest 1f ounce and were taken
with a sealed “Chatillon improved circular spring balance.” Tt is assumed that the
readings of the balance were accurate, After it had been used for this work it was
damaged, unfortunately, before its error could be determined. The herring collected
at Bay City, Mich., in 1921, 1922, and 1924 were weighed on shore while fresh. In
order to determine whether the preservation of a herring in formalin and alcohol
materially alters its weight the herring collected and weighed November 1, 1922,
were weighed again individually in March, 1923, after having been hardened in
formalin and transferred to alcohol. Before weighing the preserved fish they were
piled in a tray to allow the excess alcohol to drip off. The 499 herring averaged 5.17
ounces before preservation and 4.96 ounces after preservation, a loss in average
weight of 0.21 ounce. As the weights were read fairly accurately to only 14 ounce
the error involved in the weight of each individual should not have exceeded +0.125
ounce, and average weights obtained by reweighing identical material should differ
by less than +0.125 ounce. The above averages obtained by weighing before and
after preservation differ by 0.21 ounce, or about 4 per cent. There seems, therefore,
to have been some loss of weight in preservation. Jirvi (1920) found that specimens

of Coregonus albula increased in weight after preservation in formalin. The average
increase for the six specimens employed amounted to 0.5 gram.

er is inserted as far as possible
avicle. This point of the body

SCALE MEASUREMENTS AND COUNTS

All scales were removed from the left side of the body and whenever possible
from the area situated midway between the dorsal fin and the lateral line. This area
was chosen after a careful examination had shown that its scales were less variable
in shape and size, when compared one with another, than those of other parts of
the body. To compare the body-scale ratio of different fish corr
were thought to be possibly essential in order to eliminate the errors due to the vari-
ability of scales from different body regions. (See p. 311.) In the marine herring
Lea (1910) located corresponding scales by means of their position on a definite
that, the caudal extremity excepted,
only one scale is superimposed upon a myomere. In the coregonids the scales do
not follow the myomeres so closely. I found, by enumerating both the myomeres

esponding scales

275
LIFE HISTORY OF LAKE HERRING OF LAKE HURON

, . ) : nt
nd the scales superimposed upon them for portions of different scale 1ozvhs Oslg;f}l::of
& ts of the body, that the number of myomeres 1s uspally less than the Al
f}?:; :c(;les superin’lposed upon them. My (fo.rrespondmg (zir X s((lzs::llzst :va:}(: rseef :fencé
therefore, with reference to their general position on the bo ¥ anth S sdiuatiate
to any particular myomere. They were taken from the four o6 }% e At
aboveythe lateral line from the vertical drawn through the base of the
i (%Orst&lllleﬁﬁne'ld a dozen or more scales were removed from each fish wfltg.fgreigss
d " rv.ed in the standard scale envelopes furnished by the Bureau o li N e.
Tho fish t preserved. The following data were then ente_red upon the cf
-l Wer? m()a ﬂ required: Species, locality, date, length, weight, sex, stai;le.od
e OaI;' ,and collector. When ready to mount, three or f01.1r of the Irie
con Org?ns’ igles ’ecimen were scrubbed clean in water. By use of a binocular m1c1io-
e ptaken that only typical and good scales were selected. T’he Sf:iles
bt Mol :lvas t with a small brush made of the stout ends Of' shoemaker’s bris es
tied Clean:' k o The scale was held in place during the scrubbing by th'e blu_nt ent
e by dle, which was also employed to remove the more adheswg plglflil.l
S te&Sll_lg ne%Vh ’n the three or four scales were cleaned, warm glycerin-gelatin
Ceiljti(z)l;ldvlsf;é plac:d on a clean glass slide in amount }tlieemed nleces:ifya cheo Ifl?;r:é'
p: in 1 elatin and the pure glyc (
fEOmple‘DelY thetjgil(:stiiczdslli;tl- anlafolfrhi: sgtiﬁens immediately upon cooling, an;i if
it ‘SUCh o t of the solution is used, no evaporation oceurs under the cover }glg s;ss
: hber‘&l amomil;s may be kept permanently without sealing. Some of the pbo 10-
o ofs;cales that had been mounted for two years. .A little cartp ic
gl‘{lphs ShOWll)l M(ilded to the glycerin-gelatin solution to insure its prese:‘lvii ion.
Z(ﬁdsclzﬁzstwe:e :?nounted with the circuli or rough side up and with the caudal area
towa’i‘i thseci(l);v ::) E;igzt(t)lfdf:ie :slfladse@jected upon the ground glass of an alll)ptilg;’o;s
tru:ted on the principle of a photomi(.zro_graphlc camera Va gniefai b 033),
e ements of scales were made on this image, pro1ecte<'1 at a ma -
?E}l m(e)?lsu:xploring the illuminated field covered by a scale image so magn il

i ion i uni-
found, by the use of a stage micrometer, that the m mﬁcatxon is everywhere
2]

form—there is no discoverable optical distortion.

er
Tn measuring the projected scale, a wooden ruler was i)lac:((ii iﬁlznv%etl‘léeti?gei(:m
that bisects the caudal area of the scale (L-L, fig. 2)han l’fius 'mgboth B L
the nearest millimeter) at the center of the chus, at eac 1anmli/I o iy 5
d posterior area, and at the anterior margin of th.e SCHI: Heliviith the
an fwas e foul’ld possible. I found, by scratching & 111_1e drawn Para.tu e
ﬁ,lsg axis of the body on a longitudinal series of _consgcutlve sgalf«ias 1(111 S:bo,ve 2o
line on-all the scales followed the anteroposterior diameter ezbsneth&n any. ylias:
diameter, therefore, gives more easily compar{ible measur:}lln of fish by the formula
The measurements were made use of in computing t.he len%ds le or with a Monroe
given on page 272. All computations were mafie e erated along the
calculating machine. The circuli of the anterior area were enum

un : Dissolve 8 ounces gelatin (WH, No:
i i ing formula gave the best results: 2
W 1o rimentation that the following a ° rirdh s el :
E : Rel‘masanﬁ;) 1(111 ‘8)?0 ellllgizxciitimeters distilled water and add 250 cubic centimeters glycerin an w drops car ac;
866, G




edge of the ruler, all those that were separated bein
evenstclﬁugh th:y were conélected with others a short distance from the ruler
€ counts were made along the lateral line on i -
T8, the left sid
eilurlnerated the perforated scales only, which excluded therefi)lree glf . bﬁ’d?- ;
ularly placed scales at the extreme caudal end of thf; fish. S ,I el
counted for the lateral-line scales that were lost T

The age of a fish is usually indi
age . ¥y indicated by a Roman ny i
i;lrefﬁamrhofd l}fe in whu.zh the fish was caught. Thus, a IV-year flir;irails, zflgrislfnttulllg Fhe
: }? ched in the spring, ha§ passed its third winter following hatching: h a}; b
ree complete annuli on its scales and is somewhere in jts fourth y(i’r b e

GENERAL HISTORICAL REVIEW

The early scale investj
gators were concerned principal i
: : pally with th

:ilzorslf)l;;llcturffl,‘ hand the chemical composition of scales ang with theeitxi'e:(:allgg f)nefzt’
P gr(;ales 1111s, the}lr1 Paved the way to a correct appreciation of the relief lstl:'uc(3

bt brieﬂ, t}p;ont W échfthe scale method rests. The following historical revi
¥ the trend of thought among these early i i he

. . m i

fggelatlo? c}>lf relief s.tructures of scales and their gIS.’OW:l’lf‘:SU%Z(t;zS :siflmvito ‘?he
u e:iwls ol the scale literature of this period may be found in the bl'pre'enswe
au ;fot (1873.), Thomson (1904), and Taylor (1916) T

Objectstggrtlslfulélveng‘on (.)f. the I,nicroscope, fish scales became one of the interesti
b 6y7.) Wli)lzmc;)us. 1c’.lquuapendent;e (1618, 1621, 1625), Borellus (1651(?)8’

] e bri ipti i i
ol €l descriptions of the microscopic appearance of ﬁsh,
T .
Leeuw};h fir:};; r(ei(;)osréi) re(»ila:u(rie Jt:o1 th; growth of scales is found in one of the letters of
» aated July 25, 1684, in which he describi i
iy 4 ing th i
zfzizrzglc;eo:hzx; ;elIsEale, ertesb‘although all the Scaies [of an iidivfdg:ﬁr:jgorféz
: ; ave yet observed, in ma j
numé).er of Cllrcular lines. From whence I concludé1 Zh:tf etéwm mee bl
one Circular line; and by consequence, the b i
o ; number of these Circular lin bei :
th:tFIleh musthhave been seven years old.” (Turrell, 1911.) His ill:sst;razf)li S‘;Ven
o] eil/}wen oek actually referred to the growth zones of the scale. In SIlOWS
deteﬂerl;ninay f22, 17'16, and published in 1719, Leeuwenhoek describes ilis me:hoe(;te;‘
doterm) g, from its sgales, the age of a carp 4214 inches long and 3314 inch :
o ?relrllce.at its ?hlckest. He cut the scale obliquely to count th ey
t}h.elsctzz € having 40 rings, the author concluded that the carp was 40 5 ag?drmgs.
- Ills e er1 Leeuwenhoek postulated scale growth as being due to the dzsalr e
ande\iz: Zi: ; u?lder;leaiih thei old one, which it exceeds in size and to Whic}: (1)5 1;1;1111 s
ually closely welded. One such new scale i bt
] ; s formed each

e;lumgratlng t:,he superimposed scales one can determine the ae?acofyfl?r’éo h b'y
clear tr.om his illustration and from his method of sectionin 3 Axintien,

! ) ({9 b+
of growth in scales, Just as the analogous markings indicate the gro:i;gezin:h(eiﬁilfes
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fish will observe certain rings thereon. And as many rings as there may be, so many
years will be the age of the fish.”

Kuntzmann (1829) maintained that no relation existed between concentric lines
on scales and age, as the scales of old carp possess no more of these ridges than those
of young carp. Similarly, Blanchard (1866) stated that the concentric strize are as
numerous in very small as in very large fish of the same species. Agassiz (1834),
however, believed that the concentric lines are the reflexed edges of the lamelle and
increase in number with the growth of the scale. Mandl (1839) claimed that the
formation of these lines is linked closely with the peripheral growth of the superior
layer of the scale, while Williamson (1851) asserted that these ridges are not lines of
growth “but the result of a peculiar arrangement of the superficial tissue of the
scale.”

Vogt (1842) discovered that scales do not appear in salmon until the third month
after hatching, and that the concentric lines are relatively few in number in very
young fish but very numerous in adult fish.

Steenstrup (1861) is apparently the first to state specifically that the scales of

osseous fishes persist during the entire life of the fish and grow with the growth of the
animal.
Baudelot (1873) made a comparative study of scales, employing a dozen species
of fish. He noted, among other things, the variation in the number and character
of the concentric ridges with the species and with the individuals of a species. He
observed that these lines remained fairly constant in number with scales taken from
the same region of the body of a fish, but that they increased in number in the older
individuals of a species, the number of ridges increasing proportionally with the age
of the fish and the size of the scales. He discovered, further, that the concentric
ridges varied in their degree of separation and regularity, so that concentric zones
were visible on the scale surface. He believed that the cause of this phenomenon
was very unstable, but lacking sufficient data left the matter undetermined.

It was left for Hintze (1888) to link Baudelot’s “zones’ with Leeuwenhoek’s
first theory of age determination. Hintze was enabled to correlate the two by his
knowledge of the age and life history of the carp, upon which he worked. Carp of
commercial ponds were employed. Due to the presence of accessory annuli, however,
Hintze made an error of one year in his interpretations, which error caused the tem-
porary abandonment of his theory. His work is considered more in detail in a later
section (p. 294).

Hintze’s theory had at least one adherent, Victor Burda, for Max von dem Born
writes (1894, p. 58) ‘“Nach Burda kann man das Alter der Karpfen an den
Jahresringen erkennen, welche auf den Schuppen sichtbar sind, wenn man diese in
Spiritus legt, und von Schlamme befreit; ich habe mich von der Richtigkeit dieser
Mitteilung durch den Augenschein itberzeugt.”’

- Fritsch (1893, p. 89) enumerated the circuli (Anwachsringe) in the scales of
salmon of known ages and of various lengths (34 millimeters to 90 centimeters) and
concluded: “Genaue Verfolgung dieser Zunahme der Anwachsringe der Schuppe
mit zunehmendem Alter diirfte einen Anhaltspunkt geben nach der Zahl der Anwachs-
ringe bei grossen Lachsen das Alter zu bestimmen. Bei Salmlingen, von denen ich
voraussetzte, dass sie schnell wachsen, fand ich die Anwachsringe weiter von ein-
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andei eIX,fernt -und in geri.ngerer Zahl im Verhiltniss zur Gesammtlinge des Kér-
(I::;i'] usmncg}(l):zl;lhge to A;mds;on (1910), Hofer (1895), however 1'efut:s Fritsch’s
age of a salmo i : i
b St o 1 can be ascertained from the number of concentric
Petersen (1895) referred to the
: : zones on eel scales as ¢ i
poss%lx correspond in number fairly exactly to the years passe%ir?’mh gy
b ; ﬁl;l:: §1§95, pl.1 957), in d(?hneating and describing a marine herring scale, writes:
riature the growth rings of the scale also appear as concentric lines.’” Th(;

accompanying figure indicates ol ings’
e . cates clearly that by “growth rings” the author referred

Thus far I have traced the d
evelopment of the age hy i

ced level Pothesis based
;;xl-gfltlgrtzlsn cs)f sca'les frlcl)mhlts inception in 1686 to the end of the nineteenﬂ(l3 ce(iﬁ:u?;e
period all the fundamental structural ph ili i ,
method were discovered and descri ik s, of S Lo

; cribed; but the exact relation of th

. . . . ’- eS b
to the life history of the individual remained undetermined, in spite of tl?e Sf:clzltct;llﬁs
3 7

peculiarly enough, the first i i
41 fe) 1st presentation pf the theory was in all probability the cor-

(]::;‘:I)lcsli \:}i; scil;e mgt{)lod “(rias established firmly, elaborated greatly, and applied
3 ely. need be said here only that publicati in '
e N, B . ; lons appeared in England, Scot-
) » Sweden, Russia, Holland, G F i
and other countries. In these studies : skl i B v
i more or less elaborate life histor
scales have been worked out for the whi AP
: whitefishes, salmon, tr t i i i
but, plaice flounder, sole, smel ; A et g o L
; » Smelt, mackerel, muttonfish sardine, e
el, hak
cod, squeteague, perches, and other fishes. The litejrature (;f th’is z;Je(:"ioltli&(ils(.i Oti)]i,

voluminous to review The more im i
. ! ortant ; i
various subtopics to which they refer. < sl -ty oA Yy e

Part I—CRITIQUE OF SCALE THEORY AND METHOD
ASSUMPTIONS OF THE METHOD

1. That the scales remain const i i ir) i
B constant in number and [retain their] identity throughout the life

of the scale maintains, throughout the 1if
in body length. = RS
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5. Whether the growth of the fish in length is retarded or arrested at the time of formation

of the annuli?
6. What factors are responsible for the arrest of or retardation of growth in fish and scales?

(Van Oosten, 1923.)
The last three questions I have attempted to answer in another place (Van
Oosten, 1923). It remains to discuss the first three questions.

IDENTITY OF SCALES THROUGHOUT LIFE

Were scales commonly or regularly shed and replaced by others they could not
be made use of in life-history studies. It is a tenet of the method that they retain
their identity throughout life, that only a few are lost accidentally and replaced. The
many life histories unraveled by the scale method are, in themselves perhaps, proof
enough that identity persists; but some of the well-established facts in proof of
identity are these: (1) That the nuclear area or central part of the scales of old fish
of a species is structurally identical with the scales of young fish (Snyder; see p. 300
following). (2) That regenerated scales, which replace those accidentally lost, have
a central portion of quite a different type from that of normal scales. (The characters
of regenerated scales are distinctive and generally easily recognized. Scott (1912)
and Creaser (1926) established this experimentally, and I have extracted normal
scales from carp and found them replaced by typical regenerated scales. I have also
found regenerated scales covering the repaired injuries of several herring.) (3) That
scales increase in size as long as the fish grows.

CONSTANCY IN NUMBER OF SCALES THROUGHOUT LIFE

If scales of typical teleosts, their number remaining constant, were in contact by
their edges they must grow in proportion to the body, else the surface would not be
always covered; the relation between scale length and body length would be mechani-
cal; but as these scales overlap, they may or may not grow in length in proportion
to the body’s length. The question of whether they do or do not is one of physiologi-
cal growth correlation and may be answered only by observation.

The number of scales in the lateral line is made use of in discriminating species,
and it is well known that it varies within the species. The question is whether the
individual differences in scale number arose when the scales were first laid down and
have continued since then, or whether the scales increase in number during the life
of the fish.: Do the fish that were large at the time of scale formation develop more
scales at that time than smaller fish, and does théir number remain constant? If
the number of scales (for example, in the lateral line), increases with age, they can not
grow in proportion to the body’s growth, for it has been shown by Lea (1919) that
when a new scale is formed in place of one accidentally lost the growth rate of sur-
rounding scales is retarded.

That the size of the scales varies with their number is shown by the fact that of
45 lake herring 240 millimeters in length, 25 had 80 or less (average=77.9) scales
in their lateral line, while 20 had 81 or more (average=_82.8) scales in the lateral line.
The average length of the scales of the former group was found to be 5.16 millimeters,
while that of the scales of the latter was 5.05 millimeters, or 0.11 millimeter less.

99760—29——2
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. I.f the number of scales in the horizontal rows is less in the adults than in th
iilgjéules v}rtllxlose scala:}ilon is1 complete, the ratio of the body-scale growth “Irloul((;
ase with age, as the scales would grow relatively faster than the bod Wh
an adlflt fish loses a scale it is replaced by a “regener ” o i
scadles is .no(ti zlter:lcll; but there appears some evidince :}tgi sci(i:ie;nzl;dbihsrsvt?::f I(;I(l)ff
and covered by others.  Both Brown (1904) and Thomson (1904) di d mi
scales under and between the large ones in species of Gadid Tlscovere -
concluded from this fact that scales are shed afte A3 pa e e
small underlyin.g scales, while the latter stated thalt; iﬁ::ver;ﬁlgezﬁg ;&crz:lgsep\}vi;}iei g.y et
possess many lines of growth, are crowded out and covered by the la;— er f)n ’ no(f
finally disappear. Thomson’s interpretation is based partly on his behif “thest 11111
exact m%;nber of scales in a row on the fish has been regarded as sufficiently ¢ . b b
for use in the determination of species [p. 58].” He states further thatyK(;nstanlf
found the same thing to occur in the trout. Klaatsch found that “betwee v Sch
i‘argedscalgs as ah"eady partl‘y cover one another, small scales are very freqllllei;;(l)y
il?;z-ul :;il;hdg;: ;I:) ttl:)ic(;irl’l,esl st;gssA of' de];rlelopment. In older animals such an
; n s in Elasmobran: igi i
the trout between the well-developed scales; thus oneaﬁlclgz, ly]?g; i)ejialviie(;ntgll:;atfdln
.sca,l'es of the trout even in later stages quite young scale foundations. This i 0l e
1ty 11; tl;f}al ealrllz development soon ceases in the trout [p. 58].” ; s
n the lake herring the presence of minute scal : iki
th.an the neighboring or contiguous, well-developed s321:: c}s Srf:ieinsctgiigily S?EHGI‘
minute scales usually are covered by the normal ones ; but the small scales. are eie
as Klaatsch and Thomson say of their material, “juvenile.” They are abnorm lno ,
tbat they are stunted in growth; but they possess as many annuli as the la oy
tiguous scales and are as old. DY) et
These facts indicate that all the scales formed duri i
necessarily grow proportionately with the body of the ﬁl:}i Zifiﬁt?;tﬁ?;ofljﬁsis i
thg number of normal scales in a horizontal row is reduced as the édult stage i: (;E;S
tau}ed by the ﬁsh. Whether or not the abnormal minute scales oceur egnerall )
their emstepce in some forms throws doubt on the assumption that the n%lmber yf
scales remains constant with age. Especially is this true when it is known that th(')
assu%ptéont il}?S never been supported by critical data. 7
o test the question of constancy in the number of scal i
enumerat'ed the .scales in the lateral line of the lake herring (Lizjojhcl};;;:fjl zfl'ltzc;gi,olll:l ?;JV;
at Bay City, Mich., October 26, 27, and 29, 1921, November 1, 1922, and N overr(ibe
12, .1923. .The fish of October 26 and 27, 1921, were taken 11; diffe;‘ent ound n :r
set in Sagmavs{ Bay. Each of the remaining collections forms a unit. as Each re B
sents the.partml catch of 1 pound net. These unit collections were ,taken fromlﬁf-
same fishing grounds in Saginaw Bay about 3 miles west of the mouth of Sagin ;
River. All the herring were taken on or near their spawning ground and were Iia:lw
ready to spawn. There can hardly be any question, therefore, as to the homo en 'ty
of the material taken in the same haul. As individual herring z;re not known togret?;ry
joo ’21}]1; sam: spawning ground each year, the possibility exists that the fish collectetlil
;Igawn;fgngr Oyuefg: may belong to different races, even though taken on the same

e
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Two methods suggest themselves by which we may try to determine the con-
stancy in the number of scales throughout life. We may compare either the scale-
number averages of the several age groups (fish of the same age) taken in one and the
same haul, or the averages of the age groups taken in different years but belonging to
the same year class (fish hatched at the same time). In the first case we compare
fish of different ages, hatched in different years, but taken at the same time; in the
second case we compare fish of different ages, hatched at the same time, and taken
in successive years.’ In the first case we must assume that the number of scales
remains constant with the year classes, in the latter we must determine that all the
collections consist of homogeneous material. By both methods we assume either
that scale number does not vary with sex or size in an age group, or, if so, that both
sexes and all sizes are represented in correct proportions.

TaBLE 3.— Average number of scales in the lateral line of males and females for different size groups of
Bay City lake herring of various ages *

Oct. 29, 1921, age group IV Nov. 1, 1922, age group IV

Average scale number Average size Average scale number Average size
Size groups, millimeters
Male Male
Male Female and Male Female Male Female and Male | Female
female female

__|77.00 ) |75.75 (4) [76.00 (5) | 216 (1) | 218 (4) f__——eooc|ooooooooc
79.36 (30)/81.04 (26)[80.03 (65)| 226 (39)| 227 (26)| 76.35 (20)77. 60 (15)|76.89 (35)| 227 (20)[227 (15)
“I81.08 (25)181.64 (16)(81.41 (41)| 234 (25)| 235 (16)| 77.94 (53)79.09 (22)78.28 (75)| 236 (53; 236 (22)
82,60 (5) [82.40 (10)[82.47 (15)| 260 (5) | 266 (10)| 79.22 (32)179.78 (9) [79.31 (42)| 244 (32)[244 (9)

78.00 (5) (80.80 (5) [79.40 (10)| 257 (5) (262 (5)

237 (51)

BI16L(6B)|. Jsfiiiis 232 (70)| 236 (56)[78.03 (110)(78.94 (51)|-—-ooco--- 238 (110)

Nov. 12, 1923, age group IV A:eﬁ'age T S A duane Sty

1921 herring, 8ge | )1 1993 herring, age group V.

: group IIT
Size groups, Average scale number Average size Size groups,
millimeters millimeters
Male Male Male
Male | Female | and Male |Female Male | Female | and Male | Female | and
female female female
CTHEG o e M RE T WR  RE E  Ran ot Under 226___|77.83 (18)[79.53 (17)178.66 (35)|_<cevmmen|momonccafoacamaaas
Over 226 _ ___|82.08 (12)(79.73 (15)[80.78 (27)|--cceeme|omcmcccmefmcccaaa

Grandav-
erage..__|79.53 (30)[79.63 (32)[-n-mmemmnfomcmcococ|omeciommal o eaae

81.36 (25)(80.30 (10)(81.06 (35)

931-240__ ___[80.41 (27)(79.74 (19)(80.13 (46)|238 (27)236 (19)

241-250._ 1. _|81.43 (49)(81.96 (23)(81.60 (72)|246 (49)(245 (23)|| Under 251 .| <o oeemm|mmmmmmmen | oe

251+ - 81.75 (16)(83.00 (11)(82.26 (27)(254 (16)[253 (11)|| Over 251 | oooooee|o oo oo maeem 82.80 (25)(81.27 (11)(82.33 (36)
Grand av- Grandav-

‘erage--.-(81.18 (92) i81.38 (8791 LRI 245 (92) l244 (53) e PR SRS R e 82.08 (50)(80.81 (21)|- -aeeenes

1 Numbers in parentheses indicate the number of specimens employed.

In connection with the last-mentioned assumptions Table 3 is significant. In
this table is given th€average number of scales in the lateral line of males and females

5 It is not feasible to arrange the fish according to size groups instead of age groups on the assumption that the small fish are
also the young fish. This we know is not strictly true. Further, the fact that the smaller fish of an age group have fewer lateral-
line scales than the larger fish of that age group (see p. 283) introduces an error in the size-group method,which tends to reduce the

average scale number of the small fish below that of fish of equal size but of younger age.
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for different size groups of Bay City lake herring of various ages. A detailed exam-
ination of those averages that include a sufficiently large number of i
that, with four exceptions, the averages of the femal
males. The averages are higher for the males of the smallest size group of the 4-year
fish and of both size groups of the 5-year herring of 1923 and of the larger size group
“of the 3-year fish of 1921. Tt is to be noted, however, that the 4-year males of 1923
average somewhat more in length than the females of this group. The larger averages
in the scale number of females can be correlated with size in the 4-year fish of 1921
but not in the same aged fish of the other two collections. When the grand averages
of the scale number of the males and females are compared it may be seen that
those of the females are slightly higher in évery age group except the fifth of 1923,
irrespective of the average size of the females. If the differences between the mean
scale number of the two sexes of a size group are compared for all
found that the differences vary from 0.53 to 1.70 in those cases wh
of the females are the higher and from 0.20 to 2.35 in those cases where the averages
of the males are the higher. When the differences between the grand averages of
the two sexes are compared (fifth year of the 1923 fish with a difference of 1.27 ex-
cepted), it is found that they vary from 0.10 to 0.99 and that thei
mates 0.55. If these differences in the average scale numbers need
may state that they lie well within the limits of personal error in s
shall show later (p- 283), and therefore have no significance.
in the lateral line, then, is shown not to vary with the sexes.
Further examination of the averages of Table 3 shows that the larger individuals
of both sexes of an age group possess, on the average, a greater number of scales in
the lateral line than the smaller. The scale number increases consistently with size.
The differences between the average number of scales of the small and large males of
an age group vary from 1.34 to 4.25; of the females from 0.20 to 3.26. The range in

the differences between the grand averages (male and female) of an age g
from 1.27 to 2.44. The mean of

age groups, it is

cale counts, as I
The number of scales

answer this question I reenumerated the lateral-line scales of most of the 4-year

herring collected October 29, 1921, and of a random sample of the 1922 herring.

The results of this recount are summarized in Table 4. Tt will be noticed that
averages were made at various stages of the recount to indicate the trend or direction
of the personal error with the increase in the number of variates. In both series
the discrepancy decreased ags more individuals were employed.
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: g 2 mbers of herring taken
' ) unts with the original for various nw
A 4.—Comparzsgzt;geguggl,zgtggls’cgifda])vowmmr 1, 1922, at Bay City, Mich.

Average scale count | Difference

Number of between

individu-d Oélg(in;lli

b : and dupli-
L ﬁa‘lts f:}:&cofn Original | Duplicate Gate commts
0.89

2 80. 58 79. 69 +
1?3 80. 71 80. 29 -li ég
18 78.22 ;g gg :l. i
8. 36 3 y

gg ;8. 52 79. 54 —1.02

The duplicate scale count for 113 herring of. the 1921 ig];gctt)(])lr; cagr:;agsgr;);lz
2 less than the original, while that for 63 herring of the c ] i
(l)g; Izsosre than the original. As was expectled, on .acct(;lunt ?lfn 219%0 :rﬁ(:e g
.ales missing in the lateral lin_e the personal error in the cous
Tthion exceeied that involved in the counts for tl}e fo.rmer. e mn
Table 4 seems now definitely to answer our 1nqu1r.3;f. e
in the differences as well as the mean (0.55) of the difference S
:;erages of the scale number of the two sexes1 (p. 23) ]irll;yt}ll): rs;;cg: g B o
: ! s ‘
?Ve]l o t'he persosn:lngacglog EZ:;VEES.(I)I;)Q(I)? S’;;z:ecgiﬁeljences of the two siz'e grloulc)is
oy dlﬂ:erentcge so accounted for, as they greatly exceed the personal error;i?vo VZ S.
(P-?SZ) (fﬁn_tn 3 bable that random sampling can account for these large ere;lc 3 é
_Nelthel' 1118 ; I‘ziz eatest difference obtained between any two scale coun;s 0 h(;ch
ma;mllm ase seriegsr as given in Table 4, amounted to 0.6.0 (80.29 to (’;9? 0 Wroxi-
i e}imtnth re,atest difference due to random sampling amounted to a;f)p .
meanlS tl ;O ?I‘}fe consistent difference between the average scale num}’:)er o s}r:;ve
;nn?;(laa};ge.ﬁsl‘l of an age group is a,pparenti}iz then, significant; the large herring
i ine. .
e g'}el?ter nutm bfu(r)is:?]s? lsIclatil;: iitifé large fish may be accounted for ln‘ on(;i o}f
: Z(%T((af) e}‘l‘he scale number can be determined more accurate.ly for llalg;t tksle
:K:n‘gzsﬂhe small, due especially to the larger size of the lateral—hﬁe s‘:;zrzs St
caudal extremity in the former, or (2) the large fish of anha%emg(r)ge Is)cales el
large in their year class and consequently needed and always ha
Smalll‘lllll;l lgﬁga{:l-ready accumulated for the 4-year herring collectfe(:hlnﬁl‘lsiferoai’r:)({
referred to above (p. 282) may be employ.ed to determine the statuse(; ) fhe dugﬁcgte
sition. The fish were divided into two size groups, _and the saArefra{_l%1 iradiberici
scale counts of each size group were compared with thofse 0d S LN
Sixty-two herring 231 millimeters or less in lengt:,h were 0ux(11 e
of 80.08 in the first scale enumeration and 8(_).02 in the sec(fm ) P A
Fifty-one individuals 232 millimeters or more in length were foun e P T
of 81.39 in the first count and 80.63 in the second, a dlscrepancyf ﬂ;e iarge Sy
data indicate that scale enumeration is as accurate for the small as for
idered. :
GODSI'%:bele 5 has been constructed to test the postulate that the ﬁls]h :s_r:)tnhs ZEEI}IZ?:;
number of scales were always large. Each age group of the two collecti
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was divided into two size groups.
viduals at the end of their first year of life, as com
averaged according to these size groups.

large fish of each age group were also the lar
first year of life. 'Thus, the average size of
that were less than 230 millimeters long (
millimeters at the end of the first year of
the same group that exceeded 230 millim,

puted from the scales, were then
It may be seen from the table that the
ge fish of their year class at the end of the
those fish of age group III, taken in 1922,
average length 222 millimeters) was 137
life, while the average size of these fish of

eters in length (average 236 millimeters)
was 142 millimeters at the end of the first year of life. Similar differences appear in

Table 5 in the other age groups. This presumably explains why the large fish of an
age group possess more scales than the small ones, The fish were longer during their
first year of life, and more scales were laid down in the longitudinal rows.

—Average calculated length, in millimeters, at end of the Jirst year of life of Bay City lake
herring of different size groups within an age group !
Herring collected Nov. 1, 1922, age group—

e LR S

TABLE 5.

e TR T

Herring collected Nov. 12, 1923, age group—
—te e N

—_—
III Iv v III Iv v
Under | Over | Under Over | Under | Over Under | Over | Under l Over | Under | Over
230 230 237 237 240 240 234 234 243 243 251 251
Average length of fish
of each size group____| 222 236 229 243 233 249 225 241 236 250 243 259
Average length at end

of year 1, based on
scales

137(75) | 142(73) 121(130) 123(115) 110(45) | 118(50) 139(79) | 144(91) 130(121) 135(119) | 113(47) 126 (43)
! Numbers in parentheses indicate the numbers of specimens employed,
The data indicate for th

line does not vary with the
line is greatest, on the avera

e lake herring (1) that the number of scales in the lateral
sexes and (2) that the number of scales in the lateral

e, in the large individuals of an age group, due e
fact that these fish were also the large in

dividuals of their year class at the time of
scale formation. n our discussion of scale constanc

Y, therefore, an allowance must
viations due to personal errors and to the size of the fish as well as
to random sampling.

If we find, when comparing the means of the scale nu
a collection with one another, that they remain constant wi
can conclude also that in all probability they remain ¢
constructed Table 6, therefore, in which these averages

collection are shown. In order to determine whether ¢
averages are significant, I compu

mber of the age groups of
th the year classes, then we
onstant with age. I have
for each age group of each

he differences between the
ted the probable error of the extreme means accord-

ing to the formula, P.E.M=&%5U, in which ;r=standard deviation and n=the

number of variates, and then determined th

e probable error of the differences between
the means according to the formula, P.E.,,,

~ 2= V(P.E1)* + (P. E.ng)?, the difference

ese facts, as well as the one relative to the discrepancy in seale counts, may have special sig-

riation of meristic characters in fish, Hubbs (1922), for example, accepted a difference of 0.40
two year classes of Noiropis atherinoides as significant,

8 It may be suggested here that th
nificance in studies considering the va
between the average scale number of

The lengths, in millimeters, attained by the indi-
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\

W W o (5] g a tlmeS ltS
ot > - I t
pI 0Dab le error.

ollected October 26, 27, and 29, 1921,

TaBLE 6.—Average number of scales in the lateral line of herring ¢ Mich., for each age group!

November 1, 1922, and November 12, 1923, at Bay City,

Average number of scales in lateral line of herring in year

Date - v v VI VIIL VIII
.25 (4) | 81.67 (3)
792 (12) | 70.45 (60) 980.81 (0 7072 (O \ G0 i | PR
Oct. 26 and 27, 1921---—1;1—) -------------------- J277| 79.98 (50) | 80.61 (126) | 8L.0: : R
monenet) - el e
Oct. 29, 1921 (iro ot iy 70.58 (62) | 80.21 (192) | 80.90 (141) | 80.51 (51)
Grand average of al S| O L T
_.| 78.05 (83) | 78.34 (163) 78‘% g?g gl. 73 (11) | 80.00 (2) |-----o-----
Nov. 1, 1922 (from one net)tj———--------“""':::__ 80.71 (56) | 81.26 (151) | 81.
Nov. 12, 1923 (from one net) - -----—---—-

ken
i ighteen fish of age group II, tal
: i given I tasatbous. . B8 hile 10 fish of this age
i hich each average is based is give: e, et 0

1 The number of specimens upon w.

roup taken in different years t different locali on Lake Huron had an average of 80.80. The grand average of the 28 fish
gr 8 e
g g
e C: 1es
up tak ye: and a ()
g

was 80.54.

. .
1921 collections have been grouped toggther, as it is lprojt)a};%fe flr:lDeral
i taining the frequency distribution of the scales m1 ariii
S_tUdY - T&b}lle ) 1(16()snbelong to the same population. ’Ijhe mean of thﬁ scgoe;1 Islu bors
e grodz and range are virtually identical in the two collec . : £
B ol th(? I?O ther evidenbt when we compare statis?mally the tw?1 .tflf-yea : eg e ),
homogenellty lsh'ufl involve the greatest number of specimens. The bll eriior ;l‘he
{)Zrt:r};inm};lfé :Vw:)c averages was computed to be 12;719 Ecixggillt;sf i)lrl(;bsthgreage g S
: e=1: :
B [mfﬁge:0-21;1‘81)-??1&(;-83);;‘;31;%(1 for by pe.rsonaJ errors (})lr ';bfﬂ Za}xﬁzz
- the' L 'I?cbiznfl 283), or possibly by the persistently though tr
S&mphngl (Se‘fh ?1 to élr)r.)illiméters) of the fish taken October 29. 4 boutg
0% ittt con ? Table 6 that the grand average of the 1921 age groups, el
3 e Ilﬁmdoes not increase consistently with each higher a%e Er%ug.glgl i
lowestﬁ ot t}; t the probable error of the mean of the 3-year ] 1s i d .that ,the
i (? 3203. of the difference between the means 0.452 ’f 3?921 o
t}'le S gro‘1;191)1 716£et€veen the averages of these two age groups o Siiprinsid
dlﬂ.er?nce’ _0-9~ l;able error and is therefore not significant. The dlﬁ'.erenc(-;l Pt
fl.loesa:gizsgé?o?fhe 1922 fish are even less than th<()ise of }fhe é %itrhzlg‘;nggl:oup' I,n - é
with a :
19 increa'se e nm::sbie; t(i?en 13(2)3 g:hcg?(gl(it;eber 29, the average increases S]é%h;}z
1?23 e hOWGVGrI‘ ’c]ass As the difference betwee.n t.h(_a extre_mel Ige?infn b
e o s is g;‘eater and the number of individuals include higies
OGtObe_T - Spe(ﬁme?hat of the 1923 fish, the averages of the 1921 hentmg alée gl)l R
Sor stati lffrgilﬂ‘ : ail nt. Computations show that the probable error o o
E iy t(lie&_ Ifrgl}? a ‘e group of this collection is 0.3318 and 0.'4562’626181;11(1 = 1;
z}fn:'? ih? gx(‘loggbl:l:rror %)f the differences betz)vleen the tw’i)‘hznegin;ei‘se I(l)(;é'(; be;}ween ot
iffer i i i robable error.
Z};:r:;ier;?:reaig;jaﬁs ifngg\:il;lisf ::silsep1923 herring is only 1.02. The footnote of

i i e
7 In the table the averages are given to the second decimal placi
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Table 6 shows that the average scale number (80.54) of the 2
not strikingly different from the averages of the older fish.
A comparison of the differences between the means of these year classes with

those due to personal errors (Table 4) or to size of the fish (Table 3) leads us to the
same conclusion as that obtained by the application of s

that the number of scales in the lateral line remaing oo
studied and consequently with age.

If, now, the average scale number remaing ¢
should expect to find insignificant differences between the averages in Table 6 of the
Same age groups taken in different years. We find that the differences between the
averages of the 1921 and 1923 fish, which vary from 0.80 to 1.22 (average =1.05),
are unquestionably Insignificant, but that the differences between the averages of the
1922 and 1923 fish, which vary from 2.66 to 4.35 (average =3.36), are much greater.

-year fish is in general

onstant with the year classes, we

TABLE 7. —Frequency distribution of scales in the laieral line of Bay City herring
=  —— =
Scale number Num-
SRR oo O A ber of
Pose b T T I individ-
08697017172 73| 74 | 75| 76 | 77| 78 | 79| 80 | 81 | 82 831848586 |87 188189 00/9110219319495(96/97] Mean uals
\___ﬁ__%*_ﬁ____________u__‘__h‘___R\
Oct. 26, 27, 1921 ____ 001110 5 5 6 9 9 19| 12| 16| 24| 15 23 16/ 10 6f 9 52 1) 0 o 1. | || _ 80. 03 194
Oct. 29, 1921___ "~ """ 9001 1 3 6 8 13 19 26| 23| 34 25 13 26 21) 221 10| 5| 1) 4/ of 0f 0/2(=7|Z1721 7| 8068 265
1921 combined_______ 90111 1) 6 8 12l 17| 22/ 38| 38| 30| 58| 40| 40 42/ 1) 28 191 10/ 3| 5| 0| 0| 1/-7|72|7[ 7l 80.39 459
D U e 2 112 4 111 12 20| 22| 26| 38! 39/ 31 47 26| 04| 11 6 8 5 1 1000‘0_“______. 78.21 330
Nov. 12,1923 " 7C 0000128714122225233835322713 6119210!000201 81.27 291

Table 7, showing the frequency distribution of s
indicates that the 1921 and 1923 material belong t
the 1922 fish probably belong to another, in so far as
inclined to believe, in spite of the fact th

cales in the lateral line, likewise
o the same population, whereas
scale number is concerned. Iam

» 8s stated on page 282, a large per-
centage of these individuals had lost many of their lateral-line scales, and scale pock-

ets are overlooked more easily in counting than scales. This belief is supported by
the fact that the 1922 averages are persistently low, irrespective of the year class
involved. The large differences between the scale averages of the 1922 and 1923 age
groups, as given above, therefore should not be considered as evidences for the
variability of the number of lateral-line scales with the year classes.

Whether the 1922 herring are actually different or whether the difference is due
to inaccurate scale count, it is at least clear that the 1922 collection can not be com-
pared in its scale number with the others on the ass
form a unit.8 In studying the scale averages of the different age groups
the same year class, only the 3-year fish of 1921 and the 5
compared with confidence. The sixth age group of the 1

few specimens to permit valid comparision with the fou
collection.

belonging to
-year fish of 1923 may be
923 collection includes too
rth age group of the 1921

8 If such an assumption be held, then it is clear the data of Table 6 show th

at neither a decrease nor an increase in scale number
with age occurs, as the averages of all year class

os decrease in the 1922 and increase in the 1923 age groups.
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f the
Applying the statistical formulas, I found the probable errokxl' (r)iizheorfnfgggoto -
arpf%)sh of October 29, 1921, to be 0.3318; that of the 5-year he 2 egualed ik
?)-5221 The probable error of the difference betweelgr ﬁhed‘rgfls:; ¢ q1 i
: : i i i 1.72: e di o 1.12;
ich i ined 2.06 times in the difference, . : a
Whlcfh lst}cloztzmioup of the October 29, 1921, co}lectlon and the s1xt’]; }fgse %}I;Zlii oy
zie 1%3; collictigon was found to equal 1.08 times its probable error. us,
e

C g =] g g
eVlden e a (}()lllpaIIS()Il UE bhe averages Of d.lﬂelellb age I()llpS (,]lab bel()ll (}() blle

; ion previously arrived at that scale
Srhiirard CIS:SS Pm(:;l:i: \():V(i)ilzllflr;ﬁ: theTiE: Cclgilc(iusi};:)n, of course, involves'only'iahse
num'ber remamsfcot and older aﬁ;hough it would apply undoubt.edly to the }fuvtlel;) :e,
hfrrmv%}?iZﬁarjr&o:gunately, ar:a unprocurable at the present time. (See foo :
also, ;
Sxlw o i i i sumed that all sizes were repressented
: ThroughOUtt'ﬁhe Pifi:ifi;fgfsﬁn v';‘iizsassumption, however, problabdly is (1111(:
o PI‘OPSOI’ 10ns334) The third age groups, at Iea.st, probably inclu e 8(; -
W&rrant'ed. o p}.aer o.f the larger individuals, and thls.would tend ';‘% ralsem ¢
PI'OPortlonatehnum le number above the more representative values. e aé\;h a%e
?;(G), I.S?)esofotf;hz g-}sr(;r fish suggests, however, that the averages of the 3-year
b 1}011011 1300 hlg}a:,’t;zsl;}tr-has been made to learn whether the num.ber of S((:lales
s SeCFIOH aJrllsta,nt throughout life. If the number of scales 1ncreasdein;])‘17:
i o4 e cothe orowth rate of the individual scales would vary ac(‘(;r]'n hily
ool Wmhl(%g e’t row in direct proportion with the.bodv. Further,f e >
an% theyt]v:lvz;)tu in ;13 leist some individuals of certain spefcie; the zu;]él::rcgssn:;glof
oo i erring of the sam .
Sc'ales . I‘6(11106(:11% the;;lriltc;st)t;lg;afe(ri&.}ac’lll‘iie'se Ifnetho?ls 1:est upon the assumgtgzn
d'lﬁ.erent il aSSei)er does not vary with the sex or the size of a fish of an age geacﬁ
elthfi'r tha’;}f:: folz,ﬁrzexes and all sizes are represented in correct proportions in
or, if so,

i indi t the number of
Data were obtained that indicated tha i

f the samples. _ : Sl !
:(;g:legsr?rlll It)h((; lateral line did vary with the size of a fish but not wit

i e grou
ascertained further that the greater number of sca‘;les ﬁn tﬁ; 1:0152 )ff)sfht(};f('3 asl;ﬁgs ff th};
i i le count where
ttributed to an error in sca e
(szlor?a{ﬁezoizgfviiuals were overlooked, but very probably_r Zf; élue to i
i o gro, usp V}Vleze alS(; :(tlaelelsa;geieullaid down in the longitudinal
i le formation, so that mor ' S
e imci)?rf;::atewe study of the average scale numbers }(,)f th;e ;:Eszuii 8/;%1 : ;lgatery; :
r(;V:ié three collections considered indicated that t‘he number oroups LA
fine remained constant with the year classes and with the age g

studied.

ANNULI AND NUMBER OF YEARS OF LIFE

2 in th ast
That the annuli of scales are truly ““year marks” has zr)heeél co;rfeie;i ;rninsgaices
by most of the investigators who ) U WL H};e f (::t.that the scale method
the basis for the acceptance of this assumpm(()n lllgi b: 62162 i(?n :s follows: ‘“In studying
: . 19 sta E
d in practice. Masterman . AR SIGUDE
:;teu:xlrle};aggzli{;es zvlf:rage weights, and seasonal occurrence of the different age group
? PSS

Sec pdge
234
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One or more of the assumptions (p. 278) of the scale method, which were taken for
granted by most of the investigators of some years ago, are now being subjected
to a more critical examination. Further, whereas previously an assumption found
valid for one species of fish was accepted in many cases without investigation as

valid for another, now the tendency exists to consider each species on its own merits.

Brown (1904) comes to the conclusion that the concentric rings (circuli) on
gadoid scales do not represent annual increments because (1)? scales obtained from
different parts of the body show 90, 60, or 30 rings, according to the part selected
i Tims (1906) con-
curred with Brown and found further (3) that he could not detect a regular alter-
nation of narrow and broad zones on the scales of Gadida after the first annulus
(a photograph of a scale of a cod 214 feet long showed no year rings), and (4) that in
clupeoid scales the annulj varied in number in scales removed fro e situation
marine herring by Buchanan-Wollaston (1924) and Hodgson (1925), in the eel by
Gemzoé (1908), in the Atlantic salmon (rarely) by Calderwood (1911), and in the
lake herring (rarely) by the writer (p. 271). 1In the haddock ompson (1923)

found that all scales of a fish show the same number of annuli “with the exception
of those, which, lvin on the head and the bases of the fins, w. S many as two years
short and are evident] much later in being d p. 16].” Both Buchanan-

Wollaston and Hodgson discovered that certain symmetrical scales taken from the
region between the dorsal fin and the tail, above the lateral line, often were found to

the former scales cease to develop after three or four years or the latter become
“ringy.”’ Hodgson (1925) writes, “rl_‘llﬁ%mted theory that all the scales
of a fish exhibit, the same number of rings is erroneous. This, of course, does not mean
mffnmm number of rings can be found,
but, rather, that in certain areas, on large the number of rines ma s than
the modal e o that urticlar bosing . 77 oo gL e b o hu

meter eel showed from 1 to ¢ annual rings, the number varying with the areas on the
body. :

18

year of life, while Schnejder (1909) asserted that the scales of the eel (Unguiﬁa
vulgaris Flem.) form in either the third, fourth (usually), or fifth summer. ‘“Alg

T R e———
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indivi ovnen also
absolut sicheres Merkmal fiir d.as A.lter eines Aag;x;hﬁd:;:;ré;:lclhi ag::nsi{;: g oo
die Z.uwaChSZ?I.leEl ({frsésllluglgspell nlfht*m(;?xexé;wax'ten war.”’ .Hornyold (1923) ﬁ(;ort:
i Elnt iﬂ cthilt%nbthe eel, scales first appear not at a definite age but at a ]e ;lof
cludes, oy y’f the fish; am’i further, that the difference between the numbe o
e mc}leS)tOl'th (:mdL tile scale varies during the life of the eel aggox‘dl}}g ton ‘ :
s Ol(i elopment of the various zones of the sc'ale.. The dlﬂ’ere,t)).cle
fﬂSt.eI' o 1((; V'n Penéral the greater discrepancies occurring in the larger (’(_J' si;
;’31';‘}31‘1 i;zlll?)v%r Z((;ls o’flthgé Sarthe, however, the author (Ij'(}il:nyold, 1?2;)03113(18; ;21;5)
malle i i ales (difference o nes),
Smfﬂler Sﬁscrep&n'mssdl(;e;‘Z:e?nsicas?iilitt}}lls tfiilad azce of Ehe fish. Wundsch’s ((llgiltli)
i dlscre%aicfo;e otoliths 6f his eels generally form thre(? more zongs than EE« r?
o i the difference in the number of zones varies from 2 to Gi‘f ﬁ 1].e
v althou% lieved that mackerel scales form during th'e second year 0; 1te, W e
K}ml? ((11991126)) :t;ied that as the marine herring spiiwndm él;g;;t :}}11: ! ;Iin ;q)}ller_
et ir ing to Molander ) b
is' no: r:ﬁisssljﬁjtgﬁe;%zlﬂfgasljé)}:i.ngA;err%}lggwinter herring hi‘tf'}fmdbll?tlifli Zx;]gﬁ:;
v i e first winter of life, .
he ef_ﬂ'ly . }Esgptelggtirgeio—ﬁiznigs: (lizsng:; g)lrm an annulus pntil the secox;ldlwgntde(l)'
hel‘l_‘lng hat(% ) ln'ble that individuals among the winter herring that. hati ta,het 2
i i POSSﬁ first winter, while those among the au.tu.mn herm.n_g that ha ﬁl
R tﬁe t winter’s ri’nu. At any rate, the following COIldl.tIOIl generaly
eaﬂ}{ E i lid :Vlring herri;g has its second annulus at the margin of the scale,
e 2'y'eatr—oher11')ing has its second annulus within a nearly completed sunlmtaeé
) 2-yt?l?r—z(())lr(11emi§1§ra 2-year-old autumn herring has one annulus and a complete
grow ; .
Sumlzilx;rigcll‘(s);gtr&lh(zlgrig)aztz}zelgfil:r.ies (148 fish) of young salmonl(;?géﬁg lssaggzgn?bt:;
S lus was complet
'26 month's (')f e ?in? f(‘io?li)dnt(ﬁg (filda.t t%:: ]f;lefeiﬁ;g, at the age of 9 months, sev?ral
i 62'-n[l'ﬂ]:unetler "S l’cer than 60 millimeters in length comp_le_ted the ‘ﬁrst anrﬁuhuz.
L tglea;;h monthh none of the fish under 61 Iml%uneters in lengt a‘
s fof?r teelxinulus but; by July all fish showed on their scales seven or dlln(;:l (j
cf’mpl_eted fi}(ie t{S ?irst ye;r mark. In September (eighteenth mont}_l) two in fvt *
CH'IGUJIi gmlm :d lFormed 5 to 6 circuli outside the segond anm.ﬂus, vrxgl}ile no:}fotr) e
121;1 S:)r Zﬁarsfmtl}lrs old individuals had completed this year.rlngx.lor aJte& zg;ﬁnite o
cludes that the first annulus does not appear at a ?_eﬁngte time
but at a definite length of the fish—namely, 60 mil nze e.lzls.son Premiei e g
Rich’s (1920) results parallel somewhz?t thos_e of I‘VVll sn_t.o e lnbletiaagens
former correctly, it is possible for the Pacﬂéce(i:iu;:;(f(];_sa '?‘1}?0 K ,ﬁ ot e
?pring . me’ o tv}r(());sfo; il;rlf;;(;?‘;dc{fxeflli” 1in addition to a winter ring; ‘ Migl;ating
}11 t}z(;ligx? ?I%, trﬁzye:tuaries after May may show a “prima.ry” an 8 hl;r:irz) :Iﬁ;d
(gre(:k. f ey I}Zﬁgr&lz«:litsd()foiugllegi ;V:; lxi;tliljviyl:lg: ,distinguished,
inter ring in the sea. The three kinds . : ) e
:VES:SS s?;% ilnstances the migratory check is the winter band (Rgi’epé ;Lr?; - life;};he
mary check (presumably always the first to form) may occur any time e
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mi < for i
th fgi;ory h?iezlﬁef%;g;egnﬁl Ithe estu:;ry may occur anytime after the 1st of June in
Y, W the unulus may form as earl A
i st Y as August. The new growt
e “intermediate” growth of the estuary), outside the first winter rines ! (n?t
any time between August and the May following gs, may begin

neider (1910) presented some evi hat

Schneider (1910) presented some evidence to show (7) t i
?g;mf Snlay possibly form two annuli h_vear, as %sgas 7(1909) h%&%&mge

i )% :
bl ;}i cot EiGaflus ‘mrens). Lee (1920) asserted that normally in the had((i) IS
i ppb mate _cu'cuh of the annulus formed some time during th'e eriod J (ic
&ng el(;ldjil_", toI which were a.dde(.i one or two wide sclerites in Septembef‘) 0 0O tuby—
= :,h Sll(ona narrow sclerites in the winter months. H. Thompson (19;3 (;0 d
i e Sl agerlag haddoc.k usually formed a false ring in the first year at a bod )l iy
teregp;ommatfa y 11 cen‘mmete.rs:, when the fish descended to the bottom and e o
i hew en;llronmental. conditions. Nall (1925) reports that marking ex eeflcoun-
s Nes(;wﬁl' atf& considerable number of sea trout in the estuary gf tkf)e Ilgmenlts
<= iy 1Y§rs eed freely on sprats in midwinter, with the result that these iau 4
i, Eaﬁl thgrowth, represented by a series of widely spaced 1ings on th(; T(I)Ut'
e : Y 51 or('hna.ry rules for age determination can not be applied 353 ot
i th; Z;ringat 1}lei tﬁe mull(lajts an annulus is the result of & long northwar(.i nﬁz(;zt

, Which may be completed j g 1

that gsome aflish may form two annuli inl; yearlzla,lt tgl(;l:: ety St manbaaimied

Several authors contend (8) that at ;

1 autl mes one or more annuli fail to f
%};&ﬁ%@@@_ found that apparently were far too IZr 01‘1;(1)1(‘) Itl;hﬂ?e
hen,‘in mmflo rom the scales. Examples of this were found among the Paci?ilz

18 were found among
among the haddocﬁ1 by H. Tho’nz)nsl(;)rlllg(fg;fh?g‘)by el i
among the sea trout by Nall (1926). P e %
Ot‘)her(gs) g(gegestalnswater_s some species form no annuli at all on their scales, whil
it r;i)can :: eo(;ies c?r;ielger (1910) found definite growth zones in the scales,, of al?
of fish examined by him, ex i

: ; i , except in a small form of ius(?

Sz(;ln;elsl\g?dgg;:c;; n SPpaggt mf(érn(li%d Lee (1920) that no annuli are ev(i)degt? biilust(l;e)z
ecies. odby (1925) reports that the i

. : offs i
S(Zlmo salar introduced into N ew Zealand waters showed no Wintell)'ri)nagn(f : certm’n
sc ez, v;herf)as the young of introduced Quinnat salmon did form an annul T
y Scal:s izsduzea (;)))01;(1)13:}(11 ofut bytr.nam} authors, much of the confusion in th:s.reading

' € lormation ot accessory or secondary ri i
0) to tt . 'y rings (see fig,
:J}Il‘: S;fﬁc:'lt ;uo d1sb1ngu1sh from tl.1e annuli (see W. Thompson 1%25)‘ f) §4)6),(1v;})m‘éh
Daia ;i ;1111(;1 Eﬁsil oi; ccel,t'tauic a,Ill(]ilUﬁll h(Leim, 1924, p. 76), and (12’) to t},le (':rowzied con0
_ 1 scales of o sh or of small size. (13) Re ,
jszoiiuzﬁ errors in age dete.rminations, as these scal(es )som(—iixrnlaeé‘: tfr?asc:l'esul? ol
emtz grare: rrlormal ssales,hasﬁm the marine herring (Schneider, 1910); orj;heulr'leg:xge
epresenting the first year’s growth ma i )
: y be so small ¢ i

look(;i, ?S,Df?j example, in the scales of the Atlantic salmon (i/ﬁh}ll: t1131l Z)G&Sﬂy -
WY rscc)&.les frtcﬁ7 Thorppson (.1914; Sherriﬁ, 1922) does not believ’e that .the annuli
it e oL ’e marine h.errmg are invariably year rings. He can not underst d1

do]m i :(;1 . eaﬁs copclusmns, based on scale studies, that (14) one year claaf1
e fisheries for five years In succession, because there must s:
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great fluctuations in the annual birth rate; and this would not allow a smooth
curve, as Hjort obtains, when the specimens are arranged according to their year
class and the percentage of individuals in each. “* * * an increase of birth
rate or a diminution of natural mortality such as would cause the race of 10-year-
old herring to‘outnumber all the rest put together from 4 years old to 15, is very hard,
indeed, to imagine [1914].” “That 4-year herring normally show four rings we all
believe, but if in a hundred herring, mostly four-ringed, I find a few with three and a
few with five rings, am I bound to believe that these are younger and older fish mixed
up with the 4-year-olds; or may they not be merely variants or abnormal members
of the stock? There is room for doubt * * * [Sherriff, 1922].” Thompson
(1914) refers to Miss Massy’s (1914) experiments, which showed that 3-year-old
oysters reared in an aquarium had formed from two to seven rings in their shells.
Experiments on the formation of rings in oyster shells showed that the variations
from the mean in the number of rings in an age group appear to follow the laws of
chance, the mathematical laws that govern the phenomena of variation. As (15)
the samples of herring showed a similar variation about a mode (unimodal) as the
oysters, the critic believed that each sample comprised not different age groups but
one homogeneous age group with a variable number of rings. Thompson points out
that in the haddock, cod, and plaice the size groups fall into several groups; normally
the size-frequency curves of these species are multimodal, not unimodal.

Under Thompson’s direction, Miss Sherriff (1922), a mathematician, attempts to
ascertain by mathematical analysis whether a sample of herring of a single shoal is a
homogeneous age group and whether “ringiness’” is or is not a measure of age. She
concludes that the analysis favors the hypothesis of a homogeneous age group, but
that further studies must be made to definitely solve the problem.

Birtwistle and Lewis (1923) and Lea (1924) discuss Miss Sherriff’s criticisms.
The former authors point out that both symmetrical and asymmetrical curves may
come from the ‘“laws of chance;” that asymmetrical curves may go along with
homogeneity or with heterogeneity, and that asymmetrical curves may even be the
results of several symmetrical curves combined. They construct an age-length
frequency curve for 389 plaice and point out that it is difficult to deduce from the
resulting asymmetrical curve that the plaice are heterogeneous with respect to age.
If the age were in doubt, we might argue that all the plaice were two years and that
the number of rings on their scales varied, as Sherriff does in the herring; but in plaice,

experiments have shown that age estimation is a fact. ‘““How are we going to recon-
cile these two positions, namely, that we can construct a curve from a sample of
herrings, which suggests that variations in length and scale rings are due to chance
and do not indicate age, and at the same time we can construct a similar type of curve
from a sample of plaice in which we do definitely know that the variations in length

and otolith rings do indicate four different age groups [p. 79]?”
Lea’s paper is a direct reply to Miss Sherriff’s. Analyzing Sherriff’s and Thomp-

son’s statements, Lea writes:

It would appear, therefore, that there can be no doubt that Prof. D’Arcy Thompson considers
the conformity between the empirical curves of frequency and the theoretical curves of variation
to be a criterion in deciding whether a sample of herrings contains one single year group or several.
To my mind it appears somewhat singular that he has made no attempt to demonstrate the justi-
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fication of an ass i o
el ma:;elglt:‘zir::a‘l”};faﬁ;:i;)f iunian;ent;l importance for the biological valuation of the
decide tl . o ; _ . The investigatio d
£ whiclietflzuglzl‘lylg Q;lefstlon. Is it Posmble that herrings of gsevefalu;egaé S]r};is been an attempt to
TS e (zs do reCJUG:nCY with regard to length as well as to a gh P fom, gehionl,
Justed theoretical curves of variation with considerable ‘gprozzgifi?h ?ﬁsi};l aIEe e
y of fit” [p. 6] ?

rom & consideration of hypothetical and actual samples Lea concludes:

7 Gt
rom the above it will be seen that empirical curves of frequency
v

by Prof. D’Arcy Thom
pson. The curve of fre
i : : quency for the 1
tbmf)g g ;Iﬁ:};ne;ais‘,:ilguz?m'v il}llﬁiment degree of similarity to a t}g(l)iltlic(;fl
1 $ 1n the sample belong to
e & to several age groups, and th
gL mi‘rrlﬁltgi on t'he scales may also have a form, which is so,like a tlfe((:ur‘o‘f P e
g ¢ mistaken for one, without this fact arguing against therg,sls(i?'lngltl;{‘ve zi N
5 mption that the

rings are annual rings and that conse e curve of
AL sequently th
o ; : ; ; u requency represents the distribution of

But if tha«t is 80, the resulti VIi S erriff n. concl ion th t th

s of I8¢ Sh iff’ y j i usion a € rings

- g s anal ses |U.Stlfy the i i g

on '}he scales are annual rings as llttle as they ustify the a.ssumption of the Contlal’y I he me Il()(l
y thel tOWaldS the SO].uti()n of thiS problem in one or the .th di

(1()eS not carry us an fur ) otaer 'rection.

It is not a method for an i i ion to eterm
; nvestigation t i e
i S . el . g deter ine the nature of the scale rings, as it does not

The problem concernin, i
g the rings on th S i
the rate of formation of rings in the Zourse o? :iCIZI:D hirrezad

A general criticism of th
' ] e age hypothesis, which i
it M : 3 ich probably did i
men;aler;riggnby th; critics in the past, is (16) the scarcity};f ICOI:I;?;; hpies du'e
e }fes. ] uch datzla, are lacking even now for most of the speu'lg eipf(;r;
ave been employed for age determinations. ek
i 1 : ninations. The experi
andﬁlﬁ):):vlﬁﬁeaﬁdsiqlijﬁg ontiy in thef case of the carp, the Pacific an((;}\z:f;i??tsa;l o
' ; e they are fragmentary i L of
i . gur Yy in about a half d i
Tsilo mIzolz part.ly d_ue t_o this factor, “it has never been proved?’zillllaotﬂll’e'r prec’les ?
Yo p .pers1sts. in I.us attacks on the age hypothesis in fish : Foi e
int §4 marine herring in particular. 55 0 T s NS
ost of the 16 criticisms listed i
5 ' . e ‘above are specific—that is, t i
i :dry)’a:;lsgllsr sp.e((:iles referred !:0. It is not improbable, howeve: t]:];l:t}: hmc‘{ o 'O'nly
Teieh muchpi‘l,ll'l(; each new investigation some of the valid cr’iticismsaw aﬂ(gmcal
e er agphct_ztlon. Further, all the criticisms do not have 2;1 {hd
ot Sl : e nolw efinitely %movm that some are untrue [2 and 7 (Jacot oo
ag,e ik Ogthezics (;)wgedlgl'fd1 5as bezlmg generally true, do not disprove necaecs(;a’rﬁ)grzgl)l]’
' y 9, 14, 15, and 16); some are question :
! ; abl
111;’0(3( ;};triig)l(;; supported by controvertible data [3 and 6 (Zrixlzli%gsgrtledl;f 11_0 e
el ern;it 201 a.nd some, though valid, apply to exceptional case:s nlO), b it
P corrections (5) or make age determinations doubtful in th(()a si)regeam}
S 0

Ildl ld 1 i i
i : i [ (maume herrlng, eel), 5, 6 (Rich, 20),

7

g8 18 per se a problem concerning

INDIRECT EVIDENCES

Th ] dlI' Cl e ldenCOS th t wer h V l)() S]]!)l)l) !} ‘ e age hyl)(.ihes[s are S

b h : a

fOHOWS. (1) By fOll()Vlelg t}le gl()Wth hle;OI'y Of the Hla,rglnal pOlt[O“ OI t,he S(}ﬂles UI
F) ) was
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ascertained that an annulus formed during a certain definite period of the year (Lea,
1911; Fraser, 1916 and 1917; Clark, 1925; Hodgson, 1925; and many others). (2) ,g

In a fixed, homogeneous fish population a dominant age group, as determined by
scales, persistently preponderates in all the representative samples of a series taken
in the same locality and in the same year but on different dates (Lea, 1910). (3)
An unusually abundant year class may persist in the commercial catches for two
or more years, and in each successive year the dominant group will show one addi-
tional annulus on their scales (Lea, 1910; Hjort, 1914). (4) Fluctuations in the
fisheries have been definitely correlated in several cases with the scarcity or abun-
dance of a particular year class, as ascertained by the scales (Hjort, 1914; Jarvi, %
1920; Storrow, 1922). (5) The interval between the periodic ‘“big spawning runs”

in certain species of Pacific salmon coincides with the number of years (as determined

by the scales) required for the attainment of sexual maturity by most of the indi-
viduals of a year class (McMurrich, 1912, p. 5; Gilbert, 1914, p. 56). (6) Norwegian
herring recognized in the commercial catches of 1910 to 1915 by their abnormal

scales (the third summer zone was narrower than the fourth) each successive year ’
showed an additional annulus on their scales (Lea, 1919). (7) The well-known fact

that the lengths calculated from scales have nearly the same average value as the Y
corresponding average length of directly measured fish whose approximate age is
known points to the correctness of the age hypothesis. (See Gilbert, 1914, p. 64; %
Thompson, 1917, p. 61.) (8) Life-history data acquired by the scale method have,

in many species, been found to agree with similar data obtained for these species by

other methods, such as the frequency curves first employed by Petersen (1891 and

1895; Thomson, 1904). (9) Immature fish are the young fish. The fact that the \3
scales of these fish show them to be young fish lends support to the accuracy, of the

scale method (H. Thompson, 1924). (10) Mathematical tests based on the theory N ¥
of probabilities show that, on the average, the age method by scales is correct
salmon, herring, and gadoids for at least the first two or three years of life (Lee, 1920).

So far as I know, the last statement is the only one of the 10 evidences listed

above whose supporting data have been challenged. (See Sherriff, 1922.) The other
statements, though supported by accurate even though at times fragmentary data,

have not always been accepted as evidences in favor of the age hypothesis. For
example, evidences 3, 4, and 6 in the herring did not convince D’Arcy Thompson

(1914), but the prolonged dominance of one year class was used by him as an argu-

ment against the age hypothesis. (See p. 290.)

DIRECT OR EXPERIMENTAL EVIDENCES

Because of the general lack of emphasis on the direct evidences, many excellent
opportunities to obtain good experimental data were disregarded by investigators
engaged in studying the rates of growth of fish in the field and laboratory. In some
instances the experimenters made no reference at all to the number of growth zones

or annuli on the scales, but, fortunately accompanied their reports with clear photo-

micrographs of the scales; in others the number of annuli or growth zones was men-

tioned in a casual way only. In this section the papers are reviewed in chronological
order under two major subdivisions, the first to include the evidences obtained from
fish reared in artificial ponds of commercial institutions or of hatcheries and in
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aquaria, the second to include those ac
in the field.

Hintze (1888), who for some reason seldom is mentioned in reviews, contributed
the first bit of experimental evidence toward the determination of age by the scales.
He examined carp of known age and announced that the age of this species can be
determined quite accurately from the structure of the scales. At the same time Hintze
illustrated his method by diagrammatic sketches (reproduced by Walter, 1901) which
left no doubt that he referred to the annuli of scales. His sketches represented scales
of carp in their first, second, third, and fourth year. From these sketches it becomes
quite evident, however, that the author’s interpretation of the scales was only partly
correct. His scale of the carp in its first summer correctly shows no age rings. The
scale of the carp in its second year shows two annuli of approximated and incompleted
circuli and three zones of relatively widely separated circuli. The scale of the 3-year
fish shows three annuli and four zones of growth, while that of the 4-year individual
shows four annuli and five broad zones. Tt is apparent that Hintze erred in his
interpretation of the scales of the 2-year fish. According to Walter (1901), Hintze’s

difficulties were due to the fact that he did not examine carefully the differences

between the finer structures of normal and abnormal scales nor the characteristics of
a true annulus.

His erroneous interpretation was due to the accessory annuli so
common on the scales of carp reared in ponds.
In his preliminary paper Hoffbauer (1898) describes very carefully the finer
structures of carp scales and presents two sketches. In a later paper (1900) the correct
method of age determination is more clearly elucidated and convincingly established
for carp 3 years of age and younger. Hoffbauer based his conclusions on his knowl-
edge of the life history of many carp bred and reared in ponds for commercial purposes.
To verify his assumptions supplemental evidences were adduced from carp subjected
to experimental conditions. As Hoffbauer’s works form the foundation upon which
all later scale studies have been built and his experimental evidences carry more
conviction than many subsequently produced, I shall review his work more in detail.
Hoffbauer observed that the scales of the pond carp grew with the body. He
noticed that during the warm months of the year, when the fish grew most rapidly,
the marginal concentric ridges of the scales stood out in bold relief and were well
separated, but as winter approached they became more closely approximated and
began to diverge and break in the lateral fields. This condition at the margin per-
sisted throughout the winter when the carp were in a state of hibernation and all
body growth had ceased. With the resumption of growth in the spring the widely
separated circuli reappeared at the margin. The mark thus left on the scales he cor-
related with a retardation in growth and concluded that the number of such marks
gave a correct index to the age of the fish. He successfully applied his hypothesis
to many pond carp whose ages and life histories were known.

In order to verify this hypothesis
environmental conditions.
been undernourished all its
that (1) the circuli were m
entire scales than those o
normal scales but were r

quired from marking experiments conducted

the author subjected normal carp to various
He considers, first, a carp in its third summer which had
life and consequently had grown very slowly. He observed
ore closely approximated and more uniform throughout the
f normal scales, (2) the annuli were less marked than in
ecognizable by the usual characters of an annulus, (3) the

A A
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i ing the annuli
number of the circuli in each growth zone, and (4) the distances separating
normal. ey S ARy
pu bel: vCVOItlksliedered next a series of scales taken periodically from l;:&I‘P ;:s;: ofl ciII')C‘llli,
d aquarium and observed that the rate of growth of the scales, the ;nlln g b
alnd :‘ge distances between the circuli varied directly with the rate o e
:vlzaight The aquarium fish grew more slowly tl}xlan thosebof tzlh:fglcl)f 'equal - g’hts
: <ol d f the same broo L
imi 1 differences he took two carp of £ ovin
ehléllnl&tcz(li&:;: in an aquarium and the other in a pond, at the S&m‘a m;lde gsﬁparei
anf s ales from each fish. At a later date more sqales were remove arease i
B ":}Ytslfose first taken. Those from the pond specimen showe(_i &né:;ll e
vﬁrfac; with widely separated circuli, while those cl>1f thIe{ aquarriltl)l;ill S
’ i i e asc
: ly spaced circuli.
i e in scale surface and closely L :
an;i}i to the richer supply of plankton f(-)Od 22 e post }:Va'tﬁl' strated by the fol-
w7 That other factors may be involved in scale grqwth el ﬁ e
lowi 'aThe water in a pond containing carp was acmdentall_yda OVXS gk n 5
SO wmgt':ime after renewing the water supply in this partly drt)e po e
v carp were examined. It was found that the a norm bp
SurYItVII;% on the scales by the formation of d.ark,.closely A‘*I)I:"I'C’le‘(*1 it tha ’c i
regls :11‘ condition by clear, widely separated circuli. - It was zgsg(xilllli Aemati L
s nable to acquire their customary food. A-gam’ g év(; in its anal region.
Htisrus tly emaciated, and on examination a swelling was loca eh 1 et heristos
II)-IeogfIt‘)e:ueZ found that the scales indicated very clearly when the g
were first disturbed. d of their third year. The author believed
examined were at the end of the : W
Tlllle oiiflsi‘il;&;? the scales from carp older than tl.lre'e e b?:}?ntl}?e;;lcirsgzgsgez
ghgﬁt ilte vls;'i’oh age as the transparency of the sc.:ales dmcnms}fleg1 w}u‘st S e
111' 10; ess and size, rendering the circuli, especially those of the i uaﬁ§7 cLiable
t' lcggl'l hable. He ’also found that all the scales of a fish Werelnodeﬁci1 S
}3111 Lse detérmination, as some developed more or less s.hafip y % Teitd seste
s ai? However, if a large number of scales were examined some Would IegISLCL
annuli. , if a large number of
Iuc ago i idences
@E’Q{z?&iei'papers Hoffbauer (1901, 1904, 1905, and 1;(0)‘06) SUPPilhej i::;hzzgv;p;qie 3
i on
i hesis. He extended his obs.erva ions : ;
tIlm(i) SUPE}(;;‘E il;ssilgg;; oislier species of fish (Carassius carassius, Micropterus salmoides,
s me
Perca lucioperca, Esox and Salmo). Hoffbauer’s method to the scales of the
ibi 1899) attempted to apply lofiba 4 sstioh
ii{:lb;Z??e ((Pleu)ronectes platessa) but failed. At”Profes;_or Hell}:gnt lslesgiir i S,
I]?ilai)iscﬁ) then turned to the otoliths, or “‘ear stones,” and discove
el
i ¢ : i ined
7 th;S}f St}lz‘):Z:;iions of Hoffbauer were repeated, and his conclpsmns we::;ec ieﬁagl)lnds.
cri’cicalle (;)y Walter (1901), who studied the scales of Qhebczrp 1’;]1(;‘:11111121 At Ernlocs
He rarzrted the general truth of Hoffbauer’s hy'pothesm_ 1; m:would by b
the gﬁner structures of a scale were known &gel de?;fii;:;jnations i ebmele
i ¢ tace of cases. Thus, for example, 0 - niilus
111; si\}:;g?o?lzge& ?)ge incorrect. He f:)und that Hoffbauer’s criteria for a true an
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could not be relied upon with certainty and therefore proceeded to search for other
criteria. In doing so he discovered the fundamental principle underlying the method,
later devised by Dahl and Lea, of calculating the length of a fish for each year of
its life by the proportionate width of the bands on its scales. Walter found that the
relative width of a year zone on a scale expressed to a certain degree the relative
intensity of body growth, designated in terms of length and height.

As Walter’s paper is seldom referred to and his highly significant contribution
to the scale method seems to have been overlooked, I quote him verbatim (p. 108):

Im Durchmesser des Vorder- und Hinter-feldes musz also das Lin
der Seitenfelder das Hohenwachstum sich widerspiegeln. Die Verhiltnisse der einzelnen Jahres-
felder und der verschiedenen Teile desselben Jahresfeldes zu einander werden uns deshalb ein
getreues Spiegelbild des betreffenden Wachstums geben. Unter normalen Verhiltnissen und bei
rationeller Zuchtmethode ist der Langen- und Héhenzuwachs im zweiten Lebensjahre weitaus am
groszten, deshalb musz auch das zweite Jahresfeld der Schuppe die grosate Breite besitzen. Von
da ab nimmt bei iiber-wiegendem Breitenwachstum das Lingen- und Héhenwachstum bestindig
ab, mit ihm auch die Breite der folgenden Jahresfelder der Schuppe.
der relativen Breite der einzelnen Jahresfelder bis zu einem
Wachstums innerhalb der verschiedenen Jahre schliessen, un
ersten und zweiten Jahresfelde, in welchen ja nur das
gelangt.

genwachstum, in demjenigen

Wir kénnen also bereits aus
gewissen Grade auf die Intensitit des
d ganz besonders ist das der Fall beim
Léngen- und Héhenwachstum zum Ausdruck

Walter emphasized the fact that the growth of a scale in length is correlated
with the growth of the body in length and not, as Hoffbauer stated, with the growth
of the body designated in terms of weight.

Thomson (1904) recorded some observations on the scales of a young whiting
(Gadus merlangus) held captive from May, 1902, to July, 1903 (age, 1 year and 4 or
5 months). The specimen grew from 10 or 20 millimeters (0.4 to 0.8 of an inch) to a
length of 814 inches. It was “fed regularly from the hand.” No winter ring was
recognizable in its scales at the time of death. Thomson attributed this absence of
an annulus to the fact that the fish was supplied with food regularly.

Johnston (1905) presents photographs of scales taken from hatchery salmon
(Salmo salar) 1, 2, and 3 years of age. After describing the scales of the 1-year
salmon and comparing them with the scales of the 2-year fish he observed that
“the growth of the first year is easily distinguished” in the latter and that “the
new season’s addition is marked by a wider separation of the lines at the periphery
of the scale.” In the scales of the 3-year salmon retained in a fresh-water pond
““the growth of the first and second years can be made out, but the lines of the latter
are not so easily distinguished from those of the third year.” In a second experiment

Johnston (1907) again found that artificially reared salmon 2 years old had completed
two annuli on their scales.

Salomon (1908) found two distinet summer growth zones in the jawbones of an
artificially reared and well-nourished river trout (Huche) 0.90 kilogram in weight
and 114 years of age.

Dahl (1910) studied hatchery salmon and trout of known age and known life his-
tory and concluded, as Johnston, that ““the markings on their scales corresponded
exactly with the seasons during which the fish have lived,” and that the age deter-
mined from the scales agreed with the known life of each individual.

Dahl’s speci-
mens hatched in five different years ranged from 1 to 3 years in age.

T
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Menzies (1912) found it impossible to estimate the age frOI(Iil th:ﬂsizlzse ;fh sgll
Atlantic salmon hatched in April, 1905, and reg(;ﬂgrly fed in a lﬁzﬁouzrﬁ : ﬁe P
i i ces.
ust, 1911, when it weighed 4 pounds an ounce -
sApI:L%vned in Ja’nuary, 1910, and in March, 1911, no spawning marks were found on its
les. : ' |
o ei\liohr (1916) examined the scales of 28 perch pike (I%ucwperca, sai)ndriz?)Clugvl ;,
which, reared in a pond from eggs laid in April, 1915, were .kl_lled. l\{loven(li ii e'u-, Sca]es.
The ﬁ’sh averaged 9.3 centimeters in length and 4 grams in weight an
d no annuli.
ShOWIen Xugust, 1914, Storrow (1916) placed a European 1\v/;rass;:L (Illgll)gus lfggyétczc)éHQ
i 74 i found that by May 24, , W -
3 centimeters long, in an aquarium and '
E?meters long, this fish had formed two broad growth zones on its scales. The new
h of 1916 had not yet started. _ )
growéufler’s (1918) experiments on 85 flounders and 52 pls:ilce;- tho%g}txhcsgr;ii 1;);11
" e
imari ine ‘“the conditions necessary to the production 0 :
e i i he formation of annuli. The experi-
i . 471],” give some direct evidence on the fo i
;lziis[gvere ]contginued from July, 1915, to October;r}11916, and scales “;(ialliz :ﬁl;esr‘lmlllz
October, 1916. e curves represen
July, 1915, and January, May, and A PSR e
284 to 414 years, as determined by s _ :
growth of the fish (ages 234 . de ed iy
i i ; how distinet minima (annu
tank during the experimental period s : . R
gl d closely follow the temperature change
(broad zones) growth rings and cl e s
the fish in two of the experimental tanks (‘““abun ; :
gi:zililct minima and maxima rings, which corresponded to winter and summer tem
ture conditions, respectively. : 9
'peral;lraeser (1918),,0n examining scales taken January 29, 1917:D flt";)nfC f‘?lﬁt }?;rgﬁh
i in the spring of 1913, reports that, houg
cially reared sockeye salmon hatched in prin ha ey
i i th indicated throughout, it is poss
there is much sameness in the rate of grow . il
almost every perfect scale to make out the winter check somewhgt readllly. Al
To test Reibisch’s otolith method, Williamson (1918) examined the o ;)1 i e
two plaice of known age, the one 4.5 centimeters long a',Ix‘lltli 114t1tnon.t}(115. 0'1;11;1 gig s
i ths old. e latter indivi
11.5 centimeters long and 2 years and 8 mon : ‘ (e _ b
i i hich Reibisch believed was
how more rings than a specimen of the same size, w R .
fnonths old. %Villiamson concludes, therefore, that RelbIS(.}h s clf‘nm ‘t‘h}tlzt one i"rllng,i
of an otolith stands for one year of life rests on no substan‘tlal basis. is ai)sub epa
tions are unsupported by any satisfactory argu}xlrlept. Iths pa&exl'n ;E;;iax('isiscover 2
1 atte
ial pleading for the one-ring, one-year hypot:, esis, not an ' :
f:r:riciza:fkings fctually exist.”” Williamson considers the number of prominent rings
i i fish.
on the otoliths to be a measure of the size of the . :
Rich (1920) studied several series of scales from chmook—saln.lon fry s;lnd );(?alrn
lings of known ages and found that, “ Compared with the scales of wild ﬁsh., t ose}al 1(1){
hatchery specimens show an irregular growth. Ther.e are frequ.ent mmolli © (ﬁ( esci
indicated by narrower rings; but, as a rule, the true winter check is less well ma
9], ' ‘ )
[p ]Peart (1922) observed that annual growth is not ngarly as well dlﬁ'?rentmtfdal(:;
the scales of artificially fed trout as on those of the Yvﬂd fishes. - Theh oxf‘imirt:;o =
are read with some uncertainty, the doubtful area being confined to the firs
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three years of life, the years of sexual immaturity. Peart ascribes this “vagueness
of artificial scales’’ to the attempts of the breeders to make their fish grow continu-
ously.

In a previous paper (Van Oosten, 1923) T have shown that scale age and fish age
agreed in whitefish 8 and 9 years of age—the oldest fish yet recorded in which the
number of annuli was demonstrated to agree with the years of life of the fish.

My conclusions were based on a study of the scales of 27 whitefish (Coregonus
clupeaformis) hatched and reared in the New York Aquarium. The fish were hatched
in January, 1913, and died (or were killed) at intervals between August 13, 1920,
and January 3, 1922— period of 16 months. The fish received had died (been
killed) during every month of the year except November. It was shown that the
first eight specimens received, which ranged from 7 years and 7 months to 8 years
and 2 months in age possessed scales with seven completed annuli and various
amounts of marginal growth. The eighth annulus was first completely formed in the
specimen killed April 28, 1921, at the age of 8 years and 3 months. The fish received
after April, 1921, whose ages varied from 8 years and 4 months to 9 years, showed

eight completed annuli and various amounts of marginal growth on their scales.

lished. I concluded that the annuli in whitefish scales are ““of the same number as
that of the winters of the fish’s life, if we exclude the first one in which the fish was
hatched.”

In October, 1919, Dannevig (1925) placed 150 codlings, 8 to 12 centimeters
long and presumably about 614 months old, in a hatchery pond and studied the scales
of 61 of these caught at irregular intervals until May 23, 1922. The fish were fed only
from May to the middle of December in each year. In October, 1919, small sclerites
were situated at the edge of the scales of all fish. In the following March, May, and
June the smaller fish still showed small sclerites at the margin of the scales, but the
larger specimens showed large sclerites. The fish taken in December, 1920, March
and April, 1921, had large sclerites at the edge of their scales and two minimum-growth
zones situated at a considerable distance from the margin, although the December
specimen was only about 2024 months of age. The specimens taken October, 1921,
showed small sclerites at the edge of their scales, while those taken May, 1922,
showed three minimum-growth zones and a large marginal growth of wide sclerites.
It is unfortunate that the more critical data of winter specimens were not obtained.

The experiment, as far as it goes, probably confirms the age hypothesis. Dan-
nevig concludes that in the majority of individuals the zones with minimum sclerites
are autumn zones and tell how many autumns the fish lived. ““The greatest diffi-
culties appear when dealing with the slow-growing individuals, the lack of large scle-
rites makes the resting zones to intermerge, being often only separated by a few medi-
um-sized sclerites. On the other hand, such medium sclerites might appear in the
middle of a resting zone; in such cases we may erroneously be inclined to count two
zones. This is the case especially when dealing with the medium-sized material
from May and June, 1920.” '

H. Thompson (1926) attempted to show experimentally the effect of regulated
and plentiful food supply on the general metabolism of haddock, codling, whiting,
and saithe introduced into tanks at various times during the period 1922-1925. The

T e
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e
e temperature of the aquarium water was the same as that of tge virlzix;oii'gn]lj :Sd.
&Vel‘&gt bundant food was supplied continuously. The haddock an whit i
el butha urllld of the third year; the codling did not do well after the begmmn(g} oowt,h
Weju o eer nor the saithe after the completion of the 'second autumn. & :;.ober
o i throughout the year, the maximum occurring from May to Oc ber,
oy 00'11?111110115. March. In all cases where fish were transferred to the aqual;llum
the'mlmlllnum ls[(l)n of gr.eatest growth a false winter mark appea,red. on the sc t'ez
e SeaJcludes that abundant proof was obtained of the unfailing forma,tlo0
Tfhx(ztl)lll'{l)f;)lnv;z:er markings on each occasion that the lilish passed thrc(:;il io;ui }(1): Sv(;
% i se, as o .
i i tivity, although growth did not‘i actually cease,
gll?:(;rznllllllu?gvas ays’lighter check in the aquarium t_han in Z1;-he sez; ?Z}cl;sor) Al
Creaser (1926, p. 37) writes: “A series of bluegills (Ee wp(;rc . co,n e
is gibbosus), and large-mouthed basses (Aplites salmo oo
(EUPomomi?l (91'0 ales ’With margins like those of late fall. When these is esf gl
Febl‘um‘)f ah S1C boratory a typical annulus was formed by the resumpt.lon 0 szjz e
go%'vr;)}:v H}I‘fﬁ: pioduction of an annulus after a periog of( vg"rrov]s;th c:iia;l;l;nh:snﬁ:ﬁ
. nfish (Apomotis cyanellus). ork on
g ShOWlf)l ! st:iﬁig:‘lie(l)lf s?’rof. F(I'alle’k Smith, University of Illinois.) s
B 1905 and 1907) is probably the first to test successfully the age yfh
thesigol})l;sitr(l);lrlging wild fish in the field. Atlantic salmoln )Will'le mazl;:(;l;rlztniio ts
i i as young fish (smolts), they w (e
oo Ap;‘llll%ﬁ:; {nu::kgzl ?r%z;Z?iiis ex};)eririent was recaptured June 1, 1?10(;,9 itg)d
i tl ; any other marked specimens were taken (Johnston, 1908 anh s d
i&bsaimtznlgubﬁshed photographs of scales taken fl:om marked Isalilﬁ)lll-ez a;tur:d
ret:]rned after a sojourn of 1, 2, 214, 234, and 3 years in }fhe sela,.S cofr i o
ber of broad summer (sea) growth zones on the scale iy
e r seasons the fish were known to have spent in the sea. i
s sumlr?grmed by the work of Hutton (1909 and 1910), Malloch (1 k (i
Il;isiluit(;s (r;)elrg) cl(i/Ienzie.s (1913), and others who reported on scales taken from marke
2
Atlm(l;ilfbf;};rrgg.l?,) refers to a marking experiment performed in thsImlgl\;q:tg;V I(])f
1910-11 in California on some yearlings of the Pacific coho ;a,lmoné stre:m " Hll)&ture
ing run of the winter of 1911-12 several of these ‘returm?d to the sam igimenie e
mf.le grilse, with scales clearly in agreement with their known age, ain af;- by i
single sumr,ner band outside the close-ringed nuclear area and a margin
b2l g
e fgf%ling;:vgglgp). floﬁnd that the marked cod studied by him fml')mfd (;11116 I?lla :]ZV]; gm;;ld
mum growth zones on their scales, dep(fr.ldi;% onhthe interval betwe
ini ones formed in March.
recap}it‘ixl'lf:;r (TSSI?:,;T&?&e capture of a Pacific cci)ho };sal;no?ﬁ OE l?:;o’tggznl i;mlfkle’id,
i i January 9, 1918, both of whic
ﬁ?r;foz if:;fﬁ 321211'1%55,&111;1;)511 OI’II‘he scalg;, of both specimens corresponded perfectly
i e of the fish. : -
Wlth’lt:lliz ]élsl:l)ivat?nfii Fish and Game Commissi(.)n made several e:(zipfex"lmenatiaitptl)?n;lggo
of marked Pacific salmon. In 1919 one specimen was ca}lztlere El‘(:};; i 1,9 .
quinnat salmon hatched in the winter of 1914-15 and marked on 5
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Five broad growth zones were plainly evident on the scales of the captured fish
(Snyder, 1922, p. 107). Three king salmon hatched in the winter of 1916-17 and
marked in the fall of 1917 were captured in the summer of 1920 and according to
Snyder (1921) had formed three annuli and an incompleted fourth summer’s growth
zone on their scales, although, judging from the photomicrographs of the scales,
Snyder’s conclusion is not wholly convincing, as well-defined accessory checks also
appear. The 1919 experiment, however, was the most successful (Snyder, 1922,
1923, and 1924). Of 25,000 king salmon hatched in February, 1919, and marked
in November, 1919, 23 were taken in the fall of 1921, 23 during the period June 7
to November 15, 1922, and 12 during the period June 8 to November 15, 1923.
Snyder describes in detail and illustrates the structural features of the scales of the
marked fish caught in 1921 and later compares these scales with those removed from
the marked individuals taken in 1922 and 1923. In the 3-year (1921) specimens
the normal fresh-water nuclear area as well as the second annulus are sharply defined.
A large third-year growth is situated at the margin. In the second growth zone,
however, appear two accessory checks, one near the first, the other near the second
annulus. These checks were characteristic of the scales of 17 of the 23 salmon caught.
The scales of the remaining marked fish differed only “in a minor degree from the
others by having a more or less well-defined check about halfway between’” the other
two accessory checks. The author associates these accessory or minor checks with
the feeding habits of the salmon. Besides indicating that the scales of the marked
fish captured in 1921 interpret their age and life history quite accurately, the author
compares the nuclear area of these scales with the scales of the yearlings preserved
at the time of marking and finds that the two structures are identical. His photo-
micrographs illustrate this. :

The scales of the marked salmon taken in 1922 showed one more annulus than
those of the specimens taken the previous year. Not only this, but the minor checks
found between the first and second annuli in the 1921 fish were also evident in the 1922
specimens. The 1922 scales could be identified, therefore, not only by the scales of
the preserved yearlings but also by those taken in 1921. So, also, the scales of all
the marked specimens taken in 1923 showed the same peculiar anatomic features
found in the scales of the previously captured fish with the 1919 mark. They also
showed one more annulus than those taken in 1922. The fish were in their fifth year.

Nall (1925 and 1927) reports on the recapture of 11 marked sea trout, In every
case a reading of the scales of the recaptured fish confirmed the first reading and
agreed with the known history of the fish, although in every case except one less than
one year intervened between the marking and the recapture.

Sund (1925) published photographs of two scales from each of four saithe, one
scale having been removed from the fish at the time of marking in the summer of 1921,
the other at the time of recapture in the summer of 1922. The English summary of
Sund’s article does not state whether the scales correspond with the known history
of the fish, but the photographs indicate that the two smaller individuals (53 and 57
centimeters) had, at the time of recapture, added one annulus and part of the 1922

summer’s growth to their scales, while all the scales of the larger fish (80 and 90
centimeters) are undecipherable.
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P . the
The above review indicates that the large majority of the experiments on

A ; /
i ever, co 5
scales of fishes favor, as far as they go, the age hypothesis. It is a question, howev Good

P i i tal
in certain cases at least, in how far the interpretation of the sc%l;s Efn E}vl: ef};?-e;zl;l; s
i i the specimens. e : mple,
nfluenced by the known hlstory of 2
?}thtwﬁsiritze’s interpretation rested entirely upon such knowled'ge. ((;);; sa(i?biéus
ha case of Fraser’s (1918) or Snyder’s (1921) 4-year-old salmon it Epﬁ e i 0£
- e'ud ed from the photomicrographs of the scales, Wh.ether one who 3; i%'lr; o0
:ie] ﬁS%l’S history could interpret correctly its s'calsl with gbs:ixgey cc(;zea (T]Z;,mson,
e was in
i f an annulus to form so as to .be recogniza .
fliz)l(l)lrjel\(/;enzies, 1912; Peart 1922) ascribed to an abundant supply of food
b

CORRELATION BETWEEN GROWTH OF BODY AND SCALE
HISTORICAL

Walter (1901) first announced that the relative l(.angt.h and.twui;hb(())(fl ;, gg:;)o;s;tﬁt
scale expressed to a certain degree the relatlv'e intensity od s
o ont,ad in terms of length and height. (See quotation, p. 296.) guangyERd
deSlgil& : t diameter included in each growth zone of 20 scales fron} eac oth i
i IOfI‘ - ercial pond carp in their third year. As _the growth history (k a n,
i ‘comn;i ht, height, and length) for each year of life of these races W&i noge ;
ey Wbl:ga tc’) comp;re the average length of each growth zone on the sc i
W&Itel‘ - e weight, length, and height of the fish for correspondlng }:arsf ihe
W.lth n &}‘lfe;‘ &‘ﬁxe I‘Oth,l of scales is correlated with the .length and heig tho e
%1:}?0;75; fm: with %ts weight. Expressing the averaget\gelghltse;)fl c?gpgfoo; St&zainr:t
ife i i btaine e values 1:10:
i 2o s e fOI'm o mtlo’cf)l:rZs onding years the ratio of the aver-
e Vﬁ.bhlf;ls 1; 11;15160z§’171:esW ;]rllcilh:);%lszz.for@he auIi)ahor should have er.nployed t‘he r:am‘u(l}(:3
e 00 diameters; namely, 1:2.5:3.2.) However, as a rapidly gr.pw1;1g r:he
e g8 length o% 7 to 15 centimeters the first year, 25 to 35 centime ers_t 8
ey att&lnz; en%imeters the third, and 45 to 50 centimeters the fourth yez'u'il 1t }:
Secont?};a?;;stg; rat(':o of the growth zones on the scales coincides more nearly with the
seen
it e Wltilggllf; fo(llgél::liogfot?le{)g;})l.rneasured each growth zone along the antercll(_)é
i Thomsé)'l(ll ; t compute lengths from their measuremenf,s, al_though the lattelzrt. i
mdlUS.bUt 11 n'On relative to the rate of growth of the species directly on the re {Ldlge
b?‘se g conchuSlo wth zone. Dahl (1907) asserted that the rate of grovy'th cou 8 e
ridth o‘f e:}(i g;‘gth of the zones on scales and illustrated by means qf dlagll'ams ﬁisv:
Z(:legl Ifrfz;rn diszizlvguish autumn from spring herring by the comparatively large
d former. ; '
year’i‘f:ogg :I?iltlii;lnag(lf :i;iljeﬁcZi:};zntﬁbuﬁon to the subject unfler co.nsli(tie;g:l%r;
is that of Lea (1910), who inzﬁstigatedf Wl:et}:‘er : tli)euicﬂsooffo?esle'lrﬁinI:tlrg&ting fube
determinin e age o _ . _
Ei:dpraizg}l){afrmi‘ndividual’s %growth had occg(;'re(ll dulrlng f};ﬁﬁf;ﬁiﬁgﬁtgifﬁtzgﬁ
* % * to what extent the different individual scales mu : b
other in their mode of growth, and might be assumed to give 1th? tr;;g:(;t;:r:vzfved.
whole animal”’ (Hjort, 1910). From this study the scale formula (p.
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In a second paper Lea (1911) applied his formula and showed that the annulus in
the scales of herring formed during the winter months. :
Dahl (1910) applied Lea’s formula to the scales of the Norway salmon and trout
and found that the calculated and empirical measurements agree almost exactly.
Sund (1911) noted a lack of agreement between the actual and calculated length
values in the sprat (Clupea sprattus) and found what was designated by Lee (1912)
as the “phenomenon of apparent change in growth rate.” Lee undertook a critical
analysis of Lea’s data and noticed that for corresponding years the total lengths
calculated from the scales of old fish were always lower than those calculated from the
scales of young fish; that is, the amount of calculated growth at corresponding ages
increases regularly as the scales used are taken from fish of younger age groups.
Thus, if the first year’s growth increment is calculated from the scales of a 6-year
fish it is less than if calculated from scales of a younger fish. This “phenomenon”’
has been found to characterize the uncorrected length computations of virtually all
species of fish studied and up to the present time has not yet been accounted for
definitely. Lee’s is the first serious attempt to account for this apparent discrepancy
in calculated growth rate. Her proffered explanations are discussed in detail on
pages 328 to 329.
Lea (1913) answers Miss Lee’s paper with a pertinent discussion of his pub-
lished data and offers other statistics to prove that none of Miss Lee’s explanations,
except one, can apply to his herring. To get a true picture of the “phenomenon,”
Lea compared the calculated increments of growth, instead of the computed total
lengths, of fish belonging to different age groups but to the same year class and taken
by nonselective nets and considered the immature and mature individuals separately.
He analyzed the phenomenon as follows: (1) In the immature herring all correspond-
ing calculated annual increments decreased with each older age group employed.
(2) In the mature herring the corresponding calculated increments decreased with
increased age of the fish used for the first three years of life, increased with increased
age for the next four years of life (4 to 7), and apparently remained constant with
increased age for the later years of life. Lea found that the decrease in the increments
Was most pronounced in the period of sexual maturity. He explained this “phenom-
enon”’ on the basis that the largest individuals of a year class attain sexual maturity
first and then segregate from their own component and congregate with another
which consists of individuals sexually mature. Each year, then, the sexually mature
individuals of a year class congregate with the older spawning fish that comprise the
commercial catches until all the herring of a year class have matured. And, further,
the development of the sex products has a retarding influence on the increments of
growth.

Hoek (1912) did not see how Lea’s explanations could account for Lee’s phenom-
enon and believed that it reflected on the accuracy of the scale method, so that a
comparison of calculated growth rates of fish of different year classes is unwarranted.

Delsman (1913) believed that the low values of calculated lengths probably
were due to the slight contraction with age of the central, older parts of the scales
although he ascribed the “phenomenon” in his herring material to the selective
action of nets (1914). He concludes that on the whole the scale method is accurate
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except for computations for the third year, which areaﬁstl;lally aliolllllt&tlioz(;ntlmeter
refore, added 1 centimeter to ese calcul {
too low. The author, therefore, S s - ottt
omenon’’ was due
Fraser (1916, 1917) thought that Le(? s ‘‘phenom e
i d a certain length and early body g ]
do not appear until the fish has attaine 7 :
i}i:lrzsfori is noi)};epresented in the scale. In the sallrinonf, scaltz; ﬁi?tszeiagtztai Eot(ﬁs;
k i i taken from the . -
1.5 or 2 inches. If 1.5 or 2 inches are e | =
lengt}'l gir divided in the same ratio as the growth zones d1v1d§ the scales, ]Leeq
ke 7 soF found, is eliminated from the computations of the.sa_m(')n.
“phenomenon’’, so Kraser lound, i ; i vain s
Meek (1916) compares the actual lengths of the scales of you }gl . nT}}lldeS
h gorresponding lengths at each annulus of the scales of older fis ?r;h co s
zh:t no shriﬁkage takes place in the scale. Meek plots the glrowth 0 m(; :z oty
lation to the length of the herring and finds that, due to the1 ate apgfezrossmg e
" le, it grows&relatively taster than the body, the curve of scale glrovs.r v
S(;ab ,dy orowth in the fourth year. The author finds that the selective effec ‘
of body g

i il fish, and that
on the young age groups would not explain the ‘‘phenomenon™ in older fish,

i i : i lly mature young fish would
Lea’s explanation relative to the segregation of the sexually g

b lain the “phenomenon’” in his (Meek’s) material, which co:‘ilsistsdlarg(laiyt ;)i
?r?lmiiﬁre herring. Meek ascribes to the unequal grlowty rta}fe f(i)ﬁslgiwgz) s;r; alics; eaﬂ.y
i always too low in the i

fact that his calculated length values are rays b
i i h in the fourth year of li .
. the third year, and always too hig : oo
accml\%lt:tgam (1916) discards Lea’s method of computing lengths, {01 e dov‘},l;f
thod can not be of value unless the length of the fish, before scales a%*e anan Size,
Il?eetaken into account, or unless the fish begins to form sca,ltes at '%, l;e}b;; ilccounteé

i they can not possi
figures so obtained are such th_at . : u
?rrlgly}eslsletgfrorg; this method. Further, this method Wllb} be l;s}mlble to an ziliilgn:;
¥ lways bear the same r
o - d part of the fish does not always bea . :
zgowfl;ieligﬁ:hc(;}’eg}?e Esh [p. 45].” Lea’s scale method is subjected to another
e

source of error, owing to the fact that there is a wide variation in the relative sizes
b
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) 15 er
d, further, that Lee’s “‘phenomenon™ 1s Tev it
ffl::llts’ 0;1 the t,rout——that is, the corresponding computed value;s for a;:ti toiilrz ";Ej;, i
life are larger in the big fish than in the small. In a studyt }(l) 001(:1115 e s
rates Mottt;'a.m, therefore, groups his salmon according to the or
easurements. _ :
9'01311?11‘: 0111: ?11916) first pointed out that the error d}xe to the more rap1$1 él;;)\;v(‘;l‘l }:)y
the scaliras than of the body relatively in early life “is p?obably compeli1i A
the late appearance of the scales,” for he fognd thalt_ t))hlS error was neglig
ths of the squeteague (Cynoscion regalrs). . P
calcuizz(;gnlng (ISQIS) atte?npbed to ascertain Whethe'zr the poted 1rr'e.gu1£.m‘melsc 111111&;23
relations between herring and scales might not explain the irregularities n cale
bs. btained some interesting results: , |
growf “~‘51n Ii?'r(i)ng of different ages but of the same length the older ha,vg tl;zela;lge;
scales. The scales, therefore, have not bgen ﬁd(;,lveloped to the same deg
id] ing herring as in a slowly growing fish. ‘ .
mpley §I’Fﬁ?§§ov§th r(;glation between fish and scales 18 entlrebf re‘ferse.d in the C:E;es,g
of years, The relatively greater growth of the herring, to begin with, is accomp
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by a relatively weak growth of the scales, whereas afterwards the slower growth of
the herring is accompained by a relatively stronger increase in the scales, * * X
Broadly speaking, the growth of the fish proves to be relatively stronger during the
earlier years, that of the scales relatively stronger during the later.” In this connec-
tion Molander does not explain the overlapping of scales. As was pointed out by
Taylor (1916), scales that do not overlap at first must grow proportionately more
rapidly than the body in order to do so.

3. The growth of both the scale and body is undulating—that is, a period of
relatively strong growth is followed by one of relatively weak growth or, vice versa,
weak and strong growths alternate; but alternating growths in fish and scales do not

quite correspond. In the first four years fish and scale growth vary in the same way,

but after that it appears that when scales have a strong growth the fish has a weak
growth, and vice versa. This “antichronizing undulating growth’’ heightens the
disproportion between the growths of the fish and scales, which is chiefly due to the
late formation of scales. Tardy scale formation is also responsible for the lack of
synchronism in the undulating growth.

4. Lea’s explanation of Lee’s ¢ phenomenon  (selection and retardation of growth
due to sexual maturation; see p. 302) is open to certain objections. If Lea’s con-
jectures are correct, samples of herring should be predominantly mature or immature,
and the lowering of increment values should end with the maturing of the species.
But neither of these expectations materialize in the Swedish races of herring. Lee’s

““phenomenon ”’ is due chiefly to the variability of the body-scale (TL,) ratio from year

to year, and the fault of the scale method is that it can not follow these changes
in any particular age group. Another factor that produces irregularities in calcu-
lated growths is the admixture, in varying proportions, in each age group of different
growth groups (faster or slower growing fish) that have dissimilar scale growths.

5. Uncorrected increments of growth and increments corrected for late scale
formation were compared with actual measurements from fish. The uncorrected

" values were always too low in the first year of life (except in age group I), too high in

the second and third years, too low in the fourth year, and alternately too high and
too low thereafter up to and including the ninth year. The corrected values were
much too high in the first year, too low in the second year, on the whole too high in
the third year, and thereafter alternately too low and too high including the ninth
year. The alternation of high and low calculated increments is due to the undulating
growth of the scales,

Huntsman (1918a), employing four species of fish, made measurements of four
scale dimensions and examined scales from six different body areas. He measured
the dorsoventral or transverse (V) diameter, the anteroposterior or long (W) diameter,
and the anteroposterior dimension of the anterior (X) and posterior (Y) fields. The

total length of the fish (L) was used as a standard. In Clupea harengus I—L7decreases
continuously with the increasing length of fish, %, decreases with growth at first rapidly

but later extremely slowly, while %decre&ses rapidly at first, then more slowly,

W. ¢, !-.’ERRE?%GTON
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until it becomes approximately 50 at a body length of abo;th 22f ?’r&tiigﬁzegzeglllﬁi
i i finds that in fish of diffe s but
it i ases slightly until death. Huntsman 2 Lo
lt}f Htll(izesfxme lgngth the older have the larger scales. The varying plopm"cll):l)n foi
;)mall and large herring in an age group, therefore, would be partly responsible fo
s i d scales.
i i in the growth relations between body an : 3
lrrequ{li::slfj&n ﬁndsg that the changes in computed values based on X ('ilr(ile(rllsmnsszi
. i ‘ : h at the first winter period decrease
i ales are briefly these: “The length a e o
?:;:ﬁ? ;tf first [with age], then remains stationary, and finally mcl.easei x;gry Sl.lgh;g&
i i he length decreases at first, remains sta ionary, &
For the second winter period t : 5 : ESR
i ir the length is at first stationary
ly increases. For the third winter perio _ :
ﬁllzz zll(())‘:v‘:fl};f increases. For the remaining periods the length increases from the first,
= 1
e at the beginning than later [p. 7.6]. . ;
o I?I(l) I‘Pomolobus pseudoharengus (alewife) the body scale ramosdshm;vt rth:tb ;(111}?
posterior field grows at the same rate, relatively, _asﬂtlhebW}.loleinl;o‘D ﬁre 2nteeri0r i
i i ched, and that at least in the beginn
length of 3 centimeters is reached, : Mml
i i tely faster than the whole s T
he transverse diameter grow proportiona _ \ e
i?t(irtirfcr;se in the latter siows differences, which apparently are characteristic of

the several regions of the body.

L : y
In Tautogolabrus adspersus (cunner) X at first decreases with age and subse

quently increases, while similarly in Pseudopleuronectes americanus (flounder) W

t first and finally increases with age. . ‘
decre’?lslzs li:mk of correspondence between fish and scale growth will account for a

considerable portion of the differences between observed and_ co.mputed valufest.h : '31:1?
ié a “lack of correspondence in growth between the two principal I'ayeri o‘ i usve,in,
and even between the parts of one layer. * * ‘* The best (ila?;etile C}upeiam'
length calculations, if no correction is to be madg, s t}}e transvenel,1 1,1&1 G
The posterior field would be preferable, but the indistinctness of the ann

, i nders it useless [p. 89].”
thatfl?g;%rétfer paper Huntsman (1918) points out that by th}? L(l;(fa:f of at-“inor‘;a‘fgﬁ

te for the differential g
” cut out of cardboard or wood one can compensa ; . : !

g?r:}fe s(i:ale compared with that of the body and for the difference in the time o

igin of the various scales according to size. i
OngHSl;rage (1919) states that three factors may calllse thet lowdcon.lprii(ia(()inv?rl;is tf}?;

ife in th i ing: (1) Barlier outward mig
the first year of life in the marine hernng' (
inshore vgraters of the larger yearlings, Whl_ch _Would make the }?cgualdlzrgit}gagi?;sl
for 1-year-old fish too high, (2) the variability in the length of t. e efath e
age, and (3) the possible variation in the position of the basal line of the
th. '

growJéirvi (1920) compared the calculated with the actu_al leng‘oh1 vah}lles f{l(zftﬁzlg
(Coregonus albula) of the same year class. He found that, in general, S.ac };ie that
intervened between the year of capture and the year fOI.‘ which calcgu. a t1}(})12150almﬂ&te(l
introduced an error of 0.5 centimeter in lengt}_x calculations. Tha 13,‘ e
values will be 0.5, 1, 1.5, 2, 2.5, 3, or 3.5 centimeters too low, depen 1ngt 0 [rhaties
1,2,3,4, 5,6, or 7 years, respectively, intervened. He found the error to vary

i

vy

?
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3 per cent (when 1 year intervenes) to 20 per cent (when 7 years intervene). The
calculated values were based on the scale radius.

Jérvi, however, ignored the fact that the discrepancies were greater in his young
fish than in the old for corresponding numbers of intervening years. In his table 18
he considers only the 3-year and older fish. His 2-year fish, for instance, show a
deviation of 1.5 centimeters instead of 0.5 centimeter in the calculations of the first
vear of life.

Jirvi later (1924) discovered that the errors in computations varied somewhat
with the races of coregonids. The correction of 0.5 centimeter per year, referred to
above, applies only to individuals of g slow-growing race (Keitelesee, Pielavesi).
In a fast-growing race (N ilakka) the corrective factor must be doubled (1 centimeter
per year). And, further, if the anteroposterior diameter of the posterior field is
employed, the error in each case is reduced by approximately one-half.

Lee (1920) treated the scale lengths (radii) and fish lengths of different species
statistically and concluded that the growth increment of scales is, on the average
for each species, a constant proportion of the growth increment of the fish, but that
the length of the fish and the length of the scale are not proportional to each other.
The “phenomenon of apparent change in growth rate” is partly due to the method
of caleulation, which ignores late scale formation, and is partly due to the segregation
of fish according to size. Lee expresses Fraser’s (1916) correction for the former

factor in the form of a formula, L,=(0+ % (L-0), in which ('is the length of the fish

when scales first appear, L the length of the fish at death, V the scale dimension,
L, the computed length at the end of the first year, and V, the scale dimension to
the first annulus.

Rich (1920) concluded, from a study of series of fry and yearlings of the chinook
salmon, that “the increase in the number of rings on the scales and the increase in
the length of the anterior radii are proportionate to the increase in length of the
fish [p. 53].”

Birtwistle (1921) recorded for the herring “the width of the respective summer
zones on the scales as percentages of the measured part of the scale—that is, the total
distance between the ‘base line’ and the outer edge of the striated portion of the
scale”’—and found that the corresponding percentages decreased as older fish were
employed, and that it seemed “as if the whole scale shrinks up in the older fish and
shrinks the more, the older.the fish is.” 1

Miss Sherriff (1922) obtained g formula (L=AV2+ BV + (), which presumably
expresses mathematically the growth relation between the body, L, and scales, V, in
the marine herring.

H. Thompson (1923, 1924) finds that in the haddock, fish and scales grow very
nearly proportionally. The disparity between empirical and calculated sizes is due
to the shoaling of better grown young haddock with the less well grown older fish,
and to the employment of scales other than the largest (on flank) on the body. “The
size of the first platelet is proportionally smaller than that of the fish by about 14
centimeter, which must be added to the calculated first year size. If scales are taken
from other parts of the body, where they are even later in appearing (than on the
flank), the error may increase to 2% centimeters [1923].” The author finds (H.
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Thompson, 1924) that the scales situatid ?2E)Wﬁt]ﬁe”thjrd dorsal fin are “practically
i the growth of the fish.
repreéifig;::e;hzﬁggg;Iét;‘fefrminegd that in the whitefish the diameter of s.cales grew
more nearly proportionally with the body than either the anterior or podsterlor radurlls,
and that lengths computed from diameter measurements corresponfie mOI;e 1.16&,1, 051"
with the comparable actual lengths than those calculated from either anterior
(5 .
pOSt%ll(J)lI;lz;dl(IQM) found that in the ‘“‘stream type_” of sockey«_a salmon “t}}((;l &:e
of the scale relative to the fish is very small a.t 3 centlm.eters. It increases ra;())l y 4 0
3.5 centimeters and less rapidly from that point. The increase from 3.5 to 1t ceil %-
meters is fairly constant. The rate of increase becomes less, and at 111.5 cen %Bnihelrsl
it stops. From this point the growth of the scale become§ constantly less Eaji):l z;h
that of the fish [p. 157].” He ascertained that computations made forla s . en% .
of about 7.1 centimeters are correct, but those made for fish lel'lgths ‘ess t heimh .
centimeters are too low and for fish lengths greater than 7.1 centlmet'e.l? (1;90 tg . f
Leim (1924) plotted a curve showing the relation between the.t(_)ba. 1amt?1 er o)
the anterior field of the scales and the length of the shad (Alosa sapidissima (W. 11 §01;) }
Johansen (1925) states that during the first year the' scale of.the OquilIifI" (Tauto-
golabrus adspersus Walbaum) increases its size almost 8 times, while the sblm.crea‘ses
its size almost 20 times. During the second year b9th scales and fish dmi te 11n 81:1:,.
Johansen accepts the scale theory for age determinations but does n.ot calcu ?1 e lengths
from scales. He judges the relative growth of the fish by the width of the various
les.
Zonei’\;)aril:i}llle(i(;;(i), by observing whether the circuli of the first growt'h zone b.eco’ge
approximated with age, concluded that the progressive decrease with age in the
breadths of corresponding summer zones in his herl_'mg scales was not due to a connlra,c-
tion of the scales but must be due to the segregation of the large fish of a ylear (;: assé
as explained by Lea. Watkin does not compute lengths from scales but ma. kes 1rece
comparison between the actual measurements of the scale zones of the various ag
gmu}()lslze&ser (1926) concluded that in the sunfish (EBupomotis gibbosus) the frieiimffmn
of the posterior, anterior, and total length of the scale to the length of th.e s fl:ha
complicated one, so that no simple formula can be §tated for the c‘t‘ﬂculam‘op o ) 1e
length at past scale margins or annuli. The posterior field grows .prol_)01t101(1; e3;
faster than the fish until the fish is about 60 millimeters long, at Whlcl,l time a direc
relatioh is established between the rate of scale growth and fish growth.”” The anterior
field at first gradually grows more rapidly in propor!;ion than the fish, and thle rétg}ll“es;
sion line bends upward. “This continues and is 1ncres?s<?d more.at a ﬁs? eng (1)
about 80 millimeters. As the fish reaches about 120 millimeters in length the scale
grows proportionally less than the fish, resulting in a sharp tum} of thg curve followe'd
by a gradual downward trend. In this manner a characteristic sigmoid culrve tl}i‘;
formed, showing that the relation of the anterior lfangth of .the scale tq the leng
of the fish is a changing one [p. 57].”” The regression hn_e, showmg' the relation be‘tween
total scale length and fish length, “rises in a straight line to a point correspon'dlng ’;o
a length of about 120 millimeters, after which the whole scale grows proportionately
less than the fish and the curve bends downward.”
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“For the calculation from the individual scales it is best to use the ordinary
scale formula, adding Fraser’s correction, and further altering the computation by
the addition of a correction obtained from the average (regression) line. This change
can be computed for the various year groups by projecting a line from the average
size of the year group in question back to the base line at a point corresponding to
the length of the fish when the scale was first laid down. The difference between
this line and the actual curve is then added or subtracted, as the case may be, to the
length obtained by the use of the corrected scale formula ip 574

Menzies and Macfarlane (1926, 1926a) observed Lee’s ‘““phenomenon’’ in the
calculated lengths of salmon, which, though of different ages, belonged to the same
year class. They asserted that the discrepancies are greater than might be expected
from late scale formation alone. The “phenomenon’ does not seem to be due to
some obscure phenomenon of scale growth, but rather to some interrelation between
smolt size and length of stay in the sea and possibly to some racial differences and
variations in the food supply of different spawning tributaries.

Nall (1926, 1926a) makes no corrections in the length computations of sea trout
inasmuch as they are fairly accurate. He writes, “It should be noted that the
figures in the summary do not confirm Mrs. Williams’s (Lee) contention that, unless
allowance is made for the length of the fry before scale formation begins, the measure-
ments for the earliest stage of life will show a progressive diminution as larger and
larger fish are taken.”

To obtain direct experimental evidence on the validity of the scale formula in
the laboratory is extremely difficult on account of the small amount of body and
scale increments and of the relatively large amount of methodical or personal errors
involved. To overcome these difficulties, a large number of individuals must be
employed. My attempt to test the formula on the New York Aquarium whitefish
was therefore doomed to failure. Only few investigators have grasped the oppor-
tunity to obtain such experimental data.

Milne (1913) measured the photographs of scales of two salmon kelts captured,
marked, measured, and recaptured, and calculated the length of each fish at the time
of its marking. His calculated lengths exceeded the true lengths by one-half inch in the
27-inch salmon and by 6 inches in the 2614-inch fish. Milne concludes that either
the latter scale is abnormal ““or that Dahl’s system of measurement is not applicable
to a fish that has spawned.” As the measurements from different scales of the same
fish seldom agree exactly, the author believes that it is not safe to rely on one scale
alone for the calculated length values.

Winge (1915) compared the growth increments of the body and the anterior radius
of the scales of four cod captured, marked, measured, and recaptured. In his ratios,
given below, the denominator denotes the percentage the length of the cod, at its
marking, was of that at its recapture; the numerator denotes a similar value for the

scales. If body and scale had grown in direct proportion to each other, each ratio
would have equaled unity.

0.800 0.713
Cod 1, 0———'727—1.10. Cod II, O_—.721—0'99'
0.830 0.670
Cod 111, 0784 =1.06. Cod IV, 0.652 =1.03.

T C— g
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The author concludes that body and scale growth are closgly correlatedi)‘thi

discrepancies being due to the fact that the measurements of the live cod are subjec
it iderable inaccuracy.”

. (}S(zol(l)iroiv (1916) brougslrlt into the laboratory a young Ballan .szsse iL(leqzis
bergylta), 2 to 3 centimeters long, taken from a rock pool at Qullercoats &n uglllstéd tw(;
On May 24, 1916, the fish had attained a le.ngth of 8 cgntlmeters and comp i
summers’ growth. According to calculations from its scales, the‘ specime mént
attained a length of 3.7 centimeters at the end of tl_le .ﬁrst year. Thlshmter;tts}w;u’e1 i
agrees fairly well with the observed length when it is remembered t :h . eremeﬁt
value represented an incomplete growth year. On May 24 no new grow th1ncreVi0us
had yet appeared on the scales nor had any body growth taken place since the p

uary. :
B InyApril and May, 1915, several carloads of hatchery reared chinook-salmon fry

were planted in a small artificial lake near Seufert, Oreg. Rich (119200)1-, }Ilneazlslrii Z
small series of these fry at the time of planting. The average leng gv s .ir
millimeters. On September 2, 1915, 55 of these salmgn were reca,pturf1 ) dden
average length had increased to 80.9 millimeters. Rich found ti}ll'at t (; 15(111 hi(in
change in their growth rate left a primary check on t.he scales. 1T is eIIiIa: eVem '
to compute from the scales the length of the fry at the time of the p ant. r t;ls 2 ¥ tuga ;
estimated length of 47.9 millimeters corresponded very closely wit e ac
ngth at the time of planting. ‘ i

ObserS‘;f}ildlei %1923) computed the lengths from the scales of el.ght salmon ]Hlaiﬂ;ei
and liberated as fry and recaptured in their fpurth year of life. The. ca clflgl e.r
lengths indicated that the fish averaged 7.9 centimeters in lengt'h at the time o teld
liberation and 55 centimeters at the end of their third year of life. These- est;msj fer
lengths compare favorably with the actual, which were foun.d to bg 8.5_cgnt1me e?lif(z
100 fry and 55 centimeters for 50 marked fish recaptured in the‘n:‘thu y.earno h I;

H. Thompson (1926) found that haddock formed a §harp false ring hw e
transferred from the sea to the aquarium. By means of th}s accessory check he vs];as
able to compute, from the scales, the length of the fish when introduced mtomthe (;;a1113 s7:
Employing scales of 1-year fish he estimated tha't these haddock ave.lagi t(;o
centimeters in length at the time of transference, which value was 0.2 centimeters o
high and thus involved an error of less than 2 per cent. Thompson also presen e1
direct evidence that the first zone of haddock scales did not compress when addltIOI'la.d
material was laid down. Lengths calculated back to the end of the ﬁ.rst year valrle
as follows: 10 fish gave accurate results, 2 gave results that were slightly tfl)o ow,
and 12 gave values that were from 0.5 to 3 centimeters too high. The author ex-
plained the high values on the assumption that some of tbe haddock were so poc;r
at the end of each year that their scales were absorbed slightly. The expfernnen ;
showed that for the first three years, at least, the size of haddock scales increase
on the average in proportion to that of the fish. . o

Creaser g(1926§) giges a table showing, for one blue gill (Helioperca mczso?) , the
actual increase in length of scales taken from various parts .of the body during an
increase of 10 millimeters in the length of a 57 millimeter yearling fish. He concludes
that “there is little deviation from the direct proportion (between body. and scale
growth) during the short scale increment of about 0.2 millimeter.” The increments




310 BULLETIN OF THE BUREAU OF FISHERIES

calculated from 22 scales varied from 6 to 11 millimeters and averaged 9.3 milli-

meters or 0.7 millimeter less than the actual.

From the preceding review it may be noted that most of the papers devoted to
a study of the body-scale growth relationship are recent, having appeared since 1918, :
and involve mainly three species of fish—the marine herring and the Atlantic and |
Pacific salmon. From this review it-is apparent that the question of the validity
of growth calculations based on the scales of fishes is still a thorny one, indeed. Not
only is there a difference of opinion among investigators employing different species
of fish, but also among those employing the same species or even the same material
(see Dahl, 1910; Mottram, 1916; Lea, 1913; and Molander, 1918). Most of the
investigators agree that discrepancies exist in the calculated growth measurements
of the nature described by Miss Lee as the “phenomenon of apparent change in
growth rate.” But of these investigators, only a few (Lea, Jarvi, Menzies and Mac-
farland, and Nall) have attempted to show that Lee’s phenomenon” is also evident
in fish that belong to different age groups but to the same year class. There is also
much disagreement as to the causes underlying the discrepancies in computed growth
values and as to the efficacy of the various methods employed to eliminate these
errors; and yet, peculiarly enough, all the experimental evidences reviewed above
show, as far as they go, that calculated and empirical growth measurements agree
almost exactly. > ! i

'

DIFFERENTIAL GROWTH OF SCALES OF A LAKE HERRING AND OF THE AREAS OF
ONE OF ITS SCALES

h

In the application of the scale formula (p. 272) to the marine herring (Clupea
harengus), Lea” (1910) found that it is rather immaterial in what direction the meas-
urement dimension of the scale is taken if the center of the scale is clearly established.
In Table 8 is given, for a lake herring, the length in millimeters reached by it at the
end of each year of its life, as calculated from different scale dimensions of three
series of scales, one series representing uniform scales taken from the same area and
two consisting of scales taken from different places on the body. The calculated
lengths vary considerably with the different scale dimensions in an individual scale.
They vary less with the dimensions when the averages of several scales are compared,
though the differences are still significant. Comparing for each year the extreme
averages based on different dimensions of scales taken from the same area (series
A) and expressing the difference in terms of its probable error according to the for-
mula given on page 284, I found that the difference between the averages was as
follows: For year I, based on the lateral and anterolateral radii, 18.47 times its
probable error; for year II, based on the lateral and anterolateral radii, 16.11 times
its probable error; for year III, based on the lateral and anterolateral radii, 7.15
times its probable error; for year IV, based on the lateral and anterolateral radii,
7.69 times its probable error; and for year V, based on the anterior and anterolateral
radii, 2.68 times its probable error. The difference between the extreme averages
1s significant in all years except the fifth. When, however, the scales are taken from
different parts of the body (series B) , the discrepancy between the averages, though
still significant in the early years, is greatly reduced.
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) lli 4 illimeters long at end of each’ year of
— llimeters, reached by a lake herring 2565 millime ‘ :
TABIi‘tEs ?ife %ﬁ%ﬁgﬁ%ﬁom diﬁerent dimensio?s zf scales takefn fr(iZ: Jt’gi Zﬁ?}f Z(:L(;lr fggnuesﬁzggsl%;%:
; 's gi i s of scales 1 5
. The average is given for each of three series ! e
3}’ zgiizg%yns representeé] by the minimum and maximum lengths shown in parentheses

Average calculated length, in millimeters, With minimum and maximum

N&T f lengths in parentheses, for year—
Dimension of scale | Area from which scales of
employed were taken soales o .
used I II III

Betweenlaterallineand | 10 | (78) 85 (92)| (144)153 (150)| (181) 193 (204)| (203) 219 (228)| (225) 238 (243)
i e 205) 220 (234)| (233) 240 (247)
Anterior radius, Vgr%ilas parts of body, 22 | (74) 92 (110)| (138) 151 (179)| (165) 188 (217)| (205) B
fﬁ‘;‘:@iﬁo il V:?iréeussBp.arts of body 10 | (81) 98 (117)| (133) 158 (179)| (182) 200 (215)| (219) 224 (231)| (235) 242
. : ; 232) 235 (241)
Anterolateral ra B::gg:n({éterallineand 10 | (72) 80 (92)| (141) 148 (155)| (183) 192 (199)| (209) 214 (220)| (232) 235 (
B "

s 4) 237 (244
? i?s a%mi’gé? ftfgg Vgr%?%l %E;fs"‘%?sb"aay, 29 | (74) 90 (109) | (124) 149 (169)| (156) 188 (212)| (200) 218 (239)| (224) 237 (244)
ateral I 0 A
. Biiééiﬁ'amamne and | 10 | (98) 104 (111)| (159) 167 (171)| (191) 201 (206)| (217) 222 (226)| (234) 237 (239)
: 5 55,
Lmralmglms’mqus vgr?f)%sﬂ %2;3:’3?3&ay, 22 | (88) 108 (134)| (132) 157 (182)| (154) 190 (214)| (198) 218 (240)| (220) 239 (255)
L margm; VSE'ries o body, | 10| (97) 112 (126)| (162) 173 (191)| (197) 207 (216)| (220) 228 (234)| (238) 243 (245)
1 length o arious par y
T(s)fzgle included in | series C.
annulus; that is,
the diameter.

The calculated lengths also vary with the scales, sils in(.iicatedhbly th(: ShiI:l;f 1()):
iati i i he variability is much less

tion shown in parentheses in Table 8. T .

Z:;)leitlgd) for the uniform scales of series A than for the scales of series B taken from
i laces on the body. :
vano’i‘llslepaabcove data show that neither the scales of a lake her{mgtxior the1 ;az:i ;)Iii
i d that growth varies least for sca
one of its scales grow at the same rate, and tr ) : e i
the error in calculations due to
from the same area on the body. To minimize b
i i for study that area whose scales v
differential growth of scales, I have selegted
leasirfn shapge and size; nam(’aly, the one situated between the dorsal fin and the lateral
i . 274.
g 4 }Se;uzstion ZIOW arises: How close is the correspondence betwee;n l;ohe gro;\;’;}; s‘f
i le dimension must be emp ?
the selected scales and the body, and which sca : ' i o

i i i ted the anterior radius of the scale.
Previous workers almost invariably have sel.ec
Their calculated values, when compared with the actual measurenlrler}ts, buigaél;li
were found to be too low. As the scale hypothesis really assumes a CoITe atli)n -te oon
the increase in the length of the body and the length, not radius, of th:ai scate, 11 3;11%1 .
be possible to eliminate the discrepancy betwee_n the.f:alculated and actua b, sig
by the.employment of diameters instead of anterior radii. T-he leng-i_zh ax&ex(';l_ge g
puted from scales of series C, Table 8, and based on'anten'or radlu gn 4 iam o ,
indicate at least that the calculated values are increased considerab yhyb e gngi t}})fe
ment of scale diameters. Also, the variability of the calculated le.ngt sd “aset o e
diameter is much less than that of the lengths based on the anterior radu, at lea
the specimen considered.

'?‘herefore, T have undertaken a series of measurements of small a;uzhlarg(la la‘;]ég
herrings to ascertain the degree of correlation in growth qf body and d(i) e_s(:1 etchan
scales and to determine whether the diameter of a scale is a better mensmO =
the anterior radius from which to calculate length values. In my paper (Van :

99760—29——4
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1923) on the New York Aquarium whitefish I stated that for a study of the corre-
spondence in growth of body and scales it is essential to acquire a large amount of
homogeneous material collected at the same time and place, and that in order to check
the calculated values series of fish of the same year class collected in the same season
of different years and in the same locality must be employed. No such whitefish
material was at hand at the time of writing, though the material available did lead
to certain conclusions. At present much more desirable material is available in the
collections of lake herring made at Bay City, Mich., on October 26, 27, and 29, 1921,
November 3 and 4, 1921, November 1, 1922, and November 12, 1923. As explained
in detail on page 280, the collections of October 29, 1921, November 1, 1922, and
November 12, 1923, are presumably homogeneous in character, as each was taken
from one pound net and consisted of fish ready to spawn.

AGE VARIATIONS IN THE GROWTH OF THE HEAD

As variations in the body-scale ratios of the different age groups may be due to
age variations in the growth of the head, I measured, in addition to the diameter
(V) of a scale and the body length (X) measured snout to caudal, the length of the
scale-covered portion of the body, excluding the head and tail. The last measure-
ment (7 or 1) was obtained by subtracting the length of the head (H or H,) from
the body length (K).® From these measurements I computed the following ratios:
H|/K, H\/|K, H,/V, E|V,and T\/V. The H/K ratios were determined for lake herring
collected in 1917 and 1919 at various localities on Lake Huron. The Hy/K, H,/V,
K|V, and T,/V fractions were computed for 191 herring taken at Bay City, Mich.,

October 26 and 27,1921. H,/Vis the difference between K/V and T/V. Asummary
of the data is given in Table 9.

TaBLE 9.—Average for each year of H/K ratios Jor 177 lake herring collected in 1917 and 1919 at
various localities on Lake Huron, and average of Hy/K, K[V, and T1/V ratios for 191 lake herring
collected at Bay City, Mich., October 26 and 87, 1921, to indicate age variations in growth of the

head. X and non-X scales were employed in the fractions K|V and T,/V. The Hy/V ratio is
the difference between K|V and T,/V 1

Year
Date and locality Ratios
II1 v v VI VIIL VIII

1917 and 1919, Lake Huron..__..____._.____ H/K______| 0.222 (21) | 0.226 (46) | 0.224 (37) | 0.226 (27) | 0.224 (26) 0. 224 (20)
Oct. 26 and 27, 1921, Bay City, Mich_____ HyK.___._. .205 (12) . 202 §69) . 202 (81) . 201 (29)

¢ RN CE S i W G e RN o 46.85 (12) |45.03 (69) |46.09 581) 45.89 (29) |...

1D I SR e R PN m 2l 37.03 (12) [36.04 (69) |36.69 81) [36.67 (29;

Bottare ol T koo o nd il 2 2 £7)° S LN 9.82 (12) | 8.99 (69) | 9.40 (81) | 9.22 (29

1 Numbers in parentheses indicate the numbers of specimens employed.

The H/K ratios of the 1917 and 1919 herring remain practically constant
with the year classes and with age, the difference between the extreme averages
being only 0.004. The head of the 3-year fish is the smallest. The H,/K ratios
of the Bay City herring also remain constant with age, the difference between the
extreme averages being 0.004. In these fish the head of the 3-year-old is the

10 For details relative to the methods employed in obtaining K, T, H, Hi, and V see p. 274.
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largest. The H,/V ratios, of course, vary as ﬂ’.le JERILIE .ln'thf:thl/( T;' I/'r?f-;ocsti;g:
error due to age variation in head length is eliminated, while in I(; [ o
the head measurement is included. 1t is to be noted tl}at the K/V ra ios d" ytes:
the same direction as the T,/ V, but not in the same rela‘mv.e a.mqunt. tq;lhl:rl;; 10;} o
that the head affects the K/V fractions, but only to an mslgmﬁca.r;i e§ va.n'&ﬁon
age variation in head length can not account:, for- any large or s1gnﬁi ‘(aan :
that may occur in the body-scale (K/V) ratio with age .after the t ¢ geal .formum
This conclusion may be substantiated by the application of the statistica.

: . . oo Jeibia-
for variability, 627;2’ in which ¢ is the coefficient of variability, o the standard devi

tion, and M the mean. I applied the formula to the K/V and T,/V ratios of yetais
IIII ’and IV only. The coefficient of variability was found9 (;cggl;e 61;}2]9 ':{‘)(-}/er:;ltios
i .58 per cent 0. or the T,
for the K/V ratios of year III, and 6.5 :
0%81?}?3’0 year, 8.45 per cent +0.4851 for the K/ V ratios of year IV, and 8.31 ptgr cent
; 0.5116 for’ the T,/V ratios of year IV. Itis thus apparent that t.he K/ Ta 1ostari
xj) ﬁxore variable than the 7i/V, and that head length, therefore, is an unimportan

)
variable in the former ratio.

S BASED ON SELECTED (X) AND
IONS IN BODY SCALE (K/V) RATIO
g UNSELECTED (NON-X) SCALES OF ADULT LAKE HERRING

In a study of the correlation of body and scale ﬁngth,:ﬁ rrga)(; con;{)ear:a ;.}3(;
ire e body-scale rat
ements of body and scale length directly or ]
?;;/u Ii;l) lxii.eszjiuflpon these measurements. Both methods are employed for the lake
heI‘I'l'Ill‘%' eliminate or minimize the errors due to the dYaﬁabillity (1)1% ’ohe1 %flovvs;t}i r(;f
indivi is study corresponding scales scale)™ v g
individual scales, I employed for this s ' . - o
i i t always available and mue
ossible: but as the specified scale is no ys availab :
EZSZuI:ned in focating it, it is not expedient to employ .1t in hfe-hlst;)lry Wori{.s (Inf)};?;g)
fore computed, for comparative purposes, the K/ Vrztlotb:s(eid ont g(;sg ;:atz Aty
i h length. As stated on pa ; :
actually used for the computations of fis g e
i the dorsal fin and the lateral i
taken from the body area situated between
;‘Vﬁi‘fae 8(b)rﬁflour scales of each individual were mounted, but. only one of ;k/u;;eo le;vaXs
measured for the computations of fish length. The two series of r'atws; ol
and K/V on non-X scales, are given in Table 10 for each year of life of the g

collected at Bay City, Mich.

11 For mbthod employed to locate this special scale see D. 275.
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|
TaBLE 10.—Body-scale ratio (K/V) for each age group of Bay City herring, based on diameter (V) of ©
special (X) and of unselected (non-X) scales. The body-scale ratios based on anterior radii (ac)

of X scales are given only for fish collected October 29, 19211

Year
Date Ratio
an III v v VI VII VIII
Oct. 26,27, Nov.3,4,1921.| K/Von X______ 47.73 (29) | 47.73 (4) | 46.23 @)
P e L R K/Vonnon-X.| 4522 (5) |44.68 (38) | 4353 (131) |.._._____. o | 0 0 |00 )
Oct. 29, 1921__ VonX____._ 48.92 (15) | 46.36 (3) |---
LA R K/acon X____ 93.63 (15) |286.65 (6)
pi_a 15100 K/V on non-X 44,01 (13) | 43.72 (3)
1921 combined. . K/VonX______ 48.14 (44) | 47.14 (7)
Do... .. K/V on non-X _ 44.01 (13) | 43.72 (3)
Nov. 1, 1922__ /VonX...__..________|51.07 (26) |50.15 (77) | 50.65 (28) ... .
05 ---| K/V on non-X _ 43.95 (9)
Ny 12, 1923 o = =t K/Von X______ ) | 48.27 (8)
Do o el K/V on non-X _ 43.25 (7) | 44.07 (2) |oeeooeo___
Grand average...__. K/VonX.______ 47.59 (4) | 49.83 (147) | 49.11 (323) | 48.84 (178) | 48.16 (52)| 47.14 (7) | 46.23 3)
Grand average.____ K/V on non-X .| 45.84 (8) | 45.21 (278) | 44.97 (513) | 44.77 (176) | 43.89 (29) | 43.86 (5) |oecoceeoo.

1 The number of specimens employed is given in parentheses. ? Ratios based on X and non-X scales combined.

From this table it may be seen that the K/V ratio based on X scales is highest
for fish in the third year in all collections but the one of November 12, 1923; that
the variability in the averages does not occur consistently in one direction; and that
the direction of the fluctuation in the averages is not the same in the different collec-
tions for corresponding years. The differences between the extreme averages of a
collection, based on a sufficient number of specimens, vary from 0.31 for the 1923 fish
to 1.56 for the 1921 fish. The average of the three differences is 0.93. The K/V
ratios based on non-X scales show similar characteristics. The ratio is not always
higher for fish in the third than for those in later years, the fluctuations in the ratios
do not occur in one direction, nor is this direction the same in all collections. The
differences between the extreme averages based on non-X scales vary from 0.84 in the
1922 fish to 1.38 in the 1921 fish of October 29. The average of the three differences
1s 1.09. The direction of variation in the ratios based on non-X scales does not
always follow that of the ratios based on X scales. The ratios based on X scales
vary less with the age groups than those based on non-X scales.

When we arrange the ratios on the basis of year classes instead of age groups
only, as shown in Table 11, we again find that the K|V ratio is not consistently high
or low in the fish of the same age group, and that the fluctuations in K/V are fortui-
tous, occurring in all directions. The differences between the extreme averages
based on X scales of a year class vary from 0.63 for the 1919 to 2.53 for the 1918
year class. The average of the three differences is 1.54. The range for these differ-
ences for the non-X scales extends from 0.23 in the 1920 to 1.07 in the 1919 year class.
The average of the four differences is 0.76. In this table the ratios based on non-X
scales vary less with the age groups than those based on X scales.
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lasses of Bay City
— i0s based on X scales and on non-X scales of several year ¢
et mnl(z):rri?;; collected in fall of the years 1921, 1922, and 19231

Year
!
Year class K/V based on scale > . i N %
Bt b e et unigl 49
""""""" e i AT RS AL I AL IR ST 50. 6 a8
e {X ____________ B - e 43.89 52153 14.87 (88) | 43.25 (7)
e sk 19,52 (1) | 50.15 (77) 49.90 (42)
{X """ TT7| 45.15 (65) | 45.71 (168) |  44.64. (48) |-

 Ficeam 2o o 4 51.07 (26) | 49.61 (110) |-ooooooo__
ey {I)\ITBK-'X" T T T o ) | b, b7 (122).0 1 45580 (B0Y L T o

1 The number of specimens employed is shown in parentheses.

It is to be noted in Table 10 that where large numpers of individuals al;l emp}iolyed
the ratios of two consecutive age groups vary only shghtly, axid that 0;1 ew (')[‘ (}31 isz
tendency exists for the body-scale ratios t9 decrease. with the o delll' a,%.e broups.be du;
suggests that the fortuitous fluctuations in the ratios of each collec fuzrﬁ may 2o
to the small number of specimens employed for the averages of some ?)1 tehage g % é
As the corresponding ratios of the various collections are compara eah eg tf?a,y "
combined and treated as units. The grand averages are shown at the bottom
T&blsVleOI'low find that the two series of K/V ratios give consistent and compara(i).lfe
results. Both decrease consistently with each o'lder age group.. Th;lugh aiilile th11—:
ference between the ratios of any two consecutive age groups is st; bsm 5 t}j
between the extreme averages is significant. We find that the dlﬁerenceXetwigen ((;
grand averages of fish in years III and VI is 1.67 for ‘?h‘e ratios based onb scales ?d
1.32 for the ratios based on non-X scales. These differences can no't el ac((;o_unt;:1
for by random sampling; nor can they be due to b!le personal. errors 1]}11\7(1 V(Z 1111 e
measurements, as can be seen by referring to the differences given in the as dco umn
of Table 12. The K/V ratios of fish of several age groups were d.etermme. twice;
but the same identical scale was not always employed for the two ratio determinations
of an individual. This and the fact that only a few specimens Were.used should
make the differences between the two series of ratios represent the maximum. An(di
yet, the differences between the extreme grand averages of Table 10 equal or exc.esa1
those of Table 12. The former may then be significant. A.uoth.er factor might
possibly be considered significant here. I found (p. 283) that the big ﬁs}; of gn alge
group possessed more scales in the lateral line than thg small ﬁsh ik 1oun ,1 z;i 50
(. 279), that the size of the scales varies inversely as their number in the &tgrﬁ il}?
in an age group, but it is possible that the average size of the scales of the 1argﬁ ﬁsh w%th
the greater number of scales is about the same as that of the scales of the sma. sb wi
fewer scales. If age groups IT and IIT of Table 10 are re_presented by the 1}glger
fish of the year class, as I believe (p. 333), and the average size of the scaleslof tK ese
bigger fish is no greater than that of the scales of the sma_ller, the body-scale }(1 /\Kf )
ratios of these younger fish must then be abnormally high; the body length (K)
would be too high, whereas the scale length (V) would be normal for these groups.

If this be true, the differences between the extreme grand averages of Table 10 are
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abnormally high and the percentages of increase in length with age in body and

scale coincide more closely than is indicated in this table.

However, computations show that the bigger individuals of age group III possess
larger scales, on the average, than the smaller fish. The length of the scales of 40
herring less than 226 millimeters in length, of age group III, taken at Bay City,
Mich., in 1921, averaged 4.88 millimeters, that of the scales of 26 fish of this age
group 226 millimeters or more in length averaged 5.24 millimeters. Similar values
were obtained for the 3-year herring collected at Bay City on November 1, 1922,
and at Oscoda, Mich., on November 2, 1922. The scales of 48 herring less than 226
millimeters in length of the former collection averaged 4.80 millimeters long, while
those of 88 fish 226 millimeters or more in length averaged 5.15 millimeters; the
scales of 71 fish less than 226 millimeters in length of the latter collection averaged
4.87 millimeters long, while those of 72 specimens 226 millimeters or more in length
averaged 5.11 millimeters. Combining the above averages we find that.the scales
of the 159 herring less than 226 millimeters long averaged 4.85 millimeters in length,
while those of the 186 fish 226 millimeters or more in length averaged 5.15 milli-
meters. The K/V ratios of Table 10, therefore, may very well be representative of
the younger age groups even though based on the bigger fish, since the lengths of
both the body (K) and scale (V) of these bigger fish vary in the same direction. The
K|V ratios of Table 10 show that at least after the second year of life the percentage
of increase in length with age is greater in the scale than in the body of the herring.
The preceding data also show that the ratios based on unselected (non-X) scales

vary no more with the age groups than those based on selected corresponding (X)
scales.

TaBLE 12.—Differences between two series of K|V determinations for several age groups, both made for
same indwiduals but based in part on different scales of these individuals

Duplicat I%ifgerence
Number of| Average up.icate | between
Age group specimens K/V a\ig%ge 633%"[‘;;11#
cate K/V
20 46. 36 47.97 —1.61
24 43.12 44,70 —1.58
14 42.44 44, 21 =177

AGE VARIATIONS IN BODY-SCALE K/V RATIOS OF JUVENILE COREGONIDS

The absence of juvenile fish in the Bay City collections is a serious handicap.
The trend of the conclusions thus far reached suggests what the relation of the size
of the body and scale in the young fish must be. I have at my disposal, however, a
miscellaneous collection of juvenile coregonids. Some of these young fish comprise
part of the collection made by Prof. T. L. Hankinson during August, 1913, at White-
fish Point, Mich., on Lake Superior (Hankinson, 1914); the others were obtained by
A. G. Woolman at Kettle Falls, Minn., on July 26, 1895, and turned over to the
Bureau of Fisheries. The data of these juveniles are shown in Table 13. The num-
ber of circuli indicate roughly the recency of the formation of the scales. A herring
34 millimeters in length, not included in the table, had not yet formed its scales, The
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data suggest that in both the herring and the whitefish scale formation begins at a
a a’ S . . . t rs

oximately 35 to 40 millimete : d

= 1§ngg;ﬁ(():fia{ipggservation of the whitefish ser1es.reveals .a,t oncle thts;lt Otfh:h:({)iii

le ;;It)zio in this species decreases rapidly with an increase mot}}e s}xlleg 73_miﬂimetel,-

. ino from 109.87 in the 41-millimeter specimen to. 56.20 in o s

grﬁpl;dicrease of 53.67. The average ratios of the ]uvaﬁnﬂefvi?llteﬁs alzpe(:ies 28

> i 'tha lder individuals of the same .

i than those of the o 1 : .
conSld}?Till?lll}; ];;%h:;e r(:ﬁlted tullibees, whose ratios likewise decrease with size and
same 1s
with age.

TapLe 13.—Growth relation between body and scale for juvenile coregonids

S Number Average | Average
of scales | Length length of | number
upon | (K),in | Average | c.oig gi- | of cireuli
: s - which | milli- K/V' | "ameter | formed
Species and serie: Tho | m et | ‘fomed.
based
COREGONUS CLUPEAFORMIS
: ; - 109.87 153 ©
Whitefish Point, Mich,, yeer I Aug& 12,1913 13 ié 00,87 ; g i
------------------------------------------ W CTRTROTY 63.08 2.
- e | Aug. 19,1913 o S =5 4
i A L 6 50 71.84 30.2 5
; o~ e 5 50 75. 00 27.4 4
i s 3 Fy T 10 51 60.78 34.4 6
= 25 o 7 52 69. 00 30.9 4
i e e R STRTITY 9 54 69. 62 31.8 5
e = A B 9 56 61.72 37.2 6
o R 7 56 59,48 38.6 6
e in ¥ s on 7 58 58.86 40.4 6
12 2 7 58 60. 05 39.6 6
1 4 62 57.38 44.3 7
14 6 73 56.20 53.3 12
7
A e N A S R S Y e e 53 - L e T
s e T R i 47 269 T3 [ | DR
I S e e
Difference between averages. co-----------=====---=--==|-oo-o-mmmos
LEUCICHTHYS ARTEDI
. - 95.18 16.8 0]
Whitefish Point, Mich., year . Aug. —, 1913 g ig 65,18 168 i
A ——— A 5 40 95.35 17.2 0)
- "_gg """" 6 41 112.&7) 15.0 8
----------- R 0.
_____ dol it 5 45| 123
________ AT dogigs e g i
L e T T e 229 T h e T S
e e i
Differepice betWeen AVerages.-----x----=-=-sz-zxozmnos|-moseoosm=soos I
LEUCICHTHYS TULLIBEE
: 46,59 44.0 9
Kettile Falls, Minn., year I: Jule 26, 1895 g gg 0.9 45.8 1?
e Bl 50.
_____ o e 9 56 45
______ I e e
101.8 17
K°“41° it o R il g %(1)3 “ 3,2 ?; 133.4 24
R AR el i b dooE ;
T et WM s \ e S HEs
L e T AR ' ________ ' __________ I 69 ( __________ ’ __________
Difference between averages of Tand IT.. oo occoooooofomocammmamnn-- ‘
-
1 Plate.




the relationship of body (L) and scale (v
g . L L-50
nvestigator compares the T,and the ——

herring studied formed its scales at a body length
assumes that the latter

relation between fish and scales after the fish has

scales.” The author finds that whereas the L
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These data indicate that in the coregonids there is a tremendous difference
between the rate of increase in length of the scale and of the body in the early years
of life, the scale apparently increasing at a much more rapid rate than the body.
In the whitefish this is more clearly shown by graphs (fig. 12). The continuous
curve is plotted from the data of the juvenile whitefish and shows, from actual meas-
urements, the length relation between body and scale. The broken line shows the
form the curve would take if the body-scale ratio of the 41

-millimeter specimen were
maintained in all the larger fish.
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Fic. 12.—Relation between body and scale len:

gth in juvenile whitefish (Coregonus clupea-
formis).

The continuous curve is plotted from the body length and scale length data of
Table 13. The broken line shows the form the curve would take if scale and body main-
tained the relation existing at the body length of 41 millimeters

All the K/V data together indicate that the herring scale increases in length at a

greater rate than the body throughout life—in early life much faster, in later life

(third year and thereafter at least throughout the sixth year) only a little faster.
It may be well to make reference here to Molander’s method of studying

) length (Molander, 1918). This
74 ratios for each age group (the marine

of 50 millimeters) and
ratios ‘“‘give the correct picture of the growth

begun to grow

4 ratios decline continuously from the

LIFE HISTORY OF LAKE HERRING OF LAKE HURON 319

i i s T i . In the fourth
first to the third year, inclusive, the s ratios rise during these year.s %
year both ratios rise and thereafter vary in the same way. According to Molander,

the %7 ratios indicate that the scales grow proportionally quicker than the body during

i 2 L-50 : (R o
the first three years of life, while the T ratios indicate 'that the s]:a t gd ;
proportionally more slowly than the body. The author believes that the trend o

theL 75 0 tractions would not be altered by a change in the value 50. This, of course,
V

is not true. For example, if we subtract 35 millimeters from the average length

k=3l _ .
values of the whitefish of Table 13 we obtain —7 ratios, as follows: For the

-milli h, 40.7—a rise in values occurs. But
ilimeter fish, 23.4; for the 269-millimeter fish, .
ﬁ'ngléngeduct 1’0 mil,limeters instead of 35, then the ratios become 53 + and 43+,

ively—a decline in values occurs. ) . ]
respeztliv:ns;lysis shows that on the basis of Molander’s method of studying body

scale ratios the following relationships obtain:
12

If %
If Q_I}—X decreases, LI—/vmust decrease.

L-X
If %

the degree of relative slowness of scale growth.

L
remains constant with increased fish length, v must decrease.

i - P i t, or increase, depending upon
increases, 3, may decrease, remain constant, s

According to these relationships, if %—:7 decreases, as is the case in the lake herring,
then either the body and scale actually grow in proportion or the scale actually grows

L .
faster or more slowly, proportionally, than the body. 1f 3 remains constant or

L

increases with age, the scales grow more slowly relatively than the body. The 3
fractions do not then express the real growth relationship between body and scale.

In the = ratios we study the length relationship between body and scale; in the

7
L—VSO ratios we study the actual growth relationship. According to the irsb v;e:
we say, if the fish at the end of its second year of life has double(é tl;etilengtcoi:fc e(; !
by it at the end of the first year, then the scale length a‘? the end o e1 se1 thy&re
must be twice that reached at the end of the first year if body and sca. eh eng e
to maintain a fixed relationship. The percentage of increase must be }E (;3 s.amethe
body and scale. According to the second view we say if the quy grovlv’zi : ulz}rllg =
interval between scale formation and the end of the.ﬁrst year is doubled by eale “
of the second year then the 2-year scale must be t.wme-the size of thelll-yefé'hsgf =
body and scale actually grow in proportion. But in this case the total leng

11 X =length of fish at scale formation,
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1-year fish is not doubled; the percentage of increase in length is not the
and scale—it is less in the former.

Theyscale formula, however, is based on the ;assumption that the lengths of the

body and scales maintain a fixed relationship after the first year of life.

demands that the body-scale ratio of a fish at death be the same as it wa
of the completion of each annulus on the scale,
tionship during the first year or during the in
formation. The lengths are calculated back t

- Lo
test the scale theory of growth determinations we may then study the 7 ratios,
320,68
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Fi16. 13.—Body-scale length relationshi
according to their age.
- . the body, the broken cur:

p of adult lake herring (Zeucichthys artedi) arranged
The continuous curve is plotted from the average total lengths of
ve from the average total lengths of the scale shown in Table 14

which the theory demands must remain con
those age groups that have completed the
commenced the new year’s growth and th
the margin of their scales.
the fall of the year.

Now, since it has been shown that t
with age in the lake herring (p. 315),
are not fully met—that the percent
scale is not the same but that thi
growth increments of the body an
increased in direct proportion eve

stant with the age groups strictly with
ir last year’s growth but have not yet
us have formed a completed annulus at
My herring were taken at the end of a growth year, in

he body-scale ratios gradually decrease
we may conclude that the demands of the theory
age of increase in length of the body and of the
$ percentage is greater in the scale. The actual
d scales in the course of time, however, may have
n though the body-scale length ratios decreased,

same in fish

The formula
s at the time
irrespective of the actual growth rela-
tervals between the periods of annuli
o the periods of annuli formation. To
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G YEARS
AVERAGE LENGTH OF BODY AND SCALE COMPARED FOR CORRESPONDIN

The body-scale length relationship of thle adilt fhs}x;rh}bg gagngescs:iz\zﬁrrgsgﬁ
i th o e bo
by plotting the average total leng ' . 5
Cleﬁlrlyf liiefl;\,hzisthz ]:ame graph (fig. 13) or by plot'tlng. the average i:zihog tlllfessc:h(;
year Ot the average lengtﬁ of the body, as shown in Figure 14. l'n 0 7 g;e . o
agalnz are based on non-X scales. The averages employed for Figure 13 are g1
fxl: 1‘%Zble 14, those employed for Figure 14 are given in Table 15.

r oW length of its mon-X scales for all
e group, together with average leng
e 14'_AuemgeS?;i%Zw0fng iggn'gzg cg;lected in 1921, 1922, 1923, and 1924

umber | Body Scale

3 Number | Body Scale lgt o | 1eneth, | langth,

oiads | Jentl | Aok Age group viduals | in milli- | in milli-

Age group viduals | in milli- | in milli- Liduals | in mill. | {n il

employed| meters meters
) 9 525 249 5.57
V " ] o - 111 259 6.02
A 854 229 5.06 i - 6.02
1,397 239 5.32

ths of body for all Saginaw
; illimeters, of non-X scales at various leng
R = 15 —Aserqae lenggl&;r;wnrzrzilrlb;mceolelecteg in 1921, 1922, 1928, and 1924

Average | 4 verage
Number
Jegthy i .| length, | Jenoth, T
et ?Séthg’ I;Tfustgng Limits, in millimeters, of size | in 1?;]151- in milli- 0[;153?
Limits, in millimeters, of size 111;11 éﬁglsl- i millis { spoc e e (:?gs]; 3 nf]gzglizg i
geoup splozed of fish of glgzgli:’s employed gt senl | &
size group)
253 5. 61 176
41 0.42 5 || 251-265.--- .--_-_------:: 258 i e
190 4.24 27 || 256-260-c-cccmamamemmmemamaae s o r
203 447 38 || 261-265_- 23 574 7
31 || 266-270.--- & u
208 4.65 =
13 4.66 68 || 271-275.--- - - ®
> : 140 || 276-280--—- 218 6.08 2
218 4,94 T 2
5.02 247 || 281 e o e
s T30 37 26
228 5.09 370 M e .
22 479 || 291-300.-. - o o %
s 55 495 || 301-310---- 305 6.&7 19
243 5.42 356 || 311-330---- - 318 .07 16
248 5.48 258 || 331391 cccammcmm e menmmam

The curve of Figure 13 based on scale measurfsln(;afrlfﬁl e(l}))l;)é{;n( cl;;:i)n:‘;:zss 1111};)125)5
i suremen : !

;ap:xirley tha;rﬂ:aitcelﬁsi(}ileoI;ez};ztlﬁ?gt%hxizeIaneans that the §cale inq(rieas?is ;;:ele?%]glé
rlélativzys}aster than does the body during every year 0{ hfe‘r Egzsthzlée 4 thepbOdy.
seventh, when the percentage of increase of the scale is es? til el el
In Figu,re 14 the solid line represents the a(?tual relation o . e lati{.fm prihoel i
and scale, as shown in Table 15; the brokel} h.ne shows Whatlt e tr}(le o BTl
of the body and scale should be if that existing at a body leng A T e
remained constant. It may be seen that the two curves1 itady c Oale mglrVe otk
body length of 263 millimeters is reached, Wh.en thg actual bo y’i‘s}(;is iy S onds
drops below the theoretical curve and maintams. this posmon..lli i badtas
that after the herring attains a length of approximately 260 I}Illl bnfga kg i
to increase in length proportionally more slowly than does the '1—,0 );S oo
appears to be corroborated by the curves of Figure 13, where it w
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the sixth year, when the herring attained an average length of 259 millimeters, the
scale increased in length relatively more slowly than the body.

In Table 10 the average K/V ratios of years VII and VIII were based on so few
specimens that no safe conclusion regarding the relative increase in length of body and
scale during these years could be drawn from them. For years III to VI, inclusive,
the data of this table agree with those of Tables 14 and 15. When all the data are
considered together we may conclude that the scale of the lake herring increases in
length, on the average, proportionately faster than the body until a body length of

approximately 260 millimeters (age VI) is reached, when the percentage of increase
in length is less in the scale than in the body.
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F16. 14—Body-scale length relationship of adult lake herring (Leucichthys artedi) arranged according to their size.
The continuous curve based on the average lengths of body and scale shown in Table 15 represents the actual body-

scale length relation; the broken line shows what the relation of the length of the body and scale should be if that
existing at a body length of 190 millimeters were maintained

COMPARISON OF COMPUTED LENGTHS BASED ON ANTERIOR RADII AND
ON DIAMETERS OF HERRING SCALES

A preliminary study of length computations based on the diameters and the
anterior radii of the scales of an adult herring (p. 311) indicated that the former scale di-
mension would in all probability furnish higher and perhaps more accurate length values
than the latter. This section includes other data that indicate that this preliminary
conclusion is correct. Two sets of data are available. Two series of body-scale
ratios, the one based on the anterior radii (ac) and the other based on the diameters
(V) of identical scales, may be compared with each other, and series of length compu-
tations based on both the diameter and radius of identical scales may be compared
with each other and with the actual length values.
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The series of body-scale ratios are included in Table. 10. They axg;e ;b;ésfd 011113

ially selected (X) scales of the herring taken at Bay Qlty, 100130}3(.31‘ 29, 1921. :
s be seen that while the K/ac ratios vary in one direction, decreasing consnstept y
m‘iﬁ ace, the K/V fractions vary only slightly at random. Further, computatlons
“1711 t%la’t the difference (0.87) between the extreme averages of K/V (years III an
> ngs only 1.22 times its probable error, while that (5.90) between'the extreme aver-
VIe)s of K/ac (-years III and VI) is 3.35 times its probable error. Again, the coeﬁ&c;enlt);s
a% ariability of the K/V ratios of years III and VI, for exa_mp]e, are computed to be
252 er cent =+ 0.5966 and 6.74 per cent =+ 0.8300, respectively, while those of K/a:
f<;r t}fe same years are calculated to k.)e 9.38 per cent ﬂ:0.8609 and 7.18;1;:;; hc:,;le
40.9666, respectively. These data indmz}te (1) that the K/ Vratlos vary 1e R
age groups than the K/ac; that is, the dla,meter' of a §cale increases mh exi(g/vmtios

arly proportional with the body than the anterior radius, and (2) that the .

g {els)s than the K/ac ratios with the individuals of an age group. The dlam.eter
;’? Igscaje, then, appears to be a better dimension tp employ for length computations
of growth in the lake herring than the anterior radius.

3 ) in 1921, 1922, and
3 capture, of Bay City herring collected in ) .
TABI}X:]QQ%?&—CL;LI}JMZ%Z%ZZ Ezetn%iﬁ‘is’ o?‘t gﬁf ;{ececﬂ'ng year of life, as calculated from both the diameter (V)

and anterior radius (ac) of the scales
BAY CITY HERRING COLLECTED OCTOBER 29, 1921

Calculated length (K), in millimeters, at end of year!

Average
=
Number ,in v
Year of speci- | milli- I II III v
mens meters,
when

captured |0n V|On ac/On V|On ac/On V|On ac/On V|On ac/On V|On acOn V{On ac

R B e e o A S A B
157 2 | 15| 102| 179 171216\ BB oo oo ool
D1 3| G| doa| log| 1or| 95| o7 | 24| 20 || (T
K 24| 11| 104| 161| 10| 104 | 1s5 | 222 | 214 | 244 | 240 | 265 | 26

BAY CITY HERRING COLLECTED NOVEMBER 1, 1922

4 217 | 141 | 128
148 229 | 139 | 128
245 236 | 122 | 109

95 241 | 114 99

9 252 | 117 | 104

2 221
170 233
240 243
90 251
lg ggg 119 | 106 | 157 | 150 | 184 | 174 | 210 | 204 | 234 | 230 | 248 248

, A ¥ 4; VI, 0.5.
1 Average of the differences, (X on V)~(X on ac), year I, 13.2; year II, 8.7; year IIL, 5.3; year IV, 3.6; year V, 2.4; year VI,
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Tasre 17.—Comparison of calculated length values, based on diameter (V) and anterior radius (ac)
with each other and with actual length values. The actual lengths are based on all available Bay
City herring (collected 1921, 1922, and 1923), while calculated lengths are based on the scales of
these herring, all age groups and year classes being combined !

End of growth Year- o ccaeoooocrceniianiomnan I ’ II ‘ 111 v v VI VII

Actual length (K), in millimeters...........__.|_____________ 2208 (11) | 229 (415) | 237 (776) | 243 (390) | 256 (91) | 273 (14)
Calculated (K), in millimeters based on (V)...| 125 (1,116) 184 (1,110) | 215 (912) | 230 (300) 247 (54)
Calculated (K), in millimeters based on (ac)-..| 112 (1,116) 177 (1,110) | 212 (912) | 228 (300) | 245 (54)
Difference between (K) and (Kon V)_.____ +24 +14 +7 —4
Difference between (K) and (K on a¢)...... +31 -+17 -+9 —2
Difference between (K on V) and (K on ac) .. .. +7 +3 +2 +2

1 The number of specimens employed is given in parentheses.

? As presumably only the large individuals of this age group matured or straggled along with the older mature fish, this average
must be considered as being too high.

TasLE. 18.—Comparison of actual length with calculated length based on diameter (V) and anterior
radius (ac) of scales from Bay City herring !

Number P Charscter | Dimension Length, in millimeters, of fish in year
Year class | of fish gsh of length of scale
employed. value (K) | employed 1

I III v v VI Vi

240 (205) | 252 (9) | 263 (2)
234 248

230 248 L T7TTT
242 |___

................. Actual______ 263 (15) =
15 VI | Calculated..| V________.| 118| 166 |  203| 228 | = 247 |._.._.___ 2
15 6 G bk do.o... -
1 SR 95 IV 2 SR d0cocec| Visoooacdd A 3710 0051 2291 ] o
95 B ([ o =
127 EVF {507 dot 0

127 Tyali s dooo
_________________ Actual. .. 251500)! |visiens i e i
90 V | Calculated
90 A e 0..
30185 . - ol 245 By 822l do__
245 [ T B do__
50 LU S do-.
50 | IID |- 0=
o Actual.
228 %x Oaleniated .l V. oonocicl T8 [ 0 1921 = ang b e
240 [ IV |..... Ocmcae]| Qe[ 120 ) 186 | 0 228 | oo me e
1920. ... 148 | IID |-ITTC do_-
148 2 ) 0 18 S do__ . [ae 2o IS JORSIE - SOaH e T e e e
5 I o2 doc - B
Average (K on V)-(K on ac) in millimeters. +8.2 4.6 +2.7 2 Bl e T e
Average (K)-(X on V) in millimeters_... =4 5 257 —4 = I R
Average (K)-(K on ac) in millimeters ... =+5 +9.7 +4 —4 L O IR
1 The numbers in parentheses indicate numbers of individuals employed. 2 Herring collected Oct. 27 to Nov. 4, 1921.

Length computations corroborate this conclusion. In Table 16 are given two
extensive series of computed lengths—the one derived from the measurements of
the diameter (V), the other from those of the anterior radius (ac) of the scale. The
average of the differences between the computations of the two series is given at the
bottom of the table for each year. In Table 17 these data are summarized. That
is, the computed lengths for corresponding years are combined into one average,
irrespective of the age group or the year class to which the fish belonged. In Table
18 the computed lengths are arranged according to the year class to which the fish

= = = E ey
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sured belong. The average of the differences between the calculated leng.tfhs
mea two series is shown at or near the bottom in each table for each year of life.
ththee data show that the length computations based on the dian.leter are always
]’fjg(;lsel‘ than those based on the anterior radius of a scs%le, and th:?t the dllffererll_ce bezzvreiﬁ
the computations of the two series increases cons1ste.nt1y with eac dgﬁar }e;cz e
life for which calculations are made, so that the maximum average diilere

millimeters is found in year I.

wes based on different scale dimensions, accord-

Tasre 19.—Differences between calculated length vale O thafish at death and age for which leulnions

ing to number of years intervening between the ag
are made

(K on V)—(X on ac)

Average i
e Number | ooty | Year in
Year of life in of speci- ~engti, | which 5 A » TeATS 4 years 5years | 6 years
which taken mens lgl’;]tgrl; captured | 1 Ygggillrlléer' 2y%fg§ilnlger in§e§32mg inte?vening intervening | intervening
4 o17 | 1022
e { 2 221 | 1923
50 226 | 1921
o { 148 229 1922
245 236
B 240 243 | 1023
61 240 | 1921
V. 95 241 1922
""""""""" 90 251 1923
22 264 1921
VI - 9 252 | 1922
"""""""" 15 263 1923
8 222 | 1921
i 2 263 | 1923 =
A AR N 1433 (1.7 | 1+6.1(5.0) +9.2 +11.9 +12.0

1 Value in parentheses excludes the differences of years II and IIL.

) ) 7, values, based on anterior radii,
; = tion necessary to bring calculgted lengt g
TABI;};;M? %gre‘;lr%%;n;i% g%rs‘;c gased on diameters. Correction factors are based on values of Table 19

For herring in year — Average

for ht;r-

For year of life o axx'lmgy e!flar

II II1 v v VI y
o Mm. Mm.

Mm. Mm. Mm. Mm. Mm. e .0
+12 +12 +13 +14 14} oh : o0
" +5.0
+4.0
+2.0
+.5

es between the computations according to the

. : '
i e orreoce fho difforen fish at death and the age for which the

time that intervenes between the age of the k
length is confputed (Table 19) we see that, except in young fish, the dlsz-xgreement
between the values of the two series is insignificant Whe-n. only one year mterYen}?s
but becomes increasingly significant with each additional intervening year ux.ml tIi
maximum difference of 13 to 15 millimeters is reached for the ﬁrst:; year of life.

is to be noted in Table 19 that the values of each column steadlly'decreqse from
top to bottom. This means that the difference increases more rapidly Wl.th each
additional intervening year in the young than in the old herring. The difference
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for corresponding years of life is less in the young than in the old fish, however. This

is indicated more clearly in Table 20, in which is shown the amount of correction
required to bring the computations of the two series into agreement.

TABLE 21.—Amount of deviation of computed length values (caleulated K) from actual (K) length values

according o length of time that intervenes between the age of the fish at death and age for which

length s calculated

K-calculated K

Number of
specimens
Number involved in
of speci- | 1 year inter- 2 years inter- 1 year inter- 2 years inter- | actual K aver-
Year of life in Year Year . Imens vening vening vening vening ages
which taken class cap- | involved

tured | in calcu-

lated K X and non-X scales On diameter (V) of— When 1| When 2
averages year | years
inter- | inter-
OnV |Onac| OnV | Onac X |Non-X| X [Non-X| venes | vene

Mm. | Mm Mm, Mm. | Mm Mm Mm Mm
VL. i 1917 1923 2| +4.0| 440 R8I0 | T e e 9 205
VI 1917 1922 i e s WS R L SR C (Rt e e il 205 |- oo
"""""""""" 1918 1923 15( —6.0| —6.0 +4| 47.0 —7| —=50| 440 +4.0 95 291
v 1918 1922 951 4801 450 |aeuee il el [ v T 1 S Rl R Wl L 291 |- e
""""""""""" 1919 1923 90| —1.0 0.0 +11 | 415.0 —3 | 41L0| 410.0 | +12.0 245 97
v 1919 1922 Ao~ aN R0 |[LLo 52 (G 2 R R ) IRRECAty TR o S
"""""""""" 1920 1923 240 +50( +6.0 +3| 4+9.0 +4| +6.0 +2.0| +40 148 5
10T } 1920 1922 148§ =501 =10 ..l | =g =10 s Dot fi
""""""" 1921 1923 170 V16,0 |-cceae o e e S N A T 4

! This deviation is not included in the average. The discrepancy is large on account of the small number of nonrepresentative
2-year fish available for comparison.

The question now arises, Which series contains the most accurate computations?
To provide an answer to this question Tables 17, 18, and 21 have been constructed.
In Table 18 the computed lengths are compared with the measured lengths for certain
years of life, while in Table 21 the differences between these computed and measured
lengths are compared according to the number of years that intervene between the
age of the fish at death and the age for which the computations are made. Unfor-
tunately no reliable actual values for the early years of life are available. It is dur-
ing these years that the most significant differences occur. To indicate the trend of
the discrepancies, however, the general averages of the measured lengths of all available
herring are compared with similar general averages of the computed lengths as shown
in Table 17.

An analysis of Table 18 reveals that for the fifth year of life the computations of
both series deviate from the measured values to the same extent and are too high, and
that for the fourth and third years the calculated values are, on the whole, too low, those
based on the anterior radius being slightly lower than those based on the diameter.
Further, the discrepancy is greater for the third than for the fourth or fifth year.
The calculated values of Table 17 show the same characteristics—they are too high
in the fifth and sixth years and too low in earlier years, the discrepancies in the latter
years being the greater. :

Further, the figures of Table 21 show that when one year intervenes between
the age of the fish at death and the age for which computations are made (that is,
when the length is computed for the preceding winter) either dimension may be em-
ployed, as the calculations of both series vary from the measured values in the same
degree, but that the discrepancy increases considerably more in the computations
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pased on the anterior radius than in those based on the diax_netel_‘ dunensdlo;lﬁlvlvhzr;
two years intervene. The discrepancy in the former calculations increase P
cent,&iazézt;(?;aﬁ?,elwfivgsfﬂ(éelgnd, if actual values were avgilable, that- the dlts}-l
crepancgas in the computations based on t;g ajnt(iigi;)g) I'fadlllll(si 113111](izze:§ebza§;‘(liiymwil "
each additional intervening year. Doctor Jarvi (192 _101:)1 s
calculations for Coregonus albula.. The trend Of. thia a(\ira; &1' 1(2 o
that this is true in the lake herring. The available data likew ' irabolus
i in the computed values based on the diameter ime
P? %I;Zilill?g OsIclaflse:.lSOV%f:f}Illzr it occurs 11;1 similar computations in other s.pe(%lesh(?ftﬁsli
;)s not known, as diameter dimensions never have bieen :Ig};l)lczyf}ii b.eforr:a;z liie:ﬁhls ((1)1?.
7 . It must be apparent at leas a e Inc .
31331}1)1;?2;?:1 isorIa;?t(;Yions based on d?ame’oers will be much less than that in the
‘ i i nterior radii. :
el‘l‘Ol'Igltthh: ;t?})(i’l;l&;ils(?jsgzie%foﬁhz accuracy of length ccl)lml})lutlat(ii(i)n.sdlt ?asfb&le: :gs(;
amed that the values of measured lengths represented all the individuals o
s oo S o el N e ey
oths given for the 2, 3, and probably
zzlztl:gzte}t)f %hese age groups and are too high, inasmuch as they ?rshgasgd (;r; ;ilet?:t;x
e biggeg in%LVi%ilfli?és Ofd t}fieig;effs 1;If)slife Ishoulfsl cc?incide’ but the
culated and actual lengths for the and o ‘ le, vty
g ups should be less than the measured for the four
Zi‘?iuel:;eei;a(l)lflelsifg.f alIltal:ngEZeﬁ shown that the latter statemen’.o generﬁlly holds for
all computations of length, whether based on diameters or anteilor radn.xa P
As it is not known to what extent the ﬂmgixsubred f%%tlgov;uléegse abl;)eeac cgfracy 0%
5 solutely safe criterion is available by whi ' 1rac
It)}llzbcizlg);(;; })ength VB;lues ; but the following conclusions, prevmuslytshtatedi)z;(ig:ajs
that the calculations based on diameters are more apcurate .tha_.n.d olse e
anterior radii: (1) The K/V ratio is more constant with the md1x2713 ua S(z) i bo?h
group and with the age groups of a year class than the K/ac (p. 3 )1 Ao o2
t2(/ V and Kjac ratios decrease with age, we know that very probab };hia é};mputed
tainly) the calculated values, in general, will be too low. Hlowe\;ir,n Lo ST
lengths based on anterior radii will differ more frqm the true values tha skl
from diameter measurements, as the Kjac ratios decx-'ease more rapi %7 1 1at:d
than the K/V. (3) Virtually all investigators _\thO studied the a(Ecursicy orecaecnli3 Aley
lengths concluded that those based on the radii measurements of scales af Hgffe e
too low, especially those length values computed for the earlier y}ears '(;1 s ' i
computed length values based on diameter measurements mag, tlen,tz s r;)dii
bility, approach the actual values more closely than those l;asehontﬁn ESEDE O.f 5
The data presented in this section are beheve.d to 1sh0w (1) that ; e 1& g
scale grows in length more nearly proportional w1t.h the body than Oje-S e de}us .
radius, (2) that the diameter dimension is less Varla}:)le tban the allltenor hiaher J,Ghan
that the computed lengths based on the diameter dimension are a waysb gd o
those based on the anterior radius, and (4) that the computed lengths a,S(i1 on i
diameter, though in general still too low, are more accurate than those based on the
anterior radius,
99760—29——5
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FACTORS INVOLVED IN APPARENT DISCREPANCIES OF LENGTH COMPU-

TATIONS BASED ON THE SCALES OF HERRING

As the conclusion has been reached that computations based on the diameters |

of the herring scales are more accurate than those based on the anterior radii, the
diameters only form the basis of further discussion unless the contrary is stated.

It has pbeen pointed out that average calculated lengths are lower, in general,
than corresponding measured lengths. This is seen by comparing the average
measured lengths shown in the third column of Table 16.with the calculated lengths of
fish of the same age. Thus, 50 3-year fish average 226 millimeters in length, but
the calculated lengths of 3-year fish vary from 194 to 216 millimeters (Table 16, col-
umn 8). The differences between actual and calculated lengths are greatest, in
general, for the early years of life. This is illustrated in Table 17, where it may be
seen that these differences for years IT to VI, inclusive, are 24, 14, 7, 4, and 5 milli-
meters, respectively. The computed length values of Table 16 show another pecu-
liarity, which has been found in the uncorrected computed lengths of virtually all
species of fish. In the fourth column of Table 16 are shown calculated lengths at the
end of the first year of life. The values decrease from top to bottom; that is, the older
the fish whose scale is used for the calculation the lower the value obtained. This
peculiarity is even more striking in calculated lengths for years IT to V, as seen in
the columns headed ‘““on V.”

Thus, while all computed values apparently are too low, the error for a particu-
lar year is greater the older the fish whose scales are used for the calculation. In
general, when we compare the computed values of the various age groups of a sample
for equivalent years we find, as shown in Table 16, that in each year of life these val-
ues tend to vary inversely with the age of the groups from which the scales are taken.
This characteristic of length computations based on scales usually is referred to as
“Lee’s phenomenon of apparent change in growth rate.”’

Miss Lee (1912) has suggested seven possible explanations of this phenomenon.
These involve either the change in the composition of the year classes with age, selec-
tive elimination by death, or change in the scale itself. The suggestions are listed
below. :

1. The samples of fish are not representative of a year group; that is, the young-
est year groups are represented only by their biggest individuals, and as we proceed
toward the older groups there appear more and more of those that had been the smaller
individuals in their earliest years, so that the average sizes of these older groups tend
to show a less increment of growth and a leveling in values is attained (some such

thing occurs, according to Lea). This Lee termed “the selective effect of size.’

2. The nets are selective, retaining only the largest fish of the youngest year
group and excluding the largest fish of the oldest year groups.

3. Conditions of growth are improving and the fish actually are growing more
rapidly at present. I

4. Females and males that have different growth rates are present in varying
proportion. j ‘

5. The scale, especially the flexible newest part, contracts when new increments
are added. Miss Lee noted that the newest increment in the scale is usually wider

\
[‘
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than the scale increment of the preceding year (the reverse of the ns}mlti;u}ial lavx; g(f)
decrease of scale increment with age and slower growth rate o_f body), W (f seem
rove that the scale increment of the year contracts af’?er being deposited. S
6. A part of the scale is absorbed in the maturation of sex organs during the
spawning period, as, for example, in .the salmon.
7. Occasionally more than one ring forms per year. _ )
The author concludes that the “ phenomenon of apparent chal}ge in growth rat:;
is most likely due to some natural feature in the fish’s or the scale’s growth or to the
contlﬁcigoﬁe(;f,ss;:;gid suggestion, that the nets may act selectively in that they retain
only the largest fish of the youngest year group an'd exclude the largest 9f th}(:,_ ollldlfst
year group, does not seem to apply to the lake herring. The pound nets in w V\IZ(;] i?-,
herring are taken certainly do not exclude any fish begausef of large ??ef. i eIZ .
is remembered that the greatest dimensions of the openings in the ;ngs 0 1te It);ohld
which the herring are captured are only 135 to 134 11.;10hes (2%4 to 2 14 mch.es stre c‘ ed
mesh), it appears highly improbable that any considerable selec’m.ox.l of size écg)c_cuilre)
in the 3-year group. If we assume an average length of only 200 I.m_lhmeters. ( 1mc tis)
for the smaller fish (the captured 3-year fish averaged 229 millimeters in ten% é
their depth would be about 134 inches.” Thus, the largest mesh of the pok af ?—,E
equals the depth of the smallest 3-year fish; but the mesh tha_t fo.m}s the Iba,.c ({) the
pot is very much smaller (2 inches), and becomes the bottom in lifting. ut 15 3urmf
lifting that small fish escape through the bottom, and clearly the smg esh_l—}fsa:
herring could hardly, if at all, get through the small _mesh of the bottom while 1 12
being lifted. Their escape might account for the higher calculat?d and measure
average lengths of the 3-year fish, but it would not account for Lee’s phenomenon in
ths of fish of greater age. . '
S 0%1}(;:1 ?ﬁiﬁ%lssggestion of Migs Lee that oonditio'ns of grow?h may be 1mprc;v;ﬁg
and the younger fish actually are growing more rapidly is applicable to some 0}0 11e
Saginaw Bay herring. 1 have found (p. 367) that. th_e herring of all age grougs ac uatly
had grown faster during the first three years of lifein the year 1919 and' subsequen };
than before 1919; but such increased growth rates can not affect the 1n_dlv1duals 0
the same year class but of different age groups diff'erenjoly in c,orres.pondmg years ‘Sf
life. And yet that is what must have happened if Miss Lee’s third suggestion e‘
true, for the “phenomenon’ appeared even when the age groups of the sam? yea,ll1
class are compared. Thus, in Table 35, in the 1919 year class, the lgngths[&ﬁrfah
growth years increase with the use of younger age groups for ca!c-ulatu?n. . 1sd
of this y'e&r class presumably were living under the same conditions in 1920 an
doubtless reached about the same length at'2 years of age, yet the calculated lengths
Vary inver: e age groups. )
ryElseiv;lex'; vZ’i‘t;lelo(};s 32ga1%d 33?) it is shown that the mal-e and female herring grow
at the same rate. This precludes, for the lake herring, Miss Lee’s fouI_'th suggestion
that females and males have different growth rates and may be present in the samples
In varying proportion. :
l\rgilssgLI;e’s sixth suggestion is that a part of the scale is absqrbed at ?he time of‘
maturation of the sex organs. 1n that case a zone of the scale laid down in the year

1 This value for depth was obtained for 84 Lake Huron herring 220 millimeters or less in length (average 203 millimeters).
Both length and depth measurements were made by Doctor Koelz.
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of spawning, of a width proportional to the growth of the fish in length during that

year, is reduced in width at the spawning time and, with the resumption of growth
after breeding, a spawning mark is left on the scale. However, this suggestion appar-
ently does not hold for the lake herring, as no spawning mark nor any evidence of
absorption is shown in the relief structures on the surface of their scales.

Miss Lee’s seventh suggestion is that occasionally more than one ring (annulus) |
forms in a year. If such accessory annuli were not recognized as such, but were

treated as normal annuli, the “phenomenon” might appear in the calculations.
This suggestion does not apply to the lake herring, however, if my conclusions are
well founded that normally only one annulus is produced each year and that this is
distinguished readily from the occasional accessory annuli.

There remains Lee’s first suggestion that the samples of fish are not representa-
tive of the year group, and her fifth that the newer part of the scale contracts with
age. Miss Lee is inclined to accept her fifth suggestion that the scale, especially the
flexible newest part, may contract whenever additional material is added to its margin.
To ascertain whether this is true in the herring scales, T measured, for the year classes
1918, 1919, 1920, and 1921, the scale diameters at the end of each growth year (Table
22). The average diameter increments derived from these measurements are shown
in the right half of the table. The increment of the fourth year of the 1918 year class
increases as the age of the fish whose scales were measured increases. Likewise, the
increment of the fifth year of this year class is less (0.27) in the 5-year herring than in
the 6-year fish (0.44). Similarly, in the herring of the year classes 1919, 1920, and
1921 the newly deposited portion of the scale, which presumably had not yet con-
tracted, is nearly always narrower than the corresponding older deposits, which
presumably had contracted. The increments of the third growth year are the same
(0.71) in the 3 and 6-year fish of the 1919 year class. 1t is realized that the most
recently deposited portion of the scales of these fish may not represent a completed
growth year, but as the fish were taken in November it is hardly probable that the
newly deposited zones of the scales of the younger fish would increase sufficiently
during the winter to exceed those of corresponding years of older fish. From the
foregoing it appears that those zones of the scale deposited after the third year grow
broader with time; they seem to expand instead of to contract as the fish grows older
and additional material is added to the margin of its scale

TABLE 22.—Average total length and average increment in length, in millimeters, attained by the diameter

of non-X scales at_end of each growth year of Bay City herring haiched in 1918, 1919, 1920, and
1921 and captured in 1921, 1922, 1923, and 1924

EES e

i Num- Total length of scale in year Increment in year
8 | ber of
Year class of individ-
fish nals I I II1 Iv v VI I II T IV \' VI

v 215 | 2.65( 4.08 | 4.86 [15.97 | ____ 0:-78 |. 0.41 [ ... -..T:
1918 Vv 87| 2.54 | 3.81| 4.58 | 5.11 5.38 ST 83 0.27 |
------------------- VI 7| 2.75| 3.90 | 4.65| 528 | 572 75| 63| .44 0030
IIT 65| 2.86( 4.31| 5.02 |._____| % ¢ 8 NN W
IX 2ié g ﬁg i 82 4, ;g 549 [ i .76 Al T
. 6 .01 | 4. 5.28 | 5.58 .76 .61 80 |._...—3
1009 oo VI 18| 2.63| 3.82 | 453 | 517 | 563 | led| 4
IT1 136 | 3.06 | 438 5.03 | _____| ___ o S RS ST T
1020 Iv 132 | 2.89| 4.19 | 4.90 | 5317 |7 | AL 3T Y
""""""""""" v 74| 2.59 | 3.91 4.66 5.21 5.60 75 .55 39 . e f
IIT 92| 3.16( 4.48| 519 | ____ | = -
2o ,{ IV| 85| 3.02| 425| 495 | 5387|220 T

! The last total length value of each row represents actual diameter meas

% ) urements; the oth 1 4 4
diameters, tha t is, the parts of the diameter included in the various annuli. OFhers represent the lengths of “annular’s

T W

w
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While apparently, then, the outer zones of the s'cales expa.ndd :Vlﬂ; :f:;ﬁgﬂ;ﬁi
inner zones undergo a contraction at the same time. The data o sl
e 22 indicate that apparently they do contract. In the 1918 year cla L
g? T&};};s of1 the scales of the 5-year fish averaged consi(stently shorlt';(larS ti:lgg ang
B i i : the 4-year fish (compare values 4.
conespoidlﬁ}%ir(gafil: :viI; ;:al?l)j.e S’Ei}: Ssc(;fle diamzters of the 6-year herring, hovyex:(ir,
o :1 f er t%m.n those of the 4-year fish in the first growth year, the same in the
. Ongbut shorter in the second and third growth years. . In the 191f9 ysﬁr
i le dia.meters of the fourth and fifth age groups, Whlch,. except for ! e
e 'Scath ear, averaged approximately the same, were consistently s}(ll(?r er
. glOWf co{'resi)onding years of the third age group. So, also, the scale 1am;
. thosl(: 06— ear fish of this year class averaged consistently shorter than thos’fi‘ }(1)
g td(? yrow‘oh years (the fifth excepted) of the 3, 4, and 5 year ﬁsh._ 5 i
| - 113518 ear classes show even more striking results. In these fish, withou
lggroezggption gle scale diameter of a certain growth year decreases as older age
any e ;
T _ﬂl‘ﬁ etr)r;pxll(;};zgthat the differences between the total lengths of the s.cale dlam;
etersI(t)flin(\)f two age groups of a year class diminish after the Tecond cér ﬂll-leﬁrzii&; ;)O
i are, for example, the diameters of the 1920 year qass). y i
i '(comparet’s of Table 22 it may be seen that as a result of this decre.a.se in eh
. mc;emer(liler of scale increments is reversed after the second or third growth year.
%Iﬁ;izsr:ase (‘s;‘le scale increments of the first and second growthtiears lgsrl?il{h(ilregr;:x
% d increases, those o
as the age of the fish whose scales were measure : s e
nee little with age, and those of later growth years incre
‘izrlllfreises (see, for example, the increments of the 1920 yesn"P clabsslil. Pkl
Do the scales of herring, therefore, contract .w1th age .t } U A
apparently a concentration with age takes plage in the firs Wo]'tt,le T e
scales. The data likewise indicate that the third zone chaﬁges i pil MR
the outer zones expand. Do contraction and expanspri t. en.occof W}}TII;t syt
in the scales of lake herring? This does not. seem posmbflm w-evlfl R
s IOf telefo‘zt Scavln?}ii;}? 1%122(11;;50%%% endoskeleton, may
ists of an outer layer of bone, , like ¢l ' -
z(i:t?llx(;rcgzsilomogeneous, except for a feeble lamination, or 1t r?ay (};)ln;?élj t?;);letizl:z'
arranged in successive layers parallel to the surface of tl.le scale. i cross, i)
is an inner fibrous stratum in which the fibrous bund.les in any é)ne 1{] wie
in planes above or below them.” (Bridge, T. W., in Cambri §e ity 1ameua:
1910, Vol. VII, p. 189.) The fibrous bundles of any one plane t(})lrmlower pii
During the growth of the scale these lamellze are depomted. on the .
i tending beyond the one mos
the scale, each new lamella growing larger than and. ex ing % e
recently formed. Lea (1919) found that in the marine herrlng ( glpe:ii e,
of the zones of these lamellw “exhibits an irregular I,)krog*ressmn,t hro:rai-smon i
denly appearing after a series of narrow zones, * that :1 e
narrow to broader zones takes place just where the surfé}ce of the scale sf 0 e
ring. Thus, the elementary plates are seen to form the}r own system 0 tflm = this,
corresponding to that of the surface layer, but otherwise dlﬁ'erl.ng gre:il deidS etc‘,
and more resembling that found in the scales of many salmonoids and g ) :

S




,taken at Bay City in 1922 and 3.10 millimeters in the 88
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where the winter rings are not so sharply marked, but a gradual transition from sum- ,
mer to winter is seen [p. 90].” As is the case with the circuli, the number of lamellp
deposited each year varies as the growth rate of the scale. Lea found further that '
the outer or “upper covering layer is of almost equal thickness at the edge and nearu
the center of the scale and evidently does not grow thicker ; it is thus easy to under-
stand that the winter rings, for instance, upon the surface of this layer, continue |
equally distinct many years after formation * * [p. 89].” “The scale may thus
be considered as a greatly flattened cone composed of fibrillary plates * * *
This cone is evidently covered entirely by a nonfibrillary layer, on the upper side of ©
which, however, is found finely marked relief which gives the scale its characteristic
appearance [p. 87].”
Miss Lee’s fifth suggestion, then, does not seem tenable.
other and more plausible factor or factors to account for our P
It was obvious in our discussion of the scale-diameter me
(p. 331) that there we were, in reality, confronted with Lee’s “phenomenon of apparent
change in growth rate.” This was to be expected but only on the assumption that
the scale-diameter measurements and the computed length values based on them
are correlated more or less positively, that when the “annular” scale diameters are
large, the lengths calculated from them will be large, and when small, the lengths
calculated from them will be small. It is conceivable that such a direct correlation
does not exist, as length computations for s particular year vary as the proportion-
i at year in the total length of the scale and not
as the actual length of that diameter. A length calculated from a large scale diameter
may be small, and vice versa, That this is not generally true is evident from the
following facts. It has been shown already that the bigger herring of an age group
averaged larger at the end of the first year of life than the smaller fish (Table 5).
Computations show that the average length of the scale diameters of the first year
of life is consistently greater in these large fish than in the small. The same 3-year
herring and the same size groups employed on page 316 for scale-diameter measure-
ments were used here. It was found that the length of the scale diameters of the
first year of life averaged 2.85 millimeters in the 40 small 3-year herring of 1921 and
2.94 millimeters in the 26 large fish; 3.01 millimeters in the 48 small 3-year fish
large herring; and 2.78
millimeters in the 71 small 3-year fish taken at Oscods in 1922 and 2.87 millimeters
in the 72 large individuals. The grand average for the 159 small herring was 2.87
millimeters and for the 186 large fish 2.99 millimeters. As Lee’s “phenomenon’’
appeared in the computed lengths, it must, as the result of this correlation, appear
in the measurements of the scale diameters, Likewise, a more or less perfect direct
correlation exists between the total increments of scales and those of the body com-
puted from these scales. The paradoxical results shown in the scale increments of

Table 22 and discussed on page 330 must, of hecessity, then, also occur in the body
Increments calculated from these scales.

We may look for some
aradoxical results.
asurements of Table 22
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" ‘3‘3._._4 7 co uled iner 7 of varwous age groups Of Bay
rHBIF s verage mputea .crements wn lenqth, W ’ﬂ'”ll?:mete S, f
0 t)U € 7’[:7L(}’ I"L(l-tc id wn the years 1917 to 1921, L’I?zClMSZ-Ue, f07 each aqr O'U)thl year
b her { ch

) 2 Average computed increments in length
Number
Age | "ofindi-
i 80P | viduals I I 11 v v VI
35 25 iy Bl -
205 115 49 16 %
-------------- { V\; 9 117 44 37 26

Qe B e faoiey Sudipeodorad Siime s e

v 291 116 63 22 5 : T R

v 95 114 57 25 2 5

bRt A e S VI 15 113 5 37

97 127 65
IIIX; 245 122 61
-------------------- v 90 119 60
e VI 21 116 53
148 139 61
III\} 240 133 59
oo e v 74 117 60
111 170 142 59
L e { v 356 136 55

Table 23 shows this td be true. In this table are show_n the com';iu::(f.s a()\;ei‘;tiz
" in diff 7 f life by various year cla .
i ts of length reached in different years o ; : o
anr?gl b Sit may %e seen that whereas the computed increments of the first ;I;Sciz(;zes
em:s ;gf life usually decrease as the age of the fish yvhose scales were me}?surg L years,
Z}T:)lse of the third year change little with age while those of the fo'urt1 al:he porkk
increase with age. (See, for example, year class 1;)19(%. OEVIOUS § i e
; . 7 in the scale diameters an
that explain the “phenomenon’ in ‘ ; po
ii?‘:rlz‘tsction andpexpa,nsion of the scales (Table 22) will also explalln thesv;ecrllllzl;(;hi .
istics in the body lengths and increments computed from the'se sca,fets}.1 e
discuss either the measurements of the scales or those dlm_ensmns of l_}e gy
i ition, the former course is convenient. :
from the scales. To avoid repetition, ' _ S o
i i tion relative to the prop
surements are direct and do not involve the assump .
:;Zasrgjvth of body and scale, they are to be preferred to the computed lsndgt;}(l)s ‘Sizn
thof h they involve fewer specimens.* The computed values are resorte e
l;he Eumber of specimens involved in the averages of the scale measurem
unusually small; as, for example, in the sixth antd fsev?[ilt}tsa%ep};glzglslrfénon” g
ee

Any factor or factors suggested to account for : 3
e annulgr” diameter measurements of the scales and for the apparen.t contr:;;:;o;lf 511}11 e
expansion of scales with age must determine (1) why the scaletlllllcrexg et
first and second growth years of a year class generally .decrease as : t; agihird e
whose scales are studied increases, (2) why the scale increment 10 -nc:ements At
year increases or remains constant with age, and (3) why the scale i
fourth and fifth years increase with age. : : _

With these fs}:cts in mind we may now consider Lee’s ﬁrst'suggestto'ndg];ia(;ouz}lnse
youngest year groups may be represented in the catch only by their blgfg:?}s1 ;1; b ha(i
and that, as we proceed toward the olde.r groups, more an.d Iglore (z) g :)groups- “
been the smaller individuals in their earliest years appear in these

. The computed length
¥ Fewer specimens were employed for scale diameter averages because non-X scales only were used ¥
values of fish were based on non-X and X scales,




.of the 1918 year class and by 18 individuals of the 1919 year class. These age groups
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this be true the younger age groups contain g larger proportion of fast-growing fish
than do the older groups, and the “annular”’ diameter measurements of their scales
give higher values. In my ciscussion of the data of Table 30, on bage 384, I state
that most herring attain sexual maturity in the third and fourth Years of life, and i
that in relatively few is the first spawning delayed until the fifth year. It is possible )
that the herring that Spawn in their third year are the bigger individuals of thejr
“vear class, and that those that do not spawn until their fourth or fifth year are
smaller. Some evidence that this is true may be found on page 390, where I show
for the third and fourth age groups of the Oscoda herring that the immature individ-
uals of an age group average less in length than the sexually mature. The influx
i fifth age groups would presum-
ably tend to lower the average ‘“‘annular” diameter measurements of these age
groups as well as their average actual measured body Jengths. The average lengths
of the “annular’” scale diameters would then be less for all corresponding years of
life in the 4 and 5 year fish than in the 3-year fish, and similarly they would, in general,
be less in the o-year fish than in the 4. Tt i assumed here that the number of fish
that reach sexual maturity in the fourth or fifth year is large enough to alter the
average growth rate of their respective age group. Otherwise the corresponding
scale diameters should be approximately the same in the three age groups under con-
sideration. However, the 6-year and older fish of g year class composed wholly of
the surviving mature o-year individuals ought to show, for the same years of life,
scale-diameter measurements similar to those of the o-year group. Lee’s ‘¢ phenom-
enon,” if conditioned wholly by the growth-rate composition of the age groups,
should not be present in the scale diameter measurements of the fifth and older age
groups of the same year class. These age groups should have identical growth-rate
compositions.

An examination of the tota] length values of scales given in Table 22 shows that
these data agree fairly well with the above theoretical deductions derived from
Lee’s first suggestion, in so far as the interrelations of the scale measurements of the
third, fourth, and fifth age groups are concerned. In general, the scale diameters
of these three age groups decrease in length with age in each year class ; but whether
Lee’s “phenomenon” js absent from the scale-diameter measurements of the fifth
and older age groups of a year class is not so evident. No data are given in Table 22
for the 7-year fish, while the sixth age group is represented there by 7 individuals

are somewhat better represented in the table (35) of computed body lengths. Even
to permit a comparison of their

puted lengths of the 6-year fish of the 1917 year class nearly coincide with the corre-
sponding lengths of the 5-year fish of that year class in all years, while the calculated ,
lengths of the 6-year group of the 1918 year class agree fairly well with the corre-
sponding lengths of the 5-year fish of that year class; Lee’s ¢ phenomenon,” if present
at all, is certainly not Very prominent in the computed lengths of the 6 and 5 year
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i i i rer, in these
ups of these two year classes. It is demdedly conspicuous, ho;via\ er’,D hls i
B pou s in the 1919 year class. In this year class the calculatte eng . th.e
ggeeii ﬁslil are noticeably lower in most years than the corresgondmbg1 lengtfos é)edde
4 to be sufficient to enable us t
data, then, do not appear to '
iy g « ” is present in the scale-diameter measure-
itely whether Lee’s ‘“phenomenon’ is p ;
def;ntlsti)z in the calculated lengths of the fifth and older age grsups of a yem‘:}llisliby
- i i in the matured age groups,
tion occurs in
Can the assumption that a selec : ‘ e
i - ing individuals are introduced into the fou .
e i d expansion of scales? It is apparent
lain the apparent contraction and exp _ . - :
B ot s coloc decrease in the scale incre
ld account for the progressive
el ife of the herring of age groups III to V,
ith age in the first two years of h. e of the herring ;
Pleiltssi:z- butgit is not clear how this selection can explain why the pr'esumably sl(;x})lve
8 uinO‘ hsh of a year class should, in their third or fourth year of life, becqme it
fg I'OJV rgwinv fish of their year class, and why the presurpably slowest—lgr.ovx;ll?g =
is 1-1{gd charfge into the fastest-growing. In other words, it can not exfpl'z}ln 't}i E °
ngssive increase in the scale increments of the fourth a,ll'ld gmt}?r yeahrs of life WIS b “;gn.
ion—— be involved here, however. -
ther factor—sexual maturation——may Spaw
ing tﬁl?e(:)s place in the lake herring in November or Dicer}?ti)(?z. ’fr?}?eaflilsnﬁli ;';pg;llllréi
ttendant change in the habits o h
of the sexual products and the a . s kot |
i i le growth in mature fish than o
an earlier cessation of body and sca ' ; ety
be narrower in the scales of 1 ;
fish. The growth zone of the year may : ' iy et
i h remained immature. at sexu :
than it would have been had the fis s
i i fish (for example, the salmon) by a sp ;
retards growth is shown in some ' _ Cied i
i fishes (at least in those of the nor _ ¢
It is also common knowledge that in i
i i reak i 've of growth generally occurs in that y
the first prominent break in the curve o . Mo
individuals reach sexual maturity. is holds, also, .
a large percentage of individua, 1 me e,
ing, whose curve of growth, as shown in Figure 39, ik !
ljiierheg;;gml maturation and retardation in growth are probably positively corre
d in the lake herring. Byl 433 :
- A:;l the lake herring reach sexual maturity in either E,he til'lrdﬁ f(;llllrgll(,ﬁ(zrli'd{‘ilﬁallsl
ife, i fourth and older age groups (practically .
year of life, it follows that the ; s el L
i i ture) include individuals tha _
in the Bay City samples were sexually ma . : ey .
i ir thi i hich, according to Lee’s first sugg !
in their third year. These immature fish, w ! e
ing indivi ir lass, were not retarded in their
were the slower growing individuals of theu' year class, : e
i i . The fast-growing, mature, 3-ye
rowth in the third year by sexual matt}ratloxll .
%ish may have been retarded sufficiently in .thelr third year growth fate :0 :llo:; ;B}?
slow-growing, immature individuals of their age group and year c tadss i(; digli)duals
closely their growth rate, to equal it, or to exceed it. These immature - maturé
on becoming sexually mature in their fourth or fifth })lrear and ]Omgrﬁl : ttlel bl
; flect the averages o -
fourth and (or) older age groups, would then a ;
scale increments of these age groups in such a way that thfy' wouldell)li il;gtizl}rrn g)tz:
than or equal to or exceed the average of the thlrd.-yea'r scale 1ncremh il
lass. A retardation in the growth o e s
3-year fish of the same year cla : . ASaey
mature 3-year herring could account for the increase in the wi 0 boplincntic
growth zone in the scales of the 4-year fish, but, as I shall show shortly (p. )
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for any further increase in the width of this zone in older age groups. In fact, the

I
average of the third year scale increments should probably decrease in the 5-year |

fish. (See below.) The data of Table 22 show that this average usually increases in
the 4-year fish and varies little with the older age groups.

As we assumed was the case in the mature 3-year fish, so, we may believe, must
the mature 4-year herring have been retarded in their growth rate by sexual matur-
ation. This retardation in the growth of the mature 4-year fish would permit the
slower growing immature individuals of the same age and year class to approach
closely the growth rate of the mature, to equal it, or to exceed it. These immature
4-year individuals when joining, in the following year, the mature 5-year fish would
tend to raise the average scale increment of the fourth year of these fish, so that it
would approach more closely that of the captured mature 4-year fish of the same
year class, equal it, or exceed it. The larger fourth-year scale increments in all the
o-year groups, when compared with corresponding increments of the 4-year group
(Table 22), seem to indicate that retardation in the growth of the 4-year fish is always
so great that the immature 4-year fish when in thejr fifth year are able to increase
the fourth year scale increment of the fifth age group considerably above that of the
fourth age group of the same year class.

However, as explained elsewhere (p. 334), inasmuch as the sixth age group of a
year class is composed wholly of the surviving mature members of the fifth, the scale
increments of these two age groups of a year class ought to be the same in corre-
sponding years. The 6-year fish did not seem to be represented adequately in the
various year classes to permit a definite statement as to the presence or absence of
Lee’s “phenomenon” in the sixth age group (p. 334). They gave inconsistent, results.
It is a question, therefore, whether the sixth age group should be considered in the
present discussion. If considered, it is at once apparent that the tendencies that
exist in the scale and computed growth (Table 23) increments of the younger age
groups continue into the sixth. The scale and body increments of the first two years
of life continue their decrease in this age group, while those of the fourth and fifth
years continue their increase. The 6-year fish agree in these characteristics—con-
trary to what was stated on page 334, they are here consistent. If the data of Tables
22 and 23 of the 6-year fish are valid, we are unable, on the basis of the two assumptions
considered above, to account for the continued decrease and increase in the growth
increments in the sixth age group.

Another apparent discrepancy appears in the increment data of Tables 22 and
23. The progressive decrease in the increments of the first and second years of life
with age was explained by assuming that the third age group included the fast-grow-
ing individuals of the year class, the fourth the surviving, fast-growing mature 3-year
fish and the more slowly growing individuals that reach sexual maturity in the fourth
year, and the fifth age group the surviving, mature 4-year fish and the most slowly
growing individuals of the year class that reach sexual maturity in the fifth year.
Obviously, we should expect the average third year increment (scale and body) of the
5-year fish (also of the 6) to be less than that of the faster growing 4-year group of
the same year class; but Tables 22 and 23 show it to be the same, less, or greater.

Is probably another factor involved? The only other plausible factor that I can
suggest at present is the “law of compensation in growth developed by Gilbert

|
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(1914) and others. This law states that tyh_ose fish that grow most slowly gi.urng .t-he
earliest years of life grow most rapidly during the later years of life, and vice (’all‘i%q

Later (p. 370) I shall show that this principle actually holds for the lake herring. This
law would still leave unexplained why the increments of tl}e first two years o 1h e
tend to be least in the sixth age group of a year c]tass, but it would account for ;cl i
rapid growth of these fish later in life. So, also it may'account for the factftf }?

the third-year increment of the 5-year fish of a year class is not less than that of the
k h. ‘

: ye?ll“oﬁfecapitulate, of Miss Lee’s seven suggestions (p: 328) only the first is accept-
able in explanation of her “phenomenon’ in the scale dlametef and compu't-e(} bo%y-
length measurements of the lake herring. T.hat Fhe herring that rea.cl? ‘sexua, Iﬁablll-
rity late in life are the smaller individuals of the.lr year class appears highly proba le
from the data of the Oscoda fish (p. 390). This faet would explain why .th«? sca }?
diameters of the fish of a younger age group of a year class. generally excegd in engt

those of the fish of an older group; but it could not explain theprogresswe 1ncresf;s§
with age in the scale and body increments of the lat.er years of life. 'Ijo a.ccou‘ntvt(})ll
this, two other factors were considered—sexual maturlty' and compensamon.ln grow 4 \
It was stated that in fish (at least in the northern species) sexual maturation usually
is accompanied by a retardation in the growth of body anfi scale and‘that 8 comg)f.?-
sation in growth occurs; that is, fish that grow slgwly during the earliest years of li ?
grow rapidly during the later years of life, and vice versa. Virtually all the dat.a 0

Tables 22 and 23 on the increments of scale and body growth can be brought 1r;lto
agreement and quite satisfactorily explained by these three factorg In fact, only
the first and third factors are required to explain all th(? data; but, H_msmuch as th,e
second one (sexual maturation) is also actually involved, it can not be ignored. Lee; s
“phenomenon,” then, in so far as the lake herring are concerned, seems to be largely
the result of perfectly natural events in the life history of the fish.

¥ 2 "m i lengths of various year classes of
T 5 24 —Uncorrected and corrected (by Lee’s formula) computed ( ) ear
P Saginy.lrzfgrBay herring for each year of life. Identical fish were used for both series.

i ¥ ted calculated length, in

Average uncorrected calculated length, in | Average correc d |

Number | o 8 millimeters for year— millimeters for year
y Age | of indi-
Year class s
roup | viduals
O lemployea 34 169 0 | O o 0 G o O O o 5 o4 4B ol - B
212 1L 1930 |acaooilosmnas. 133 186 215 | 1230 |ocoooofoeoeoos
98, ool { Ig Zé? gg i;(g) 204 228 240 |ocoeao 132 180 210 230 240 (117300
ol S RHIE C) B R e 1D
128 193 DB LL ke Lliee I SO TR ALY 143 198
III\:; Zflif 121 182 216 2Bl 138 190 219 ggg e
. v 48 118 178 212 235 AR 2 136 188 217 el
VI 18 116 168 199 227 248 267 136 181 208 233

3 204 2RO E oo IS U TR R et
II1 136 139 199 v e PR e 15 i o i 5
1 190 | 292 |7 24| TIIIITIIIII 147/ 198 | 225 [T RA|IIIIIID
e { Ig 132 ﬁ% 177 211 236 254 oo ___ 136 188 217 239 254 oo o
154 204 281 i o Sk el oot
IIL 92 141 199 B ik oe R

. 4 { v 355 | 136 | ‘192 224 | 243 ___ .l .ll. 152 | 199 | 226 | 243 |-

! The last value of each age group represents actual body measurements.

Jec Pdge
2 5y



338 BULLETIN OF I'HE BUREAU OF FISHERIES

TasLe 25.—Comparison for identical individuals of calculated lengths,
rected by Lee’s formula in the usual manner (that s, the formula is applied separately to measure-
ments of each individual), with corresponding calculated lengih averages derived by application of the
Jormula to averages of measurements of scale diameters and body lengths. (See tewt)

averaged cfter having been cor-

B : Computed length, in | Computed length, in
Average lAve?age Aﬁgz%grlseng%hs,cﬁem&%: millimeters, based on |  millimeters, based on
Number | body | J2¢ nd?f ameteratend of year—| 10dividual scalediam- | scale diameter aver-
Age group of speci- | length, | S¢& et - eters at end of year— ages at end of year—
mens | in milli- | 265,

in milli- o
II IIII v ) II } III | 1v I

II IIT ’ v,

S e e e 11 208
.................. 9

145
133 | 177 | 207 | 226 | 133

In a more recent publication Miss Lee (1920) considers another factor as a pos-
sible explanation of the “phenomenon of apparent change in growth rate.” It is
well known that scales do not begin their development until the fish has grown to a
certain length. The growth history of the early part of the first year of life is not
registered on the scales, therefore. This, if ignored, presumably introduces an error
into the computations of length, which are based on the assumption that the entire
history of the growth of the body of a fish is registered faithfully in its scales. Lee
supplied a general formula (see p. 306) patterned after that of Fraser to correct the
errors due to tardy appearance of scales. To determine whether such & correction
actually eliminates the “phenomenon’ from my computed lengths, I applied the for-
mula to a series of calculated lengths computed from the scale-diameter averages of
Table 22. That is, I determined the average actual length of the fish of an age group
whose scale diameters were measured and from this length and the scale-diameter
averages (Table 22) computed the length attained by that age group at the end of
each year of life.

That this method of length computation is valid may be seen by comparing the
computed lengths of the seventy-four 5-year fish of the 1920 year class, as given in the
left half of Table 24, with those given in Table 35. The former computations were
derived from the scale-diameter averages of Table 22, the latter in the usual manner—
that is, the lengths were calculated for each individual and then averaged. The com-
pared lengths are identical in corresponding years of life. To the average lengths,
determined as explained above, Lee’s formula was applied. That this method of cor-

recting computed lengths is valid is indicated by the data of Table 25. I applied the
formula separately to the measurements of each of the 11 individuals of the second
age group (Table 25) and obtained an average corrected calculated length of 145
millimeters for the first year of life. I then ascertained the averages of the scale
diameters of these fish for the two years of life and applied the formula to these averages
and average actual length of the age group (208 millimeters). The corrected calcu-
lated length for the first year of life obtained in this manner was 146 millimeters, or
1 millimeter more than was obtained above. Repeating the above procedure with nine
individuals selected at random from the fifth age group, I obtained by the two methods
identical calculated length values for corresponding years of life (Table 25).

Appli-
cation of Lee’s formula to the averages of the body and scale

-length measurements
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i t
f an age group appears to give corrected computed lengths, which are at leas
0
imately accurate. : . _—
appri;?;llsfzzteg on page 317, scale formation in the lake herring very prog;blye;;fl:: le)me
body length of approximately 35 to 40 millimeters. Assuming 35 millim
a

T i = “xF i ted
co ect the OOI’I‘BCtiVB formula, then, 18 L1 356+ 1 (L“35), ete. Both uncorrec
) V

. . =
and corrected computed lengths a(xie showntdeab::ath : 1e}éiﬁZl(;ileﬁ:}]iovgvfeizriﬁleoift
i ected computed av
forlfbofﬁéhieif&e'rgl}iz ;l(ﬁizgaed computlfsd lengths in the right half. If we co_mpm;}a
- S ondin,g values of each age group of Table 24 we find tl’lat threei prm]_g.lpt
e r when the computed lengths are corrected by Lee’s formula. ll‘il ;
i re raised in an amount that decreases gradually from the early to % 1e
L &Vel‘&ge]? l?fe Thus, the averages of the 4-year fish of the 1918 year class (Tal e
;?;gﬁzf (?orrec.ted are I:aised 17, 8, and 3 millimeters in years I to I'{‘Iﬁ res;t)lelztgcerz:
Second, the increments are decreased in all years excgptdtlfxe ﬁrslal; e 1212,) g
ts of the 4-year fish of the 1918 year class (derived from R
- IV are, when the computed lengths are uncorrected, 116, 62, 34, an1 ey
4 t(t)ers resI;ectively, but when the computed lengths are correct}t}ed' t{ley aleno m,l cedi
12%9 an(’i 15 millimeters, respectively. Third, the “phenomenon 11s es§b é)cr:me ey
’that the lengths of the different age groups of the same year c asls P
z(c))‘nparable This is seen in the computed lle?gghs fﬁ)}i thte %Dil%z}eharfz :;:h s
: ‘ first year of life for the sixtn, ; , an
Thee lfél:lgﬂslsa:g H;?}Ee‘fiicc)zr?:zted, 1?6, 118, 121, and 128 millimeters, resge;:i;v}i;irﬁ i
cal;gffe%'encg of 1é millimeters between the ext}‘emes, and 136, 1'%16‘3’ 12§£Sar{)etween o
meters, respectively, when corrected, a difference of 7 ~millime o
e‘itrem’es Similarly, for the lengths of the second and .th.n"d years (21 fl‘ g
e;lce betw'veen the extremes is reduced from 25 to 17 millimeters and Iro
mﬂluﬁi&}fﬁ;’yrgﬁ I‘Zfl(;tlc‘;isguted lengths of Table 24 shows that :h((i)l{)gh}?ee’fi ;‘Hll)lllll(;nogl:
enon’”’ becomes less pronounced when the lengths are corrected by ner - >
” is sti ident in the corrected calculateq lengths.
“phe';zgizn;: shlj;:%flujzili&rmt%ie‘gr the third and later years of life the golr;'relci:;l(i
computed lengths of a year class agree more nearly with tihf ac‘zlﬁzl m';;?:ecompi ihe
for corresponding years than do the uncorrected compl.lte' enfgth .calcu]a{;ed o
tions show that in the year class 1919 the average deviation o 2 e dedpi
from the actual for year III is 16 millimeters for the uncorrecte b:a. g
meters for the corrected (Table 24). Similar results may be 10ik ain Son e N
years of life. Whether the corrected values for years I and II . (}\im.stz 1c i
nearly with the measured than do the uncorrected can not‘be e nlln 1_');8 s
at the present time owing to the lack of 1 anfi 2 year fish 1r11 m;; ;af 502 inﬂlilfneters
ever, the 34 Saginaw Bay herring of year IT, with an average feng 0 b B
(Table 14), be taken as a standard, the.n we may statitga‘uw ;11'1 yt?)al; e
values are the more accurate. Attention may be ca eb az a0l
actual measured lengths of the younger age groups may be to ‘g ' pidadiang
that the uncorrected values, therefore, may, in reality, be more accur
corrected values.
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The corrected values for year I, however, may be too high. It has been found
already that the calculated length averages for year I, based on the measurements
of scale diameters, averaged 13 millimeters higher than those based on the measure-
ments of anterior radii (Table 16). A correction now by Lee’s formula raises
these averages from diameters approximately 17 millimeters (computed from Table
24) more—a total average raise, therefore, of 30 millimeters. These corrected values
from diameter measurements for year I, however, at times appear to be rather high.
(See year classes 1920 and 1921, Table 24.) Measurements of young herring from
localities other than Saginaw Bay suggest that the corrected values for year I of
Table 24 are rather too high than too low. A herring of year I, taken in September
at Alpena, Mich., from Lake Huron, measured 108 millimeters in length; another
taken from an inland lake in Michigan in October also measured 108 millimeters in
length. Clemens (1922) gives a length of 75 millimeters to Lake Erie herring (arteds)
of age group I. Six whitefish (C. clupeaformis) 7 months old (whitefish grow as fast
or faster than herring), which were reared accidentally in the ponds of the bureau’s
hatchery at Northville, Mich., and which subsisted on the natural food found in the
pond, ranged from 97 to 111 millimeters in length. :

Lee’s formula does not take into consideration the rapid increase in length of
the scale as compared with that of the body, especially the rapid increase occurring
immediately after the scale appears (see Tables 10 and 13, and figs. 12,13, and 14) dur-
ing the first year of life. The effect of this relatively rapid scale growth upon the cal-
culated lengths is exactly opposite that produced by the late appearance of the scale,
and the former neutralizes the latter, at least in part. The relation between the
two factors—tardy scale formation and the relatively rapid increase in the length
of the scale—and their effect on computed lengths may be stated as follows: If we
assume for the moment that the body and scale begin their growth in length at the
same time and continue that growth at the same relative rates throughout life, the
body-scale (K/V) ratio will remain constant throughout life and lengths computed
from the scales will be correct. That s, if the body-scale ratio of an older group of
a year class equals the true ratio of g younger, the calculated values for the younger
group, based on the scales of the older, will be accurate; but as the scales of the
herring do not appear until after the body reaches a length of approximately 35
millimeters, and are at first so small as not to be in contact, the actual body-scale
ratio at this body length is much higher than it should be ; that is, higher than the
true theoretical ratio. As the scale immediately after its appearance grows rela-
tively very much more rapidly in length than the body (Table 13) it follows that
the actual body-scale ratio is lowered rapidly, approaching, with the growth of the
fish, the true theoretical ratio. 1f the actual and the true theoretical ratios coincide
during the first year of life, and body and scale thereafter grow directly proportional
to each other (that is, the body-scale ratios remajn constant with age), calculated

length values will be accurate, and no correction for late scale formation is necessary;
but if the scale continues to grow in length relatively more rapidly than the body, a
correction is necessary, not for tardy scale formation but for the disproportionate
growth of body and scale. We do not know what the body-scale ratio (the true
theoretical ratio) of the herring should be, therefore we have no means of determining
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definitely whether the known ratios are too low or 130(()i hig}(li. .Hovtv}clav?', 151 ;;:iv (;)ff 131:
& i § id drop during the firs ’
tual observed ratios undergo a rapi g .
e i i to fall, it seems reasonable to believe
thereafter the ratio continues to - 2
e i 5 lower than they should be theoretically.
d ratios of the older fish are lower . ;
et i i d, then, as its effect upon computations o
cale formation may be ignore , then, as : iy
Tal“zg iss counterbalanced by that of disproportionate g.lowth ofb bojdy anscilbls;,af :r
E;ﬁi latter factor, rather than the former, may, atl Ieas}t1 in part, be respon
S . . t .
B« menon”’ in the computations of body leng L 4 <
Lee’blt ipsh:cr)lobe noted that Lee’s formula proposes to ehmm{)ate (tihe phe:}?me;?élal
Inv tations based on mathem
lated length values that involve compu ' ] ' :
fromoffiloc;:sa The lfrp‘er the number of proportional computatmns(glvgl"v e(; fa;elfﬁ-
g ' i rrection for the first computation (that is, for
the greater will be the correction ‘ 81101 i
Ol.d - 3393’. Lee’s formula assumes that the ‘“phenomenon’ is pulfely t}? ;eiL;lI‘:
1% i}efe }1)1'1@th0d of calculation from scales. Obvious.ly, then, late scale ofrmallodiam_
. be a factor in the “phenomenon’’ found in direct measurementsp sca e1 et
1l eas in them no computations are involved. KEven so, there is 1110 re'z ¥k
eters’-ent between the late formation of scales and the progressive decllease r} H
lappilh of scale diameters with age (Table 22) in.ﬁsh of t.he same yefar c ?Ssaiamete};
el:%e formation was not considered, therefore, in the discussion of scale-dia
se
ts (p. 331). ‘ , \
me&sjlir((}:i)rﬁzctiég for the disproportionate increase in lengfﬁﬂ: (})lf body ar;clilpszzlsaiz
c i ‘ e gr
i le, the body-scale (K/V) ratio of a higher ag :
Tl ' ted for the lower age group from
i », the length value compute ge
95 per cent that of a lower, N
i i ; t of the true value; ;
les of the higher will equal 95 per cen ‘ ] .
f::eicje:xsﬂ(t) will be g;oo low in the same proportion as the .scales grow relatively too
fast and an error of 5 per cent is involved in the computation.

) ity herring when arranged
TaBLE 26.—Average of actual measured lengths (K) of all available Bay City he lgz'fe, wLin s

in age groups; also, in each age group, the calculatedllengths for each earlier year of
3 -
based on measurements of V of X and non X scales

£ Calculated length, in millimeters, for year—
Average o
measured
Year lengths, in
millimeters X

II : 11 v V VI VII VIII

208 (11) Rl oLl

| 21 (677) 139 ?gg

—---| 239 (1,132) 127 1

oo 245 (464) 116 1

-| 258 (112) 115 -
273 (14) 116

292 3) 107 149

213 (1,725) | 228 (593) | 243 (129) | 258 (17) | 277 (3) |--oe--ee

313) | 185 (2,302)
bk 15 15 19 15

127 58 28 15

! The number of specimens employed is shown in parentheses.
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TaBLE 27 .—Comparison, for herring of age groups IV to VI of uncorrected computed lenggths of various
years with computed lengths corrected from body-scale ratios (K/V) for disproporitonate growth,
of body and scale. The K[V ratios are based on X scales and are taken from Table 1 01

—

Corrected

Saforeeted | cfeuiiea

length, in length, in

K/V of older fish millimeters, | Millimeters

Year Kiv Year 1=y K/V of younger fish| for gofunger ggﬁggy@
Tom e
scales of old- gla‘;lg:gtti’g
/ er (Table 26) column 5)
e s S — e L b e et Lok
48.16 (52) V.| 48.84 (178) 0. 986 243 (112) 246
-l 48.16 (52) IV | 49.11 (323) . 981 223 (112) 227
-| 48.16 (52) III | 49.83 (147) . 966 196 (112) 203
-| 48.84 (178) IV | 49.11 (323) . 995 229  (464) 230
48.84 (178) III | 49.83 (147) .980 205 (464) 209
49. 11 (323) III | 49.83 (147) . 986 220 (1,132) 223
== L R 0 e

1 The number of Specimens employed is shown in parentheses.

On this basis Table 27 was constructed. I determined what percentage (column
5) the K/V ratio of each age group was of that of each lower age group, then computed
the average length for each lower age group from the scales of the higher (Table 26),
and finally corrected the calculated value on the basis that it equaled that percentage
of the true value that was obtained for the K[V ratio of the corresponding year
(Table 27, column 7). An inspection of Table 27 shows that such a correction for
disproportionate scale growth raises the computed lengths of all Years, and that the
amount of correction for corresponding years of life increases with the age of the
fish whose scales were used. Thus, in the 6-year fish the averages are raised 3, 4,
and 7 millimeters, respectively, for the fifth, fourth, and third years of life; in the
5-year group they are raised 1 and 4 millimeters, respectively, for the fourth and third
years; while in the 4-year fish the average for the third year is increased 3 millimeters,

the fish of year ITI, the amount of correction for the first and second years of life
must increase accordingly, and, if our general K/V ratios of Table 10 are reliable,
they must equal more than 7 millimeters in the 6-year herring, more than 4 millimeters
in the 5-year fish, and more than 3 millimeters in the 4-year fish. Tt is apparent that
when a correction for disproportionate scale growth is applied to the computed lengths
Lee’s “phenomenon ” becomes less Pronounced. As was the case with late scale
formation, so also here no factorial relation exists between the disproportionate growth
rate of body and scale and the “ phenomenon” in the direct measurements of scale
diameters in fish of the same year class,

A review of the preceding discussion shows that the presence of Lee’s phenom-
enon” in the scale-diameter measurements of the lake herring and in the computa-

that the late-maturing fish of g year class are the more slowly growing individuals
of their year class. This accounts for the progressive decrease with age in the scale
and body increments of the first two years of life, The disproportionate growth rate
of body and scale may be an additional factor for the “phenomenon ”’ in the computed
lengths. The progressive increase with age in the increments of the third or fourth
and later years of life is, in part, the result of the principle of g compensation in growth

.

—
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found to be operative among the herring (see. p. 370) and .in part the result1 of- the

ding effect on growth of sexual maturation. According to these conclusions,
reta,r ‘““phenomenon” is largely a natural one and not an error due to a faulty tech-
;?ui OII') to fallacious assumptions. It should appear in the calculated length values

-of the mature lake herring of the younger age groups (5 years and younger) of a

class. ; : :
yeairErrors in computations of length may arise from causes other than those dis-

cussed. Other possible sources of error are: (1) all the scales of an 1nd1v1duil do :1lioft
begin their development at the same time, (?) after .they appear theylms_a,y mrtz1 (4)—
ferent rates of growth, (3) annuli may vary in the time of their comfp itlobn,dan :

the length of the head, includedfinhallﬁn}lleasurements of the length of the body, may

i ize and the age of the fish.

varysvggé z}t}ilsllezsz zources ofg error may be avoided easily, while f)thers are knorwn to
have virtually no effect upon the length comp.um_ztior'ls of bhe: herring under cons1dera;
tion. Thus, the errors produced by the variation in the time of the appearalm_:e 0

scales in an individual and by the differences in the growth rates (?f these sgt ;S are
eliminated largely by employing for study sc.ale_s se%ected fl.“om a clrcumscm1 e; ] arez;
on the body. The errors caused by the variation in the tlm.e of the comple ;f)n 0

annuli can not, it seems to me, be appreciably large in the he'arrmg, as this V&(Ii‘la }ontlﬁ
presumably no greater than that in the time of the resumption of accelerate . gzi(.)vstd

in the spring, which normally would not be expected .to exceed a week among in ;w ;
uals living under identical conditions of growth. With respect to the age varia 1?1.1

in head length, it has been concluded already (Table 9) that virtually none oceur in

ing under consideration.

W %i‘icl)ﬂ f‘e};:;?tu%ate, it now appears that of the various possible factors that couéd
affect the accuracy of the computations of length based on scales, only two seem to.. e
significant in the lake herring. The first factor, the employment of the anterior
radius of a scale for computations of length, discussed-on pages 322 to 327, does not
affect the scale theory but only its erroneous appllcatmn‘. Where.as the t.heolxiy
assumes that the diameter of a scale increases in a direct I.'af;lo to the increase in the
length of the body, the investigators employ, out of necessity or for conve_emencei the
radius. I found (p. 325) “that the length cqmputa'tlons based on the dmmei:lel (;z.xée
always higher than those based on the anterior ?adl.us of a sc&le,.and that.t e 1};
ference between the computations of the two series increases cons1stel.1tly with eac

earlier year of life for which calculations are made, so that th.e maximum average
difference of 13 millimeters is found in year I.” 'The second significant fa.ctor, thg
disproportionate increase in length of body and scale,-involv.es the theory .1bse1f. ;
found (p. 323) that neither the diameter nor the anterior radius of a scale 1nclrease

in length strictly proportionally with that of the body. No general formula can
correct the errors caused by the disproportionate increase of body and scale length.
To eliminate the errors due to this factor corrections must be made fox" each age
8Ioup separately. It is probably for this reason that the genera.l corrective fact(})lxj‘s
Proposed by Doctor Jirvi (see p. 305) for his Coregonus albula dld. not hold for g
fish of a]] ages. Corrections for the above two factors a:pparently brmg the compute

lengths for the herring of the third and fourth years of life more nearly into agreement

99760—29— ¢
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with the actual. Owing to the absence of herring of years I and II in my material,
I could not determine definitely whether corrections for these two factors would also =
give more accurate calculated lengths for the first and second years of life. ‘
From the preceding study it is concluded (1) that the structural characters of =
the scales of the lake herring (Leucichthys artedi Le Sueur) are so clearly recognizable
as to permit their use by the scale method, and (2) that the fundamental assumptions
underlying the scale method are warranted. The scale method, therefore, may be
applied with confidence in a study of the life history of the lake herring. In this
life-history study, which comprises the second major part of this paper, all computa- I
“HOHE 6t body lengths and increments are based on the diameter measurements of
scales.  No corrections were made in_these calculated values. They _are regarded
as approximately correct for any age-group under consideration. T TLITH Tt

e S 40T TN

TIME OF FORMATION OF AN ANNULUS AND FACTORS INVOLVED IN IT

I have recently (Van Oosten, 1923) presented data that, I believe, definitely
establish the causal relationship between the growth of scales and the formation of
annuli in the whitefish (Coregonus clupeaformis).  This was done by a study of scales
taken at monthly intervals from whitefish segregated and kept living at the New York
Aquarium. The growth changes in the scales were followed from November to July.
It was shown that the annulus was completely formed some time in April or March,
at the time when rapid scale growth was resumed. The data on pages 313 to 322 of
this paper indicate that scale and body growth are closely correlated. Any factor,
therefore, that can retard the growth rate of the body may have primary influence
in the formation of annuli on scales. To hold a factor responsible, it must be shown
that this particular factor was altered previous to or synchronously with the change
in growth rate, and that no resumption of rapid scale or body growth occurs until the
change in the factor is reversed or its effectiveness is lost. It is possible for more than
one factor to be active at the same time and for the factors to vary with the years or
even with the seasons of the same year.

With this criterion in mind, I found that in the adult whitefish of the New York
Aquarium temperature and sexual maturity apparently assumed primary significance
in the formation of annuli. My conclusions were recapitulated on page 407, as follows:

It has thus far been shown that the scales of the aquarium whitefish ceased growing some time
in August or September and resumed growth in April or March(?); that sexual maturity was reached
some time between September and March or February(?); that the lowest temperatures of the aqua-
rium water occurred in January to March, inclusive ; and that the amount of food required by the
fish was less for these months of the year. It was suggested that food could only have had secondary
significance in the'formation of annuli, since the reduction of food was caused by some other factor,
which affected the appetite of the fish. It was further suggested that since reduction and increase
in food consumption occurred synchronously with the decrease and increase in temperature, respec-
tively, and since the scales resumed their growth at the time of a rise in temperature in April, when
sexual maturity could have had no influence on growth, temperature must be considered a primary
factor in the formation of annuli. Lastly, since the sex products began their development at approxi-
mately the time at which a retardation or cessation of scale growth oceurred in late summer, when
the environmental factors of food and temperature were known to have been constant, it appears
reasonable to assert that sexual maturity is also a primary factor in the formation of annuli in scales.
If sexual maturity is not such a factor, then it must be conceded that the retardation or cessation

of scale or body growth, and consequently the formation of annuli, is caused by some unknown
physiological factor or factors of annual recurrence,
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Although food played no significant réle in the formation of annuli ibn tg{ese-?gtl’:lrlz
fish, it does not follow that food can not be s1.mh a factpr. ; Undoubtedly 1.. is ;
e ] factor in some species of wild fishes, and in starvation 1‘? becomes the principa
B all species. It is also conceivable that sexual maturation, when accompanied
f;ft:; 1;lbundance of food and a propensity for feeding, leaves no effect on the scale
Scdp;{u::y experimental and other kinds of data have been accumulated relative to
the factors that govern the growth of anim.als and plants. : Even thedrefeljencisn tt};fiz
involve fishes only are too numerous to review here. A brief but goo 1rev1ewh e

bject may be found in Weymouth’s paper (1923). .In the last paragrap X
i:vi]ew the author writes: “In the end it must be adm1tted t‘hat at pres?,nt no exac
evaluation of the factors involved in seasonal ‘g?owth is poss1ble [p.. ;5]}.} S

The time of the formation of the annuli in the wild 'coregonlll S imstn(;) ot
determined; but inasmuch as the formation of an annulus is cauﬁa v re 1& eof yde
retardation of growth, it is safe to .assume that in nature, too, the annulus
Specl’i‘slliogyr:;it‘fl :er:sl(;gnt{hrf :Z}lzie;pizi(s) c;f wild fishes of the northern latitudes has. bdf:er;
ascertained carefully by severahmvesté}glatoxjs.t All sf():}?(\iy :iu:fl eltc Ov;ifutsl'ilsnpsfn% : f(;-
tardation or cessation during the winter. Su '
%Zigh(;ggz, etc.) and Walter (1901) for the carp, 'of Thomsorfl élﬁ?zl)t 12(;1) 1s3e3v§11'1a(;
species of Gadide, of Johnston (1905) for the Atlantic salmon, 0 £ i .Aer Ui aan
Fraser (1917) for the Pacific salmon, of Lea (1.9.11) for the Atlanltilc fzrxtmg{)and = ﬂ}l)e
son (1917) for the Pacific herring, and of Reibisch (1911) for the winter S
otoliths of the halibut. Miss Clark (191215) ,t I;(};wevezjﬁ, fc;u:& igiz aﬁss }? (r;sgalifomia
long protracted spawning season, growth o e matur e o
is) “ceases during the months of May, June, and July and is resu
iéiﬁefihfﬁgepﬁﬁ-s) This cessationgof growth during the summer mor:it;hg resallts H'lnttléi
formation of a breeding annulus on the scales. Growth ::,ontmues uring the wi
and a winter annulus is formed only in rare cases [p. 39].

E-
. RY OF LEUCICHTHYS ARTEDI LE SUEUR, THE BLU
Part I.—LIFE HISTO R L o iir TonRING

DESCRIPTION OF ADULTS

According to Jordan and Evermann (1911), two spet.zies of herI"mg are (;i)xm?am;
in Lake Huron—Leucichthys harengus (Saginaw Bay herring, Georgian Bai %ng
found in Saginaw Bay, in Georgian Bay, and in the shal!ow waters (if Lf;a ed :()rr(])nxi
proper, and Leucichthys sisco huronius (Lake Huron her'rmg, blueba}c1 k) foun L
monly in Lake Huron proper and occasionall}.r in .Georgl-an Bay. .T ey recog i
third herring, Leucichthys manitoulinus (Manitoulin tullibee), Whl_ch occur§' on;y;
the North Channel of Lake Huron. In addition to these three species of herring, two
others occur occasionally in Lake Huron, according to Jordan' and ‘Evt()ernignnn—d
Leucichthys artedi (lake herring, Erie herring, common lake herring, grayback) a
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Leucichthys eriensis (jumbo herring, Erie great herring), both, according to these
authors, typical Lake Erie herring.

The most recent study on the taxonomy of the species of Leucichthys from
Lake Huron, that of Dr. Walter Koelz (1929), based on a large amount of materia]
collected or examined at all the more important ports of Lake Huron and Georgian
Bay, recognizes but one species of herring in Lake Huron proper and its bays. This
species Doctor Koelz designates Leucichthys artedi Le Sueur (the blueback or lake
herring; fig. 15.)

I am indebted to Doctor Koelz for most of the following description of L. artedi
and for much of the material in the section on natural history, which follows.

In Lake Huron, herring greater than 12 inches in total length are relatively few in
number. The largest specimen I have taken weighed 2 pounds and 3 ounces and
measured 395 millimeters (15.6 inches) in standard length. The body of the lake her-
ring is elongate, elliptical, fusiform, and only slightly compressed. Inside view the out-
line is almost perfectly elliptical. The greatest depth is commonly 22 to 25 per cent of
the length of the body. The head is nearly conical in form, relatively small and narrow,
and usually equals 21 to 23 per cent of the body length (4.3 to 4.6 times in length).
The premaxillaries are very short, scarcely longer than wide, and are oblique in
position. The snout is short and often equal to the eye in length. The magxillary
is short—usually 33 to 35 per cent of the head. The mandible is usually equal to
the upper jaw or a little shorter. The eye is rather large—usually 23 to 25 per cent
of the head’s length. The gill rakers usually number 16-18 +29-32 =45-50. The
number of scales in the lateral line varies from (68) 72 to 88 (97) (my own counts; see
Table 7). The number of raysin the dorsal finis usually 10 or 11,in the anal and ventral
fins usually 11 or 12, and in the pectoral fins usually 150r16. The pectorals usually
equal 45 to 50 per cent of the pectoral-ventral distance. The ventrals usually equal 55
to 62 per cent of the distance from their origin to the anal. The flesh is somewhat dry
and firm. In alcohol the entire dorsal surface is of a deep smoky hue, which extends
to the lateral line and which in life is a deep blue green. The top of the head, the
premaxillaries, and the tip of the mandible are somewhat darker than the maxillaries
and cheeks. The distal half of the pectorals, caudal, and dorsal and sometimes the anal
and ventrals are more or less black. The entire caudal fin is smoky, the shortest
rays being the darkest. In general, the lake herring may be distinguished from the

other species of Leucichthys in Lake Huron by its numerous gill rakers, short max-
illaries, short pectoral fins, firm flesh, and elliptical body contour.

NATURAL HISTORY OF ADULTS
The lake herring may be taken at virtually every port on Lake Huron. On

account of the dryness of its flesh it does not command a good price, so that many
Lake Huron fishermen make no attempt to set nets for it, Saginaw Bay ranks first in |

the herring industry, while Alpena ranks second. On the Canadian shore the herring
fishery has been abandoned almost entirely. Even on the American shore the her-
ring are not sought where other more valuable species are available. They are sold
fresh, smoked, or salted. Herring is taken in either pound or gill nets (in trap nets
rarely) in the fall and spring of the year. Though unprotected by law and propa-
gated artificially only when it is not possible to fill the hatcheries with eggs of other

(Doc. 1053.)

Born. U. S. B. F., 1928.

Fi16. 15.—Leucichthys artedi LeSueur, Lake herring
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more desirable species, the herring seems to maintain its numbers in Lake Huron.
(See Table 28.)

TABLE 28.—Statistics of the catch and value of herring taken in Lake Huron in various years during
Y the period 1891 to 1925, published by the State of Michigan

Average Average
Year Pounds Value | price per Year Pounds Value | price per
pound pound

1891.. 3,459,500 | $36, 203 $0. 010 .034
e 2, 575, 200 ( ; ........... . 031
1893 4, 050, 000 @ .024
i ek R R e 6,464,836 | 28, 556 004 . 024
L S, 4, 890, 650 2 006 %
Average, 5years..__.._| 4,288,037 | 31,404 . 007 - =

In the early fall (about October) the herring schools move inshore to spawn, and
in late spring, according to Doctor Koelz, they return to deeper water. Doctor Koelz
states that in some localities there appear to be two migratory movements—the
fish come in and go out both in the fall and spring instead of remaining inshore all
winter. The factors that govern these movements are not definitely known. Tem-
perature changes in the water and food undoubtedly play important réles, if not the
most important ones. After June all adult herring have moved out of the shallow
water. They probably swim near the surface in June and July and later repair to
greater depths. The maximum depth from which the species is known to have been
taken is 35 fathoms (Koelz). Only very few have ever been taken in water deeper
than 20 fathoms (Koelz).

The lake herring takes its food occasionally from the bottom and more frequently
from the free water and subsists on small mollusks, crayfishes, insect larve, fish eggs,
and especially on the minute plankton forms, principally the Crustacea (Clemens
and Bigelow, 1922; Coker, 1922). It spawns chiefly in November in shallow water
(3 to 8 fathoms), preferably upon a sandy or gravelly bottom. Saginaw Bay, there-
fore, provides ideal breeding grounds for herring, and this accounts for the tremendous
numbers that gather there in the fall. According to the fishermen at Bay City, before
the waters of the Saginaw River were polluted large numbers of herring ascended it
to spawn.

LIFE HISTORY OF ADULTS (AGE AND GROWTH)

Little has been published thus far on the growth of the lake herring. A prelim-
inary paper by Clemens (1922) presents one table and two graphs, one illustrating the
- rates of growth of four species of Leucichthys in Lake Erie—namely, artedi, prog-
~ nathus, eriensis, and sisco huronius—the other illustrating the relation of weight to
- age of three Lake Erie species—artedi, prognathus, and eriensis. The number of fish
~ of each species examined was as follows: L. eriensis, 140; L. arteds, 55; L. sisco huronius,
- 85; L. prognathus, 150. The maximum age and the maximum average length attained
by each of these species are as follows: L. eriensis, age 12, length 42 centimeters;
T L. sisco huronius, age 9, length 41 centimeters; L. arteds, age 10, length 29 centimeters;
J fL. prognathus, age 8, length 27,5 centimeters,
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According to Doctor Koelz, to w

hom Doctor Clemens submitted part of his col-
lection for identification, the above s

pecies are all referable to his (Koelz’s) L. artedi
and can not be separated by the characters employed by Jordan and Evermann (1911)
or Clemens when abundant material s used. Doctor Clemens states (p. 5) that he
found it difficult to separate the young L. eriensis from L. artedt, and that his specimens
of L. prognathus are of doubtful determination.

Assuming that the identifications of the above species be correct, then, according
to current practice, Doctor Clemens employed too few specimens for his length and
weight averages. It is clear that 55 specimens distributed among 7 or more age groups
can not furnish very accurate averages for all age groups. Likewise, no attempt
was made to obtain homogeneous material for the growth determinations, as the
individuals of a species were taken at different ports on Lake Erie.

In his curves illustrating the growth rates an anomaly apparently appears which
Doctor Clemens finds it difficult to explain. He finds that his L. sisco huronius is

a faster growing fish than I, eriensis, the jumbo herring of Lake Erie. He refuses

to accept this result and states that it is probably due to his difficulty in estimating
the age of the former species. ‘“In the majority of scales [of L. sisco huronius] some
of the winter bands were difficult to distinguish and there was evidence that in some
cases at least one winter band was not recorded.” What this evidence was he does not
state. It appears more probable, however, that Doctor Clemens’s difficulty was due
to a failure to discriminate between the true and the false annulus. In his drawings
of the cisco scales his annuli are represented as broad bands of closely approximated
circuli. Presumably these broad bands continue around the scale, though only that
part that lies in the anterior field is drawn. As may be seen from my photographs in

this paper, such broad annuli are not t The coregonid

ypical of the coregonid scales.
annulus is characterized rather by the divergence of the circuli in the lateral fields,

the presence of a narrow, clear band, devoid of any sculpture, in the posterior field
and the presence of a narrow, sometimes thickened band of incom
mosed and usually approximated circuli in the anterior field.
traced with varying distinct
author’s second annulus in

)

plete, broken, anasto-

A true annulus can be
ness entirely around the scale through all its areas. The

his jumbo scale may not be a year mark at all. It hardly

ve that the fastest growing cisco in the Great Lakes should
grow as slowly in its second year as the drawing indicates. For these reasons I am

unable to accept Doctor Clemens’s results on the age and growth of the herring.
JUVENILE LAKE HERRING

Very little is known about the young herring and very few have ever been
reported as taken. Hankinson (1914) found the juveniles (identified by Koelz as
very probably young herring) very abundant along the shores of Lake Superior at
Whitefish Point in water less than 3 feet deep. Fishermen report that millions
swarm around the docks and piers at Bay City and Alpena in the fall, but samples of
these so-called herring proved to be the minnow Notropis atherinoides. Doctor
Koelz’s Lake Huron collection contained one specimen in its first year. It measured

180 millimeters in length and was taken by a trout net in 15 fathoms off Alpena. (See
fig. 11.)
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'1' 29 y. requency d?«sh ’Gbut'l:on 0, Sagv,na,w Bay heH’mg accor d'“'bg 0 len ”’L (lnd age grou
ABLE

f life
' ' [Dates refer to year of capture and roman figures to year o ]
Roela's collections are usually small, taken for taxonomic purposes, and my con-

clusions based on them must be accepted with such reserve as the relatively small
numbers impose.

1923
1921

Length, in millimeters

ABUNDANCE OF AGE GROUPS AND YEAR CLASSES IN THE SAMPLES!!

AGE GROUPS

As stated on Page 268, the Saginaw Bay herring samples of 1921, 1922, and 1923
were taken in pound nets set at Tobico about 3 miles west of the mouth of the Sagi-
naw River, while those of 1924 were taken in pound nets set at Tobico, N ayanquing,
Au Gres, and Gravelly Point, the last three bars being, respectively, about 9, 25, and
32 miles north of the mouth of the Saginaw River. (See fig. 1.) Each collection was
taken on or near the spawning grounds and is composed principally of fish that would
have spawned shortly, perhaps in a week or so.

In each of the years 1922 and 1923 herring were collected on g single date and
n a single locality (one large sample), while in 1921 one large sample was taken on
October 29 and several smaller samples were collected on the other days of the period

out the height of the Spawning run until ice conditions made fishing impossible. The
Tobico, N ayanquing, and Gravelly Point collections of 1924 each comprise two or
more small samples. The small sample of Ay Gres herring was taken on g single
date. I shall later (p- 385) give reasons for concluding that the character of the vari-

tal number.______
?&met lgflgli in millimeters. -

Length, in millimeters

is strictly comparable with the materig] taken in 1921 to 1923, while the samples
from Gravelly Point and Au Gres are considered separately. The Au Gres collec-
tion, however, which comprises relatively few individuals may not be representa-
tive for all age groups. Data of these fish, therefore, are considered in a more or less

incidental way. In a strictly comparative study of the samples of different years the
Tobico and N ayanquing material alone of the 1924 samples is considered.

L A year class refers to fish hatched in the same Year; an age group to fish of the same age.
all individuals hatched in 1914, irrespective of their age when captured; age group IV includes fis
of the same year class captured in different years belong to different age groups.

Thus, the year class 1914 includes
h in their fourth year of life, Fish

i herring.
? Gravelly Point herring, 3 Au Gres herring,
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y in the lower part of

f Table 29, are rearranged in

TaBLe 29.—Frequency distribution of Saginaw Bay herring according to length and age group—Con, ear, shown fne?il“t t’?e aboct;giga:ative studyyof {hiercignif Gt Bireives, g}}e table;
ndivid i in their secon

Ta,bletio ttgo aindividuals in their first year of life and only a few in thei

show tha

p g
a >

19241 1924 ¢ 19242

Length, in millimeters

i .8 per cent in 1922.
E i vari m 0.2 per cent in 1924 to 0

present in the samples varied f:lo s Spe e iy b Kb
Likewise, the old fish are poorly rep nted I'h y fish ken only

le. No
i ing 0.4 per cent of the samp
i 1924, in each year representing i i
X lgziisﬁniere tai&en in 1922 or in the Tobico and Ta)(f:ﬂqumg pslz;lsnli)rllei 91:;14 the);
- o 3, i Gravelly Point and Au Gres sam

ile i 1, 1923, and in the Gravelly ] i
Whlle. lnt, 1(?21 ’8 0.4’ 0.7, and 0.8 per cent, respec-mve!y, of the ;',otall‘ ::n;: i
constltlil:mé ’Were’ slightly more abundant, constituting from 1.8 pe
6-year
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F16. 16.—Frequency polygons showi or each s: mp]e of herring taken in 1921, 1922, 1923, and
s

1924 the percentage of individuals occurring in each age group. The curves are based on the

i : 1830, e o oy 1921} — 0 —,
== - in the lower right half of Tab! € ‘
o, . perc:;lg:ges shown in 1924 (Tobico and Nayanquing samples combined)
321-325____ T et ¥ [ _ 1923t e,

- . The values for

"""" e - 10T ~ & cent in the Au Gres sample of 1924) to 9.9 per cent of the catcile bocanse strictly

e N consistently greater in the 1921 sample, )
i o S AR e S these older age groups ars tionally large fish (a dozen or so
it is not representative, inasmuch as all the exceptionally Et it aociaate,
in t ere taken. The figures for the other samp o il

;e;en ! theTﬁlizl h;ﬁlcsiiywof old individuals in the samples stropgly ?gggzitive diatoe

ti?):a::zverﬁshiﬁg il ﬁShiI:agn: Ivlvlsa?lgaté};zl?lzzlzziamtylj inasmuch as

ment: to.that eﬁ‘ecti)calt,l 11-,1}(1): Itfr;ljld:gzté)ils:iibut&on of the herring schools of the I};z,s(t)}

noth.IIng gg{“’;}‘;ﬁ: :rlld 5 year fish formed the bulk of the sample;72..9 ;(;1(‘1 ciepre_

the tol;al In the three succeeding years the 3 and 4 year ﬁtSh. prlegzgn.n;ln 1994 they

ienting 7.8-4 per cent of the total in 1922 and 79 per cen 11n82 9 I;er cent of the

fbfmed 84.8 per cent of the Tobico and Nayanpuing material, 32.

Total number of individuals____

Per cent of total number______________
Average length, in millimeters

! Tobieo and N: ayanquing samples combined,

A 2 Au Gres herring
? Gravelly Point herring

¢1, 2, and 3 combined.

In Table 29 the fish captured in each of the years 1921, 1922, 1923, and 1924
have been divided into age groups with those of each age group arranged according
to length. The average length of each age group, the total number of individuals
in each, and the percentage of that total in the whole number is shown for each year
at the bottom of the table. At the right is shown for each year the number of fish
of each size. The data on the total number of individuals of each age group in each
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Gravelly Point fish, and 92.4 per cent of the Au Gres sample, or, in general, 84.7 per
cent of all the fish taken by me in this year. In each year the fourth age group was
the largest, its individuals comprising 42.8 to 58.3 per cent of the total catch. It is
to be noted that the percentage of 3-year fish increased each year during the period
1921 to 1923 (14.3 to 29.5 to 32.8 per cent); then, in general, remained stationary s ==
(32.7 per cent, 1924 combined) in 1924, though it dropped to 26.5 per cent in the ; B, // )//7/,/:/;':«‘
Tobico and N ayanquing material. This general increase in the number of 3-year ' Tl

herring occurred at the expense of the 5-year fish mainly, which each year came
progressively less abundant (30.1 to 19.0 t0 17.3 to 11.8 per cent (1924 combined);
Tobico and N ayanquing, 12.1 per cent). The percentage of 4-year herring remained
virtually the same in all samples, except those of Tobico and Nayanquing, in which
it is comparatively high (58.3 per cent), which fact, no doubt, accounts for the drop
in the percentage of the 3-year fish of this sample. The probable significance of
the gradual shifting in the age composition of the commercial catches is discussed

m the age component are graphically shown in Figure 16. The 1922 and 1923 curves
are nearly the same. (For illustrations of typical scales of herring of the various
age groups see figs. 17-36.)

TABLE 30.—Summary of the Jrequency distribution of Saginaw Bay herring according to year class and

age group
Year classes Year of capture

' ity, Mich.
i ber 1, 1922, at Bay City, M

‘ : L e h, 213 millimeters. ~Weight,
\\\ tindviams = Lake Huron herring (L. n Sgwenher L rejers. Vel
2 ~f o chle ())f I}niversxty of Michigan Museum N0e508(§3npleted i, 2l B e
Hatched Number of individuals Per cent of individuals o ﬁ%mamre et of St e N0
| ' 4 ounces. .
in spring

DI 7 : T TR growth
of 1921 | 1022 | 1923 | 19241 19942 192431 1924 4| 1921 } 1922 | 1923 j1924‘ 19247) 1924 3 | 19244 L

100.0 | 100.0 100.0‘100.0[ 99.9‘100.1

100.0 ,’
! Tobico and N; ayanquing samples combined, 3 Au Gres herring.
2 Gravelly Point herring, 41, 2, and 3 combined.

YEAR CLASSES

The upper part of Table 30 shows the total number of individuals in each year
class of each sample taken in 1921, 1922, 1923, and 1924 ; the percentage of this total in
the whole number is shown for each sample. The year classes are shown in chrono-
logical order, beginning with the oldest fish (8-year fish) hatched from eggs laid in

iar Ontario (Georgian
mber 3, 1919, at Wiarton, 0 glan '
rsl.DiC:ngth, 175 millimeters. Immature. Ag P

F16. 18.—Scale of Lake Huron herring (L. artedi) take:

ichi 5295
iversi f Michigan Museum Np. o8, Length, 3
ggg{é-shgv{flévsézlzﬁrgpleted annulus and a large marginal grow




(Doc. 1053.)

.U.S.B. T, 1928.

BuLu

BuLn. U. S. B. F., 1928. (Doe. 1053.)

rtedi) taken July 17, 1917, at St. Ignace,

. .
Scale shows two completed annuli and a margin

ng (L

. Male. Age III.,

212 millimeters

Fia. 22.—Scale of Lake
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Burn. U. 8. B. F,, 1928. (Doc. 1053.)
Bor. U. S. B. I, 1928. (Doc. 1053.) )
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i i r City, Mich. (Saginaw
— Huron herring (L. artedi) taken October 29, 1921, at Bay , N
Flga?l? %gilse?'fsi%;l;? Mlilgﬁigan Mugse(mr} No. 54661. Length, ?ﬁ)s millimeters. Mature female. Age
FiG. 23.—Scale of Lake Huron herring (7. artedi) taken October 29,1921, at Bay City, Mich. (Saginaw IV. "'Scale shows three completed annuli and a marginal growt
_ Bay). University of Michigan Museum No. 54847. Length, 237 millimeters. Mature male.
. AgelIV. Scale shows three completed annuli and a marginal growth
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F16. 24—Scale of Lake Huron her

[ herring (L. artedi) taken October 29, 1921, at Bay City,
Bay). University of Michigan Museum No. 54692. Length
Age IV. Scale shows three completed annuli and

Ba , Mich. (Saginaw
1, 293 millimeters. Mature male.
a large marginal growth

i rtedi 1< g 1917, at Alpena, Mich,
ke Huron herring (L. artedi) taken September E%, 5
University of (i\/_[icl?iggn Museum No. 52208. Length, 176 millimeters. Age IV. Scale shows
€6 CO! ed annuli and a small marginal growth




Burn. U. S. B. F., 1928. (Doc. 1053.)
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Fic. 27.—Scale of Lake Huron herring (L. artedi) taken July 17, 1917, at St. Ignace, Mich.
Length, 220 millimeters. Male. Age IV. Scale shows three completed a%lnuli’ and a
marginal growth

Z 1 v/

Fi1G. 28.—Scale of Lake Huron herring (L. artedi) taken October 2, 1919, at Tobermory, Ontari
Length, 209 millimeters. Age V. Scale shows four completed annu iand a marginlg;’gr(?v%ilm'

BuLL. U. 8. B. F,, 1928. (Doc. 1053.)
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Fia. 29.—Scale of Lake Huron herring (L. artedi) taken November 1, 1922, at Bay City, Mich.
(Saginaw Bay). University of Michigan Museum No. 58693. Length, 281 millimeters. Weight,
10 ounces. Mature female. Age VI. Scale shows five completed annuli and a marginal growth
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F16. 30.—Scale of Lake Huron herring (L. artedi) taken October 29, 1921, at Bay City, Mich. (Saginaw
ay). University of Michigan Museum No. 54662. Length, 295 millimeters. Mature female.
Age VI. Scale shows five completed annuli and a marginal growth




Burn. U. 8. B. F., 1928. (Doec. 1053.)

Buis. U. S. B. F., 1928,  (Doc. 1053.)
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FI(GS 31.—Scale og La{l}e Hurotn herrﬁg 1(11:" art%lz[i) takenlgctobel}w, E)Zl, aﬁ Bay Oifiy, Mich. .
aginaw Bay). niversity of Michigan Museum INO. 54478. ength, 272 millimeters. 1G. 33.—Scale of Lake X E :
Mature male. Age VIL. Scale shows six completed annuli and a marginal growth Bay). Universjt;; of I&Iﬁéoh?ggenr%%g éggﬁmdﬁ)etal;ﬁn October 12, 1919, at Killarney, Ontario (Georgian
completed annuli and a marginal growth’ ngth, 310 millimeters. Age VIII. Scale shows seven
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- Fi6. 3¢.—Scale of Lake Hur i X

8 ) 3 aron herring (L. artedi k & i Y,
eI I a1 al1 ersmL kof ch t gse( %-1)5;:%&)% Ogo?el :13%,2 1919, at Killarney, Ontario (Georgian
Jan Octol Bay City, Mich hows eight completed annuli and a marginal growth e B e, e R el

(Saginaw Bay). University of Michigan Museum No. 54470. Length, 263 millimeters.

Male. Age VIII. Scale shows seven completed

Fic. 32.—Scale of Lake Huron herring (L. artedi) t
annuli and a marginal growth
i




Buwn. U. 8. B. F., 1928. (Doc. 1053.)
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the fall of 1913. Hjort (1914) found that in the marine herring (Clupea harengus)
of the North Sea one year class predominated heavily in the commercial catches for
many successive years. Jirvi (1920) found a similar phenomenon among *‘Die
kleine Marine” (Coregonus albula) of the Keitelesee, an inland lake of Finland. This
dominance of one year class in the commercial catches for two or more consecutive
years was explained by both Hjort and Jarvi as due to the unusually favorable con-
ditions for hatching in that year in which the dominating year class was hatched.
No such phenomenon appears in the lake-herring samples. The 1917/1918 year
class formed the bulk of the 1921 sample, the 1918/1919 year class that of the 1922
sample, the 1919/1920 year class that of the 1923, and the 1920/1921 year class that
of the 1924 samples. Each year class drops off rapidly in the years following the
year of its dominance, which, as shown in the lower part of Table 30, was the fourth.

The data of Table 30 show that 87.2 to 97.4 per cent of the commercial catches
are composed of 3, 4, and 5 year fish, and that no one year class predominates for a
longer period than a year.

The data of Tables 29 and 30 suggest that commercial fishing for herring is very
intense. The first symptom of this heavy fishing is the paucity of old individuals.
Herring are known to reach an age of 11 years (p. 358, fig. 36), and if permitted to live
they would probably attain a greater age. Yet, in Saginaw Bay extremely few indi-
viduals reach their sixth year of life (Table 30), the second year after the majority of
them first join the commercial schools. Table 30 shows that the majority of herring
do not even reach their fifth year of life. The percentages of this table indicate that
= = on the average the 5-year herring are, roughly, not quite one-third as numerous as
== s the 4-year fish, in spite of the fact, as I shall show later (p. 384), that some of the

- 7. at Fast Tawas, Mich. : : . iy
F1q, 35.—Scale of Lake Huron herring (L artedi) taken, October oo, Weight, 2 pounds. ~ Age X. former are recruited from the immature stock—that is, from fish that are still imma-
s DO ichigan M m No. . b - N b ) . 5 o
University of Mo gan A mili and a small marginal growth ture in their fourth year and that join the sexually mature commercial schools in their

Scale shows nine comp

fifth year of life. In terms of fishing intensity, the above facts suggest that relatively
few 4-year herring escape the nets to comprise, a year later, the 5-year group. As
stated on page 353, we are not absolutely certain that the high mortality among the
older age groups is due to commercial fishing. It is possible, though not probable,
that the life span of the herring terminates in the fourth or fifth year of life. It is
difficult to believe, however, that in this species old age and sexual maturity are
reached in the same year.

That fishing intensity is the important factor is suggested further by the shifting
in the age composition of the samples (p. 354). In 1921 the 5-year fish were more
numerous than the 8, but since this year the former became progressively less, the
latter progressively more abundant. The percentages of the 5-year fish of Table 30
seem to tell us that since 1921 fishing intensity each year grew more severe, permit-
ting fewer and fewer 4-year fish to complete their fifth year of life. So intense does
commercial fishing appear to be that a year class is practically wiped out during its
year of dominance—the fourth (Table 30). Briefly stated, the history of the major-
ity of adult individuals of a year class seems to be as follows: They are spawned in
the fall, hatched in the spring, grow as immature fish for two or three years, attain
sexual maturity in the third or fourth year, and are captured by the fishermen before
or during their fifth year of life. Each year class predominates for one year only;,
it is rapidly depleted.

4 . gLh,
of ke Ontario herrin I. artedi) taken June 18, 1921, at Brighton, Ontario. Length,
F1G. 36.—Scale Lal ar g ( ) ) f

412 millimeters. Age XI. Scall
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Fra. 37.—Frequency polygons showing for each sample of herfil?g tnkex.x in 1(;211, 1!’31‘212!:a lgi::;l a:rc;
19.24 {;he number of individuals in each size group at 5-millimeter mte;;s ' S. &
shown in Table 29. — — = 1921; —— Uy — | B ]
(Tobico and Nayanquing samples combined)

millimeters (9.3 inches); of the 51‘.? herring tz.xken Nove
(9.5 inches); and of the 611 herring taken in 1924 at
millimeters (9.6 inches). ’}ll‘he 542 (:frra;relly;h
‘n 1924 averaged the same in lengii—
ti?)l;inhléll‘ring togethegr, 1,272 in number, measure(.l 242 m
length (bottom of Table 29). The length frequencies }(; ;
curves of Figure 37 show that t}.le‘ mode f'or these derlxsle?) -
millimeters in 1921 to 236-240 rmlhmete}‘s in 1922 an
in 1924. The smallest specimen taken. in these sa,mpl.es lr]nea e
(6.3 inches) in length, the largest 365 millimeters (14.3 inches) (Ta :

mber 12, 1923, 241 millimeters
Tobico and Nayanquing, 244
Point fish and the 119 Au Gres specimens
240 millimeters (9.4 inches). All the
illimeters (9.5 inches) in
f Table 29 and the frequency
g shifted from 226-230
-235 millimeters
sured 160 millimeters
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TaBLE 31.—Actual average, minimum, and mazimum length and weight for each age group of a year
class attained by the Saginaw Bay herring

Length, in millimeters Weight, in ounces

gﬁﬁfp Num- | Num-
ber of | Mini- | Aver- | Maxi- | ber of | Mini- | Aver- | Maxi-
indi- | mum age mum | indi- | mum age mum

Year and month of capture Year class

vidual viduals
1921, October to November. 1919/1920 11 5 178 195
1922, November._ 1920/1921 II 4 210 217
1923, November. 1921/1922 II 2 213 221
1924, November ! 1922/1923 1 210 210
N e e e 1922/1923 II 4 177 185
B R R T SR L W Y 1922/1923 II 5 177 190

1921, October to November.
1922, November.

1923, November_. .
1924, November !
1924, November to December 2.

1918/1919 IIT 97 198 224
1919/1920 III 148 201 229

1924, November 4. ______________ 1921/1922 III 53 210 233
1924, November to December 3. 1921/1922 111 416 160 231
1921, October to November...__________. 1917/1918 v 291 204 232
1922, November_ .. . .. . _____ .. . 1918/1919 v 245 204 236
1923, November.________..___ 1919/1920 v 240 213 243
1924, November '______._.___.__ 1920/1921 v 356 215 243
1924, November to Dece: 1920/1921 v 248 200 243
1924, November ¢_________...._ .- 1920/1921 1V 57 226 243
1924, November to December3..______.. 1920/1921 v 661 200 243
1921, October to November.__._________. 1916/1917 Vv 205 214 241
1922, November...._...- --| 1917/1918 A 95 224 241
1923, November___..__.._.____ 1918/1919 v 90 231 251
1924, November !.___._.__._.__ 1919/1920 v 74 226 254
1924, November to December 2. 1919/1920 v 69 233 264
1924, November ¢ . ____.___.____._. 1919/1920 v 7 242 255
1924, November to December .. _______. 1919/1920 v 150 226
1915/1916 VI 67 217 254
: 1916/1917 VI 9 224 252
1923, November. 1917/1918 VI 15 242 263
1924, November ! 1918/1919 VI 18 242 267
1924, November to December 2. ... 1918/1919 VI 14 { o } 262
1924, November4._______.._.._._..___._| 1918/1919 VI 1 275 275
1024, November to December 3. ._____. oo | vi| sl 281 s
1921, October to November..___________. 1914/1915 VII 12 239 275
1916/1917 VII 2 263 263
1917/1918 VII 4 256 280
1917/1918 VII 1 295 295
1917/1918 VII 5 255 283
1921, October to November._____________ 1913/1914 VIII 3 263 292
1924, November to December 2. _________ 1916/1917 VIIL 2 306 336

1 Tobico and Nayanquing samples combined. 81, 2, and 4 combined.
2 Gravelly Point herring. 4 Au Gres herring.

As shown in Table 31, the smallest 2-year herring measured 177 millimeters in
length; the lightest 2-year fish weighed 2 ounces. The largest 2-year herring
measured 229 millimeters in length; the heaviest weighed 5 ounces. The smallest
sexually mature male measured 160 millimeters in length; the smallest sexually
mature female 190 millimeters. The youngest sexually mature male and female
were in their second year. The largest sexually mature male was in its eighth year
and measured 365 millimeters in length. The largest sexually mature female meas-
ured 335 millimeters in length and was in its sixth year (Table 32). The largest
sexually immature or nonspawning male was 238 millimeters long; the oldest was
in its fifth year. The largest sexually immature or nonspawning female was 257
millimeters long; the oldest was in its fifth year. The heaviest male weighed 16.5
ounces, the heaviest female 13.0 ounces. The oldest male and female were in their
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i i ave ever seen was a female in its eleventh
eighth year ‘?f hfel'7 frf(l)l; C:(rjﬁifr;iga{ jlélind River in Geoygjan Bay. Thg lgirges;
e’ e en was a female 395 millimeters (15.6 inches) long, weighing
s i GVGI'SSG It was taken in 1924 from Saginaw' Bay: 'Fhe lar‘gest_ helr;lzrig.
pOUD@S e OUDCZ(;OM was captured at Brighton, Ontario (Lake Ontario), in :
?tf Whlcflu'i(;l Z‘IT; i:rs}limeters in length and was in its eleventh year (see fig. 36).
it meas

FABLE 32 —-A(:“L(],l average minimum, an maximum Leng h an ht atta ed by Sag naw Bay
ge, 3 d I 1 d weryg tiavn. (A
herr mng taken wm 1921, 1922, a“d 1923, ‘07 eaCh: sex 0’ eaoh age g?oup Of a year class

Length, in millimeters

ey el meae L S e

Weight, in ounces

Num- =

rou e kg ini Maxi- | ber of | Mini- | Aver- | Maxi-
LR b - igg{v(i)(fi- hxflllflm AZ:; mum (individ-| mum age | mum

uals uals

: 4,38 6.0

98 224 13| 3.0 6.0

111 | Male.__._- L 1 48 4.38 .

igigﬁ?;}g 111 | Female__- 49 é"é“i 22345 e 3.5 40
1919/1920 III | Male 78 201 28 BATAE kB 80

7| 1919/1920 11I | Female.._. 70 %L A S I el Tl W
“-7| 192071921 III | Male 1},2 S G et e G
7| 1920/1921 111 | Female. .. ' ek g s
232 ” 3 A

1V | Male 163 205 2, 49 5.01 .0
igi;ﬁgg IV | Female_ ... 128 204 %&3:; “ = - o
1918/1919 1V | Male 149 218 20 Y 33| 82

| 1918/1919 1V | Female._.. 95 g(llg Bl mi WITLU Labd S
TT7T) 191971920 IV | Male 122 213 R N e St s e
| 1919/1920 1V | Female_... PR < e

241 A !

LAR- e v 11 5.0 6. 00 9.0

i %gigﬁgg V | Female 87 214 %’ RS R 2.0
7/1918 v | Male 47 224 s ssd) &0
131751918 V | Female.... 48 232; g%} ________________________________
1918/1919 Vv | Male 59 23 R L e teane oo i
1918/1919 V | Female 30 v e =

252 . .

VI | Male 43 217 1 il e

5 }gigﬁg%g VI | Female.._ 2 222 %i?, i) pid S 8
oo V1| Fom i %36 260 475 17.13 9. 50
| 1916/1917 VI | Female.__. % 248 R R G W
“] 1917/1918 VI | Male 8 #3 24| 28 |l
7| 19171918 VI | Female.... _
| 1914/1915 VII | Male i o e e i e

1914/1915 VII | Female...-

AGE GROUPS

In Table 31 are shown for the fish captured in 1?121, 1'9121% 19f?3 : sﬁli glé)fz;r Otllll;
i of eac
minimum, and maximum lengths and weights h ag
act:lal de;:;f;le) of a yea’r class. The average length of the 2-year herru.lg. 1ncz‘eas<;;ll
ﬁm 91&95 millimeters in 1921 to 217 millimeters in _19?2‘and to 221 millime 1ers 2
lrgzn?:' in 1924 the general average dropped to 190 mﬂhmetgazrf.t Tf?;ga;g}?fset:fsgm
] ing i illimeters in 1 o 2
- herring increased from 224 rmlhn.le. _ .
(;g;;let(? g??;rmﬂlime%aers in 1923 and to 236 millimeters in 19247 Theﬂil‘ ye:rrsﬁsi};l
likewise show an increase in average length. '1? increa.seslgrzogm 2321 ;4 1m{,‘ }fe h
‘llimeters in 1922 and to 243 millimeters mn and :
1?2&1 tz'eﬁgﬁlngl 1:ge groups also show the same tendengy to grow bigger eacil yeﬂsi;.
OThe g year herring averaged 241 millimeters in length in 1%2;1 and 192?1, 324 Eﬂ]i-
X illi i 24 the 6-year fish average
1923, and 254 millimeters n }9 4 T | . v
?3:2212 E 1engt’h in 1921, 252 millimeters in 1922, 263 millimeters in 1923, and 2

ted on 350, in a strictly com arat’ \7 refer: t i i mples
8 stal 0 i it y only the Tobico and Nayanquing sa

A i i D ive study it is preferable to employ only v

1 P , 1 t 1y

for 1924.
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millimeters in 1924. In each age group except the fifth and sixth the 1922 individuals
averaged larger than the 1921. Without exception the 1923 fish averaged larger
than the 1922, and with the exception of the fourth age group the 1924 herring
averaged larger than the 1923.

The average weights of Table 31 tell a similar story. In general, the fish of
corresponding age groups become progressively heavier each year. In each age
group except the fifth and sixth the fish taken in 1922 averaged more in weight than
those taken in 1921, while in each age group without exception the 1924 fish weighed
more than the 1922. The herring taken in 1923 were not weighed.

If the average length of the herring population varies as the spawning season
advances, as is the case in some age groups of the sockeye salmon runs (Gilbert,
1922, pp. 34 and 64), and if the samples of different years are taken at different
periods of the run, then the above averages of length and weight would not be
comparable for different years. However, they are believed to be comparable in
this case, because each sample collected in 1921-1923 was taken at about the same
period; that is, about two weeks after the main spawning run of herring began, and
because, as I shall show later (p. 385), the average length of the herring population
does not seem to vary much during the height of the spawning season. It will be

shown in another place (p. 364) that the same conclusion (the herring are growing
bigger) may be drawn from other data not subject to these possible errors.

Apparently, then, these data show that the herring of Saginaw Bay were reach-
ing a bigger size in 1922, 1923, and 1924 than in 1921 and in general were becoming
progressively larger at corresponding ages each successive year. The curves of
Figure 37, based on the length frequencies of Table 29, point to the same conclusion,
as with each year the curve moves farther toward the right. This change in the rate
of growth of the herring may be the third symptom of intense fishing. (For the other
two symptoms see p. 355.) Briefly stated, this may mean that as the number of herring

in the lake is being reduced competition for food among the survivors becomes less

severe and consequently they grow faster. The subject is discussed further in the
section on growth rate.

MALES AND FEMALES

Table 32, in which are given the actual, average, minimum, and maximum length
and weight for each sex of an age group, shows that males and females attain approxi-
mately the same length and have the same growth rate in corresponding years of
life; that is, no consistent differences in growth rate occur'between the sexes. This
is brought out more clearly in Table 33 and Figure 38. Table 33 shows, for fish taken
in 1921 and 1922, the average total length attained at the end of each year of life by the
males and females of each agegroup. All averages but the last one of each row are com-
puted from the measurements of scales. In Figure 38 the average lengths of the 1921
fish only are plotted. The progressive divergence of the two curves of growth in the
fourth and later years of the 6-year fish presumably is due to the small number of
females in that age group. In weight the females average a little higher (see Table 32)
than the males, due to the greater weight of their partially developed sex organs,

although the difference is not as great as was expected. In a further discussion of
growth rates the males and females will be considered together.
99760—29——7
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ol METHOD OF DETERMINATION
270 ur By Petersen’s method of age determination the individuals of a large collection
~ are grouped according to their size and the size-frequency distribution is plotted
agg-erovrs| 7 \or . . :
== on graphs. Each prominent mode or hump in the resultant curve is then assumed
250 to represent an age group, the first mode representing the youngest age group. An
examination of the length-frequency curves of Figure 37 shows that they are virtually
unimodal, so that this method can not be employed for the herring of my samples,
230 although, if material were available, it might be found applicable to the fish of the
two youngest age groups (1 and 2). In the study of growth rates, therefore, I have
restricted myself to the methods based on scales. We may assort the individuals
2/0 of the collections of different years according to their year classes, as determined by
N reckoning back from the year of capture, according to the number of annuli on the
X scales. We may then separate the various age groups of each year class by using the
N 80 annuli as an indication of age. Having assorted the fish, two procedures are possible.
X First, we may compare the actual length measurements of these various age groups.
N Second, we may compute, from the scale diameters (or other dimension) of all the
3,70 specimens, the lengths at the end of each year of life and thus determine for each
year class its rate of growth throughout life. The second method affords a much -
larger series of data. By combining both actual and computed lengths of fish of the
same ages of all the year classes a general norm of growth characteristic of the
/50 . : :
species may be obtained. The actual measurements, both lengths and weights,
of all the age groups of all my comparable samples are summarized in Table 34.
o The grand averages are given near the bottom of the table. Similarly, the estimated
lengths for each year of life of all age groups, computed from the measurements of
scales, are summarized in Table 26. The length values of fish of the same age groups
3 /i of both of these tables are combined in Table 43.
/
TABLE 34.—Rate of growth of all year classes of Saginaw Bay herring, in terms of length and weight, as
W determined by direct measurement and werghing 1
7 )74
o 77 v
£ ok YEARS OF LIFE Average length, in millimeters, of males and females in year—
: le
; ring taken in 1921) attained by the mal Year class
s 38__-Averzt3ge to;zlglr?f;l;t(ft(ﬁeseang(;n (f))‘fv:agl?;'::;r;?lgﬂe? The data are shown in Table 33. bus I [ v ’ v ’ VI VI VI
and female of an a ¢ . fomale . o
——— — malej ——— f herring belonging to the same age group e, R e B S b 22 (3)
tive growth rate of the two sexes o, 1914/1915 bl SR TR e e 275 (19)
TABLE 33.—Comparatwe g year class . ——————————— 1915/1916 ______________ e :
mnimeters, at end of year— lg}gﬁg}g::“ : = . _"""_(5615_ 39
hecol U ETSTITE & WE e S e /L G TS N R W S e i iy 24 (90| 286 (245) | 351 (90)
Age lindivid- G 1000 e 195 (5) | 229 (148) | 243 (240) (3254 (74)
Captured in Sild 1920/1921 -| 217 (4) | 233 (170) 3243  (356) |....___ .| ...
RocliIgle X T e e 221 (2) 236 (162) |--o.._____|TJITITTTTTITTTT
pe m T IR LN T e e R e
iutpy A6 R 3 taes 10 0TS 18]
oI 49 Grand average_______.____________________ 202 (16) | 281 (577) | 289 (1,182) | 245 (464) | 267 (109) | 275 (18) | 309 (3)
}z {gg Grand average increments__________ """ 7|~ " 29 8 6 12 18 34
....... 118
1921 Lot coeeonnm—patmsar =ARETR R Y YI 87 I Nurmber upon which an average is based is shown in parentheses. 3 Tobico and Nayanquing herring.
VI ;:Z 2 Gravelly Point herring. $2,3, and Au Gres herring combined.
VI
I 78
‘ 70
II% 149
L et AN
e . 48

1 Actual length when captured in November.
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5 . . . {0)
amtn 34—t of gl o oll o s of Sgingn Doy b, {8 et nd o O BN RS S . e
at end of each year 0];. life. B ngth atiained by various year clos: Sani
' . Each year of life is given i sses of Saginaw Bay herrin
gien wn terms of calendar 1 ‘
years
Average weight, in ounces, of —
A T
: : : S A L verage calculated length, in millimeters, attained at end of year—
Year class Males in year— Females in year— group s grumf
1915 | 1916 | 1917 | 1918 | 191 Jer o)
9 | 1020 | 1921 | 1922 | 1923 indi-
B e 191 1924 | viduals
Pho M Dt s e AN vimm | 17| 19| 1| 208| 29| os0| o
191 221 249 560 3
LT S A A A S S ST o o e o R 4 8 S o 12| 20| 24 12
1915/1916- Ty ) )| R IR R 8.00 %4) 119 157 A 67
1016/1017- =l T e e 713 @) B e 210
e e R e e P - ;
%ggégﬁgg{:__ _________ AT | 490 (70) |- oo e { ) 13| 166 | 203 e
T Mok et oo oo e FESSE, Lot v ot 15
T R I e N 79 214 zgg
Grand average.
Grand average 18
inerements__.|---------- . . 5 Sl e o .43 1.74 90
Grand average 245
weight, in 97
ounces, of
males and 74
males 82 |, 0 ) | 5.08 279) | 5.61 (520) | 6.18 (170) | 7.8 (@) [-ooucmmonnfomscmmerefom oo 240
Grand average 148
increment in :
weight of
males and fe- :ls;g
------------------------------------------------- R (e e 4
ok o g o e T S S T S Eoe it e M3 2| el e
! The last value of each horizontal row is g
the actual ¥ s
UNCORRECTED AND CORRECTED COMPUTED LENGTHS TaBLE 36.—Cal S e e
B 36.—Calculated total length attain ;
: ! ed by various g
' v . ea year cla. ’ .
The computed lengths in these tables have not been corrected for disproportionate ch year of life. The data are those of Table 85 rearraé:;sedoickcqz%?ﬁgwtf i A . L,
A . . X e qr 1
growth of body and scale. A correction for the error from this source would be valu- Yo S
able if it could be made for fish of all ages so as to permit comparisons. However, it i i Ago Average computed length, in millimeters, attained at end of yea
is impossible to make this correction for the first two years of life because, owing to SO yo1a | 1e15 | 191 | 1 = Der of
. . 917
the lack of fish of these years in my samples, body-scale ratios could not be computed 1018 | 1019 | 1920 | 1ot | 1022 | 1093 | 109 | Gy
for them. The general conclusions derived from a comparative study of the uncor- s I, N T
rected computed lengths would not be altered by a study of the corrected lengths Wl mil w8 2
(see Table 24). The relative rates of growth of the various year classes would be S g s i2
% . 25
unaffected by the correction. It can not be argued, therefore, that my findings rel- g Sl ara o7
ative to the growth of the herring may be vitiated by the probable inaccuracy of my 1
computed data. ' T
GROWTH OF AGE GROUPS AND YEAR CLASSES 3
74
Total lengths.—An examination of the vertical columns of figures of Table 34, =]
representing measured lengths, shows that the values for each age group generally e
are greater in successive years, which indicates that the Saginaw Bay herring of the 856
same age were gradually increasing their rate of growth. This is especially clear for ol
the 3 and 4 year fish. -
5
4
2
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7 —Computed lengths reached at end of different years of life by various age groups of Saginaw

s The data are those of Table 56 rearranged so as to growp the lengths of each year of

Bay herring.

life together

Average computed length of year classes, in millimeters, at end of year—

O e ——

e

e e N R T e
117 (9 |13 (15) | 116 (18)
115 (205)| 114 (95) | 119 (90)
116 (201) | 122 (245)

121 (9D

117 (T4) |-ooomam- - Swie
133 (240) | 136 (356) |- -=---cs-i-- e
139 (148) | 142 (170) ot
191 (5) 141 (4 187 (D) locooommomnfmmmsoanms

TTINGT:) ) PR [N X
179 (90) | 177 (74) |
183 (245) | 192 (240) | 191 (
192 (97) | 200 (148) | 201 (1

171 (95)
179 (291)

L A Y R S n e e ) el e e v
los  (9) [903 (15) | 199 (18) |--oo-miise \

208 (9% | 213 (90) |21 (T4 |.ooomnnes
e (205) 214 (ésng 217 (245) | 224 (240)

2094 (97) |2229 (148)

________________

(9) 2%% ((%)?‘))) 227 EIS) ________
2%32 (201) 2236 (245) 2942 (240) 2243 (356)

1 The number of specimens employed is shown in parentheses. 2 Actual length when captured in November. )

Tables 35 to 37 have been compiled to find whether the more extensive daia
n
Table 35 the year classes are arranged chronologically, so ﬂmt the various age groups
of each year class are brought together. The fish of the various age groups of the 191.8
year class are seen to have been 113, 114, and 116 millimeters long at the end of tl}el.r
first year (1918), while those of the 1919 year class were 116, 119, 122, aI.ld 127 m111_1—
meters long at the same 2age; that is, in 1919. This apparent increase 1 1e.ngth in
1919 continues for the first-year fish of 1920, 1921, and 1922, the figures being }17.,
133,139, and 121 for 1920, 136, 142, and 141 for 1921, and 143 and 137 for 1922.' Slm_l-
lar increases in length in fish of the same age in successive years appear in fish 1n the_lr
d, third, fourth, and fifth years. Mere inspection of the figures 2s they stand in

derived from calculated lengths afford evidence of a change in growth rate.

secon

Table 35 seems, then, to strengthen, from calculated lengths, the view suggested by the
measured lengths of T able 34 that the growth rate of the herring increased after 1918;
but Table35 seems also to show evidence of Lee’s phenomenon——that lengths calculated
for a given year from scales of young fish are always greater than lengths calculated
for the same year from older fish. Thus, the 1919 year clags of Table 35 shows age

9100 (@) |-ece-mrrnni-omcauaernsliom=a o wemmmeees
o 237 (90) | 236 (74) |-----r-oo-
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groups III, IV, V, and VI with calculated lengths of 127, 122, 119, and 116 milli-
meters, respectively; thatis, the calculated length at the end of year I is less the older
the fish from which the calculation is made. A similar relation appears in the cal-
culated lengths of fish of different age groups in the 1918, 1920, and 1921 year classes
but -not in the other year classes. Obviously, if the scales used for the length cal-
culations for the year 1919 and following years were from younger fish than those
used for length calculations for the year 1918 and preceding years, they would give
higher values. In that case, although the growth rate in 1919 might, in reality, be
the same as that of 1918, it would appear to be greater. In order to compare cal-
culated lengths attained at a given age in any two years, it is therefore necessary that
the scales used be taken from fish of the same age. By such a procedure whatever
error is involved in Lee’s ‘phenomenon of apparent change in growth rate” is the
same for all year classes in fish of the same age. '

In Table 36 the data of Table 35 are regrouped. The year classes are no longer in
chronological order, but the age groups of different year classes are brought together.
The 8 and 7 year herring of the year classes 1914 and 1917 are too few to give depend-
able averages. An examination of Table 36 shows that the 7-year fish of the 1915
year class and the 6-year fish of the 1916 year class reached about the same length
in corresponding years throughout life. The 6-year herring of the 1917 year class
reached the same length as those of the 1916 year class at the end of each of the first
two years of life but exceeded them in length at the end of their third year (1919).
This excess in length then gradually grew less, until the actual length of the 1917 fish
at death was slightly less than that of the 1916 fish. The 6-year individuals of the
1918 year class were slightly smaller than those of the 1917 or 1916 year class at
the end of the first year of life but were larger at the end of the second year (1919)
and continued to be larger in the remaining corresponding years of life. 'The 6-year
fish of the 1919 year class attained the same average length as those of the 1916 and
1917 year classes at the end of the first year of life but exceeded them in length at the
end of the second year (1920) and at the end of the later corresponding years. The
1918 and 1919 6-year fish, however, seemed to have had similar rates of growth. The
5-year fish of the 1918 year class were approximately the same in length as those of
the 1917 year class at the end of the first year of life, then exceeded them in length
in the second year (1919), and continued to exceed them in corresponding years, though
in diminishing amounts, throughout life. The 5-year-old fishof the 1919 and 1920 year
classes, which had similar rates of growth, however, reached greater lengths than
those of the two preceding year classes in corresponding years throughout life. In the
fourth (year class 1921 excepted), third, and second age groups each younger year
class of each age group successively attained greater lengths than its predecessor
for corresponding years throughout life.

Summarizing this detailed analysis, we find that the 1915 and 1916 year classes
grew at corresponding rates throughout life. Although the fish used for calculating
the lengths of these two year classes were respectively 7 and 6 years old, the difference
in age is so little that there is no evidence of apparent change in growth rate. We
find that the 6-year fish of the 1917 year class grew at the same rate as the two previ-
ously mentioned year classes during the first two years of life (1917 and 1918), then
reached a greater length in the third year in 1919 and in the corresponding later
years of life. The 1918 year class (age groups V and VI) reached about the same
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length in the first year of life as the three preceding year classes but exceeded them
in length in corresponding later years. The 1919 year class (age groups IV,V, VI),
however, in general reached greater average lengths at corresponding ages than its
predecessors in all years of lifs. The same tendency to attain greater lengths than
its predecessor at corresponding ages is found among the remaining year classes
considered. Two exceptions are noted—the rates of growth are approximately the
same in the 5-year fish of the 1919 and 1920 year classes and in the 4-year herring
of the 1920 and 1921 year classes. It is to be noted, then, that an acceleration in
growth occurred in 1919 in the third yesr of life in the fish of the 1917 year class, in
the second year in the fish of the 1918 year class, and in the first year in the fish of
the 1919 year class, but apparently not in the fourth year in the 6-year individuals
of the 1916 year class; and that the herring of all age groups attained greater lengths
in the early years of life after 1919 than before this year. As comparisons are made
between fish of the same age groups, the increases in length are believed to be actual
and not Lee’s “apparent change in growth rate.” It appears, then, that the year
1919 introduced a period favorable for the growth of herring. .

These facts probably are brought out more clearly in Table 37, in which the
data of Table 36 are rearranged so as to group together the lengths of each year
of life. Age groups VIII and VII of the year classes 1914 and 1917, respectively,
are not considered in the following discussion, as they contain too few individuals to
give dependable averages. Table 37 shows that the computed total lengths of the
first year of life (115, 117, 113, 116 millimeters) fluctuate with the year classes in
the sixth age group. In the fifth age group they remain constant in 1917 and 1918
(115 and 114 millimeters), but increase to 119 and 117 millimeters in 1919 and 1920,
respectively. In the fourth age group the length attained in 1918 is about the same
as in the older age groups but is greaterin 1919 and again in 1920 and 1921. In the
second and third age groups there is a progressive increase in length attained at the
same age with the successive calendar years. In general, the average lengths of the
first year are relatively small and are very nearly the same for all age groups and year
classes in the calendar years 1915 to 1918, inclusive, but with one exception? are
relatively large in 1919 and increase in each successive year thereafter.

The total length of the second year of life remains constant in 1917 and 1918
butb increases in 1919 and 1920 in the sixth age group. It increases progressively
for two successive years in the fifth, fourth, and second age groups and then remains
the same. In the third age group the total length of the second year increases in
1921, then remains virtually constant for two successive years. The average lengths
of the second year are approximately the same for all age groups and year classes
in the years 1916 to 1918, inclusive, and are smaller than those of the years following

1918.
The total lengths of the third year of life show a progressive increase in each
successive year, exceptin the last one of each series, when they either remain constant
or decrease slightly, in all age groups considered. As was the case in the lengths
of the first and second years of life, those of the third year are about the same for the
age groups in the years preceding 1919 and are smaller than those of the years follow-
ing 1918. The average lengths of the fourth year of life also show a progressive

# See footnote 4, p. 368,

.
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ABLE 38.—Uncorrected calculated length increment attained by various

herring duri
o % : 1lﬂmg the calendar growth years 1914 to 1924, inclusive.

year classes of Saginaw Ba
The increments are derived fronz
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- o e .
Sl gﬁifp erage calculated length increment, in millimeters, attained during the year-
1914 £ = bar o
L 1915 1916 1917 1918 ! 1619 1920 ’ 1921 ’ 1922 1923 ' 1924 bgrhnf
et S.
20 18 15
21 18 15 3
28 21 14 (153
27 26 2
37 26 lg 5
35 25 16 202
53 37 25
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122 61 34 19 .
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________ 117 60 34
______________________ 133 59 32 %g i
_______________________________ 139 61 29 e
________________________ 121 v Y otk NS L 142
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i e s e b 143 59
_______________________ ]‘,._.,_._ 137 84 16;
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herring increased in 1919 and again in 1920.
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TaBLE 39.—Computed average length increments reached in different years of life by various age groups

of Saginaw Bay herring. The data are those of T'able 38 rearranged so as to group the increments
of the same year of life together—Continued

Average computed increments of length, in millimeters, attained during the year—
Agegroup | YXear

1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924

)| 19 (15) {21 (18) |-ceooo_._.
b 12 (95) | 214 (90) | 218 (74)

__________ b15 (12)
____________________ b15  (3)

b Increment up to November when eaptured.

The increasingly greater mean lengths of the 2, 3, and 4 year fish after the year
1918, noted above and shown in Table 37, are thus due largely, if not entirely, to the
accelerated growth of the first year of life. To illustrate this, we may compare, for
example, the growth rates of the 3-year herring of the year classes 1919 to 1922,
inclusive. At death the fish of each year class averaged 224, 229, 233, and 236 milli-
meters, respectively, in length (Table 34). From Table 39 it may be seen that they
grew 127, 139, 142, and 143 millimeters, respectively, in their first year of life; 65,
61, 59, and 59 millimeters, respectively, in their second year; and 32, 29, 32,
and 34 millimeters, respectively, in their third year. It is evident that the large
size of the 3-year fish of the 1921 or 1922 year class was not due to an increase in the
growth rates of the second and third years of life but wholly to the increase in the
growth rate of the first year. Similarly, the greater average length of the 3-year fish
of the 1920 year class was due entirely to the acceleration in growth of the first year
of life. Similar results may be obtained from a study of the increments of the second
and fourth age groups. In the age groups considered, the relative size of the mature
fish was correlated with the size reached by them at the end of the first year of life.
The growth history of the 1-year fish was then of great significance to the herring
fisheries of 1921 to 1924, inclusive. The growth rate of the first year determined
largely the size, and indirectly the weight, of most of the individuals of the commercial
catches of these years, for, as has been shown (Table 30), the bulk of these catches
consisted of fish of years III and IV. If the growth rate of the first year generally
controls the size and weight of the 3 and 4 year herring, then, from the point of view
of the fisheries, the growth history of the herring of year I is especially significant;
for, not only do the herring complete, nearly 50 per cent of their growth in length
in the first year of life, as I shall show later, but the rate of growth of this year

would determine the size and weight of most of the individuals taken in the
commercial nets.
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XPLANATION OF RAPID GROWTH OF YOUNG HERRING IN 1919 IN

SUGGESTED E
SAGINAW BAY

If we assume that improved conditions are responsible for the increased growth

rate ushered in by the year 1919, how may we account for the fact that only those
Bay City herring were affected that were 3 years of age and younger? I believe this
is explained if we assume that the young herring hatched in Saginaw Bay remain there

during at least the first year and the early part of the second and of the later years

of life. The 2-year and even the 3-year herring may remain in the bay throughout
the year, though, as I shall show later (p. 394), this is not probable. It is known that
many 3-year herring join the spawning schools in the fall (p. 384) and depart with
them in the following winter or early spring to the summer feeding grounds in Lake
Huron proper. (See p. 394.) I shall later give reasons for my belief that growth con-
ditions were improved in Saginaw Bay during 1919 but not olsewhere in the lake. If
the above statements are true, all age groups were subjected during the growth sea-
son to the improved conditions of Saginaw Bay in 1919 and later years, the fourth
and older age groups for a short period in the fall and spring, the second and third
age groups during either the entire growing season Or a part thereof, and the first
age group during the entire season. The messurable effect of any environmental
change that alters growth rate should be more noticeable in the years of rapid growth
ly slow growth. The 1-year herring, with their large growth

than in those of relative
increment, would, in general, show more clearly changes in the conditions of growth
tions of growth rate more clearly

than the 2-year fish; the latter would show altera
than the 3-year-old. In each older age group, as the growth increment decreased,
changes in it would be detected less easily and more likely to be obscured by other
factors affecting growth increments. Again, if the 1-year herring were subjected
to the improved conditions of Saginaw Bay throughout the entire growing season,
while the older fish were subjected to them during only part of the season, the growth
of the former naturally would be influenced more by these improved conditions than
that of the latter. As, then, the growth increment of the herring is greatest in its
first year of life and diminishes progressively in later years, any factor that tended to
alter growth rate should show larger measurable effects and therefore be detected
more readily in the first year than in later years. As first-year fish are believed to
spend a larger part of the growing season in Saginaw Bay than do older fish, growth-
controlling alterations in the conditions in the bay should affect them more than they
would older fish. They showed growth acceleration in 1919 and later years, over
that obtaining in 1918 and years immediately preceding. In the section of this
paper dealing with factors of growth in Saginaw Bay the probable causes of this

acceleration are discussed.
LAW OF GROWTH COMPENSATION

Gilbert (1914) concludes from a study of the computed growth increments of
some 4-year sockeye salmon (Oncorhynchus nerka) that a compensation in growth
occurred in the third and fourth years of life. That is, salmon that were large at the
end of the second year grew, on the average, more slowly in succeeding years than
the salmon that were small at the end of the second year, so that eventually all indi-
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fth vears of life (28 and 21 millimeters) than did those of t'he same ag:la ggtfﬁd il(;
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 eseinn faster in the third, fourth, and fifth years than the fast-growmgd S‘dod
N The fourth and third age groups, however, seem to show 2 e(? t;)l ;
Py gI:oup.rowth In the former age group the order. of the successml(li 0 "
A gth of t.,he first year for the four year classes is exactly reversed in g
- Ofdgr]g'wd ears, while that of the latter age group 1s reve?sed in the secotlit1
Hoostos tthlr il;lydicat’ion of compensation is seen in Table 36, which show_s that le
iffe : fltl)r t eren the final total lengths of the adults of an age group was, 11l gen%r}?i ]
s he tw t?etween the computed lengths of the earlier years of these fish. e s
lesi):::;nb; 8éomparing the 4-year fish of 1918, 1919, 1920, and 1921; but the differ-
ap

dom were compensated entirely at death. The big

en earlier years sel : ' o
?Sszxsaiﬁeztvvvvtjare on the average, also the big adults, and the slow-growing young
J )

dom ache wi in corresponding adult years.

elao hed the length of the f&St-gI‘O 1ng ones 1 ul .

§l‘ll1us ﬂ,é.eﬁI‘St Slght it seems that the evidence for the law of gI‘OWth compensatlon
)

is conflicting for the lake herring.

3 h for each year of life for

th and average increment of length . :

e %1'—3321,?;:3 :rvoea;geotf()t?}%el?g/ear herring taken at Bay City, Mich., in 1928. The siz
;:«cmp(;fare based on lengths at the end of the first year of life

Average computed length, in millimeters| Average corflputeitz1 i;g;g}ilient of length
Number in year—
i illi of speci-
Size group, millimeters mgns ; = = y; : l i = \ iz
e e e e = —_—— 1 —
66 40 21
i ol ow| o mlom) ow M & # B
nder 126. . --- -
gﬁ g i%)o gg 148 201 228 245 148 53
Over 1

— i f fish.
Nore—The last total length value of each horizontal row is derived from direct measurements of fi

icti i he last paragraph, that com-
e &PP&TGHﬂY}f: igi(lfrllzgs::llndsmcllceea: ffrt)m Tablz 41.g The .computed
leneths of the first year of the 4-year herring taken in 1923 were (1131v1defd 1:Flin;nlo t}'}{*}iz
o ach group including approximately the same number of fish. ;
b gI‘OIiPS; t(il of the fish of each size group was then determined for eacl'l year g
g ength se total lengths the average annual increments were denve(.l. t
L e f ; this table that the big yearlings were, on the average, the big fish
gl e d;ﬁm ears, but that the differences between the 1engths o_f t}{e three
i 15 Succe?li 5 'Zhed :gach year, so that the fish became more uniform in size each
A eaI;u:fl age. Or, as seen from the increments, the smallest yearlings were
iﬁ(cacf;:g:tygrowing ?ish and the largest yearlings.the slowest. ol
We may reverse the procedure employed in Table 41 an 'VIt e1iZe o
death (instead of the computed length.s of the first year) into s e gr .
e ath : erage the computed length and increment values of each size groulé
: mal}; ' e? :fv 1ifeg as shown in Table 42. We find on examining these compxéii;z
fvf):hf:: (lgeﬁlat the ’large fish of an age group were the large fish in each preceding

pensation in growth occurs 1n t
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year of life, and (2) that, as shown by the increments, the large fish of an age group
apparently grew more rapidly in each year of life than the small fish of that age
group. The second statement apparently contradicts that based on Table 41, that
““the smallest yearlings were the fastest growing fish and the largest yearlings the
slowest;”” but the seeming contradiction is due to the method of grouping the data
of Table 42. In Table 41 the fish were grouped according to the length of the year-
lings, irrespective of whether these yearlings grew slowly or fast in later years. The
table shows that small yearlings were rapid growers and large yearlings slow growers.
In Table 42 the fish were grouped according to the length at death, irrespective of
whether they were small or large as yearlings. Because both size groups of an age
group of Table 42 consisted of small and large yearlings, the difference between the
computed lengths of the first year is consistently less than that between the actual
lengths of the fish at death. The table, therefore, warrants only the first statement
derived from it and not the contradictory second statement.

TaBLE 42.—Computed average length and average increment of length for each year of life for each
size group of various age groups of Saginaw Bay herring taken in 1922 and 1923

Average length, in millimeters, at end of Average! lcomguted increment Num
i year— of length in year— um-
Year of cap- | Age Slﬁg%ﬁ?%g'n??ﬁii?’ il )

ture BrOUD | meters, at death Shecis

I {Under &30 =

v |{Under 240__

e,

ndaer s

o [

nder —

1928 - v {Over 243 __ . 119
v {Under 3 T

Over 251

Nore.—The last total length value of each horizontal row is derived from direct measurements of fish,

It appears, then, that the “law of growth compensation” holds for the lake
herring. We found that, on the average, the big yearlings were the big fish in all
succeeding years of life, but that the differences between the small and large yearlings
diminished each year of age—that is, the small yearlings were rapid growers, the large
yearlings slow growers. We also found that the “growth compensation” did not
overcome entirely, in their later years, the effect of unfavorable growth conditions to
which the Saginaw Bay herring were subjected in 1915-1918.

s NORMS OF GROWTH

Lengths.—As suggested at the beginning of this section, in order to obtain the
norm of growth in a long-lived species, which is not influenced by seasonal cycles
of growth or annual fluctuations in it, we must combine the rates of growth for
corresponding ages of all year classes. Such an incomplete general norm, based on
direct measurements of fish, is shown near the bottom of Table 34. A complete one,
based on the measurements of scales, is shown at the bottom of Table 26. A third,
based on both uncorrected computed averages and actual averages, is shown in the
grand averages of Table 43. The grand averages of Tables 26, 34, and 43, both total
lengths and increments of length, are plotted in Figure 39. Those of Table 43 really

1\
|

il
i
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374 BULLETIN OF THE BUR 1915 The grand averages of Table 43 show that the herring grows very rapidly during
th rate for the whole period covered by the yearsbl 13 the first two years of life. The first sharp break in the curve of total growth (figs.
ra . : ; . M
T" represent the avemge_grOWTh curve plotted from the grand averages of Table 39 and 40) occurs in the third year—the year during which sexual maturity is first
| \ (1914) to 1924, . 3 owth of the lake herring during the last 10 years. attained by many individuals. If the length at the end of the seventh year is taken
aphically the average gr as 100 per cent, then at the end of the first year 46.4 per cent, at the end of the second
shows grap ) .
| ear 67.5 per cent, at the end of the third year 79.6 per cent, at the end of the fourth
1Y )
‘ » year 85.8 per cent, at the end of the fifth year 89.1 per cent, and at the end of the
350 ; ; .
sixth year 94.2 per cent of the total growth in length is completed (fig. 40). Other-
3 . - .
—A wise stated, the increment in length of the second year equals 45.7 per cent, of the
i 300 s third year 26 per cent, of the fourth year 13.3 per cent, of the fifth year 7.1 per cent,
i | ‘ // of the sixth year 11 per cent, of the seventh year 12.6 per cent, and of the eighth
o
| 4—?‘"
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‘ 0 - 7 Z Fig r 20
AGE-GROUPS
5 2 ing at the end
al length and increment in length attained by Sagl?la‘;vfg:gs?erin:g_ —, curve
B0, qine .g A, curves based on grand averages of total le: i .fall ‘fish belonging
of each year of life. A4, btained by combining the actual lengths o 0 ’
plotted from the grand averages 0 b?m34) curve plotted from the grand s,vera%elas 7 77 Vg o ',C?E o /_,F:Z 7 I
g 34.) — o —— I . -
oo ageliﬁg.théiz:nizted lengths of corresponding years olf Ig;: gf Zl(l);hz ﬁ:a;i ng
obtained by com ) —— — oy curve ploi
herring of all age groups. (S0 Toibiirfgs)ponding years of life the actual and computgt(il F16. 40.—Percentage of total growth in length and weight completed at the end of each year
averages obtained by coml?lnln%au age groups. (See Table 43) B, curves based on gr :ual of life. The percentages of length are shown on pages 375 to 376 and are derived from the
lengths of all available herring % curve plotted from grand averages based on ac 5 grand averages of Table43. The percentages of weight are shown on Dpage 376 and are derived
averages of annual mcrements,i‘ -ﬁe_;‘i_)- " . —, curve plotted from grand averages base 5 from the grand averages of Table 3¢. —_—__, curve based on'the average length reached
measurements of fish. (Ses able 96) — — ——y curve plotted from grand average at the end of the seventh year, — ____ __ , curve based on the average length reached
on computed valugs- (S?fte?i‘i £eihra (See Table 43.) . at the end of the sixth year. — ., curve based on the average weight attained at the
based on actual and comp . 3 d of each year end of the sixth year
) Saginaw Bay herring al en di
h attained by each year class of Sag rages for corresponding .
Tasve 43.—Tolal average lengi uted averages are combined with actual averages f ear 14.2 per cent that of the first year. After the third year the average vearl
of life when uncorrected comg 34 combined.) 4 J
; Tables 26 an ’
years of life. (

increments remain fairly constant ;
Num- Average length, in millimeters, at end of year—

varying from 14 (9) to 18 millimeters in

amounts (Table 43).
I : . e ]
S ot cioss (year ot Batohing) |ioos £ l o ‘ 101 | v ' Yoo 0 N R Weights.—Table 34 furnishes growth‘da?a of the herring in terms of weight.
L 176 206 e R B The general average weight for each sex is given near the bottom of each column.
}g} e Zﬁ s e Curves based on t_hese values are shown in Figure 41. If the total weight at the end
i o VAL a0 (e () kel of the sixth year is taken as 100 per cent, then at the
183 39217 | 3236 (353

3 3924 (462) | 8 241 (314) |; 254 (74) |---o----
3 {g% 3 226 §526) 2 243 (356) |------

end of the second year 50.3
ber cent, at the end of the third year 64.2 per cent, at t

he end of the fourth year 73.9
1% |3 (59 1138 — per cent, and at the end of the fifth year 83.9 per cent of the average total weight
T (2’311%()) 518 (3,200) | 235 (1, 792) | 244 (500) | 268 (120) | 274 (17) | 202 ©) is attained by the males, while in the females the corr

esponding values are 46.7, 63.4,
58 33 17 9 u : .

ales and females are combined

127

69, and 77 per cent. When the weights of the m
99760—29——8

1 Number of specimens employed is given in parentheses.

i ment of fish. ked averages are calculated from scales.
+ Based on ireet pensnremenl S o, omarkod a
3 Actual and caleulate
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he end of each year are as follows: Year 11, 45.4 por BELiG: Ot In weight), then many herring can spawn twice and a greater number can spawn at
the percentages at the (;?[ 72.1 per cent; and year V, 79.4 per cent. (Correspondmg least once, thus insuring the perpetuation of the species, Brove S it ik
s for Tongth, based un e I are :, year 1, 49.2 per cent; year IT, 71.7 per cent; spawners 1s not reduced below the number required for the maintenance of the species.

for length, based on year v :
ﬁgu:(?[SII 84.5 per cent; year IV, 91.1 per cent; and ye
oo : length, the rate of the propor

ar V, 94.6 per cent; see fig.40.)

tional total weight increase is RELATIONSHIP BETWEEN LENGTH AND WEIGHT

In cOmP&rlllsorng:thears of life, for while more than three-fourths of the tcf)ital g “In similar solid figures the surface increases as the square, and the volume ag
; g . . . . . X
o e tlf th sy ecies is attained at the end of the third year more than five the cub.e, of the linear dlme-nsmns. * * % And, taking L to represent any
length reached_ yd fe g cimilar amount of weight increase. The curves of Figure linear dimension, we may write the general equations in the form
uired Ior imil i increases
years are req oes. show that after the second year weight inc Sal? Val?
40, based on the above percentages, ion i ight may be due to ’
, pidly than length The sudden final acceleration in W:hg : 1 inerense i . or §=k.I?, and V=k'.L3
more ra . £ Of course this rapi
: the sixth year. v
the small number of individuals in y and EO‘L‘” (Thompson, 1917, p. 16.)
Ass;nping l-:h&t weight (W) is proportional to volume, the formula becomes
W.=7c.L » In which the constant & must be determined empirically. The formula is
valid for any species on the assumption that its form and specific gravity do not
ch?,nge materially. Weight being known, length may be determined by the use of
F ////_ this forml.lla, or vice versa. It has been applied to species of fish and Mollusca,
/ (See Crozier, 1914; Crozier and Hecht, 1914; Hecht, 1916 ; Jarvi, 1920; Weymouth,
. 1918, 1923; Corbett, 1922.)
6 /”"" .
o TABLE 44.—Value of k in Sformula W=Fk.L? based on length and weigh ;
. 51 e ghi averages d:
i ;. ;///v groups, shown separately for male and female lake herring of various lgengt;){s' Vol
P
P
2 4 N / Males Females
~
‘3\:5 Age group Tength Weight Numbe Lth?
: 1, um v
g mc%ntl- B b e %‘Zork of specif inegegnti- e Egork I;‘é%“e}éf’
1 eS| Gunces ' Grams Hle S Melersy b X Grams < mens
22.2 4.29 121.6 | 0.011114 4 ;
2 + 22.8 453 | 12874 | 010833 78 70 i% 1599 5 oridng 7
4 - e i 2 %33 f]) g gé 142.0 | .011226 29 23.4 5.22 148.0 | .011551 93
. e 5 3 148.3 | . 011140 149 23.5 5.23 148.3 | . 011427 13
Rl oeh| il %) ORI ig) o) o
i o i o Ay R Syt 25.6 7.02 | 1990 | 011861 12 26.1 756 | 2143 01206 3
1;9. ¥ ) Saginaw Bay herring in different years of life. Average..__.._____ J .......... ‘ .......... , ......... . 011317
;’I?e cur_vé .b—a—se d on males and females (— — —— — —. ) involves _‘ I ________________________________________ : R

larger numbers of specimens. Curves are plotted from the grand
average weights of Table 34

act that at first these fish grow chiefly along the

TaBLE 45.—Value of k in Jormula W=Fk.L3? for lake herring of various lengths and without reference
lo sex, age, or year classes

y : ion of the f )
weight is but an expressio : while later growth occurs A igh
. tal axis and are therefore comparatlvely sler_tder, d thickness. Limits of size group, in centimeters 13“212?1':%%; iyt 5 Number of| Value of
horizon d the body acquires more depth an centimeters Specimens | k=(W/L3)
prmmpally along the .Otl-ler a);esh&n e e pI‘Oﬁt&ble to allow Ounces Grams
From the Pomt.ot WZan rt;tz (z)f growth, to become much older than 3 or 4 194210, 20.4 3.19 90.4 17| 001064
fhe herrrllflf, ?Jt :(il:slz iprfetheir average weight is about 19.3 per cent 1n the :hér‘; %%;332:3: %ﬁ g %g?, 1979 & AT
years. £, TP : 7.3 per cent in the fifth year; or, state 2312337 %9 o o 81 .01123
but only 7.4 per cent in the fozﬁthagzixge 1_%0 ounces in the third but only 0.58 b i . o 8.2 gg “oiti7
ofheryiee, jhe he?rmgh gafln gtlllh azd fifth years, respectively (Table 34); that IS% 3 23'2;%:2 53 5 & 1602 7 §§)§£
and 0,57 ounge 1n,1h0, 00 h together is less than that o 251008 P .o e - 01128
| : : in the fourth and fifth years tog 7 B56 2000. IR TTIC I 20 6.53 185.1 19 -01142
the incrense 1o Welg 16 7 L8 N o are rogulated for tho 4-year fish (336 il i mil G| @Y B o
ear alone. ne SRl
thetetrl;lr ory9 3 inches, long measured snout to base of caudal and 5.61 ou Siioi e g e LR N, B TG NN B 01126
me ) £ S
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female lake herring taken 1n the fall
i Re ShOWS - ’}7‘?11: ie(fg]:hfso raﬁiali;t];%ts are the averages for van(;us :li:
il SP&Wm{llf .Table 32. The k averages for males (0.01132)' and emdis_
e asd-sjlflow(l)lnly in the fourth decimal place. In Table 45 age and sexbeiisarﬂy
T deli‘ahe values for & are based on size only. The herring were ar o
I‘P:gi}l‘ded_, o s oups with definite limits, which were selected so that a2 811 ieien
e it iﬁxs would be included in the group. Th.us, the_ average, t e
DUIzlbel' ;)ffpsrlzzzgtns the 17 smallest herring collected; that is, herring 21.0 centim
meters,
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nship of Saginaw Bay herring taken in the fall i\;stlbe;;ei
d from theoretical weights computed by means of 'ehgn o
hich k=0.01126. The crosses represent actual weights

¥1c. 46 —Length-weight relatio
spawning. The curve is plnotte
weight formula W=kL3 in W
Table 46).

m Table 45 that the value of k changes com-

i ith si e found for the species is 0.01126.

P&I‘atively‘htt._le ‘?}txhs 2:2,1':;(1;?%;: }lzeiﬁ :ﬁ?fbove formula, I computed the th:;)lri;ull;

Sl%bsmmfu;llg i » of various sizes and compared the.calculated values ;Ni-,t o
s en?ﬁlge These various values are given In Table 46 and pdfﬁ ience
ac'tu&l Wherelfp OS: exc.lude the largest size group we find that the avemgf:zF e11 pore
L :V 1 and calculated values amounts to only 2.82 grams. Ior a by
be'twe'en - ¥ ualO8L rams. The crosses in Figure 42 represent actual measur(;metw (;
2111‘15 (;ilff‘frzei;‘zligéoriical ;)r calculated values. The agreement between the

e

or less in length. It may be seen fro
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values is very close. It appears, then, that in the lake herring taken just before
spawning in the fall of the year the length-weight relationship can be expressed
satisfactorily by the formula W=F.Z?, in which % has a value of 0.01126.

TABLE 46.—Comparison of the theoretical weights, computed from the length-weight formula, with actual
weights of lake herring

i Differ- " Differ-
eore ence, in Theoret- ence, in
; Actual 2 : Actual 2
Length in centimeters ical weight | 8rams, Length in centimeters ical weight | 8rams,
_weight | . ams | actual weight | " ams | actual
in grams | 10 8F and cal- in grams | 12 8 and cal-
culated culated
0.8 0. 006 bk S DDl e W o 133. 458 133.2 —0.26
305 .011 | o e e L 140. 606 139.2 S 2
2.0._ . 090 .|| 23.4 2 ---| 144,273 143.2 —1.07
4.0 <721 D e e R 149. 894 147. 4 —2.49
6.0 2.432 |- i EpnE e e T IR 153. 721 149. 4 —4.32
8.0.. 5.765 Il 24.0 -=-] 166,658 | ... YU A
10.0-- 11. 260 SN o e e L R e S 161. 569 160.2 —1.37
120... 19. 457 SH 2B e s i e e 171. 749 172.1 +.35
14.0. - 30. 897 -] 25.3 182.348 185.1 +2.75
16.0-. 46.121 -|| 26.0 107906 joo LT
18.0__ 65. 668 -l 26.1 200.198 205.0 —+4. 80
20.0.- 90. 080 28.0 247.180 | oo |
204.____ 95. 594 Do e ALl 249, 837 282.4 +32. 56
L1 by (e sas ----| 115.058 G s S B SOLT020 |0 e IR A
22.0-...- o ----| 119.897
vk s RS O R T 124.869 Averagedifference_________.._.________________| 5.10
Average difference, excluding last figure.________ 2.82

The above k value applies only to the lake herring taken in the fall of the year
just before spawning. There is, as D’Arcy Thompson (1914, p. 100) points out, a
“regular periodic variation with the course of the seasons” in the value of k, for with
unchanging length the weight of the fish falls off after the spawning and winter period.
It follows that a study of the fluctuations in the % value through the year furnishes us
with a sensitive indicator as to the condition of the fish and as to the season of spawn-
ing (its beginning and end) “without ever seeing a fish spawn and without ever
dissecting one to see the state of its reproductive system.”

RELATIVE ABUNDANCE OF MALES AND FEMALES

Jérvi found that of 5,765 individuals of the species Coregonus albula L. collected
during eight years, 73 per cent were males and 27 per cent females. According to
Jarvi, Surbeck (1913) obtained similar results for certain Swiss species of the genera
Coregonus and Salmo. The latter found that in a large number of Salmo salvelinus
72.2 per cent were males and 27.8 per cent were females; but Hefford (1909) found that
in the plaice (Pleuronectes platessa) both sexes were equally well represented in any
large collection. Jérvi correlates the relative abundance of the two sexes in his mate-
rial with Mendel’s Law. ““All heterozygotes and half of the homozygotes are males,
while only the other half of the homozygotes are females. Consequently, the relative
abundance of males to females is expressed by the ratio 3:1, or 75 per cent males to 25
per cent females [p. 204].”” Gilbert (1922) found that in the sockeye salmon the rela-
tive number of males and females may vary with the river basins, the calendar years,
the age groups, and with the dates during the course of a season’s run. In general,
the males showed a decided tendency to precede the females in the spawning migration
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and to predominate in the annual run. He found that ¢ the relative numbers o.f males
and females in the different year groups is a comparatively constant fe’;,ature in each
river basin’”’ and “thus rises to the dignity of a racial character [p. 17].

I 7. — X)) (I,bu‘n(la,n e 0] males 3 O’ k TT 3 t Ba,y City,
3 1 and emales wm sa,mples la e he mg aken at
ABLE 47. Rela 19 C f. i .@ {' ;

Individuals in age group

II g v v
Year and month of capture
Male Male
o ey F 1 nd Male | Female
Male |Female| and Male emale| a
fe?ggle i ftgggle female female
» 118 87
r 97 48 49 291 163 128 205
1921, October to November- i g g - = 9 - 1 32 gg gg g(s)
1g§§,§§ovggggg£ """""""" 2 0 2| 170| 118 52| 239| 155
1923, November. ... --------
1o, Nevesits &0 Do 1 1 0 403 134 269 660 256 404 150 48 102
375 S R
al 11 5 6 818 378 440 | 1,434 723 711 539 272 } 267
Potal. w i endnae— s
Number| Per cent| Per cent| Number| Per cent Pe75 geg.t nggfr Persgegt Per léegt ngggr Per5 7ce’gt Per i;nlit
' ! 50.0 97 | 49.5 . ‘ : ; :
e Hovetiges: i 50. 8 gO. 0 148 52.7 47.3 244 61.1 gg g gg 46% g gg g
1%§§“ﬁ$3 """""" 2 .0 | 100.0 170 | 69.4| 30.6| 239| 649 )
19: ovember_ - .- —-----
1924; Hov o w U 1 100.0 .0 403 33.3 66.7 660 38.8 61.2 150 32.0 68.0
1) (RN L St . |
Grand average 11| 455| 6545 818 | 46.2| 53.8| 1,434 | 50.4| 49.6 ‘ 539 1 50.5 49.5
rand average- --------| ’
Individuals in age group
VI v VIII All years II-VIII
Year and month of capture
s ] ) Maée Male | Female %ﬁlie Male | Female) 1;41?(116 Male | Female
feﬁg]e el fegale female female
P e e 2 = - 4
4 3 3 0 679 385 29:
1921, October to November- 67 4% 22 i E_i _________________________________ i a5 %g
1922'Tq°vernger """"""" 1% 8 A 2 1 | MG ELER e Re 517 341
1923, November_.....--- -
1924, November to Dece: 3 2 & . 3 g 4 3 el L o !
. 1 ______________ 124 68 56 19 11 8 5 4 1| 2,950 | 1,461 1,489
THotal _  oud-cogeaatte
Number| Per cent| Per’cent| Number| Per cent| Per cent Number Pef(’)gegt Per gegt Nu’n&%r Pegé:e?t Per gng
1921, October to November. 67 gg.g ZZZ 1?_ e f}f.s.—'f_ “_:f?_,.-?_; _______ :«_x- M R & o gig
‘”Zﬁwwﬁﬁm""““' 8| 23| w7 i R e R e M R 57| 66.0 ¢
1923, November_ .. _----—---
1924: Nerembee to Drosp 33 36.4 63.6 5 40.0 60.0 2 50.0 50.0 | 1,254 36. 2 63.8
7] SRS E . nt
QGrand average 124 54.8 ’ 45.2 19 57.9 42.1 5 80.0 20.0 | 2,950 49.5
rand average. -------

b S e S
f of Table 47 shows the number of males and females in each
while the lower half shows the percentage off th(ise

i At the bottom are shown the percentage of males
nu:ln F eII:alems 1t1}1l Z::}I:afiggugilf;. At the right of the table the number and percentage
::? maeles and females in each collection are given,'while at t.he bottom of thesr; fki)%ur:;
the percentage of males and females in the entire collection are shown. . fa eleS
hows that of 2,950 lake herring 49.5 per cent were males ax'ld 50.5 per cent females.
Tis ; the ratio 3 :1 does not apply to Leucichthys artedi. The males
dual collections of 1921 to 1923, forming from 56.2 to

The upper hal !
age group of each collection,

It is quite evident that;_ ® T
predominated in the indivi
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66 per cent of the sample. In the 1924 sample, however, a sharp and complete
reversal in this relative abundance of males occurs. In it 36.2 per cent were males
and 63.8 per cent females. This striking change is probably due to the fact that the
samples of 1924 were taken later in the season (November 21 to December 4) than
those of the years 1921 to 1923 (October 26 to November 12). It is possible that the
relative abundance varies, as in the salmon, during the course of the spawning sea-
son, the males preceding the females to the breeding grounds. In that case samples
taken late in the season would perhaps consist more largely of females.

TABLE 48.—Percentage of males and females present at various dates during the course of the spawning
season, shown for each individual sample of Saginaw Bay herring taken in the years 1921 to 1924

Locality in Saginaw Bay

Tobico Nayanquing ‘Gravelly Point Au Gres Varu})élcsaﬁlilzgown
Date of capture
T ) o = = £ | B2 - | e + - e 2
B2 |88 |82 (22 B8 |88 |q3 |88 88 =2 |58 |58 g8 8|58
o3 o *—‘a o3 o ps o3 o pa o=z o s us oz oa
€5 |58 |55 |68 |58 |55 (88|58 |55 (8% |57 |56 |88 |58 58
a |~ o] 8 |~ [ &~ [ 8 | & o & S

Oct. 26, 27, 1921
Ot 29,1991t . =
Nov.1, 1982 < ot . -t
NV B4, 1920 . occie ool o
Nov. 12, 1923 ___

Nov. 21, 1924 .
Nov. 23, 1924
Nov. 24, 1924_
Nov. 25, 1924___
Nov. 27, 28, 1924 __

Nov. 30, 1924 _____

Dee. 4, 1924 e

|

In this connection the data of Table 48 are of some interest. Table 48 shows
the relative abundance of males and females in each of the individual samples taken
in the years 1921 to 1924 on various dates between October 26 and December 4
during the course of the spawning season. It is realized that the percentages of the
different years may be only roughly comparable, as the spawning run of different
years may not commence or end on the same dates nor continue at the same rate
throughout the season and that the percentages may also vary with the localities
in the bay. In the Tobico samples (Table 48) the males show a progressive increase
in number early in the season but a progressive decrease late in the season. In the
Nayanquing and Gravelly Point samples, however, the males show an increase in
number as the late season advances. In this respect the data of the 1924 samples
conflict. However, the data of Table 48 do seem to show rather consistently that
the relative abundance of males and females varies during the course of the spawn-
ing run and that the males are more numerous than the females early in the season
but less numerous late in the season. (The Oscoda sample, page 388, Table 55, taken
early in the season, November 1, 1922, seems to contradict the latter conclusion.
In this sample the females were conspicuously preponderant. This was due in part,
however, to the large number of immature fish, 70.8 per cent of which were females.)

The percentages of Table 47 show that the relative abundance of males and
females also varies with the age groups. The grand averages at the bottom of the

o,

i
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table suggest that, in general, the males become relatively more numerous than the
females with each higher age group (45.5 to 46.2 to 50.4 to 50.5 to 54.8 to 57.9 per
cent). This increasing relative abundance of the males with increasing age indicates
that the females of a year class are captured earlier in life than the males. This
appears to be substantiated by the data of Table 49, in which the percentages are
arranged according to the year class to which the herring belong.? From this table
it may be seen that when the averages are based on more than 15 specimens, the per-
centage, with one exception (5 of 1918), of the males increases while that of the
females decreases with age. The percentages of the 6 and 7 year fish of 1917 and of
the 6-year fish of 1918 are based on too few specimens to be reliable. This early
reduction in number of the females of a year class can not be due to the selective
effect of the pound nets, as the pots of these nets have such a small mesh (214 to 214
inches, stretched mesh) that all adult herring that get into these pots are retained by
them. The only other explanation seems to be that a bigger percentage of the
females than of the males of a year class reach sexual maturation for the first time in
the third year; that is, the females mature earlier in life than the males, and that con-
sequently more males than females mature for the first time in the fourth and probably
fifth years. If this is true, the percentage of the relative abundance of the males of a
year class should show a big increase in the fourth age group and should then either
remain approximately constant or perhaps show a slight increase in the older age
groups. The facts seem t0 ovidence the truth of this theoretical conclusion. The
percentage of the males (Table 49) increased 11.6 and 12.2 per cent in the fourth
age group but decreased 6.5 per cent in the 1918 year class and increased 5.2 per
cent in the 1919 year class in the fifth age group.

TasLE 49— Relative abundance of males and females in different age groups of various year classes of

Bay City herring !

et e

Percentage of individuals in year—

-——

Year class IIL v v Vi ' VI
b LBl R STy E1TAIL b O B 11 6 MRl TR PN,
Male Female Male Female Male Female Male Female Male Female
e o B e e e 57. 6 (205) 42.4 55.6 (9) 44.4 | 50.0(2) 50.0
________________________ 56.0 (291) 44,0 | 49.5 (95) 50.5 53.3 (15) el 2 R T
| 49.5 (97) 50.5 | 61.1 (244) 38.9 | 66.3 (89) 33.7
| 52.7 (148) 47.3 | 64.9 (239) i T L e e e

1 The number in parentheses indicates the total number (male and female) employed.

RELATIVE ABUNDANCE OF SEXUALLY IMMATURE AND MATURE HERRING IN THE
SAMPLES AND IN THE GENERAL POPULATION

In sexually immature herring the testes and ovaries consist of narrow, thin, flat
strands of soft, whitish material and extend from the anterior to the posterior end of
the body cavity along its dorsal wall. In the females the ovaries may contain minute
eggs visible to the naked eye. When such a condition exists in a large individual at
spawning time it is problematical whether the individual is actually sexually immature
or whether it is simply a nonspawning mature fish; that is, a fish that had spawned
before but which for some reason had failed to develop its sex products in the year of
its capture. In a sexually mature herring the sex products are in an advanced stage of
development; both the testes and ovaries are enlarged and partly fill the body cavity.

5 The 1924 samples are not included in Table 49 bacause, having been taken late in the season, they are not comparable in this
respect With the samples of the preceding years, which were taken relatively early in the season,
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In a ripe fish the sex products ar i

spaanedlﬁsh the gonadIs) are soft ar‘:defallzchZidI?ressed e il o

able 50 shows the proportion of immature male and female fish found i
de gersui)hof ;&C]ﬁl collection. The data of this table are arranged like tl(l)osedo;nTii)cllé
th. oy e er.rmg samples were taken on the breeding grounds, it is to be expected
at af afge pelcen.tage of each would consist of sexually matured fish. Only 3 per
;;:II:I 1o all the herring .taken, 1.3 per cent of all the males and 3.3 per cent of all the
i ;an 6381; ;v::;i s?ix?ally immature or non:spawning fish. The percentage of nonspawn-
e ed from 0 to 4.3 per cent in the four collections and females from 1.7 to

.8 per cent. The higher percentages of both sexes occurred in the year 1922

TasLe 50.—Relative abundance of ©
; / mmature and sexually maiure m %
herring taken 1921, 1922, 1923, andy1.924 at Ba‘gz/leg’i‘;;,dl{;giiles Byl ahibhe

Individuals in year—
K IIT v v
Fish captured
Immature Mature Immature Mature Immature Mature Immature Mature
Fe- Fe-
Male Male| F& Inale| e = - <
male male |M818| mate | Male | o1 | Male) ;a1 | Male lg‘:le Male nf&ffe Male 111:53;3
2 3 40 44 1 4 138
4 103 4] 2
g % 11 1 66 8 10 146 85 1l i 48§ 23
0 1; ‘18 49 4] 0 155 0 0 59 30
. 130 255 0 6 256 398 0 0 48 102
11 22 359 | 414 4 20 695 670 1 3 235 245
Fotald. ... 9 5
_____ § 48
=7 i ; P ¢ 773 25 1, 365 4 480
1921___ -{ 50.0 | 50.0 | 50.0 | 50.0 6.4
5 50. 3 3 48| 6.4 652 | 93
s o .6 0.7| 3.7 99.3( 96.
1922 .0 0.0 57| OLO| %43 | 20)10.5| 98.0| 8. 3l 21] 23|99 g;'xl;
1923 ;0| 88| 1000 g«ég 9| ;9| 100.0 1000 0| "0 100.0 | 100.0
: v : . : . ; 8.6 .0| .0|100.0 | 100.0
Average._________ 50.0 | 50.0 | 50.0 ] 50.0 | 3.0 5.0 97.0 | 95.0 L6 29| 99.4| 97.1 4| 1.2 ‘ 99.6 | 98.8
Average____ 64.3 35.7 4 : : : .
______ 3 : 5.8 04.2 1.8 98.2
Y f . .8 99. 2
Individuals in year—
| VI
ok VII All years, IT to VII
Immature Mature Immature Mature Immature Mature
Male | Female| Male |Female| Male |Female| Male | Female] Male |Female| Male | Female
0
5 8 32 21 0 0 6 3 4 10 297 238
g 2 - [ Frrn a¥ i rokibut 12 17 269 202
o . = o 5 0 1 1 0 3 341 173
g : 0 2 3 2 18 448 779
St tIinl s 0 0 55 53 0 0 9 i 18 48 | 1,355 1,392
................... 0 108 0 16 86
Per%nta,ge: s
21.-1¢ 0.0 0.0 | 100.0| 100
X X } .0 0.0 0.
1922.. 0 B o ek Mt skl NG 0+ o
 — i ) : .0 -0 07| 7100.0°| 100.0° 1 3 . {
R .0 .0| 100.0| 100.0 .0 .0| 100.0 | 1600 4| 3 ; %6l ond
verage ... . :
7S s W SO .0 0| 100.0 | 1c0.0 J0! .0 | 100.0 | 100.0 1.3 3.3 98.7 96.7
Average. . o _o______. .0 100.0 .0 100.0 ’ 3.0 97.0

1 The following immature fish i : indivi
2 females (9, and 11 85 re fish are not included: 1 female (?) and 3 individuals, sex undetermined, of age group II; 2 males (?)
’ ’

h, sex undertermi i ;.
2 The fish mentioned in footnote 1 i!?cél?f&e(g.age §ronp HI;1 gsh, sex un@ersmingd, of 5g0 gogn 1V,
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A le. in a long-lived species of fish the year of age ai}al Wltlif'h nguil(;::tm:[l‘tguf
reky than in a short-lived sp ; ;
i ies more and has a greater range ; =
= attame& E;la;;e:fs(’)und that about 5 per cent of the 7-year female hah‘t;ut :f \:,}}11?1 1‘:12115
Thompsonu mature and that at 12 years of age 59 per cent were matur 1;1-, bl
s Seg uae;,r};ent were still immature. In my herring samples 94.2 per &feir ot
'yeais'l t{)lil‘d ear, 98.2 per cent in their fourth year, 99.2 per cenf 1;} : Short_live(i
mfi 61111' Ider Sfrish ,were sexually mature. Thu.s, many of the rela 12ve Zar o e
%I;y %it; lake herring reach maturity in the thl1lrd ye}zltr. J;[;loulr)zi;lnt;ze o e
i . This number is too small to show the
take}fll . myl ig:}oﬁiy in their second year. It indicates, however, chat alf:v {:sg?) cé())
o atsli? :nd join the schools of breeding fish in this year. A il}?aﬁflt)}?rc:a_r Ry o t.he
i(; imnerring is still sexually immature or at least qois}f)a;vnu;igl l;lnd glder a}é : g.roups.
i ture herring are present in the four .
Samplls 0{11?1?3 Ill)(;lﬁlxibaila,sized that because the collections were ma(ie_) du?;:i tg;:
in (r)un the percentages of Table 50 do not show_the actual propor 10]’11_‘ i)l st
Sp?lw'lllnnrlritur; individuals in the general populam(?n in all age groups. g
glrlles; proportions only for the fish that take part in tile spav;s;ggcz?gz S
f the 3-year fish were immature. 3
B i herri f the third year must have been
tage of immature herring o .
ShOVSITIS lthaférﬂtlflageﬁleirsl. agIt there appears that the fourth age group lprczc.lo;n;ré:itsi
= haggmple for four consecutive years. This can nofo be _due ‘uolC }slebec 01[\171 S
of e}?c und nets on fish of the 4-year lengths, for these differ in length by > 3; g
& ifl'poeters (Table 34) from the 3 and 5 year fish. If we assume 1:; g 5
: I(Iil 4H§ear fish captured in 1921 were in all respects represi%tamvg isﬁn}])l o S
i i ive death rate, they sho -
i nd that there is no selective ) .
genergl- p(;psl;llt:itgn;ezr fish in ‘the catch of 1922 in the same proportion as they ﬁgf;ii
Pezl‘e ngs4 year fish in that of 1921. In that case the 5-year class of 1922 wo
as 3 a

p is, in fact, much smaller. It seems, t'hea, that
b g g};% i?t;l{tal s(g:::ﬁin?rfr,l 1;:? 192{ entered the run of 1922 their numl:)er
L th?l?)-yem;nented That is, many immature fish from the general population
S a:;llga,ss of 1§21 were added to the spawning run ?f 1922 as mature 4-yfei>alrl
Al 3-¥ea1fh' annual addition that results in the predomms.mce of the 4-year fis
flSh. o 1 lsof all years. As fewer fish attain sexual maturity for the first ?11{;16 11}
@ t'he Sﬂﬁlp esr than in their fourth, the 5-year group would be composed cl_ue 'y i)d
rihiut‘;hf;f: esZ:;ed the nets or death from other causes in tfheilll' fo;rth year, and ::(J;]Sg w ;;; ‘
i i i tation of the 5-year group .
then result in the cons1st.an13 smaller represen ) e
indivi exual maturity for the first time in 3
— Somf) lll)llilggrlila?h: gzilt?tlslat the 4 and 5 year herring do not reappear as 5 and
e i pI‘Oh& ectively, in the same relative abundance. Unless we po_stu'la'te, ais
; y?l%(ri f}ivslt],l ﬁsg) 3 and 4’year fish, that the 5-year class is Eug(;)lnentedl l?y mﬁhvﬁg&f
that i i ir fourth year, we can hardly explain why -
g iR Sexuiﬂgh:l;?;?;‘: lzlilbzklllil twice (2.}27 times) as abundant as the 5-y(_aar fish,
ZE e earing as 5-year individuals the former are about seven times ai
s akke reaf}?e latter, which reappear as 6-year fish. (Compare the number od
ftbu.n(_iaﬂtl aSf the lower, half of Table 30.) Table 30 shows, fgrther, that the 5 an
mdwlduahs g ear as 6 and 7 year fish, respectively, in approximately the same rela-
e . dreagpwhich indicates that virtually no herring reach sexual maturity for the
g:i :’l;nu:ilf follie ,sixth year of life. (The general conclusion that the percentage of imma-
st ti
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ture herring in the third and older age groups is greater than that suggested in Table
50 seems substantiated by the data of the Oscoda, herring, page 388, Table 55. The
percentages of immature fish, especially for age Groups IIT and IV, are considerably
larger in the Oscoda sample than in any of the samples taken at Bay City. The
Oscoda herring apparently had not yet been completely segregated into spawning
and nonspawning fish.) To obtain accurate values for the relative abundance of
sexually immature and mature fish of the general population in an age group we must

determine the component year classes and age groups of schools of immature fish and
follow them for several consecutive years.

COMPARISON OF SAMPLES OF HERRING TAKEN IN 1924 AT THE SAME LOCALITY IN
SAGINAW BAY BUT ON DIFFERENT DATES

In Tables 51 and 52 the individual herring samples of a single locality in Sag-
inaw Bay are compared, one with the other, in order to ascertain if possible whether
the characteristics of a sample vary in any one direction with the advance of the
season; that is, to determine whether samples taken on different dates are compar-
able. In Table 51 the range in length, the modal length, the average length of the
sample, the average actual length of each age group, and the relative abundance of
each age group are compared; in Table 52 the computed lengths for each year of life
of corresponding age groups are compared. The Tobico samples show virtually no
differences in the range in length or the average size of the sample, and while the
actual and the computed lengths of the age groups and the percentages of abundance
vary with the samples, these variations are not consistent. The range in length and
the age composition are virtually the same in the two N ayanquing samples. The
herring taken on November 27 tend to average somewhat less in length than those
taken on November 24, although the computed growth rates of the two series of
fish are virtually identical (Table 52). In the two Gravelly Point samples the age
composition is very similar; the range in length is considerably less in the herring
taken December 4 than in those taken November 30. The modal length and the
average size of the former fish exceed those of the latter. This, however, is due en-
tirely to the small 3-year fish taken on November 30. The growth rates of the 4
and 5 year fish are virtually identical for corresponding years of life.

TaBLE 51.—Range in length, modal length, average length of sample, average actual length of each age
group, and percentage of abundance of each age group for each individual sample of herring taken
wn 1924 on different dates at Tobico, IV ayanquing, and Gravelly Point in Saginaw Bay!

Average|  Average actual length, in milli- | Percentage of sample in
Date of | Range | nr o | length, meters, of age grf)up ago group D.

Locality in Saginaw Bay capltguzr: in % mth length me 1ﬁmlh-f P
pesl s

8 sample | 1L v v | v |ojmv|y [vi|v

Nov. 23___| 215-299 2 (?) 244(109)| 231 (27)| 246 (69)| 258 (9)] 264 (4)| 0.0[24.8(63.3| 8.3 3.7.._.

----| NoV. 25___ 211-296 (” 245(156) | 237 (50)| 244 (83) 252(21)| 256 (2)| .0|32.1|53.2(13. 5 L8l

DO Nov. 27,28 220-306| _ (?) | 243 (94)] 237 (21)| 239 (52)| 254(15)| 269 (6)| . 0|22, 3(35. 315, o Gl

Difference between ex- el e Tl e

inagaiin Moy d et 2 6 7 6 13 |- 9.8110.1 7.7] 5.1 ___

ng- oo Nov. 24___| 215-304|(241-245) | 244(143)| 239 (38)| 243 (89) 250(13)| 283 (3)| .0/26.6/62.2 0.1/ 3.1 —

Nay]%%(_l_u.l?.g. .............. Nov. 27...| 210-205((231-235)| 241(108)| 233 (26)( 242 (63)| 250(i6)| 257 (3)| -9[23.9|57.814.7| 2.8/.7]

Difference between ex- i ol C3 T

L2 RS E) S [EE 3 6 1 9 % || 2.7 4.4 56| .7____

velly Polatite oo o Nov. 30...| 160-361|(231-235)| 238(367)| 225(144)| 242(164)| 266(30) 261(11)| 1.1/30.2/44.7110.6| 3.0 13

e i ——— Dec. 4.....| 208365 (241-245)| 244075 234 (57 243 (86 20060 39705) | 050 Sek o0 0| -0 11

Difference between ex- e b B

R e e e TR 6 9 1 6 6| 66336513, .

—

! The number of specimens employed is shown in parentheses.
? The mode could not be determined for the Tobico sam

plesasin each sample two or three size classes included the greatest
number of individuals,
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TaBLE 52.—Comparison of computed lengths of each year of life of corresponding age groups of herring
collected at same locality but on different dates

e e
Average computed length, in millimeters, for year
of life

Date of capture Age | Number
in 1924 group | of fish

Locality in Saginaw Bay

1 The last value of each horizontal row represents actual measurements of fish.

The data of Tables 51 and 52 indicate that no consistent differences in size, rate
of growth, and age composition occurred in the 1924 herring samples taken at the
same locality but on different dates. There are no indications in these tables that
the character of the herring stock of one locality changed during that period of the
spawning run under consideration. The computed values of length of Table 52 fur-
nish the most convincing evidence. The fluctuating differences that do occur may,
no doubt, be attributed to random sampling.

S OF HERRING TAKEN IN 1924 AT DIFFERENT LOCALITIES

COMPARISON OF SAMPLE
IN SAGINAW BAY

Since the 1924 samples of herring taken at one loca
parable, they may be treated as a unit coll
parts of Saginaw Bay also comparable?

composed of various races, each
particular breeding grounds in the bay? To obtain som

the bay, shown in the two preceding tables,
data of Table 51 and Table 54 those of Table 52 on computed lengths.

lity in Saginaw Bay are com-
ection. Arve the samples taken in different
Or is the Saginaw Bay herring population
of which remains segregated and spawns on its own
e light on this subject Tables

53 and 54 were constructed. In these the data of the herring of a given locality in
are combined, Table 53 summarizing the
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TaBLE 53.— ;
Range in length, modal length, average length of samples, and average actual length of

each age group for the combined e
RN S A s et samples of herring taken at Tobico, Nayanguing, Au Gres, and

Average | Average actual length, in milli
Dates of capture | Range Modal length, in of age groﬁp— Hletons

in 1924 in length| length millime-
ters, of

samples IIT v v VI

Locality in Saginaw Bay

Nov. 23,25,27,28_ | 211-306
Nov. 23,25,27,28... 1) 244 (359) | 236 (98) | 2
Nea Tl etas B2 B 0E B S
Nov.21 2. 233 (53) | 243
v. 30, Dec. 4____| 160-365 | (231-235) | 240 (542) | 227 (2013 243 (§i§§ ggi (ég)) 262 (13)

_______________________________________ 4 10 0 10 5

1 The number of specimens employed is shown in parentheses.

TaBLE 54.—Comparison of com
puted lengths of each year of li ;
collected at various localit?ées infsgfgeiz.ziogzzpondmg Hoprmipsar herng

Average computed length, in milli
e g,ig ifé E\ millimeters, for year

Dates of capture in 1924 Age ber of
fis

Locality in Saginaw Bay
group
sh

98 144 | 203
64 43| 202

53
201 140 196

204 136 191
152 136 192

57
248 133 190
45 117 178

Nov. 24,27

S8 <<« 949392 HEEH

| Noy 2o 20w om
Nov. 30, Dec. 4._______ 69 EZ g%

POblvgl SvE v BN D IR a6 Nov. 23,2
Grayelly Pointo oo o0 punno oy Nov. 30; 1%62(:7,42:8;::: %i }}; igé

1 The last value of each horizontal row represents actual measurements of fish

Exammat.ion of Tables 53 and 54 shows that beyond any question the Tobi

and Nayanquing herring belong to the same general population. The e 0bl<}0
length, the average size of the sample, and the average actual and c.om ut (I:ialn uthe
of the age groups are virtually identical in the two collections. The n?od 91 it
average length of .the Au Gres and the Gravelly Point herring a.,re somewh ila“n o
those of the Tobico and the Nayanquing fish. Examination of the actfl lelbs i
of Tajble 53, however, shows that this decrease in size is due entirely to the - Iimgths
age size of the 3-year fish. Those of Gravelly Point are noticeably small SH;&& e
on page 385 the small size-of these fish is due to the 3-year individuals t .k ISV' e
ber 30 (Table 51). The 3-year herring taken at Gravelly Point on &Dell Ol:’em-
reached about the same average length as those taken at Tobico, Neya; e ;
Au Gre_s (Tables 51 and 53). Mr. Brackenbury, a fisherman who ilas gshn((liumg’ -,
elly .Pomt for the last 32 years, states that large numbers of small herr'e e
late in th'e flel after the main run of herring is over. This late run, he stu;g s in
posed principally of males. Our November 30 sample may inclu’de aztes’f a3
late run, although the 3-year fish of this sample are mostly females (?5 6 il
The differences in length between the 3-year herring from Gravelly P0i1.1t I::ll;i Ctii)ts)é
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from the other localities considered are no greater than these differences between the
i i tes.
= ken at Gravelly Point on different da
: yealfhfl ss}’zrflzixf;l differences exist in the computed growth rf}mltes and 1e£gtl}sgoff rf)liz
iti ideration; but the 5-year herrin
= h of the four localities under consi ;
%}Zesgllf;sl’o(i)nt seemed to have had a faster rate of grow!;h than those fro}rln the 1;1;2(2
otlfer localities, while the 6-year fish from qraveﬂy Point appearfad tz ave g
less rapidly than those from Tobico. The dxﬁ't;:‘er}]?ei are IliIOt cor(xlsi;olzn ,;nd e
that the Tobico, Nayan s
The data of Tables 53 and 54 show . 3
herring e:mdoubtedlv belong to the same general populat;o?}.l tT.he dﬁz’o;rgf) :11,151 gr:}\lre
i ing i hey sugges at in a
t herring are not conclusive but t ‘ .
Z}rlr);vlzlolm]?oint ﬁsgh are not different from those taken farther south. in the ll;)la,jl;: nOon}
the bas}irs of growth rate we apparently can not separate the herring populatio

Saginaw Bay into distinct races.

N RATES OF GROWTH OF HERRING FROM DIFFERENT LOCALITIES IN

VARIATIONS I LAKE HURON

The discussion so far has involved only thsa herring mk-ertD in Stagi?ia;}r eBcgz(,) I‘;};g
inci i ds of Lake Huron; but it is of extreme interest and ol €
Prmci‘lt):}a?: rtlgncgoilx‘g;fe ihe Saginaw Ba); herring with those of other locahges,.espit?r-1
t:IiIslxIl)l(;r as regards their rate of growth, for a difference in r%:c}els of nglrowtht ;)rfi ale;‘zullies
iti i i local races. e only ma -
i localities might afford evidence qf .
dlﬁerenliﬁla(z)le for this comparative study is that collected by Doctor Ko.elz 11(11 19f17
enfi al‘gig and by me at Oscoda, Mich., in 1922. This material does n(?t.mclu e,h .0}1;
:Illle present study, an adequate number of individuals for all the localities at whic
J

collections were made. (See Table 1.)

h
55.—Range in length, modal length, average length of sample, per%enteag;i% W%Z%%agﬁ(el (;rjt.aetgcie
n gcenta e of males and females in each age group, and_percentag Bl disiclma vy
_(fligzggzt%cgegge gr%up for herring taken N ovember 1, 1922, at Bay City, an o Yy x
3

Oscoda, Mich.

Percentage of abundance of Percentage of males and females in age group—
age group

Average 3
Range | Modal | 1508 I \ v v

Locality n length L.

il meters | II | III | IV | V | VI

= - Fe-
Fe- | nraje| Fo | Male| O | Male | 1

Male | male male male
sl 61.1 | 38.9 | 49.5 | 50.5 | 55.6 44.4
20.5 | 48.9 | 10.0 | 1.8 | 52.7 | 47.3 51ese | san
& 201285 | 23640 | 288 (00| 3 423|119 1.1]30.6|69.4|37.1|629|27.9|72
Bay ULy rns oo 55 | 228 (362) | 5.2 | 30.5 | 42.3 | 11.
176-295 | 231-35
0se0d8-cammman--
Percentage of immature and mature fish in age group—
‘ II-VI
II IIL v v VI
Locality

Imm: mim -| Ma- |Imma-| Ma-
- - |Imma-| Ma- |Imma-| Ma- |Imma
turea- %12': Iturea g{?e 1trxln‘e ture ture ture ture ture ture ture

5.8 94.2
97.9 0 100 : s

2.1
%. 47| 953 o| 00| 26

.4 6 5.3
39.4 60.6 12.3

R
~=3

i 75.0 25.
Bay City------c--mmmmmmom-
08COAA - mmommmmmmmmmmm e m 94.7 5.

}
1 The number of specimens employed is shown in parentheses.
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TasLE 56.—Comparison, for corresponding age groups, of computed lengths and increments in length

of each year of life of Bay City (Tobico) herring collected November 1 ,-1922, with those of Oscoda
herring taken November 2, 1922

Average computed length, in milli- Average computed increment, in
Num- meters, of year of life— millimeters, for year of life—
Locality Year Age ber of
class | group fish
s II | III | IV v VI I 45 ISRV v VI
gay ((ijity_ 1917 X% 9| 117 117
scoda.. . 4 99 99
Bay City v 95 | 114 114
Oscoda. v 43 | 113 113
Bay City IV | 245 | 122 122
Oscoda.. IV [ 153 | 114 114
Bay City IIT | 148 | 139 139
Oscoda. - IIT | 143 | 127 127
Bay City IL 4] 141 141
Oscoda. ¥ II 19U 340 | 203 o |-t 140

1 The last total length of each horizontal row is based on direct measurements of fish.

The Oscoda sample taken in 1922, however, is fairly representative, and it is of
interest to compare this sample somewhat in detail with the one taken at approxi-
mately the same time at Bay City (Tobico). Table 55 compares the two samples
with respect to range in length, modal length, average length of the sample, percentage
abundance of each age group, percentage of males and females in each age group, and
percentage of immature and mature fish in each age group, while Table 56 compares
the computed and actual total lengths and the computed increments of length of
corresponding age groups of the two samples. The first striking difference between
the two series of herring to be noted in Table 55 is in the age composition. The 2
and 3 year fish (especially the former) are much better represented in the Oscoda
collection (5.2 and 39.5 per cent) than in the Bay City sample (0.8 and 29.5 per cent).
The second marked difference is in the relative abundance of males and females.
In every age group the males are relatively much more numerous in the Bay City
sample than in that from Oscoda. The males preponderate in the former collection,
the females in the latter. The third noticeable difference is in the percentage of
immature and mature fish. The percentages of immature fish in age groups II to v,
inclusive, in the Bay City herring are, respectively, 75, 7.4, 5.3, and 2.1; in the Oscoda
fish 94.7, 39.4, 12.3, and 4.7, respectively. In general, 5.8 per cent of all the Bay
City herring under consideration were nonspawning or sexually immature, while,
26.4 per cent of all the Oscoda fish were nonspawning. This third difference is
especially significant as it probably accounts for all the other differences that may exist
between the two samples of herring compared.

The Oscoda sample evidently represents an earlier stage in the spawning run
than does the sample from Bay City, although both collections were made at approxi-
mately the same time. The schools of herring at Oscoda apparently had not yet
been as completely segregated into spawning and nonspawning fish by November
1 as those found at Tobico. On this basis it is to be expected that the 2 and 3 year
fish would be more abundant in the Oscoda collection than in the Tobico sample.
Most of the Oscoda nonspawning fish whose sex could be determined were females
(70.8 per cent). This probably explains, at least in part, why the females were
so preponderant in the Oscoda age groups. Computations show that the non-
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ss in length than the spawners of that age
o (f)f M(li ?(%: ’ﬁlr: ugsc?)‘ée: a]%:rrliilg that 11% the third age group 5,4 immature
i Il ouxlrlera red 222 millimeters in length, while 83 mature specimens awg:xi-l
A R aillinrlegi',ers and that in the fourth age group 18 nonspawning fis
i 22(18 2121;) millimet,;ers in length, while 131 spawners avera.ged 233 millimeters.
?&V;I;'?(%:i the Oscoda herring should then have a grea(’;er raxilge u;]jlfn%thb};u; sznallflll'

, ico fish. Tables 55 and 56 show this to .

:}‘17:1'8530?: gﬁtsgls tth}te&?altgz Eﬂoﬁall(igth is greater, but the modal and average lengths of
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the calculated lengths of these fish, as shown in Table 59, are employed. In Table

59 are given the compu_ted average lengths, as determined from measurements of
scales, for each year of life. To obtain these averages, I computed the lengths for
each year of life of all the year classes of a sa

: mple and then averaged these lengths
of corresponding years of all year classes. In this way some comparable general norms
of growth of the herring of the several loc

' alities are obtained. A variable error, due to
the “apparent change in growth rate,” is introduced into the averages by this method;

but as each sample considered consis

ts of approximately the same age groups, the
e
tual and computed lengths of the age groups ar
the sample as well as the average ac

i i f Table 56 show that these smaller
in the Tobico fish. The increments o _ |
teisaltl}i;ln tllllls of the Oscoda herring are due to the growth m.te of either the first ocll"sf,;a:;xﬁ T
y(:aai' of l%fe The 5-year specimens of the two samples dlqdnotd%rowTe;:;evszsplawners . T
- fish are too few in number to be considered). ;
0 t(ttl)l ?eiﬁa;umber to affect the growth rates of these age groups. ’fI‘heta 4 _a,nctlh?;
;:;f ﬁ(s)h of Oscoda grew less in the first year of life but ’?,[‘s I}?pldlzl‘ z}mls (;rygzreﬂell{lﬁng
i ding age groups from Tobico. e 2- ' ’
later years of life than the correspon ag » G M ot st
ich in both samples were principally immature Jigf
Pilrkstc};f;:r' in the s£cond year the Oscoda fish grew the more slowly.
)

L PENGT—
%A)’%‘A; i

o
Oy

ST /GNACE

N
S

< f
I ABLE 57 AU@? age act u,al and computed tOtal lengths and aver age CO’mputEd ancrements (7’ length o7
‘ exually mature III and Ip year heﬂfmg taken in 1922 at Bay C'l/ty and OSCOda, M’I:b'h.l

8

LENGTH IN 1.

S
2

v i ent,
ted length {xverpg.e computed increm: °nt,
N1 inAm?ﬁaimg%ggg,pg} year Ofghf‘ e——, in millimeters, for year of life—
um-

: f
Locality class | group bg;ﬁ’

100

I 1I oI | Iv I 11 m | Iv o

0 Y { ¥ % 1919 v 128 113 175 211 233 113 62 365 22 0 /
& 7
B C 919 230

2 Z zr Fg 7 F7g ¥4 = e o
Sl
i 137 141 201 degcll wie 141 60
= g "4 I 83 131 196 o
OBi0Ie. e

YEARS oF Lrrs =i
131 65 Sello e

Fia. 43.—-Show.ing the total length attained at the end of each year of life by lake herring
talf;)n ;a.t varlous ports on Lake Huron. The curves are plotted from the computed lengths
of Table 59

1 The last total length value of each horizontal row is based on direct measurements of fish, f
As many more nonspawners are included in the tl}lrd and fourth agf‘ groug:v 1(-,)}1

the Oscoda sample than in those of the Bay City collectlo_n, the corresplc))ln m'ig‘ag;l P
tes for these age groups, shown in Table 56, are not strictly comparaThe. o a_ré
Zﬁerefore compares these rates of growth for the mature fish only. e (rrle‘ Ropns
not radic’a]ly different from those obtained above. IIII bt())tilhage ggr;)olg;ss e e

i ish in size. oth age
ity herring exceed the Oscoda hsh' in size. In b : 1
zgfel?ag) ?lieygrowth rate of the first year of life. In the later years of life the Oscoda

averages are still roughly comparable. Consid
for each locality, the averages of length are at
lengths, of the herring of the above-mention.
(For location of each port see fig. 1.)

ering the number of specimens employed
best approximate. The computed total
ed localities are plotted in Figure 43.

TABLE 58.— Average total length, as determined b

: r Y actual measurements of fish, attained at end o each
year of life by lake herring collected at various ports on Lake H uron 1 J

: Num- Average length, in millimeters, of fish at end of year—
ty. . : Year of |Derof i ’ 5
] ster than those from Ba’y Ci L) Locality indi- —
henlg‘%lfrsivx‘;;f)%es of herring from the other localities on Lake Iﬁuron areftoo.sllia:})l nl:; casinre, vid: | , " - e & ve | v Mg
: . urnis
: i omparisons. However, they may ; ‘ peoy
any single year to permit of detailed goxp s f these localities. To give a Bay City________ 1921-1924 | 2,321)_._____ 202(16)| 281(577)| 239 (L, 132)| 245(464)| 257(109) 275(18)| 309(5)
. s th eneral gI‘OWth rates Of the helnng 0 . East Tawas_____ 1917 T AR T T Ml 230(8 233(9)  250(6)|.________ 270(1)|_
HUORIPTAN O 0 S0 from each locality, collections made at the same locality e — wi B | B 25l 2za1an BLA| By Bl
na . .. o 9 f 2
EEFRler pumberof Spemmellal's e? and treated as a unit. Table 58 shows the average St Tgnace 1817 70 2008)| - 21908 23:;517) UGS 0803 o)
. . . & ide ney........| 1919 ( 41f ___ |~ "7 T
i % e ylhemaI‘S r coclln t Hlmined by actual measurements of fish, of the individuals ﬂiﬂgmy o e 0] T 225 S0 S| 24O
1 “17e ) i A oga. L MO ASSHIE L2 s S SE G L S g e e R

length in millimeters as determinec taken at 12 localities. Of these 12 otk iSRS 2| )| B

f each of the age groups comprising the samples taken jent material Harbor Beach___| 1917 215()|  225(n| 208(1)| 245(1y| | v
of eacl : scods alone are adequately represented by sufficient material. Cheboygan...._ - LA S o e e BW)) 2683)  219(0)| 284(T)| 3H0(1)
localities, Bay City and Osco y e Wiarton, and possibly East Tawas samples may Blind River. ... il s e s o B SN M S W Wi 258(2)| 268(2)

; ace, Killarney, Wiarton, : .

ghe (iﬂ penta’ fSOf;‘ ffg;i)mp’arative stu’dy of growth. Especially may this be true when

e adequate

! Number upon which an average is based is shown in
the fish were captured in late summer or early fall a

of capture,
99760—29——9

parentheses. Some of the averages may be a little too low, as s
nd therefore did not complete their last growth year. See Table 1 for thg Ic}l:tgsr
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= ' ' 3 Huron, and (2) that Sa
1 attained at end of each year of life by lake herring take:)?értgl vy%;:uil ap;osr:ss lo . )
T TotalE{Z?gt avirg;e 4is based on uncorrected computed lengths of se
Lake Huron.

ginaw Bay produces, so far as known, the most rapidly growing
herring in Lake Huron.

The above data suggest that the migrations of the herring are more or less local.
If the lake herring of two localities intermin

Calculated length, in millimeters at end of year—

gled, their growth rates should be the
Y : PR same. The different growth rates indicate that at least the majority of the herring
Locality capture - I 11 v v L R of the Saginaw Bay district keep apart from those of the Alpena district, and vice
versa, and that the Wiarton herring do not intermingle with those of Killarney in
Bay City 1021-1924 | 127(2, 3{133 185@&% 213;}’17(%% 22%‘;9(% 24%%?% Zgzgéi 3%8% 5238’3 Georg’ian Bay. : ' 2 -
8y City- - 25 12(4)| 285() oo
East Tawas. . auLl Sotsen| 180343)| 207@o0)| 2067|2130 55(10)| 288(3)| 206(3)
il e 1922 120(362 163(70)|  192(58)| 215(39)| 238(24)| 255 581 249(1)
r— AL e e AR B hdd i) i wod FACTORS INVOLVED IN THE ALTERATION OF THE GROWTH RATE OF
Killarney .- o 103%?3; I B 271012 z%él(li B e T SAGINAW BAY HERRING DURING THE PERIOD 1915 TO 1923
Mindemoya.--- i 191 18 (11) 154(11) 193(10)|  227(9) 248(1) 245(% ______________ ---
e | 12(2{(1? i o %3%%%% 805 e 30803 310355ty 360003 | 20 A study of the factors that affect the growth rate of fishes in nature usually
Cheboygan....---- Tor7 HE| 0@ 16| 6| 20 requires a biological survey of the body of water involved, and this should cover a
= h horizontal row shows the actual length s R ? 3
hich average is based is given in parentheses; the last value of each hor period of consecutive years. Such a survey has not been made of Saginaw Bay,
L ambe SR WS e Bt the shedbrepidls and if one were to be carried on now it could hardly explain the past growth history
y o : Piding ; 4 i 3
An examination of Tables 58 and 59 and of Figure 43 s Sk Ossnds Horaidly, Grew Of'ltS .herrlng, but we know (%urlng which years of the period 1915 to 192:.% acceler
ing herring are those of Bay City and Bast Tawﬁas}.l il ety Sank soeond ation in the growth of the Saginaw Bay herring occurred, and there are certain factors
TOWing : ] e form ' i ; <
ieaﬂy as rapidly as the Bay City and East Tawas is t Alvena, St Tenace, and that are known to affect growth rat'e and concerning which data are available for
in size at corresponding ages to the latter. The herring of Alpena, WEIE e the period. It has seemed Wortl_l while, therefox.'e, to correlate the.da_ta on these fac-
oS corW fa,)t aboubt the same rate throughout life. They r.ank }111* b tors with the observed. changes in growth rate in the hop.e thfit significant relations
- 19y es to those of Bay City and East Tawas. The Wiarton herring would appear. The history of the growth of these herring is so unique that any
fzorgsg)g?;illln% :)é rank fourth in rate of growth. ke Mien TGk a5 possibly b attempt to explain it is justified. The factors referred to are temperature and light,
in = f t, ese loca 1t1es . . . h . 1 1 . . .
The different growth ratesd.(g tl;eofhl?gm% ;)y City and Basb Tawas hire situabe d gsohli)lfg ﬁfgﬁs;gy, I\?I?jhthe chemical pollution of Saginaw Bay by the Dow Chemical
; : 101 . . . i) >
correlajoed wgh s ?;f;erittd(;ozf 1shallow water 20 miles wide and 50 miles long, more
on Saginaw Bay, a

bted],
than half of which is less than 5 fathoms (30 feet) deep. The bay undoubtedly

RESUME OF THE GROWTH HISTORY OF SAGINAW BAY HERRING
da is situated
provides excellent natural conditions for the growth of young fish. Osco

! ide of Saginaw Bay. The herring of The significant facts of growth alread:y disqussed are the following: ¢ vl
about 15 miles north of East ];I‘awas just C;léfi;l :reo o fl‘:ned in early life to & much i ﬁl tIn eachf(}ffthe ye:}fs 1915 to 1918, inclusive, the rate of growth of herring in
< 8 resun A e first year of life was the same.
Alpfﬁl:;_’ ;;Z:agidsﬁ:llgvgﬁggr thBaT;lI:shose of Saginawf ]?1&)’ Zlnd arﬁeli?iz Zigg:ﬁiﬁg 2 11517 the year 1919 the growth rate was increased in herring 1, 2, and 3 years
N sma. f the lake proper. In fact, many of the Alpena { o) e
fh - (}i(;}(iirez?;itzc’ﬂed waters of Lake Huron. St. Ign;alc.e, ?;E theofttrzzﬁftﬁir?;(;rt 3. Neither in 1919 nor subsequently did the growth rate of fish older than 3
1ve ituated in the m .
. : the North Channel, are si . years increase.
H?I(i’a]i:%ﬁgimg,e;?ng of these localities probabl)fr {»;ulrefsub]ectei;(:t 12?%22;; iiirrs 4. The acceleration of growth rate initiated in 1919 in fish 3 years of age and
; ¢ S : ing season of the former m ' tinued in the years 1920, 1921, and 1922
of Saginaw Bay; the growing seas . : bo deen younger continued in y 0, 1921, 922. =
%1}?: ?;iZEth;)Eeherrinilpresumably are most reStnc)?ed - thelrdmn}%j(zh l}izrﬁig seldom 5. In the Penf)d 1919 to 19?2, inclusive, ﬁs.h in t}.lell‘ ﬁ%‘st year of life, in genel.'al,
from the map (fig. 1), the 20-fathom contour hlpeé :fgxi)gn ‘ohvev B R el grew more rapidly each- successive year. Duru'lg this perlo.d there was progressive
oceur near the bottom, lies very nearhthe ’;hcl))re 1nry Lok, & shade iBonnutihe increase of growth rate in 1-year fish, although in 1922 the increase was very slight
; : en Sound north to Tobermo Bt ) 2 (1 millimeter).
GeorgllmilBd?;gfll';);lﬁgvzeamres aliach of the sboye locaht.les alonfe w:f(;l Vl\;iiﬁt(l)ls 6. During the period 1919 to 1923, inclusive, the growth rate of the second and
%ener;‘e(‘ftihat Saginaw Bay would produce the fastest growing L third year fish did not increase in successive years but remained virtually constant
0 ex g S .
i t the increased rate attained in 1919.
the slowest growing. : t two things: (1) That there 8 o o :
_ This inZomplete compa?atlYe Etitylfi%vzso:tsfziy ;;te, t,ha%r: there are distinct 1';7 ;I‘be tg}glrowth rs;’z)el Efotr tll;e; 4foprgl Ssimd later years likewise tended to remain
. ek n ;
may be distinct races of herring hln 1?:3 = B he,r ring of certain localities in Lake constant in the years 0 , inclusive
differences between the gl‘OWt v ¢ For each statement refer to Table 39.
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The accelerated growth rate of young fish in 1919 and later years presumably
was due to some improvement in growth conditions. Conditions relatively unfavor-
able to the growth of fish of the first three years apparently were present during the
years 1915 to 1918, inclusive, and conditions became tavorable during the years
1919 to 1922 (1923?), inclusive.

Why were only the herring of years I to III affected by alteration in growth
conditions? From the fact that Hankinson (1914) found herring of the first year
in shallow water in Lake Superior it is reasonable to believe that herring hatched
in Saginaw Bay remain there during the first year of life, or at least during the major
part of their first growing season, and this in spite of the fact that none have been
taken in the bay. It is not probable that upon hatching the young immediately
move out of the bay. If any of the older fish (age groups II and older) remained
in Saginaw Bay throughout the summer they would certainly be taken by the com-
mercial nets, which have been set in all parts of the bay without taking them in
commercial quantities; but no herring are taken in the bay after the big run in the
spring, which may continue until June in the vicinity of Bay Port, although
it lasts about one week only in April along the west shore of the bay. Yet
each fall large numbers of sexually mature herring (age groups I1 and above)
may be taken almost anywhere in Saginaw Bay.” The available evidence, then,
indicates that the older Saginaw Bay herring, both immature and mature (age
eroups 1I and above), spend the greater part of their growing season in Lake
Huron proper. The immature fish older than 1 year may or may not migrate far
into the bay with the spawners. Very few of years 11 to V (Table 50) were taken
in my Tobico samples. It appears, then, that herring hatched in Saginaw Bay very
probably spend their first growing season in the bay, and that herring older than
1 year spend only the early part of the growing season there. The following discus-
sion assumes the correctness of this conclusion, and the conclusion itself is rein-
forced by the fact that it permits a consistent interpretation of the growth-rate data.

If the same changes in growth conditions occurred throughout Lake Huron, all
the affected age groups collected in one locality should show the same kind of altera-
tion in growth rate in the same calendar years. Further, the herring taken at local-
ities on Lake Huron remote from Saginaw Bay should show, for the same calendar
years, a history of growth similar to that of herring taken in Saginaw Bay. The first
expectation does not appear to be substantiated by the fact (p. 393), as the 1-year
herring of Saginaw Bay grew progressively larger each year during the period 1919 to
1922, while the 2 and 3 year herring (which do not remain in the bay) each main-
tained a constant growth rate throughout these years. No suitable data are avail-
able by which to test the validity of the second expectation. As the effect on Saginaw
Bay herring in one locality is greatest in that year of life that, presumably, is spent
wholly in the bay, and as the alteration in the growth rate of age groups I to IIT did
not occur in the same manner in the same calendar years, we may conclude that the
alteration in the rates of growth of the Saginaw Bay herring under consideration was
due primarily to some local changes in the environment of Saginaw Bay.
MEw s oy Draaod JRRAATN o

e .
mains in the bay during the winter after having spawned is not known. In general, rela-
through the ice. As virtually no growth occurs in the winter, the whereabouts of the
nt inquiry into the alteration of growth rate.

7 Whether the main body of herring re
tively few herring are taken from the bay
herring during this season has no bearing on the prese:
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Alterations i ,
v thehfv Zﬁ?n}fei:i Ifhe cond1t}:110ns of growth in the bay would affect the growth rate
1-year fish would nogis rl;l: Is;itZr:(Iil fll;:;}sg;rfl};e'digr i P I AA8 ol
i . in the same way from year to
s }:)af ‘:3;1% Zﬁe: 1?:131; ;ﬁet?e etxilwronmental growth conditions (}kr)ay andyopen lak}:;a;l:;
e L tor o e two groups; but if the environment of the second and
S &lte;r:;; bually the same in any one calendar year why did the 2 and
e n il lons in their growth rate while the older herring did not?
R cor;dit_ e second anc.l older age groups had been subjected to the same
iR ions, as I believe, would not these age groups show the same
ol i 'f‘l}f growth rates? There are at least two probable reasons why
| (;aﬂier . et ﬁroung.er (2 and 3 year) herring may commence the new
s 01211 e ;‘prmg than the older fish. This was found to be true in
oo gSt upea areng.us) by Dahl (1907), in the lemon dab (Pleuronectes
e A R o e e
case changes in the conditions of growth in tzlizsbzn MR e b
: y would affect the grow
Zgzﬁif;r li)e‘.?x;l}ili ;(131(())11: than that. of the olde‘\,r. (2) In general, the totgal a;};ﬁtﬂgi
these older herring reﬁaﬁggr iils Sglj:l{)ra,lyesforwhhagi. S'h%iht i
. . . a short period, most of it w 3 i
{lftg ri;avl:ir};gr;)‘l;gcs, alteli;af)lons in conditions cpuld have aﬁ’e’cted growth (})lsgrg;ﬁ;}fg;?
Runet s fe tirgsxgo . ﬂe; detected as readily in the average measurements of the
el R (;) e younger. tI‘hus, even though the growth rates of all the
environmental condi:iocx)lvsez)fo fg:(flv?rtl?ail}im;le]z:i hl?fﬁng “;el'e 3?9@9(1 e s
: : ; > able effect would
i\;:{)); ieslslev:ﬁh ez;(.zh ol.der age group and finally disappear. I belie:: 01;(1)11:1? fgiotghr:sst;
Sopenedl thare;rz: thIlS ufl ﬂllle growth rates of the 2-year herring (Table 39) were more
Paspakisiar }(l)se 1?1 tﬁe 3-year fish, and that no consistent changes in growth
Epn gty I.()Wt}el older sh. As the 2 and 3 year herring had lived under similar
FoRna t%ue t,hg,ltl-,l tahneylggz cos}lerildar year, it is to be expected, as was actually
would be ident-ica’,l in these two age gi‘o?xlfl)i?s R
SaginVZ:’ gl:;f?noxs a:l«il, Wll)lat affected the growth rate of herring of years I to III in
i 1;he bal : aih een shown that a low growth rate of fish 1 to 3 years of age
e 1%21;1 the years 1915 to 1918, inclusive, as compared with that of
e i lglél?scl;ls;vsz) rtzzl agternatilves are I(Jiossible: (1) The low rate of
( . r usual one and prevailed before
z](:)xz’(ci i?se som;thrllr‘lg happened in 1919 to better hitherto prevailing norm;,lglgi.owgl1
tions. (2) ‘ he growth rate of 1915 to 1918 was abnormally low; a high
prevailed before 1915 and was resumed in 1919. In that case some ,factorl?m?z;:rzf‘e

able to growth was effective in th
those years. e years 1915 to 1918 but not before or after

To decide between these alternatives it i
( atives it is necessary to compare the
. . . t
;)lflethe Sszginaw Bay herring existing before and after the period 1915 toglrg IVS ; I?Vt::
growth rate of 1919 to 1922 merely a resumption of that prevailing before: 19157?
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The only material available for the period before the year 1915 is the sample of 17
herring collected by Doctor Koelz in 1917 at Bay City, Mich. Doctor Koelz n}ade no
effort to take unusually large herring. His only precaution was to take nothing but
perfect representative specimens.

TaBLE 60.—Actual lengths of Saginaw Bay herring captured in 1917 compared with those of herring
captured in 1924 for corresponding years of life !

Actual length, in millimeters, at end of year—

Date of capture

III v v VI VIL
T At L S S e e e 235 (3) | 246 (6) | 211 (@) | 203 (@ 311 (2
NOv.=Dee:, 1924 ..o iccnimmnam e mbmm ot mm e wm s = o 236 (162) | 243 (356) 254 (74) 267(18) 280 (4)

1The number of specimens employed is given in parentheses.

1.—C rison, for the first 8 years of life, of average computed increments of length of herring
TABIka(Zn in 1017 with t’hJ;se of ifzm'ng taken in 1921, 1922, 1923, and 1924. The increments of cor-
responding years of 1921, 1922, 1923, and 192/, fish were combined and were derived from Table 43

Year Average computed length increment, in millimeters, attained during the year—
Year of life | O
ture | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 1917 1918 1919 1920 1921 1922 1923 1924
1917 [136/(2)[127(@)|119 (@) {185 (B)| 129(8)|~-coemnfocmomcmc|mm oo
e R ig% _________________ 107 (3) (116 (12)|115(67)|115(216) (115 (401)|122 (450) (132 (467) | 138 (530) 143 (164)|118  (5)!_______
1924 .
1 1) 6 PR A8/(2)| B9/(2)] 550811188 (6)1L 607 @2~ o s in el B S L T P A e
i LB B ig% _______________________ 42 (3)| 45(12)| 46 (67)| 49(216)| 62(401)| 61(450)| 60(467)| 57(530)| 60(164) 77 (5)
1924
10 bl SRR SRR 28(2)| 43(2)| 4131 (B)] 48 N@)E - =l oross ot L
HIooooooeeee ig% ______________________________ 27 (3)| 30 (12)| 31 (67)| 34(216)| 34(401)| 34(450)| 32(467) 31(530);33(164)
1924

1 The number of specimens employed is given in parentheses.

In Table 60 the average lengths, as determined from direct measurements of fish,
of the herring of Koelz’s sample are compared with those of the herri.ng taken at Bay
City in 1924 for corresponding age groups. That is, the fish taken in 1917 are com-
pared with the largest taken subsequent to the year 1918. From the table it may be
seen that all fish taken in 1917 are longer, on the average, for their respective age
groups than those taken in 1924. The averages of the age groups of the 1917 sample
are based on too few specimens, to be sure, but their significance lies largely in the
fact that they are consistently larger throughout than those of 1924 for correspond-
ing age groups.

In Table 61 a comparison is made between the average computed increments of
length of the herring taken by Koelz in 1917 and those of the herring taken in 1921,
1922, 1923, and 1924 for the first three years of life. In or.der to have as large num-
bers of specimens in each group as possible, the computed mcrgments of corresp(?nd-
ing years of life of the 1921, 1922, 1923, and 1924 fish were combined and were derived
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from the total lengths of Table 43. (For the individual average length increments
of each year of these fish see Table 39.) By this method of combination more than
one age group is involved in most of the averages of the calculated increments. To
each younger year class, beginning with that of 1917 , ayounger age group is added in
the table. Obviously the progressive increase in the averages of the first year of life
after 1918, as shown in Table 61, may be due in part to Lee’s “phenomenon’ and
not entirely to an acceleration in growth rate. However, the values for the year
classes older than 1917 may involve Lee’s ‘““phenomenon” also, so in this respect the

- two series of averages are comparable. Even so, we are not attempting to compare

‘here the corresponding averages of each year class separately. As was the case in
Table 60, the averages of the herring taken in 1917 are based on too few specimens
to be accurate, but here again their significance lies partly in the consistency of the
results based on them. We point out merely that the increment averages for the
calendar years preceding 1915 and succeeding 1918 are greater, on the whole, than
those for the years 1915 to 1918. Whether or not the progressive increase in the
growth rate of the 1-year fish after 1918 is due partly to Lee’s “phenomenon” seems
to me to be immaterial in the present discussion. That the fish actually grew faster
subsequent to 1918 than during the period.1915 to 1918 has been shown in the dis-
cussion of Tables 35 to 39 (pp. 363 to 369). It is to be noted that for some years two
averages that are widely divergent are given for fish of the same year class. In such
case that average based on the larger number of specimens presumably is the more
accurate and is so considered throughout this discussion.

An examination of the growth rates of the first year of life, as given in Table 61,
shows that those of the years 1911 to 1914, inclusive, were higher in general than
those of the years 1915 to 1918, inclusive, and as high as those of the years 1919 to
1922, inclusive. The growth rates of the second year of life of the years 1914 and
1915 exceeded those of the years 1916 to 1918, inclusive, but were less than those of
the years following 1918; those of the years 1912 and 1913 were about the same as
those given for the period 1916 to 1918. The rates of growth of the third year of life
of the years 1914 and 1915 exceeded those of any succeeding years, while those of the
years 1913 and 1916 were about the same as those of the years 1917 and 1918. The
data suggest that 1913 was an unfavorable year for the growth of the herring consid-
ered, and that 1915 was unfavorable for the growth of the 1-year herring but favor-
able for that of herring of years IT and III. If the latter statement be true, our pre-
vious statements that the period of low growth rates included the years 1915 to 1918
must be modified somewhat, as follows: Low growth rates prevailed among the her-
ring of year I during.the period 1915 to 1918, and among those of years IT and IIT dur-
ing the period 1916 to 1918. It appears valid to conclude now that the data of Tables
60 and 61 indicate that the low growth rates prevailing among the herring of Sagi-
naw Bay during the period 1915 (1916) to 1918 were abnormal; that, in general,
higher rates prevailed before 1915 (1916) and were resumed in 1919. Apparently,
then, the growth rates prevailing among the herring in Saginaw Bay before 1915
(1916) were in some way inhibited during the period 1915 (1916) to 1918 and restored
or partly restored in 1919. Growth conditions in the bay were unfavorable during
the years 1915 (1916) to 1918, inclusive.
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TFurther evidence that the lengths reached by the herring in 1924 were not unu
sual may be found in the statements of Jordan and Evermann (1911), who visited
Bay Port, on Saginaw Bay, in 1908 or 1909. They write (p. 6): “The herring of
Saginaw Bay is also in all respects identical with the specimens from Collingwood
[Georgian Bay]. It is not only slender, as usual in this species, but reaches only a
small size, the average weight when mature being 6 ounces, those examined by us,
from Bayport, ranging from 2.5 to 9.5 ounces. The maximum length is 12 inches
and the usual from 9 to 10.”” I found that 500 mature herring taken in 1922 averaged
only 5.2 ounces in weight, and that my herring taken in 1924 averaged 242 milli-
meters or 9.5 inches, in length. The above authors do not give their standard for

comparison, but it is at least evident that their specimens were as large as if not
larger than mine.
TEMPERATURE AND SUNSHINE AS FACTORS

If T am right in concluding that factors that affected growth in Saginaw Bay
in 1915 to 1918 were local and not general over Lake Huron, we may ask what they
were. What growth-controlling factors operated in Saginaw Bay during the period
1915 (1916) to 1918 that were absent in the open lake. Did these factors exist,
also, before the period 1915 (1916) to 1918 and were they absent or reduced sub-
sequent to it? :

The first compound factor that suggests itself is that of temperature and light.
Temperature may be considered first. Inasmuch as it was concluded that the
unfavorable conditions of growth were restricted to the Saginaw Bay region, fluc-
tuations in the mean temperature of the growing season probably may be excluded,
for temperature presumably should affect the growth rate of herring of all age groups
and of all localities on Lake Huron; but as reliable statistics of the air temperatures
of the Saginaw Bay region are available it is of interest to compare those of different
years with ascertained growth rates to see whether any relation is discoverable.
The temperatures of the water of Saginaw Bay for past years are not known. Neither
do we know the exact relation between these temperatures and those of the air.
If the temperatures of the air are to be used, we must assume that, in general, the
temperature of the water of Saginaw Bay is dependent on that of the air. That is,
if the air temperatures of the Saginaw Bay region show that a certain year was a
relatively cool one we must assume that the water of Saginaw Bay was, on the whole,
relatively cool in that year. The critical temperatures are presumably those of the
growth season, which for the young herring of Saginaw Bay very probably extends
from April to November. According to the fishermen, the bay is generally not
free from ice until April, while according to hatchery employees at Bay City, herring
eggs collected by them hatch some time in April. It is very probable, then, that
the wild immature herring begin their growth in April. It is not known how long
growth continues in the fall or whether it ceases entirely in the winter, though it
is virtually certain that growth is considerably retarded during the winter period.
However, irrespective of whether we select as the growth season the period March
to November, April to November, or April to October, the conclusion derived from

8 Ttalics are mine.
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a sﬁudy of the air temperatures remains the same. Table 62 shows, in degrees Fahren-
heit, for the months of April to November, inclusive, for the years 1913 to 1922
the mean monthly air temperatures at Saginaw, Mich. They were taken frorr;
the various reports of the chief of the United States Weather Bureau. The mean
of the monthly averages of each year is shown in the last column of the table W};ile
the mean of each.month of the several years is given at the bottom of each c<’)lnmn,
TQ make comparison of these temperature data easier and more accurate, I deter-‘
mined, by means of a polar planimeter, the area inclosed by each curve plo;sted from
the I:lonthly averages for each year, employing as the base line a line drawn through
39.2° ., the temperature at which water reaches its maximum density. The re%u?t-
ant values express roughly the relative amount of heat available from the airl‘ for
gach year fo.r the months April to November, inclusive. These values are arran&ed
in Table 63 in order of size. It may be noted, when a comparison is made, that ?zhe
ox:der of the years, based on the size of the planimeter measurements dii‘fers onl

slightly from that based on the magnitude of the annual averages of the mean thly
temperatures. ) e

TABLE 62.—Mean monthly air tem in © )
i peratures, tn ° F., of April to November, 1 ; ¥
taken at Saginaw, Mich., by the Uﬁited S,fates Weather B::Zrec%g o 1055, g,

: . Aver{.lges,
ear April May June July August 5 egg&;m- October N%vem- Ié'g;léx;g
25 ber, in-
clusive
45.8 56.4 68.0 70.2 69.6
: 9. 60.5 50.2
we) &b omsl omyl &1 By wp o Bl H
45.5 56.4 62.2 76.8 71.9 % 200 3.4 5.8
414 50.0 61.9 71.4 67.4 % H 221 56 %8
42,2 59.9 64.3 69. 4 72.3 5o 5.0 s o
422 .9 043 0.4 723 54.9 53.0 41.1 57.1
. . 4.0 52.8 35,2
3.2 54.7 67.5 67.2 67. 4 23 : o
51.7 59.6 69.9 77.5 68.8 6.5 2.4 i 8.0
; ; 8 50,4
45.7 62.6 67.0 69. 4 68.5 63.4 51.0 ggﬁi ggﬁg
45.1 56.5 66.2 71.4 68.6 61.6 51.3 | 38.2 57.4

TABLE 63._‘A7ea ‘mcluded wn curve based on average mon 7 7 7 Tée.
% 2 thl air le eratu ;
; g 4 Y vp S Of LagInaw, M'Lch.,
’07 per 'l«od APT Zl to ]V 01167771767, 1913 to 1-922, 'anluswe (Table 62). The base l@ne employed 8 the

Year Area within S
curve Year Area within
curve

- We kn.ow nothing specifically about the relation of temperature to growth rate
in the herring or about optimum temperatures for the growth of the herring; but if
we assume that, other factors remaining constant, the year with the Warmes: ,growth
season producgs the largest and fastest growing fish, we ought, then, to find that the
herring in Saginaw Bay grew most rapidly in 1921 and least rapidly in 1917 ‘and that
the growth rates of the other years fluctuated in general as the average ten;peratures
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or heat budgets (Table 63) of these years; that is, that the growth rates of a relatively
cool year were lower than those of a relatively warm year, and vice versa. At first
glance there appears to be some correlation between temperature and the growth
rate of the Saginaw Bay herring. We see from Tables 62 and 63 that the years 1919,
1921, and 1922 were the warmer years of the series, and from Table 39 that during
these years and 1920 growth was more rapid than during the years 1915 to 1918.
In the years 1915 to 1918 chemica) substances undoubtedly were present in Saginaw
Bay water that were not present before or after that period. Their effect on growth
rate is discussed in another place. Assuming that they had an effect, the relation of
temperature and growth rate might be obscured by it if years when the chemicals
were present were compared with other years. It is best, therefore, to compare the
years 1915 to 1918 one with another and the years subsequent to 1918 one with
another to see whether in either period any relation is revealed between fluctuations
in temperature and those in growth rate.

We may then consider the 1-year fish of each year class separately and compare,
year for year, their growth rate with temperature. We find, then (Table 39), that
the 1-year fish grew approximately at the same rate during 1915 to 1918 apparently
uninfluenced by the fact that the average annual air temperature dropped 4.2° H
in 1917 and rose 3.5° F. in 1918 (Table 62), or, otherwise stated, that the average
temperature was decreased about 20 per cent in 1917 and increased about 18 per cent
in 1918 (Table 63). Yet in 1919, with an increase in the average air temperature of
only 1.0° F., or about 8 per cent, the growth rate of the 1-year fish increased (113-116
to 116-127 millimeters); and with a decrease of 1.4° F. in the average air temperature
(8 per cent) in 1920, the growth rate of these fish increased above that of 1919 (116-127
to 117—139 millimeters). With an increase of 3.3° F. in the mean air temperature in
1921 (roughly 20 per cent), the growth rate increased only slightly above that of 1920
(133 and 139 to 136 and 142 millimeters, respectively); and with a decrease in tem-
erature of 1.5° F. (15 per cent) in 1922 there was a slight increase in rate-of growth.
Apparently, so far as these data show, there was little correlation between the growth

rate of the 1-year herring of Saginaw Bay and temperature during either the period

1915 to 1918, or, in that following 1918. We conclude that the evidence does not show
that temperature was the controlling factor in the alteration in the growth rate of
the herring of Saginaw Bay during the period 1915 (1916) to 1922.

The amount of sunshine determines the rate of growth of phytoplankton and
consequently that of the zooplankton, on which herring feed; but the relation of
sunshine to both air and water temperatures is such that probably mean air temp-
eratures afford a good index to both. It has not been thought necessary, therefore,
to study the data for the purpose of determining whether any relation exists between
the average number of sunshine hours in various seasons and the rate of growth of

the 1-year herring.
FISHING INTENSITY AS A FACTOR

One of the best and most convincing demonstrations of the effect of intensive
fishing on the rate of growth of fishes is that afforded by the work of the Danish
biological station at Copenhagen, carried on under the direction of Doctor Petersen
(1922). In his survey of the plaice fisheries, covering the years 1893 to 1922, Doctor
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Petersen reports some interesting facts on the relation between these fisheries and

the stock of plaice. I can d i i
S P o no better than quote him verbatim. On page 9, he

In 1899, I introduced fishing by S i
: | v Snurrevaad in Great Belt is ki i
R e reat Belt and this kind of fishing soon had a

% }'ll‘;le 01((11 den'se stock, consisting chle‘ﬂy of small, old plaice, was fished up so that the stock became
ue Ness t;nseﬁ, b‘ut g.radually the p'la.lce got bigger, on the average, though much younger.
v dec;vsvi,t (:af : ;(}:u;g 11:,.pursued chiefly on younger plaice but formerly mostly on older plaice.
b ‘thQSf stock is now very sparse; where in former years we took 200 to 300 plaice in one
, wi nurrevaad we can now take but one plaice or two or none at all. Here, I have virtually
;Zesu?: ac;:umullated stock fished up and replaced by a new one of younger but bigger fishes; to
bk not nearly as numerous pr. ha., but it is obvious that the stock is quickly renewed, so that
es a.t_lstlcs have been able to note good progress since 1899 in total production in kg ]and the
production has been kept up until this day in spite of great fluctuations from one year ;c;’ another

Again, page 18:

) It is thus beyon'd doubt tha,t.the intensity of fishing, while diminishing the density of the stock
11.1 ?ItIOSt of tﬁelDﬁ.msh seas, has increased the growth rate of the individuals, so that the produc
ivity as a whole has been kept up, and the average size of the laice i ther i L
Selhal et et ol 5 plaice in our southern waters is there-
Heincke has ah‘ead}.f cal_led attention to the fact that in the age of the plaice we have a kind of
measurement of the ﬁ.shlng intensity, the age will always decrease with a growing fishing intensity;
and I sha.ll add that in the growth rate we have another means of measuring the fishing intensitv,
about which I shall give further particulars in the following. [See, also, Garstang, 1926.] o

.Is the acceleration in the growth of the Saginaw Bay herring due to intensive
fishing perhaps? It is true that the adult plaice differ greatly in their mode of life
frc.>m the lake herring. Adult plaice are bottom forms and bottom feeders. They
r.mgrate, but very slowly. As the amount of food found on the bottom is strict]
limited the rate of growth of the plaice depends directly on the amount of space anzrl
food that is available for each individual. The lake herring, however, are pelagic
plankton feeders. Intense fishing would reduce the number of spawners’ the number
of eggs laid in the fall, and the number of fry hatched in the following ;pﬁng. The
fingerlings are known to occur in immense schools (Hankinson, 1914) and the fry may
have the same habits. The amount of food that each obtains may depend on their
number. In any season in which their number had been reduced greatly by over-
fishing there would then be less crowding of the growing fry and more food available
for each individual, a lessened competition. This might increase the growth rate

Tt seems unlikely, however, with the abundance of plankton organisms and t]:.leir
rapid rate of reproduction, that plankton-feeding forms can so far reduce their food
supply as to affect their own growth rate. However, if we are to explain the increased
growth rate of the Saginaw Bay herring of the 1919 hatch on the basis of lessened
competition due to heavy fishing we must suppose that the number of spawners in
the fall of 1918 was so reduced by fishing that the number of fry hatched in the spring:
of 1919 fell below the usual number so far that an increase in their growth rate above
the normal took place. We are not concerned here as to whether the lessened number
of spawners in the fall of 1918 may have resulted from extremely heavy fishing in
1918 or gradually due to continued heavy fishing in the several years preceding 1918
All we need to assume is that intense fishing had reduced the number of spawners'
in the fall of 1918,

. —
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I have shown (Table 39) that the 1-year herring.'show.red a progl:essiYe increa§e
in growth rate in 1920, 1921, and 1922. To exp%am this progressive increase 1n
growth rate on the basis of heavy fishing we must.beheve that the number of su?vnn-ng
spawners became progressively less each successive f.a}l below the normal during the
period 1918 to 1921, and that consequently compe’u‘ﬂor} for food among the young
herring grew progressively less severe d.uring the period 1919 to 1922. That is,
fishing intensity must either have remained constant after 1918 or haYe become
more severe. 'This may or may not have occurred, we do {Jot know; bu.t in order to
explain the growth data of the l-year herring.on th_e basis of. oYe.rﬁshmg we must
accept this postulation as a fact. If fishing intensity had diminished after 1918,
the surviving spawners of each fall, and consequently the resultant fry, would have
increased in number and competition for food among the fr_y would have be(.:ome
more severe. In that case the growth rat(,f of the 1-grea,r herring would then either

i constant or have decreased after 1918.

havevlﬁ‘;}}izlgffegct should such a constant or increased fishing intfar}sity after 1918 have
had on the growth rate of the 2 and 3 year herring? If. competition for ff)od _amongst
the older herring (2 years and older) in the open lake is not severe, ﬁghu}g intensity
should not be a significant factor in the growth rate of th(.ase fish Whﬂe.m .the open
lake. If, on the other hand, competition in the open lake is severe, fishing intensity
should be a factor. Competition may be an important fa(?’oor in the early growth
of these fish in spring when they are in Saginaw Bay. II} elthe.r case, whether com-
petition occurs in the open lake and in Saginaw Bay or in Saginaw Bay only, if the
number of surviving spawners each successive year fell. more and more bellow th'e
usual number, competition among the older age groups In the opep" lake or in Sagl}-l
naw Bay would become less severe each year, and accordingly then: rate of grow’oh
while in the open lake or in Saginaw Bay would become progresswe.ly l.arger eac

year. The second and third age groups should then show a progressive Increase in
growth rate after 1918. This we know was not the case. S

Tt seems, then, that our data on the growth of the herring can not be explaine
by overfishing or intense fishing. If we interpret the growth history of the 1-yes-n'
herring on this basis, that, if we are consistent, of the 2 and 3 year fish must remain
inexplicable. If, on the other hand, we explain the growth flata of the 2 and 3 yeaII;
herring on the basis of heavy fishing, those, if we are consistent, of the 1-year fis
must remain unexplainable. Intense fishing would alter the growth rate of all three
age groups in the same fashion.

: L . : The
— 18t catch of herring for Saginaw Bay for the years 1916 to 1925, inclusive.
iy 6‘§tati’sstftg§zsz‘)f;eo§urnishe£ by the Department of Conservation of the State of Michigan

e
Average
Average v

i Pounds Value ! | price per
Year Pounds Value ! p;l:lenfder Year el
___________________ 3,002,784 | $64,582 |  $0.022
g'g%’gg """"""" s 11— 1,830,308 | 41,203 .023
77| 3847,085 |-ooooooov|-- 5 e R SUC R DR 1,713,693 | 35,471 2021
| 3882570 |- S goni et e SN 3,736,472 | 80,847 2022

Fgaan By0 e MLl o

750 | §80,761 | $0.033
%:%%:14:793 $§8:964 -037 AVOrage.. o --c-mmen- 2,993,002 |- -mocemnn .026

1 Taken from the biennial report of the Department of Conservation of the State of Michigan.
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Suitable statistics would reveal whether or not fishing was intense in a certain
year. The statistics shown in Table 64, even though we assume that they represent
the actual quantity of fish taken each year, are not adequate to show the intensity of
fishing in the herring industry of Saginaw Bay. In order to determine this from the
data of Table 64, we must know the size of the herring population in the lake for the
year considered. A big catch in one year—as, for example, 1916—may in reality
represent less intense fishing than a small catch in another year, such as 1921. If
in spite of this we wish to assume that a catch of a year and the growth rate of the fry
hatched the year following are more or less closely correlated (that is, that fry of a
year following one in which the catch was relatively large grow relatively fast, and
fry of a year following one in which the catch was relatively small grow relatively
slowly), we should, then, on the basis of the statistics of Table 64, expect the growth
of the herring fry hatched in Saginaw Bay in 1917, 1919, 1920, 1923, and 1926 to be
relatively large, and that of those fry hatched in 1918, 1921, 1922, 1924, and 1925 to
be relatively small. These expectations, however, do not agree with the fact (Table
39) that the fry hatched in 1917 and 1918 grew comparatively slowly while those
hatched in the years 1919 to 1922 grew progressively faster each year.

It appears, then, that in all probability fishing intensity was not the controlling
factor in the acceleration in the rate of growth of the herring of Saginaw Bay.

The discussion of the possible effects of temperature and light and fishing inten-
sity is incomplete and inadequate because of lack of suitable data. It can not be
said that no correlation exists between these factors and growth rate, but that these
factors very likely did not control the growth rate. It is altogether more probable
that a third factor was the really effective one. This third factor is the temporary
chemical pollution of Saginaw Bay. The history of this pollution, so far as I have
been able to obtain it, is given below.

TEMPORARY CHEMICAL POLLUTION OF SAGINAW BAY AS A FACTOR

During the World War (1915 to 1918) the Saginaw Bay fishermen received
many complaints relative to the odor and taste of their products, especially perch,
suckers, and pickerel, taken from the bay. At the same time the city chemist of
Bay City, Louis P. Harrison, received similar complaints about the city water, which
at the time was taken from the Saginaw River. The fishery interests procured the
services of Dr. Herbert W. Emerson, of the University of Michigan, who, independ-
ently with Mr. Harrison, investigated the obnoxious pollution. By various and
repeated analyses of the waters of the bay and the Saginaw River system the trouble
was traced to the plant of the Dow Chemical Co. at Midland, Mich., about 40 miles
above the mouth 'of the river. It was discovered that the company was dumping
its chemical wastes directly into the river and that the objectionable taste and odor
of the fish and water were due to the presence of dichlorobenzol, a heavy, clear,
oily liquid. '

According to Mr. Dow, the marked pollution was due to an explosion in one
of his chemical plants whereby a large amount of paradichlorobenzol, a useless
by-product at that time, was suddenly dumped into the river.

Paradichlorobenzol (Cy H, Cly), a white crystal, is derived from chlorobenzene
(Cs H; C1), a heavy, clear liquid, and, unlike the latter, is very soluble in water. ‘“The
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benzene hydrocarbons have a paralyzing actior'l on the motor nerves and a more
noteworthy action on the brain and cord, causing lethargy anq somgolence. Bro-
mobenzene and chlorobenzene act in the same way as jbenzene itself.” (May, 19%1,
p. 19.) As the physiological action or effect of a ch.er.mca-.l (.ilepends- largely upon its
jonization, and this again depends chiefly on its solubility, it 1s.conce1vable that para-
dichlorobenzol is much more toxic than chlorobenzene. It is also known that an
increase in the halogen radical enhances the toxicity of chlorobexfzene. As we shall
see later, Mr. Harrison found that the effluent of the Dow chemical plfa,nts actualls;
killed perch immersed in it. There can be no doul?t,. then, that t}}e dlchloroben'zo
solutions may act upon the fish either directly by killing them outr}ght or by acting
as a depressant, or indirectly by destroying the I-)lal.lkton food (_)f herring or by decreag—
ing its reproductive activity. I obtained the significant d(.atml.s of the history of this
pollution from the various principals involved. For this history I am mdeb.ted
mostly to Herbert H. Dow, of the Dow Chem'ical Co.; W._ b Kava.naugh, of the Mich-
igan Fisherman’s Association ; Louis Pf 1EI/Ie.n'}rllison, Bay City chemist; and to Dr. Her-
. Emerson, of the University of Michigan. .
o ’;Z‘lrle principal products manufactured by the old Midland Chemical Co., the

predecessor of the Dow Chemical Co., were bromine and salt derived from the brine -

of salt mills. This company did not extract the calcium ax.ld magnesiu-m ch101"1des
from the brine but dumped them, with the bittern water, into the Ss%gma,w RlYeI'.
This bittern water derived from the Saginaw salt blocks and (}umped 11}130 the river
contained on an average 50 per cent more salt (NaCl) than calcium chloride and mag-
nesium chloride combined. The Midland Chemical Co. took o-nly about a tel,l’th of 1 per
cent’of the material out of the brine—the balance of it went into the river. '(Dow.)
As time went on one product after another was extracted from the brine, 1111'1':11 at the
present time salt is produced only as a by-product for the purpose of recovering other
i in the brine. .
conStIlJt;)lc?xIllt:he outbreak of the war in Europe (fall qf 1914) the ]?ow Chemical Co.
began to_save virtually all their by-products. Durm'g the war it manufactured a
number of chemicals not made theretofore. Thus, it began the n}anufactur'e of
chlorbenzol in the spring of 1915. The useless by-products were run into t}}e river.
In the fall of 1916 an explosion in the chlorbenzol plant suddenly released _mto the
river a large amount of paradichlorobenzol, a useless by-product_at that time. It
was also in the fall of this year that the water and fish of the Saginaw Bay and the
Saginaw River acquired their obnoxious taste and that Doctor Emerson and Mr.
i ed their investigations.
H&H‘E?;:(;l}?lﬂ;ﬂ:;llfme of the polh:tion had been .discovered tjhe investigators. fO}lIld
that large amounts of chlorbenzol or its deriyatwes were being dumped daily into
the river by the chemical plant. The explosion was obviously, then, not the only
cause of the trouble. It appears that the .by-pro'ducts of chlorbe.anzol had always
been dumped into the river since the beginning of its manufacture in 191_5, and. that
the sudden release of an enormous quantity of the lfy-produ?t at one tL_me tamt';ed
the fish and water to such an extent as to focus Pubhc sf,ttentu?n upon this po']l1.1t1on
and bring it to a crisis. The investigation culminated in the issuance of an injunc-
tion against the chemical company, secur.ed through the State’s attorney- ge.neral in
April, 1917. Shortly thereafter the chemical company constructed an artificial pond
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or settling basin at the rear of the chemical plants. Into this basin the chem-
ical wastes were diverted. The overflow of the pond, however, ran directly into
the river.

The testimony of the investigators indicates that the pond was not very effec-
tive in relieving the situation. Mr. Harrison determined, by a controlled experi-
ment conducted after the issuance of the injunction, that a solution of 10 drops of
the chemical company’s waste from the settling basin in 15 gallons of water killed
perch in 24 hours. The control fish remained alive during the experiment. As the
plant was under the supervision of the Federal Government and the products were
necessary for the prosecution of the war, very restrictive measures could not be en-
forced. According to Mr. Dow, the manufacture of chlorbenzol was discontinued at
Midland in November, 1917.

The Bay City tap water retained its obnoxious qualities for some time after
November, 1917. Even in the spring of 1918 with each stirring up of the water in
the Saginaw River the characteristic odor and taste recurred. Mr. Kavanaugh
testifies that the fish of the bay also remained tainted until the early spring of 1918
to such an extent as to make many unsalable. The pollution, though less severe,
undoubtedly continued into the summer of 1918. With the resumption of fishing
in the fall all traces of the disagreeable odor and taste had disappeared. So far:as
we know, the year 1919, then, was the first after 1915 in which the waters of the
bay were entirely free from the Dow chemical pollution.

According to Doctor Koelz’s field notes taken in 1917, the complaints of the fish-
ermen relative to the unsalability of fish involved principally the perch (Perca flave-
scens) taken in the bay. Many individuals of the other species taken in Saginaw
Bay were tainted also, and according to one fisherman many fish were afflicted with
sores on the body and had to be discarded. Norman Macaulay, manager of the
Booth fisheries at Bay City, informed me that the offensive taste and odor were most
noticeable in the yellow perch, the suckers, and the yellow pickerel, especially in the
spring shortly after the ice broke up. These Saginaw Bay fish were so tainted at
this time of the year that it was utterly impossible to use them as food. The herring
and other fish taken in the fall were not so noticeably affected by the pollution; they
did not lose their salability. Testimony of B. Brackenbury, of Au Gres, substanti-
ates that of Mr. Macaulay. Mr. Brackenbury states that the pollution did not taint
the fish taken at Au Gres. So far as he knew the pollution was noticeable as far as
Sebewaing on the east shore of Saginaw Bay, about 25 miles direct by water from the
mouth of the Saginaw River. Mr. Macaulay states that the Dow Chemical Co.’s pol-
lution affected the taste of fish taken as far as the Charity Islands at the mouth of
Saginaw Bay, about 35 miles due northeast from the mouth of the Saginaw River.
Whitefish received by him and taken at the Charities were noticeably tainted.

According to the fishermen, then, Saginaw Bay herring taken in the fall of the
year were not noticeably affected in taste and odor by the pollution of the Dow
Chemical Co.; only those taken in the spring were tainted.

The period (1915 to 1918) during which the dichlorobenzol wastes of the Dow
Chemical Works polluted Saginaw River and Bay is seen to be precisely that during
which the growth rate of the herring was reduced. Before that period and subse-
quent to it the growth rate was higher than during the period and presumably normal.
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As the 1-year herring hatched in Saginaw Bay remain there longer than the older
fish that migrate into the bay, the former were already subjected to the pollution
in 1915 while the latter were first subjected in the fall of 1915 or the spring of
1916. This would explain why the growth rate of the 1-year fish was first reduced
in 1915 and that of the older groups in 1916. (See p. 397.) All age groups in
Saginaw Bay were subjected to the chemical pollution in 1916, 1917, and 1918—
the 1-year group presumably throughout the growing season, the older age groups
in the fall and also in the spring, when the pellution was most concentrated and most
severe. By the spring of 1919 the pollution had abated to such an extent as to permit
the 1-year herring to return partly to their normal rate of growth. The absence of
the concentrated pollution in the spring of 1919 allowed the older age groups to return
to their normal growth rate. It was not until 1921 that the 1-year herring apparently
regained their normal rate of growth. This may be accounted for in two ways:
(1) According to Mr. Harrison, Bay City chemist, the dichlorobenzol, which is a
heavy liquid, could be seen to lie as a separate layer on the bottom of the river in
various places. It is plausible to believe that this deposit was dissipated gradually
by solution into the river water and by current and wave action, so that normal
conditions in the bay were restored slowly. (2) The chemical pollution may have
reduced the abundance of plankton, the food of the herring. The restoration of the
normal supply in all probability would be gradual. It is not surprising, therefore,
that the normal growth rate of the 1-year herring returned slowly. Neither does
it seem remarkable that normal growth rate returned suddenly in the older fish.
They were subjected only for a short period each year at a time when the pollution
was most concentrated. When this severe pollution ceased the period of exposure
was too brief to allow the relatively mild pollution to retard the growth of these fish.

It is realized that there were various other industrial wastes that entered the
Saginaw River and found their way into the bay. The wastes from some of these
industries doubtless were increased as production grew during the war period; but
with the close of the war, industries in general continued to operate by the same
methods. They produced other materials of similar kind, sometimes in reduced
quantities. There is no reason to suppose that the quality of their wastes changed
when the war closed, although the quantity may have been somewhat less; but the
waste of the Dow chemical works was qualitatively different during the war period
from what it was before or after, in that it contained dichlorobenzol.

The growth alteration of the Saginaw Bay herring appears, then, to be correlated
with the temporary pollution by the Dow Chemical Co. by wastes containing dichloro-
benzol. The period of retarded growth coincides exactly with the period of the
pollution. The presence of this pollution explains all the facts in the growth history
of the herring, and no known fact is inconsistent with this explanation. If this
chemical pollution is not responsible, then the coincidences of the critical dates and
data are truly remarkable.
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INDIRECT ECONOMIC LOSSES IN THE HERRING FISHERIES DUE TO
CHEMICAL POLLUTION OF 1915 TO 1918

Tl}e loss to the fisheries during 1915 to 1918 must have been considerable. Not
only did the fishermen lose through the unsalability of part of their products but
also !;hrgugh the deleterious effect of the pollution upon the growth rate of the fishes
The indirect loss occasioned by the latter factor is passed by commonly as of Iittl(;
consequence, not only by the general public but by the fishermen themselves. This
fzttl.tude can be accounted for by the fact that in most cases the magnitude of these
}ndlrect losses must be left to the imagination or be stated in terms of description
1nste.ad of dollars and cents. In order, then, to stress as emphatically as possible
the importance of the indirect effect of pollution upon fish life and industry, I have
computed roughly from my growth data and herring statistics the indirect f’in&ncial
losses suffered by the herring industry of Saginaw Bay during 1917 to 1923.

. To obtain such estimates for a certain year, I proceeded as follows: The age com-
position of the annual catch of the year, as shown by a representative sample, was
de.termined first. Then the average length of the individuals of each age g,roup
being known, the theoretical average weight of these individuals was computed
by means of the length-weight formula, W=Fk.L® (p. 379). Next, the theoretical
average weight of each age group was multiplied by the number of the individuals
found in each corresponding age group of the sample and the total weight of the
whole sample ascertained. From these values the percentage, expressed in
terms of weight, contributed to the sample by each age group was determined
Applying these percentages to the total catch of the year (Table 64), the portion of
the annual yield furnished by each age group was ascertained. Next, the percentage
under normal weight of each age group exposed to the pollution was found by com-
paring the theoretical weight of that age group with that of a corresponding age
group not exposed to the pollution. From these percentages and the total produc-
tion contributed by each age group to the annual catch the total number of pounds
under the normal was computed for each age group. The summation of these pounds
gave, then, the total number of pounds under the normal for the year. The multi-
plication of this annual total by the average price of the herring showed the monetar;
loss for the year. v

The above process was carried out only for the herring taken in 1921, 1922, and
1923. As no representative samples were available for the years precedin;g 1921, the
actual age composition of the catches for these years could not be determined , As
the age composition varies little from year to year, no good reason exists wh.y the
average age composition derived from the four samples collected in the years 1921 to
1924, inclusive, can not be employed here. The combined sample of 2,311 fish would
then serve as the standard for each year. The loss in weight, however, would still
be determined by the actual loss suffered during the particular year co’nsidered as
shown by the uncorrected computed lengths. For some years the average Weig,hts
of the old fish are unavailable. In such cases the averages of fish of correspond-
ing ages of the following year are then employed. It is realized, of course, that none
of the calculated losses are absolutely accurate; they are rough estimateé only, but
are far better than no estimates at all. ,

99760—29——10
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Table 64 shows that the Saginaw Bay fishermen caught 1,333,793 pounds of
herring in 1921, valued at $48,964. In 1922 they took 3,002,784 pounds, valued at
$64,582, and in 1923 some 1,830,398 pounds, valued at $41,203. The actual age
composition of the catches of these years, as taken from Table 29, follows:

Number of individuals in each age group

Sample taken

i3 8 III v N VI VII Total
T L B B e i o et ey | 5 97 291 205 67 12 677
I e 4 148 245 95 9 0 501
T N e e e T E s 2 170 240 90 15 2 519

The actual average length of each age group of these herring is shown in Table
99 also. These lengths and the theoretical weights (in ounces) are as follows:

Age group

Sample taken aanoa

II I t v v VI VII

Weight | Length | Weight Length | Weight | Length Weight
4,95 241 5.55 254 6. 50 275 25
5.21 241 5.55 252 O e FE e

5.69 251 6.27 263 i 7.21 263 7.21

Length | Weight | Length | Weight Length
195 2.94 224 4.46 232
217 4.05 229 4.76 236
221 4,28 233 5.01 243

The total weight of the individuals of each age group of each sample, the
percentage of weight contributed by each age group to the sample, and the number
of pounds contributed by each age group to the commercial catches of 1921, 1922,

and 1923 are given below:

Total Per cent Pounds Total Per cent Pounds
Fish weight, weitghg cczngr%)- tF]i(sh weight, Weighlt); con(tirg)-
taken | in ounces contrib- uted by y aken | in ounces contrib- uted by
Age group in ofage | utedto | agegroup Age group in ofage | utedto | agegroup
year— | group of sample by | to commer- year— | group of | sample by |to commer-
sample age group | cial catch sample age group | cial catch
1921 14.70 0.4 5,335 1921 1,137.75 32.0 426, 814
Brotmarond I8z 348 (o priaf MR F st V| Emn Ry
1923 . 56 5 ¥ | 3 3 2 51
1921 432. 62 12.2 162, 723 1 | 1921 435. 50 12.2 162’ 723
47 e i 00 Sl 1922 704. 48 27.3 S0VTB0 I VIR T L iy 1922 57.15 2.2 66, 061
1923 851.70 29.2 534,476 I], 1923 108.15 3.7 67, 725
1921 1,440.45 40.5 540,186 || y11 | { 1921 99. 00 2.8 37, 346
1 O 0w Y 1922 1,276.45 AD &l 1483875 | ST AT T 1923 14.42 .5 9,152
1923 1, 365. 60 46.9 858, 457 .

The sample of 1921 weighed (theoretically) 3,560.02 ounces, that of 1922 weighed
2,581.53 ounces, and that of 1923, 2,912.73 ounces. To determine the percentage of

weight under normal
theoretical weights o

of the herring taken in these three years, I compared the average
f their age groups with those of corresponding age groups taken

in 1924. (See figures for Tobico and Nayanquing samples combined, Table 31.)
The herring captured in 1921 will be considered first. As the 2 and 3 year individuals
had not been subjected to the pollution (throughout this discussion we ignore the

fact that the normal

growth rate did not return until 1921 in the 1-year fish) and the

loss for the 7-year fish can not be ascertained, these age groups need no consideration

here. It was found

(see data in table below, p. 409) that the 4-year fish of 1921, which
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had been e?(posed to the pollution during the first year of life, were 13 per cent under
normal weight, that the 5-year fish were 14.6 per cent and the 6-year individuals
15.9 per cent under normal weight. These percentages represent a total loss of
184,450 pO}mds to the fishermen, or an average loss in pounds of 12.1 per cent. The
average price of herring in 1921, as derived from Table 64, was 3.7 cents per .pOUIld'
fshel sflzrllanclal loss due to the retardation in growth rate then amounted to $6,825,
in :

The ]o.ss must have been less in 1922 than in 1921. None of the 2, 3, or 4 year
fish taken in 1922 had been subjected to the pollution. The 5-year in(,liv,iduals had
been exposed only during their first year of life. Computations show that they were
about 14.6 per cent under normal weight. The 6-year herring were 11.9 per cent
under normal weight. These percentages represent a total loss of 113,648 pounds to
the fishermen, or an average loss in pounds of 3.6 per cent, with a vah;e (at 2.2 cents
per pound, Table 64) of $2,500. '

The loss must have been exceedingly small in 1923. The 6-year fish were found
to be about 4.5 per cent under normal weight. This represented a loss of 3,191
pounds, a general loss of 0.2 per cent, valued at $73. ’

The data upon which the above discussion is based are summarized below:

Theoretical average weight, in ounces Percentage undk
of herring captured in— L i ge under normal | Number of pounds under the
Beaking g cap! n weight of herring taken in— | normal of herring taken in—
1921 1922 1923 1924 1921 1922 1923 1921 1922 1923

3 F RS R RS LS S 4. 9800 . Lo UL 5.69 13.0
e | -y s 4} (4 7 o e S
""""""""""""""" 2 221 7.55 15.9 11.9 15| 30,765 8023 |3 101

N5 I O Sk it ' 02 S O Mg 1.5 -

_______________________________________________ 184,450 | 113,648 3,191

As the fish that composed the catches of 1915 and 1924 had been exposed onl
slightly to the chemical pollution and the growth data for the fish taken in 1916 ary
very incomplete, the losses for these years may be ignored. The averages of the len tl?
of the old fish in the catches of some of the other years are likewise unavailalgﬂ
Those of the fish of the same age in the catch of a following year then are substituteg.
as, due to the law of compensation in growth, the differences between the lengths oi”
the old fish of corresponding age groups of two successive year classes would be com-
paratively small anyhow. To illustrate the modified procedure (see p. 407) employed
for the years preceding 1921, the various data are given in detail for 1920 onl . %‘e
the other years the end results alone are given. Sy

Table 64 shows that in 1920 the fishermen of Sagi
e s vk aginaw Bay took 2,441,750 pounds

The four samples of herring taken in the years 1921 to 1924, inclusive, comprised
2,311 individuals, distributed among the various age groups, as, follows: ’II 12? ISIeI
577; 1V, 1,132; V, 464; VI, 109; and VII, 14. PR T

The computed lengths attained by the herring at various ages at the end of th
growth year of 1920 are shown in Table 37. Those of different age groups belongi ’
to the same year class were combined into one average. These combined averilgl;i
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(see Table 43) and the theoretical average weights of the fish of each age group are
given below: :

P S e B ‘ u | m v v VI VI
i illi 24 241 260 1275
Average length, in millimeters. . .- ---o-oe-ooomoommomommono oo os 183 211 2
Thgf)?%tical %tverage weight, in OUNCeS. - - ceoonnmmmmanmmoene- 2.43 3.73 4.46 5.55 6.97 8.25
1 The actual length of the 7-year herring taken in 1921. :

The total weight of the individuals of each age group of the sample, the percent-
age contributed by each age group to the combined sample, and the number of
pounds contributed by each age group to the commercial catch of 1920 are as follows:

Percentage | Pounds ’ Total | Lercentage Pounds
‘T‘;]tt”‘l.n weight con- | contrib- weight, in wexgtt)xttcc(;ln- ct;ngrg)-
welght, 10 | * trihyted uted by "y s, of | tribute uted by
Age grou onlcee, 9 ge group : by age | agegroup
ge group s by age age group age group e
age group group to | to commer- of sample group to ' <
of sample | “ample | cial catch sample | cial cate
29.16 0.3 7.825 || VI, ocommmmmeccmmemeeeam 759.73 2.1 173, 364
2,152, 21 20.2 el TR e R 115. 50 11 26, 850
¢ 47.3 | 1,154,948
31 232: ;3 o0 1| 588,462 i U DR 10, 680762 | e

In 1920 all but the 2-year herring had been subjected in varying degrees to the
chemical pollution. Computations indicate that, as compared with the 3-year fish
taken in 1924 (Table 31), those of 1920 were 28.4 per cent below the normal weight.
In like manner the 4, 5, and 6 year fish of 1920 were found to be 21.6, 14.6, .and 7.7

or cent, respectively, below normal weight. The loss to the fishermen in 1920
totaled 628,907 pounds, valued at (3.3 cents per QO@d, Table 64) $20,754, an average
loss in pounds of 20.5 per cent. By a process similar to that employed above, the
losses for the other years were computed as follows:

s ———— k] ) 2 Average loss
Loss, in Price per Monetary | ¢ wei 3
ght in
Year pounds pound ! loss percentage
$0. 03 $26, 074 23.6
.03 39, 987 25.7
.03 39, 540 25.3

1 The financial losses for the years preceding 1920 are computed on the basis of 3 cents per pound; the average for 1920 and 1921

yas 8. conts per DORe 05 ccording fo By Oty e mormen was 3 dfe pril Bunld Woshlly Ssaht bl (S PRSI

Adding together the annual losses computed for .the years 1917 to 1923, inclusive,
we obtain the sum total of 4,450,224 pound§, V‘.Jlth a value to the ﬁshermen1 of
$135,753. 'This total is a rough estimate of the indirect lossqs suffered by the h(.arm}g
industry of Saginaw Bay and is believed to have been occasioned by the pollution in
1915 to 1917 of the Dow chemical works. : : ' |

Not only were the herring indirectly affected by this po}lumon but presumabbr
also the pickerel, perch, suckers, carp, and all the othe}' species of fish that grow in
Saginaw Bay. The total damage done to .these species involved greate‘r financial
losses than those of the herring, for they yield the bulk of the comx_nercml catches
of the bay and possess an average value greater than that o.f the herring. :

1t must now be apparent that the indirect losses occasioned by a serious pollu-
tion may assume enormous proportions, as th.e effects of spch a pollution are spread
over a series of year classes, each one of which at one time or another enters the

commercial cateh and becomes one of its principal components for several con-
secutive years.
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GENERAL SUMMARY

1. This paper is based on a study of the measurements, weights, and structural
features of the scales of 3,724 lake herring (Leucichthys artedi Le Sueur), fishes that
belong to the family Coregonidz; 321 of these specimens were taken by Dr. Walter
Koelz in 1917 and 1919 at various ports on Lake Huron, and 3,403 were taken by
me in 1921, 1922, 1923, and 1924 in the region of Bay City, Mich. (Saginaw Bay),
and Oscoda, Mich., also ports on Lake Huron.

9 The structural features of scales employed for life-history work are well
defined and easily recognized in typical coregonid scales. In this respect these
scales are usable for life-history work.

3. Scales retain their identity throughout the life of the fish. The well-estab-
lished facts in proof of identity are these: (a) That the nuclear area or central part of
the scales of old fish is structurally identical with the scales of young fish; (b) that
regenerated scales, which replace those accidentally lost, have a central portion of
quite a different type from that of normal scales; and (c) that scales increase in
size as long as the fish grows.

4. In lake herring the number of scales in the lateral line is the same for both
sexes of an age group.

5. In lake herring the number of scales in the lateral line is, on the average,
greatest in the large individuals of an age group, due to the fact that these fish were
also the large individuals of their year class at the time of scale formation and more
scales were laid down in the longitudinal rows.

6. In lake herring the number of scales in the lateral line remains constant with
the year classes and with the age groups (ITI and older) studied.

7. An attempt has been made to review all the criticisms that have been directed

'a,ga,inst the age hypothesis and the nature and extent of all the evidences, direct and

indirect, that support or contradict the hypothesis. The review indicates that the
large majority of the experiments on the scales of fishes are fragmentary but favor, as
far as they go, the theory that the annuli on the scales of a fish are a reliable guide to
its age. 'This assumption has not been tested experimentally for the lake herring. I
have tested it, however, by experimentation for the whitefish (Coregonus clupeaformis),
a coregonid closely related to the lake herring. The whitefish employed were reared
in the New York Aquarium and were known to be in their eighth or ninth year of life.
(Van Oosten, 1923.)

3. A review of the most important papers devoted to a study of the body-scale
growth relationship shows that the question of the validity of growth calculations
based on the scales of fishes is still a disputed one. The direct experimental evi-
dences are very fragmentary, but show, as far as they go, that calculated and empirical
measurements of growth agree almost exactly. An attempt has been made to ascer-
tain the exact growth relationship between the scales and the body of the lake herring,
to determine the accuracy of the calculated measurements of growth, and to analyze
the factors involved in the apparent discrepancies in the calculated measurements
of growth.

9. In lake herring scales of the same individual may grow at different rela-
tive rates.
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10. In lake herring the various areas of a single scale may increase in length at
different relative rates.

11. Lake herring scales taken from the same area on the body grow more nearly
at the same rate than those taken from various parts of the body.

12. The body-scale length ratios (K/V) of lake herring of age groups IIT and
older decrease slowly but consistently with each older age group, irrespective of whether
selected corresponding scales (X scales) or unselected scales (non-X scales or those

actually used for the life-history work) are employed. That is, the percentage of-

increase in length with age is greater in the scale than in the body of the herring.

13. The decrease in the body-scale length ratios with age is not due to the age
variations in head length, for the length of the head in proportion to that of the
body remains virtually constant with age in herring 3 years of age and older.

14. The body-scale length ratios (K/V) of juvenile coregonids decrease very
rapidly with age and growth in the first year of life.

15. The scales of lake herring increase in length comparatively faster than the
body until a body length of approximately 260 millimeters (age group VI) is reached,
when the scales increase proportionately more slowly. In early life the scales increase
in length much faster relatively, than the body; in later life (third year and there-
after throughout the sixth year) only a little faster.

16. In both lake herring (Leucichthys artedi) and whitefish (Coregonus clupeafor-
mis) scale formation begins when the fish has attained a length of approximately 35
to 40 millimeters.

17. The diameter of a herring scale increases in length more nearly proportional
to the increase in the length of the body than does the anterior radius.

18. The diameter dimension of the scales of an individual herring varies less
than the anterior radius dimension,

19. In lake herring the computed lengths based on the diameter dimension of
scales are always higher for corresponding years of life than those based on the ante-
rior radius. The difference between the two increases consistently with each earlier
year of life for which calculations are made, so that the maximum average difference
is found in year I.

20. In lake herring the computed lengths based on the diameter measurements
of scales are in general lower than the corresponding lengths obtained from direct
neasurements of fish of the same year class. The differences between the actual
and computed lengths are in general greatest for the early years of life.

21. The length value computed for a particular year of life generally decreases
as the age of the herring whose scales are employed increases. (Lee’s ‘“phenomenon
of apparent change in growth rate”.)

22. The decrease with age in the computed length values of corresponding years
of life (Liee’s “phenomenon’) occurs when the calculated length values of herring of
different age groups and of different year classes are compared.

23. The decrease with age in the computed length values of corresponding years
of life (Lee’s “phenomenon’’) also occurs when the calculated length values of herring
of different age groups but of the same year class are compared.

24. A phenomenon similar to that of Lee occurs when the “annular” scale-diam-
eter measurements of herring qf different age groups but of the same year class are
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compared. The “annular” scale-diameter measurement of a particular year of life
decreases as the age of the herring whose scales are employed increases.

25. The scale (and body) increments of the first and second growth years of a
year class of the lake herring generally decrease as the age of the fish whose scales are
studied increases; but the scale (and body) increment of the third growth year increases
or remains constant with age, while the scale (and body) increments of the fourth and
fifth growth yeavs increase with age.

26, Every factor that could possibly explain conclusions 20 to 25, inclusive, in
the lake hetring was critically considered. It was concluded that these facts may be
interpreted best as the results of the following three natural events in the life history
of the herring: (@) Herring that reach sexual maturity late in life are the more slowly
growing individuals of their year class; (b) sexual maturation usually is accompanied
by a retardation in the growth of body and scale; (¢) a compensation in growth
oceurs in lake herring; that is, herring that grow slowly during the earliest years
of life grow rapidly during the later years of life, and vice versa. According to
this view, then, Lee’s ‘‘phenomenon” is largely a natural event and should
occur to some extent in calculations of growth based on the scales of adult
herring. The disproportionate growth rate of body and scale may be an additional
factor for the “phenomenon” in the computed lengths. It is believed that
late scale formation, which is usually considered to be the cause of Lee’s “phe-
nomenon,”’ is not such a factor, for (a) computations of growth are based on the
assumption that the lengths of the body and scales maintain a fixed relationship
after the first year of life; that the body-scale ratio of a fish at death is the same as
it was at the time of the completion of each annulus on the scale, irrespective of the
actual growth relationship during the first year or during the intervals between the
periods of annuli formation, for lengths are calculated back to' the periods of annuli
formation (p. 320); (b) the rapid proportional increase in the length of the scale during
the first year of life counteracts late scale formation in its effect on the computations
of length (p. 340); (c) late scale formation can not be a factor in the ‘‘phenomenon”’
found in direct measurements of scale diameters (p. 341); (d) corrections for late scale
formation do not eliminate the “phenomenon” from computations of growth; cor-
rected computations of length tend to be too high for the early years of life (p. 339).

27. The life history of the lake herring described in this paper is based on four
large collections made at Bay City, Mich., on Saginaw Bay in the fall of 1921, 1922,
1923, and 1924.

28. No 1-year herring and relatively few 2, 6, 7, or 8 year fish were found in the
commercial herring catches of Saginaw Bay. The 3, 4, and 5 year fish composed
87.2 to 97.4 per cent of the commercial catches. The fourth age group was always
dominant, its individuals comprising 42.8 to 58.3 per cent of the total catch. The
oldest lake herring I have ever seen was in its eleventh year.

29. The percentage of 3-year herring in the commercial catches of Saginaw Bay
increased each year during the period 1921 to 1923, then remained stationary in 1924.
This increase in the number of 3-year fish occurred at the expense of the 5-year fish
mainly, which each year became progressively less abundant.
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30. A year class predominated for one year only in the commercial catches of
the Saginaw Bay lake herring. Each year class dropped off rapidly in the years fol-
lowing the year of its dominance—the fourth.

31. The biological data suggest that commercial fishing for herring is very intense.
The symptoms of heavy fishing are: The paucity of old individuals (28), the shifting
in the age composition of the samples (29), and the one-year dominance of a year class
(30).

32. In lake herring males and females of an age group. grow at the same rate in
all years of life.

33. The sexually mature female herring weigh, on the average, slightly more than
the sexually mature male herring of the same age group.

34. In the Oscoda sample of 1922 the nonspawners of an age group average less
in length than the spawners of that age group.

35. The lake herring grows most rapidly in length during the first two years of
life; nearly 50 per cent of the length reached in the sixth year is completed at the end
of the first growth year. The data indicate that the growth rate of the first year
of life determined largely the size, and indirectly the weight, of most of the individuals
of the commercial catches studied (p. 369). From the point of view of the fisheries, the
growth history of the 1-year fish is of extreme significance. The first prominent
break in the curve of total growth in length occurs in the third year—the year during
which sexual maturity is first attained by many individuals. The lake herring reaches
at the end of the second year nearly 50 per cent of the weight attained in the sixth.

36. From the point of view of the commercial fisheries, it is not profitable to
allow the herring at their present rate of growth to become much older than 3 or 4
years, for the increase in weight in the fourth and fifth years together is less than that
of the third year alone. If the nets are so regulated that they take no fish under 4
years of age (235 millimeters, or 9.3 inches long, measured snout to base of caudal,
and 5.61 ounces in weight), then many herring can spawn twice and a greater number
can spawn once, thus insuring the perpetuation of the species, provided the number
of spawners is not reduced below the number vequired for the maintenance of
the species.

37. In lake herring the big yearlings of a year class are, on the average, the big
fish in all succeeding years of life, but the differences between the small and large
yearlings diminish each year of age—that is, the small yearlings are rapid growers,
the large yearlings slow growers. (Gilbert’s law of growth compensation.)

38. The length-weight relationship of lake herring taken just before spawning
in the fall can be expressed satisfactorily by the formula W=%. L? in which % has a
value of 0.01126.

39. Of the 2,950 lake herring taken in Saginaw Bay 49.5 per cent were males and
50.5 per cent females.

40. The relative abundance of male and female herring varies during the course
of the spawning run. Males are more numerous than females early in the season
but less numerous late in the season.

41. Therelative abundance of male and female herring varies with the age groups.
In general the males become relatively more numerous than the females with each
higher age group. It is believed that this indicates that a bigger percentage of the
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females than of the males of a year class reach sexual maturation for the first time
in the third year—that is, the females mature earlier in life than the males.

42. About 3 per cent of all the herring taken in the samples from Saginaw Bay
were sexually immature or nonspawning fish.

43. The majority of the lake herring attain sexual maturity in the third and
fourth years of life.. Fewer reach it in the fifth year. Very few individuals reach
sexual maturity in their second year. All herring of the sixth and older age groups
are sexually mature.

44. The lake herring taken in 1924 at the same locality in Saginaw Bay but on
different dates show no consistent differences in size, rate of growth, and age com-
position. These facts indicate that the character of the herring stock of one locality
in the bay does not change during the spawning run.

45. The herring population of Saginaw Bay can not, on the basis of growth rate,
be separated into distinct races.

46. Distinct differences exist between the growth rates of the herring of some
localities in Lake Huron. This suggests that there may be distinct races of herring
in Lake Huron and that the migrations of the herring are more or less local.

47. Saginaw Bay produces, so far as known, the most rapidly growing herring in
Lake Huron. Of the various localities in Lake Huron considered, the herring of
Oscoda rank second in rate of growth, those of Alpena, St. Ignace, and Killarney

third, and those of Wiarton fourth. The different growth rates of the herring of

these localities possibly may be correlated with the different conditions of life.

48. The average measured length of the herring schools of Saginaw Bay tended
to increase each year during the period 1921 to 1924.

49. The average measured length and weight of herring of corresponding age
groups increased progressively each year during the period 1921 to 1924.

50. A study of the computed lengths and increments of the Saginaw Bay herring
shows: (a) that in each of the years 1915 to 1918, inclusive, the rate of growth of
herring in the first year of life was the same; (b) that in the year 1919 the growth
rate was increased in herring 1, 2, and 3 years of age; (¢) that neither in 1919 nor
subsequently did the growth rate of fish older than 3 years increase; (d) that the
acceleration of growth rate initiated in 1919 in fish 3 years of age and younger con-
tinued in the years 1920, 1921, and 1922; (e) that in the period 1919 to 1922, inclu-
sive, fish in their first year of life, in general, grew more rapidly each successive year
(during this period there was progressive increase of growth rate in 1-year fish,
although in 1922 the increase was very slight—1 millimeter); (f) that during the
period 1919 to 1923, inclusive, the growth rate of the second and third year fish did
not increase in successive years but remained virtually constant at the increased rate
attained in 1919; (g) that the growth rate for the fourth and later years likewise
tended to remain constant in the years 1919 to 1924, inclusive; (k) that all fish 3 years
of age and younger in general reached progressively greater lengths each successive
year after 1918, while the 4-year fish did likewise after 1919; and (i) that fish older
than 4 years, hatched after 1917 attained greater average lengths at the same age
than those hatched before or in 1917, the fifth age group of year class 1918 excepted.
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51. The low growth rates that prevailed among the herring of Saginaw Bay
during the period 1915 (1916) to 1918 were abnormal; in general, higher rates pre-
vailed before 1915 (1916) and were resumed in 1919.

52. The low growth rates of the Saginaw Bay herring during 1915 (1916) to 1918
were due to some unfavorable local conditions of growth in Saginaw Bay.

53. The growth alteration of the Saginaw Bay herring during the period 1915 to
1922 is explained best as due to the temporary chemical pollution in 1915 to 1917 by
the Dow Chemical Co., of Midland, Mich., by wastes containing dichlorobenzol.
Temperature, light, and fishing intensity as factors of growth do not explain all the
data satisfactorily and therefore do not appear to have been the controlling factors
in the growth of these fish.

54. Rough computations based on growth data and herring statistics show that
the indirect economic losses, due to retardation in growth, in the herring fisheries for
the years 1917 to 1923, inclusive, totaled 4,450,224 pounds, with a value to the
fishermen of $135,753. These indirect losses are believed to have been occasioned
principally by the chemical pollution of 1915 to 1917.

CONCLUSIONS

This study shows that the structural characters of the scales of the coregonoid
fishes of Lake Huron are so clearly recognizable as to permit their use by the scale
method. It shows, further, that the fundamental assumptions underlying the scale
method arve warranted in so far as they apply to the lake herring (Leucichthys arteds
Le Sueur). The scale method is therefore valid when applied in a study of the life
history of the lake herring. The life history of the lake herring that occur in Lake
Huron is described in detail in this paper for the first time.
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