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AXXl:-Ll'"S FOR:\IATIOX OX THE SCALES OF 
CERTAIX :\IICHIGAX GA:\IE FISHES* 

\YILLLL\I C. BECIC\L'i.X 

THIS inn·stigation on the annulus formation on the scales of 
l\Iichigan game fo,lws ,ms begun in September, 1938, ,d1en the 

writer undertook the growth-rate studies for the Institute for Fish
eries Research of the :\Iichigan Department of Conservation. It 
soon became appan•nt 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 l\Iichigan. 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 year older than the age indicated by the number of annuli. 

In order to solve this main problem conclusively it was necessary 
to demonstrate that the annulus on the scale of the fishes studied 
corresponds structurally ,vith 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, al:-o, 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 instanee, e,·idcnee ,vould be secured on 
the factors responsible for the formation of the annular rings. The 
periodic sampling ,rnulcl make it possible to determine at which part 
of the growing sea:-on the growth is fastest. It would he possible, 
also, to trace the eourse of gro,,·th during one sPason. Furthermore, 

* C'ontrilrntion from tlie In,tit11te for Fisheries Research of the :\Jichigan 
Department of Cu1M,1Tation. 
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an analysis could be made of possible differences in tl).e 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 
assistantship 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): 1 

January, February, April, June, July, and December, 1939, and May and June, 
1940. Game species: yellow perch (Perea jlavescens), largemouth bass (Huro 
salmoides), bluegill (Lepomis m. macrochirus), pumpkinseed (Lepomis gibbosus), 
rock bass (Ambloplites r. rupestris), and black crappie (Pomoxis nigro-maculatus). 

Pasinski Pond, Livingston County (area, 4½ 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 bass, bluegill, pumpkinseed, and rock bass. 

1 The descriptive statements regarding each lake are taken from the inaps 
and survey records of the Institute for Fisheries Research. 
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MICHIGAN 

CLEAR • 

ZONE: I 

Frn. 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 :\lay, June, and July, 
1940. Game species: yellow perch, walleye (Stizostedion v. vitreum), smallmouth 
bass (Micropterus d. dowmieu), and rock bass. 

Bass Lake, Marquette County (area, 400 acres; maximum depth, 30 feet): 
June, July, September, and October, 1939, and :\lay, 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 :\lay, 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 Li,ke, Cheboygan, Charlevoix, and Otsego counties (area, 32 acres; 
maximum depth, 31 feet): May, June, and October, 1939, and :\lay, 1940. 
Game species: yellow perch, smallmouth bass, and rock bass. 

Ford Lake, Otsego County (area, 12 acres; maximum depth, 39 feet): May, 
1939, and J\Iay, 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 l\LATERIAL 

The collections ·were made with three to nine gill nets (5 by 125 
feet, of five mesh sizes, grading from 1½ 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 encl 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 Oostcn, Deason, and Jobes (1934). lVIeasurements were 
made along the most nearly vertical anterior interradial space. The 
positions of the annuli were marked on 1- by 11-inch tagboard strips. 
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.:\Icasurcmcnt;; in millimeters for computations were taken from these 
strips. 

ThP data were tabulated on '· growth-analysis cards" used by the 
Institute for Fisherie,.; Research, according to species, date of collec
tion, sex and age group, and under age group by size. 

THE SC . .\LE l\IETHOD 

This investigation is designed to render more precise the deter
mination of the age of fo;hcs by the scale method. The age of the 
fish is detPrmirn·d by counting the number of annuli or year marks 
on the scalP. The grneral validity of this method has been assumed. 
That the annuli on the scale:; do provide a clue to the fish's age and 
gro,Yth has been demonstrated for many species and is now con
firmed for thp material used in the present study. 

The structure of the scale and the character of the annulus are 
described 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, 4¼ inchc:,; long, caught on June 14, 1939, in 
Pasinski Pond, LiYingston County. In the center of the scale is a 
very small clear area, the focus, which represents the original scale of 
the young fish. Around this center are numerous ridges or circuli, 
which represP11t succe,;sive stages in scale growth, though they sel
dom correspond exactly with the scale margin. The posterior or free 
part of the scale bean, the ctenii. On the anterior, concealed, field 
are the radiating grooves, kno,vn as radii. 

As the scale grows, each circulus is laid down first along the 
anterior margin and gradually grows around the scale. A close ex
amination usually will ,;how several incomplete circuli along the dor
sal and ventral borders of the scale Cleft and right in the figure). 
During the winter, growth is retarded or ceases entirely, and the 
circuli do not grow to completion. Vi!ith the resumption of rapid 
gro,Yth in the spring a new circulus 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 circulus therefore cuts across these incomplete 
circuli, and this "cutting over" is one of the most conspicuous and 
trustworthy characteristics of the annulus or year mark. 

The cycloid 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 11-inch cisco 
(Leucichthys artedi), 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 distinct zones as summer and winter 
bands, but failed to define the incomplete circuli as the chief diagnos
tic 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, Leuciscus erythrophthalmus, and Leuciscus cephalus). By 
laboratory or pond experiments Dahl (1911), Mohr (1916), Van 
Oosten (1923), Creaser (1926), and others furnished basic 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 fo:hes, as in other animals, appetite waits on digestion, and this is, 
on the other hand, correlated \\·ith the metaboli:::m in the tissue;,. It 
has been o::hO\rn by Krukenberg that the pepsine or analogous body 
in the stomach of fish acts as well at 20° C. a:- at --10° C., at whieh, 
among mammals, digestion is most active, and that the rapidity of 
iti:' action i;; closely related to the temperature, and Knauthe and 
Zuntz haye shm\·n that the ;;ame thing applies to the metabolism 
in fish, the Yital activities being more actin; in the higher tempera
ture, as shown by the excretion of carbonic aeid gai' and other prod
ucts of metabolism." 

Thom:-;on (190--1) held that '' the clinrgence in gro\vth of the scales 
during summer and winter is probahly clue to change:- in the general 
metaholism of the body, \\·hich arc in their turn, in all probability, 
the result of seasonal variation in temperature and food supply." 

In 1911 Lea stated that there \ms no close dependence between 
temperature and growth rate, hut 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 these experiments on the scale 
growth of fi:3h is, that the broad summer bands, which are caused 
by the sclerites during the period being 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 ,vinter temperatures." 

Van Oosten (1923) stated that "temperature appears to be 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 Niichigan a thermograph was set up at Deep Lake, Oakland 
County, on April 22, 19--10. It was removed in September and re
installed on April 18, 19--11. 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 19-!0 and 19--11 no annuli were obserwd before the mean daily 
water temperature exceeded .50° F. The mean temperatures of the 
clays on which the collections first showed annulus formation were 
.53° F. C\Iay 10) in 19-!0 and .52° F. (April 22) in 19--1-1. The mnrn 
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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 described 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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TABLE I 

TE~Il'EH.\"ITHE HEC/JHD FUR DEEi' LAKE Dl.lU"\G l'EHIUD /JF 

.\-.;-.;nx,c FmD!.\T11,-.; 

The thC'rm<,r•ot1ph· \\·a, lrwatl·d on a ,haded an·a <>f sandy shoal. 1,11 b11ttom at 
depth of 18 inl'l,es. The rbtf·, of an11ulu, formation 1n•re .\la.1· 8-20 i11 19-!0 
and .\pril 22-.\Lty 5 in 19-11. 

======~-=='-=---- ----- ---=-----=-----=---------== =--=:-_-----===---

:\pril 28-.\Iay -l. 19-!0 . 
.\lay 5-11, 19-10 .. 
.\lay 12-18, 19-!0 ... 
.\lay 19-2:i, 19-10. 

,\pril 21-27, 19-!1 
April 28--.\lay -l, 19-ll 
.\lay i"i-11. 19-ll 
.\lay 12-18, 19-ll ... 

Temperatt1n·. dP,!;ree, Fahre11hrit 
(C'e11ti.~rade i11 pare11th1·st·,I 

, .\lean minimum , .\ ka11 ma:>:irnum 
-------- ----- ------·-

-12 (:).ti) 
-19 (9.-11 
52 ( 11.1 ! 
,i3 (11.71 

-18 (8.91 
j(j (13.3) 
j;j (12.8) 
;;;i (12.8) 

.j;j (7.21 
ii2 ( 11. I J 
55 (12.81 
,,7 (1:3.\JI 

51 ( 10.,SI 
G0(15.GJ 
,i9(15.0i 
59 (15.01 

-IU 19.-l, 
iili (1;3_;3 I 

59 (I.i.01 
tiO (15.ni 

5-l (12.21 
(j.j (17.8) 
ti2 (lti.7) 
G2 (lti.7) 

temprrature,-; of the first days on whieh a majority of the fr,h in the 
collections had fornwcl annuli were .58° F. in both l\J-l-0 (\Iay 1:3) and 
19-l-l C\pril 28). It :-houlcl be notieed particularly that tlw annuli 
,n·n· complC'ted approximately two 1n·ek,-; <·m·lier in 19-l-1 than in 
19-l-O_, hut that tlw tl'mperatme:-' at the time of amrnl11s formation 
\H'J'C' alino:-'t exaetly tlw :-'ame in the tlrn yf'ar,-. 

:\larku,- ( 1932) cktermined that largf'mouth lJa,-::< did not feed 
readily at 10° C. (50° F.) and that at -l- 0 C'. c:rn° F.) norn' took food 
n>luntarily. From hi,; experiment:-' Hatham1y ( 1927) reachl'd the 
follo,,·ing conclusions in regard to bluegill, pumpkin.-:eed, and large
mouth bass: "\Yhen fishes \\·erp te:<tc-d at 20° [(\8° F.] and then tran,-;
fern~d tu 10° the food con:-'umption the fir,-,t ,reek at 10° 1rn,;, on the 
ayerag(', about one-third of ,,·hat it hacl been at the higher t(•mpera
tun•. . . . During tlw ,;ccond, third, and fourth \H'(•L at 10° there 
11·a", in ,-;enTal ca,.:f':-', a further dec·line, the an·rage food C'aten per 
day for the fomth \\"l'C'k amounting to 2"i per c·c·nt of ,,·hat it had 
been at 20°." 

A rnugh correlation ,ni,; found lwtm·en mean monthly air tl'm
perature,-; ldra,,·n from record,-; of the t·nited States \\'c·atber Bureau) 
and tlw time of annulu.-: formation. Thi,; point 1rill be di:'-'cu,.::-('d in 
the ;;ection on "Time of • .\nnulus Formation." 
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Temperatures higher than the optimum for the species also tend 
to retard or stop growth. Audige (1921) ascertained that eertain 
temperate-zone fishes ( Cyprin11s carpio, Carassius auratus, and Scar
dinius erythrophthalnws) grew irregularly, "·ith frr,quent chrcks, when 
held in water at 24-25° C. (7 5-77° F.) and that these checks \Vere 
more pronounced at temperatures behvcen 30° (86° F.) and 31° C. 
(87.8°F.). Similarly, it is known that the seales of tropical marine 
fishes often show annulus-like marks far too numerous to represent 
years. It is possible that the several annulu,c;-like mark,-, \\·hich 
formed in one year on the scales of ;;:omc of the bluegill,; and large
mouth bass in Fork Lake, Illinois (Benrwtt, Thompson, nwl Parr, 
1940), were induced by the high summer ternperatmcs, which led to a 
temporary ces1:,ation in growth. The weekly aYerage water tem
peratures listed by these authors for the depth of three feet reached 
85° F. (29° C.) for one week and remained over 75° F. (24° C.) for 
sixteen weeks from May 22 to September 18, 1939, with the exception 
of one week beginning June 12, when the mean templ'rature \nl:C: 

74° F. (23° C.). A collection made the following \\·eek (beginning 
June 19) exhibited the first accessory mark. Tims age determina
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 spamrnrs. .Johnston 
(1905, 1907), Taylor (1916), l\Iorosov (1D2-l), Hubbs and Cooper 
(1935), and others record that spawning marks, distinct from true 
annuli, are formed on scales. J\Iany of the scales examined in this 
study exhibited accessory checks, which may be interpreted as 
spawning marks. These structures are most distinct on the anterior 
field. Further inYestigation is being carried on in an effort to dekr
mine the exact nature of these marks. 

Food 

Food has hecn corni<lered of chief importance as a factor in an
nulus formation by Hoffbauer (1898, 1900), Thomson (190-l), Fraser 
(1917), and Bhatia (19:31). Van Oosten (1923), however, stated that 
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food i:; only a ,-;ec-ondary factor in adults, L,ut may be a primary fador 
in immatun· fish. 

ThP author dor•s not lwlic•w that food is oftpn the primary factor. 
It ha;;; bl'C'n ,;ho,rn Ji_,. :-t·1·eral ,rnrkf'r,; I ,:;ep di,-;cu,-;,-ion under "Tem
perature'') that fo.:h eat Yery littk or no food at lo\\" temperatures, 
PYen ,dwn the supply is alJllndant. It ,rnuld seem that temperature 
ic.: more important than food as a factor directly controlling growth. 

To be sme, if food is lac-king, high tc-mperatures would hardly be 
expected to induce the n•sumption of growth, which is essential in 
annulus formation. Aceording to Hansen (1937), under certain con
ditions of malnutrition the \\"hitc crappie (Pomo:ris annulari.s), in 
Illinois, forms an absorption annulus that resembles the spawning 
mark \\"hieh de,·elops on the scales of salmon ,,·hrm they arc spawn
ing but not feeding. If the absorption of the scale can be taken as an 
indication of :::tarYation, as Hansen suggested, the late formation of 
the annulus, found in these fish by Hansen, may "·ell be attributed 
to a lack of food and a consequently long delay in the resumption of 
growth. This c.:ituation, ho,rnver, is probably exceptional. The 
writer cli<l not find any annuli of this absorption type on any of 
the thousands of scale samples of :\Iichigan fishes. 

It is po,;,;ibk abo that the metamorphic or "natal" annulus of the 
Emhiotoei<lae (Hubbs, 1921) is formed on a nutritional basis, for at 
birth the <'rnhr.rnnic food supply is cut off, and retardation or even a 
temporary stoppage of gro1Yth may ensue before the young fish be
come adapted to the, eapture of the new type of food. 

As Creaser (1926) emphasized, cessation and resumption of 
growth are the immediate factors inYolvecl in the formation of the 
ammlus. ObYion,:ly, foorl can be a primary factor in annulus forma
tion under those conditions in which these changes in growth are 
primarily dPtnmined hy the supply of food organisms available. 

'I'D.IE OF A~NT_TLT,TS FOR:.\L\TION 

Fe"· rder('tJePS to the time of annulus formation were made by the 
Parlif'r ,rnrkers on the age and growth of fishes. For the most part 
they "·c·n: content to call the annulus the "winter mark" and ap
parently gaw little con~i(kration to the time of year at which the 
mark fonm•rl A fc·w men, 110\\·c,·er, directly or indirectly contributed 
d:tfa 011 tlii,-; P"int . 

. foluHon 'l9().')1 found that the growth had hegun at the end of 
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April on the seale,c; of the salmon (8almo salar) from the Riwr 
Tay. 

For the cp] Gernz<'je (1908) stated: "Th<' grm\·th of the ,;cales 
begins in .Jrnw. or, a,; a rule', first in .July, and is cnclccl at the encl of 
Septernlwr - :-;ornetinws ( as in the si]yer eel) the grm\·th encl,, ciome
,,-hat earlier, sdclom later." 

The year mark ,ms on the edge of the scale,; of the salmon taken 
in Irdancl during .Januar~·, February, and :\larch, aft.er which it waf, 
found \\·ithin the eclge in an increasing percentage. In :\lay, .June, 
and .Jul)· collection:-; from ~ onrn? the scales had the mark in:-icle 
the edge in an increasing percentage, although some individual vari
ation occm-red ( Dahl, 1911). 

Len (1911) slurn·ecl that many of the herring scale,, collected on 
April 5-7 from \\·at.en, near Bergen, XonYay, had a small amount of 
new grmdh, \\·hereas others taken at the same time did not. The 
fi,,h of a sample taken on April 23 had formed new growth on the scales. 
Conccming Canadian collection:-, Lea subsequently stated (1919): 
'· These later samples giw a more definite idea as to the time \\·hen 
summer grcmth of tllP younger herring in these waters [off Prince 
Ecfo·arcl I:-lancl] lwgins, as in one of the samples (early .June) the fo;h 
hacl not commenced their growth, while the remaining samples re
n'aled a cli:-tinct ne,\· summer belt on the scales. 

"An intere,.;ting fratm<' in connection \\·ith these fish is tlw fact 
that ,.;ummer grnwth commc'nccs c'O late. Off the eoa,-t of .:'Jmwa)·, 
the ne,,· ,mmnwr growth commence,-; in April; but far up in the Baltic, 
near the eoa:-t of Finland, similar conditions are obsen·ed. Hcllc
vaarn . , who has investigated the herring of these water", ob
serY('S in 1his rnnnection: 'Xot until the 2ith of .June dicl I observe 
that the scalp:-: had begun to grn\\· on tlw young fi,-;h 1 or 2 year,-; old; 
hut not on tho,-;e which had rpachecl maturity.'" 

Sund (l\)11) found the location of the ,,·inter ring to be at the 
edge of the ,.;calC's of the c:prat (Clupca sprattus) takm in April, a 
short clistane<' in,;idn the margin in those collected in May, and again 
on the margin in a December sample. (It is doubtful, however, if 
the ne,Y annulus had formed in December). 

In Riwr Wye ;,;almon J\Ia,.;terman (1913) discovered a marginal 
growth hand of increa,-;ing \Yiclth from April to September, but not 
in those taken in Xm·embcr and December. 

The >·car mark is fornwd on the scale,; of the squeteagne 



Annulus Formotion on Scoles of Fi.shes ::?93 

I Cvnoscion ugoli.s) and pigfi:"h I Orthopristis r-luysnp/1!'11sl 111 :\Ia~· or 
June ITa~·lor. HlHiJ. 

Fra."Pr r1Dl7) thu,- :'\llll" up hi" i11\'('qig:ition: '·In all "cal(•." of 
c<almon [Oncorhv11c/01s tse!,r11c1;/sc/111] r·aught from .Januar_\· ii tu :\Ian-h 
17, tlwn· \\·a" indic-ation of thr• r·lwr·k in gTm1·th at the margin. On 
thf' othi'r hand. 1\·ith hut fc·1\· c-x(·cptim1". no "r-alP,- obtaini'd after 
April 22, and lH'fon· :'\oH·mhPr 27. had indir·ation of rC'lardation at 
th(' margin. From :\Iari'h 17 to ,\pril 22. and from :'\m·c·mlH·r 27 to 
.January 5. :-omP ,;hmY rf'tardation at tlw margin 1d1ilc· oth1•r" do not, 
thi,- ]Jl'ing trn(' en•n in :-pc·r·imr·1b caught thP ,sanw da~·.'' The' author 
ol>Yiou,-Jy did not disting11i"h tll(' "dark hand'' of nano1Yed eireuli 
from the tnH' anrntlu:--. For th(' chinook salmon of the Columbia 
and SacramPnto rin·r,- Hich (1920) statt'd that gnJ11th i" practically 
nrgligible from :'\m·rrnlwr to :\Iard1, but mon· rapid grcrn·th is ap
parently rc;<unwd in April and :\Jay. 

For the lwrring from the Engli,-h Cha1111d Hodg,mn ( 1D2ti) ,-hom·d 
that: '' (1). The scalP:-< of Engli,-h hening lwgin to gro1Y during April 
and cea:-;c• to grow in September, irn•,spc-etin· of their gC'ographic 
po,-ition; (2). Younger fo;h ha\·e a longer gnming pi'riod than older 
ones; (3). The older fish han, a tendr•ney to begin grmdh latr•r than 
the younger fish." In ::\' onn·gian ,,·ate rs the sl'ale,; of the herring 
had begun their grmYth in :\Jay (Li,-:,c;ner, 192.':i). In the haddock of 
Scottish waters Thompson ( 1D2G) found that the year mark ahrnys 
formed in :\larch. 

In 19-11 ::\Ierriman stated: "Actually for the striped bass, the 
annulus diws not appear in ,,·inter, and onl>· beconw,- evident h:v 
April or :\Jay." 

The papers mentioned abo\·e deal chiefly ,Yith oc-can or rin·r-nm 
fic<h. Literature dealing \\·ith the time of annulus formation in fn·:-.:h
water fislw,- is also scanty. The follo\Ying 1\·orb•r;<, ho\1·e\·er, kn-e 
pn•sented some data on the subject. 

Yan OostC'n ( 1923) states that for tl1r· whitefi,-h "the marginal 
gnrn·tl1 is rP:-mnc·d ,;ometime in April <or :\larch'?).'' Creaser 1102(j) 

ohsen·ed that "At Dougla,; Lake, :\Iichigan, an inn,-tigation of the 
scales of many of the fi:-lw:- showed that in .June an annulu,.: had only 
n·cently been formed." 

For the bully IGobiomm-pl!iu, gol1iocles) in the Lmn'l' Sr-11\·yn Hin·r, 
South J;;land, :'\e\\. Zealand, Parrott !19:3-+a) \note: '· It ."l10uld lw 
noticed that the ,-;umnwr annuli [,1·irle ('irculi] are princ-ipally formPd 
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during October, ~ o,·ember, and December, while the winter annuli 
[narrow circuli] are formed principally during l\Iarch, April, and 
l\fay. There is, generally speaking, no gro,Yth in the scale during 
June, July, August, and September." He stated, further (1934b), 
that in the brown trout (Salmo truita) 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 l\Iay, 
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 Rescl'Yoir, Tenne88ee] 
therefore extended oyer a long period, for a few had formed an an
nulus early in May and others had not begun grmyth 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 begins in .June and ends 
early in October or late in September. 

In a study mentioned on page 290 Bennett, Thompson, and Parr 
(1940) recorded the following observations: "Some of the yearling 
bluegills had formed annuli on their scales before April 18, and all 
of them had formed annuli by the encl of May. :\lost 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 (ilJ orone americana) Cooper (1941) stated 
that the growing season in Maine in 1940 extended from about the 
first or the second week in July through August and possibly through 
part of September. 

Hile (1941) discarded a collection of old rock bass captured in 
K ebish Lake, Wisconsin, on July 5 and 6, 1930, because of his in
ability to decide whether certain individuals had formed the 1930 
annulus. Annulus formation had been completed in the younger 
rock bass of a collection made .July 1 and 2, 1932, in the neighboring 
Muskellunge Lake, but individuals of the same collection older than 
six years rarely exhibited a completed year mark. 
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Th,· time uf .nar at \Yhid1 th<' an11ul11s f<1rms in ::\Iif'higan i,- dis
rinctly c·arlin in the· ,-outlH·m tliall ill thr rn1rthcrn part of the ,-tate. 
Tlw extc·nt of t hr· difl't•n·nc1· is sh1mn in Tahl1· II. \\"hen· it rn:t_\· he 
seen that tll{' .n·ar mark ,1·:1.~ furnwcl and soml' marginal gro,Yth \\·as 
eYi1Jc.nt r,n the sr·ttl(•.~ of the fi.,-hr·:e: tahn in the so11thern om'. third of the 
Lmn•r I'l·nimub on :\fa.\· 1,-20, l\qO, ,rherpa;s the ,-eale,; of fi,-h col
lected ill the l-p]H·r l'eni11,-11b 011 :\Lt_\· 22 had 1101 _\·r·t l1eµ:un to grow. 

Thl' ,;tat(•tw·n1,; of 1l1e fol101\·ing paragraph:- in regard to th(' time 
uf annul11s formation in th(• dif't'c·rPllt lak1·,- :tppl_\· to all ,;peeie,- in each 
lake. 1 For dPtaib eonc·(•min,e; ,;pcei1•s and thl' 1111mhers in the col
lr·etion,.; S('f' c\ppl'1trli:-.:.) Thl' lakc-s \\"ill he con,;idt'!'l'd in tlw order 
in \Yhieh tlH·y appr•ar in Tab!(• II, \\·ith the c•xception of Pa,-inski 
Pond. The materiab from tl1i:s pond are of ,mch a nat11re a,.; to re
q11ire a ,;pecial di,;c•11ssion. 

On :oome of the Sf'a}p.~ obtained from Ckar Lake (Zmw I) on 
April 28_. 1939, tliPre ,,w, an ammlus on the edge, and others had a 
trace of this mark. All tho,;e sceurc(l on June 1, 1939, "·hen the lake· 
\\·as next fished, Pxhibited a completed a111111lu;.; and a margin of rn'\\. 

growth. ThP marginal annulus had formed on some of the scales 
taken on ::\fay 7, 19.J0, ,,·hcrcas on other:" tlwre \Yas only n trace or no 
indication at all of the year mark. The scales next collected here, on 
.Junl' G, all shO\n•d an annulu." \\·ell in~ide a margin of growth. 

Data pertinent to the prolilem of thP time of formation of the year 
mark ,wrc cnllN:tcd in DPep Lake (Zone 1) in connection with other 
innstigation;, during rn:rn, and a sprcial Pffurt ,rns made in 19-!0 
and 19.Jl to take ,-;cale samples at frequent intetTals. Certain aspect;.; 
of tlw."e data han: hel'n rli;eens.'<ed c-arlier (p. 291), in cornwd.ion with 
tlw stud.,· of thl' fador.~ of anrrnl11,-, formation. 

::\"one of the scales had a eompldPcl annulu:-; in the fir,,t :c;pring 
rnllection of c\pril 27, rn::rn, although a few ,-howed the lwginning 
of one. There ,ms no annnlus on the scales taken on April 29. The 
next eollection ,ms mack on ::\Iay 17, at \\·hiclt time an annulu,; and 
a narrow ]Janel of gro,\·th ,n·n· found on Pach scale. 

In 1940 collections ,\"ere lwgun on April 2.J. Samplt•:c: taken then 
and on "\pril 2;:i, 2D, 30, ::\Ia>· 2, and ::\Ia>· 8 had no annulus. On :\Ia>· 
10 a fo\r of the, Sl'all'.~ exhibited an annultt:-. On :\Ia)· 13-1.J all but 
six of the samples had the _yPar mark at th(: margin. Collections of 
.:'lf:1_\· 20-22 :-IH1,n·d tlH· ann11l11, ,,·ithin a narnm l111t rli,-tinC'1 rnargm 
uf g:ro\\·th. 



TABLE II t,,: 

T!ilm OF ANNULUS FOR'IIA'l'lON ON THE SCALES OF GAME Frnrrns IN MrcHrnAN 

(See Appendix for details concerning the collections on which this table \Yas hasPtl.) 

~ 

========i'i========i'=========:;c========= 
Dates when no scales Dates when some scales Dates when all srales 

had fornwd a marginal had formed a. nrnrgi1rnl had formed a marginal 
annulus annulus annulus 

Year I Zone Lalrn Number of 

·--, ---1--------

D . I Number of D specimens l) t I Number of ate ate ____ a c specnnens -·----\ spee111wns .,.... 
with without ~ 

1939 Clear ....... . .Jan. Hl I 2 I April 28 I 7 I () .Jnne 1 !i9 § 
Feb. 2i5, 28 15 . . . . . . .July 1/5 32 "' 

Dec. 31 IJ C":) 

Pasinski Pond April 18 I 46 I . . . I . . . I . . . AJ1ril 29 38 ,-,... 
April 23 1.i2 . . . . . . . May 28 !i9 ~ 

.June14-Oet. l2 327 c;._ ,...-,. 

Deep .. Feb. 2 2 . . . . . . . . May 17 38 g 
April 27 8 . . . . . May 19-31 !i(\ ;;:: 

---,--------
April 29 5 ,____ . . . . . June 2-Aug. 4 169 

2 Buclcl ....... . . . . . . . May 17 59 14 .Tune l9 17'1 
Oct. 28 17 

Round . . . , . . . , . . . , . . . , . . . , lvlay 2:'i 1!5 
.June 24 77 
Oct. 20 7 

3 North M:mis- June 26 7(i 
tique ..... . . . . , . . . , . . , . . . , . . . , .July 28 11 I 

Sept. 7 21 
Oct. 21 l!i 



-,!HO 

2 

3 

l\l-11 

Bass ....... . 

Crookel-1 -. -. -.. -.-

Fannie Hooe . 

Clear ....... . 
--1)ecp ....... . -A1;ril 24, 25, 

29, 30, May 
2, 8 84 

.June 25 Hi 

.July 4 2!i 
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Sept. 1/i (i 
()pt, 22 l(i 
,July 1-3 li8 
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Aug. 2() 70 
Oct,. 23 1-l 

--;-, of v -f--t-i ---· 
Aug. 2--1 
Ang. 30 
O<'t.. 2-l 

May 7 13 31-- --:1ii~1e Ci 
-MnyIO 5 3,l -1\'lny 20 __ _ 

May 13 37 3 May 22, 27, 
May 14 21 3 .lune 1-1 

31 
,1s 
11 

;3 
r,;3 
11 

(i8 

Budd........ -- - -- ~------' May 17 20 80 .June l!l f>7 

Hound . . . . . . May 20 1:3 ____ .June 21, 22 
N(~li,l1KCniH- ---- --- --- -.,ui1c 2-l· ---

tiq1w....... May 22, 23 53 .July 20, 21 
IGss-:-:-:-..... May24 3() . .Jnne21i 

-----l----i---- ____ , __ .Inly 2:l-2-l 
-Crooked..... -l\1:~v-2~ 30 .J1111e-21\ _____ _ 
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1 
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The 19--H collections were begun on April 22, on ,d1ich date only 
one bluegill revealed a marginal annulus. On April 24, 26, and 28, 
and l\Iay 1 and 3 increasing percentages of the scales had a marginal 
annulus. After ::\Iay 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), l\Iay 17-18, 1939, but only 
a few of thrn,e caught on J\Iay 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 
grmvth on all fish. In 1940, scales collected on l\Iay 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 
JVIanistique 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 ,ms made on June 25, 1939. All scales taken on 
July 28-29 shov.red a band of marginal grO\vth that was distinctly 
wider than that on the scales of the previous collection. In 1940 
a sample was taken on l\Iay 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 :;\Iay sho,ved no annulus present. All scales col
lected 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 
fe·w, 1Yhieh had a fair amount of marginal growth. :Ko annulus was 
present on any of the scales collected on l\Iay 27-28, 19J0. The next 
rollection, taken 011 June 27-28, showed an annulus near the edge of 
all scales. 



Amwlus Formation on Scale.s of Fishes 29H 

Additional scattered material was obtained through samples of 
scales taken in the springs of 1939 and 1940 from other lakes that 
were Yisited during the innstigation of other problems. Others were 
obtained from Standard Lake (Zone 2) during :.\Iay and June, 1939, 
and from Ford Lake (Zone 2) in :.\Iay, 1939, and :.\Iay, 1940. Samples 
were kept from fish caught in June, 1940, during a surny of certain 
lakes in ::\Ienominee County (Zone 3). In all these samples the in
dicated time of annulus formation agreed with the finding;; for the 
selected lakes in the same region. 

The data on the bluegills of Pasinski Pond not only proYi<le in
formation conceming the time of annulus formation but also yield 
strong evidence in ,:;upport of the lwlicf that only one annulus is 
formed each year. The annulus fornwd on the ,;cales of bluegills 
(the only game fish present) in the pond (Zone 1) between April 23 
and 29, 1939. Kone of the scales collected on April 23 had a marginal 
annulus, but the year mark ,ms evident on the scales of all fish taken 
on April 29. It '.Vas impossible to continue the observations here 
beyond the growing season of 1939 because 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 awrage "expected" grmvth for the entire 
growing season of 1939. This average full-season growth, derived 
from the measurements 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 gwwth 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 "ith 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 :.\Iay, 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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Fm. 2. Percentage of "expected" annual scale growth completed on different 
dates by yearling bluep;ills from Pasinski Pond in 1939. Number of speci
mens in parentheses. Heavy solid line indicates the mean of the full year's 
growth. Broken lines indicate the means of the individual collections 
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the season had been completecl. In October a ,-mall collection 
showed that 96 per cent of the "expected" growth had !wen attained. 
When the fish ,wre killed in Ft>hruary, 19-10, the,:,· had not yet fornwd 
the second annulus, but undoubtedly would haw compktt>cl this 
structure in the spring had they li,·ed. 

The relati,·cly small variation in the amount of thP marginal 
growth on the scales of the Pasinski Pond bluegills caught on Hw 
same elate and the increase of this growth during the summer are 
illustrated by the photographs in Plates II-IY. 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 year. For a number 
of species and in several lakes the relative amounts of the annual 
scale growth outside the marginal annulm, were calculated for each 
date of sampling. Table III shows the typical results of the calcula
tions. The amount of growth at any date is giwn as the percentage 
of the "expected" full-season growth for fish in that particular year 
of life. The "expected" annual scale growth was determined as the 
mean of the full-season increments of the scale for each year of life 
for all specimens that had survived beyond that year. For example, 
the average scale growth for the first year of life was based on the 
growth made in that year by all fish in the collection one year old 
and older, and that for the second year was based on all fo;h two 
years old and older, and HO on. The percentage of scale gro\\·th 
completed at the time of capture wa:-; obtained by dividing the average 
growth outside the annulw, by the average full-semmn growth ex
pected for fish in the same year of life. The table shows that the 
annulus formed between certain dates and that in succes:sivc col
lections lay farther and farther within the scale margin. It may he 
seen also from Table III that in Deep Lake, as in Pasin,-ki Pond, all 
annuli were completed within a very short period. It is helie,·ed 
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 19-11 were ,rnrmer than the :-pring of 19--!0, and the an
nulus formed earlier in 1939 and 19--!1 than in 19--!0. Since 1rnter 
temperature and air temperature are correlated rather c:losely, 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 

OF THE EXPECTED TOTAL GROWTH FOR 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 
year of life. The data are based on collections from Deep Lake. 

Species and date 
Age group 

I II III IV V VI VII 
----------------

Bluegill 
February 4, 1939 ....... . .. . .. . .. . . . 0 (2) .. . . .. 
April 27, 29 ............ . . . . .. . .. 0 (2) 0 (5) . .. . .. 
May 17, 19, 21, 27 ...... ... . .. 17 (10) 20 (25) 33 (14) 44 (1) . .. 
June 5, 8, 13, 20, 28 ..... ... 25 (1) 35 (17) 38 (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 (3) 64 (6) . . . . .. . .. 

----------------
April 29, 1940 .......... . . . . . . 0 (1) . .. . .. . . . . .. 
May 2, 8 ............... . . . . . . 0 (4) 0 (3) . . . ... . .. 
May 10 ................ . . . 0 (2) *0.8 (6) 0 (2) ... . .. . . . 
May 13, 14 ............. . . . ... 5 (11) 7 (5) 13 (7) 12 (6) 0(1) 
May 20, 22, 27 ......... . . . ... . .. 15 (5) 24 (5) 35 (3) . .. 
June 14 ................ 115 (2) 37 (5) 30(12) 32(2) 44 (1) . .. . . . 

------- ----
Pumpkinseed 

April 27, 1939 .......... . . . . . . . .. . . . 0 (1) . .. . .. 
May 17, 21, 27 ......... . . . ... . .. . . . 27 (20) . . . . .. 
June 5, 8, 13, 20, 28 ..... . . . . . . . .. . .. 53 (7) . . . . .. 
July 2, 12, 13, 24 ....... 62 (3) 51 (10) 50(2) 62 (5) 103 (2) . . . . .. 
August 2 ............... . . . . . . . .. . . . 77 (2) . . . . .. 

-- ---------
April 25, 29, 30, 1940 .... ... . .. 0 (7) 0 (5) 0 (4) 0 (4) . .. 
May 2, 8 ............... ... . .. 0 (6) 0 (4) 0 (9) 0 (4) 0 (1) 
May 10 ................ . . . . . . *1 (2) *3 (2) ... . .. 0 (1) 
May 13, 14 ............. . . . ... *10 (7) 13 (5) 4 (1) . .. . . . 
May 20, 22, 27 ......... . . . ... 27 (2) 34(4) 36 (3) . . . . .. 
June 14 ................ . . . 38 (2) 49 (15) 54(1) . . . . . . ... 

* 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 gmwth, the lakes in the l:pper 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. Since the local temperature conditions vary 
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considerably from year to year, and since the isotherms form irregular 
patterns, it was found impracticable to delimit on the basis of iso
therms the zones or sections ,vhich 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 
some,,·hat arbitrarily as Tmrn Line 10 X orth and the Straits of 
:\Iackinac. Zone 1 extends from the :oouthern boundary of the state 
north to Tmrn Line 10; Zone 2 covers the Lower Peninsula north of 
this line; and Zone 3 comprises the entire l~pper Peninsula (Fig. 1). 
It 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 "a,·erage" year the annulus is usually 
completed in Zone 1, the southern one third of the Lo,vcr Peninsula, 
by the middle of ::\Jay; in Zone 2, the northern two thirds of the 
Lower Peninsula, by the first part of June; and in Zone 3, the l;pper 
Peninsula, by the end of June. The <late of actual completion ,vill 
vary somewhat according to temperature conditions in different 
localitiPs and in different years. 

SUMMARY 

1. The investigation of annulus formation on the scales of some 
of the game fishes of l\Iichigan was begun in 1939 under the sponsor
ship of the ~Iichigan 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 \\·ere 53° F. in 19-!0 and .52° F. in 19-!l. 
The mean temperatures of the fir,::t days on which the majority of the 
scale samples showed an annulu:-- ,rere 58° F. in both 19-±0 and 19-±1. 
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7. The annulus formed earlier in 1939 and 19-11 than in 19-10. 
The earlier formation in 1939 and 19-11 ,rns correlated ,vith the higher 
temperatures at corresponding dates in those two years. 

8. The time of annulus formation was progressively later from 
the southern part of :\Iichigan 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 years the formation of the 
annulus may be expected to be completed in Zone 1 by the middle 
of May; in Zone 2, hr 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 thr year mark. 

]NS"l'ITUTE FOR FISHERIES RESEARCH 

lTNIVERSITY OF :\IrcHIGAN :\IusEUMS ANNEX 

AKN ARBOR, :\lrcHIGAN 

APPEKDIX 

DETAILED DATA ON THE TIME Or' AN)!ULUS FORMATION ON THE 

SCALES m· J\IrcmGAN GAME FISHES 

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

CLEAR LAKE, JACKSO.'\ COUXTY 

Data for 1939 

Annulus not yet formed at the margin: 
.January 19: 2 bbck crappies 
February 25, 28: 15 bluegills 

l\1arginal annulus formed in some specimens: 
April 28: 6 perch ,,·ith annuli, 2 without; 2 bluegills without; 1 rock bass 

11·ithout; 1 blaek crappie with, 1 without 
Annulus formed on all scales: 

.June 1: 12 perch, 6 largemouth bass, 19 bluegills, 2 rock bass, 16 pumpkin
see<ls, 4 black crappies 

.July J,j: 6 pereh, 5 largemouth bass, 13 bluegills, 8 pumpkinseeds 
December 31: 6 blueg;ills, 8 black crappies 
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Data for 19-10 
:\Iarginal annulus formed in some specimens: 

305 

:\Jay 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 pumpki11seeds, 

4 black crappies, 2 green sunfish 

BUDD L:\KE, CLARE COUNTY 

Data for 1939 

Marginal annulus formed in some specimens: 
:\fay 17: 21 perch with annuli, 9 without; 24 bluegills with; 5 pumpkiuseeds 

with, -± 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 pumpkinseeds, 13 largemouth bass, 1 green 

sunfish, 4 rock bass, 3 black crappies, 2 bluegilI 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 
:\Iarginal annulus formed in some specimens: 

May 17: 7 perch with annuli, 20 "ithout; 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 "ithout; 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, EM:\IET COUNTY 

Data for 1939 
Annulus formed on all scales: 

:\fay 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, l largemouth bass 

Data for 1940 
Annulus not yet formed at margin: 

:\Jay 20: 6 pumpkinseeds, 4 rock bass, 3 largemouth bass 
. .\nnulus formed on all scales: 

June 21: 22 pumpkinseeds, 18 bluegills, 2 perch, 7 rock bass, l largemouth bass 
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NORTH MA~ISTIQUE 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 pumpkinseecls, 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 pumpkinseecl, 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, I largemouth bass 
July 24: 30 bluegills, 7 pumpkinseecls, 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 smallrnouth bass, 5 largemouth bass, 2 black 

crappies, 9 pumpkinseeds 
July 31: 16 perch, 4 bluegills, 9 smallrnouth 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: 
:\lay 26: 22 perch. 1 bluegill, 1 smallmouth ba~s, (j black erappies 

Annulus formed on all scales: 
June 27: 15 perch, 2 bluegills 
July 27: 38 perch, 6 bluegills, 3 largemouth bass, 2 black crappies 

LAKE L\);XIE IIOOE, KE\YEE:\'A\Y COCXTY 

Data for 19;39 

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

Data for 1940 

Annulus not yet formed at margin: 
l\Iay 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 

DEEP LAKE, OAKLA:\'D COGXTY 

Data for 1939 

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

Annulus formed on all scales: 
May 17: 14 rock bass, 1.5 pumpkinseeds, 9 bluegills 
May 19: 1 pumpkinseecl, 2 bluegills 
!\lay 21: 1 rock bass, 1 pumpkinseed, 20 bluegills 
:\Jay, 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 pumpkinseecl 
April 29: 7 rock bass, 4 pumpkinseeds, 1 bluegill 
April 30: 2 rock bass, 15 purnpkinseeds, 2 largemouth bass 
!\Jay 2: 5 rock bass, 16 pumpkinseeds, 3 bluegills, 2 largemouth bass 
l\lay 8: 16 rock bass, 7 pumpkinseecls, 4 bluegills 

:\larginal annulus formed in some specimens: 

30, 

:\lay 10: 2 rock bass "·ith annuli. 14 11ithout; 2 pumpkinseeds with, 11 with
out; 1 bluegill with, 9 without; 1 largemouth bass without 

May 13: 7 rock bass with annuli, 1 "-ithout; 8 pumpkinseecls "·ith; 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: 
]\fay 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 purnpkinseeds with annuli, 9 without; 8 bluegills with, 16 without 
April 28: 5 rock bass \\ith annuli; 8 pumpkinseeds with, 5 without; 12 blue

gills with, 4 \~ithout 
:\lay 1: 3 rock bass with annuli; 11 purnpkinseeds with, 2 without; 6 bluegills 

with, 1 without 
May 3: 4 rock bass with annuli; 11 pumpkinseecls with; 9 bluegills with, 1 

without 
Annulus formed on all scales: 

i\lay 5: 2 rock bass, 5 pumpkinseeds, 3 bluegills 
May 7: 2 rock bass, 4 pumpkinseeds, 2 bluegills 
May 9: 1 rock bass, 2 bluegills 
:\fay 12: 2 rock bass, 4 pumpkinseeds, 2 bluegills 
1\Iay 16-24: 7 rock bass, 17 pumpkinseeds, 23 bluegills 

LITERATURE CITED 

AuDIGE, P. 1921. Sur la croissance des poissons maintenus en milieu de tempera
ture constante. Compt.-rencl., Acad. Sci., 172: 287-289. 

BENNETT, G. \Y., THOMPSON, D. H., AND PARR, SAM A. 1940. A Second Year 
of Fisheries Investigations at Fork Lake, 1939. Ill. Nat. Hist. Surv., 
Biol. K otes No. 14. 24 pp. 

BHATIA, D. 1931. On the Production of Annual Zones in the Scales of the 
Rainbow Trout (Salmo irideus). I. Juurn. Exper. Biol., ,59 (1): 45-60. 

CALDERWOOD, \V. L. 1911. Infrequency of Spa1Yning in the Salmon as Shown 
by the Study of the Scales of Fish Caught in Fresh \Y atcr. Fish. Bd. 
Scotland, Salmon Fisheries, 1910 (1): 1-10. 

-- 1914. The Spawning J\fark on Salmon Scales; A Revie11". Ibid., 1913 (3): 
21-26. 

CooPER, GERALD P. 1941. Food Habits and Age and Growth of the White 
Perch (klorone americana). A Biological Survey of Lakes and Ponds 
of the Androscoggin and Kennebec River Drainage Systems in :\Taine. 
Fish Survey Report No. 4 : 122-154. 

CREASER, CHARLES \V. 1926. The Structure and Growth of the Scales of Fishes 
in Relation to the Interpretation of their Life-History, with Special 



Annulus Formation on Scales of Fishes 309 

Reference to the Sunfish E11pomotis gibbosus. }lisc. Pub!. }Ius. Zoo!., 
Univ. 21.Iich., No. 17. 82 pp. 

CerLER, D. \Y. 1918. A Preliminary Account of the Production of Annual 
Rings in the Scales of Plaice and Flounders. Joun1. }Iar. Biol. Assn., 
X. S., 11 (1916-18): 470-496. 

DAHL, Kx-cT. 1911. The Age and Growth of Salmon and Trout in X orway as 
Shown by Their Scales. [Translated from ::'\orwegian by Ian Baillee.] 
Salmon and Trout Assn. 141 pp. 

EscIBIEYER, R. \\". 1939. Growth of Fishes in X orris Lake, Tennessee. 'frnn. 
A.cad. Sci., 15 (3) : 329-341. 

FRASER, C. J\IcLEAN. 1916. Growth of the Spring Salmon. Trans. Pacific 
Fish. Soc., 1915: 29-39. 

-- 1917. On the Scales of the Spring Salmon. Contrib. Can. Biol., Suppl. 
Sixth Ann. Rep. Dept. of Naval Service, Fish. Branch, 1915-16: 21-38. 

-- 1921. Further Studies on the Growth Rate in Pacific Salmon. Contrib. 
Can. Biol., Dept. of Naval Science Studies from Biol. Sta. of Canada, 
1918-20: 7-27. 

FULTON, T. W. 1904. The Rate of Growth of Fishes. Fish. Bd. Scotland, 
Sci. Invest., 1903 (3): 141-241. 

GEMZ0E, K. J. 1908. Age and Rate of Growth of the Eel. Rep. Danish Biol. 
Sta., 14 (1906): 10-39. 

GILBERT, CHAS. H. 1913. Age and Maturity of the Pacific 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, Ko. 7. 
Rep. Brit. Col. Comm. Fish., 1921: 15-64. 

GRAHAM, MICHAEL. 1929. Studies of Age Determination in Fish. Part II. 
A Survey of the Literature. Ministry Agric. and Fish., 1928, Fish. 
Invest., Ser. 2, 11 (3): 1-50. 

HANSEN, DONALD F. 1937. The Date of Annual Ring Formation in the Scales 
of the White 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, 8 ( 4) : 428-434. 

HILE, RALPH. 1941. Age and Growth of the Rock Bass, Ambloplites rupestris 
(Rafinesque), in Nebish Lake, Wisconsin. Trans. Wis. Acad. Sci., Arts, 
and Letters, 33: 189-337. 

HJORT, JOHN. 1914. Fluctuations in the Great Fisheries of Northern Europe 
Viewed in the Light of Biological Research. Cons. Perm. Intern. Explor. 
Mer, Rapp. et Proc.-Verb., Vol. 20. 288 pp. 

HoDGso~, WILLIAM C. 1925. Investigations into the Age, Length and Maturity 
of the Herring of the Southern Xorth Sea. Part I. Some Observa
tions on the Scales and Gro\\·th of the English Herring. }Iinistry 
Agric. and Fish., 1924, Fish. Invest., Ser. 2, 7 (8): 1-36. 

HoFFBAUER, C. 1898. Die Altersbestimmung des Karpfen an seiner Schuppe. 
Allg. Fisch.-Ztg., 23 (19): 341-343. 



310 William C. Beckman 

HoFFBAUER, C. 1900. (Same title.) Ibid., 25 (8): 135-139; 25 (9): 150-156. 

-- 1901. Weitere Beitrage zur Bestimmung des Alters und Wachstumsver
laufes an der Struktur der Fischschuppe. Jahresber. teichwirtsch. 
Versuchssta. Trachenberg, p. 50. 

-- 1904. Zur Alters- und Wachstumserkennung der Fische nach der Schuppe. 
Allg. Fisch.-Ztg., 29: 242-244. 

-- 1905. Weitere Beitra.ge zur Alters- und Wachstumsbestimmung der Fische, 
spez. des Karpfens. Zeitschr. fiir Fisch., 12: 111-142. 

-- 1906. Untersuchungsergebnisseuber Alters-und Wachstumserkennungnach 
der Schuppe. Stenogr. Prot. Verh. Intem. Fisch.-Kong., Wien, 1905: 
131-134. 

HUBBS, CARL L. 1921. The Ecology and Life History of Amphi'.gonopterus 
aurora and Other Viviparous Perches of California. Biol. Bull., 40 (4): 
181-209. 

-- AND COOPER, GERALD P. 1935. Age and Growth of the Long-eared and 
the Green Sunfishes in :Michigan. Pap. JHich. Acad. Sci., Arts, and 
Letters, 20 (1934): 669-696. 1935. 

HuTION, J. ARTHUR. 1909. Salmon Scales as Indicative of the Life History of 
the Fish. 27 pp. London: Sherratt and Hughes. 

--1910. Salmon Scale Examination and Its Practical Utility, with Notes on 
the Wye Salmon Fisheries and the Photography of Scales. 56 pp. 
London. 

-- 1921. The Literature of Fish Scales. Salmon and Trout Magazine, 26: 
203-217. 

JACOT, A. P. 1920. Age, Growth and Scale Characters of the Mullets, Mugil 
cephalus and Mugil curema. Trans. Am. Microsc. Soc., 39 (3): 199-229. 

JOHNSTON, H. W. 1905. Scales of the Tay Salmon as Indicative of Age, Growth, 
and Spawning Habit. Fish. Bd. Scotland, Salmon Fisheries, 1904 (2): 
63-79. 

-- 1907. The Scales of Salmon. Ibid., 1906 (2): 54-66. 

JONES, ALDEN M. 1941. The Length of the Growing Season of Largemouth 
and Smallmouth Black Bass in Norris Reservoir, Tennessee. Trans. 
Am. Fish. Soc., 70 (1940): 183-187. 

LEA, EINAR. 1910. On the Methods Used in the Herring Investigations. Cons. 
Perm. Intemat. Explor. Mer, Pub!'. Circon., 53: 7-174. 

--1911. A Study on the Growth of Herrings. Ibid., 61: 35-64. 

--1919. Report on "The Age and Growth of the Herring in Canadian 
·waters." Investigations in the Gulf of St. Lawrence and Atlantic 
Waters of Canada. Can. Fish. Exper., Dept. of Naval Service, 
1914-1915: 77-164. 

LrssNER, H. 1925. Die Altersbestimmung beim Hering mit Hilfe der Otolithen. 
Ber. deutsch. Wiss. Komm. Meeres, N. F., Bd. 1: 181-198. 



A.nnulus Formation on Scales of Fishe.s 311 

MARKUS, IL C. 1932. The Extent to which Temperature Changes Influence 
Food Consumption in Largemouth Bass (Huro fioridana). Trans. Am. 
Fish. Soc., 62: 202-210. 

MASTERMAN, A. T. 1913. Report on Investigations upon the Salmon with 
Special Reference to Age Determination by Study of Scales. Bd. Agric. 
and Fish., Fish. Invest., Ser. 1, 1 (Parts 1-3): 1-80. 

:\IERRBIA:--, DA!',JEL. 1941. Studies on the Striped Bass (Roccus saxatilis) on 
the Atlantic Coast. Fishery Bulletin of the Fish and Wildlife Service, 
U. S. Dept. of Interior, 50: 1-77. 

!\IoHR, ERNA W. 1916. -Uber Altersbestimmung und Wachstum beim Zander 
(L11cioperca sandra Cuv.). Zeitschr. fiir Fisch., K. F., 2: 89-105. 

-- 1927. Bibliographie der Alters- und Wachstumsbestimmung bei Fischen. 
I. Journ. Cons. Perm. Internat. Explor. ;\Ier, 2 (2) : 236-258. 

-- 1930. (Same title.) IT. Xachtriige und Fortsetzung, ibid., 5 (1): 88-100. 

-- 1934. (Same title.) III. Kachtriige und Fortsetzung, ibid., 9 (3): 377_---391. 

MoRosov, A. W. 1924. Zur Frage iiber die Katur des Schuppenwachstums 
bei Fischen. Russ. Kat. Comm. Agric., Rep. Sci. Inst. Fish., 1: 27. 

PARROTT, A. W. 1934a. Growth of the Scales in Relation to Growth of the 
Fish in Gobiomorphus gobiodes (C. and V.). Kew Zealand Journ. Sci. 
and Tech., 16 (3): 136-144. 

-- 1934b. The Variability and Growth of the Scales of Brown Trout (Salmo 
trulta) in Kew Zealand. Trans. Kew Zealand Inst., 63: 497-516. 

RrcH, WILLIS H. 1920. Early History and Seaward :\Iigration of Chinook 
Salmon in the Columbia and Sacramento Rivers. Bull. U. S. Bur. 
Fish., 37 (1919-20): 1-73. 

SNYDER, J. 0. 1923. A Second Report on the Return of King Salmon l\Iarked 
in 1919, in Klamath River. Calif. Fish. and Game, 9 (1): 1-9. 

SUND, OscAR. 1911. Unders~kelser over Brislingen i Korske Farvand Vaesentlig 
paa Grundlag av "Michael Sar's" Togt 1908. Aarsberet. Vedkomm. 
l\forges Fisk., 1910: 357-473. 

TAYLOR, HARDEN F. 1916. The Structure and Growth of the Scales of the 
Squeteague and the Pigfish as Indicative of Life History. Bull. 
L. S. Bur. Fish., 34 (1914): 285-330. 

THOMPSON, HAROLD. 1926. Haddock Biology. III. Metabolism of Haddock 
and Other Gadoid Fishes in the Aquarium. Fish. Bd. Scotland, Sci. 
Invest. Ko. 2. 14 pp. 

THoMsox, J. STC-ART. 1904. The Periodic Growth of Scales in Gadidae as an 
Index of Age. Journ. :\far. Biol. Assn. United Kingdom, N. S., 7 (1): 
1-109. 

YAX OosTEX, JOIL"\". 1923. The Whitefishes (C'oregonus clupeaformi.s). A Study 
of the Scales of Whitefishes of Known Ages. Zoologica, 2 (17) : 380-412. 



312 William C. Beckman 

VAN OosTEN, JOHN. 1929. Life History of the Lake Herring (Leucichthys 
artedi Le Sueur) of Lake Huron as Revealed by Its Scales, "ith a Cri
tique of the Scale Method. Bull. U. S. Bur. Fish., 44 (1928): 265-428. 

-- DEASON, H. J., AND JoBES, FRANK W. 1934. A :i\1icroprojection :Machine 
Designed for the Study of Fish Scales. Journ. Cons. Perm. Internat. 
Explor. Mer, 9 (2): 241-248. 



BEC K.\L\:'\ l'L\TL I 

(ANTERIOR END) 

= RADII 

CI RCULI 

--~ ANNULUS 

ACROSS 

- ~~---- - --- CTENII 

(CAUDAL END) 

---11 

--1 

Frc:. 1. Cten,,id .,r·ale fr"m ,1 bllwgi!l -1-t ind1e., long. .\g" <me year 

FrL. 2. Cyd,,id ,<'ale from a ci-<'<, 11 inclce, lung. .\ge t,n, year, 

( A11nuli ill([i,·ated by Homan rn1merab: 



BECK\L-\:\' PLATE III 

'·· 

,~1i:\ 

Scales of bluegills l l ,th) taken from Pasinski Pond . 2L-!l inches. tota eng 
/size range,. " 41939 -\nnulus at edge 

Apnl 29, · · · 



I3EC'IC\IA"'.\ PLATE II 

11~~ 
~R:-,;--

.· • .': • . .. .· .• r :;_ __ p. ind1Ps. total lPngth) taken from Pa,in,ki Pond. Li1·ing-
Scale, of blueg1lb r~izp iange. 2~ ~ _ _ \ .-1 23 1939 :,; 0 annulus pre,ent. 

ston County. :\l1el11ga11, · Pl! · · · · · . . , 

. I··. 1>1, t ,, l!-n· taken at a mngnifir-ation ot -H .. 3J (.\II photogrnp ,~ Ill •1 e. 



13 ECK\ L.\ :\" PLATE ff 

8,·ales of 1,liwgi!ls (size rang<e. 2¾--t¼ iJl('hP,. tr,tal l<'ngthJ taken from 
Pasinski Pond . .J1J11e 1-t, 1039. .-\1111nlu, 11·ell illsidr margin of groll'th 



- • 1 • ,, 

;._+ r~: 1...~ ~ 8. -r:, :_ c, :~ - ·..rb .. T""'.8 

::arch 9, 19L2 

Annulus Formation on the scales of Certain Michigan 

Ga.me Fishes ¢' 

William C • Beckman 

This investigation on the annulus formation on the soa.les of Michigan 

game fishes was begun in September, 1938, when the writer undertook the 

growth-rate studies for the Institute tor Fisheries Resea.roh, Michigan 

Department of Conservation. It soon became apparent that one of the first 

problems was to delimit the time or period of year at which the annulus 

or year-mark fonu on the scales of certain of the game fishes or Michigan. 

The precise and objeotive determination of the age of fish collected in 

spring &nd early summer waa dif.fioul t and questionable, a.nd 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 year older than indicated by the number ot annuli. 

In order to solve this main problem. conclusively it was necessary to 

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

J. Contribution from the Institute for Fisheries Research of the Michigan 

Department of Conservation. 
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structurally with the yea.r-mark1 which b&ve been tound in various speoiea 

by other workers. and to secure evidence that the annulus is torm.ed eaob 

year and only once annually. 

It was apparent, alao. that the solution ot the problem of the time of 

annulus tor:nation would contribute in other ways to an understanding of 

fish growth. For inatance. evidence would be aeoured on the taotors 

responsible tor the formation of the ammlar rings. !he periodic a&'Dlpling 

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 ot 

growth during one aea.aon, Furthermore. an analyai s oould be -.de of 

possible clitterenoea in the growth of the aexea, and of varloua age group■ 

and sizes of fish. Although data were obtained on all ot these problems, 

this report is concerned primarily with the time and cause ot annulus 

tonna ti on. 

I am indebted to the Michigan Department of Conaena.tion, whose 

Institute for Fisheries Research f\1:rnished all equipment and expenses 

for the stu~ as well aa financial aid in the form o:t an aaaiatantahip 

on its ata.f't. Aokncnrledgment is made of the assistance and direction 

g1 wn during the course ot the investigation by Dr. A. s. Ha.Hard, Direotor 

of the Inati tute. The writer also wishes to thank the 'VU'ioue members of 

the Iutitute atarr. other employees of the Fish Division of the Michigan 

Department of Conaern.tion, and all who helped. further the inveatigation 

in many ways. For guidance and valuable adVioe throughout the oourae of 

graduate study and in carrying out this investigation, I wish to thank 

Dr. Carl L. Hubba. ot the University ot Jfichigan. Thanks are also due 

Dr. Ralph Hile, of the u. s. Fish and Wildlife Service, tor his &Hiatance 

and ad'ri.oe. 
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Source of Materials 

For the monthly oolleotion of scale samples. 'Which comprise the 

material used in this investigation, eight waters (seven lakes and a. 

pondJ Figure 1) were selected at the beginning of the investigation. 

These 11B.ters were chosen so as to inwre a range of samples from south to 

north, for several species. Collections were made ot the ■peoies listed 

at the following places and dates, 

Clear Lake, Jaokson County (area, 137 aoresJ maximum. depth, 35 feet) Jc.
January, February, April, June, July and December, 19.39, and May and June, 

1940J game speciest yellow perch (Perea flavesoens), largemouth baas 

(Huro aalm.oidea), bluegill (Lepomis .!• macroohi:rua), pumpld.nseed (Lepomia 

gibbosua), rook bass (Ambloplites!.• rupestria), and black crappie 

(Pomoxis nigro-maeulatus). 

Pasinski Pond, Livingston County (area., Iii a.cresJ maximum depth, 

5 f'eet}--September, 1938, April, May, June, July and September, 1939, 

and February, 1940; game species I bluegill. 

Budd Lake, Clare County (area, 175 acresJ maximum depth, .34 teet)-

May, June, and October, 1939, and Ma.y and June, 1940J game species: yellow 

perch, largemouth bass, bluegill, pumpkinseed, rook baas, and black crappie. 

Reund Lake, »nmet County (area, 3.36 a.cresJ ma:rlmnm depth, 27 feet)-

NAy, June, and October, 1939, and Me.y and June, 19401 game species1 perch, 

largemouth bass, bluegill, pumpkinseed, and rook bass. 

North Manistique Lake, Luce County (area, 1,722 aoresJ maximum depth, 

50 teet)--June, July, September, and October, 1939, and May, June, and 

July, 1940J game species a yellow perch, walleye (Stisostedion .!• vi treum), 

smallmouth bass 1!• !• dolomieu), and rook: bass. 

,b The descriptive statements regarding each lake a.re taken from the maps and 

survey reoords of the Institute for Fisheries Research. 
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Bass Lake, :tarquette county (area, 400 aoresi maxmm depth, JO feet)--

June, July, September, and October, 1939, and lla.y, June, and July-, l940J 

game species: yellow perch, n.lleye, smallmouth and largemouth baas, 

bluegill, and pumpkinaeed. 

Crooked Iake, Gogebic County (area, 566 aoresJ max1m:um depth, 66 f'eet)-

July, August, September, and ()otober, 1939, and :tey, June, and July, 19401 

game species: yellow perch, smallmouth and largemouth bass. bluegill, 

pumpkinseed, and black crappie. 

Lake Fannie Hooe, Kneenaw Oounty (area, 2.31 acres1 ma.ximum depth, 

48 :f'eet)-July, Auguat, September, and Ootober, 1939. and Mlt.y, June, and 

July, 1940J game species: yellow perch, amAllmouth baas, bluegill, and 

rook bass. 

In co:rmeotion with other investigations 1'or the Institute for Fisheries 

Researoh some data were taken in three additional lakeaa 

Stamdard Lake, Cheboygan, Charlewix and Oteego counties (area, 32 a.ores; 

maximum depth, ,31 teet)-vay, June, and October, 1939, and May, 1940i game 

apecieaa yellow perch; smallmouth bass, and roek: baBB. 

Ford Lake, O:tsego County (area, 12 aoreaJ max:1:mum depth, 39 feet)•• 

May, 19.39 and Me.y, l940J game epecieat bluegill. 

Deep Lake, Oakland County (area, 1.3 aoresJ ma:rlmu.m depth, 61 feet)•.,; 

February, April, May, June, July, and August, 1939, April, May, June, July, 

August, and September, 1940, and April,. lay, June, July, August, am 

September, 1941J game apecieas largemouth base, bluegill, pumpkinaeed, 

and rock ba.as. 



Collection. Preparation and ED.mi.nation of Scale Material 

The collections were made with three to nine gillnets (5 by 125 feet. 

with five mesh sisea. grading from l½ to 4 inohe•• stretohed measure)• 

with ■eines. a.nd a river tyke net (9 feet long. with ,-foot wings. a.nd 

made with 2-inoh stretched-measure mesh). Rod and line fishing also wa.a 

-.ployed in the taking of samples. 

Length, weight. sex. and state of sexual maturity were reoorded, and 

soale samples were taken. Both standard length, the length of the tiah 

from the tip of the mout to the end of the vertebral oolumn, and total 

length, the grea teat measurable length of the tish, were recorded to the 

nearest millimeter. All weights wore recorded to the nearest gram with 

the exception of those of a few large tish (walleyes), which were weighed 

to the nearest half-ounce. 

In the laboratory the scales were prepared in the customary manner, 

and mounted on glass slides in a glycerin-jelly medium. The soalea were 

examined on a projection ma.chine similar to the one described by Van Oosten, 

Deason. and Jobes ( 1934). Measurements were made a.long the most nearly 

anterior inter-radial apace. The positions of the annuli were marked on 

l by ll•inch ta.g ... board strips. Measurements in millimeters for computations 

were taken from these strips. 

The data were tabulated on "growth-analysis cards" u1ed by the Institute 

tor F11heries Research• according to species. date of oolleotion, sex and 

age group, and under age group by die. 

The Soale Method 

This investigation is designed to render more precise the determination 

of the age of fishes by the scale method. 'fhe age of the fish is determined 
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by oounting the number of annuli or year-ma.rks on the scale. 'fhe general 

'Y&lidi ty of this method has been assumed. 'l'hat the annuli on the aoalea 

do pro"lide a clue to the t1sh' s age and past growth has been demonstrated 

tor mArJY speoiea and is now confirmed tor the material used in the preaent 

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, whioh mAy be exemplified by a photograph (Plate I, figure 2) 

of' a sea.le f'rom a bluegil~ 4 1/4 inches long, caught .hme 14, 1939, in 

Pasinski Pond, Livingston County. In the oenter of the soale is a very 

small clear area, the tooua, which represents the original aoale of the 

young .fish. Around this center are numerous ridges or oirouli, which 

represent auoceasiva stages in scale growth, though they seldom correspond 

enotly with the soale margin. The posterior or tree part of the aoale 

bears the otenii. On the anterior, concealed field are the radiating 

grooves, kn0Wl1 as radii. 

As the soale grows, each ciroulus is laid down .f."ir1t along the anterior 

margin and gradually grows around the scale. A close examination usually 

will show aeveral incomplete oirouli a.long the dorsal and ventral borders 

of the scale (lett and right in the figure). During the winter, growth ia 

retarded or cease• entirely and the cirouli do not grow to completion. With 

the resumption of rapid growth in the spring, a new oiroulus is laid down 

which soon grows around the entire scale margin, just outside the incomplete 

circuli of the previous growing sea.son, 1'hich remain as they were in the 

winter. Xhe new oiroulua therefore cu.ta across these incomplete oirouli 

and this •cutting over" is one of the most conspicuous and trustworthy 

oharaoteristi.os of the annulus or year-mark. 



Plaise I 

Figure 2. O'Maoid aoa.le boa a 4 l/4•1l10h blut1gill. Age 1 year. 

F1pn :,. Cyoloid ••l• fl'-. an ll•inoh ot••• Age 2 JMr•• 

.AnJ.mli 1nd1oa.ted b,y Roan muael'lll•· 
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The oyoloid type of scale lacks otenii. The cirouli usually extend 

a.round the entire aoale, &lthough they my be weak or absent on the 

posterior portion. The annulus is formed in the same general manner as 

on the otenoid scales, and is reoogm..sed by the same criteria. On. 

en.minatdon of the 1oale (Plate I. figure 3), from an ll•inch oisoo 

(Leuoichtgys arted.1), caught December 1, 19.34. in Blind Lake, 'Washtenaw 

County, it will be seen that there is an alternation of light and dark 

bamJs. made up respectively of widely and narrowly spaced cirouli. Theae 

bands are usually the more pronounced on the cycloid soales although aome 

otenoid scales exhibit them also, and some scales of either type do not 

show them. 

Early workers treated these distinct zones as IUllft81" and winter bands, 

but failed to define the inoOI11.plete oirouli as the chief' diagnoatio cbara.o

ter of the annulus. Hoff'bauer (1898, 1900), however. had described the 

true character of the annulus, a.nd bad offered proof of its w.lidity as 

a year-mark. other of his works (1901, 1904, 1905, 1906), provided 

oonfirma.tory evidence. Masterman (1913) also pointed out the true nature 

of the ami.ulus on the salmon scale, as Hotf'ba.uer had done for the carp. 

Nevertheless, many workers, (Gilbert, 1922; Snyder1 1923J and others} 

continued to interpret the "winter band" as the year-mark:. 

The annuli formed on the soales of the game fishes of Michigan that 

were studied are of the same character as deaoribed by the najori ty of 

workers. 

Reviews of the literab.lre and bibliographies on the scale method 

have been given by Thomson (1904), Taylor (1916), Creaser (1926). Mohr (1927, 

1930, 1934) .. Hutton (1921), Graham (1929) • and Van Ooe'ben (1929). 
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The assumption that the annulus is a year-nark and that but one 

a.mml.us forms each year has been and still is under ori tioism. Tw.s 

question has been studied in a number of experiments. Hoftba.uer 

(1898-1906) 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 concerni!lg the scale chara.cteristies of several other species 

(Ca.ra.ssius ca.rassius, Lucioperoa. sandra, Abramis bra.ma., ~ luoius, 

Leucisous erythrophthaL"llls, ~ Leucisous oepha.lus}• By laboratory or 

pond experiments Dahl (1911), Uohr (1916), Van Costen (1923), Creaser {1926), 

and others tu.mi.shed. basic informa.tion on annulus formation. Johnston 

(1905, 1907), followed by many workers, as Hutton (1909, 1910), 

Gilbert (1913), and Fraser (1921), tested the theory by tagging experi-

men.ta. 

Lea (1910), Ifjort (1914), and others, in following the dominant 

year olass through conmereial catches for several years, determined that 

one addi tioraal annulus appeared on the scales of members of this year 

olaaa each year. Lea (1911), Fraser (1916., 1917), and others followed 

the margim.l scale growth throughout the year by periodic sampling, and 

thus obtained evidence to show that only one annulus was formed a year 

by the species studied. 

Contrary evidence also has been gathered which tends to indioate 

that the determination of the true annuli $Y not a.11Jf8.ys be e. 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 oheok. Spawning marks ha:ve 

been described on many scales (Johnston, 1905J Calderwood, 1911, 1914J 

lilbb& and Cooper, 1935). Hubbs (1921) also described a'\uetamorphic 

IUlllUlus" on the scales of viviparous perches {Fm.biotooidae), 'brought 
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about by a temporary retardation of growth at birth, in the summer. 

Bennett, 7hcmpson, and Parr (1940) obserTed that se-veral annuli may torm 

in one season on the scales of a certain percentage of bluegills and 

largemouth bass in Illinois. Further discussion of this subjeot lf'ill be 

made in later sections. 

Fa.ctora ot AJJnulus Fonna ti on 

The formation of the annulus is obviously dependent upon the 

retardation or cessation of growth, .followed by a resum.ption of growth. 

Aa Va.n Ooaten (1923) pointed out, growth of the boczy and scale is closely 

correlated and ~ factor affecting the growth rate of the body •Y be 

of pl"ima.ry signit'ica.nce in the formation of the annulus. The problem 

then is largely one of determining the factors that are responsible for 

the seasonal growth r.)Jtbm. of the fish, 

Temperature.-Mtuly' authors have held that temperature is the mo.st 

importa.nt ta~tor in the i'o:nmtion of the annulus. Fulton (1904) wrote, 

8 Te:m.pera.ture is aotin in modifying the rate of growth by acting directly 

J.lPOll i;he metabolism of the fish and also 'by affecting the rapidity of 

digestion. In very oold water the fishes give up feeding altogether, 

beoause the ferments upon which digestion depends do not act, or act very 

slowly, at low temperatures, and in fishes, as in other a.tdmals, appetite 

waits on digestion, and this is, on the other hand, correlated with the 

metabolimn in the tissues. It has been sh01m. by Krukenberg that the 

pepsine or analagoue body in the sto:maeh of .fish acts as well at 20°c. 

as at 40°c., at which, among DU!IJ:ll1tllls, digestion is most aoti Tet and that 

the rapidity or its action is closely related to -the temperature, and 

Xna.uthe and Zunt& have shown that the same thing applies to the .meta.bolism 
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in fish, the vital activities being more active in the higher temperature, 

a.s shown by the excretion of ca.rbonio aoid gas and other products of 

metaboliSlll." 

Thompson (1904) held that "the divergence in growth ot the scales 

during sumn.er and winter is probably due to changes in the general 

metabolism of the body, which are in their turn, in a.11 probability, 

the result of seasonal variation in temperature and food aupply." 

In 1911,. Lea. stated that there is no oloae dependence between 

temperature and growth rate, but that the rate of growth rises as soon 

a.s the temperature begins to riae in the spring. 

Cutler (1918) wrotea "The conclusions which I draw fro!!l the results 

of these experiments on the aO&le growth ot fish ia, that the broad 

S'WIIDl.er 'bands, which are oaueed by the solerites during the period being 

wide, and the narrow winter bands~ produced by narrow eclerite1, are due 

to changes in the temperawre of the water in which the animals liw. 

High temperatures, such aa found in B\Wllller months, lead tc formation 

of broad scleri tea, while narrow ones are called forth by low winter 

temperatures." 

Van Ooste:n (1923) stated that "temperature appears to be a. primary 

factor in the formation of annuli in the adults, but only a secondary 

one in the imnature fish." 

To determine at just what tempera'ture the annulus forms in southern 

Michigan, a thermograph was set up at Deep Lake, Oakland County on 

April 22, 1940. It fflLS remoTed in September, and reinatalled on April 18, 

1941. '.l'he temperature records for the period during which the annulus 

formed are summarised in Table I. 
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Table I 

Temperature record tor Deep Lake during period of annulus formation. 

The therm.ooouple was looa ted on a shaded area ot 

sandy shoal, on bottom at depth of 18 inches. 

W.ek 

April 28-*y 4a 

:ua.:, 5-11. 1940 

Ma.:, 12-18, 1940 

May 19-25, 19!,.o 

The dates of annulus fornation were May 8.-20 

in 1940 and April 22.--.y Sin 194).,. 

Temperature, degreea Fahrenheit 
{Centill!rade in pa.rentheaea) 

Kean mi IUllWll )(ea.n Mean Maximum 

1940 42 (5.6) 45 (7,.2) 49 (9.h) 

49 (9.4) 52 (ll.l) 56 (lJ,3) 

52 (ll.l) 55 (12,8) 59 (15) 

S3 (11. 7) 51 (13.9) 60 (15.6) 

April 21•27, 1941 48 (8<19) 51 (10.5) 54 (12.2) 

April 28-Ma.y 4, 1941 ,6 (lJ.3) 60 (15.6) 64 (17.8) 

May 5-11, 1941 ss (12.8) 59 (15) 62 (16.7) 

Ma.y 12-18.1941 55 (12.8) 59 (15) 62 (16.7) 
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The data obtained by means of the thermograph indioate that annuli 

are formed in the spring at a fairly definite tempera.ture. In both 1940 

a.nd 1941 no annuli were observed before the mean da.111 water temperature 

exoeeded 50°F. The :mean temperatures of the days on 'Which the colleotiona 

first showed aimulu1 formation were 5J°F. (Mey 10) in 1940 a.n.d 520F. 

(April 22) in 1941. 'the mean temperatures of the f'irst days on which a 

majority ot the fish in the collections had formed annuli were S3°r. in 

both 1940 (Mlly 13) and 1941 (April 28). It should be notioed particularly 

that the annuli were tormed approximately two weeks earlier in 1941 than 

in 1940., but that the temperatures at the time of annulus formation were 

almost exactly the eame in the two yea.rs. 

Markus (1932) determined that largemouth baas did not :f'eed readily 

at 10°c. [.5o°F~ and that at 4°c. (39°,~ none took food voluntarily. 

From his experiments, T:Iathaway (1927} concluded. that "When tishes 

[bluegill, pumpkinseed, largemouth ba.s,il were tested at 20° [68°rJ 

and then transferred 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 temperature ••••• During the second, third, and fourth weeks at 

10° there was, in several cases, a further decline, the average food 

eaten ,er day for the fourth week amounting to 27 per cent of what it 

had been at 20°.• 

A rough correlation was tound between mean monthly air temperatures 

( drawn t:rom. records of the U. s. Weather Bureau) and the time of a.nmilu1 

formation. This point will be discussed in the section on "Time ot 

Annulus Formation". 

Temperatures higher than the optimwa for the specie■ also tend to 

retard or stop growth. Audige (1921) found that certain temperate-zone 
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tishes (Oypr.i.nus oarpio, C&raasius aure.t\la, a.nd. Soardinius erythrophthalma) 

grfJ'fl irregularly, with frequent checks, when held in wa.ter a.t 24.2500. 

(75-77°F.) and that these oheoks were more pronounced at temperatures 

between .30° {86°F.) _and .31°0, (87.8°1.). Similarly it is kn.own th.at the 

soalea of tropical marine 1'1.ahea often show annulus-like arks i'&r 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 bluegilla &nd 

la.rge-.JJ.outh baas in Fork Lake, Illinois (Bennett, Thompson, a.nd Parr, 191$>) 

,rere induced by the high aUJ111ter temperatures which led to a t.mporary 

eeasa.tion in growth. The weekly average water temperatures listed by 

these authors for the dopth of J feet rea.Ghed 8_5°F. (29°0.) for one week 

and remained over 7S°F. (24°c.) tor 16 'fieks from May 22 to SepteJilber 18, 

1939, with the exception of one week 'beginning June 12, when the mean 

teraperatur• was 74°F. (2.3°c.). A colleotion made the tollowint; week 

{beginning June 19) showed the first a.coessory mark. Thus age determina• 

tions may be unreliable in shallow lakes where very high water temperatures 

occur over oonsidere.ble periods. 

sewm.ng.-Sp&wning appears to have little effect on the time of 

annulus formation. The yellow perch spam in early spring, but they form 

their annuli e.t about the same time as the late spa,mera. Johnston 

(1905. 1907), taylor (1916), MoroaOT (1924), Hllbbs and Cooper (1935), and 

others, record that 1pa1'lling marks, diatinot trom. true annuli, are formed 

on sos.lea. Many of the scales e:xamined 1n this study exhibited acoesae.ry 

checks which may be interpreted as spawning marks. These struoturea 

are moat distinct on the anterior field. F\lrther investigation ia being 

carried on in an effort to deter.mine the e:xaot nature o.t these mark•• 



-16-

Food.-Food has been considered of ohief' importance a1 a factor in -
annulus formation by Rotf'bauer (1898. 1900), Fraser (1917), Thomson (1904), 

and Bhatia (1931). Van Ooaten (192.3), however, stated that tood ia only 

a secondary factor in a.dul ts, but may be a primary factor in immature ti ah. 

The author does not believe that food ia often the primary :taotor. 

It has been shown by several workers (see diaouaaion under temperature) 

that in cold water tiah eat very little or no tood, ewn when the supply 

ia abundant. It would aeem that temperature is more important than f'ood 

as a factor dir•otly controlling growth. 

To be au.re, it food is lacking. high temperatures would hardly be 

expeoted to induce the resumption of growth, 1ri1ich is essential in annulu• 

formation. According to Hanaen (19.37) the white crappie (Pomoxia annularl.11) 

in Illinois, under oertain conditions of 111&lnutrition. f'onu an abserption 

annulus which resem.blea the spawning mark which is formed on the soales 

of salmon that are epawning but not feeding. If the absorption of 'the 

aoale ean be taken as an indication of star,ation, as Hansen auggeated, 

the late formation of' the a.nnulua, found in these fish by Hansen, ray 

well be attributed to a la.ck of tood a.nd a consequently long delay- in the 

resumption of growth. Thia 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. 

It is possible also that the metamorphic or 11natal" annulus of the 

Eabiotooidae (Hubbs, 1921} is formed on a nutritional basis~ for at birth 

the embryonic food supply is out off and retardation or even a temporary 

stoppage of growth JI&y ensue betore the young fish become adapted to the 

capture of the new type of food. 

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

the immediate fa.otor involved in the formation of the annulus. Obviously, 
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tood can be a primary factor in annulus f'ormation under those conditions 

in which these ohanges in growth are primarily determined by the supply 

of tood organisms available. 

Time of' Annulus i'onation 

Few references were made e.s to the time of annulus for.ma.ti.on by 

the earlier workers on the age and growth of fishes. For the most part 

they were content to call the annulus the "nnter 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 thia point. 

Johnston (190,) 1.'ound that the growth had begun at the end of April 

on the scales of the salmon (Salmo salar) i':rom the River Tay. 

Fol" the eel, Gemaoe (1908) stated, •The growth of the scales begins

in June, or, as a r11le, first in July, and is ended at the end of 

September--som.et1me1 (a.s 1n the silver eel) the growth ends somewhat 

earlier, seldom later." 

The yea:i"-marlc was on the edge of the soa.les of the salmon taken in 

Ireland during January, February, a.nd March, after which it was found 

within the edge in an increasing percentage. In May, June• and July, 

collections from Norway had the mark inside the edge in an increa.sing 

percentage, but w1 th some individual variation (De.bl, 1911). 

Lea (1911) found that many ot the herring scales collected on 

April 5•7, from. waters near Berg.en, Norway, had a small amount of new 

growth, whereas others taken at the same time did not. The tish of' an 

April 23 sample had formed new growth on the scales. Concerning Canadian 

colleetiona, Le& later stated (1919). "These later samples give a more 

definite idea as to the time when aUl!ID.er growth or the younger herring 
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in these waters (off Prince F.dward Island) begins, as in one ot the samples 

(early June) the t.tsh had not oom.menced their gravrth., while the remaining 

sl!lll.ples revealed a distinct new SU!ll!l.er belt on the scales. 

"An interesting feature in oonneotion with these fish is the fact 

that ISU.nlr.\8!' growth ooilll!1.enoes so late. Oft the coast of Norway, the new 

aummer growth eormenoes in April? but far up in the Baltio, near the 

ooast of' Finland, similar oondi tion.s are observed. Helle't'IIAra •••• who has 

inves-ti~ted the herring of these waters, observes in ttti, oonneotion 

•Not until the 27th of June did I observe that the soales had begun to 

grow on the young fish 1 or 2 yea.rs oldJ but not on those which ~d 

reaohed maturity.'" 

Sund (1911) round the winter ring on the edge of the aoalea of 

the sprat ( Olupea, spra.ttus), taken in April, a short dista.nc,e inside the 

:margin in those oollected ia VS.y, and again on the margin in a Deoeaber 

sample [it is doubtflll. however, 1.t' the new annulus had formed in December]• 

In River Wye salmon, Masterman (1913) found a. marginal growth baJ'ld 

of increasing width from April to September, but not in those taken in 

November and December. 

The year-mark is formed on the scales of the "squeateague• {Cynosoi!?!, 

ree9:lis) and "pigfiah" (Orthopristis ohryaopterue) in May or June (Taylor, 

1916). 

Fraser (1917) wrote:· "In all sea.lea of salmon (Oncorbplchua 

tscbawytseha} caught trom January 6 to March 17th, there was indieation 

of the oheck in growth at the margin. On tile other hand• with but tfffl 

exceptions, no soale1 obta.lned after April 22nd, and before November 27, 

hAd indication of retardation at the -.rgin. From Uaroh 17 to April 22, 

and trom 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 tre same day." 

The author obviously did not distinguish the "dark band" of narrowed 

cirouli from the true annulus. For the ohinook salmon of the Columbia 

and Sacrament,o Rivers, Rich (1920) stated that growth is practically 

negligible from !Iovember to Ma.rob, but more rapid growth is apparently 

resumed in April and May. 

Hodgson (1925) showed for the herring from. the English Channel that, 

11 (1). The scales ot ~lish herring begin to grow during April and oee.ae 

to grow in September, irrespective of their geographic positionJ 

(2). Younger fish have a. longer growing period than older onesJ (.3). The 

older fish have a. tendency to begin growth later than -the younger fish." 

In Norwegian waters Lissner (192,) found that the soales of the herring 

had begun their growth in Uay. In the ha.ddock of Scottish waters 

R. Thompson (1926) tound that the year-mark al'aya formed in March. 

Merriman (1941) states: "Actually for the striped bass., the annulus 

does not appear in Winter• and only becomes evident by April or Vay." 

The above-mentioned papers deal chiefly with ocean or river-run 

fish. Literature dealing with the time of' annulus formation in fresh

water fishes is also •canty. The following workers, however, have 

presented aome data on the subject. 

Van Ooaten {1923) states that for the whitefish "the marginal growth 

is resumed sometime in April (or March?).• Creaser (1926) observed that. 

•At Douglas Lake. W.chigan, an investigation of the scales of ma.ny of the 

fishes showed that in June an annulus had only recently been formed." 

For the bully- (Gobiomorplms gobiodes) in the Lower Selwyn River., 

South Isla.nd, New Zealand, Parrott (19.34 !,) wrote., "It should be noticed 

that the summer annuli finder cireuljJ are principally- formed during 
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October• :ciovdllloer. aud .Jecember, while the winter annuli Cnarrow cirouli] 

are formed principally during llaroh, April, and May. There is, generally 

speoking, no gro\'fth in the scale during June, July, Al.lgUst, and September." 

He ata.tod further (1934 !?,} that in the brown trout {Sal.mo trutta) the 

sumner band begins to develop in September and that by the end ot Ootober 

the majority show summer growth. 

On the contra.ry, Hansen (19.37) found that the annuli ue formed 

over a long period in certa.in waters of Illinois. , "In 1935 it was May, 

J'u.ne,and July; in 19.36, ay, June, and po&Bibly July." 

Aooording to Esohmeyer (1939), "Ammlua .forn1Ltion in some of these 

immature fish [largemouth ba.ss ot Norris Res3rvoir, To:i:me1&ee] therefore 

extended o7er a long period, for a. few ha.d formed a.n e.mulus early in 

May and others had not begwi growth by June l, a.ssuming that initial growth 

is reflected on the soale •••••• Two -walleyes, taken late in March, had 

formed no annulus; 21 taken in late NAy and early June had nade some growthJ 

one caught in late· May had not yet formed an annulus.rt In further studiea 

on fiah of the Norris Reservoir, Jones (1941) found that tbs growing 

season for the small.mouth a.nu largemouth bass begins in June and ends 

early in October or late in september. 

In a stuttr mentioned on page , Bennett, Thompson, a.nd Parr (1940) 

.found that "Some of the yearling bluegills bad formed ammli on their 

soales before April 18, a.nd all of them had :formed annuli by the end ot 

llay. Moat breeder bluegills began annulus forma:tion later than the 

ye&rlinga, and did not complete this formation until October. Annulus 

forms.ti.on in the bass extended from mid-April to la.te September." 

lt'or the vhite perch (Morone amerioana.) Cooper (1941) stated that the 

growing season in 1faine in 194<> er-vended from about the first or second 
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week in JulJ• throubh August and possibly through pa.rt of September. 

Hlle (1941) discarded a oollection of old rock bass oa.ptured in 

!fobish Lake. Wisconsin. on July 5 and 61 19.30, because of his iDAbility 

to decide whether certain individuals had formed the 1930 annulus. 

Annulus formation had been completed in the younger rook bass ot a collection 

rnade .. Tuly l and 2. 1932, in tha neighboring Allskellunge Lake, but individuals 

older than six years rs.rely exhibited a. completed year--rk. 

The tine of year at which the annulus forms in Michigan is distinotly 

earlit3r in the southern than in the northern part of the state. The extent 

of ·i;he di!':f'ere:noe is shown in Table II, where it may be seen that the 

year-mark "1(8.B i'ormed and some marginal growth was evident on the scales 

of the fishes taken in the southern one-third of the Lower Penineula on 

Tu"Ay 17-20, 1940., whereas the scales of fish oolleoted in the Upper 

Peninsula on MAy 22 had not yet begun to grow. 



Year Zone 

1939 l 

2 

.3 
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Table II 

Time of annulus formation on the soales of game .fishes in Michigan. 

(See Appendix I for details concerning the 
oolleotiona on whioh this table was based) 

Dates 'When no aoales Dates when some aoalea 
had formed a had formed. a. 

mardnal annulus mardnal a.nnulue 
Date Number of Date Number of 

specimen.a specimens 
Lake 11'1.th without 

Clear Jan. 19 2 Apr .. 28 1 6 
Feb. 2;. 28 15 

Pa.ainald. Pond Apr. 18 Ip •·•• ...... ... .... 
Apr. 23 152 

Deep Feb. 2 2 ··•·• •··•. ....... 
Apr. 27 8 
Apr. 29 5 

Budd ••• ••• May 17 59 14 

Round • • • .... ••• •·• . •·•·• 

H. Manistique ··•. • •• ••• • •• .. •-• 

Base ..... • •• •·•• •··· ••·•· 

Datea when all aoales 
had formed a 

marginal annulus 
Date Number of 

specimens 

June l 59 
July 1,5 J2 
Dec. 31 14 

Apr. 29i .38 
Mlly 28 69 
June 14-
Oct. 12 327 

May 17 38 
:May 19-31 56 
June 2-Aug. 4 169 

June 19 175 
Oct. 28 17 
May 25 15 
June 24 77 
Oot. 20 7 

J\me 26 76 
July 28 lll 
Sept. 7 21 
Oct. 21 15 
June 25 16 
July 4 26 
July 29 72 
Sept. 15 6 
Oct. 22 16 

(Continued) 
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1939 3 

1940 1 

2 

3 

lAke 

Crooked 

Fannie Hooe 

Clear 

Deep 
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Round 
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Table II 

Time of annulus formatiQn on the scales of game .f'l shes in Michigan 

(Continued) 
Dates when no aoa.les Dates when some scales 

had i'"ormed a had formed a 
llJU'dnal annulus marginal annulus 

.uate Number ot Date Number of 
; specimens apeoimewr 

with withOU't 

.. ·'.·· .... -. •·• ·- ••·• . •·· 
•·•• ...• ••• ••• ··•· . 

••-• . •··· May- 7 13 31 

AF• 24, 25. May 10 5 34 
2'9, 30, Ma.y Ma.y 13 31 3 
2, 8 84 ay 14 21 .3 

..... ••• May 17 20 80 

May 20 13 ••• • •• ..... , 
N. Manistique May 22, 2.3 53 ••• . . •· ...... 

-
Bau May 24 36 . ... • •• ••• 

Crooked May 26 30 ••• • •• . •·· 
Fannie Hooe May 27 ... 28 12 ••• ••• ••• 

Dates when all sea.lea 
had formed a 

marginal annulus 
va.te Number of 

specimens 

July 1-J 68 
July .31 .38 
Aug. 26 70 
Oot. 23 14 
July 4-6 31 
Aug. 2-4 48 
Aug. JO 11 
Oot. 24 J 

J\me 6 53 

May 20 11 
May 22, 27, 
June 14 68 

June 19 51 
June 21, 22 50 
June 24 28 
July 20, 21 49 
June 25 29 
July 23-24 59 
June 26 17 
July 27 49 

June 27 18 
July 27-29 39 

(Continued) 
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T&bl.e II 

Time of ammlua t'orma:\ion on the aoalea of ga..-ne tishea 1n Michigan. 

( Ooatinued) 

Dates when no soalea 
had .formed ~ 

nal &DJIUJ.ua 

....... .•. ., 

Dates when aome aoa ea 
lad foi-¥d a 

nal annulua 

Apr •. 22 1 18 
Apr •. 24 12. ,, 
.Apr. 26 13 as 
Apr. 28 2S ' )11.y-l 20 ) 
111.y 3 24 l 

De.tea when all soales 
had tor.med a 

mar il1al annulus 

*7 S 10 
... ,. 1. 9. 12'# 
16. 19. 22. 24 66 
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'l'he statements of the following para.graphs as to the time ot 1ID1Ulu1 

formation in the different lakes apply to all species in eaoh lake. (For 

details as to species and the numbers in the oolleotions see Appendix I.) 

The lakea will be considered in the order in whioh they appear in Table 

II with the exception of Pasinski Pond. The materials from this pond are 

of such a nature aa to require a. apeoial discu11ion. 

Some of the aoales obtained from Clear Lake (Zone 1) on April 28, 

19.39, showed an annulus on the edge, and others had a trace of this mark. 

All those aeoured on June l, 1939, when the lake was nerl fished, exhibited 

a completed annulus a?Jd a margin of new growth. The marginal annulus had 

formed on some of the soalea taken May 7, 1940, whereaa on others there 

was only a tra.oe or no indication at all of the year-mark. The soales 

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 t'ol"Jllltion of the year

mark were collected in Deep lJlke (Zone l) in connection with other 

investigations during 1939, and a special effort was ma.de in 1940 and 1941 

to take scale aam.ples at frequent intervals. Certain aspects of these 

data were discussed earlier (p. ) in oonneotion w1 th the study of the 

.t"a.otors of a.mmlua formation. 

None of the soales showed a compleiied annulus in the first spring 

oollection of April 27, 1939, although a. ffnr showed the beginning of one. 

None of the soales taken on April 29 had a completed annulua. The next 

collection was on Jlay 17, at which time an annulus and a. narrow band o:f 

growth was found on each aoale. 

In 1940. collections were begun on April 24. Samples taken then and 

on April 25, 29, JO, May 2, and Ylly 8 showed no ammlus. On MLy 10, a 

few of the scales exhibited an annuJus. On May 13-14, all but 6 of the 
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samples bad the year-m,.rk at the margin. Collections of May 20-22 showed 

the annulus 'Iii thin a narrow but distinct margin o:f' growth. 

The 1941 collections were begun on April 22. on which date only one 

bluegill exhibi tad a marginal annulus. On April 24, 26. and 28,and vay 1 

and 3, increasing peroentagea of the scales showed a marginal annulue. 

Arter lfay 3 all sa.mplea showed a marginal annulus with some growth beyond 

the annulus. 

The annulus wa.s just inside the edge on the majority of the soalea 

of :f'ish taken from Budd Lake (Zone 2), May 17 ... 18, 1939, but only a few 

of those taken on May 17, 191..iO, had an annulus. All scales taken on 

June 19. 1939 and 1940, showed an annulus with a marginal growth. 

On the scales secured in Round Lake (Zone 2) on May 26-28, 1939, 

the 8.lUJU.lus was just inside the margin. The next collection. ade on 

June 21•2.3. showed all t'ish to have an annulus within a wide ba.nd o:f' 

growth. In 1940. soales oolleoted on lfay 20 bad no annulus. but all of 

those taken on June 19 exhibited an annulus inside the sea.le :margin. 

The annulus -.s on the edge o:f' some scales oollec1:ed 1n Nor-th 

Manistique Lake (Zone 3) on June 25, 1939, and a. fCJW scales had a slight 

marginal growth. In 191':> a collection made here on JiLy 22 gave no indica

tion that an annulus had been laid down. On June 24, when the next 

sample 'WB.19 obtained, the a.nnulua had bee:l formed on all apecimene, with 

a slight marginal growth on some. 

In Bass Lake (Zone J), the annulus was obvious on all 1peoimens when 

a collection was made on June 25, 1939. All soales taken on July 28-29 

showed a. band of marginal growth -tna.t -.s distinctly wider than that on 

the scales of the prrnous collection. In 1940 a aa.mple was taken on 

J(ay 24. at which time no annulus was apparent. When the next collection 

was made on June 25, the annulus was formed on all soalea. 
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Colleotiona were made on July 1-3, 1939, in Crooked Lake (Zone 3). 

The annulus was to be seen on the edge of the soales. In 1940, a 

eolleotion made in May showed no annulus present. All scales collected 

June 26, 1940, had an annulus near the edge. 

Of the sea.le samples secured from lake Fannie Hooe (Zone 3) on 

July 4-6, 1939, the annulus was just inside the edge of all except a tew, 

whi oh showed a tair amount of marginal grmrth. No annulus was present on 

any of the soales collected on Jfay 27-28, 1940. The next oolleotion, 

ta.ken June 27-28, showed an annulus near the edge ot all scales. 

Additional aoattered material was obtained through ample• taken 

in the springs ot 1939 and 19l.i0 f'rom other lakes that were visited during 

the innstigation ot other problems. Samples were obtained trom. Standard 

Lake (Zone 2) during Jfay and June, 1939, and :f'rom Ford IAke (Zone 2) in 

May, 1939, and May, 1940. Soale aa.m.ples were kept trom fish oaught in 

June, 1940, during a. 1urvey of certain lakes in Menominee County (Zone 3). 

In all these samples the indicated time of annulus fon11,tion a.greed with 

the findings for the selected lakes in the ea.me region. 

The da.t& on the bluegills of Pasinski Pond not only provide informa

tion aa to the time of annulus formation but also yield. etrong e'Videnoe 

in support ot the belief tha.t only one annulus is formed each year. The 

ammlus formed on the scales of bluegills (the only game fish present) in 

the pond (Zone l) between April 23 and 29, 19.39. None of the soa.les 

oolleoted. on April 23 had a. margillal annulus• but the year-mark W&s 

en.dent on the soales of all ti.ah taken on April 29. It was impossible 

to continue the observations here beyond the growing sea.son of 19.39 because 

this pond suffered a complete winter-kill 1n February, 1940. Thia event 

was particularly unfortunate since the .fish were ot known age, and ma.n.y had 

been jaw-tagged. 
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The aeoond•year growth of theae fish (all known to be yearlings} 

up to different times of capture in the growing sea1on is described as 

the percentages of the average "expeoted" growth tor the entire growing 

•••on of 1939. This average full••••on growth. derived from the measure

menta of the aoales of 164 bluegills taken at the time of the llinter-kill 

is indicated by the heavy vertical line on the graph (Figure 4). The 

range of length and the JDmlber of apecimena on which each peroenta.ge is 

based are shown by the frequency curves. The nean growth of each 

oolleotion is represented by a broken vertioal line. 

It will be seen that on April 23 no tiah had an annulus. but tbat 

on April 29 all speeimena in the collection had an annulus with a anall 

amount of ma.rgillal growth. A steady increase in the percentage of the 

annual growth completed occurred in the auooeeding collections. Though 

the range ot variation incr•aed somewhat during the sea.son, none of the 

t:ish ta.ken in Ma7, Jime, or July had the annulus au.ffioiently cloae to 

the margin to indicate recent formation. By July approximately 85 per oent 

ot the "upeoted" growth tor the season wa.a oam.pleted. In October, a mall 

oolleotion showed that 96 pe:r oent ot the "expectedi1 growth had been 

attained. 'When the fish were killed in February, 1940, they had not yet 

formed the seoond annulus, but undoubtedly would have completed this 

structure in the spring, had they lived. 
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ftgur• 4 

Peroentage ot •expected." annual aoale growth ooapleted on. 

different datee by yearling blue.gills from Paaiuld Pond 

in 1939. lltuaber ot apeoimena in parenth••••• H•T.Y aolid. 

line in.dioa.te1 the :m.ea.n of the full y•r'• growth. Broken 

lin.ea indioate the means ot the individual eolleotiou 
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The relatively limited variation in the a.mount of the :marginal 

growth on t.he scales of the Pasinski Pond bluegills caught on the same 

date and the increase of this growth during the summer are illustra.ted 

by the photographs in Plates II - IV. The scales that are pictured 11'8re 

ta.ken at random from the collections of the dates indioated. 

The data for other waters as well as Pasinski Pond indicated uniformly 

that only one annulus is formed each year. For a number of apeoies and 

in several lakes tor each year, the relative a.mounts of scale growth 

outside the marginal annulus were calculated tor each date o:t sampling. 

Table III shows the typical results of the calculations. The amount of 

growth at any date is indicated as the percentage of the ,.expected" 

full-season growth for fish in that pa.rtioular year of 11.fe. The 

"expected" annual soale growth was determined as the mean of the fu.ll• 

season increments of the scale for eaoh yea~ of life i'or all specimens 

that had survived beyond that year. For example. the average soale growth 

for the first year of life was based on the growth made in that year by 

a.ll fish in the collection one year old a.nd older, and that for the 

second year was based on all fish two years old and older ••••••••• The 

percentage of scale growth completed at the time of oa.pture was obtained 

by dividing the avera.ge growth outside the annulus by the average full

season growth expected tor fish in the same year of life. The table shows 

that the annulus for.a~d between certain dates and that in successive 

collections lay tarther and farther 1fi thin the sea.le margin. It may be 

seen also i'rom Table III that in Deep Lake, as in Pasinski Pond, all 

annuli were formed within a very short period. It is believed that the 

annulus forms rapidly in all lakes. 
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Plat. n 
Seal•• ot bluegills (eiae ruge, 2 7/8 • 4 l/4 inolaea, 

ilotal lang'bh) 1-kea from Paainaki Pond, April 23, 19.39• 

Ifo ammlua preee.rd;. All photographa in Plate1 II, Ill, 

and IV were taken at a mag:m.ticatloa of xlt4..3 

.,. 





Plate III 

Sea.lea of bluegill• {size range,. 2 JA - 4 1/4 inohea, 

wte.l 18llg'th) taken tram Pasinski Pond,. April 29,. 1939. 

Ammlus at edge 
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Pll.te IV 

Scales ot bluegills (siae ruge, 2 JA • 4 l/4 1.nohe■, 
total length) taken trOlll. Pasinski Pond, June 14. 1939. 

Ammlu• well in.aid• argin or growth 





Specie• and date 

Blue~ill 

Feb. 4. 19.39 ••••••••••••• 
Apr. 27, 29 •...........•. 
May 17. 19. 21, 27 ••••••• 
June 5, 8, 1.3, 20, 28 •••• 
July 2, 5, 7, 13, 24, 26 •• 
Aug. 2. 4 •••••••••••••••• 

Apr. 29. 1940 •••••••••••• 
May 2, 8 ••••••••••••••••• 
May 10 ••••••••••••••••••• 
May 1.3, l4 •••••••••••••·• May 20, 22, 27 ••••••••••• 
June 14 •••••••••••••••••• 

Pumf!k:inseed 

Apr. 27, 1939 ............ 
May 17, 21, 27 ••••••.•••• 
June 5, 8, 13, 20, 28 •••• 
July 2, 12. 13. ~ ....... 
August 2 ••••••••••••••••• 

Apr. 25. 29; JO, 1940 •••• 
M,J.y 2, 

8 •••••••••·•·••••• May 10 ••••••••••••••••••• 
May 13. 14 ••••••••••••••• 
May 20, 22. 27 ••.•••••••• 
June 14 •••••••••••••••••• 
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Table III 

Scale growth outside marginal annulus, aa the percentage of the expected 

I 

total growth for the giTen year 

The average expected aoale growth tor a particular year of 
life was baaed on average mea.surements ot the scale growth 
ot all tish that had completed that year of. life. The data 

are based on collections .from Deep Lake 

AB:e Group .. 
II III IV V 

• •• ••• • •• • •• O (2~ 
• •• • •• • •• 0 (2) 0 (5 
••• • •• 17 (10) 20 (25) 33 (14) 
• ••• 2~ (1) 35 (17) 38 (27) 40 (9) 

li4 (2) 47 (lS) 57 (10) 51 (17) 61 (.3) 
78 (1) 78 (3) 64 (6) "' ••• • •• 

' 

••• . ... O (l) ··•-• ••• 
••• .... _ o ~4) 0 (3) • •• 
• •• O (2) ~-8 6) 0 ~2) ••• 
••• ••• 5 (11) 7 5) 13 (7) 
••• ••• . ...• 15 ~5) 24 (5) 

11, (2) .37 (5) 30 (12) .32 2} w.i, (1) 

. .. • • • .... • •• O (1) ... . -•• ····· • • • 27 (20) 
••• ·• .. ••• ••• 53 (7) 

62 (3) 51 (10) 50 (2) 62 (5) 10.3 {2) 
••• ••• . ... . ...• 77 (2) 

• • • ••• 0!71 0 (5) 0 (4) 
••• ••• o 6) 0 (4) O (9) . . . ••• ~l 2) ~3 (2) . ... 
• • • • •• tlO (7) 1.3 (5) 4 (1) 
••• ••• 27 (2) 34 (4) .36 (.3) 
••• 38 (2) 49 (15) 54 (1) ••• 

-:,. Some with or without growth. 

VII I 
VI 

••• • •• . .. . .. 
~ (1) • •• 

• • • • •• 
••• ••• ... • •• 

••• . .. 
• •• • •• 
• •• • •• 

12 (6) 0 (1) 
.35 (3) • •• 

••• . .. 

••• • •• 
••• ••• 
• •• • •• 
••• • •• 
••• • •• 

o ~4) • 0 • 

0 4) O (1) 
• •• 0 (1) 
••• ••• 
• •• • •• 
• •• • •• 
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The time of annulus formation ia correlated roughly with the mean 

monthly air temperatures. At comparable dates the springs ot 1939 and 

1941 were warmer than the epring of 1940, and the annulus formed earlier 

in 1939 and 1941 than in 194.0. As water temperature and air temperature 

are correlated rather closely, it is to be expected that the 1118.ter 110Uld 

beoome warmer earlier in a wann spring than in a oold one. When the lakea 

of the southern part of the Lower Peninsula have become sufficiently 

wann to permit the resumption of fish growth, the lakes in the Upper 

Peninsula are barely ioe-free. As the temperatures gradually increase 

in the north, growth of the fish in these lakes is finally resumed, with 

the resultant annulus fornation. Since the local temperature conditions 

"1/9.ry considerably trom year to year, and since the isothenns form 

irregular patterns, it was found impracticable to delimit on the basis 

of isotherms, the &ones or aeotions which are needed tor a further 

analysis of the 'VIL?'iations throughout the state in the time of annulus 

formation. The lines of separation of three general areas or zones 

were set somewhat arbitrarily aa Town Line 10 North and the Straits of 

Mackinac. Zone l extends from the southern boundary ot the 1tate north 

to Town Line 10, Zone 2 oovers the Lower Peninsula north or this line; 

and Zone J inoludes the entire Upper Peninsula (Figure l). It llBlat be 

remembered that the temperatures deorease gradually toward the north, 

and it has been found that the time ot anm1lus formation shows a similar 

gradient, w1 thout the abl"llpt discontinuities that zones are likely to 

suggest. 

It is estimated that in an "average" year the annulus usually 18 

completed in Zone l, the southern one-third of the Lower Peninsula., by 

the middle of 111,YJ in Zone 2, the northern two-thirds of the Lower Peninsula, 
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by the first part of JuneJ and in Zone J, the Upper Peninsula, by the 

end of June. The date of actual completion will vary sam.ewhat aocording 

to temperature condi tiona in different localities and in different yea.rs. 

1. The inTestigation of annulus formation on the scales of some 

of the game fishes of Michigan W&& begun in 1939 under the sponsorship 

of the Michigan Institute for Fisheries Research. 

2. Scale samples were oolleoted at regular intervals from. seven 

lakes and a pond1 additional samples were taken trom other lakea in 

connection with other inveatigations. 

J. Temperature appears to be the prima.ry factor in annulus formation. 

4. Spa:wning was found to have 11 ttle or no e f:f'ect on the time of 

annulus formation. 

5. Food is ordinarily of secondary importance a.111 a. factor in the 

time of annulus formation. A severe scarcity- of food, or an abrupt change 

in the a-vailability of food, may make it a primary factor. 

6. The mean temperatur3s of the days ou which the scales in the 

collections first showed annuli were 5.3° r. in 194D, and 52°1. in 1941• 

The mean temperatures of the first days on which the majority o:f' the 

scale samples showed annuli were 58°F. in both 194D and 1941. 

7 • The annulus formed ea.i-lier in 19.39 and 1941 tba.n in 194D. 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 i'orma:d.on was proeressively later from the 

southern part of Michigan -co the northern pa.rt. 
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9. The state was divided arbitrarily into three zone11 Zone 1-

roughly the southern one-third of the Lower PeninsulaJ Zone 2-the northern 

two thirds of the Lower PeninsulaJ and Zone J-the Upper Peninsula. In 

all but exceptionally oold year■ the tons tion ot the annulus ma.y be 

expected to be completed in Zone l, by the middle of May, in Zone 2, by 

the first pa.rt ot June, and in Zone J, by the end of June. Annual 

fluctuations in temperature may bring &bout aome variation in the date 

of formation of the year-ma.rk. 

Appendix I 

Detailed data on the time of ammlua formation on the soalea 

ot lliohigan game ti ehes 

The data of Table III on the time of ammlus formation on the scales 

of Michigan game fishes were not presented by apeoies. The following 

data show detini tely that the different apeoiea formed the year-mark 

ai1111ltaneously a.a they started to grow in the spring. 

Clear Lake, Jackson County 

Data for 1939 

Annulus not yet formed at the nargin 

January 191 2 black crappies. 

February 25, 281 15 bluegills. 

UArgina.l a.nmilus formed in sane specimens 

April 281 6 peroh with annuli, 2 wl thouti 2 bluegill• wi thoutJ l rook 

bass withoutJ 1 black crappie with, l without. 

Annulus fomed on all scales 

June 11 12 perch, 6 l.a.rgemo-.1th bass, 19 bluegills, 2 rock bass, 16 pumpkin• 

seeds, 4 black crappies. 
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July 151 6 perch, S largemouth baas, 13 bluegills. 8 pumpld.naeeds. 

December Jla 6 bluegills, 8 black crappies. 

Data tor 194'> 

Marginal annulus formed 1n soae speoimena 

M&;y 7• J largemouth baas without annuliJ 2 bluegills 1f1 th annuli, 

22 without, 10 pumpk:inaeed.s with, 4 without; l green sunfish x 

bluegill eybrid with, 2 without. 

Annulus formed on all toe.lea 

June 61 17 perch, 6 largemouth ba11, 9 bluegills, 9 rook baas, 6 pumpld.n

aeeds, 4 blaok crappies, 2 green sunfish. 

Budd Lake,. Ola.re County

J)lta tor 19.39 

Marginal annulus formed in some apeoim.ena 

May 17 a 21 peroh with annuli, 9 without J 24 bluegills wi thJ S pumpld.naeads 

with, 4 w1 thout; 3 largemouth bass with, 1 without; 2 rook ba.H 

with; l black crappie wi·th; J pwapld.n.eeed x gree:,. sunfish 

eybrida 1lli th. 

Annulus formed on all soalea 

June 19: 52 peroh, 29 bluegills, 70 pumpld.nseeda, 13 largemouth bass, 

l green 8Ullfiah, 4 roek bass, J blaok crappies, 2 bluegill x 

pumpld.nseed }wbrids, l pumpkinseed x green sunfish eybrid. 

Ootober 28: l peroh, .3 bluegills, 6 pumpkinaeede, 2 largemouth bass, 

5 rock bass. 

Data for lS,40 

Margi.Dal annulus formed in aaae specimens 

May 171 7 peroh with annuli, 20 withoutJ 1 bluegill with, 31 withoutJ 
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3 pump1d.nseeds with, 5 wi thoutJ 6 largemouth baas wi thoutJ 

l greun sunfish withoutJ 9 rook bass w.1. th, 10 wi thoutJ 2 black 

crappies withoutJ 5 pump1d.nseed x green sunfish ~brida without. 

Annulus formed on all soales 

June 19i 14 peroh, 16 bluegille, 15 pumpkinseeds, 8 largemouth basa, 

1 green aun.tish, 3 rook bass. 

Roulld Lake, Jimaet County 

Data for 1939 

Annulus for.med on all scales 

Ma.y 25: 10 pumpkinseeds, 5 rock bass. 

June 24= 25 pumpkinaeeda, 19 bluegills, 21 peroh, 12 rock ba.11. 

Ootober 201 1 pwnpkinseed, J bluegills, 2 rook bass, l largemouth bass. 

De.ta for l9Lt0 

Annulus not yet formed at margin 

May 20: 6 pumpldnseeds, 4 rock baas, 3 largemouth bass. 

Annulus formed on all aoalea 

June 21s 22 pumpkinaeeda, 18 bluegills, 2 perch, 7 rook baas, l largemouth 

bass. 

North Manistique !Ake, Luce OoU11ty 

Data for 19.39 

.Annulus formed on all soalea 

June 261 .32 rook baas, 27 peroh, 9 wa.lley-es .• 8 amallmouth baH. 

July 281 43 rock bass, 61 perch, 6 wa.lleyea, 1 smallmouth baas. 

September 71 5 rock bass, 8 peroh, 8 walleyes. 

October 211 2 rook baas, 7 perch, 6 walleyes. 



Data for 1940 

.Annulus not yet formed at margin 

Jfay 23t 28 rook bass, 18 pdrch, 7 -walleyes. 

Annulus formed on all scales 

June 24• 8 rook bass, 16 perch, 4 walleyes. 

July 2lr 16 rook bass, 21 perch, 6 walleyes, 6 a•llmouth baas. 

r 

Baes I.alee, Ma.rqueti;e County 

Data for 1939 

.Annulus formed on all ace.lea 

June 25a 14 pu.mp~n•eeda, 2 pumpki.nseeda x bluegill hybrids. 

J\ily 4a 8 'bluegills, 16 pumpldnaeeds, l peroh. 

July 291 41 bluegills, 19 pumpldnaeeda, 6 peJ'oh, 3 walleyes, .3 largema11th 

September 1,51 3 bluegills, l pumpkinseed, 2 walleyes. 

Ootober 22, 8 bluegills, 6 perch, l largemouth baas, 1 am.allmouth be.as. 

Data for 1940 

Annulus not yet formed at margin 

May 24: 17 'bluegills, 10 pumpld.n1eeds, 4 perch, l Mr.lleye, 3 largemouth 

bass, l smAllmouth bass. 

Annulus formed on all a oalea 

June 251 10 bluegill■, 7 pumpld.naeeds, 5 perch, 6 walleyes, 1 largemouth 

b&aa. 

July 24• JO bluegills, 7 pumpk:inseada, 18 perch, 2 walleyes, l largemouth 

bass, l amallmouth bass. 



Crooked Lake, Gogebic County 

Data £or 1939 

Annulus formed on all scales 

July Js 32 perch, 11 bluegills. 9 S!!!flllmouth bass. 5 largemouth bass. 

2 black crappies. 9 pumpkinaeeds. 

July 31: 16 perch, 4 bluegills, 9 smia.llntouth bass, 6 largemouth baBB, 

l black crappie, 2 pumpkinaeed1. 

August 261 ,4 peroh, 8 bluegillr, l .-llmouth ba.H, 6 largemouth basa, 

l blaok crappie. 

Ootober 2Ja 9 peroh, 2 bluegills, 2 smallmouth bass, l pumpkinseed. 

Date. for 1940 

Annulus not yet f'omed at margin 

May 26, 22 perch, l bluegill, l smallmouth bass, 6 black crappies. 

Annulus formed on e.11 sos.lea 

June 27: 1,5 peroh, 2 bluegills. 

July 271 .38 peroh, 6 bluegills, 3 largemouth baas, 2 bla.ok crappies. 

Lake Fannie Hooe, Keweenaw County 

Data for 19.39 

Anllulua formed on all soalea 

July 4-6: 19 rook baas, 8 pero~, .3 small.mouth baas, l bluegill. 

August 2-4• 21 rook ba.ss, 27 peroh. 

August JOs 4 rock baas, 7 perch. 

October 24s l rock b&as, 1 pe.t'oh. 

Data for 1940 

Annulus not yet f'orm.ed a. t margin 

Mlly 27-28, 4 rock bass, 7 perch, 1 bluegill. 
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Annulus fol"!llBd on all scales 

June 271 10 rock bass. 8 perch. 

July 27-29, 19 rock baas. 20 perch. 

February 21 

April 271 

April 29: 

Deep Lake, Oakland County 

Data tor 1939 

Annulus not yet formed on margin 

2 bluegills. 

5 rook baas, 1 pumpkinseed, 2 bluegills. 

5 blue.gills. 

May 17: 

May 19s 

Annulus formed on all sea.lea 

14 roek bass, 15 pumpkinseede, 9 bluegills. 

1 pumpldnseed, 2 bluegills. 

May 21s 1 rock baas, l pumpld.nseed, 20 bluegills. 

May. June, July, August: 10 rock bass, 46 pumpkinseeds, 144 bluegills. 

Data tor 194.0 

Annulus not yet formed at margin 

April 24t 1 rock ·bass. 

April 251 l pumpkin11eed. 

April 29: 7 rock bass, 4 pumpkinseedg, 1 bluegill. 

April JOi 2 rock bass, 15 pumpld.naeeds, 2 largemouth bass. 

May 2: 5 rooic bass, 16 pum:pld.nseeds, 3 bluegills, 2 largemouth bass. 

May 8: 16 rock b&ss., 7 pumpkinseeda, 4 bluegills • 

.Marginal annulus formed in soma specimen.a 

May 101 2 ro'Jk bass with ""nnuli, l4 withou.tJ 2 pumpkin.seeds with, 11 withoutJ 

1 bluegill wi~~, 9 'Wi.thoutJ l larger,iouth be.as without. 

May 13: 7 rook baas w1 th aimuli, l 'Without J 8 pumpkinseeds with; 

22 bluegills with, 2 without. 



-43· 

Jlay 14, 7 rock bass with annuli,. l without; 7 pumpldnseeda with. 

1 wjJ;hout; 7 bluegills vd th• l with.out. 

Annulus formed on all scales 

Ms.y 20t 4 rock bass, 2 pumpJd.nseeds, 5 bluegills. 

May 22: l rock bass, 4 pumpkinseeds. 9 bluegills. 

May 27a 1 rocy bass,. 4 pumpkinseeds, 2 bluegills, 2 largemouth bass. 

June 14, 5 rock bass, 18 pumpkinseeds, 22 bluegills. 

Data for 1941 

tf.e.rginal annulus formed in some specimens 

April 221 2 pumpkinseeds without annuliJ l bluegill with annulus,. 

16 without. 

April 24• 2 rock bass with annuli,. 8 withoutJ 6 pumpld.nseeds with, 

17 withoutJ 4 bluegills w1 th. 14 without. 

April 26: 5 pumpld.nseede with annuli, 9 without; 8 bluegills with, 

16 without. 

April 28: 5 rook bass with e.nnuliJ 8 pumpldnseeds with, 5 withouts 

12 bluegills with, 4 without. 

May la 3 rook bass withJ 11 pum.pkinseeda with. 2 withoutJ 6 bluegill• with. 

l without. 

JIAy 31 4 rock baas withJ 11 pumpldneeeds withJ 9 bluegills with, l without. 

Annulus fonned on all soales 

Ma.y 51 2 rock b&ss, 5 pum.pkineeeds, .3 bluegills. 

Jlly 7: 2 rook ba1111, 4 pumpldnseeds, 2 bluegills. 

Ma.y 9• l rook baas. 2 bluegills. 

Jlay 12a 2 rook bass, 4 pwaplcinaeeds. 2 bluegills. 

Ma.y 16-24,s '1 rock be.as, 17 pumpkinaeeds, 23 bluegills. 
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