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ANNULUS FORMATION ON THE SCALES OF
CERTAIN MICHIGAN GAME FISHES*

WILLIAM C. BECKMAN

HIS investigation on the annulus formation on the scales of
Michigan game fishes was begun in September, 1938, when the
writer undertook the growth-rate studies for the Institute for Fish-
eries Research of the Michigan Department of Conservation. It
soon hecame apparent that one of the first problems was to delimit
the time or period of year at which the annulus or year mark forms
on the scales of certain of the game fishes of Michigan. The precise
determination of the age of fish collected in spring and early summer
was difficult, and at times impossible, because of the lack of exact
information on the time of annulus formation. On many scales it
was hard to decide whether the marginal area outside the last annulus
represented the new season’s increment or the entire last year’s
growth. If the year mark of the previous winter had already formed,
the age as determined by the number of completed annuli would
be correct, but if the mark had not been completed, the fish would be
one vear older than the age indicated by the number of annuli.

In order to solve this main problem conelusively it was necessary
to demonstrate that the annulus on the scale of the fishes studied
corresponds structurally with the yvear marks which have been found
in various species by other workers, and to secure evidence that the
annulus is formed each vear and only once annually.

It was apparent, also, that the solution of the problem of the time
of annulus formation would contribute in other ways to an under-
standing of fish growth. For instance, evidence would be secured on
the factors responsible for the formation of the annular rings. The
periodic sampling would make it possible to determine at which part
of the growing season the growth is fastest. It would be possible,
also, to trace the course of growth during one season. Furthermore,
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an analysis could be made of possible differences in the growth of
the sexes, and of various age groups and sizes of fish. Although data
were obtained on all these problems, this report is concerned primarily
with the time and cause of annulus formation.

The writer is indebted to the Michigan Department of Conserva-
tion, whose Institute for Fisheries Research furnished all equipment
and expenses for the study as well as financial aid in the form of an
agsistantship on its staff. Acknowledgment is made of the assistance
and direction given during the investigation by Dr. A. S. Hazzard,
director of the Institute. The writer also wishes to thank the various
members of the Institute staff, other employees of the Fish Division
of the Michigan Department of Conservation, and all others who
helped further the investigation. For guidance and valuable advice
throughout the course of graduate study and in carrying out this
investigation he wishes to thank Dr. Carl L. Hubbs, of the Univer-
sity of Michigan. Thanks are also due to Dr. Ralph Hile, of the
United States Fish and Wildlife Service, for his assistance and advice.

SOURCE OF MATERIALS

For the monthly collection of scale samples which comprise the
material used in this investigation eight waters (seven lakes and a
pond; Fig. 1) were selected at the beginning of the work. These
waters were chosen so as to insure a range of samples for several
species from south to north. Collections were made of the species
listed at the following places on the dates given:

Clear Lake, Jackson County (area, 137 acres; maximum depth, 35 feet):?!
January, February, April, June, July, and December, 1939, and May and June,
1940. Game species: yellow perch (Perca flavescens), largemouth bass (Huro

salmoides), bluegill (Lepomis m. macrochirus), pumpkinseed (Lepomis gibbosus),
rock bass (Ambloplites r. rupestris), and black crappie (Pomozxis nigro-maculatus).

Pasinski Pond, Livingston County (area, 4% acres; maximum depth, 5 feet):
September, 1938, April, May, June, July, and September, 1939, and February,
1940. Game species: bluegill.

Budd Lake, Clare County (area, 175 acres; maximum depth, 34 feet):
May, June, and October, 1939, and May and June, 1940. Game species: yellow
perch, largemouth bass, bluegill, pumpkinseed, rock bass, and black crappie.

Round Lake, Emmet County (area, 336 acres; maximum depth, 27 feet):
May, June, and October, 1939, and May and June, 1940. Game species: perch,
largemouth hass, bluegill, pumpkinseed, and rock bass.

! The descriptive statements regarding each lake are taken from the maps
and survey records of the Institute for Fisheries Research.
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Fi1e. 1. Location of the lakes from which the major collections were made and
limits of the three temperature zones into which the state was divided

North Manistique Lake, Luce County (area, 1,722 acres; maximum depth,
50 feet): June, July, September, and October, 1939, and May, June, and July,
1940. Game species: yellow perch, walleye (Stizostedion v. vitrewm), smallmouth
bass (Micropterus d. dolomieu), and rock bass.

Bass Lake, Marquette County (area, 400 acres; maximum depth, 30 feet):
June, July, September, and October, 1939, and May, June, and July, 1940.
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Game species: yellow perch, walleye, smallmouth and largemouth bass, bluegill,
and pumpkinseed.

Crooked Lake, Gogebic County (area, 566 acres; maximum depth, 66 feet):
July, August, September, and October, 1939, and May, June, and July, 1940.
Game species: yellow perch, smallmouth and largemouth bass, bluegill, pumpkin-
seed, and black crappie.

Lake Fannie Hooe, Keweenaw County (area, 231 acres; maximum depth,
48 feet): July, August, September, and October, 1939, and May, June, and
July, 1940. Game species: yellow perch, smallmouth bass, bluegill, and rock bass.

In connection with other investigations for the Institute for
Fisheries Research some data were taken on three additional lakes:
Standard Lake, Cheboygan, Charlevoix, and Otsego counties (area, 32 acres;

maximum depth, 31 feet): May, June, and October, 1939, and May, 1940.
Game species: yellow perch, smallmouth bass, and rock bass.

Ford Lake, Otsego County (area, 12 acres; maximum depth, 39 feet): May,
1939, and May, 1940. Game species: bluegill.

Deep Lake, Oakland County (area, 15 acres; maximum depth, 61 feet):
February, April, May, June, July, and August, 1939, April, May, June, July,
August, and September, 1940, and April, May, June, July, August, and Septem-
ber, 1941. Game species: largemouth bass, bluegill, pumpkinseed, and rock bass.

COLLECTION, PREPARATION, AND EXAMINATION OF SCALE MATERIAL

The collections were made with three to nine gill nets (5 by 125
feet, of five mesh sizes, grading from 1% to 4 inches, stretched meas-
ure), with seines, and with a river fyke net (9 feet long, with 5-foot
wings and made with 2-inch stretched-measure mesh). Rod-and-line
fishing also was employed in the taking of samples.

Length, weight, sex, and state of sexual maturity were recorded,
and scale samples were taken. Both standard length, the length of
the fish from the tip of the snout to the end of the vertebral column,
and total length, the greatest measurable length of the fish, were
recorded to the nearest millimeter. All weights were recorded to the
nearest gram, with the exception of those of a few large fish (walleyes),
which were weighed to the nearest half ounce. )

In the laboratory the scales were prepared in the customary man-
ner and mounted on glass slides in a glycerin-jelly medium. They
were examined on a projection machine similar to the one described
by Van Oosten, Deason, and Jobes (1934). Measurements were
made along the most nearly vertical anterior interradial space. The
positions of the annuli were marked on 1- by 11l-inch taghoard strips.
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Meuasurements in millimeters for computations were taken from these
strips.

The data were tabulated on “* growth-analysis cards” used by the
Institute for Fisheries Research, according to species, date of collec-
tion, sex and age group, and under age group by size.

THE SCALE METHOD

This investigation is designed to render more precise the deter-
mination of the age of fishes by the scale method. The age of the
fish is determined by counting the number of annuli or year marks
on the scale. The general validity of this method has been assumed.
That the annuli on the seales do provide a clue to the fish’s age and
growth has been demonstrated for many species and is now con-
firmed for the material used in the present study.

The structure of the scale and the character of the annulus are
deseribed below.  All the fishes used in the present study have ctenoid
scales, which may be exemplified by a photograph (PL. I, Fig. 1) of
a scale from a bluegill, 4% inches long, caught on June 14, 1939, in
Pasinski Pond, Livingston County. In the center of the scale is a
very small clear area, the focus, which represents the original scale of
the voung fish. Around this center are numerous ridges or circuli,
which represent successive stages in scale growth, though they sel-
dom correspond exactly with the scale margin. The posterior or free
part of the scale bears the ctenii.  On the anterior, concealed, field
are the radiating grooves, known as radii.

As the scale grows, cach circulus is laid down first along the
anterior margin and gradually grows around the scale. A close ex-
amination usually will show several incomplete circuli along the dor-
sal and ventral borders of the scale (left and right in the figure).
During the winter, growth is retarded or ceases entirely, and the
circuli do not grow to completion. With the resumption of rapid
growth in the spring a new circulus is laid down which soon grows
around the entire scale margin, just outside thé incomplete circuli
of the previous growing season, which remain as they were in the
winter. The new eirculus therefore cuts across these incomplete
cireuli, and this “cutting over” is one of the most conspicuous and
trustworthy characteristics of the annulus or year mark.

The eyeloid type of scale lacks ctenii. The circuli usually extend
around the entire scale, although they may be weak or absent on the
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posterior portion. The annulus is formed in the same general man-
ner as on the ctenoid scales, and is recognized by the same criteria.
On examination of the scale (Pl. I, Fig. 2) from an 1l-inch cisco
(Leucichthys arteds), caught on December 1, 1934, in Blind Lake,
Washtenaw County, it will be seen that there is an alternation of
light and dark bands, made up respectively of widely and narrowly
spaced circuli. These bands are usually more pronounced on the
cycloid scales, although some ctenoid scales exhibit them also, and
some scales of either type do not show them.

Early workers treated these distinet zones as summer and winter
bands, but failed to define the incomplete circuli as the chief diagnos-
tie character of the annulus. Hoffbauer (1898, 1900), however, had
described the true character of the annulus, and had offered proof
of its validity as a year mark. Other works of his (1901, 1904, 1905,
1906) provided confirmatory evidence. Masterman (1913) also
pointed out the true nature of the annulus on the salmon scale, as
Hoffbauer had done for the carp. Nevertheless, many workers
(Gilbert, 1922; Snyder, 1923; and others) continued to interpret the
“winter band”’ as the year mark.

The annuli formed on the scales of the game fishes of Michigan
that were studied are of the same character as those described by the
majority of workers.

Reviews of the literature and bibliographies on the scale method
have been given by Thomson (1904), Taylor (1916), Hutton (1921),
Creaser (1926), Mohr (1927, 1930, 1934), Graham (1929), and Van
Oosten (1929).

The assumption that the annulus is a year mark and that but one
annulus forms each year has been and still is under criticism. This
question has been studied in a number of experiments. Hoffbauer
(1898 to 1906), in presenting the major foundation of the method,
followed the growth of carp of known age in a pond for three years,
and made observations concerning the scale characteristics of several
other species (Carassius carassius, Lucioperca sandra, Abramis brama,
Esox lucius, Leuctscus erythrophthalmus, and Leuciscus cephalus). By
laboratory or pond experiments Dahl (1911), Mohr (1916), Van
Oosten (1923), Creaser (1926), and others furnished bhasic informa-
tion on annulus formation. Johnston (1905, 1907) and many later
workers, for example, Hutton (1909, 1910), Gilbert (1913), and
Fraser (1921), tested the theory by tagging experiments.
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in fishes, as in other animalg, appetite waits on digestion, and this is,
on the other hand, correlated with the metabolism in the tissues. It
has been shown by IKrukenberg that the pepsine or analogous hody
in the stomach of fish acts as well at 20° C. as at 40° (., at which,
among mammals, digestion is most active, and that the rapidity of
its action iz closely related to the temperature, and IKnauthe and
Zuntz have shown that the same thing applies to the metabolism
in fish, the vital activities heing more active in the higher tempera-
ture, as shown by the excretion of carbonie acid gas and other prod-
ucts of metabolism.”

Thomson (1904) held that ““the divergence in growth of the scales
during summer and winter is probably due to changes in the general
metabolism of the body, which are in their turn, in all probability,
the result of seasonal variation in temperature and food supply.”

In 1911 Lea stated that there was no close dependence hetween
temperature and growth rate, but that the rate of growth rises as
soon as the temperature begins to rise in the spring.

Cutler (1918) wrote in regard to temperature: “The conclusions
which I draw from the results of thesc experiments on the scale
growth of fish is, that the broad summer bands, which are caused
by the sclerites during the period heing wide, and the narrow winter
bands, produced by narrow sclerites, are due to changes in the tem-
perature of the water in which the animals live. High temperatures,
such as are found in summer months, lead to formation of broad scle-
rites, while narrow ones are called forth by low winter temperatures.”

Van Oosten (1923) stated that “temperature appears to he a
primary factor in the formation of annuli in the adults, but only a
secondary one in the immature fish.”

To determine at just what temperature the annulus forms in
southern Michigan a thermograph was set up at Deep Lake, Oakland
County, on April 22, 1940. It was removed in September and re-
installed on April 18, 1941. The temperature records for the period
during which the annulus formed are summarized in Table I.

The data obtained by means of the thermograph indicate that
annuli are formed in the spring at a fairly definite temperature. In
both 1940 and 1941 no annuli were observed hefore the mean daily
water temperature exceeded 50° F. The mean temperatures of the
days on which the collections first showed annulus formation were
53° F. (May 10) in 1940 and 52° F. (April 22) in 1941. The mean
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Lea (1910), Hjort (1914), and others, in following the dominant
year class through commercial catches for several years, determined
that one additional annulus appeared on the scales of members of
this year class each year. Lea (1911), Fraser (1916, 1917), and others
traced the marginal scale growth throughout the year by periodic
sampling, and thus obtained evidence to show that only one annulus
a year was formed by the species studied.

Contrary evidence also has been gathered which tends to indi-
cate that the determination of the true annuli may not always be a
simple matter. Other marks have been deseribed on scales, which,
though not true annuli, are often mistaken for them. Jacot (1920)
believed that the annulus of the mullet was a migration check.
Spawning marks have been described on many scales (Johnston,
1905; Calderwood, 1911, 1914; Hubbs and Cooper, 1935). Hubbs
(1921) also described a ‘“metamorphic annulus’ on the scales of
viviparous perches (Embiotocidae), brought about by a temporary
retardation of growth at birth, in the summer. Bennett, Thompson,
and Parr (1940) observed that several annuli may form in one season
on the scales of a certain percentage of bluegills and largemouth bass
in Illinois. Further discussion of this subject will be made in later
sections.

FACTORS OF ANNULUS FORMATION

The formation of the annulus is obviously dependent upon the
retardation or cessation of growth, followed by a resumption of
growth. As Van Oosten (1923) pointed out, growth of the body and
scale is closely correlated, and any factor affecting the growth rate
of the body may be of primary significance in the formation of the
annulus. The problem, then, is largely one of determining the fac-
tors that are responsible for the seasonal growth rhythm of the fish.

Temperature

Many authors have held that temperature is the most important
factor in the formation of the annulus. The views of Fulton (1904)
are as follows: ‘“Temperature is active in modifying the rate of
growth by acting directly upon the metabolism of the fish and also
by affecting the rapidity of digestion. In very cold water the fishes
give up feeding altogether, because the ferments upon which diges-
tion depends do not act, or act very slowly, at low temperatures, and
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TeMPERATURE REcOrRD For DEEP LARKE puriNg PErion or
ANNCLU= Forsariox
The thermocouple wax located on a shaded aren of sandy <hoal, on bottom ut

depth of 18 inches. The dates of annulus formation were May 8-20 in 1940
and April 22-NMuy 5 in 1941,

(Centigrade in parentheses:

Week ‘ __
Mean minimum - Mean Meun maximum
April 28-May 4, 1940 .. .. 120,60 - 45720 1 4994
Muy 5-11, 1940 ... ... ... C 499D Loa2(0L 56(13.3)
May 12-18, 1940 . ... .. .. i 52 (11.1} " A5 (12.8) 59 (15.00
Mayv 19-25, 19040 ... . 53 (11.7) AT (13.9) (}9(15.6)
April 21-27, 1041 ... .. 18(8.9) C 51305 51(12.2)
April 28-Nay 4, 1941 .. .. 56 (13.3) | 60(15.6) | 64 (17.8)

May 5-11. 1041 ... ... L 55(12.8) 59(15.00 | 62(16.7)
May 12-18, 1941 Co55(128) 15001500 | 62(16.7)

temperatures of the first days on which a majority of the fish in the
colleetions had formed annuli were 58° F. in both 1940 (May 13) and
1941 (April 28). It should be noticed particularly that the annuli
were completed approximately two weeks carlier in 1941 than in
1940, but that the temperatures at the time of annulus formation
were almost exactly the same in the two years.

Markus (1932) determined that largemouth bass did not feed
readily at 10° (1. (30° I.) and that at 4° . (39° F.) none took food
voluntarily.  From his experiments Hathaway (1927) rcached the
following eonclusions in regard to bluegill, pumpkinsced, and large-
mouth bass: “When fishes were tested at 20° [68° F. ] and then trans-
ferred to 10° the food consumption the first week at 10° was, on the
average, about one-third of what it had been at the higher tempera-
ture. ... During the =ccond, third, and fourth wecks at 10° there
was, in several cases, a further decline, the average food eaten per
dayv for the fourth week amounting to 27 per cent of what it had
heen at 20°."

A rough correlation was found between mean monthly air tem-
peratures (dravwn from reeords of the United States Weather Bureau)
and the time of annulus formation.  This point will be dizeussed in
the zeetion on “ Time of Annulus Formation.”
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Temperatures higher than the optimum for the species also tend
to retard or stop growth. Audigé (1921) ascertained that certain
temperate-zone fishes (Cyprinus carpio, Carassins auratus, and Scar-
dintus erythrophthalmus) grew irregularly, with frequent checks, when
held in water at 24-25° C. (75-77° F.) and that thesc checks were
more pronounced at temperatures hetween 30° (86° F.) and 31° C.
(87.8°F.). Similarly, it is known that the scales of tropical marine
fishes often show annulus-like marks far too numerous to represent
years. It is possible that the several annulus-like marks which
formed in one year on the scales of some of the bluegills and large-
mouth bass in Fork Lake, Illinois (Bennett, Thompson, and Puarr,
1940), were induced by the high summer temperatures, which led to a
temporary cessation in growth. The weekly average water tem-
peratures listed by these authors for the depth of three feet reached
85° I, (29° C.) for one week and remained over 75° If. (24° C.) for
sixteen wecks from May 22 to September 18, 1939, with the exception
of one week beginning June 12, when the mean temperature was
74°F. (23°C.). A collection made the following week (beginning
June 19) exhibited the first accessory mark. Thus age determine-
tions may be unreliable in shallow lakes where very high water tem-
peratures occur over considerable periods.

Spawning

Spawning appears to have little effect on the time of annulus
formation. The yellow perch spawn in early spring, but they form
their annuli at about the same time as the late spawners. Johnston
(1905, 1907), Taylor (1916), Morosov (1924), ITubbs and Cooper
(1935), and others record that spawning marks, distinet from true
annuli, are formed on scales. Many of the scales examined in this
study exhibited accessory checks, which may be interpreted as
spawning marks. These structures are most distinet on the anterior
field. Further investigation is being carried on in an effort to deter-
mine the exact nature of these marks.

Food

Food has been considered of chief importance as a factor in an-
nulus formation by Hoffbauer (1898, 1900), Thomson (1904), Fraser
(1917), and Bhatia (1931). Van Oosten (1923), however, stated that
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food ix only u =econdary factor in adults, hut may be a primary factor
i immature fish.

The author does not believe that food is often the primary factor.
Tt has heen shown by zeveral workers (zee dizeussion under “Tem-
perature’) that fish eat very little or no food at low temperatures,
even when the supply is abundant. Tt would seem that temperature
is more important than food as a factor directly controlling growth.

To be sure, if food is lacking, high temperaturves would hardly be
expeeted to induce the resumption of growth, which is essential in
annulus formation.  According to Hansen (1937), under certain con-
ditionz of mulnutrition the white crappie (Pomoxis annidaris), in
Tllinois, forms an absorption annulus that resembles the spawning
mark which develops on the scales of salmon when they are spawn-
ing hut not feeding. If the absorption of the scale can be taken as an
indication of starvation, as Hansen suggested, the late formation of
the annulus, found in these fish by Hansen, may well be attributed
to a lack of food and a consequently long delay in the resumption of
growth. This situation, however, is probably exceptional. The
writer did not find any annuli of this absorption type on any of
the thousands of scale samples of Michigan fishes.

Tt is pos<ible ulso that the metamorphic or “natal’ annulus of the
Embiotoeidae (Hubbs, 1921) is formed on a nutritional basis, for at
birth the embryonic food supply is cut off, and retardation or even a
temporary stoppage of growth may ensue before the young fish be-
come adapted to the capture of the new type of food.

As Creaser (1926) emphasized, cessation and resumption of
erowth are the immediate factors involved in the formation of the
annulus. Obviously, food ean he a primary factor in annulus forma-
tion under those conditions in which these changes in growth are
primarily determined by the supply of foord organisms available.

TIMLE OF ANNTULUS FORMATION

Few references to the time of annulus formation were made by the
carlier workers on the age and growth of fishes. For the most part
they were content to call the annulus the “winter mark’ and ap-
parently gave little consideration to the time of yvear at which the
mark Jormed. A few men, however, direetly or indirectly contributed
dita on this point.

Jolinston <1905 fonnd that the growth had begun at the end of
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April on the seales of the salmon (Salmo salar) from the River
Tay.

TFor the cel Gemzoe (1908) stated: “The growth of the scales
hegins in June, or, as a rule, first in July, and is ended at the end of
September — sometimes (as in the silver eel) the growth ends some-
what carlier, seldom later.”

The vear mark was on the edge of the scales of the salmon taken
in Ireland during January, February, and Mareh, after which it was
found within the edge in an increasing percentage. In May, June,
and July collections from Norway the scales had the mark inside
the edge in an increasing percentage, although some individual vari-
ation occurred (Dahl, 1911).

Lea (1911) showed that many of the herring scales collected on
April 5-7 from waters near Bergen, Norway, had a small amount of
new growth, whereas others taken at the same time did not. The
fish of a sample taken on April 23 had formed new growth on the scales.
Concerning Canadian collections, Lea subscquently stated (1919):
“These later samples give a more definite idea as to the time when
summer growth of the vounger herring in these waters [off Prince
Edward Island] begins, as in one of the samples (carly June) the fish
had not commenced their growth, while the remaining samples re-
vealed a distinet new summer belt on the scales.

“An interesting feature in connection with these fish is the fact
that summer growth commences so late.  Off the coast of Norway,
the new summer growth commences in April; but far up in the Baltie,
near the coast of Finland, similar conditions are observed. Helle-
vaara . . ., who has investigated the herring of these waters, oh-
serves in this connection: ‘ Not until the 27th of June did 1 observe
that the scales had begun to grow on the young fish 1 or 2 years old;
but not on those which had reached maturity.””’

Sund (1911) found the loeation of the winter ring to be at the
edge of the scales of the sprat (Clupea spratius) taken in April, a
short distance inside the margin in those collected in May, and again
on the margin in a December sample. (It is doubtful, however, if
the new annulus had formed in December).

In River Wye salmon Masterman (1913) discovered a marginal
growth band of inereasing width from April to September, but not
in those taken in November and December.

The vear mark is formed on the scales of the squeteague
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(Cynoscion regalis) and pighizh (Orthopristis chrysopterus) in May or
June (Tuylor, 1916).

Fraser (1917) thus sum= up hiz investigation: “In all =cales of
salmon [Oncorhynchus tsehawytseha] caught from January 6 to March
17, there was indication of the check in growth at the margin. On
the other hand, with but few exceptions, no =cales obtained after
April 22, and before November 27, had indication of retardation at
the margin.  From Mareh 17 to April 22, and from November 27 to
January 5. =ome show retardation at the margin while others do not,
this being true even in specimens caught the =ame day.”™ The author
obviously did not distinguizh the “dark band’™ of narrowed eirculi
from the true annulus. For the chinook salmon of the Columbia
and Sacramento rivers Rich (1920) stated that growth ix practically
negligible from November to March, but more rapid growth is ap-
parently resumed in April and May.

Tor the herring from the English Channel Hodgson (1925) showed
that: “(1). The scales of English herring begin to grow during April
and cease to grow in September, irrespective of their geographie
position; (2). Younger fish have a longer growing period than older
ones; (3). The older fish have a tendeney to begin growth later than
the younger fish.” In Norwegian waters the scales of the herring
had begun their growth in May (Lissner, 1925). In the haddock of
Scottish waters Thompson (1926) found that the vear mark always
formed in March.

In 1941 JMerriman stated: “Actually for the striped bass, the
annulus does not appear in winter, and only becomes evident by
April or May.”

The papers mentioned ahove deal chiefly with ocean or river-run
fish. Literature dealing with the time of annulus formation in fresh-
water fishes is also scanty.  The following workers, however, have

.

presented some data on the subject.

Van Oosten (1923) states that for the whitefish “the marginal
growth 18 resumed sometime in April (or March?).”” Creaser (1926)
observed that “At Douglas Lake, Michigan, an investigation of the
scales of many of the fishes showed that in June an annulus had only
recently been formed.”

For the bully (Gobiomorphus gobiodes) in the Lower Selwyn River,
South Island, New Zealand, Parrott 11934a) wrote: It =hould be
noticed that the summer annuli [wide circuli] are principally formed
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during October, November, and December, while the winter annuli
[narrow circuli] are formed principally during March, April, and
May. There is, generally speaking, no growth in the scale during
June, July, August, and September.” He stated, further (1934b),
that in the brown trout (Salmo trutta) the summer bands begins to
develop in September and that by the end of October the majority
show summer growth.

On the contrary, Hansen (1937) found that the annuli are formed
over a long period in certain waters of Illinois. “In 1935 it was May,
June, and July; in 1936, May, June, and possibly July.”

According to Eschmeyer (1939), “Annulus formation in some of
these immature fish [largemouth bass of Norris Rescrvoir, Tennessce ]
therefore extended over a long period, for a few had formed an an-
nulus early in May and others had not begun growth by June 1,
assuming that initial growth is reflected on the scale. . . . Two
walleyes, taken late in March, had formed no annulus; 21 taken in
late May and early June had made some growth; one caught in late
May had not yet formed an annulus.” In further studies on fish of
the Norris Reservoir Jones (1941) determined that the growing season
for the smallmouth and largemouth bass beging in June and cnds
early in October or late in September.

In a study mentioned on page 290 Bennett, Thompson, and Parr
(1940) recorded the following ohservations: “Some of the yearling
bluegills had formed annuli on their scales hefore April 18, and all
of them had formed annuli by the end of May. Ilost breeder blue-
gills began annulus formation later than the yearlings, and did not
complete this formation until October.  Annulus formation in the
bass extended from mid-April to late September.”

For the white perch (Morone americana) Cooper (1941) stated
that the growing scason in Maine in 1940 extended from about the
first or the second weck in July through August and possibly through
part of September.

Hile (1941) discarded a collection of old rock bass captured in
Nebish Lake, Wisconsin, on July 5 and 6, 1930, hecause of his in-
ability to decide whether certain individuals had formed the 1930
annulus.  Annulus formation had been completed in the yvounger
rock bass of a colleetion made July 1 and 2, 1932, in the neighboring
Muskellunge Lake, but individuals of the samc collection older than
six years rarely exhibited a completed year mark.
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The time of vear at which the annulus forms in Michigan iz dis-
tinctly carlier in the <outhern than in the northern part of the state.
The extent of the difference 15 shown in Table TI, where it may be
seen that the vear mark was formed and =ome marginal growth was
evident on the seales of the fishes taken in the southern one third of the
Lower Peninsula on May 17-20, 1940, whereas the sceales of fish eol-
lected in the Upper Peninsula on Mayv 22 had not vet begun to grow.

The statements of the following paragraphs in regard to the time
of annulus formation in the different lakes apply to all species in each
lake.  (T'or details concerning species and the numbers in the col-
lections sce Appendix.) The lakes will be considered in the order
in which they appear in Table II, with the exception of Pazinski
Pond. The materials from this pond are of such a nature as to re-
quire a special discussion.

On some of the scales obtained from C(lear Lake (Zone 1) on
April 28, 1939, there was an annulus on the cdge, and others had a
trace of this mark. All those secured on June 1, 1939, when the lake
was next fished, exhibited a completed annulus and a margin of new
growth. The marginal annulus had formed on some of the scales
taken on May 7, 1940, whereas on others there was only a trace or no
indication at all of the year mark. The scales next collected here, on
June 6, all showed an annulus well inside a margin of growth.

Data pertinent to the problem of the time of formation of the year
mark were collected in Deep Lake {Zone 1) in conneetion with other
investigations during 1939, and a special effort was made in 1940
and 1941 to take scale samples at frequent intervals.  Certain aspects
of these data have heen discussed carlier (p. 291), in connection with
the study of the factors of annulus formation.

None of the scales had a completed annulus in the first spring
collection of April 27, 1939, although a few showed the beginning
of one. There was no annulus on the scales taken on April 29. The
next collection was made on May 17, at which time an annulus and
a narrow hand of growth were found on cach scale.

In 1940 collections were begun on April 24, Samples taken then
and on Apri] 25, 29, 30, May 2, and May 8 had no annulus. On May
10 a few of the scales exhibited an annulus. On May 13-14 all but
six of the ramples had the year mark at the margin.  Collections of
May 20-22 <howed the annnlus within a narrow but dixtinet margin
of growth.,



TABLE 1I

TiME OF ANNULUS FORMATION ON THE SCALES OF GAME FrsHEs IN MICHIGAN

(See Appendix for details concerning the collections on which this table was based.)

Dates when no scales
had formed a marginal

Dates when some scales
had formed a marginal

Dates when all scales
had formed a marginal

annulus annulus annulus
Year | Zone Lake Number of
. Number of i specimens . Number of
Date specimens Date Date specimens
with without
1939 1 Clear ........ Jan. 19 2 April 28 7 6 June 1 59
Feb. 25, 28 15 o S .. July 15 32
Deec. 31 14
Pasinski Pond April 18 46 April 29 38
April 23 152 May 28 69
June 14-Oct. 12 327
Deep ........ Febh. 2 2 May 17 38
April 27 8 May 19-31 56
April 29 5 o June 2-Aug. 4 169
2 Budd ........ May 17 59 14 June 19 175
Oct. 28 17
Round . ..... May 25 15
June 24 77
Oct. 20 7
3 North Manis- June 26 76
tique . ..... July 28 111
Sept. 7 21
Oct. 21 15
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The 1941 collections were begun on April 22, on which date only
one bluegill revealed a marginal annulus. On April 24, 26, and 28,
and May 1 and 3 increasing percentages of the scales had a marginal
annulus.  After May 3 all samples bore a marginal annulus with
some growth beyond the annulus.

The annulus was just inside the edge on the majority of the scales
of fish taken from Budd Lake (Zone 2), May 17-18, 1939, but only
a few of those caught on May 17, 1940, had an annulus. All scales
collected on June 19, 1939 and 1940, showed an annulus with a mar-
ginal growth.

On the scales secured in Round Lake (Zone 2) on May 26-28,
1939, the annulus was just inside the margin. In the next collection,
made on June 21-23, an annulus was present within a wide band of
growth on all fish. In 1940, scales collected on May 20 had no an-
nulus, but all of those taken on June 19 exhibited an annulus inside
the scale margin.

The annulus was on the edge of some scales collected in North
Manistique Lake (Zone 3) on June 25, 1939, and a few scales had a
slight marginal growth. In 1940 a collection made here on May 22
gave no indication that an annulus had been laid down. On June 24,
when the next sample was obtained, the annulus had been formed
on all specimens, with a slight marginal growth on some.

In Bass Lake (Zone 3) the annulus was obvious on all specimens
when a collection was made on June 25, 1939. All scales taken on
July 28-29 showed a band of marginal growth that was distinctly
wider than that on the scales of the previous collection. In 1940
a sample was taken on May 24, at which time no annulus was ap-
parent.  When the next collection was made, on June 25, the annulus
had formed on all scales.

Collections were made on July 1-3, 1939, in Crooked Lake (Zone
3). The annulus was to be seen on the edge of the scales. In 1940 a
collection made in May showed no annulus present. All scales col-
leeted on June 26, 1940, had an annulus near the edge.

On the scale samples secured from Lake Fannie Hooe (Zone 3) on
July 4-6, 1939, the annulus was just inside the edge of all except a
few, which had a fair amount of marginal growth. No annulus was
present on any of the scales collected on May 27-28, 1940. The next
collection, taken on June 27-28, showed an annulus near the edge of
all scales.
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Additional scattered material was obtained through samples of
scales taken in the springs of 1939 and 1940 from other lakes that
were visited during the investigation of other problems. Others were
obtained from Standard Lake (Zone 2) during May and June, 1939,
and from Ford Lake (Zone 2) in May, 1939, and May, 1940. Samples
were kept from fish caught in June, 1940, during a survey of certain
lakes in Menominee County (Zone 3). In all these samples the in-
dicated time of annulus formation agreed with the findings for the
selected lakes in the same region.

The data on the bluegills of Pasinski Pond not only provide in-
formation concerning the time of annulus formation hut also vield
strong evidence in support of the belief that only onc annulus is
formed each year. The annulus formed on the scales of blucgills
(the only game fish present) in the pond (Zone 1) hetween April 23
and 29, 1939. None of the scales collected on April 23 had a marginal
annulus, but the year mark was evident on the scales of all fish taken
on April 29. It was impossible to continue the observations here
beyond the growing season of 1939 hecause this pond suffered a com-
plete winterkill in February, 1940. This event was particularly
unfortunate since the fish were of known age and many had been
jaw-tagged.

The second-year growth of these fish (all known to be yearlings)
up to different times of capture in the growing season is described as
the percentages of the average ‘“expected” growth for the cntire
growing season of 1939. This average full-season growth, derived
from the mecasurements of the scales of 164 bluegills taken at the
time of the winterkill is indicated by the heavy vertical line on the
graph (Fig. 2). The range of length and the number of specimens
on which each percentage is based are shown by the frequency
curves. The mean growth of each collection is represented by a
broken vertical line.

It will be seen that on April 23 no fish had an annulus, but an
annulus with a small amount of marginal growth was present in all
specimens in the collection of April 29. A steady increase in the per-
centage of the annual growth completed occurred in the succeeding
collections. Though the range of variation increased somewhat dur-
ing the season, none of the fish taken in May, June, or July had the
annulus sufficiently close to the margin to indicate recent formation.
By July approximately 85 per cent of the “expected’” growth for
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F16. 2. Percentage of “expected” annual scale growth completed on different
dates by yearling bluegills from Pasinski Pond in 1939. Number of speci-
mens in parentheses. Heavy solid line indicates the mean of the full year's
growth. IDroken lines indicate the means of the individual collections
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the season had bcen completed. In October a small collection
showed that 96 per cent of the “expected” growth had been attained.
When the fish were killed in February, 1940, they had not vet formed
the second annulus, but undoubtedly would have completed this
structure in the spring had theyv lived.

The relatively small variation in the amount of the marginal
growth on the scales of the Pasinski Pond bluegills caught on the
same date and the increase of this growth during the summer are
illustrated by the photographs in Plates TI-1V, The scales that are
pictured were taken at random from the collections of the dates
listed.

The data for other waters as well as for Pasinski Pond indicate
uniformly that only one annulus is formed each vear. For a number
of species and in several lakes the relative amounts of the annual
scale growth outside the marginal annulus were calculated for each
date of sampling. Table 11T shows the typical results of the calcula-
tions. The amount of growth at any date is given as the percentage
of the “expected’”’ full-season growth for fish in that particular vear
of life. The “expected’” annual seale growth was determined as the
mean of the full-season increments of the seale for cach vear of life
for all speciniens that had survived beyvond that year. For example,
the average scale growth for the first vear of life was based on the
growth made in that vear by all fish in the collection one vear old
and older, and that for the second year was based on all fish two
vears old and older, and so on. The percentage of scale growth
completed at the time of capture was obtained by dividing the average
growth outside the annulus by the average full-season growth ex-
pected for fish in the same vear of life. The table shows that the
annulus formed between certain dates and that in successive col-
lections lay farther and farther within the scale margin. It may he
seen also from Table 11T that in Deep Lake, as in Pasinski Pond, all
annuli were completed within a very short period. It is believed
that the annulus forms rapidly in all lakes.

The time of annulus formation is correlated roughly with the
mean monthly air temperatures. At comparable dates the springs
of 1939 and 1941 were warmer than the spring of 1940, and the an-
nulus formed earlier in 1939 and 1941 than in 1940. Since water
temperature and air temperature are correlated rather closely, it is
to be expected that the water would become warmer earlier in a warm
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TABLE III

ScaLe GrowTH OUTSIDE MARGINAL ANNULUS, AS THE PERCENTAGE
or THE EXPECTED ToraL GrowTH ror THE (GIVEN YEAR

The average expected scale growth for a particular year of life was based
on average measurements of the scale growth of all fish that had completed that
vear of life. The data are based on collections from Deep Lake.

Age grou
Species and date ge gromp
I 11 111 v A% VI |VII
Bluegill
February 4, 1939 ... .. .. . Ce . .. 0(2)
April 27,29 ... ...... .. [ R I I\ Yo R 1) R I
May 17,19, 21,27 ...... o 1720 (25)] 33 (14)]44 (1)) .
June 5, 8, 13, 20, 28 ... .. ... 125(1) | 85(17)138(27)] 40(9) | ...
July 2, 5,7, 13, 24, 26 ... || 44 (2)|47 (15)| 57(10)}51 (17)] 61 (3)
August 2,4 ............ ... [78(1) | 78(8) {64 (6) .
April 29,1940 . ......... S . 0() S
May 2,8 ............... o . 0(4) | 0(3)
May 10 ..o . lo@ [*08@) 0@ | ... | ... 1.
May 13, 14............. o s 76) | 13(7) [126)]0(1)
May 20,22, 27 ......... b 1) | 2405) 35(3) ...
June 14 ................ 115(2)187(5) | 30(12)]32(2) |44(1) | ... |...
Pumpkinseed

April 27,1939 . ... . ..... U IRV U R B Y6
May 17,21,27 ......... L. ] 27 (20)
June 5, 8, 13, 20, 28 .. ... U U R B - 300!
July 2,12, 18,24 ....... || 62(3)[51 (10) 50(2) [62(5) |103(2)
August 2 ............... L | T7(2)
April 25,29,30,1940 ... || ... | ... | o™ |0o®G) | o@ |o@|...
May 2,8 ..o - - 0(6) | 0(4) | 09 | 0M®O)
May 10 ................ *1(2) |*3(2) .0
May 13,14 ............. ... | *10(7) (18(H) 4(1)
May 20, 22,27 ......... . .| 27(2) 134(4) | 36(3)
June 14 ................ L. 138(2) | 49(15)|54(1) o

* Some with or without growth

spring than in a cold one. When the lakes of the southern part of the
Lower Peninsula have become sufficiently warm to permit the re-
sumption of fish growth, the lakes in the Upper Peninsula are barely
ice-free.  As the temperatures gradually increase in the north,
growth of the fish in these lakes is finally vesumed, with the resultant
annulus formation. Since the local temperature conditions vary
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considerably from vear to vear, and since the isotherms form irregular
patterns, it was found impracticable to delimit on the bhasis of iso-
therms the zones or sections which are needed for a further analysis
of the variations throughout the state in the time of annulus forma-
tion. The lines of separation of three general areas or zones were set
somewhat arbitrarily as Town Line 10 North and the Straits of
Mackinac. Zone 1 extends from the southern boundary of the state
north to Town Line 10; Zone 2 covers the Lower Peninsula north of
this line; and Zone 3 comprises the entire Upper Peninsula (Fig. 1).
Tt must be remembered that the temperatures decrease gradually
toward the north, and it has been found that the time of annulus
formation shows a similar gradient, without the abrupt discon-
tinuities that zones are likely to suggest.

It is estimated that in an “average’ year the annulus 1s usually
completed in Zone 1, the southern one third of the Lower Peninsula,
by the middle of May; in Zone 2, the northern two thirds of the
Lower Peninsula, by the first part of June; and in Zone 3, the Upper
Peninsula, by the end of June. The date of actual completion will
vary somewhat according to temperature conditions in different
localities and in different years.

SUMMARY

1. The investigation of annulus formation on the scales of some
of the game fishes of Michigan was begun in 1939 under the sponsor-
ship of the Michigan Institute for Fisheries Research.

2. Scale samples were collected at regular intervals from seven
lakes and a pond; additional samples were taken from other lakes in
connection with other investigations.

3. Temperature appears to be the primary factor in annulus
formation.

4. Spawning was found to have little or no effect on the time of
annulus formation.

5. Food is ordinarily of secondary importance as a factor in the
time of annulus formation. A severe scarcity of food, or an abrupt
change in the availability of food, may make it a primary factor.

6. The mean temperatures of the days on which the scales in the
collections first showed annuli were 53° F. in 1940 and 52° F. in 1941.
The mean temperatures of the first days on which the majority of the
scale samples showed an annulus were 58° F. in both 1940 and 1941.
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7. The annulus formed ecarlier in 1939 and 1941 than in 1940.
The earlier formation in 1939 and 1941 was correlated with the higher
temperatures at corresponding dates in those two vears.

8. The time of annulus formation was progressively later from
the southern part of Michigan to the northern part.

9. The state was divided arbitrarily into three zones: Zone 1,
roughly the southern one third of the Lower Peninsula; Zone 2, the
northern two thirds of the Lower Peninsula; and Zone 3, the Upper
Peninsula. In all but exceptionally cold vears the formation of the
annulus may be expected to be completed in Zone 1 by the middle
of May; in Zone 2, by the first part of June; and in Zone 3, by the
end of June. Annual fluctuations in temperature may bring about
some variation in the date of formation of the year mark.

InsTITUTE FOR FIsSHERIES RESEARCH

Uxiversiry oF Micricany MUSEUMS ANNEX
AXN ARBOR, MicHigaN

APPENDIX

DeraiLep DaTta oN THE TIME ofF ANNULUS FORMATION ON THE
Scarles oF MicuicaNn Game FisHes

The data of Table III on the time of annulus formation on the
scales of Michigan game fishes are not presented by species. The fol-
lowing data show definitely that the different species formed the
vear mark simultaneously as they started to grow in the spring.

CLEAR LAKE, JACKSON COUNTY
Data for 1939

Annulus not yet formed at the margin:
January 19: 2 black crappies
February 25, 28: 15 bluegills
Marginal annulus formed in some specimens:
April 28: 6 perch with annuli, 2 without; 2 bluegills without; 1 rock bass
without; 1 black crappie with, 1 without
Annulus formed on all scales:
June 1: 12 perch, 6 largemouth bass, 19 bluegills, 2 rock bass, 16 pumpkin-
seeds, 4 black crappies
July 15: 6 perch, 5 largemouth bass, 13 bluegills, 8 pumpkinseeds
December 31: 6 bluegills, 8 black crappies
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Data for 1940

Marginal annulus formed in some specimens:

May 7: 3 largemouth bass without annuli; 2 bluegills with, 22 without; 10
pumpkinseeds with, 4 without; 1 green sunfish X bluegill with, 2 with-
out

Annulus formed on all scales:

June 6: 17 perch, 6 largemouth bass, 9 bluegills, 9 rock bass, 6 pumpkinseeds,

4 black erappies, 2 green sunfish

BUDD LAKE, CLARE COUNTY
Data for 1939

Marginal annulus formed in some specimens:

May 17: 21 perch with annuli, 9 without; 24 bluegills with; 5 pumpkinseeds
with, 4 without; 3 largemouth bass with, 1 without; 2 rock bass with;
1 black crappie with; 3 pumpkinseed X green sunfish with

Annulus formed on all scales:

June 19: 52 perch, 29 bluegills, 70 punipkinseeds, 13 largemouth bass, 1 green
sunfish, 4 rock bass, 3 black crappies, 2 bluegill X pumpkinseed, 1 pump-
kinseed X green sunfish

October 28: 1 perch, 3 bluegills, 6 pumpkinseeds, 2 largemouth bass, 5 rock
bass

Data for 1940

Marginal annulus formed in some specimens:

May 17: 7 perch with annuli, 20 without; 1 bluegill with, 31 without; 3 pump-
kinseeds with, 5 without; 6 largemouth bass without; 1 green sunfish
without; 9 rock bass with, 10 without; 2 black crappies without; 5 pump-
kinseed X green sunfish without

Annulus formed on all scales:

June 19: 14 perch, 16 bluegills, 15 pumpkinseeds, 8 largemouth bass, 1 green

sunfish, 3 rock bass

ROUND LAKE, EMMET COUNTY
Data for 1939

Annulus formed on all scales:
May 25:. 10 pumpkinseeds, 5 rock bass
June 24: 25 pumpkinseeds, 19 bluegills, 21 perch, 12 rock bass
October 20: 1 pumpkinseed, 3 bluegills, 2 rock bass, 1 largeinouth bass

Data for 1940

Annulus not yet formed at margin:
May 20: 6 pumpkinseeds, 4 rock bass, 3 largemouth bass
Annulus formed on all scales:
June 21: 22 pumpkinseeds, 18 bluegills, 2 perch, 7 rock bass, 1 largemouth bass
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NORTH MANISTIQUE LAKE, LUCE COUNTY
Data for 1939

Annulus formed on all scales:
June 26: 32 rock bass, 27 perch, 9 walleyes, 8 smallmouth bass
July 28: 43 rock bass, 61 perch, 6 walleyes, 1 smallmouth bass
September 7: 5 rock bass, 8 perch, 8 walleyes
October 21: 2 rock bass, 7 perch, 6 walleyes

Data for 1940

Annulus not yet formed at margin:
May 23: 28 rock bass, 18 perch, 7 walleyes
Annulus formed on all scales:
June 24: 8 rock bass, 16 perch, 4 walleyes
July 21: 16 rock bass, 21 perch, 6 walleyes, 6 smallmouth bass

BASS LAKE, MARQUETTE COUNTY
Data for 1939

Annulus formed on all scales:
June 25: 14 pumpkinseeds, 2 pumpkinseed X bluegill
July 4: 8 bluegills, 16 pumpkinseeds, 1 perch
July 29: 41 bluegills, 19 pumpkinseeds, 6 perch, 3 walleyes, 3 largemouth bass
September 15: 3 bluegills, 1 pumpkinseed, 2 walleyes
October 22: 8 bluegills, 6 perch, 1 largemouth bass, 1 smallmouth bass

Data for 1940

Annulus not yet formed at margin:
May 24: 17 bluegills, 10 pumpkinseeds, 4 perch, 1 walleye, 3 largemouth bass,
1 smallmouth bass
Annulus formed on all scales:
June 25: 10 bluegills, 7 pumpkinseeds, 5 perch, 6 walleyes, 1 largemouth bass
July 24: 30 bluegills, 7 pumpkinseeds, 18 perch, 2 walleyes, 1 largemouth
bass, 1 smallmouth bass

CROOKED LAKE, GOGEBIC COUNTY
Data for 1939

Annulus formed on all scales:

July 3: 32 perch, 11 bluegills, 9 smallmouth bass, 5 largemouth bass, 2 black
crappies, 9 pumpkinseeds

July 31: 16 perch, 4 bluegills, 9 smallmouth bass, 6 largemouth bass, 1 black
crappie, 2 pumpkinseeds

August 26: 54 perch, 8 bluegills, 1 smallmouth bass, 6 largemouth bass, 1 black
crappie

October 23: 9 perch, 2 bluegills, 2 smallmouth bass, 1 pumpkinseed
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Data for 1940

Annulus not yet formed at margin:

May 26: 22 perch. 1 bluegill, 1 smallmouth bass, 6 black crappies
Annulus formed on all scales:

June 27: 15 perch, 2 bluegills

July 27: 38 perch, 6 bluegills, 3 largemouth bass, 2 bluck crappies

LAKE FAXNNIE IIOOE, KEWEENAW COUNTY
Data for 1939

Annulus formed on all scales:
July 4-6: 19 rock bass, 8 perch. 3 smallmouth bass, 1 bluegill
August 2-4: 21 rock bass, 27 perch
August 30: 4 rock bass, 7 perch
October 24: 1 rock bass, 1 perch

Data for 1940

Annulus not yet formed at margin:

May 27-28: 4 rock bass, 7 perch, 1 bluegill
Annulus formed on all scales:

June 27: 10 rock bass, 8 perch

July 27-29: 19 rock bass, 20 perch

DEIP LAKE, OAKLAND COUNTY
Data for 1939

Annulus not yet formed on margin:
February 2: 2 bluegills
April 27: 3 rock bass, 1 pumpkinseed, 2 bluegills
April 29: 5 bluegills
Annulus formed on all scales:
May 17: 14 rock bass, 15 pumpkinseeds, 9 bluegills
May 19: 1 pumpkinseed, 2 bluegills
May 21: 1 rock bass, 1 pumpkinseed, 20 bluegills
May, June, July, August: 10 rock bass, 46 pumpkinseeds, 144 bluegills

Data for 1940

Annulus not yet formed at margin:
April 24: 1 rock bass
April 25: 1 pumpkinseed
April 29: 7 rock bass, 4 pumpkinseeds, 1 bluegill
April 30: 2 rock bass, 15 pumpkinseeds, 2 largemouth bass
May 2: 5 rock bass, 16 pumpkinseeds, 3 bluegills, 2 largemouth bass
May 8: 16 rock bass, 7 pumpkinseeds, 4 bluegills
Marginal annulus formed in some specimens:
May 10: 2 rock bass with annuli, 14 without; 2 pumpkinseeds with, 11 with-
out; 1 bluegill with, 9 without; 1 largemouth bass without
May 13: 7 rock bass with annuli, 1 without; 8 pumpkinseeds with; 22 blue-
gills with, 2 without
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May 14: 7 rock bass with annuli, 1 without; 7 pumpkinseeds with, 1 without;
7 bluegills with, 1 without
Annulus formed on all scales:
May 20: 4 rock bass, 2 pumpkinseeds, 5 bluegills
May 22: 1 rock bass, 4 pumpkinseeds, 9 bluegills
May 27: 1 rock bass, 4 pumpkinseeds, 2 bluegills, 2 largemouth bass
June 14: 5 rock bass, 18 pumpkinseeds, 22 bluegills

Data for 1941

Marginal annulus formed in some specimens:
April 22; 2 pumpkinseeds without annuli; 1 bluegill with, 16 without
April 24: 2 rock bass with annuli, 8 without; 6 pumpkinseeds with, 17 with-
out; 4 bluegills with, 14 without
April 26: 5 pumpkinseeds with annuli, 9 without; 8 bluegills with, 16 without
April 28: 5 rock bass with annuli; 8 pumpkinseeds with, 5 without; 12 blue-
gills with, 4 without )
May 1: 3 rock bass with annuli; 11 pumpkinseeds with, 2 without; 6 bluegills
with, 1 without
May 3: 4 rock bass with annuli; 11 pumpkinseeds with; 9 bluegills with, 1
without
Annulus formed on all scales:
May 5: 2 rock bass, 5 pumpkinseeds, 3 bluegills
May 7: 2 rock bhass, 4 pumpkinseeds, 2 hluegills
May 9: 1 rock bass, 2 bluegills
May 12: 2 rock bass, 4 pumpkinseeds, 2 bluegills
May 16-24: 7 rock bass, 17 pumpkinseeds, 23 bluegills
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Anmulus Formation on the Socales of Certain Michigan
Geme Fishes e/

William C. Beckman

This investigation on the annulus formation on the scales of HMichigan
game fishes was begun in September, 1938, when the writer undertook the
growth-rate atudies for the Institute for Fisheries Research, Michigan
Department of Conservation. It soon became apparent that ome of the first
problems was to delimit the time or period of year at which the ammulus
or year-mark forms on the scales of certain of the game fishes of Michigan.
The precise and cbjeotive determination of the age of fish eollected in |
apring and early summer was difficult and questionable, and at times
impogsible, because of the lack of exmect information on the time of annulus
formation. On many scales it was hard to decide whether the marginal ares
outside the last anmilus represented the new season's increment or the
entire last year's growth. If the year-mark of the previous winter had
already formed, the age as determined by the number of completed annuli
would be correct, but if the mark had not been completed, the fish would
be one year older than indicated by the number of annuli.

In order to sclve this main problem conclusively it was necessary to

demonstrate that the annulus on the scale of the fishes studied correaponds

<} Contribution from the Institute for Fisheries Research of the Michigan

Department of Conservation.
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structurally with the year-marks which have been found in various species
by other workers, and to secure evidence that the annulus is formed each
year and only once annually.

It was apparent, also, that the solution of the problem of the time of
annulus formation would contribute in other ways to an understanding of
fish growth. For instance, evidence would be secured on the factors
responsible for the formation of the enmular rings. The periodic sampling
would make it possible to determine at which part of the growing season
the growth is fastest. It would be possible also to trace the course of
growth during one season. Furthermore, an analysis ocould be made of
possible differences in the growth of the sexes, and of warious age groups
and sizes of fish., Although data were obtained on all of these problems,
this report is concerned primarily with the time and cause of amulus
formation.

I am indebted to the Michigan Department of Conservation, whose
Institute for Fisheries Research furnished all equipment and expenses
for the study as well as financial aid in the form of an assistantship
on its staff, Acknowledgment is made of the assistance and direction
given during the course of the investigation by Dr. A. §. Hazzard, Director
of the Institute. The writer also wishes to thank the various members of
the Institute staff, other employees of the Fish Division of the Michigan
Department of Conaservation, and all who helped further the investigation
in many ways. For gulidance and valuable advice throughout the course of
graduate study and in carrying out this investigation, I wish to thank
Dr. Carl L. Hubba, of the University of Michigan. Thanks are also due
Dr. Ralph Hile, of the U. S. Fish and Wildlife Service, for his assistance

and advice.



-3
Source of Materials

For the monthly collection of scale samples, which comprise the
material used in this investigation, eight waters (seven lakes and a
pond; Flgure 1) were selected at the beginning of the investigation.
These waters were chosen so as to insure a range of samples from south to
north, for several species. Collections were made of the species listed
at the following places and dates:

Clear lake, Jackson COunfy (area, 137 acres; maximuwm depth, 35 feet) R
January, February, April, June, July and December, 1939, and May and J\me,

19,03 game species: yellow perch (Perca flavescens), largemouth bass

(Buro salmoides), bluegill (Lepomis m. macrochirus), pumpkinseed (Lepomis

gibbosus), rock bass (Ambloplites T. rupestris), and black erappie

(Pomoxis nigro-maculatus).

Pasinski Pond, Livingston County (area, Lz acres; maximum depth,
5 feet)--September, 1938, April, May, June, July and September, 1939,
and February, 19/,0; game species: bluegill.

Budd Lake, Clare County (area, 175 acree; maximum depth, 3l feet)~-
May, June, and October, 1939, and May and June, 19L0; game species: yellow
perch, largemouth bass, bluegill, pumpkinseed, rock bass,and black crappie.

Round Lake, Emmet County (eu'-e;, 336 mores; maximum depth, 27 feet)--
May, June, and October, 1939, and May and June, 19,0; game species: perch,
largemouth bass, bluegill, pumpkinseed, and rock bass.

North Manistique Lake, Luce County (area, 1,722 acres; maximm depth,
50 feet)==June, July, September, and October, 1939, and May, June, and

July, 19403 game species: yellow perch, walleye (Stizostedion Y. vitreunm),

smallmouth bass (M. d. dolomieu), and rock bass.

Y The descriptive statements regarding each lake are taken from the maps and

survey records of the Institute for Fisherles Research.



Figure 1

lLooation of the lakes from which the major colleotions
were made, and limits of the three temperature sones

into which the state was divided.
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Bass Lake, Marquette County (area, L,00 aores; maximum depth, 30 feet)==
June, July, September, and October, 1939, and May, June, and July, 1940;
ganme species: yellow perch, walleye, smallmouth and largemouth bass,
bluegill, and pumpkinseed.

Crooked lake, Gogebic County (aree, 566 acres; maximum depth, 66 feet)--
July, August, September, and October, 1939, and May, June, and July, 1940;
game species: yellow perch, smallmouth and largemouth bass, bluegill,
punmpkinseed, and black ocrappie.

lake Fennie Hooe, Keweenaw County (area, 231 acres; maximum depth,

L8 feet)=w=July, August, September, and Ootober, 1939, and May, June, and
July, 1940; game species: yellow perch, smallmouth bass, bluegill, and
roock bass.

In connection with other investigations for the Institute for Fisheries
Research some data were taken in three additional lakess

Standard lake, Cheboygan, Charlevoix and Otsego counties (area, 32 acres;
maximum depth, 31 feet)~-May, June, and Oe_'bober, 1939, and M‘ay. 191,03 game
speciess yellow perch, smallmouth bass, and rock bass.

Ford Lake, Otsego County (area, 12 acres; maximum depth, 39 feet)«w
May, 1939 and May, 19403 game speciest bluegill.

Deep lake, Oaklend County (area, 13 acres; maximum depth, 61 feet)=e
February, April, May, June, Julyl, and August, 1939, April, Hay, June, July,
August, and September, 19.0, and April, ¥ay, June, July, August, and
September, 19/;13 game species: largemouth bass, bluegill, pumpkinseed,

and rock bass.
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Collection, Preparation and Examination of Seale Material

The collections were made with three to nine gillnets (5 by 125 feet,
with five mesh sises, grading from 1% to l inches, stretched measurse),
with seines, and & river fyke net (9 feet long, with 5-foot wings, and
made with 2-inch stretched-measure mesh). Rod and line fishing also was
employed in the taking of samples.

Length, weight, sex, and state of sexual maturity were recorded, and
soale samples were teken. Both standard length, the length of the fish
from the tip of the smout to the end of the vertebral columm, and total
length, the greatest measurable length of the fish, were recorded to the
nearest millimeter. All welghts were recorded to the nearest gram with
the exsception of those of a few large fish (walleyes), which were weighed
to the nearest half-ounce.

In the laboratory the scales were prepared in the customary manner,
and mounted on gless slides in a glycerin-jelly medium. The scales were
oxamined on a projection machine similar to the one desecribed by Van Oosten,
Deason, and Jobes (1934). Measurements were made along the most nearly
anterior inter-radial space. The positions of the annuli were marked on
1 by 1lleinch tag-board strips. Measurements in millimeters for computations
were taken from thege atripas.

The data were tabulated on "growth-analysis cards™ used by the Institute
for Fisheries Research, aocording to species, date of sollection, sex and

age group, and under age group by elze.
The Soale Method

This investigation is designed to render more precise the determination

of the age of fishes by the scale method. The age of the fish 15 determined
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by counting the number of anmuli or year-marks on the seale. The general
validity of this method hes been agsumed. That the anmuli on the scales
do provide a clue to the fish's age and past growth has been demonstrated
for many species and is now confirmed for the material used in the present
study.

The structure of the scale and the charaoter of the annulus are
described below. All the fishes used in the present study have ctenoid
scales, which may be exemplified by a photograph (Plate I, figure 2)
of a scale from a bluegill, i 1/]; inches long, caught June 1, 1939, in
Pasinslki Pond, livingston County. In the ocenter of the scale is a very
small clear area, the foous, which represents the original seale of the
young fish. Around this center are numerous ridges or cirouli, whioh
represent successive stages in soale growth, though they seldom ocorrespond
exactly with the soale margin. The posterior or free part of the scals
bears the ctenii. On the anterior, ooncealed field are the radiating
grooves, known as radii.

As the seale grows, each circulus is laid down ﬁrlf along the santerior
margin and gradaally grows around the scale. A olose examination usually
will show several incomplete circuli along the dorsal and ventral borders
of the scale (left and right in the figure). During the winter, growth is
retarded or ceases entirely and the eirouli do not grow to completion. ﬁith
the resumption of rapid growth in the spring, & new ciroulus is laid down
which soon grows around the entire scale mArgin, just outside the incomplete
circuli of the previous growing season, which remain as they were in the
winter, The new sirculus therefore cuts across these inoomplete eirculi
and this “outting over® is one of the most conspicuous and trustworthy

charaocteristics of the anmilus or year-mark,
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Plate I
Pigure 2. (Ctenoid seale from a i 41/}4-1mh blueglill. Age 1 year,

Figure 3, Cyoloid saale rru an ll-inch siseo. Age 2 years,
Ammli indicated by Romsn mumersls.
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The oycloid type of scale lacks otenii. The circuli usually extend
around the entire scale, although they may be weak or absent on the
posterior portion. The annulus is formed in the same general msnner as
on the ctenoid scales, and is recognized by the seme criteria. ©On

examination of the scale (Plate I, figure 3), from an ll-inch cissco

(Leucichthys artedi), caught December 1, 193L, in Blind Lake, Washtemaw
County, it will be seen that there is an alternation of light and dark
banﬂs, made up respectively of widely and narrowly spaced cirouli. These
bands are usually the more pronounced on the cycloid soales although some
otenoid scales exhibit them also, and ﬁome soales of either type do not
show them.

Barly workers treated these distinct zones as summer and winter bands,
but failed to define the incomplete ciroculi as the chief diagnostic charao-
ter of the annulus. Hoffbauer (1898, 1900), however, had deseribed the
true character of the aﬁnulul, and had offered proof of its validity as
a year-mark. Other of his works (1901, 1904, 1905, 1906), provided
confirmatory evidence. Masterman (1913) also pointed out the true nature
of the amnulus on the salmon scale, as Hoffbauer had done for the carp.
Nevertheless, many workers, (Gilbert, 1922; Snyder, 1923; and others)
contimied to interpret the "winter band” as the year-mark,

The annﬁli formed on the soales of the game fishes of Michigen that
were studied are of the same character as described by the majority of
workers.,

Reviews of the literature and bibliographies on the seale method
have been given by Thomson (190L), Taylor (1916), Creaser (1926), Mohr (1927,

1930, 1934), Hutton (1921), Graham (1929), and Van Oosten (1929).
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The assumption that the anmilus is a year-mark and that but one
anmilus forms each year has been and still is under critioism. Ihis
question has been studied in & number of expsriments. Hoffbauer
(1898-1906) in presenting the major foundation of the methoed, followed
the growth of carp of known age in a pond for three years, and made
observations concerning the seale characteristics of several other specises

(Carassius carassius, Lucioperca sandra, Abramis brama, Esox luclus,

Leucisous erythrophthalmus, and Leucisous cephalus). By laboratory or

pond experiments Dahl (1911), Mohr (1916), Van Oosten (1923), Creaser (1926),
and others furnished basic information on anmulus formation. dJohnston

(1905, 1907), followéd by meny workers, as Hutton (1909, 1910),

Gilbert (1913), and Fraser (1921), tested the theory by tegging experi-
ments .

Lea (1910), Hjort (191l), and others, in following the dominant
year class through commercial catcohes for several years, determined that
one sdditional annulus appeared on the scales of members of this year
olass each year. Lea (1911), Fraser (1916, 1917), and others followed
the marginal scale growth throughout the year by psriodic sampling, and
thus obtained evidenose to show that only one anmulus wes formed a year
by the species studied.

Contrary evidence also has been gathered which tends to indiocate
that the determination of the true ammuli may not elways be & simple
matter. Other marks have been described on scales, which, though not
true annuli, are often mistaken for them. Jacot (1920) believed that
the annulus of the mullet is a migration cheok. Spawning marks have
been desoribed on many scales (Johnston, 19053 Calderwood, 1911, 191l
Hubbs and Cooper, 1935). Hubbs (1921) also described a&metamorphic

annulus®™ on the scales of viviparous perches (Embiotocidae), brought
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about by a temporary retardation of growth at birth, in the summer.
Bennett, Thompson, and Parr (1940) observed that several annuli may form
in one season on the scales of a certain percentage of bluegills and
largemouth bass in I1linois. Further discussion of this subjeot will be

made in later sections.
Factors of Annulus Formation

The formation of the annulus is obviously dependent upon the
retardation or cessation of growth, followed by a resumption of growth.
As Van Oosten (1923) pointed out, growth of the body and scale is olosely
correlated and any factor affecting the growth rete of the body may be
of primary significance in the formation of the ammulus. The problem
then is largely ome of determining the factors thet are responsible for
the seasonal growth rhythm of the fish,

Tﬂerature.-—mny authors have held that temperature is the most
important factor in the formation of the anmilus. Fulton (190L) wrotes
®Temperature is aotive in modifying the rate of growth by acting directly
wpon the metabolism of the fish and also by affecting the rapidity of
digestion. In very ocld water the fishes give up feeding altogether,
because the ferments upon which digestion depemnds do not aect, or ast wvery
slowly, at low temperatures, and in fishes, as in other arimals, appetite
waits on digestion, and this is, on the other hand, correlated with the
metabolism in the tissues. It has been shown by Krukenberg that the
pepsine or enslagoue body in the stomach of fish aots as well at 20°C.
as at };0°C., at which, among mammals, digestion is most active, and that
the rapidity of its action 1s closely related to the temperature, and

Knauthe and Zuntz have shown that the same thing applies to the metabolism
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in fish, the vital aotivities being more active in the higher tempersature,
ag shown by the excretion of earbonic acid gas and other products of
metabolism.™

Thompson (190L) held that "the divergence in growth of the scales
during summer and winter is probably due to changes in the general
metabolism of the body, which are in their turm, in all probability,
the result of seasonal variation in temperature and food supply.®

In 1911, Lea stated that there is no close dependence hetwesn
temperature and growth rate, but that the rate of growth rises as soon
as the temperature begins to rise in the spring.

Cutler (1918) wrote: "The conoclusions which I draw frorm the results
of these experiments on the goale growth of fish is, that the broad
summer bends, which are caused by the solerites during the period being
wide, and the narrow winter bands, produced by mrm‘ gclerites, are dwe
to ohanges in the temperature of the water in which the animals live,
High temperatures, such as found in suemer months, lead to formation
of broad sclerites, while narrow ones are called forth by low winter
temperatures.”

Van Qosten {1923) stated that "temperature appears to be a primary
factor in the formation of ammuli in the adults, but only & secondary
one in the immature fish."

To determine at just what temperature the annulus forms in southern
Michigan, a fhemograph was set up at Desp Lake, Oskland County on
April 22, 1910, It was removed in September, and reinstalled on April 18,
1941. ZThe temperature records for the period during which the amulus

formed are summarized in Table I.



Table I

Temperature record for Deep Lake during period of ammulus formation.

The thermocouple was looated on a shaded area of

sandy shoal, on bottom at depth of 18 inches.

The dates of annulus formation were May 8-20

in 1940 and April 22-May 5 in 19L1.

Temperature, degrees Fahrenheit
(Centigrade in parentheses)

Veek Mean minimmum Mean ‘ Mean Maxirum
April 26-mey L, 19L0 L2 (5.6) L5 (7.2) L9 (9.L)
May 5-11, 1940 L9 (9.L) 52 (11.1) 56 (13.3)
May 12-18, 190 52 (11.1) 55 (12.8) 59 (15)
May 19-25, 190 53 (11.7) 57 (13.9) 60 (15.6)
April 21-27, 191 L8 (8.9) 51 (10.5) 5L (12.2)
April 28-May L, 19l3 5 (13.3) 60 (15.6) 644 (17.8)
May 5-11, 1941 55 (12.8) 59 (15) 62 (16.7)
May 12-18, 19ia 55 (12.8) 59 (15) 62 (16,7)
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The data obtained by means of the thermograph indiocate that ennuli
are formed in the spring at a fairly definite temperature. In both 1940
and 19} no annuli were observed before the mean daily water temperature
exceeded 50°F. The mean temperatures of the days on which the collections
first showed anmulus formation were 53°F. (May 10) in 1940 end 529F,
(April 22) in 19)1. Z%he mean temperatures of the first days on which a
majority of the fish in the collections had formed anmili were 58°F. in
both 1940 (Mey 13) and 1941 (April 28). It should be notiéed particularly
that the annuli were formed approximately two weeks earlier in 1941 than
in 1940, but that the temperatures at the time of annulus formation were
almost exactly the seme in the two years. |

Markus (1932) determined that largemouth bass did not feed readily
at 109C. [509F] and that at 4,°C. (39°F] none took food voluntarily.

From his experiments, Hatheaway (1927) concluded that ™When fishes
[bluegill, pumpkinseed, largemouth bassg] were tested at 20° [68°F/]
and then transferred to 10° the food consumption the first week at

10° was, on the averags, about one~third of what it had been at the
higher temperature. ....During the second, third, and fourth weeks at
10° thers was, in several cases, a further decline, the average food
eaten per day for the fourth week amounting to 27 per cent of what it
had been at 20°,%

A rough oorrelation was found between mean monthly air temperatures
(drswn from records of the U. S, Weather Bureau) and the time of anmilus
formation. This point will be discussed in the section on "Time of
Armmulus Formation".

Temperaturez higher than the optimum for the species also tend to

retard or stop growth. Audige (1921) found that certain tempersate-zone
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fishes _(g;prinus carpio, Carasaius suretus, and Scardinius erythrophthalmus)

grew irregularly, with fregquent checks, when held in water at 2},-259C.
(75-77°F.) and that these checks were more pronounced at temperatures
between 30° (86°F,) and 31°C, (87.8°F.). similarly it is known that the
soales of tropical msrine fishes often show annulus-like marks far too
numerous to represent years. It is possible that the several amn;lus-like
marks which formed in one year, on the secales of some of the bluegllls and
largenouth bass in Fork Lake, Illinois (Bemnett, lhempson, and Parr, 1940)
were induced by the high summer temperatures which led to & temporary
cessation in growth, The weekly average water temperatures listed by
these authors for the depth of 3 feet reached 85°F. (29°C.) for one week
and remained over 75°P. (21,°C.) for 16 weeks from May 22 to September 18,
1939, with the exception of one week beginning June 12, when the mean
temperature was TLO°F. (239C.). A collestion made the following week
(beginning June 19) showed the first accessory mark. Thus age determina-
tione may be unreliable in shallow lakes where very high water temperatures
occur over considerable periods.

Spawning.--Spawning appears to have little effect on the time of
annulus formation. The yellow perch spawn in early spring, but they fomm
their annuli at about the same time &s the late spawners. Johnston
(1905, 1907), raylor (1916), Morosov (192l;), Hubbs and Cooper (1935), and
others, record that spawning marks, distinet from true anmli, are formed
on scales. Many of the scales exmmined in thies study exhibited accessary
checks which may be interpreted as spawning marks. These structures
are most distinet on the anterior field. PFurther investigation is being

carried on in an effort to determine the exaoct nature of these marks.
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Food.==Food has been oonsidered of chief importance as a factor in
annulus formation by Hoffbauer (1898, 1900), Fraser (1917), Thomson (190L),
and Bhatia (1931). Van Oosten (1923), however, stated that food is only
a secondary factor in adults, but may be a primary faotor in immature fish.

The author does not believe that food is often the primary faotor.
It has been shown by several workers (see discussion under temperature)
that in cold water fish eat very little or no food, even when the supply
is abundant. It would seem that temperature is more importent than food
as a faotor direetly controlling growth.

To be sure, if food is lacking, high temperatures would hardly be
expeoted to induce the resumption of growth, whioch is essential in anmilus

formation. According to Hansen (1937) the white crappie (Pomoxis amnularis)

in Illinois, under ocertain conditions of malmutrition, forms an absorption
annulus which resembles the spawning mark which is formed on the secales
of salmon that are spawning but not feeding. If the absorption of the
seale ean be taken &s an indication of starvation, as Hansen suggested,
the late formation of the ammlus, found in these fish by Hansen, may
well be attributed to a lack of food and a consequently long delay in the
resumption of growth. This situation, however, is probably exceptionsal.
The writer did not find any amnuli of this absorption type on any of the
thousands of soale samples of Michigan fishes.

It is poesible also that the metamorphioc or "natal®™ anmulus of the

Embiotocidae (Hubbs, 1921) is formed on a mutritional basis, for at birth

the embryonic food supply is cut off and retardation or even a temporary
stoppage of growth may ensue before the young fish become adapted to the
ocapture of the new type of food.

As Creaser (1926) emphasized, cessation and resumption of growth is

the immediate factor involved in the formation of the anmlus. OCbviously,



food oan be a primary factor in anmilus formation under those conditions
in which these changes in growth are primarily determined by the supply

of food organiams available.

Time of Anmulus Formation

Few references were made &s to the time of annulus formation by
the earlier workers on the age and growth of fishes., For the most part
they were content to oall the annulus the “winter mark™ and apparently
gave little consideration to the time of year at which the mark formed.
A few men, however, directly or indirectly contributed data on this point.
Johnston (1905) found that the growth had begun at the end of April

on the scales of the salmon (Salmo salar) from the River Tay.

For the eel, Gemszoe (1908) stated, ™The growth of the scales begins
in June, or, as a rule, first in July, and is ended at the end of
September--sometimes (as in the silver eel) the growth ends somewhet
earlier, seldom later.”

The year-mark was on the edge of the scales of the salmon takem in
Ireland during January, February, and Merch, after whisch it was found
within the edge in an increasing percentage. In May, June, and July,
collections from Norway had the msrk inside the edge in an incressing
perocentage, but with some individual variation (Dehl, 1911).

Lea (1911) found that many of the herring soales collected on
April 5«7, from waters near Bergen, Norway, had a small amount of new
growth, whereas others taken at the same time did not. The fish of an
April 23 sample had formed new growth on the soales. Concerning Canadian
collections, Lea later stated (1919), "These later samples give & more

definite idea as to the time when summer growth of the younger herring
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in these waters (off Prince Edward Island) begins, as in one of the samples
(early June) the fish had not commenced their growth, while the remaining
samples revealed a distinct new summer belt on the scales,

"An interesting feature in conmmection with these fish is the fact
that summer growth ocommences so late. Off the coast of Norway, the new
sumer growth cormences in April: but far up in the Baltle, near the
coast of Finland, similar conditions are observed. Hellevaara....who has
investimated the herring of these waters, cbserves in this connection
*Not until the 27+th of June did I observe that the soales had begun to
grow on the young fish 1 or 2 years oldj; but not on those which lwmd
reached maturity.'

Sund (1911) found the winter ring on the edge of the scales of

the sprat (Clupea sprattus), teken in April, a short distance inside the

margin in those collected im May, end again on the margin in a December
sample [it is doubtful, however, if the new annulus had formed in December|.
In Biver Wye salmon, Masterman (1913) found a marginal growth band
of increasing width from April to September, but not in those talen in
November and December.
The year-mark is formed on the soales of the "squeateague" (Cynoscion

regalis) and "pigfish" (Orthopristis chrysopterus) in May or June (Taylor,

1916) .

Fraser (1917) wrote: - "In all scales of salmon (Oncorhynchus

tschawytscha) caught from Jamuary 6 to March 17th, there was indieation

of the chegk in growth at the margin. On the other hand, with but few
exceptions, no scales obtained after April 22nd, and before November 27,
had indication of retardation at the mergin., From March 17 to April 22,

and from November 27 to January 5, some show retardation of the margin
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while others do not, this being true on specimens caught the same day."
The author obviously did not distinguish the "dark band"™ of narrowed
circuli from the true annulus. For the shinook salmon of the Columbia
and Sacramento Rivers, Rich (1920) stated that growth is prectically
negligible from November to Mareh, but more rapid growth is apparently
resumed in April and May.

Hodgson (1925) showed Por the herring from the English Chennel that,
"(1). The soales of Englieh herring begin to grow during April and cease
to grow in September, irrespective of their geographic position;

(2). Younger fish have a longer growing period than older ones3 (3). The
older fish have a tendency toc begin growth later than the younger fish,"

In Norwegian waters Lissner (1925) found that the soales of the herring
had begun their growth in May. In the heddock of Scottish waters

H, Thompson (1926) found that the year-mark alwayas formed in March,

Merriman (19)1) states: "Actually for the striped bass, the annulus
does not appear in winter, and only becomes evident by April or Mey."

The above-mentioned pepers deal chisefly with ocean or river-run
fish, ILiterature dealing with the times of annmulus formation in fresh=
water fishes is also seanty. The following workers, however, heve
presented some data on the subject.

Van Oosten (1923) states that for the whitefish "the marginal growth
is resumed sometime in April (or March?)." Creaser (1926) observed that,
"At Dougles Lake, Michigan, an investigation of the scales of many of the
fishes showed that in June an az'mulus had only recently been formed.™

For the bully (Gobiomorphs gobiodes) in the Lower Selwyn River,

South Island, New Zealend, Parrott (193l a) wrote, "It should be noticed

that the summer amuli (wider cireuli] are principelly formed during
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October, November, aud Jecember, wnile the winter anmuli (narrow cirouli)
are formed principally during March, April, and May. There is, generally
speaking, no growth in the scale during June, July, August, and September.”

He stated further (193l b) that in the brown trout (Salmo trutta) the

sumer band begins to develop in September and that by the end of October
the majority show summer growth.

On the contrary, Hansen (1937) found that the annuli are formed
over & long period in certain waters of Illinois.  "In 1935 it was May,
June,and July; in 1936, iy, June, and possibly dJuly."

According to Esohmeyer (1939), "Annulus formation in some of these
immature fish [largemouth bass of Norris Ressrvoir, Tennessee] therefore
extended over a long period, for a few had formed an ammulus early in
May and others had not begun growth by June 1, assuming that initial growth
is reflected on the sgalecess..fwo walleyes, taken late in Marech, had
formed no anmulus; 21 taken in late May and early the_ had made some growth;
one caught in late May had not yet formed an amnulus.” In further studies
on fish of the Norris Reservoir, Jones (1941) found that the growing
season for the smallmouth and largemouth bassb begins in June and ends
early in October or late in September.

In a study mentioned on page , Bennett, Thompson, and Parr (1940)
found that "Some of the yearling bluegills had formed annuli on their
soales before April 13, end all of them had formed amnuli by the end of
May. Most breeder bluegills began annulus formation later than the
yearlings, and did not complete this formation until October. Annuluse
formation in the bass extended from mid-April to late September."

For the white perch (Morone americans) Cooper (1941) stated that the

growing season in Maine in 1940 extended from about the first or second
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week in July through Augzust and possibly through part of September,

Hle (19L:1) discarded a collection of old rock bass captured in
Nebish lake, Wisconsin, on July 5 and 6, 1930, because of his inability
to decide whether certein individuals had formed the 1930 anmilus.

Annulus formation had been completed in the younger roock bass of a collection
nade July 1 and 2, 1932, in the neighboring Muskellunge Lake, but individuals
older than six years rarely exhibited a completed year-mark.

The time of year at which the amnmulus forms in Michigan is distinotly
earlier in the southern than in the northern part of the state. The extent
of the difference is shown in Table II, where it may be seen that the
year-mark was formed and some marginel growth was evident on the scales
of the fiches taken in the southern one~third of the Lower Peninsula on
¥ay 17-20, 1940, whereas the scales of fish collected in the Upper

Peninsula on May 22 had not yet begun to grow.



Time of annulus formation on the socales of game fishes in Michigan.
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Table II

(See Appendix I for details concerning the
colleotions on whioh this table wes based)

Dates when no scales

Dates when some soalen

Dates when all sosles

had formed a had formed a had formed a
‘mazgﬁiml aunulus _____mar nal anmlus marginal annulus
Date Fumber of Date Number of Dete Number of
specimens specimens specimens
Year Zone lake with without

1939 1 Clear Jan, 19 2 Apr. 28 7 6 June 1 59
Feb. 25, 28 15 July 15 32
Dec. 31 l,.l.
Pasinslki Pond | Apr. 18 L6 vee - .o Apr. 29 38
Apr. 23 152 May 28 69

June 1~
‘Oct. 12 327
Deep Feb. 2 2 .oe van .ee May 17 | 38
Apr. 27 8 May 19-31 56
Apr. 29 5 June 2-Aug. 169
2 Budd May 17 59 1, June 19 175
Oot. 28 17
Round eece s e se e see s my 25 15
June 2l 77
Qot. 20 7
3 Ne. M&nil‘bique eve ses ese eea oo June 26 76
July 28 111
Sept. 7 21
Oct. 21 15
Bass evse eoe owe PSP o0 J‘lne 25 16
July L 26
July 29 72
Sept. 15 6
Ooct, 22 16

(Continued)
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Table II

Time of annulus formation on the scales of game fishes in Michigan

(Continued)
Dates when no scales Dates when some scales Dates when all scales
had formed a had formed a had formed a
marginal annulus ____marginal annulus marginal annulus -
Date Number of Date ¥umber of “Date Mumber of
specimens specimens specimens
Year Zone lake with without
1939 3 Crookod o we LN S N P XS [ X XY J‘lly 1"'3 68
July 31 38
Aug. 26 70
Oot. 23 511
Fannie Hooce sep eaw sae tea s e July h"6 31
Auge 2-)4 )48
Oot. 2l 3
1940 1 Clear ver .ew May T 13 31 June 6 53
Deep Apr. 2, 25, May 10 5 3L May 20 11
25, 30, May My 13 37 3 May 22, 27,
, B 8L ¥ay 1 21 3 June 1, 68
2 Budd P TS sre B&‘y 17 20 80 June 19 57
Round May 20 13 ese cen v o0 June 21. 22 50
3 N. Mﬂ»nistiquﬁ May 22, 23 53 ses vee see June 2L|, 28
July 20, 21 Lo
Bass May 2'4 36 ewe ) s June 25 29
, July 23-2ly 59
Crooked May 26 30 - cee »ue June 26 17
’ July 27 Lo
F‘nnie Hooe my 27"‘28 12 ose oo e oese J‘me 27 18
July 27=29 39

(Continued)
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Table II

Time of anmulus formation on the scales of game fishes in Michigan.

(Continued)
Dates when no soales Dates when some sonles Dates when 8l) sonlee
~ had formed & had formed & had formed &
marginal annulug marginel annulus _ _marginal annulus
“Date Kumber of Date. Rumber of Date . Fumber of
specimens speciimens specimens
Year Zone ILake _ wi th without
19)41 1 D”p svw [T XS APX‘; 22 l - 18 . lhy 5 10
: : s I Apr. 24 12 39 1wy 7, 9 12,
. 2 13 25 16, 19, 22, 2, 66
Apr. 28 25 9 '
May 1 20 3
¥y 3 24 1
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The statements of the following paragraphs as to the time of gnnmulus
formation in the different lakes apply to all speclies in each lake., (For
details as to species and the numbers in the eollections see Appendix I.)
The lakes will be oonsidered in the order in whioh they appear in Table
II with the exoepilon of Pasinskl Pond. The materiels from this pond are
of such a nature as to require & spscial discussion.

Some of the secales obtained from Clear Lake (Zome 1) on April 28,
1939, showed an anrmmulus on the edge, and others had a trace of this mark.
All those secured on June 1, 1939, when the lake was next fished, exhibited
a ocompleted amnulus and a margin of new growth, The marginal anmulus had
formed on some of the scales taken May 7, 1940, whereas on others there
wag only & trace or no indication at all of the year-mark. The scales
next collected here, on June 6, all showed an annulus well inside & margin
of growth.

Data pertinent to the problem of the time of formation of the year=-
mark were collected in Deep Lake (Zone 1) in connestion with other
investigations during 1939, and a special effort was made in 1940 and 9l
to take scale samples at frequent intervale. Certain aspects of these
data were disocussed earlier (p. } in conneotion with the study of the
factors of anmulus formation.

None of the soales showed & completbd annulus in the first spring
oolleotion of April 27, 1939, although a few showed the beginning of one.
Eone of the scales taken on April 29 had & completed annulus. The next
colleoction was on May 17, at which time an annulus and & narrow band of
growth was found on each seale.

In 1940, collections were begun on April 2l;. Samples taken then and
on April 25, 29, 30, May 2, and May 8 showed no anmulus. ¢n May 10, &

few of the scales exhibited an annmulus. On May 13-1l;, all but 6 of the
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samples had the year-mark at the margin. Colleoctions of May 20-22 showed
the anmulus within a narrow but distinct margin of growth.

The 1941 colleoctions were begun on April 22, on which date only one
bluegill exhibited e marginal anmulus. On April 2, 26, and 28,and May 1
and 3, increasing pereentages of the soales showed a marginal anmulus.
After May 3 all samples showed a marginal amulus with some growth beyond
the annulus.

The anmulus was just inside the edge on the majority of the scales
of fish taken from Budd Lake (Zone 2), May 17-18, 1939, but only a few
of those taken on May 17, 1940, had an anmlus. All scales taken on
June 19, 1939 and 1940, showed an annulus with a marginal growth.

On the soaleé seoured in Round lake (Zone 2) on May 26-28, 1939,
the anmilus was just inside the margin. The next collection, mede on
June 21=-23, showed all fish to have an snmilus within a wide band of
growth. In 19,0, seales collected on May 20 had no annulus, but all of
those taken on June 19 exhibited an annulus inside the seale margin,

The anmulus was on the edge of some azcales collected in North
Manistique Lake (Zone 3) on June 25, 1939, and a few scales had a slight
marginal growth. In 19,0 a collection made here on May 22 gave no indica-
tion that an anmulus had been laid down. On June 2/}, when the next
sample was obtained, the annulus had beex formed on all specimens, with
& slight marginal growth on some.

In Bass Lake (Zone 3), the anmulus was obvious on all specimens when
8 collection was made on June 25, 1939. All seales taken on July 28-29
showed a band of marginal growth that was distinctly wider than that on
the scales of the previous collection. In 190 s sample was taken on
May 2l;, at which time no apnulus was apparent. When the next collection

was made on June 25, the amnulus was formed on all scalses.
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Collections were made on July 1=3, 1939, in Crooked Lake (Zone 3).
The annulus was to be seen on the edge of the socales. In 1940, a
collection made in May showed no anmulus present. All scales collected
June 26, 19,0, had an ennulus near the edge.

Of the scale samples secured from lLake Fannie Hooe (Zone 3) on
July L=6, 1939, the anmulus was just inside the edge of all except & few,
which showed & fair amount of marginal growth. No annulus was present on
any of the soales collected on May 27-28, 1940. The next collection,
taken June 27-28, showed an annulus near the edge of all scales.

Additional scattered material was obtained through ssmples taken
in the springs of 1939 and 1940 from other lakes that were visited during
the investigation of other problems. Samples were obtained from Standard
Lake (Zone 2) during May and June, 1939, and from Ford lake {Zone 2) in
May, 1939, and May, 19,0. Soale samples were kept from fish caught in
June, 1940, during a survey of certain lakes in Menominee County (Zone 3).
In all these samples the indicated time of anmulus formation agreed with
the findinge for the selected lakes in the same region.

The date on the bluegills of Pasinsid Pond not only provide informa-
tion as to the time of ammulus formation but also yleld strong evidensge
in support §f the belief that only one anmlus is formed each year. The
anmilus formed on the ssales of bluegills (the only game fish present) in
the pond (Zome 1) between April 23 and 29, 1939. None of the scales
oolleoted on April 23 had & marginal annulus, but the year-mark was
evident on the scales of all fish taken on April 29, It was impossible
to ocontinue the observations here beyond the growing season of 1939 because
this pond suffered a complete winter-kill in February, 1940. This event
was partiocularly unfortunate since the fish were of known age, and many had

been jaw-tagged.
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The second-yesr growth of these fish (all known to be yearlings)
up to different times of capture in the growing season is described as
the percentages of the average "expected™ growth for the entire growing
gseascn of 1939, This average full-geason growth, derived from the measure-
ments of the scales of 16l; bluegills taken at the time of the winter-kill
is indicated by the heavy vertical line on the graph (Figure L). The
range of length and the number of specimens on which each percentage is
based are shown by the frequency curves. The mean growth of each
collection is represented by a broken vertioal line,

It will be seen that on April 23 no fish had an anmlus, but that
on April 29 ail specimens in the collection had an annulus with a small
amount of marginal growth. A steady inoreass in the percentage of the
anmial growth completed ocourred in the sucoeeding sollections. Though
the range of variation inoreased somewhat during the season, ncne of the
fish taken in May, June, or July had the ennulus sufficiently close to
the margin to indicate recent formation. By July approximately 85 per cent
of the "expected"” growth for the season was completed. In October, s small
collection showed that 96 per scent of the "expected” growth had been
attained. When the fish were killed in February, 190, they had not yet
formed the seoond anmulus, but undoubtedly would have completed this

structure in the spring, had they lived.



Figure L

Peroentage of “expected"” annuasl soale growth completed on
different dates by yearling bluegills from Pasinski Pond

in 1939. Number of specimens in parentheses. Heavy aolid
line indicates the mean of the full year's growth. Brokem

lines indicate the means of the individusl collsesotions
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The relatively limited variation in the amount of the marginal
growth on the scales of the Pasinskl Pond bluegills caught on the same
date and the increase of this growth during the summer are illustrated
by the photographs in Plates II = IV. The socales that are pictured were
taken at random from the collections of the dates indicated.

The data for other waters as well as Paginski Pond indicated uniformly
thet only one anmulus is formed each year. For a mmber of species and
in several lakes for each year, the relative amounts of scale growth
outside the marginal annulus were calculated for each date of sampling.
Table III shows the typioal results of the ealculations. The amount of
growth at any date is indicated as the percentage of the "expeoted"
full-geason growth for fish in that particular year of life. The
"expeoted” annual scale growth was determined as the mean of the fulle
season inorements of the scale for each year of life for all specimens
that had survived beyond that year, For exemple, the average scale growth
for the first year of life was based on the growth made in that year by
all fish in the c¢ollection one year old and older, and that for the |
second year was based on all fish two years old and olders.sessees The
percentage of soale growth completed at the time of capture was obtained
by dividing the average growth outside the amnulus by the average fulla=
season growth expected for fish in the same year of life. The table shows
that the ammulus formed between certain dates and that in successive
collections lay farther and farther within the scale margin. It may be
seen also from Table III that in Deep Lake, as in Pasinski Pond, all
annuli were formed within a very short period. It is believed that the

amulus forms rapidly in all lakes.
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Plate II
Soales of bluegills (sise range, 2 7/8 ~ L 1/} inches,
total langth) taken from Pasinaski Pond, April 23, 1939.
Ho anmilus present. All photographs in Plates II, III,
and IV were taken at a magnifiocation of Xji.3
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Plate IIX
Scales of bluegills (size range, 2 3/ ~ 4 1/l inches,
total length) taken from Pasinski Pond, April 29, 1939.

Anmlus at edge






' Flate IV
Soales of bluegills (size range, 2 3/4 ~ L 1/); inches,
total length) taken from Pasinski Pond, June i, 1939,
Anmulus well inside margin of growth
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Table III

Soale growth outside marginal ammulus, as the percentage of the expected

total growth for the given year

The average expeoted scale growth for a partioular year of
life was based on average measurements of the soale growth
of all fish that had completed that year of 1life. The data

are based on colleetions from Deep lLake

Speclies and date ~ 1 11 i1 - 0;% v 24 Vi1

Bluegill
Feb. h. 1939 2seescevseceece eee ece ene cee 0 (2; XY eee
Apr. 27, 29 ¢reecacsecsees see sen cee o (2) 0 (5 eve soe
Mﬂy 17, 19, 21. 27 escsscen see eee 17 (10) 20 (25) 33 (]J.L) Mj. (1) eeo
June 5, 8, 13, 20, 28 .... coee 25 (1) 35 (17) 38 (27) Lo (9) ces ces
July 2, 5, 7, 13, 2, 26..f Lk (2) L7 (15) 57 (20) 51 (17) 61 (3)
Aug. 2, L', tesocecccovssenae ceoe 78 (1) 78 (3) 614 (6) Xy} ess cee
Apr. 29, 19,40 eeveccrevense cee oo 0 (1) ev-e oas XX eee
M&y 2, 8 eecesesecccccccene eee eun 0 fh) 0 (3) eve eee e e
May 10 ececovcccecncscensne eoe 0 (2) @0.8 6) 0 §2) ees ene XX
May 13, i sececncccccneee cee coe 5 (11) 7 (5) 13 (7) 12 (6) 0 (1)
May 20, 22, 27 s v s ees e e ee [ R X ] ‘CQ 15 ES) 2‘4. (5) 35 (3) LR
June 1}4 sesesencccseéocene 115 (2) 37 (5) 30 (12) 32 2) m.._ (1) eve o

Pumpkinseed
Apr. 27, 1939 seecenececee eee eee oens ese 0 (1) cee eee
Mﬂ-y 17, 21, 27 esessscscesn ceoeo eew eee eecs 27 (20) soe coe
June 5, 8, 13, 20, 28 von e coe 00 XX} ees 53 (7) veo see
July 2, 12' 13, 2}4 eovcseee 62 (3) 51 (10) 50 (2) 62 (5) 103 (2) ese cee
Auguat 2 ceecccccscsacecen e see X eas 77 (2) cee see
Apr. 25, 29, 30, 1940 ... ces eoe 0 (7) 0 (5) 0 (L) 0 (L) cee
Lg; 2, 8 esecsecocsnncsroce see ece 0] 6) 0 ().].) 0 (9) o EL},) (4] (l)
Bhy 1O cecvcncecccccccccne eve see ¥l 2) \5’3 (2) oo ece 0 (1)
Mﬂ.y 13, m eeeesceccscccconn ese eae elo (7) 13 (5) L’, (l) sse eave
M&y 20, 22, 27 esesssscece ese eee 27 (2) 3)4, (L],) 36 (3) e eee
June 1)4 Sesesrresncosccccce coe 38 (2) ,4,9 (15) SLL (l) ves cse seos

¥ Some with or without growth.
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The time of annulus formation is correlated roughly with the mean
monthly air temperatures. At comparable dates the springs of 1939 and
19,1 were wermer than the spring of 1940, and the annulus formed earlier
in 1939 and 1941 than in 1940. As water temperature and air temperature
are correlated rather closely, it is to be expected that the water would
become warmer earlier in a warm spring than in & oold one. When the lakes
of the southern part of the Lower Peninsula have become sufficiently
warm to permit the resumption of fish growth, the lakes in the Upper
Peninsula are barely ice-free. As the temperatures gradually increase
in the north, growth of the fish in these lakes is finally resumed, with
the resultant annulus formation. Sinoce the local temperature conditions
vary oonsiderably from year to year, and since the isotherms form
irregular patterns, it was found impractiocable to delimit on the basis
of isotherms, the zones or seotions which are needed for a further
analysis of the variations throughout the gtate in the time of annulus
formation. The lines of separation of three general areas or zones
were set somewhat arbitrarily as Town Line 10 North and the Straits of
Mackinace. Zone 1 extends from the southern boundary of the state north
to Town line 103 Zone 2 covers the Lower Peninsula north of this line;
and Zone 3 includes the entire Upper Peninsula (Figure 1l). It must be
remembered that the temperatures deorease gradually toward the north,
and it has been found that the time of anmilus formation shows a similar
gradient, without the abrupt discontinuities that zones are likely to
suggest.

It is estimated that in an "average" year the anmlus usually is
completed in Zone 1, the southern one-third of the Lower Peninsule, by

the middle of May; in Zone 2, the northern two-thirds of the Lower Peninsula,
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by the first part of June; and in Zome 3, the Upper Peninsula, by the
end of June. The date of asctual completion will vary somewhat according

to temperature conditions in different localities and in diffarent years.

Summary

1, The investigation of annulus formation on the scales of some
of the game fisghes of Michigan was begun in 1939 under the aponsorship
of the Michigan Institute for Fisheries Research.

2. Socale samples were collected at regular intervals from seven
lakes and & pond; additional samples were taken from other lakes in
connection with other investigations.

3. Temperature appears to be the primary fector in anmilus formation.,

L. Spawning was found to have little or no effeet on the time of
annmulus formation.

Se¢ Food is ordinarily of secondary importance as a factor in the
time of ammulus formation. A severe aoareity-of food, or an abrupt change
in the availability of food, may make 1t a primary factor.

6. The mean temperatures of the days on whioh the scales in the
colleotions first showed annuli were 53° F. in 1940, and §2°F. in 1ol.
The mean temperatures of the first days on which the majority of the
scale samples showed annuli were 58°F. in both 1940 and 1941.

7. The anmulus formed earlier in 1939 and 19)1 than in 1940. The
earlier formation of the annulus in 1939 and 1941 was correlated with
the higher temperatures at corresponding dates in those two years.

8. The time of annulus formation was progressively later from the

southern part of Hiochigan to the northern part.
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9. The state was divided erbitrarily into three szones: Zone 1l--
roughly the southern one-third of the Lower Peninsula; Zone 2-~the northerm
two thirds of the Lower Peninsula; and Zone 3--the Upper Peninsula. In
all but exceptionally oold years the formation of the annulus may be
expected to be completed in Zone 1, by the middle of May, in Zone 2, by
the first part of June, and in Zone 3, by the end of June. Amual
fluctuations in temperature may bring about some variation in the date

of formation of the year-mark.

Appendix I

Detailed data on the time of anmmulus formation on the scales

of Michigan game fishes

The data of Table III on the time of anmulus formation on the soanles
of Michigan game fishes were not presented by species. The following
data show definitely that the different species formed the year-mark

similtanecusly as they started to grow in the spring.

Clear Lake, Jackson County
Data for 1939
Anmilug not yet formed at the margin
January 193 2 black orappies.
February 25, 28: 15 bluegills.
Marginal annulus formed in some specimens
April 23s 6 perch with anmuli, 2 without; 2 bluegills without; 1 rock
bass without; 1 black orappie with, 1 without.
Annulus fomed on all scales
June 13 12 perch, 6 largemouth bass, 19 bluegills, 2 rock bass, 16 pumpkin=-

seeds, l; black crappies.
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July 15: 6 perch, 5 largemouth bass, 13 bluegills, 8 pumpkinseeds.

December 311 6 bluegills, 8 black crappies.

Data for 1940
Marginal annulus formed in some gpecimens
May T: 3 largemocuth bass without anmuli; 2 bluegills with anmli,
22 without; 10 pumpkinseeds with, L without; 1 green sunfish x
bluegill hybrid with, 2 without.
 Anmlus formed on all sonles
June 6: 17 perch, 6 largemouth bass, 9 bluegills, 9 rock bass, 6 pumpkin~-

seeds, L, black orappies, 2 green sunfish.

Budd lake, Clare County
Data for 1939
Harginal snmlus formed in some speoimens
¥ay 17: 21 perch with anmuli, 9 without; 2l; bluegills with; 5 pumpkinseeds
with, l; without; 3 largemouth bass with, 1 without; 2 rock bass
with; 1 black orappie with; 3 pumpkinseed x greea sunfish
hybrids v th.
Annulus formed on all soales
June 19: 52 perch, 29 bluegills, 70 pumpkinseeds, 13 largemouth bass,
1 green sunfish, } roeck bass, 3 black orappies, 2 bluegill x
pumpkinseed hybrids, 1 pumpkingeed x green sunfish hybrid.
October 28: 1 perch, 3 bluegills, 6 pumpkinseeds, 2 largemouth bass,

5 rock bass.

Data for 1940
Marginal ammulus formed in some speoimens

¥ay 17s 7 perch with anmuli, 20 without; 1 bluegill with, 31 without;
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3 pumpkinseeds with, 5 without; 6 largemouth bass withouts
1 green sunfish without; 9 roeck bass with, 10 without; 2 blaock
crappies without; 5 pumpkinseed x green sunfish hybrids without.
Anmulus formed on all soales
June 193 1l perch, 16 bluegills, 15 pumpkinseeds, 8 largemouth bass,

1 green sunfish, 3 rock bass,

Round lake, Emmet County
Dats for 1939
Anmilus formed on all soales
May 25: 10 pumpkinseeds, 5 rock bess.
June 2l;: 25 pumpkinseeds, 19 bluegills, 21 perch, 12 rock bass.

OCotober 203 1 pumpkinseed, 3 bluegills, 2 rock bags, 1 largemouth bass.

Data for 19l
Anmailus not yet formed at margin
May 20: 6 pumpkinseeds, L rock bass, 3 largemouth bass.
Anmulus formed on all soales
June 21: 22 pumpkinseeds, 18 bluegills, 2 perch, 7 roock bass, 1 largemouth

bass.

North Manistique Lake, Luoce County
Data for 1939
Annulus formed on all soales
June 263 32 rock bass, 27 perch, 9 walleyes, § smallmouth bass.
July 28: L3 rock bass, 61 perch, 6 walleyes, i smallmouth bass.
September 7: 5 rock bass, 8 perch, 8 walleyes.

October 21: 2 rock bass, 7 perch, § walleyes.
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Data for 1940
Annulus not yet formed at margin
May 23t 28 rock bass, 18 perch, 7 walleyss.
Anmilus formed on all seales
June 2l;s 8 rock bass, 16 perch, |, walleyes.

July 21: 16 rock bass, 21 perch, & walleyes, 6 smallmouth bass.

Bass lake, Marquette County
Data for 1939

Anmulue formed on all scales
Jur’m 253 1L pumpkinseeds, 2 pumpkinseeds x bluegill hybrids.
July Lis 8 bluegills, 16 pumpkinseeds, 1 perch.
July 29: Ll bluegills, 19 pumpkinseeds, 6 perch, 3 walleyes, 3 largemouth

bass.

September 15: 3 bluegills, 1 pumpkinseed, 2 walleyes.
Ostober 22: B8 blueglills, 6 perch, 1 largemouth bass, 1 smallmouth bass.

Data for 190
Annulus not yet formed at margin
May 2;: 17 bluegills, 10 pumpkinseeds, i perch, 1 walleye, 3 largemouth
bass, 1 smallmouth bass.
Annulus formed on all scales
June 25: 10 bluegills, 7 pumpkinseeds, 5 peroh, &6 walleyes, 1 largemouth
bass. . |
July 23 30 bluegills, 7 pumpkinseeds, 18 perch, 2 walleyes, 1 largemouth

&ss, 1 smallmouth bass,
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Crooked lLeke, Gogebic County
Data for 1939
Annulus formed on all scales
July 3t 32 perch, 11 bluegilils, 9 smallmouth bass, 5 largemouth bass,
2 black orappies, 9 pumpkinseeds.
July 31: 16 pereh, l; bluegills, 9 smallmouth bass, 6 largemouth bass,
1 black orappie, 2 pumpkinseeds.
August 261 5l perech, 8 bluegille, 1 smallmouth bass, 6 largemouth bass,
1 black orappis.

October 23: 9 peroh, 2 bluegills, 2 smallmouth bass, 1 pumpkinseed.

Data for 1940
Anmilus not yet formed at margin
May 26: 22 peroh, 1 bluegill, 1 smallmouth bass, 6 black orappies.
Anmlus formed on all socales
June 27: 15 perch, 2 bluegills.

July 27: 38 perch, 6 bluegills, 3 largemouth bass, 2 black crappies.

lake Pannie Hooe, Keweez‘la.w County
Datea for 1939
Anmulus formed on all soales
July L=6: 19 rock bass, § perch, 3 smallmouth bass, 1 bluegill.
August 2-lj1 21 rook bass, 27 peroh.
August 30: I roek bass, 7 perch.

QOotober 23 1 roeck bass, 1 perch.

Data for 19,0
Anmmulus not yet formed at margin

May 27-28: I rock bass, 7 perch, 1 bluegill.
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Amulus formed on all scales
June 27: 10 rock bass, 8 perch.

July 27-29: 19 rock bass, 20 perch.

Deep lake, Oakland County
Data for 1939

Annmulus not yet formed on margin
February 2: 2 bluegills.
April 27¢ 5 rock bass, 1 pumpkinseed, 2 bluegills.
April 29: 5 bluegills.

Anmulus formed on all scales

May 17: 1l roek bass, 15 pumpkinseeds, 9 bluegills.
May 19: 1 pumpkinseed, 2 bluegills.
May 21: 1 rook bass, 1 pumpkinseed, 20 bluegills.

¥ay, June, July, August: 10 rock baess, L6 pumpkinseeds, 1l); bluegills,

Data for 1940
Annulug not yet formed at margin
April 23 1 rock bass.
April 25: 1 pumpkinseed.
April 29: 7 rock bass, |, pumpkinseeds, 1 bluegill.
April 30: 2 roeck bass, 15 pumpkinseecds, 2 largemouth bass.
#ay 2: L rook bass, 16 pumpkinseeds, 3 bluegills, 2 largemouth buss.
HMay 3: 16 roek bass, 7 pumpkinseeds, l, bluegills.
Marginal anmilus formed in some specimens
May 10: 2 rosk bass with aunnuli, 1l without; 2 pumpkinseeds with, 11 without;
1 bluegill with, 9 without; 1 largemouth bass without.

liay 13: 7 rock bass with s:muli, 1 without; 8 pumpkinseeds with;

22 bluegills with, 2 without.



May 1l

Hay 201
Hay 223

Hay 271

June 1ll:

13-
T rock bass with annuli, 1 without; 7 pumpkinseeds with,
1 without; 7 bluegills with, 1 without,
Annulus formed on 2ll scales
!y rock bass, 2 pumpiinseeds, 5 bluezills.
1 rock bass, L pumpkinseeds, 9 tluegilla.
1 rock bass, L pumpkinseeds, 2 bluegills, 2 largemouth bass.

S rock bass, 18 pumpkinseeds, 22 bluegills.

Data for 19l1

Harginal amulus formed in some specimens

April 223 2 pumpkinseeds without anmulis 1 bluegill with anmlus,

16 vt thout,.

April 2l;: 2 rock bass with annuli, 8 without; 6 pumpkinseeds with,

17 without; l; bluegills with, 1l without.

April 26: 5 pumpkinseedr with annuli, 9 without; 8 bluegills with,

16 without,.

April 283 5 rock bass with anmuli; 8 pumpkinseeds with, 5 without;

May 1

May 3:

May 5%
Wy T:
May 91

¥May 123

12 bluegills with, L without.
3 rock bass with; 11 pumpkinseeds with, 2 without; 6 bluegills with,
1 without.
L rock bass with; 11 pumpkinseeds with; 9 bluegills with, 1 without.
Annulus formed on all soales
2 rock bass, 5 pumpkinseeds, 3 bluegills,
2 rock bass, |, pumpkinseeds, 2 bluegills.
1 rock bass, 2 bluegills.

2 rook bass, !, pumpkinseeds, 2 bluegills.

May 16=2lis 7 rock bess, 17 pumpkinseeds, 23 bluegills.



L

Literature cited

Audigs, P. 1921. B5ur la Crolssance des Poissons Maintenus en Milieu
de Temperature Constante. Acad. Soi., Compt.-Rend., 172: 287-289.

Bennett, G. W., D. H. Thompson, and Sam A. Parr. 1940. A Second Year
of Figheries Inveatigations at Fork Lake, 1939, 1Ill. Nat. Hist.
Surv., Blol. Hotes No. 1. 2L pp.

Bhatia, D¢ 1931. On the Production of Amnual Zones in the Seales of
the Rainbow Trout (8elmo irideus). I. Journ. Exp. Biol.,
5 (1)s+  L5-60.

Calderwood, W. L. 1911l. Infrequency of Spawning in the Salmon as Shown

by the Study of the Scales of Fish Caught in Fresh Water.
Fish. Bd. Scotland, Salmon Fisheries, 1910, (1): 1-10.
191l;, The Spawning Mark on Salmon Scaless A Keview, Fish. Bd. Seotland,
Salmon Fisheries, 1913 (3): 21-26.
Cooper, Gerald P« 1941. Food Habits and Age and Growth of the White

Perch (Morone americana). A Biologleal Survey of Lakes and Ponds

of the Androscoggin and Kennebeo River Drainage Systems in Maime.
Fish Survey Report No. lj. pp. 122-15},

Creaser, Charles W. 1926. The Struoture and Growth of the Secales of
Fishes in Relation to the Interpretation of their Life-History,

With Specisl Reference to the Sunfish Eupomotis glbbosus.

Univ. Mieh. Mus. Zool., Miso. Publ. No. 17. 82 pp.
Cutler, D. W, 1918. A Preliminary Account of the Production of Annual
Rings in the Scales of Plaioe and Flounders. Journ. Mar. Biol.

Assoc., N. S., 11 (1916‘18)3 )470"1.].%.



~LS-
Dahl, Knut. 1909. The Assessment of Age end Growth in Figsh. Intern. Rev.
ges. HFydrobiol. u. Hydrog., 2 (I/5): 768-769.

1911. The Age and Growth of Salmon and Trout in Norway as Shown by

their Scales. [Translated from Norwegian by Ian Baillee,]
Salmon and Trout Assoc. 11 pp.

Esolmeyer, Re Woe 1939. Growth of Fighes in Norris Lake, Tennessee.
Tenn, Acad. Soi., 15 (3)s 329-3L1.

Fraser, C. MoLean. 1916. Growth of the Spring Salmon. Trans. Pacific
Fish. Sos., 1915: 26-39

1617. Oz the Soales of the Spring Salmon. Contrib. Can. Biol.,

Supp. 6th Ann. Rept. Dept. of Naval Service, Fish. Branch, 1915-16:
21-38.

1921, TFurther Studies on the Growth Rate in Pacific Salmon. Contrib.
Cane. Biol., Dept. of Naval Selence Studies from Bio. Sta. of Canada,
1918-20: 7-27.

Fulton, T, W. 1904. The Rate of Growth of Fishes. Fish. Bd. Seotland,
Selentific Invest., 1903, (3): 1L1-2l3,
Gemsde, K. J. 1908. Age and Rate of Growth of the Eel. Rept. Danish
Biol, Sta., 1 (1906): 10-39.
Gilbert, (Chas. He 1913. Age and Maturity of the Pacifle Coast Salmon
 of the Genus Oncorhynchus. Bull. U. S. Bur. Fish., 32 (1912): 1-22,

1922, Contributions to the life History of the Sockeye Salmon, No. 7.
Rept, Brit. Col. Comm. Fish., 1921: 15-6l.

Graham, Michael. 1929. Studies of Age Determination in Fish. Part II.
A Survey of the Literature. Ministry Agriec. and Fish., 1928,

Fish, Inveat. Ser. 2, 11 (3): 50 pp.



i

Hansen, Donald F. 1937. The Date of Amual Ring Formation in the Socales
of the #hite Crappie. Trans. Am. Fish. Soc., 66 (1936): 227-236.

Hathaway, E. S. 1927. The Relation of Temperature to the Quantity of
Food Consumed by Fishes. Ecology, & (L)s L28-l3L.

Hile, Ralph. 19L1. Age and Growth of the Rock Basa, Ambloplites
rupestris (Rafinesque), in Nebish lake, Visconsin. Trans. Wisc.
Acad. Soi. Arts, and Letters, 33s 189-337.

Hjort, John. 191);. Fluctuations in the Great Fisherios of Northeimn
Burope Viewed in the Light of Blologioal Research. GCons. Perm.
Intern. Explor. Mer, Rapp. et Proc.=-Verb., 20. 288 pp.

Hodgson, William C. 1925. Investigations into the 4ge, Length and
Maturity of the Herring of the Southern North Sea. Part I.

Some Observetions on the Soales and Growth of the Xnglish Herring.
¥inistry Agric. snd Fish., 192, Fish. Invest. Ser. 2, 7 (8)s 36 pp.

Hoffbauer, C, 1898. Die Altersbestimmung des Karpfen an Seiner Schuppe.
Allg. Fisch.=-Ztg., 23 (19): 3L1-3L3,

1900. Idem. Ibid., 25 (8)s 135-1393 25 (9)s 150-156.
1901, Weitere Beitrage zur Bestimmung des Alters und Wachstumsverlaufes

an der Struktur der Fisehschuppe. Jahresber., Teichwirthseh.
Versuch-5Sta. Trachenberg: p. 50.

190L;. Zur Alters und Wachstumserkenmung der Fische nach der Schuppe.
Allg. Fisoh.=Ztg., 29: 242-2};.

1905. Weltere Beitrige zur Alters- und Wachstumsbestimming der Fische,
spex. des Karpfens. Zeitsohr. fir Fisch., 12: 111-1L2.

1906, Untersuohungsergebnisse uiber Alters- und Wachstumserkennung
nach der Sechappe. Stenogr. Prot. Verh. Intern. Fisch.-Kong.,
Wien, 1905: 131-13).



-Lf=
Hubbs, Carl L. 1921. The ioology and Life History of Amphigonopterus

aurora and other Viviparous Perches of Califoraia. Biol. Bull.,
Lo (L)s 181-209.

Hubbs, Carl L. and Reevs i{. Bailey. 1938. The Small-Mouthed Bass.
Cranbrock Inst. Seci., Ball. 10. 89 pp.

Hubbs, Carl L. and Gerald P. Cooper. 1935. Age end Growth of the
long~cared and the Green Sunfishes in lichigan. Pap. Mich. Acad.
s0i., Arts, aad Letters, 20 (193L): 669-696.

Hutton, J. Arthur. 1909. Salmon Scales az Indicative of the Life
History of the Fish, London: Sherratt and Hughes. 27 pp.

1910. Salmon Scale dxenination and its Practical Utility, with Notes
on the Wye Salmon Fisheries and the Photography of Scales.
london. 56 pp.

1921, The Literaturc of Figh Scales. Salmon and Trout Magezine.
26: 203-217.

Jagot, Ae P« 1920, Age, Growth and Soale Characters of the Muilets,

Mugil cephalus and Mugil ourema. Trans. Am. Micro. Sos., 39 (3):

199-229.

Jones, Alden M. 19L1. The Length of the Growing Season of largemouth
and Smallmouth Black Bass in Norris Reservoir, Temnessee. Trans.
Am. Fish. Soc., 70 (1940): 183-187.

Johnston, He Wo 1905. Soales of the Tay Salmon as Indiocative of Age,
Growth, end Spawndng Habit. Fish. Bd. Sootland, Salmon Fisheries,
190L (2): 63-79.

1907. The Scales of Salmon. Fish, Bd. Scotland, Selmor Fisheries,

1906 (2): ©5Sh-66.



18-
Les, Binar. 1910, On the Methods Used in the Herring Investigations.
Cons., Perm. Intern. Explor. Mer, Publ. Circon. 531 7-17L.

1911. A Study on the Growth of Herrings. EEEE::.él' 35=6.

1919. Report on “The Age and Growth of the Herring in Canadian Waters."
Investigations in the Gulf of St. Lawrence and Aglantic Waters of
Canada, Can, Fish. Exp., Depts of the Naval Service. 1911,~1915:
77-16L.

Lissner, H. 1925. Die Altersbestimmung beim Hering mit Hilfe der
Otolithen, Ber. Deutsche. Wiss. Komm. Moeres. N. F., Bd. 1s
p. 181-198,

Markus, He Co 1932, The Extent to which Temperature Changes Influence

Food Consumption in largemouth Bass (Huro floridena), Trans. Am.

Fishe Soc., 623 202-210.

Masterman, A. T. 1913. Report on Investigations upon the Salmon with
Special Reference tc Age Determination by 8tudy of Scales,
Bd. Agric. and Fish., Fish, Invest., Ser. 1, 1 (Pts. 1-3): 1-30.

Merriman, Daniel. 1941. Studies on the Striped Bess (Roccus saxatilis)

on the Atlantic Coast. ishery Bulletin of the Fisk and Wildlife
Service, U. S« Dept. of Interiore 501 1-77 pp.
Mohr, Erma W. 19168, Uber Altersbestimmung und Wachstum ceim Zander

(Lucioperca sandra Cuv.). Zeitschr. fir Fish., H. Fo, 2: B89-105.

1927, Bibliographie der Alters~ und Wachstums-Bestimmung bei Fischen.
Journ, Cons. Perm. Intern. Zxplor. Mer, 2 (2); 236-258

1930, Bibliographie der Alters- und Wachstums-Bestimmung bei Fischen.
Ii. J¥achtrige und Fortsetzunge Ibide, 5 (1): £8-100.

1934« Bibliographie der Alvers- und Wachstuus-Bestimmng bei Fischen.

III. Nachtrdge und Fortsetzung. 1ibid., 9 (3)s 377-391.



~};9=
Morosov, A. W. 192l,. Zur Prage iiber die Eatur des Schupperwachstums
bei Fischen. Russian Nat. Comm. Agric., Rept. Sei, Inst. Fisgh.,
1y 27.
Parrott, A. Wo 193ls. Growth of the Scales in Relation to Growth of

the Fish in Gobiomorphus gobiodes (C. and V.). New Zealand Journ.

Sei. and Tech., 16 (3)s 136-1Ll,.

1934b. The Variability and Growth of the Seales of Brown Trout
(salmo trutta) in New Zealand. Trans. New Zealand Inst., 63:
L97-516.

Rieh, Willis d. 1920. Barly History and Seaward Migration of Chinook

Salmon in the Columbia and Sacramento Rivers. Bull. U. S. Bure
Fish., 37 (1919-20): 1-73.

Snyder, J. O» 1923. A Second Report on the Return of King Salmon
Marked in 1919, in Klamath River. (alif, Fish., and Game, 9 (1)1
1-9.

Sund, Osoar. 1911, TUndersgkelser over Brislingen i Norske Farvend
Vaesentlig paa Grundlag av “iichael Sar's™ Togt 1908. Aarsberet.
Vedkomm. Norges Fisk., 1910: 357-473

Taylor, Harden Fe 1916, The Structure and Growth of the Soales of the
Squeateague and the Pigfish as Indicative of Life History. Bull.
U. S. Bur. Fish., 34 (191L): 285-330.

Thompson, Harold. 19256, Haddock Biology. III. Metabolism of Haddoock
and other Gadoid Fishes in the Aquarium. Fish. Bd. Scotlend,
Sci. Invest. No. 2. 1, pp.

Thomson, J. Stuart, 190}, The Periodic Growth of Scales in Gadidae
ag an Index of Age. Journ. Mar, Biol. Assoc. United Kingdam,

Ne 8¢y 7 (1)1 1-109.



=50~

Ven (osten, John. 1923. The Whitefishes (Coregonmus clupeaformis). A Study

of the Scales of Whitefishes of Known Agea. Zoologlca, 2 {1

1929, Lifs History of the Lake Herring (Leucichthys artedi lLe Sueur)

of laks uron as Revealed by its Seales, with a Critique of the
Soale Method. Bull. U. S. Bur. Fish., L (1920): 265-428.

Van Oosten, John, H. J. Deason, and Frank W. Jobes. 1934. A licroprojection
Machine Designed for the Study of Fish Seales. Journ. Cons. Perm.

Intern. Explor. Mer, 9 (2): 2,1-2/8.

INSTITUTE FOR FISHERIES RESEARCH

By William C. Beckman

Report approved by: A. S. Hazzard

Report typed by:s R. Bauch



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000072
	00000074
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092



