AGE AND GROWTH OF THE SMALIMOUTH BASS
MICROPTERUS DOLOMIEUI LACEPEDE IN ARKANSAS

BY FRANK PEEK

ABSTRACT

The age and growth of the smallmouth bass, Micropterus dolomieut
Lacépéde, was studied using the scale method. The bass were collected
over a three-year period (1962 through 1964) from 51 locations in 82
streams in three drainages throughout the smallmouth’s range in
Arkansas and from one location in Missouri. A computer was utilized
in determining the mathematical relationship between scale growth and
body growth for all specimens used in the study and in comparing the
growth of bass collected from the various drainages, streams, and loca-
tions in streams. No significant differences in bass growth among the
three drainage basins nor among the streams within each basin were
detected. Bass growth was found to wvary significantly among the
various locations within streams indicating that for the bass studied
the specific habitat was the important factor influencing growth. A
growth summary by location based on the back-calculated lengths of
1145 smallmouth bass is presented. Age composition is also discussed.

INTRODUCTION

Many regional studies of the age and growth of the smallmouth bass
are to be found in the literature. The age and growth of Oklahoma
smallmouth was studied by Finnell et al. (1956), and Missouri small-
mouth bass have been studied by Patriarche and Lowry (1953). A
growth summary for Missouri smallmouth appears in Purkett (1958).
Little has been published regarding the age and growth of smallmouth
bass in Arkansas. This study atbempts to fill that void.

METHODS AND MATERIALS

Collection of wild bass

Samples of wild populations of smallmouth bass were collected for
general use in this study from 51 locations in 32 streams throughout
its range in Arkansas during the years 1962, 1963, and 1964, and from
one location in Missouri (Table 1). Additional collections were made
in Arkansas for special purposes such as checking for false anmnuli.
Four collecting methods were used: (1) electro-fishing; (2) seining;
(3) hook and line fishing; and (4) chemical poisoning (two samples
with rotenone and one with phenol).

Each collection is represented by a three-digit sample number to
facilitate computer processing of the data. The first digit indicates
the river basin in which the collection was taken. Basin 1 is the
Arkansas River Basin, basin 2 is the White River Basin, and basin 3
is the Ouachita-Little River Basin. The second digit of the sample
number indicates the specific stream from which the collection was
taken. The third digit indicates location on a stream.

Freshly collected wild specimens were placed in 10% formalin
solution as a temporary preservative. Later the specimens were washed
with water and transferred to 35% isopropyl alcohol which was used
as the permanent preservative. Large fish were cut on the right side
of the abdomen, before being placed in formalin, to insure maximum
penetration of the preservative.

Collecting and reading scale samples

Approximately 20 scales were removed from an area just touching
the tip of the extended pectoral fin and about five scales below the
lateral line of each specimen. This method of scale sampling was
closely adhered to in an attempt to obtain uniform and comparable
scale samples. Each scale sample was paced in a 2% in. by 8% in. coin
envelope. The number of the fish, the collection from which it came, and
its standard length were recorded on the envelope. All fish sampled
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were measured to the nearest millimeter using the fisheries-research
method given by Hubbs and Lagler (1947).

The scales were read on a conventional scale reader. Approximately
16 scales from each sample were placed between two glass microscope
slides along with a drop of water. The slides were placed in the reader
and the number of annuli were determined on one selected scale using
the criteria for distinguishing annuli given by Lagler (1952). Measure-
ments to the nearest millimeter were then taken from the focus of the
scale, along the primary radius of the scale, to each annulus and to
the outer margin of the scale.

Computational Methods

The majority of caleculation in this study was done by a computer.
All data were therefore first punched on I.B.M. cards. An I.B.M. 7040
computer was programmed to carry out all variance analysis, all calcu-
lation of estimated mean squares, and all fitting of scale-length body-
length relationship curves to the data. In arriving at the relationships
best expressing body length as a function of scale length ten equations
ranging from a linear to a 10th degree polynomial were tested by
computer for goodness of fit to the data. The equations were tested
with the data grouped by collection locations, by streams, and finally
by basins to determine what level of combination was possible.

RESULTS

The Arkansas smallmouth bass used in this study were grouped
into 25 mm _intervals of standard length and tabulated on a length-
frequency diagram. The 1464 fish showed a steady progression in
length at increasing ages (Table 2). As age increased there was a
progressive decrease in rate of growth. On the basis of the number
of annuli on their scales none of the smallmouth bass were more than
nine years old. Ninety per cent of the bass were under four years of
age. Only 139 individuals were four years of age and older. The two
year Iolds were the largest age group, making up 309 of the total
sample.

Scale - length body - length relationships

The relationship between the growth in body length and the growth
of the scale was found to vary significantly among bass from the
various basins, streams and locations. Numerous equations were needed
to adequately express the body growth scale growth relationship for
all bass used in this study. All of these equations with three excep-
tions, caused by small sample size, fitted one of two general equation
types.

Type General Equation
1 L=B,+B,S
2 L=B,+B,S3+B;S?

Where: L=the standard length of the fish, B,= the Y intercept, B, and
B, are constants derived from the data, and S is the scale measurement
in millimeters from focus to annulus.

For samples of fewer than five fish the length-scale relationship
took the form L=B, indicating that there were too few fish to establish
a trend. This results in the Y intercept B; being equal to SL with

variation in scale length S having no effect on fish length L.

Confidence intervals, 95% level, were calculated assuming large
sample sizes for each body-scale relatlonshlp All showed essentially
the same pattern as those plotted for fish from basin 1 and stream 2-10
(Figure 1).

It is interesting to note that in comparing fish of equal size from
basin 1 and Calf Creek (which is typical of basin 2) the basin 1 fish
have larger scales than the fish from basin 2 (Figure 1). It might be
expected that if two equal-length fish have different sized scales the
fish having the larger scales would also have fewer scales.
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Comparative growth rates of wild bass

For the first three years of growth the analysis of variance test
of the nested samples of Lass from basins, streams and locations on
streams from which multiple collections were taken (Table 3) shows
significant differences in growth only among locations on streams,
These differences among locations are significant at the 1% level of
probability. There were no significant differences in growth among
the various streams within basins nor among the three basins.

The analysis of variance results for the fourth, fifth, sixth, seventh
and eighth year growth rates were not included. Comparisons of
growth rates for fish over three years of age were of doubtful value
due to the paucity of fish at these ages.

The estimated mean square percents for basins, streams, locations
and residuals for each of the first three years of growth (Table 3)
showed that the variation in the growth rates of individual bass from
the same locations (the residual term) was responsible for the greatest
portion of the differences in growth rates detected, 479%, 48%, and
63%, respectively. The differences in the growth rates of individual
fish from the same location increases with increasing age being least
the first year and greatest the third year.

A significant portion of the growth rate differences detected was
shown to be due to the effect of locations upon the growth rates of
fish (Table 3). The amount of differences in growth rate attributable
to this source decreases w~ith the increasing age of the fish.

Growth summary based on the back - calculated lengths of all bass
collected

The average calculated standard lengths in millimeters as used
in fisheries research (Hubbs and Lagler, 1947) for the first eight
years of life are presented for bass by location (Table 4). Bass
growth at location 2-1-8 (Bull Shoals Reservoir) the only lake sampled
for this study was much greater than the growth rate obtained in any
stream. Bass from stream 1-4 (Spavinaw Creek) a cold stream, showed
relatively slow growth, smallmouth from stream 2-9 (The Buffalo
River) a warm stream showed relatively fast growth. A high growth
rate was also obtained for bass from location 2-9-2 (a headwater loca-
tion) ; the bass population here had been drastically thinned two years
before. Bass in many streams, where maultiple collections were made
such as 1-2 (Little Sugar Creek), 1-9 (Lee (Creek), 2-1 (White River),
and 2-9 (Buffalo River) showed a gradient in growth rate from slow
at headwater locations to increasingly faster at locations progressively
further downstream.

DISCUSSION

Validity of the scale method for Arkansas bass

The validity of the scale method for back-caleulating the growth
of Missouri smallmouth bass was shown by Patriarche and Lowry
(1953), and by Purkett (1958). Finnell et al. (1956) found the scale
method was applicable to Oklahoma smallmouth bass.

The fish used in this study show a steady progression in length (at
capture), for successive ages (Table 2). This substantiates the belief that
the annuli laid down by the smallmouth bass in Arkansas are true year
marks and indicates that the scale method is valid for aging the fish
used in the present study. The range in length of fish within each age
group is attributed to differences in growth of individual fish and to
differences in the time of year at which the fish were caught.

Many investigators working with various species of fish have
found that false annuli occur, particularly during the first year of
growth. Sprugel (1953) reported that during some years as many as
909 of the bluegills taken from a new lake possessed scales with false
first annuli. This false annulus was attributed to the temporary cessa-
tion in growth resulting from the scarcity or absence of an appropriate-
gize range of food. No false first annuli were found on the scales of the
smallmouth investigated in this study. The first check on the bass’s
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scale was a true rather than a false first annulus. This is indicated
by the following:

1. The age-length relationship for the bass in this study (Table 2)
agrees with the age-length relationship found for known age
smallmouth bass.

2. Scales from 24 young of the year bass collected from six locations
during the months of November, December, January, February
and April show no checks.

3. None of the bass used in a laboratory growth-rate study pro-
duced artificial annuli, even though growth was temporarily
stopped when the diet of these fish was changed from small
to large-sized food.

Body - length scale - length relationships

For the majority of bass used in this study the general equation
best expressing the body-scale relationship was either

L=B,+B,S or L=B,+B,S+B,S2.

The Y intercept or B, values for every equation used were averaged.
This average wvalue, an approximation of the size of the average fish
at the time of scale formation in the region of the pectoral fin, was
29.93mm. Everhart (1949), using microtechniques, found that the
average length of some New York State smallmouth bass having
newly formed scales in the pectoral region was approximately 30.0 mm.
This very close agreement suggests that the average size at which a
smallmouth bass acquires scales in the pectoral region is characteristic
of the species.

Eight of the wild bass used in this study were found to have small
seales in the pectoral region. The standard lengths of these bass were
40, 37, 39, 41, 43, 33, 36, and 37 millimeters. These fish were undoubt-
edly smaller when the scales first formed.

No indication of the accuracy of the scale method of fish-length
back-calculation was found in the literature. However, confidence inter-
vals calculated for the body-scale relationships used in this study
(Figure 1) indicate that a certain amount of error in inherent in this
method. A substantial range of fish lengths can be expected from one
scale measurement,

Comparative growth rates of wild bass

No significant differences in growth rates were found among
either bass collected from the three basins or among bass taken from
different streams within each basin. Smallmouth bass growth did
vary significantly among locations on the same stream (Table 3). Ap-
parently the specific habitat is the important factor in determining
the growth rate of a bass, not the stream or basin in which its habitat
is located. Purkett (1958) found that the growth of smallmouth bass
often varied more between different locations on the same stream than
between different streams.

In many streams such as the White River (2-1) and the Buffalo
River (2-9) where multiple collections were made a gradient in the
growth rates of bass was found from slow at the headwaters to fast
down stream. This gradient in the growth rate can be attributed to
many physical and biological factors working in conjunetion. Mean
water temperature during the growing season is probably one of the
important physical factors. Very little temperature information was
available for the streams studied. For one stream, the Buffalo River
(2-9), a few temperatures were available. On July 31, 1963, a river
temperature of 27° C was recorded at Ponca, Arkansas, 122 miles up-
stream from the mouth. On August 2, 1963, the water temperature
at the mouth was recorded as being 32° C (U. S. Army Corps of Engi-
neers, 1964). In his ecological study of smallmouth bass in Illinois Dur-
ham (1955) found faster growth in situations having higher mean
water temperatures. This trend is supported by data obtained in a
laboratory investigation of the growth rate of bass raised at various
constant temperatures.

Two physical factors which apparently did not significantly in-
fluence the rate of bass growth were soil type and minor growing-season
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differences, When collection. locations were plotted upon a soil map of
Arkansas no correlation between fast growth and any particular soil
type was evident. The absence of significant growth differences among
bass collected from the three basins (Table 3) suggests that the average
10-20 day difference in the length of growing season between basin 1
and basin 3 (USDA, 1941) did not significantly affect the length
attained by bass during one growing season.

The only biological factor which seemed to be positively correlated
with good growth was abundance of minnows. An abundance of min-
nows was noted at the time of collection in many locations where high
bass growth rates were found later.
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TABLES

Smallmouth Bass Collection Locations

Table 1.
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Table 2. Length-Frequency Distribution of 1454 Arkansas Smallmouth Bass Accord-
ing to Age Groups and 25-Millimeter Intervals of Standard Length at Cap-

ture

Length at Age Group Total fish
Capture in in size
Millimeters O 1 2 3 Y 5 6 7 8 9 10 group

0-25

25=50 L33 41
50=75 170 170
75-100 86 16 102
100-125 17 15 9 177
125<150 9 168 78 3 258
150-175 28 197 a3 258
175-200 127 87 12 2 228
200-225 26 48 20 13 1 108
225-250 18 24 6 3 51
250-275 2 11 7 3 1 P12
275-300 1 7 7 2 1 18
300-325 2 4 3 1 2 12
325-350 1 1 1 1 4
350~375 1 1 2
375-400 1 1
Total fish

in age

group 323 363 439 191 68 39 18 6 6 1 14564

Table 3. Analysis of Variance and Mean-Square Percents for Growth-
Rate Differences Among Smallmouth Bass from Basins,
Streams, and Locations within Streams for the First Three
Years of Growth.

First Year Growth for all Fish One Year and Older

S.8. M.8. bf F Est. M.S. %
Basins 2317.815  1158.906 2 914 2.31%
Streams 37999.234  1266.641 30 1.018 7.66
Locations 26131.250 1244.345 21 15.650%* 42.65
Residuals 86742.780 79.507 1091 47.38

Second Year Growth for all Fish Two Years and Older

Basins 2976.646  1488.273 2 2.806 1.49%
Streams 15908.281 530.276 30 637 156.59
Locations 20744.094 987.813 21 9.380** 34.88
Residuals 75714.890 105.305 719 48.04

Third Year Growth for all Fish Three Years and Older

Basins 344.652 172.326 2 .526 0.93%
Streams 8518.218 327.624 26 .559 9.72
Locations 8203.957 585.997 14 4.242** 26.00
Residuals 40057.543 138.129 290 63.36
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Table 4. Growth Summary of Smallmouth Bass from 32 Arkansas Streams and One

Location
Basin 1

1=1=1
1-2-1
1-2-2
1-3-1
1=-4=1
l=ba2
1-5-1
1-5~2
1-6-1
1-7-1
1-8-1
1-9-1
1=9-2
1-10-1
1s11-1
1-12-1
1-13-1

Basin 2

2=1-1
2-1-2
2-1-3
2-1-4
2-1-5
241§
2-1-7
2-1-8
2.2-1
2-3-1

Underlined figures:

Missouri Stream
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2nd 3rd Lth Sth
119.3 190.4 255.6

12,4 177-5 222,5 268,8
124,.9 193.8 258.8 319,.9
127.2 180.5 237.2 292.2
12%.9 IB§.§ 244.9 295.5
120,9 178.6 232.8 283.0
134,2

128,.2

1u5.0 202.8

148.2

137.2 84,2 255,0

114, 176,14

1.5

131.2 196.4 261,7 308.5
137.7 196,.1 259,2

138,1 197.6 265.5

148,0 199.)

96.8 140.9 187.4 234,9
42,9
1869 191.4

184.3 Z84,5

151.1
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258.%

170.6 241.5
133.5 190,3 254,9 309.6
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1st

Basin 2 (continued)

2-3-2
2=4=1
2-5-1
2-6~1
2-7-1
2=7-2
2-7-3
2-T=4
2=7-5
2-8-1
2-9-1
2-9-2
2-9-3
2-9=4
2-9-5
2-9-6
2-10~1
2-11=1
2-12-1
2«13-1

Basin 3

3-1-1
3-2-1
3-3-1
3-4-1
3-5-1
3-6-1
3.7-1:

Underlined figures:

Figure 1.

350
300
250
200

IS0

BODY LENGTH (mm)

100

50

72.9
63,6
61,1
85,2
79,3

84,2
81,1
80,0
7247
72,8
81,0
87.1

48,2

81,5
72,1
66,3
83,9
84,1

Table 4. — Continued
Average Calculated Standard Length at Bnd of Year (mm)

Total
2nd 3rd ith Sth 6th Tth 8th No, of

Fish
127.6 188.6 s
153.6 236.3  330.4 422,.9 520,2 12
141.6 187.7  251.6 — o
7.7 $30.3  300.7 375.1 460.9 22
155.6 195.6 4
TEse 756.3 s
160,6 — 6
1515 237,1  311.9 9
1464 220.9 y
134.8 T86.7  239.8 331.0 53
169.7 252,8  330.9 ’ 21
156.3 22%.9  295.7 375.1 463.0  547,2 619,03 1y
167.1 234,8 3056 361,6 59
169.0 5.7 323.2 96,6 453,0  503.0 552.0 54
172.3 2uy,1 Sli 369.5 431,5 31
159.9 239,1  311.1 39641 - 143
155,7 227.3 I 52
165.1 241,55 12
182.3 o 9
104,3 154,3  212.7 237,7 6

2
163,0 243,0 9
18%5.5 Z11.6  274,0 29
181.4 209.6  259.3 46
164.1 234.9  208,2 28
168.7 PRI 72

less than 9 fish

Ninety-five percent confidence belt for body-length scale-length relation
based on large sample size) for bass from Basin 1 and Calf Creek. (X)

is the point (X ~S-(—), (U) is the upper confidence bound, and (L) is the
lower confidence bound.
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