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INTRODUCTICN

The bleck crappie, Pomoxls nigro-maculetus (LeSueur), and the white

crapple, Pomoxis emnuleris Rafinesque, are popular sport fish in the United

States east of the Rocky lowuntains, Both occur in Clear Leke, Iowa,
although the black erappie is by far the more abundant., Black crappie
gppear in a feirly high rercentage of angler's catches, and a few of the
fishermen prefer crapple fishing to any other sport the leke offers,
This investigetion was carried ocut as part of a long-range study of
the fishes of Clear lake, which aims to eatablish a sound knowledge of

the lake end the irportant species of fishes in it as a basis for a
managenent policy to make the best use of the lake's resources. This

project, which is sponsored Jointly by the Iowa State Conservaetion Commise
sion and the Industrial Science Resemrch Institute of Towa State College
in cooperation with the U, S, Fish and ¥Wildlife Service, 1s now iIn its
f.‘ii'th. year., ‘ o

Data to be used in this study were collected by fisheries students
and professors from Iowa State College in the yesrs 1941, 1942, 1943,
1947, 1948, 1949, and 1950, The data from the first three years mentioned
are scenty but are quite velusble, since they provlide some basis for
comparison with the more recent data.

A study of age and growth 1s basic to the establishment of mannge-
ment policies. In some fish populations, it is necessary to estéblish
the legal sigze limit at some point ebove that length at which the fish

mature, so that each fish would have a chence to spevn at least once in



its life. If a population of fish grows slowly end matures late in life,
it mey be necessary to teke measures which wguld cut down its mumbers so
that each fish would have to compete less for food and space, In some
populations, one year-cless may dominate the catch for severel years
until it dies out or is fished outs In such a case, an analysis of the
years which produced successful hatches of the £ish may lead to some
method of keeping the population stabilized at an optimm level,

The crappies are subject to overpopulation in many lekes, causing
the stunted condition mentioned above, and occasionally they may show

year~-class dominance.



MATERIALS AND METHODS
Collection of Samples

Clear Leke, which is in wostern Cerro Gordo coumnty, is 3,643 acres
in size, and has a variety of shoreline and bottom types. The first
detailed study of Clear Lake (Bailey end Haorrison, 1945) gives a des-
eription of the lake and lists the 43 species of fish which were found
there at that time, Because of the sige and shepe of the lake, a great
varlety of gear was necessary to sample the ehtire area. About 30 per
cent of the black crapple were teken by angling; 29 per cent wore teken
in the gillnets; 2/ per cent were taken in small selnesy 13 per cent
were teken in large seinesy and the method of capture is unknown for the
remaining J per cent (Table 1), Of the white crappie, 6 per cent were
taken in the gillnets; 18 per cent wore taken in small seinesy 11 per cent
were taken in large seines; and the method of capture is wmknown for
the remaining 7 per cent (Table 2).

Angling data were secured by Inspection of the catches of the sport
fishermen and by the investigators! own efforts, Yo concerted attempt
vas made at any time to obtain informetion concerning the types of téckle
and bait used by the anglers,.

Several experimental gill nets were used, each 125 feet in length
and containing 25 foot lengths of the following mesh sizess 3/4 inch,

1 inchy, 1 1/1, inch, 1 1/2 inch, and 2 inches (ber meesure). In 1950,
these nets were rin in water from three feet deep to approxima’gely six



Table 1. HNumbers of Black Crappie Teken by Various Gear, 1941-1950,
Clear Lake, Iows

Mimow Bsg Large
Year Mngling Gillnet seine seine seines Unknown Total

1941 - - - - 10 - 10
1942 - - - - 1 - 1
1943 - 1 - - - - 1
1947 15 1 6 - - - 20
19048 - 30 - - - - 30
1949 54, 32 % - 12 9 112
1950 3 A 14 23 8 - 52
Totel 72 68 34 23 3 9 237

Tahle 2, Mumbers of White Crappie Teken by Various Gear, 19.8-1950,
Clear Loke, Iowa

Small 500" '
Year Gilinet seines seine Tnknown Total
1948 3 - - - 3
1949 10 2 3 3 18
1950 15 6 2 - 23

Total 28 8 5 3 L4




feet deep, in an erca on the north shore which was virtually free of
vegetation end vhich had e gradually sloping bottom, primarily covered
with sand, The nets were lifted every two hours for the removal of thé
fish, end then were set sgain., The same and other areas in all parts
-of the laekes were gillnetted fram 1947 to 1949.

601:§non sense minnow seines of 20 and 30 foot 1ength§ were used
along all areas of the littoral zone where such gear could be used
effectively. These seinos proved useful not only in checking for re-
production, but in securing specimens which might be passed up other-
wvise because of their size and hebits,

In the sumer of 1950, e small bag seine wes employed to sample
those arsas of the léke vhere a gillnet would be difficult to operate,
and a minmmow seine impossible, This beg seine proved quite successful
for érappiez Ll per cent of the black crappie and 26 per cent of the
white crapple taken in 1950 were taken by the bag seine., The seine
had 1/Z inch mesh, was sbout 50 feot long, and was operated by 100 fbot
lengths of sash cord at each end, It could be diopped out of a boat if
necessary, and would pull over beds of vegetation with reasonable ease
and efficiency. |

The large scines mentioned previously consist primarily of gear
owned and operated by the Iowa. State Ccnservation Cormission for purposes
of rough fish removal end leke surveys, | .

The 1941, 1942, and 1943 specimens were collected by Dr, Reeve M,
‘Sailey and Herry M, Harrison, Jr.. The 1947 specimens were collected by



Mr, Jumes Sieh, the 198 specirmens by Mr, Robert E, Cleary, and the 1949
specimens by Mr. John Persons, The 1950 specimens were collected by
Mr, Thomas S, English snd the vriter,

Records for Individual Specimens

Scale envelopes were the basic recording medium, Sceles were placed
inside thé énvelopes, and lengths, welght, sex, maturity, and remarks
concerning the internal organs were written on the outside in preseribed
blenks, Several scales Qere removed from the left side of the fish,
at o point just caudad of the tip of the pectoral fin as it was extended
caudelly end dorsally to the loteral line. Standard, fork, and total
lengths were messured to the nearest millimeter., Weight was determined
by the use of a spring pletform scale with e 560 gram capacity. In
those cases where investigators had recorded the measurements in inches
and the weights in ounces, the data were converted to the metric system
for snalysis, Sex and meturiiy were determined by the examination of "
the gonads, If sex was not irmedietely obvious, as was the case with
so_mé of the smnller fish, they vere classed merely as Irmature. The
heart, liver, and kidneys were exemined for parasitos, and records were
made of all parasites that were found, The stomach wes opened, and a
qualitative analysis of its contents recorded,

Length Conversion Factors
Standard length, measured in a straight line from the tip of the
snout to the base of the hypural plate, wes used in all growth calcula-

tions. In addition, total length, measured from the tip of the snout
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to the end of the caudal fin with tho tuo lobes compressed, and fork
length, measured from the tip of the snout to the center of the fork
of the caudal fin, were recorded. Conversion factors were computed by
dividing the sums of the total lengths and the fork lengths by the sum
of the standard lengths, and by dividing the sun of the totml lengths
by the sum of the fork lengths, These factors were first computed
for separate size groups of 20 rm, range (standard length), but sinee
no definite trend was observed, they are given for the entire group as
a unit,
Black Crappile
Fork length « 1,221 standard lengths
Total length = 1.284 standard lengths
Total length = 1.060 fork lemgths
¥hite Crapple
Fork length = 1.222 standard lengths
Total length = 1,284 standard lengths
Total langth = 1.053 fork lengths
The total length-stendard length factor for the black crapple is baééd
on 233 fish; the fork length factors are based on 205 fish, 41l calcu-

lations for the white crapple are based on 4J fish,

Scale Preparation and Projection
The scales were prepared and mounted according to the methed described
ty Lewis and Cerlender {1949). If any slime or dirt wms adhering to the
scales, they were sosked in water and then rubbed between the fingers.
The cleaned scales were mounted between two microscope slides, the ends
of vhich wers secured with acdhesive tape. A microprojector similer to
that described by Van Oosten, Deascn, and Jobes (1934) wes used to examine



the scales at a magnification of 42 dismeters, Those scales which proved
- difficult to read because of their lack of transparency were put to soak
in distilled water and then read wet, All messurements for the deter-
mination of the body-scels relationship were made with dry scales,
however, It was apparent that soaking the scales in water changed

their diameters,

Determination of Age and Growth

The ape of the crappies was de‘t;ermined by ccunting the number of
ermuli on the scales, An ammulus is distinguished on a ctenoid scale
by the anastomosis or cuttiﬁg ove:} of circuli on the posterior portion
of the scale, accompenied by an area vhere the cireull are extremely
close togethor, and genorally followed by an ares where the circuldi
are relatively far apert. The latter two situations were occesionally
found in en erea of the scale where the circuli did not snastomose, in
which case they were not regaerded es amuler rings, but merely indica-
tions of m short slowing of the growth rate,

A fish vith no snnulus on its écal.es is said to belong to the
O-age group, & fish with one enmulus to the I-age group, end so on,
411 specimens are listed by Roman mumerals corresponding to the number
of annular rings on their sceles., The year-clacs designation of a
particular fish; that is, the yeer In which it was hatched, is calcule-
ted by subtracting the murber of amuli on its eceles from the yeer
in vhich 1t wes captured.
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Validity of the Anmulus as a Year~mark

Although the validity of the anmulus as a year-mnrk has never been
proved experimentally for the crappie, several investigators (Scéhoffman,
19403 Hensen, 1937; Lowis, 19503 Johnson, 1945; and others) have used
it as such successfully, and we have empirical evldence to support it.
'\fan Oosten (1929) has surharized the availeble informatlon both sup-
‘porting end refuting the scele method. The evidence indicates that the
scale method usually :is satisfactory for growth studies of Centrarchids.
Creaser (1926) studied the structure end growth of the scales of the
gunfish, Lepomis gibbosus, and his conclusions, which support the

scale method, may be gpplicable to other Centrarchids, The amull of
the Clear Lake crappies are in most cases easily recognigable and the
fact that these snmuli are truly year-marks is supported by the fol-

lowing facts, same of which are based on tho growth data to be given

In a lster discussion:

1, An sgnalysis of the year-cless data given in Table 3 shous ..
that those fish which were identified by their annuli as belonging to
the 1948 year-class vers not abundant in any year's collection, This
.cannot be explained on the basis of the sampling techniques (Table 1),
as similar sarpling techniques were employed in ell cases, The 1948
investigator used the same type minnow seine in checking for young-of-
the-year crapples as that vhich proved successful in locating them In
1949 and 1950. The 1949 investigator made use of gillnets and seilnes,
both of which are shown by a comparison of Tables 1 and 3 to be effec-

tive in cepturing yesrling crappies, yet he ceptured only seven crappies
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Teble 3, Mumbers of Black Crappie of the Verious Year-Clasces Taken
in Clear Lake, Iowa, 1941-1950

Year of Capture

g?s's , 1941 1942 1943 1947 1948 1949  19%0
1934 1 - - - - - -
1935 4 - - - - - -
1936 1 1 - - - - -
1937 . - 1 - - - -
1938 4 - - - - - -
1939 - - - - - - -
190 - - - - - - -
1942 - - - 2 - - -
1942 - - - 1 - - -
1943 - - 129 2 - - -
19@ _ - - - 4 - 1 -
1945 - - - 8 - g 1
1946 - - - 6 4 42 2
1947 - - - 43 2 5 7
1948 - - - - - 7 4
1949 - - - - - & 37

1950 - - - - - - 102
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of the 19/8 year-class. In 1950, several types of gear of proven

value failed to capture more than four specimens of the 1948 year-
class, This follow-through of a scarce yesr-class through three

years of life lends support to the assumption that the anmulus is truly
8 year-nark, |

2. An analysis of the growth increment from the time of forma-
tion of the Jast annulus to the time of capture (Tables 4 end 5) shows
a consistent increase In the increment through the spring, swmer, and
early sutumn, The results of this analysls conform to the theory that
the aimmulus is formed in the spring when the season's growth begins,
The figures for the black crappie indicate that s majority (seven out
of nine) of the fish teken in the first two weeks in June had not
formed the enmulus as yet., Posslbly three of the forty-nine taken in
the lsst two weeks in June had not yet formed the annulus.

3. There is a correletion between the age of o fish and its size.
Tables 6 and 7 show that, although there ies considerable vaﬁation .’m
the size of figh of the same gge group, the general trend is one which
shows sn inecrease in size along with an increase in the mmber of

anmuli,
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Teble 4., Growth Increment Since Last Anmilus of Clear Leke Elack
Crappie, by Age Classes and Time of Capture, 1921-1950

Date of Ago I Age II Age TIT
Yean Yean loan

Capture E  Increment H  Increment ¥  Incroment
June 1-15 0 - 7 36 2 38
Jime 16-30 2 30 22 A 19 16
July 1-15 18 4, 12 36 7 19
July 16-31 2B 46 13 40 8 23
Aug, 1-15 14 56 12 48 10 25
Mg, 16-31 6 & 5 | 54, 9 26
Sept. 23-24 2 63 1 22 1 29

Oct. 13 0 - 0 - 4 38

Table 5. Growth Increment Since Last Ammulus of Clear lake White
Crappie of Age-Clsss I, by Time of Capture, 1941-1950

Date of Mean

Capture B Inerement
June 17-22 2 46
July 6-14 3 65
July 16-28 21 70
Aug. 1-11 7 ™
Aug, 17-29 3 93




 Table 6.

i3

Stondard Lengths and Weights of Clear Lake Rlack Crapple of
the Various Age Classes at the Time of Cepture, 19/1-1950
Age Mumber  Mean Stand- Mumber  Meen
Clase of Fish ard Length Range of Fish  Velght
0 340 30 9~66 - W
1 7 95 6445 63 30
I1 72 10 103-183 € - 92
I 0 167 18246 53 149
v 12 187 142-231 9 223
v 7 23, . 1T7-259 5 348
5 0 250 247-2%6 1 A2
ViI 1 248 - - -
Teble 7. Stendard Lengths and Welghts of Clear Lake White Crapple of
the Various Age Classes at the Time of Capture, 1948+1950
Age Number Fean Stand- Number Yean
Cless of Fish  ard Length  Range of Fish  Weight
I 36 110 82-157 36 40
II 153 140-182 3 110
I1I 176 165-186 3 1
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AGE AND GROWTH OF THE BLACK CRAFPIE
Body-Scale Relationship

Use of the séale method for the cal'culation of the growth of fish
‘requires an assumption Wthat the enmuel increment in the length (or
some other dimension which must then be used) of the scale maintains,
throughout the 1ife of the fish, & constont Totio with the emmal incree
ment in body length,® (Van Oosten, 19293 278). In order to show how
closely this assumption has been met, the 229 black crappie from Clear
Lake were placed into 20 mm, groups and the mean stenderd length was
plotted egainst the mean anterior scale radius (x42), and a line was
fitted to the date by the least squares method. - A straight line with
en intercept of 8,785 end a slope of 0‘.957 best fit the scatter diagrem
(Figure 1) On the basis of this evidence, growth wes calculated on a
direct proportion basis using the approximate value of g, or 9 mm. as
& base rether than zero (Carlender end Smith, 1944). The deviations
from the straight line suggest a sigmoid curve but the straight line is
believed to give as accurete a fit as is justified by the data.

Growth Rate
The growth for each year of life was determined for each individusal
fish by use of tagboard strips and & nomograph like thet described by
Carlander end Smith (1944); then the average stendard lemgth at each
an#ulus was calculated for each age groups When such figures were conm-
plete i"or eacﬁ age group, the average standard length at each anmulus
could be calculated for the entire group. The observations contributing
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Fig. 1. Body=-Scale Relationship of Black Craprie from Clear Lske, Iowa
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to this overall average were each weighted according to the mmber of
fish invél'ded. The average anmual incremont, which is a measure of how
much the fish grew on the average in each succeeding year of life, was
calculated by subtracting one weighted average from the one for the
year followjn_g it; however, the a'éerages used in eelculating this
averz'a;ge anmugl inecrement were obtalned only from those fish which had
completed the year of 1life for vhich an aversge increment wes to be
computed,

:Sirice there wes virtually no difference between the growth rates
of the fish collected in the different yeers, the data are presented
for the entire collection as a body (Table 8), The average amnual
increments show thet the fish adcded more length in their second year
then in their first; the tendency in succeeding years is one of gradual
decrease in the increment, A possible explanation for this greater
growth in the second year can be obtained from an examination of the
time of hatching, Eddy end Surber (1947) give the spewning time for
the blaAck crappie in Mimmesota es May and June, and occasionally in
July, Table 9 shows that no investigator found young crappie in Clear
Lake before the first of July, which would indicate that they seldom
spavn in that lake earlier then June, It seems reasonable to conclude
from this that the average black crappie does not have a complete year
in his first semson, and thus would not be expected to grow as ruch es
in the second, The gradual nature of the decrease in the average ammal
increment through later years of life 1s quite typical of the growth of

fishes.
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Tgble 8, Average Calculated Lengths of Hlack Crappie in Each Age Group

Collected at Clear Lake, Iowa, 1941~1950

Standard Length in mm, Standard
Age Funber at Each Annulus : Length at
Class  Exanined 1 2 3 4 5 6 7 Capture
I T 45 95
IX 72 6 103 - 140
IIX €0 L6 5103 144 167
v 12 51 101 139 166 187
v 7 46 91 142 183 212 234
VI 5 45 78 13 181 206 231 251
ViI 1 36 70 128 155 150 226 235 248

Grand Averapes from Above Teble ggg i‘ishz

Length | 6 101 142 173 208 230 235
Increment A6 55 43 35 28 271 9
in Inches 2.3 5.1 7.2 8.710.5 11,6 11.9

in Grams # 3 33 92 166 238 391 415

VHeight
Increment *# '3 30 61 81 101 122 45

Average
Welght in
Ctmeces ® OQl 1.2 3,2 5,9 10.1 1308 11;06

# Corputed by length-weight formmla presented in later discussion,



Table 9. Crowth of Black Crappie Ymmg—oi'-the-lear from Clear lake,

Towa, 1943-1950

Date of Humber Standard Length in rm, et Capture

Capture of Fish Yean Range

1943 (Bailey, 1943)
July 10 15 22.8 1806
July 21 40 28.2 23-33
Aug, 6 27 39.1 34=51
Oc'b. 29 47 53.0 M"%

1947 {Carlander, 1949)
July 13 18 18,7
July 18 3 26.5
July 26 8 27.3
Jug, 1 & 2 4 28,0
bug. 5 6 35.8
Aug, 9 8 374

11949 (Carlender and Parsons, 1949)
July 2-16 25 28.6 2A-31
Avg, 2-16 15 454 Ll=54,
Aug. 17"'
Sept. 1 26 49.1 bé=54

1950
July 18 5 14.0 9-.19
July 25 29 12.4 9-19
July 28 7 15.7 o-25
July 31 28 15,5 919
Aug. 2 2L 12.7 9-19
hug, 8 2 17.7 16-19
Aug, 13-15 5 20,2 16-21
Mg, QA 2 1%.9 1621
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Lee's phenorenon of apparent chenge in growth shows up in the
calculated lengths at all the anmuli except the first end the fourth.
This pheﬁomenon appesrs in many growth studies of fish and has been
explained in meny different ways (Van 'ccsten, 1929). The only explang-
tion which seems plousible in this case is that possibly the faster
growing flsh die at a younger zge, leaving a predominance of slow
groving fish in the sample of f;lah of edvanced eges. No proof can be
offered for this explanation,

The growth histories of some of the indivicuel fish present an
interesting pieture of individusl variction. The fish which was the
longest of the entire group at the end of the first year of 1ife was
a two~year-old, end was longer than average at the end of the second
year, The fish which was the longest at the end of the second ycor of
life was a three-year-old, and had grown fast through all its three
yeé.rs, being longer at the end of its third year than the average
crapple wes at the end of the fourth, The flsh which wes longest at
the end of i‘hé third year hed quite a different history, howcver; it wes
smaller than sverage at the end of the first year, a 1ittle larger than
aversge at the end of the seccnd year, and, et the end of the third
year it wes as long es the average crapple at the end of the fifth year,
Of the three which showed the greatest length by the end of the fourth
year, two were considerably larger than averzge through their first
three years also, bubt the third was below the average in every one of
the first three years, The last mentioned fish wms e six-year-old, and,
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although 1t contimued to be longer than average, it gained less than
the average enmial increment in succeeding years.

Growth of the Young

A cdmparison of thelengths of the young-of-the-year fish through
the groving seamsons of 1943, 1947, 1949, and 1950 (Teble 9) shows that
the young were growing quite similerly in the first three years, but
the 1950 young were very retarded. The lengths when first captured
in eerly July indicate that the 1950 hatch was probatly later than
that of former years. The data in Table 9 also suggest that the
spawning ray have been sporadie, This is not surprising when one
considers that Clear Lake is large and has a variety of bays and shore~
line types.

A comparison of the growth of the young-of-the-year bleck crapples
collected from the Ventura Marsh (Table 10) with that of the young in
the main lake (Table 9) gives a possible @pianation of the slow growth
of the 1950 young-of-the yeor in the leke.

Table 10, Growth of Hlack Crapple Young-of-the-Year from Ventura HMarsh
for the Bumer of 1950

Date of Humber Stendard length in mm, at Capture
Capture of fish Yean Range
July 28 18 35.4 22-47
August 1-2 39 45.6 3651
August 15 - 58 48.2 3655

Septenber 24 17 €0.5 51=70




2

The Ventura I-fa:rsh' is situated at the extreme west end of Clear
Loke, and wes cut off from the leke in the suwrmer of 1950 by a gate
ond o rqugh fish trap, The marsh is composed primarily of very shallow
watar,' end its maximm depth 1s about eight feet, vhereas vthe 1élce has
considg;-able quantitiea‘ of deeper water, with a maximm depth of sbout
tventy~one feet, The water in the marsh warns up earlier in the ‘
.suz:m.e:; timn does that of tﬁe lake, It is difficult to set any posi= >.
tive time of spawning from.the data from Ventura Marsh, but it is
apparent thet the crappies wore hatched earlior than those in Clear ..
Lz_ake. A comparison of the sizes of the young from the two bodies of
vater indicétes that ihej' grew faster in the marsh asl wvell as hétchéd
earlier, With this information, en explenation of the rolatively
slow growth of the 1950 year-class in Clear Lake con be postulated,
The surmer of 1950 was unusually cold and windy, so it can safely be
concluded that the overall water temperéture was much lover than it
was et sinilar times in former years, This caused the adult crappics

to spewn later and the young to grow more slowly.

Comperison of Growth with Other Areass
Carlander (1950) hos surmerized growth data for black crepples
from verious parts of the country, and the majority of these show
faster growth than the Clear Leke bldck crapples however, the differ-
ences nre not great in some of the caces, . The averages for I—ﬁnnésota,
Indienn, Chio, ond Iowo are relstively close to those for Clear Leke,

There appears to be a much g:éeatcr difference in the growth of cropples
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in the South, vhere they grow both faster and larger then they do
farther north, There 1s some suggestion, however, that they live
longer in the North, '

The only available data on growth of black crappie in Iowa is
contained in a study of two artificlsl lekes in southern Iowa (Lowis,
1950), The black crappies from both East Lake and Red Haw Lake grow
largor in a shorter fime than do those of Clear Lake; however, a
corparison of the aversge snnusl Increments shows that the growth
tends to drop off more abruptly in both Red Haw lLake end East Lake
than it does in Clear Leke, The oldest tlack craprie from Red How lake
wns eight yéars o0ld; from Clear Lalce; seven years old, Although the
single specimens of six and eight-year-olds taken from Red Haw lake
vere smeller at cap.ture than the one seven-year-old teken from Clear
Lake, the average of the three five-year-olds from Red Haw Leke is
greater then the length of any of the specimens fron Clear Lake.

Eddy end Cerlander (1942) have calculated average growth for black
'crappieé from seventy lakes in Minnesota, using a statisticel system
designed to glve aversges for the state ss a whole, The aversge anmusal
increments and the czlculated iengths at the end of each year of life
are consistently equal to or greater than those of the black crappies

of Clear lake.

Size and Age at Maturity
Information on sex end condition of the gonads is oveilable on

only forty-three black crepries, so 1t is impossible to estsblish any
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positive time of maturity; however, the nature of the availsble
information mskes it worthy of discussion., The black crapple in

Iowa 18 roported to mature in its third year at obout seven to eight
inches (Harlon and Spesker, 1951). Of the irmature females in the
parple of Clear Leke black crepnies, the largest wes 5.6 inches in .
total length and was in its second year; the lergest of the imrwture
pales wes 9.0 inches and was in its fourth yoar. The latter may have
been mature earlier, but the gonads were not developed at the tirme of
capﬁxre, Avgust 17, 1950, Of the mature fish, ‘the spzllest female
wvas ‘5..35 inches and in its second yesr, and the smalle.st rmele was 7.4
inches and in its third year. These are, of course, the extremes

agd not the aveiagas. ferhaps a word vof é:v.p}.ana’c.ion regarding the
smallest rature female is in order: she was captured in late August,
and. had e\gg.s forrdng in the ovaries. Ske probably had not spawmed in
the sﬁring of her sccond year, tut would have been ready to spewn in

the spring of her third year,

Length-Yeight Relationship

It has been shown (Hile, 1941) that the length-weight relaiion—
ship of varicus fish may in genemlh be expressed by the following
eguation: W = CILB 3 vwhore W is the weight, I is the length, and C
end n ave constents, For the sake of corputation of these constents,
the standard lengths and weights of the Clear Lake black crappile were
converted to 1ogarit.1ms and & straight line fitted to the data by the
least squares method, This longth-weight, relationship was cormputed
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separately for each year’s collection snd for the sexes, when such
data wore available, An enalysis of covarlance was computed to
determine if the various regression coefficiemts, or b wvalues, were

significantly different from each other (Teble 11)., Lot 1 in the
table includes the male black crappies collected in 1950, which

had a regression coefficient of 3.021; Lot 2 includes the females of
the 1950 collection, which had a regression coefficient of 3.017;

Lot 3 includes the rest of the 1950 collection of undeternmined sex,
which had a regresslon coefficient of 3,058; Lot 4 includes the entire
1949 collectlon, which had a regression coefficient of 2,916; lot 5
includes the 1947 collection, which had a regression coefficient of
3,114, The F value of 1,050 with degrees of frecedom 4 and 157 shows
the differences in these regression coefficients to be not significant
at the 5 per cent level, On the basis of this analysis, the length-
welght relationship is presented for the entire collection of 169
f£ish (Toble 12). Two fish could not be included in the gnalysis

of covariance because they were the single reprosentatives of the
1942 and 1943 collection; but since they did not appear to vary greatly
from the average, they are included in the computation of the length-
weirht relationship of the entire group,

The straight line which best fit the scatter diagram of the
logarithme of the lengths and weights of the Cleor Lake black crapple
had en intercept of =4.459 end a slope of 2,985. Thus the formula
Log W = =4.459 4 2.985 Log L can be used to estimate unlmown weights

of fish from the seme population,
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Teble 11. Analysis of Covarisnce for the Length-Weight Relationship
of Clear Leke Elack Creppls, 1947, 1949, 1950,

Sums of Squares and Errors of Estimate
Lrogs—-Products Sunn of ¥ean
Lot d.f. Sx2 Sy Sy2 b Squares d.f. Square
1 . 13 0.243 0.734 2.253  3.02L -~ 0,03 12
2 16 0.162 0.488 1.9 3,017 0.021 15
3 15 0.238 0,726 2.238  3.058 . 0.023 1
FA 106 0,576 1,680 5.063 2,916 0.163 105
| 0,299 157 0,00190Z
Sumg 162 1.457 4.368 13.402 0.307 161
Difference _ | 0.008 4 0,002000

F = 0.002000/0,001904 = 1.050, not significant
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Table 12, The Length-Welght Relationship of Clear Lake BElack
Crappie, 19421950

Avarége :
Standard Average Welghts in Grams
%élngtﬁgeitgm : f)z?%‘?.zh Observed Com)utedl
7 | 5 14 15
86 11 20 il
94 12 28 27
104 9 36 36
112 ' 5 48 48
125 | 25 ' &, 63
135 1 80 e
14 20 100 %
155 20 123 120
164 12 146 12
173 15 167 166
184, 7 203 200
191 4 222 22/,
203 4 280 269
214, 2 251 313
231 1 345 396
246 3 440 46
252 1 524, 510

liog W m 4450 & 2,985 Log L
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The value of b, 2,965, shows that the length-weight reletion-
ship approaches that in which the weight increases as the cube of the
length; vhich s to be expected 1f the fish rotains the same body
shape throughout 1ife. ' To substantiste this assumption of cubic
relationship, the standard deviation of the b value; the 95‘ per cont
confidence intervel estimate, and a t—-test were computed, The stand-
ard deviation of the b value, sy, is 0.0358, 'I'hé_ 95 per cent confidence
limits are 3,056 end 2.914. The t-test, which is computed from the
formmla t = b ~ 3.000/sp, gave a value of + = 0,419; which is not
significant at the 5 per cent level with 166 degrees of freedom,

The coefficient of condition, or K factor, is a mumeriecal repre-

sentatlon of the relation of a fish's weight to its length; a thin
fish will have & lover K velue than & plump one. The coefficient of

condition is computed by the forrmla
g = ¥205

vhere ¥ 1s the welght in grams end L is the standard length in
millireters.

The average K of the Clear Lake black crapple teken in 1942
(1 fish) wes 3.443 in 1943 (1 £ish), 3.32; in 1947 (13 fish), 3.28;
in 1949 (107 fish), 3.22; in 1950 (47 fish), 3.31; giving a grand
average for 169 fish of 3.25. Since this value is higher than that
reported for ldnnesote (Corlander, 1950), and for southern Iowa
(Lewis, 1950), we could presume that, although the Clear Lake black
crapple grew slower in length then did those from some other comparable
"areas, thoy maintained a better than aversge relative weight.
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To determine if the fish collected in various years differed
rsignificantly as to plumpness, snother analysis of covariance was
computed (Yottley, 1941)., This enelysis is presented in Table 13,
Table 13, Ahalysia of Covarience for Test of Significance of

Differences Among Adjusted Group leasns of Clear Lake
BlaCk Crappie, 1911,7, 1911»9’ 1950

Sums of Squeres and

Crogs-Products Efrors of Estimate
Source of 5 Sun of Mean
Variation d.fe Sx Sxy Sy2 Squares d.f. Square
Lots A 0.735 2.164 6,372
Within Lots 162 0.722 2,204 7.030 0,302 161 ..00188

Difference ' 0.005 L 00125

F = 0,00125/0,00188 = 0,665, not significant

The F value of 0.665 with degrees of freedom 4 end 161 shows that the
differences in plumpness in the various lots, adjusted to a constant
length, are not significant at the 5 per cent level.,

The yearly weight increments (Table 8) show thet the fish put on
more welght each year through the first six yeers of life. The apparent
decline in the increment in the seventh year may be partly due to the
emall size of the sarple; but it Is to be expected that a crappile
would gain less in weight as well as length by the time it reaches

its seventh year, due to senility,
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AGE AND GROWTH OF THE WHITE CRAFPIE
Body-Scale Relationship

| The 4/ white crappie from Clear lake were placed into 0 mm.
groups end the neen standard length was plotted against the meen
enterdor scale redius (x42), and & line was fitted to the data by the
least squarcs method, A straight line with en intorcept at a standard
lengtﬁ of 30,048 rm, and a slope of 0,960 gave the best fit to the
spgtter diegrsn, tut since such a iine would obviously give too large
‘an inéremont for thé first year, the growth rates were determined on
the basis of a direct proportion, as with the Dahl-lea formla (Lagler,
1950).

Grovth Rate

Crowth wes eclculsted in the seme rammer as that proviously
described for the black crappie, except that O was used as a base on
the nowograph instesd of the 9 mm, intercept. The uveragé grovth rate
of those ubite crappile collected in 1948, 1949, and 1950 is presented
in Table 14. ' '

An explanetion of the groater increment in the second year would
follow the same lines as that given previously for the black crappies
the fish do not alunys have ¢ complete scason in the first year due to
the time of hatching, However, the greater increment in the third year
can probebly best be expleined by sampling error. The figures are based
on only four fish, and probobly do not give a true plcture of the growth
of the population, |
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Table 14. Average Calculated Lengths of White Crapple in Each Age
Group Collected at Clear Loke, Iowe, 1948-1950

Standard length in rm, Standard
Age Tumbex at Each Anmilus Length at
Class  Examined ! 2 3 Capture
i1 4 A 113 153
III 4 45 86 146 176

Grand Averages (AJ £1gh)

Standard
Length 39 100 146

' Average
Anmael
Inerement 39 57 €0

Corresponding
Totel Length
in Inches 2.0 51 Tk

Average
Weight
in Grams 1 28 100

Weight
Increnent 1l 26 83

Average
Height
in Cunces 04 1.0 35
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The individusl rish do not vary greatly in growth, althcugh one
of the one-year-olds showed quite rapid growth from the time of anmulus
formation until the tire of capture, This fish was 46 mm. long at the
tire of formation of the first amulus, and hzd grown to a length of
157 mm, when it was coptured in late August. This particular specimen
was larger at capture thon three of the four two-year-olds.

The 1948 collection of vhite crappie consisted of three fish., e
of these was a three-year-old and the other two were twoeyear-olds. The
1949 collection consisted of eighteen fish, fourteen of which were one-
year-olds, The 1950 collection consiasted of twenty-three fish, twenty-
two of which were cne-year-olds. The twenty-third fish in the 1950
collection vas a three~-year-old; not one fish of the 1948 year-class,
which was so _predminaﬁt in the 1949 collection, showed up in the 1950
cdllection. This indicates that, although some of the Clear Lake white
crappie live more than one year, a lerge percentage of them do not
survive through two yeers.
| Since there are no records of any young-of-the-year white crappie

ever having been teken in Cleer Lakey, no comparison can be rade as to
-good and bad growing seasons for the young corpared with the growth of

the adults in those same seasons,

Corparison of Growth with Other Areas
WYhen corpared to growth of the sare species in other parts of the

comtry (Carlender, 1950), the wvhite crappies of Clear Lake scem to be

a slow groving population; but tho white crappies do not appear to be
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a8 much below average a8 the black crappies, There 1s little evidence
to indicate different growth in the FHorth snd the South,

Data from tuo artificial lakes in southern Iowa (Lewls, 1950)
show thet the white crappies in Red Haw Lake grew considerably faster
than those of Clear Lake, although the age distribution was quite
ginilar, The East Leke white crappies, which were generally older
and nore numercus than those of Red Haw lake or Clear Leke, showed
quite similer growth to the white crappies of Clear Lake in their
first two years, and grew less theilr third yesr, on the avorage, than
dié the Clear Lake white érappies, : | |

The white crappie in lMinnesota is confined largely to the southern
part of the state (Eddy and Surber, 1947). A amell sample of white
. crappies from two Minnesota lakes (Edcy end Carlander, 1942) was
composed of fish three years old end younger, The average standard
lengths at the end of each year in this garmple weres at the end of
the first year, 52 rm.; at the end of the second, 93 mm.; at the end |
of tho third, 134 mm.,. A comparison with Teble 14 will show that
those fish were slightly larger than the Clear Lake white crappies
et the end of the first year, tut were smaller at the ends of the

second and third yesrs.,

Size and Age at Maturity
Condition of the gonads was recorded for 23 white crapples collected
in the swmer of 1950, Of these, 22 were yearlings and. vere irmature.
The twenty-third was a three-year-old male, and wes apparently spent.
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This £ish vas 186 rm, in standard length, or 9.4 inches in total length,

Length~teight Relationship
The length-weight relationship of the white crapple was calculated

in the same manmer as that described previounsly for the black crappies
the lengths and weights were converted to logarithms and a straight
line fitted to the data by the least squares method, Since the sarmple
was so small, no attempt vas made to keep the sexes or the time of
collection separate in the computations,

 The straight line which best £it the scatter diagram of the log-
arithms of the lengths and weights of the Clear Lake white crappie had
en intercept of -5.308 and & slope of 3,376, These velues can be sub-
gtituted into the forrmla Log W = -5,308 ¢ 3.376 Log 1, which may be
used to estimate unknowm weights of fish from the same population
(Table 15). The weight appears to incroase more rapidly then the cube
of the length,

The aversge K wvalue for the 42 white crappie was 2,95. This,

like the comparable value for the black crapple, 1s higher than thet
reported for southern Iowa (Lewis, 1950), and for Mimmesota (Carlander,
1950), Although they are not as plump or ag long-lived as the black
crappie, it appears that the Clear Lale white crappie compare quite
favorably to fish of the sarme species from other lskes in nearby areas.
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Teble 15, The Length~tcight Relationship of Clear lake White Crappie,

1948~195C
Average
Standerd -

Length in Number Averago Weights in Grems
M1l imeters of Fish Observed Calculatedt
86 3 20 17
o8 6 26 26
107 1% 36 35
116 7 A 46

127 3 %9 - 62
134 2 7 75
12, 3 11 95
157 1 107 128
165 1 168 150
184 2 172 218

liog W= =5,308 + 3.376 Log L.



35
"~ FOOD AND PARASITES

Food of the Black Crappie

In the summer of 1950, 57 stomachs of black erappie were examined,
Records were kept of the types of food found, the size of the specimen
and the date of cepture, Yo attempt was made to determine thebvolmne
of the food or the percentage of various organisms in the stomach, as
the food was found in various stages of digestion, Of the 57 stomanchs, «
26 contained entomostraca, 16 were empty, 4 contained insects, 3 con-
tained vegetation, 3 contained 1@‘ ella sp., 3 contained fish, and 1
contained only unidentifiable debris,

A study of the totel lengths of the fish which had eaten the various
organisms shous that entomostraca‘ vas eaten by fish renging from 3.7
inches to 8.6 inches; insects were eaten by fish from 4.8 Inches to
5,6 inches; vegetation appeared in stomachs of fish from 4.8 to 8,0
inches long; Hyzlella sp., in fish from 5.4 to 5.8 inches longs fish -
‘ ramai;zs were found in black crappies from 5.3 to 7.4 inches long.

The éates vhen the various foods were found point further to the
importance of entorostraca In the diet of the black erappiey those
orgm‘z:isms were found in stomachs throughoutl the entire surmer and into
September, Vogotation eppearcd in the diet only between the 18th and
the 28th of July. Insects, as noted above, wero not cormon in the
dlet, but they were found from July 28th until September 2/4th, Fish
wore found in the diet only during one weck in mid-August., The
Hyalelle sp. were found only on the 24th of September,
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Focd studies by of,her investigators show quite similar food
preferences by black crapples in other sections of the country.
Pearse (1919) found entomostraca to compose 43.7 per cent of the
food of 276 black crapples from inland lokes of Wisconsin. Insect
larvae, pupase, and adults composed 38,6 per cent of the food of those
fish; amphipods, 7.4 per cent; and fish, 6,4 per cent., This shows a
higher precentage of insects than were found in the black crappies
of Clear Lake, but the other items compare quite closely. Lewis (1950)
gives insects and entcrmostraca as important items in the food of
crapplies in two artificial lakes in southern Iowsn,

Parasitos of the Black Crappie
The seme 57 black crapples which were exsmined for food were
exardned glso for perasites., The heart, liver, end kldneys were
inspected in each of them, Of these 57, four were found to have
vhite grubs, probably Posthodiplostomum minirmm, in the liver,

Food of the White Crappie

Twenty-three stomachs of white creppies were examined in the
surrer of 1950, Ten stomachs were empty, 8 contained entomostraca,
4 contained insects, and 2 contained vegetation,

The totsl lengths of the fish in relation to their food cholces
do not vary greatly. Those which had eaten insects ranged from 5.5 to
5,8 inches; those which had eaten entomostraca ranged between 4.2 inches
and 6,0 inches; and those which had eaten vegetation were 4.6 and 6.0

inches long.
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The times of finding the various food items in the stomechs do
not indicate any definite time for the entomostraca ond the vepetation.
Entomostraca were found in stomechs all through the period of investi-
getion, end vegetation was found once in the early part of the investi-

getion end once in the later part. Insects were found solely in laté
July. |
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SUMVARY AND CONCLUSICHS

Black Crappile

1. The study of Clear Lake black crappie was bascd on 237 aduld
fish and 340 young-of-the~-yesr fish collected in 1941,_ 1942, 1943,
1947, 1948, 1943, end 1950, |

2. Vari_ous types of gear vere used In capturing specimens, esch
sarpling a different habitat or size range of fish, A smnll bag seine
used in 1950 proved very useful in copturing bleck creppies,

3. The 19/8 year-cless was found to be consistently scorce
through three yeers of collection,

4. The majorlity of the specimens had apperently not formed the
snmulus by the middle of June, but all had formed it by the first of
July,

5, The body-sccle relationship cen bost be described by o
gtraight line having en intercept of 8,785 rm, and = slope of of 0,957,
6., The greatest growth in length wms in the second yéar. The

increment decreased gradually each year thereafter,

7. Date from young-of-the-yeer collections indicate that spawning
probably takes place sometime in June,

8. Lee's phenormenon of apparcnt chenge in growth shows up in the
colculated lengths at 231 the anmull except the first and the fourth,

9, The 1950 young-of-the-ycar were noticeably retarded in growth,

probably because of the unususlly late spring snd cool swrmer,
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10. The rate of growth of the Clear lLake black crapples 1s
slightly slower than that in other parts of the ldwest, end consider-
ably slower than in the South,

11. Yaturity is usually reached by the third spring when the
fish ;}uét becomes a member of age-group II,

12, The rolationship between stendard length (L) end weight (W)

cen best be described by the formilat log W = =4.459 4 2.985 Log L.
| 13. An gnalysis of covarionce failed tov show significant diffor-
ences betueen the regression coafficiehts of the length-weight relation-
ships for the fish captured in difforent yesrs.

1.. The average coefficlent of condition, K, for 169 fish was
3.25, which is higher than that reported for block crappie in nearby
weters, |

15, The yearly weight increrment increases stesdily through the
first six years of life, and declines in the seventh,

16, Fifty-seven stomachs were examined for food., Intomostraca
eppeared to be a basic part of the diet at all times and for all sizes
of black crappie.

17, Four of 57 black craprile were found to bave white grubs,
probably Posthodiplostommm minimim, in the liver.

White Crapple
1, The study of Clear Leke white crepnle was based on 44 sdult
fish collected in 1948, 1949, ond 1950.
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2.. The average emmusl increment in length increases steadily
through the three years of 1ife; tut, the growth during the third
year pay be overestinmated ss the serple size is quite omall.

3.. There is some evidence to indicate a high mortality botveen
the end of the first year and the end of the second yenr of lifo, and
no specimen was teken which was four years old,

L. Clear Léke white creappies grow somewhat clower than those
from some other regions of the VMidwest, tut secm to pass up most of
them by the end of the third year,

5. The formmle for the length~ueipght rolationship describes a
streight 1ine: Log W = =5,308 + 3.376 Log L.

6. The aversge K for 42 while crappiecs was 2.95, which is higher
‘then that reported for white erappies in nearby waters.

?. Twenty-three stomachs were examined for food, Entomostrsca
was the major item found, followed by insocts,
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