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GROWTH OF KNOWN—AGE MUSKELLUNGE IN WISCONSIN: 

AND VALIDATION 

OF AGE AND GROWTH DETERMINATION METHODS 

By 
Leon D. Johnson 

Technical Bulletin Number 49 . 
Department of Natural Resources 

Madison, Wisconsin 53701 
| 1971 

ABSTRACT 

| From 1955 to 1969, all muskellunge stocked in Bone Lake, Lac Court 
Oreilles and Big Spider Lake were finclipped. The presence of this large 

| number of known-age fish provided the opportunity to gather empirical growth 
data and to compare two widely used methods of determining age and 

growth. From 1956 through 1968, scale samples and fin sections were taken 
from 1,734 known-age fish and from 1,468 muskellunge considered to be 

partially known-age fish. . 

Through the use of either the scale or fin section method, ages of 
muskellunge age I through IX could be fairly accurately determined. 
For fish between ages [X and XI, the fin section method was the more | 

accurate of the two means of determining age. For fish age XII and beyond, 
outer annuli could not be distinguished and neither method was considered 

to be accurate. 

For making back calculations of growth, however, the scale sample, 

method was found to be superior. Although most of the lengths calculated | 

by both methods were within an inch of actual measurements made, use 

of the scale method was more reliable. Application of the fin section method 
of back calculating growth was found to be very limited due to the 

arbitrary way in which a correction factor for the growth equation was 
determined. 

On the basis of empirical and calculated data, differential muskellunge 
growth was found. Fish in Big Spider Lake were slow growing, fishin 
Lac Court Oreilles were average growing and fish in Bone Lake were 

- fast growing. Although this growth variation was demonstrated, no 
explanations for this variation were found. 
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ACKNOWLEDG— INTRODUCTION LAKES STUDIED 
MENTS : 

Many personnel in the Wisconsin Depart- The muskellunge, Esox masquinongy |ac Court Oreilles 
ment of Natural Resources have made help- Mitchill, is one of the largest fresh water Located in Sawyer County, this lake is a 
ful contributions to the muskellunge age- game fish in Wisconsin. It is important as a soft water. 5.038-acre drainage lake con- 

growth studies. The author is indebted to trophy fish and is an attraction to all anglers. nected to ‘the outlets “of Crindstone Lake 
Warren Herrick, Jack Plummer, Clifford In 1966, 157,000 fishermen made almost a (3,304 acres) and Whitefish Lake (856 acres) 
Olson, Glenn Thorp, Irving Lindberg, Del million muskellunge fishing trips throughout and draining into Little Lac Court Oreilles 
Salquist, the late William Billings and many’ the state and caught 94,000 legal muskel- (189 acres) and the Chippewa River (Table 
others for their assistance in the capture of lunge, weighing 750,000 pounds (Churchill, 1). Its fish population consists of the follow- 
the muskellunge; to Dr. Edwin L. Cooper, 1968). From 1964 through 1967, the yearly ing native species: muskellunge, Esox mas- 

Charles Lloyd, John Brasch, Clarence catch averaged 101,000 legal muskellunge. quinongy Mitchill; walleye Stizostedion 
Wistrom, Arthur Oehmcke, Stanley From these data, the importance of this jipoymm vitreym (Mitchill); largemouth bass 
Kmiotek, Howard Snow, LaVerne Sather, species to the sport fishery can be readily Micropterus salmoides (Lacepede); small. 
and Thomas Wirth for helpful guidance, recognized. mouth bass, Micropterus dolomieui Lace- 
personal consultation and advice; to Donald The proper management of muskellunge pede; rock bass, Ambloplites rupestris 
Thompson and Warren Churchill for statis- populations requires a detailed knowledge of (Rafinesque): yellow perch, Perca flavescens 
tical advice; to Paul Degurse for chemical its life history, including rate of growth and (Mitchill); bluegill Lepomis macrochirus 
analyses of water samples; to Ronald K. age-class structure in normal populations. Rafinesque: pumpkinseed Lepomis gibbosus 
Masterjohn for assistance with capture and Although techniques for age and rate of (Linnaeus): black crappie "Poronis verona 

marking of muskellunge and tabulations of growth determinations have been well work- — Gyjatuys (LeSueur); white sucker Catostomus 
data, and to Lyle L. Groth and Thomas D. ed out for many other species of fish, similar commersoni (Lacepede): cisco Coregonus 
Beard for their help in reading scales and fin analyses have not been made for the Wiscon- sp.; longnose gar, Lep iso steus 0 sseus (Lin- 

sections. sin muskellunge. Its extremely large size and naeus): black bullhead. Ictalurus melas 
For critical review of the manuscript, the apparent old age attained have presented (Rafi ne sque); brown bullh ead. Ictalurus 

contributions of the following people are many problems in making positive age deter-  jepylosys (LeSueur) One other species was 
gratefully acknowledged: Dr. Edward Schne-  minations. introduced—lake trout Salvelinus namay- 

berger, Lyle M. Christenson and Gordon From 1955 through 1965, all muskellunge 4, (Walbaum)—and one species known to 
Priegel. over 5 inches long stocked in 80 northern pe not native—northern pike, Esox lucius 

Credit is also given to James Nehls for the Wisconsin lakes were finclipped to designate Linnaeus—was present in the lake at the 
artwork on page 3. Photographs are by the the year that they were stocked. After 1965, beginning of the study 
author. the stocking of finclipped fish was continued Musky B " lier in the sori 

This research was supported in part by until 1969 only in specially selected study th the ot of the like 4 m “dee ‘the 
funds supplied by the Federal Aid to Wildlife lakes. single important muskellunge spawning area, 
Restoration Act under Dingell—Johnson pro- The presence of so many known-age 

ject F—83—R. muskellunge provided the unique opportu- 
nity to validate two standard methods of Big Spider Lake 

The author is a Fishery Biologist with the making age and growth determinations using This hard water drainage lake (745 acres) 
Bureau of Research, Spooner, Wisconsin. scale samples and cross-sections of the soft 5. 41.4 located in S awyer County and has a 

Edited. by Susan Nehls rayed fins. Individual fish were recaptured as fish population consisting of muskellunge, 

often as nine times and each time, incre- walleye, largemouth bass, smallmouth bass, 

ments of growth were measured. Back calcu- panfish and white sucker. Bay areas which 
lations of growth were made the ough the use warm up earlier in the spring than the rest of 
of scale samples and fin sections and were the lake tend to concentrate muskellunge 
compared to measurements of the actual spawnine activit 
growth made. Ages were assigned to samples P y: 
of scales and fin sections and these were 
compared to known ages, making it possible 
to test the accuracy of these age determina- Bone Lake 

tion methods. A hard water drainage lake (1,781 acres), 
In addition to this documentation of Bone Lake is located in Polk County and has 

calculated growth, recaptures of marked fish an outlet to Fox Creek. Native fish present 
provided empirical data on muskellunge include northern pike, largemouth bass, 
growth over a 14-year period. From such smallmouth bass, bluegill, black crappie, 
data, growth rates of muskellunge were rock bass, pumpkinseed, yellow perch, and 
categorized as average growing, slow grow- bullhead. The muskellunge was introduced 
ing, and rapid growing. For the purposes of to this lake. The entire lake warms to the 
this study, three lakes were selected, each extent that muskellunge and northern pike 
one containing muskellunge whose growth spawning areas are not concentrated in any 
rates typified the three representative types. one area. Of the three lakes studied, Bone 
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METHODS 

Lake is the only one that is located outside Marking to % inch in diameter surrounded the point 
of the native geographical range of muskel- 8 of insertion of the vinyl tubing. On those 21 

lunge. Finclip tags that were recovered, diatom deposits 
The 5- to 12-inch stocked muskellunge made the numerals almost illegible. | 

ee nnn fingerlings were marked with a distinctive 
Che al Analyses and Some Physical finclip to designate the year of stocking. The Preopercle Tag. During the 1959 Pee 
Characteristics of the Three Study Lakes paired ventral fins were clipped in rotation, | SP4WNning season and in the years thereafter, 
—eeeEeEeEE—eeeeeee ee beginning with complete removal of the muskellunge were marked with an aluminum 

Lac Court Spider Bone tight pectoral fin in 1955, left pectoral in strap tag locked around the preopercle. A 
Parameter CO reilles Lake Lake ; wi special tool was made to prepuncture the 1956, right pelvic in 1957 and the left pelvic SP°!a’ © prep 
Physical Features in 1958. The sequence was repeated in 1959 _ tagging site. The tool was made from a small, 

Surface Acres 5,038 745 1,781 beginning with the right pectoral fin. Ure- plastic-handled screw driver with the blade 
Shoreline (Miles) 25.4 9.2 12.5  ione and later methvl pentenol qd ground to a thin double-edged knife and 
Max, Depth (Feet) 97 ~—«60 43 yi pentenol were use ; 
pH 6.9 7.3 8.7 as a fish anesthetic to aid in handling bent into a hook shape (Fig. 1). 
Specific Conduct. , fingerlings but as we became more adept at The 5-mm-wide preopercle tag was an- 
(micro-mhos/cm finclipping, we discontinued the use of chored loosely around bone and remained 
at 25C) 92 102 199 _?? . f ob tions. When 

anesthesia. secure over nine years of observations. 

Chemical Features Muskellunge age was determined accu- some tag numbers became worn down or an 
~ Total Alkalinity rately through six years by observing which Occasional tag became unlocked, the defec- 

poaes Cac03) 0.09 0.03 0.04 fin was missing or deformed. A four-year _ tive tag was replaced with a new tag. On all 
PO4(D) Tr Tr 0.02 size differential between fish with the same tagged fish recovered, the tagging site show- 
NO 3(N) 0.01 0.03 0.04  finclip enabled us to assign such fish to the &d some sign of inflamation or necrosis but 

cn bo ne ot proper year. After three to five years, the 1° penetration into the gill chamber or 
Meg 2.95 3.34 8.45  kKnown—age fish entered the spawning run ¢fosion of gills was found. Crossman (1956) 

Na 1.64 1.20 2.28 and those 24 inches and over were tagged so found that within 3 years, preopercle disc 
K 0.56 0.62 1.16 that the old finclip was no longer needed to 88S were lost, probably as a result of the 
Fe 0.13 0.06 0.02 determine the age of the fish. migration of the monofilament through the 
an 65.0 50 6.0 bone of tagged muskellunge. 
Sr 31. 36 «3 External Tags 

Maxillary Tag. During the spring spawning 

Atl measurements are in mg/1 except for periods of 1956 and 1957, an aluminum 

three elements (Zn, Cu and Sr) which are strap tag was placed around the maxilla of 
measured in micro mg/l. all fish captured in the study lakes except 

for those stocked as finclipped fingerlings in 
previous years. Remaining intact over 12 FIGURE J 
years, these tags provided growth data on Tagging site and tool used for prepuncturing 

older and larger fish. The use of maxillary 2”0%%d the preopercle. 
tags was discontinued after 1957 because it “Tool ins arted here 7 _ 

was felt that these tags might possibly am , - 

interfere with the growth of the fish. } ae. 

Vinyl Dart Tag. In 1958,a vinyl dart type | QQ ee 2 \ 
tag was constructed from No. 20 vinyl | SS 77 \ ee 

. plastic tubing and nylon barbs. The dart tags _ Se met f > i 
were inserted into the fish with a special ee 
tagging needle constructed from No. 304 ——. 
seamless stainless steel hypodermic tubing a 
which had an outside diameter of 0.109 inch | Point of tool came out here 

and a wall thickness of 0.012 inch. Pre- 
incision with a scalpel was required for 
insertion of the tag. On all fish an attempt 
was made to anchor the barb between the 
neural bones of the dorsal fin. . 

In 1958, 263 vinyl dart tags were inserted ge oe }} 
in this fashion. Over the next 3 years, only omni ea Se en 

21 tags were recovered and all of these had Eee 
become loose. On 49 other fish recaptured, 
eroded holes were found indicating that the | tagging tool made from screwdriver 
vinyl tags had been lost. Areas of necrosis up 
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: sometimes made it necessary to use both 
Measurements | Age and Growth sides of the body for scale collection in 

Fingerlings and yearlings were measured Determinations order to avoid collection of regenerated 
ona measuring board to the nearest tenth of scales. By means of a heated hydraulic press, 
an inch (total length). Larger muskellunge Collection and Treatment scales were impressed on cellulose acetate 
were measured in a square-end tank contain- _— Scale Samples. From 1956 to 1968, scales slides which were 0.03 inch thick (Green- 
ing only three to four inches of water where were obtained from muskellunge trapped in bank and O’Donnell, 1948). 

the fish remained quiet as long as they were fyke nets during the spring spawning period This study was based on the examination 

not tipped to one side. This tank was which usually extended from the last week — of prepared slides of scales and fin sections 
narrow, so that most muskellunge could not jn April through the first week in May. Five from 1 ,734 known-age fish and from 1,468 
turn around. The jaws of the muskellunge to 10 scales were removed from every fish in muskellunge considered to be “partially 
were pushed against one end of the tank and a key area immediately below the anterior known-age” fish. The latter were unmarked 
measurements were made to the tip of the insertion of the dorsal fin and midway tothe muskellunge which were captured and pre- 
extended tail with a ruler attached to the lateral line. This key area, rather than key sumably aged correctly at age IV, V, or VI; 

tank. In many cases these were multiple scales, was used because scales-were often these fish were tagged and were then fol- 

year after year. years. Repeated recaptures of individual fish known-age growth. 
Weights of fingerlings and yearlings were 

measured on a Harvard trip, double beam | 
balance to the nearest gram. In order to | 
minimize handling, all larger fish were Almost half of the slides of scale samples and fin sections 
weighed individually in a wet dip net as they __ used in this study were taken from “partially known-age’’ 
were removed from the fyke nets. The rita ane were fish that had been captured between the ages 

0 . ae muskellunge and dip nets were hung on a LV an . Because ages could be so accurately assigned to fish 
dairy spring scale with a 60-pound capacit in this age range (as shown by the accompanying picture), these 

y springs : P ) pacity fish were included in the known-age samples. 
and weighed as one unit. Amovable pointer ooo seit atone oa 
on the scales was set to zero to compensate — i i “( tw——<“;i“‘“‘“<‘<‘i‘<Cw'w”'w [  .,.LhrtltwswswOr~wSCC et 
for the wet dip net. Thisallowed fora direct gel o ~ re a 
reading of fish weighing two to sixpounds ©  —CSCOsGSgXwx ~ — 

! small fish, gram weights were converted to ll 4 ff BON i _. 

tenths of a pound. All measurements in = elle ff -0—lCU Oi ae ] a 

pound, I I ae es a 
rll C—EPEeell.lmrmltéi<C COSC“ = 

eg [_ 7 lL 4 OS —ceatamaennmacuss a ee Fe 

FTF GG ok ose ‘fs 
se lc ei re lt 

Holding tank usedto keep larger si Pa ,. at 

jan ne iy SC | ho ; ae re 

| bo Se oma i. sae j a lg pice a ak ee, a Oe” CE eee a Ce yo 

ee IK fed al 7 i Ny ee a Ce Pe ees oe oe oes a ; a - . & me po 5 

ee 
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The examination and measurements of = -—--|§,/|-"_"_"_--_--'"- ery ruc 

clearest annuli was selected from each slide = s/f e | Ca 
impression for measurements. The length of us agg = me 
each annulus were measured along the ante- "[" 7 gq wee eee = = 

growth had started so a virtual annulus was i  —>. 
assigned to the edge of the scale. ee 

influence the age determination and mea- gl iii  .,lLUtssti—iC;Cst 

therefore, removed from other locationson = ’ —r—s—S~—<isrwzw™—S=—C iCOCNCRC(‘;CYSCSCOOCOCOCCOCCCCisCidsCiC'(CN(#RRCOssC SC BO ee 

of divergent scale sizes in computations. Arrows indicate regeneration For use in aging and back 

of clipped fins calculating growth, fin sections 
Fin Sections. Fin sections for age deter- were taken from the edge of the 

minations were collected from all known-age pectoral fin as close to the 
muskellunge. A section was removed from body of the fish as possible. 
the leading edge of the pectoral fin as close 
to the body as possible (Fig. 2). Each section because they compensated for growth which the pectoral fin rays of the white sucker 
varied from roughly 1/4 to 1/2 inch in was not reflected in the growth in length of (Scidmore and Glass, 1953). Delicate fin 
length and 1/8 to 1/4 inch in width and _ the fish. sections of young fish were glued between 
contained the leading edge, in addition to Fin notching which resulted from the cellulose acetate slides with cellulose acetate 
one or two adjacent rays. There was no removal of a fin section served as another cement and the whole slide containing the 
subsequent regeneration of fin rays; how- means of marking muskellunge without re- fin sections was sawed. All cross sections 
ever, adjacent fin rays enlarged, strengthened moval of the entire fin. This mark was were attached with a drop of solvent acetone 
the fin and compensated for the injury. If noticeable on all ages of muskellunge over a to one end of each slide containing the scale 
individual fish were recaptured, fin sections period of 12 years. The mark could be seen _ impressions for that fish. 
were taken from a pectoral fin section or or felt by experienced personnel, but was Examination of the fin sections was made 
other ventral fin section that had not been not apt to be noticed by anglers. with a binocular compound microscope. 
previously removed. Since some muskellunge were recaptured Appearance of the sections was similar to 

After fin sections from all ventral finshad 4 or more times, there were often no ventral that described for other fish species (Boyko, 
been removed over a period of years, it was fins that could be sectioned for accurate 1950; Sneed, 1951 and Scidmore and Glass, 
possible to make a deeper cut, removing back calculations of growth. For these fish, 1953). A drop of mineral oil applied to the 
undamaged fin rays for futher age deter- right or left maxillaries were clipped at section increased the differentiation of hya- 
minations. These fin sections, however, were mid-point for age and growth deter- line and opaque zones. Counts of hyaline 
unsuitable for back calculations of growth, minations. All maxillary sections were col- rings (annuli) were made along the line of 

lected and mounted on slides in the same _ best visibility which varied among the differ- 
FIGURE 2 way that fin sections were. Maxillary clips entfins. 
Removal of a fin section for age determina- Wete recognizable as a distinct mark in later For use in back calculations of growth 
tion. years. based on fin sections, annuli would ideally 

Thin cross sections (0.5 mm or less) were be measured along a straight line from the 
cut from the larger end of the dried fin focus to the edge of the section. For the 

Fin Section sections with a fine-toothed jeweler’s saw. majority of the fin sections, it was possible 

Fin sections could be sawed in either the to make these measurements with an eye- 
: fresh or dried state, but annuli were not piece micrometer disc. The uneven con- 

recognized until the cross sections dried. The figuration of the fin section, however, 

method was similar to methods used for usually required that the eyepiece microm- 
sectioning the bony marginal pectoral fin ray eter be turned and the section moved several 

Left Pectoral Fin of sturgeon (Probst and Cooper, 1955) and times before the measurements could be 
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ee eae y Tags y Cun S completed. The movement of either the fin 
- y Or. 04 é a Bier ie 7 es section or the micrometer impaired the 

: eS 5 ‘ accuracy of the measurement. Thus, a 
Pe Pee SAK * ee Hg Whipple’s micrometer disc was used to 

: y ies tO oe Mey §=measure soni fin sections. Divided into 
e ey ee ane i Res squares instead of ruled points on a scale, 

Ve oS = SoG @ a i ae this disc allowed measurements to be made 
[/ ge ee es OC Sie y, with only one setting of the instrument. 

Li Le Hm % NAV eee Since the squares in the Whipple’s disc were 

ree be ] % Ly ° es AE PSA not assigned numerical values, measurements 
a hihi oe Ae ia SS a na? oe for back calculations were made as whole 

ne Oe ae. s CNG ag * M0; and fractional parts of the square cell units. 
ni Vie ls aS a Ay i) = There was no need for correlation to the 

a ; : ib 2) Cae actual values because these were propor- 
Asie a pe os a tional measurements having real meaning 

@ oe ae ae SS ey ; m only when the total length of the fish was 

ae Lan HR eee, ewe ; A few difficulties were encountered with 
Ae Lo Ae eee i the reading of fin sections. Occasionally 

we pS Oe sections were cut at an oblique angle which 
Ko * wet ae made the sections appear opaque and annuli 

ees yo ae not visible until the slide was tipped under 
SOY ERE a “ae the microscope. Two slides in the entire 

po eS cn oe series were so translucent that annuli could 
— - not be seen. 

Use of scale samples and fin sections to back 
caleulate lonamteneN Te easaren ents Test of Age Reliability 

were made along a strai, t line for scale samples ” - Pet 

(above) and through the use of a whipple cell for Tests were made on the tn wx of nh 
fin sections (below), At each annulus, the number muskellunge from scales ang 18 sections. 

of arbritary units is given from the focus to series of 500 slides containing both scale 
that point. imprints and fin sections from known-age 

muskellunge were selected for reading. In- 
be _ once i“ >. { rz A. c al dependent readings of the fin sections and 

6 eee — _— — wn tt fe 

eo ee SR ty ’ Peel i Lf EE meee ee re q 

ras >< <a v6 
aun AS > m/s : ~ o 4 
i Al A \ wo Ss ~ . y yr bhi +i 

AN UO ae Pee |\) se oy aoe “a j | | 

49S i ae | 
> Lin JL of Jf fle ; - + 2d Bo a 
Lae Ld ey + Fees 
Wee aie =O 
| ee :-l—lUCl—e OO _—_ 

o J hae | , ]) Ss — o ee 

- ro Se Oi Pr “ 

sale [% gy OS . —— 
a ek mg i~ iJ eo _ i. 

i ” ” oo bead mone a 
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we 

scales were made by three persons who had Scalation of each of the muskellunge of the fish at the time of scale formation was 
had experience and special training in read- examined was similar to that reported for 4.92 inches, compared to 7.76 inches for 
ing scales and fins. Age determinations were northern pike (Franklin and Smith, 1960). Bone Lake and 9.87 for Big Spider Lake. No 

made without clues such as knowledge of On 14 fish 2.5 inches and less in total length explanations for the differences between 
fish lengths, weights, fin clip marks, tag no scales had formed in the region from these solutions were found. 

numbers and sex. Each of the different which scales were taken on other muskel- Solutions to the equations did indicate 
readers used the same binocular compound lunge for back calculation. On 4 fish, the that the body-scale relationship was of little 
microscope. scales first appeared in this region when the _ use in determining the length of muskellunge 

fish had reached total lengths of 2.5 inches. at the time of scale formation. All lengths 

On 22 fish, the scales first appeared by the calculated by this method were greater than 
time the fish were 2.8 to 3.5 inches in the actual lengths when muskellunge began 

° ° length. For use in making back calculations to lay down scales, as determined by the 
Le ngth Determination of growth from scale samples, the length of measurement of fingerling skins. However, 

Two methods were used to determine the muskellunge at the time of scale for- the solutions were useful in establishing a 
muskellunge length at the time of scale mation was rounded off to 3 inches. straight line relationship between the length 
formation. The first of these involved a of a fish and the length of its anterior scale 
measurement of the preserved skins of . radius. Such a relationship verifies the use of 
fingerling muskellunge. The second involved Calculation of Body—Scale scale samples to back calculate growth of 

the calculation of body-scale relationships Relationship | muskellunge. 
for muskellunge representing age groups III Calculation of Body-Scale Relationship 
through XII. A series of 1,468 fish ranging in size from | 

20 to 43 inches were collected from the 
three lakes studied. The total length of each 
fish was plotted against the length of the . 

Length at Scale Formation anterior ole adine (See Fig. 9 in the Collection of Other Data 

A series of forty fingerlings from 1.9 to appendix). The solution to the least square While the muskellunge lay submersed in 

4.2 inches long were collected from Spooner equation was: the holding tanks, finclips were noted, tag 
hatchery rearing ponds and preserved in 1=4.17+2718 numbers were read, fin sections and scales 

ten-percent formalin. Later, the skin of each oo were removed for aging and the sex of 
fish was stripped from the region between where L equals the total length of the fish in mature fish was determined by stripping eggs 
the lateral line and the anterior edge of the inches and S equals the length in millimeters or milt from the fish. (Sex of young muskel- 

dorsal fin. The skin was stained in alizarin of the anterior scale radius, modified to 43.7 lunge fingerlings, yearlings and other im- 
red according to the method of Franklin and _ times its normal size. mature fish was determined later when these 

Smith (1960) and examined under a micro- Solutions to the equations differed bet- fish were recaptured as mature muskel- 

scope. ween lakes. In Lac Court Oreilles, the length lunge.) 
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ABLE Do the annuli. The following equation was used 

Use of Scale Samples to Calculate Total Length for Individual Muskellunge* to determine the growth rates of the fish: 
Calculated Length at End of Year of Life >. ; | 

Age Young Fish (Tag ne 5616) Old Fish (Tag No. 3705) L’=C + S(L-C) 
Group 2 3 4 5 6 7 5 6 7 8 9 10 S 

where L’ equals the length of the fish at the II (15.5) 
1 15.6 (17.5). time of each annulus formation, C equals the 
IV correction factor of 3 inches representing 
V 18.0 22.7 25.2 (26.4) (32.5) length of the fish at the time of scale 

vl 33.4 (34.5) formation, S’ equals the length of the VIE 16.7 22.7 24.6 26.7 29.2(29.8) . 32.4 35.2 (36.3) ton, © &4 
VEE 33.9 35.4 36.9 (38.0) anterior radius of the scale at each annulus, 
IX 33.9 35.8 37.5 39.3 (39.8) S equals the length of the anterior radius at 

x 35.5 36.8 37.8 38.8 40.1 (40.2) the time of capture and L equals the total 

—— oS —_—SCsdeengtth ff thee fish at the time of capture. 
Both fish were taken from Lac Court Oreilles, Numbers in parenthesis are measure- | 
ments of actual length. The calculated lengths of two randomly 

selected individual muskellunge are shown in 
table 4. These fish were originally finclipped 
and stocked as fingerlings in September of 

: TEABLE SS each year; at the time of stocking, they were 

Use of Scale Samples to Calculate Average Total Length of Known-age Fish, 1955-1968* approximately 5 months old and were 8 to 
ge 0 0 cngt at End of Year ches 11 inches long. The calculated lengths com- 

Grou Fish t 3 pared closely (i.e., most of them are within 
1 12 (11.2) an inch of the true length) with the actual 

rr 2 9.2 (16.2) lengths of these same fish when they were 
mm 15 8.8 17.3 (22.5) caught and measured in earlier years. 
IV ne 2. 5 ms 220 9.2) 03.4) Average calculated lengths are also given 
V e e e e e VI 122 «8-7—«15.7 20.9 25.3 28.4 (30.0) for a group of muskellunge from Lac Court 

VI 92 8.4 14.7 19,9 24.8 27.7 30.0 (31.]) Oreilles (Table 5). Averages were also cal- 

VILE 74 8.1 14.7 19.8 24.4 24.8 30.0 31.7 (32.6) culated for muskellunge from the other two 
Ix 53 8.4 14.9 19.4 23.7 27.0 29.6 31.6 32.9 (33.0) study lakes and were basically the same as 
X 27. 8.3 14.7 19.4 23,6 27.5 232 336 3300 36.4 (33.0) 370 the ones presented in table 5. Thus the fact 

XI 1 8.2 10,9 15,8 23.1 28,2 31. ° De 4 36.7 (87.0) that one group of muskellunge was fast 

Average 8.6 15.3 20.5 24.8 27.2 29.8 31.6 33,0 36.4 36.7 (37.0)  8fowing and the other was slow growing 
does not affect the accuracy of back calcu- 

*Based on 552 fish from Lac Court Oreilles, Numbers in parenthesis are averages of lations of growth. 
actual length measurements made, Average calculated growth appears to be 

even closer to the average true growth than 
calculated growth is to the true growth for 

| individual fish. For muskellunge up to about 
—___—_—_—_—————__ 4 years of age, however, there was some 
TABLE 6 d f Lee’s vh tend 

Lengths of One Muskellunge Back Calculated evidence of Lee's phenomenon--a tendency 
From Scales Taken From Seven Different for calculated lengths to be smaller at a given 

Locations* __ age when these lengths are computed from 
Scale Location tt w m wv . 

scale Location jt] IV V_ the scales of older fish (Tesch, 1968). 
Key Area 9.1 13.7 20.9 (24.4) 27.9 the use of varying SiZeS or scales was felt 

Caudal to be a possible cause of some of these 
Ventral 9.1 13.6 20.2 24.9 27.9 discrepancies between calculated and actual 
Dorsal 8.7 14.9 20.9 26.5 28,1 i h his h hesi 1 

Mid- engths. To test this hypothesis, scales were 

Ventral 9.0 13.5 22.4 25.2 27.9 collected from the key area and from six 
Dorsal 8.5 14.3 20.3 25.7 27.7 other areas on the same muskellunge. 

Cephalad ventral 9.0 14,0 19.3 24.1 27.8 Lengths of muskellunge as calculated by 
Dorsal 7-2 12.7 19.1 25.5 27.9 means of the scales from the six other areas 

were similar to those lengths calculated from 

*Lengths of fish are given in inches and the key area scales (Table 6). These data 
were calculated from a 6-year-old, 28.7- indicated that scale size did not affect the 
inch fish taken in 1962. All calculations hj Iculated and that scal 
are based on a correction factor of 3 growth increments calculated and that scales 
inches, The length in parenthesis is an from a confined key area can be reliably 
actual measurement. used by other researches for back calcula- 

10



tions of muskellunge growth. * ~ s Ci ft Fe 

calculated lengths and actual measurements. -_—"— a ee a 

the differences may be the result of round- | UC a er 

the growth of known-age muskellunge were oe ~ WAYS > 8 

Whipple eyepiece micrometer, as observed in  @¢ ae aA. |) 
a compound microscope. Measurements | 7am eee. 0UlC 
were made anywhere on the fin sectionsince ss nn \  \ AA re 
through the use of the Whipple cell, diss === Ss a | itn. a 4 

placed. The use of the Whipple cell had as I alae j ogg ‘me 16. 

different directions with only one settingof  —-/- = 6 i pa. 

Calculations of musky length and growth [| | Jia — + _~_  °#» Wed 

same basic equation as was usedto calculate 7 7 a A 86h ll i Y 

stitution of a correction factor of 7 inches. 99, 4 lO ——-. 7 

were proposed as the theoretical lengths of eC lUcll lS 
the fish at the time of first fin development. ee ima. os 
The correction factor of 7 inches was used ; ae tt — 
because it brought the calculated values [@ a ee 
nearest the true values and because it took _ - -— e ” 
into account the often disproportionate a Re 

small size of the annuli of younger fish. Ages assigned to a known—age muskellunge, 
Back calculated lengths were made froma lustrating the difficulty of counting 

series of fin sections from known-age mus- outside annuli on very old fish. 
kellunge (Table 7). These calculated lengths 
compared closely with the actual measure- 
ments of the fish. As was found for length 
calculations based on the use of scale sam- 
ples, most of the lengths calculated from fin 
sections were within an inch of the true 
lengths. No evidence of Lee’s phenomenon 
was found (i.e., the tendency of computed 

*Other researchers should not interpret these 
conclusions to mean that scales from different 
areas can be used to calculate fish length. The 
scales from these areas varied in size and therefore 
would not be reliable indicators of length unless a 
correction factor other than 3 inches were deter- 
mined for scales from the different areas. 
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TABLET lengths to be smaller when calculated from 

Use of Fin Sections to Calculate Average Total Length of Known-age Fish, 1955-1968* the fin sections of older fish.) | 
ge O~ otal Length at End of Year (in Inches Small differences were, of course, present 

Group Fish TO 2 SS TT ébetween the actual lengths of the fish and — 
I 1 11,8 (15.5) | those calculated from the fin sections. The — 

Ti 9 10.8 16.9 (23.5) taking of sections from different fins of the — 
IV 27 11.0 17.6 22.9 (26.9) muskellunge appeared to be the most ob- 
vt rth to's tee 3 7 aa 2) (31.7) vious cause of these differences. Because of 

vil 15 10.4 16.4 21.5 25.6 28.9 31.0 (32.8) the necessity of taking fin sections from all . 

VI 8 11,0 16.2 22.1 26.7 30.3 33,1 35.3 (36.7) | of the ventral fins on a rotation basis and 
Ix 5 10.6 16.1 20.9 25.1 28.5 30.5 32.9 35.1 (36.7) sometimes from the dorsal fin and the 

Xx 3 11.2 18.5 22.8 27.0 30.0 33,1 35.7 37.8 39.3 (40.8) maxillary bone as well, sections from all of 

| | | these areas were removed from two age 
Average 10.9 16.8 22.3 26.3 29.3 31.7 34.6 36.1 39.3 (40.8) groups (V and VI). Lengths calculated from 

"Based on Ii fish from Lac Court Oreilles, Numbers in parenthesis are averages -—-*Stale samples and from the six different fin 
- Of actual length measurements made. sections were compared. The calculated. 

mean lengths (Table 8) indicated reasonable. 
agreement between the lengths calculated. 

| from different areas and by different meth- — 
ods. 

The fact that fin sections had to be taken - 
from different parts of the muskellunge in 

a  ii‘ié_CsCSC;*‘ésfflerent: ears therefore had nothing to do 
| TABLE 8 with the differences found between calcu- | 

wo ‘hse Geoupe of Maskellinze, cpeocisee Tom Scales and Different Fins From lated lengths and actual measurements. More — 

Kee Group and NO Length ASST GHEU TOF-VaTIOUS AGS CEOUDS ———— gnéd for Various Age Groups probable explanations for these differences — 

Sample Type Fish I I _ Wi IV Vv VI were as follows: (1) Although the use of the 
, Whipple cell overcame many of the standard 

ee difficulties encountered in measuring dis- 
cales 5 9.6 16.5 22.7 26.6 (29.6) | Fins tances between annuli, erratic measurements 

R, Pectoral 5 11.7 18 2 23.3 27.0 (29.6) still occurred because of the irregular shapes 
: L. Pectoral 5 10,6 15.2 21.7 26.3 (29.6) of the various sections taken from the 

R, Ventral 4 ae 16.3 21.5 25.8 (29.6) different fins and because of the necessity 
L. Ventral 4 136 io. ° 22 2 8 99.6) for counting annuli where they can be seen. 

° ° ° (2) The distances between some annuli were 
Age Group VI falsified due to the way in which fin sections 
Scales 7 8.4 15.7 23.0 26.5 29.5 (31.4) of large fish were taken. On small fish, 

has ° 7.6 16.2 21.4 26.4 29.9 (31.4) sections could be cut out of the fin close to 

R, Pectoral 7 10.3 15.1 20.2 95.4 28.4 (31.4) the body of the fish, but on large fish, the 

L, Pectoral 7 10.4 16.7 23.3 26.8 30.0 (31.4) fin sections had to be taken farther out on 

R, Ventral 6 10.0 15.9 21.7 27.0 29.6 (31.4) the fin. Such sections showed annuli at 

_  .  L. Ventral 6 10.3 16.4 21.3 26.8 29.9 (31.4) younger ages that were smaller than they 
Dorsal 4 12.4 17.9 22.5 26.7 29.5 (31.4) should have been for those ages; on some fin 

ee sections examined, these annuli were com- 
* Calculations of length from scales samples were based on a correction factor of 3 pletely missing. 
inches, while calculations from fin sections were based on a correction factor of 7 
inches, Numbers in parenthesis are measurements of actual length. 

Use of Both Methods. Comparison was 
made between lengths calculated from fin 
sections, lengths calculated from scale sam- 
ples and actual measurements of total 
length, with each of the three lengths being 
from the same fish (Table 9). No statistically 
significant difference was found between 
actual lengths and either of the calculated 

| lengths. In fact, calculated lengths differed 
from each other as much as either one 

differed from actual lengths. 
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ngths, 1955-1968* i tual Lengt pat ale Samples and by Fin Sections with Actual Le > Comparison of Lengths Calculated by Scale 

. m 4 36,9 -- 3/7 ° 32.9 35 2 36.7 . 
Calculated Lengths 161 024 06.7 30.1 . o . : 

34.9 36, : . Us 30.0 32.7 ° 
rom Scale Sa 5 

17 1 e 8 i tions 11.5 . 7 _ From Fin Secti . . } | 

34 2 . 29.5 32.6 ° 3 23.2 26.8 3 IL Ss -- 15.5 ° 

on the same 32 known-age muskellunge, 
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Differential Growth during the fourteen-year period. At least five 1960 were both marked by a left pectoral 

years were required for a muskellunge to  finclip. Since the 1960 year class subse- 
Empirical Data : attain the legal 30-inch size. A leveling off in quently exhibited fast growth, clipping of 
In order to establish the different growth growth began at about age group X as the the left pectoral fin was apparently not a 

rates for muskellunge from each lake, two fish approached 40 inches in length. factor inhibiting the growth of either year 
_ comparisons were made: age-length and age- The 1956 year class of muskellunge class. (2) Lake characteristics. To test 

_ weight. These comparisons showed that fish fingerling stocked in Lac Court Oreilles grew whether or not there were inherent lake 
~ of the same age in each lake had different slower than all other year classes. These fish features that inhibited the growth of fish in 
~ weights and lengths. actually distorted the combined average Big Spider Lake and Lac Court Oreilles, 

lengths for males and females by their slow comparison was made between the growth 
Age-Length. Essentially, the known-age growth and exceptional survival. In seven of 4 groups of fish (Fig. 7). Through age 4, 

muskellunge in the three lakes were derived years, they reached legal size having attained there was no significant difference in growth 
from Lac Court Oreilles brood fish. Even an average length of 30 inches. Because the rates between fish in either lake. Thereafter, 
muskellunge spawned from Bone Lake in growth of the 1956 year class was so Lac Court Oreilles muskellunge stocked in 

later years were from this strain, because the markedly different from the growth of any Lac Court Oreilles grew at the highest rate. 
initial introductions had been from Lac Other year class in Lac Court Oreilles, an Growth of these fish was significantly better 
Court Oreilles. The single exception occur- ¢Xplanation was sought for the slow growth at the 0.01 level than the growth of Big 
red in 1956 when most of the fingerlings of this year class. Spider Lake fish stocked in Lac Court 
stocked were derived from a slow-growing Two factors were investigated but were Oreilles. Slowest growth was exhibited by 
population of muskellunge from Big Spider found not to affect growth of the 1956 year Big Spider Lake muskellunge stocked with 
Lake. class: (1) Marking technique. The means by Big Spider Lake brood stock and with 

Growth rates of the various year classesin which the fingerlings were marked did not muskellunge from other lakes. There was 
Lac Court Oreilles were relatively stable affect their growth. Fingerlings in 1956 and thus no significant difference between the 

FIGURE 7 
Comparison of the growth of Lac Court Oreilles muskellunge with the growth of Big Spider Lake muskellunge, 1955-1969, 

Total Length 

(in Inches) 
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mean growth rate of fish in Big Spider Lake FIGURE 8 | 
and the mean growth rate of Big Spider Lake Average size of muskellunge in the three lakes studied, 1955-1969. 

muskellunge stocked elsewhere. 
Aside from the influence of the 1956 year Ge chee " 

class, the muskellunge in Lac Court Oreilles 
exhibited average growth (Fig. 8). The Bone Lake 
slowest growth was shown by Big Spider [40 
Lake fish which took between 7 and 10 
years to attain legal size. Muskellunge from |a. 
Bone Lake had the fastest growth rates with Lac Court Oreilles 
many fish attaining the 30-inch legal size in Big Spider Lake 
4 years. 30 

Rates of growth seem to be closely related 
to the age at which muskellunge in each of [25 
the three lakes mature. In Big Spider Lake 
where muskies exhibited slow growth, 
maturity was delayed several years after the 20 
onset of maturity in Bone Lake muskellunge 
which grew faster. Some males in all lakes [1S 
were mature spawners at age III and some 
females were mature at age IV (Table 10).In J10 
Bone Lake, more males were mature at 3 | | 
years and more females at 4 years than in | 5 | 
any other lake. All male muskellunge were 
mature at age IV and all females were 
mature at age V. The smallest mature male 
was 19.5 inches long and the smallest mature I a pt Ww Y¥ vu wu wu x x 

female was 22.0, both from Big Spider Lake. 49¢ Group 
The growth rate varies considerably 

among individual muskellunge of all ages in 
the three lake types studied (Fig. 9). The §£—H———______.."W"™)nNW"9"9"9n9n"9N9s |S 

vertical line representing the minimum and Robe nd £ Diff ‘al 
maximum sizes of muskellunge collected in jose 1 569 po erential Growth Rates to Maturation and Attainment of Legal Size, 

each of the age groups shows a large overlap. “~~ ____—S No. Years Required Percent Mature Avg. Length at 
No overlap of the 95 percent confidence to Attain Legal Size At 3 Years At 7 Years Maturity (in Inches) 

limits occurs in average growth of fishin Lac LakeStudied Males" Females (Males) (Females) Males Females 
Court Oreilles until the muskellunge reach Big Spider Lake 10+ 7 4 94 22.7 4 4.8 

an age of 9 at which time their growth rate Lac Court Oreilles 5 5 10 8 22.5 26.5 

begins to decrease. Overlap of 95 percent Bone Lake 4 4 81 98 26.1 30.6 
confidence limits for slow-growing muskel- WH eee 

lunge in Big Spider Lake and also for 
fast-growing muskellunge in Bone Lake oc- 
curs at about 5 years. There were no 
detectable differences in growth rates due to 
sex through age class III. After age V, the 
growth rate of males in each of the 3 lakes 

was significantly slower than that for fe- 
males. 

Comparison was made between growth of 

muskellunge in the present study with that 
reported for other waters. Gammon and 
Hasler (1965) and Schmitz and Hetfeld 
(1965) found that muskellunge from two 

Wisconsin lakes grew slower than muskel- 
lunge in Big Spider Lake did (Fig. 10). This 
was undoubtedly due to predation which S 

almost eliminated the age II and older 

yellow perch, creating a shortage of forage. 
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FIGURE 9 | Growth rates faster than those found in the 
Statistical analyses of the total lengths of known—age and partially known—age fish, present study were reported for muskellunge 

1955-1969. in Pennsylvania and Ohio lakes where 

Lac Court Oreilles Warmer water temperatures may have 
| created a more fertile lake environment than - | Total Length ; , . 1 (in Inches) that found in northern Wisconsin (Buss, 

+ + i 1961 and Erickson, 1961). Growth rates 140 | ' + 4 * +t reported by other researchers fell within the 
' 4 growth limits set by Bone Lake and Big 

30 Spider Lake muskellunge (Hourston, 1952; 

' Muir, 1960; Crossman 1956 and Harkness, 
20 + 1 1945), 

t Age Weight. Age-weight relations were 
lOy. Males Females compared for known-age muskellunge 

females and males in the three study lakes. A 
: log equation was used to denote any curvi- 

Y x | V xX linear relationships between age and weight. 
Only spawned-out females were included in 

ggg <<< = these data to nullify the possible influence 
Big Spider Lake of the extra weight of eggs. The equation 

was: 
40 log W = log c + log n (logA) 

where W equals the weight of the fish in 
30 ‘ | t pounds, c and n are constants and A equals 

+ 4 + + 4 : the age of the fish in years. 

20 + + Although the amounts of weight increase 
varied widely between muskellunge in the 

10 different lakes, there was a general trend of 
Males Females | increased weight for both sexes through 13 

years, at which time data on known-age fish 
was no longer available. 

¥ x , ¥ x Differences in weight increases between 

lakes corresponded to similar differences in 
growth rates. In Bone Lake, the increases in 

Bone Lake weight corresponded with rapid growth in 

length (Fig. 11). in Lac Court Oreilles, 
average increases in weight corresponded to 

40 4 + average growth in length, and in Big Spider 
4 + + ++ Lake, slow weight increases corresponded to 

30 + + + slow growth in length. 

ZO : Calculated Data 

Use of scale samples and fin sections also 
lO M reflect the growth differences found in the 

ales Females . - . 
comparisons of empirical data in the pre- 
vious section (See tables 11 and 12 in the 

V X V X appendix). For all ages where comparable 

data is present from each lake (for ages IV 
through VIII), lengths calculated from fin 
sections most accurately reflect the differ- 
ential growth pattern for muskellunge from 
each lake. 
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FIGURE 10 
Relationship of the growth rates of muskellunge in the three study lakes, 1955-1969, to the growth rates of the slowest growing and fastesi 
growing muskellunge reported in the literature. 
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DISCUSSION AND 
CONCLUSIONS 

Relationshit | ight l d l h lake, 1955-1969 Methods Evaluation elationship of age to weight for males an females from each lake, . Through the use of both the scale sample 

Weight and fin section methods of age determina- 

(In Pounds) tion, ages of age I through age IX muskel- 

lunge were correctly assigned. This accuracy 
through 9 years is adequate for any fish 
management purpose in view of the facts 

30 that muskies rarely attain extreme old age 
and few muskies older than 9 years of age 

O o are present in any lake. For any individual 
| muskellunge, especially for the occasional 

O old one, the fin section method of age 
25 determination is generally superior to and 

more accurate than the scale sample method. 
a For back calculating growth, however, the 

. scale sample method is superior. In spite of 
O the fact that Lee’s phenomenon showed up 

20 a when lengths were calculated from scale 

a samples, but did not show up when fin 
0 fo sections were used, the scale sample method 

still has advantages: (1) Although a straight 
line relationship between fin section size and 
fish length was found, a better, more statis- 

IS | tically sound relationship was found be- | 
e 5a tween scale size and fish length. (2) The use 

| a a e ° of fin sections to back calculate growth is 
5 further limited by the arbitrary way in _ 

0 which the correction factor of 7 inches was 
10 a | determined. Because of the large number of 

7 ° known-age muskellunge studied, different 

| S correction factors were plugged into the 
y e Oo growth equation in order to find the one 
° 7 0 that brought calculated lengths nearest the 

5 Oo . | actual lengths of the known-age fish. Other 
6 biologists who are not working with so many 

O = known-age fish will find an appropriate 
correction factor difficult to determine. 
Again, the use of scale samples to back 
calculate growth seems to be the more 

I 0 I Iv Ymwu3we#w’wZ£yéiw3wmeésésg x XI “i XM reliable of the two methods since the cor- 
Age Group rection factor of 3 inches used in calculating 

Azone Lake (females) —SC~CS~=CS lengths from scales was determined from 
empirical data. 

@ Bone Lake (males) 

OLac Court Oreilles (females) 
@ Lac Court Oreilles (males) ° 
OBig Spider Lake (females) Evaluation of Growth Rates 
@ Big Spider Lake (males) The majority of the known-age muskel- 

—_—— tunge in the three lakes were derived from 

the same group of fish—Lac Court Oreilles 
brood stock. These brood fish exhibited 
average growth in Lac Court Oreilles. When 
stocked into Bone Lake, they grew faster 
largely because of the abundant forage there. 
Fast growth rates for Bone Lake muskel- 
lunge are probably also related to the fact 
that the lake is a highly productive one and 

is located on a temperature isotherm that is 
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APPENDIX 

warmer than that for either of the other FIGURE 5 

lakes studied. Relationship of true ages to mean ages assigned by the scale sample method, 1960-68. (The 
Big Spider Lake, on the other hand, has ‘rectangle around the last 5 means represents the 95 percent confidence limits.) 

low productivity and lack of forage--factors 
which undoubtedly cause the slow growth of qssianed 
muskellunge found in this lake. The fact that g° 
Big Spider Lake muskellunge stocked in Lac 
Court Oreilles, a lake with adequate forage, vain 
still exhibited slow growth, indicates that 
some unknown hereditary factor may be 
inhibiting the growth of Big Spider Lake [XI | 
muskellunge. | 

Although growth variation does occur, |x 
precise explanations for this variation are @ 
not known. For this reason, there appears to ye 

be no way to predict what type of musky |% Ay . 
growth rate is likely to occur in other 
waters. Biologists studying muskellunge pop- ix [e [e] | 
ulations in other lakes could, however, com- 
pare the growth shown by the fish they are [oy = 
studying with either the empirical or calcu- 
lated growth data for muskellunge in the | 
present study. From such a comparison,the [MI | 
biologist could make a generalization as to 

whether or not the muskellunge he was ly | e 
studying were exhibiting slow, average or 
fast growth. 

X 

IV 

i 

a 

I 

I 0 Il W VY VW Ww x x ZI XO Xi 

True Age 
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TABLE 2 | 
Statistical Evaluations of the Use of Scale Samples to Make Age Determinations, 1955-1968* 

Tests of Reliability of Assigned Ages 
True Assigned Age Confidence Limits Standard Standard No. 
Age Mean Range (95 Percent) Deviation Error Readings 

I 1 1 9 
I 2 2 18 

Ti 3 3- 4 45 
IV 4 3- 5 138 
V 3 4- 7 318 

VI 6.1 4-10 6,08- 6,12 0.20 0.01 393 
vil 6.9 5-10 6.87- 6.93 0,20 0.01 246 
Vill 7.7 6- 9 7.65- 7.75 0.23 0.02 120 

IX 8.6 6-11 8.54- 8,66 0.29 0.03 81 
Xx 9.1 5-12 8.79- 9.41 1.35 0.15 51 

XI 9.4 6-14 9,09- 9.71 1,66 0.16 54 
Xi 9.3 4-13 8.83- 9,77 1,90 0.23 15 
XI 10,1 6-12 9.25-10.95 1.66 0.40 12 

*Based on the ages assigned by 3 persons each reading 500 known-age scales, 

TABLE 3 
Statistical Evaluations of the Use of Fin Sections to Make Age Determinations, 1955-1968* 

Tests of Reliability ot Assigned Ages 
True Assigned Age Contidence Limits Standar Standard No. 
Age Mean Range (95 Percent) Deviation Error Readings 

I 1 1 9 
I 2 1- 3 18 
I 3 2- 6 45 
IV 4 2- 6 138 
V 5 4- 7 318 

VI 6.0 4- 8 5.99- 6,01 0,14 0.01 393 
Vil 6.9 4- 8 6.88- 6,92 0.15 0.01 246 
Vit 7.7 6- 9 7.67- 7.73 0.18 0.01 120 

IX 8.6 6-10 8.54- 8,66 0,27 0.03 81 
X 9.4 7-11 9,36- 9.44 0.29 0,04 51 

XI 9.9 5-12 9,9-10.3 1,39 0.19 54 
Xi 11.3 9-14 10.5-12,1 1.38 0,38 15 
XI 11,3 9-13 10,.3-12,.3 1,49 0.45 12 

*Based on the ages assigned by 3 persons each reading 500 known-age fin sections. 
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FIGURE 6 
Relationship of true ages to mean ages assigned by the fin section method, 1960-68. (The 
rectangle around the last 4 means represents the 95 percent confidence limits. } 
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TABLE 11 
Use of Scale Samples to Calculate Total Length of Fish From Each of the Three Study Lakes, 1955-1968* 

ne Lake Lac Court Oreilles ig Spider e 
Calculated Length Calculated Length Calculated Length 

Age Actual Vg. Sum 0 Actual Avg. Sum of Actual a oF 
Group Length Increment Increments Length Increment Increments Length Increment Increments 

I oo. 10,1 10,1 -- 11,2(12) 8.6 8 .6(552) 11,4(2) 10.0 -  10.0(71) 
Il 19,0(1) 8.5 18 ,6(246) 16 ,2(2) 6.7 15 ..3(540) 15, 3(4) 6.2 16 .2(69) 
Til 26.1(57) 7.3 25 .9(245) 22 ..5(15) 5e3 20.6(538) 22 .6(2) 5.6 21.8(65) 
IV 29 .8(108) 4.4 30,3(188) 25 .9(50) 4.4 25.0(523) 24.8(7) 3.8 25 .6(63) 

V 33,4(37) 3.0 33, 3(80) 28 .4(104) 2.6 27 .6(47 3) 26.2(13) 2.1 27 .7(56) 
VI 35.7(17) 2.0 35. 3(43) 30.0122) 26/ 30. 3(369) 28. 1(25) 1.7 29 .4(43) 

vil 39 .2(9) (1,4 36.7(26) 31, 1(92) 1,6 31,9(247) 29 ,4(11) 1,2 30.6(18) 
vill 39.5(14) 2.0 38 .7(17) 32 .6(74) 1,2 33, 1(155) 33, 1(4) -- -- 

IX -- 1.6 40, 3(3) 33.0(53) 0.1 33.2(81) 30.6(2) -- -- 
X 43.5(3) 0.2 40 .5(3) 33.6(27) 0.3 33.5(28) 27 .0(1) -— -- 

XI = -- -- 37 .0(1) 0.3 33,8(1) -- -- -- 

umbers in parenthesis indicate the number of fish on which actual or calculated lengths are based, 
** Averages exclude the slow growing 1956 year class, | 

TABLE 12 : 
Use of Fin Sections to Calculate Total Length of Fish From Each of the Three Study Lakes, 1955-1968* 

ne Lake c Court Oreilles ig Spider Lake 

Calculated Length Calculated Length Calculated Length 
Age Actual Vg. um oO Actual Avg. Sum 0 Actual Avg. Sum 0 
Group Length Increment Increments Length Increment Increments Length Increment Increments 

Il 15 .5(1) 569 16,8(117) 
Tit 26,1(48) 6.8 25,.8(202) 23.5(9) 5.6 22.4(116) 
IV 29,9(102) 4.5 30.3154) 26,9(27) 4,2 26,6(107) 24.,9(7) 3.4 25 .4(40) 

V 33,6(29) 3.0 33, 3(52) 30 .2(27) 3.2 29.8(80) 26,9(12) 1,9 27 .3(33) 
- Vi 35,8(13) 2.2 35 .5(23) 31.7(22) 2.4 32 .2(53) 29 ,2(12) 1.5 28 .8(21) 
VII 39 ,8(5) 1,2 36.7(10) 32 .8(15) 21 34. 3(31) 29.6(5) 1,6 30.4(9) 
Vill 40.5(5) 0.8 37 .5(5) 36.7(8) 1.8 36. 1(16) 32 .4(3) 1,4 31,8(4) 

IX 36.7(5) 1,6 37 .8(8) 36.0(1) i,l 32..9(1) 
X 40 .8(3) 0.5 38. 3(3) 

*Numbers in parenthesis indicate the number of fish on which actual or calculated lengths are based. 
*#* Averages exclude the slow growing 1956 year class. 
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