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ABSTRACT

Fecundity of smallmouth bass was estimated from
33 specimens (257 to 544 mm total length) collected
in the Wilson Dam tailwater (Alabama) prior to spawn-
ing. Estimated fecundity ranged from 2,600 to 27,200
mature ova per female. Ova diameters ranged from
0.31 to 3.13 mm, but only ova exceeding 1.56 mm
appeared to be mature. Fecundity can be predicted
about equally well from knowledge of total length or
weight measurements and to a lesser extent from
knowledge of age.

INTRODUCTION

The Tennessee River drainage forms the southeastern
periphery of the natural range of smallmouth bass,
Micropterus dolomieui Lacepede, in northern Alabama.
Within the Tennessee River Valley, the waters below
Wilson Reservoir Dam are known for consistent pro-
duction of large size smallmouth bass. The fecundity
study described here is a part of the general life history
investigation of smallmouth bass in the tailwaters of
Wilson Dam.

Fecundity as employed in this paper was defined by
Kelley (1962) as the total number of mature ova in
both ovaries during any one season. Historically, black
bass researchers have estimated the total fecundity, that
is, the number of ova, not just mature ova, in ovaries
prior to spawning. Total fecundity is an extreme
exaggeration of the actual deposition complement of
potentially fertile ova. A more accurate estimate of the
spawning potential is achieved by separating potentially
mature ova from immature ova in the ovaries just prior
to spawning.

Little published information exists concerning small-
mouth bass fecundity. Total fecundity estimates of
2,000 to 10,000 ova per female were given by Bower
(1897), while Culler (1938) estimated 20,825 ova for
a 432 mm female. Watson (1955) summarized total
fecundity of smallmouth bass as 8,000 ova per pound.
These authors do not describe their methods; it is as-
sumed they were reporting estimates of all ova within
the ovary. Other estimates have been reported by
Carlander (1953), Bennett (1971), and Emig (1966).

MATERIAL AND METHODS

Thirtysix pairs of smallmouth bass ovaries were collected in
April of 1972, 1973, and 1974. The total length and weight of
each fish were recorded at the time of collection, and ages
were determined by standard scale reading technigues. Ovaries
were removed and preserved in 10 percemt formalin at the
time of collection,
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Unless total ova counts are made, unbiased estimation of
numbers of ova may be dependent upon the subsample site
selected within an ovary (Reynolds, 1965). Therefore, the right
ovary from a mature female (457 mm total length) was used
to determine the number and size of ova within various sectors
of the ovary. Three cross sections, each representing approxi-
mately 10 percent of the ovary weight, were taken from the
anterior, middle, and posterior regions of the ovary. Each
cross section was then further subdivided into three lateral
samples representing the - medial, central, and distal portions
of the particular ovary region (Otsu and Uchida, 1959). From
each subsample, all ova greater than 0.31 mm in diameter were
counted and measured to the nearest 0.06 mm,

Ova diameter frequencies obtained from the nine subsamples
within the single ovary were compared by the nonparametric
Kolmogorov-Smirnov two-sample test. These results showed a
significant (0.05 level) difference between the ova distributions
of the three medial samples (anterior, middle, and posterior)
pooled and the three pooled distal samples. The central
samples were not significantly different from the other pooled
groups. In addition, there were significant differences in ovum
diameter frequencies between the medial and central and
between the central and distal portions of the anterior sample.
Based on these analyses, it was luded that rep ive
samples of the entire ovary could be obtained from a pl
cross section taken from the midregion of an ovary.

To determine if ovum diameter frequencies differed between
left and right ovaries, a pair of mature ovaries was compared.
A cross-sectional disc was removed from the midregion of
each; all ova were measured. Frequencies were compared again
using the Kolmogorov-Smirnov two-sample test. The distribu-
tions were not significantly different at the 0.05 level; thus no
dif in the size fr of ova from the left and right
ovaries were assumed.

Based on these preliminary studies, the diameters of 200
randomly selected ova from the midregion cross section of
tige right ovary were measured on each of 36 smallmouth bass.
Since it was expected that immature ova would also be present
in the ovary, distributions of ova djameters were plotted on
normal probability paper (Harding, 1949) to reveal bimodality.
Mature ova were defined as all ova falling in the larger di-
ameter group of the ova diameter frequency distribution for
cach These determinations were verified by examina-
tion of development stages (see James, 1946).

To estimate fecundity for each speci the total b
of ova (both mature and immature) in the midregion sample
was counted and expanded by the ratio of total ovary weight
(both ovaries) to sample weight. This total ova count was then

corrected by the percentage of mature ova in the midregion
sample,

REsuLTs

Examination of the ova diameter distributions
revealed a bimodal distribution in 33 of the 36 speci-
mens. Of the 33 samples with bimodal distributions,
the points of inflection between modal groups ranged
from 1.31 to 1.62 mm (Table 1). Twenty-four of the
ova samples had a point of inflection at 1,56 mm. The
point of inflection tended 1o be related to fish size, with
81X small specimens (257-36] mm) having values less
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than 1.56 mm and three large specimens (457-544 mm)
having values greater than 1.56 mm. Ova in the larger
modal group contained numerous yolk granules and
minute oil droplets. Ova in the smaller modal group
lacked appreciable amounts of yolk. James' (loc. cit.)
study of the histology of ovaries from largemouth bass,
Micropterus salmoides (Lacepede), and bluegill, Le-
pomis macrochirus Rafinesque, contained a description
of mature ova corresponding to the ova found in the
larger modal group of smallmouth bass. Only ova in
the larger modal group which contained reasonable
deposition of yolk were considered mature.

The three remaining fish did not contain large eggs,
were small (241-305 mm), and three years of age. Four
other three-year-old specimens exhibited a bimodal ova
diameter frequency distribution.

The estimated fecundity of 33 smallmouth bass
ranged from 2,600 to 27,200 mature ova per female
(Table 1). Regression analyses were performed to de-
scribe the relations between fecundity and (1) total
length (L), (2) weight (W), and (3) age (A). Th.c
linear equations independently calculated for each vari-
able were:

(1) F=-23,300  87.5L (r’ = 0.818)
(2) F=-956 + 106 W (r' = 0.882)
(3) F=-12,400 44,909 A  (r* = 0.691)

where F — fecundity as the number of ova in the
larger modal group.

The mean ova diameters of the 33 larger modal
groups ranged from 1.75 to 2.82 mm, but were only
partially correlated to length, weight, or age of the
specimen. The percentages of ova in the larger modal
group category ranged from 29.0-65.0 percent. Whethel'
the variation is normal or a result of sampling or
experimental error is not yet determined. No st_au.stlcal
relation of this percentage to total length, weight, or
age was found.
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6,600 ova, 200 randomly selected from each of 33
mature smallmouth bass females.

TABLE 1: Ovum diameter distributions and fecundity of 33 smallmouth bass from the Wilson Dam tailwater.

Point of
i Age Inflection Percent of Mean of .
e ll)lateed I.Te(:l;atlh V'Vr:i?l:t (yll;') Between Sample in  Larger Modal Estlmat.ed
rumber collee ) (g) Modal Groups Second Modal ~ Group Fecundity
s (mm) Group (mm) —
1760 — 1.5625 52.5 23437 25,
l :gg :;; 1215 — 1.5625 425 2.0937 1:,23:1;
: 4572 452 1480 = 1.5625 470 23437 4601
y 1473 516 1905 Vi 1.5625 52.5 22187 26, 4
3 byl 373 726 v 1.5625 515 2.2187 s,zg
p b 457 1315 % 1.6250 51.0 2.4062 13,493
: P 351 998 1 1.5625 48.0 2.1250 i';zs
3 i 554 2268 — 1.6250 31.0 2.4062 22,943
: b4 305 408 — 1.5625 51.5 2.8212 294
0 b0 408 1250 v 1.5625 65.0 22187 }4,027
i o 381 1134 v 1.5625 59.0 2.2500 4027
12 i 305 454 v 1.5000 54.5 1.9687 ez
5 il 521 2268 vl 1.5625 39.0 2.1562 18424
1 by A 538 2722 VI 1.6250 525 23125 124
is PN 05 454 v 1.4375 47.0 1.8125 2601
16 adainy 348 726 v 1.5625 51.0 20000 4as
i1 i 257 27 it 13750 535 18437 268
18 s 511 1996 vl 1.5625 40.5 2.1250 s28
s RN 429 1270 = 1.5625 49.5 2.1870 8463
3 b 8 726 v 1.5625 9.0 22187 3462
o s 2 72 i 1,5000 62.5 20312 268
2 PR 2 590 v 1.5625 56.0 22187 6.348
2 A13T4 2 1905 VI 1.5625 60.5 23437 §1'7|a
5 b o 2359 VI 15625 29.0 22187 716
o hmoom o Moo & HR
2 413 13125 ! : i
2 i 3 3:2 }9 1.4375 39.5 1.9375 5,301
o po - e 680 v 1.5625 49.5 22812 5.961
a8 4-13-74 e 907 — 1.5625 45.5 2.1875 10,150
2 1 bt 680 v 1.5625 54.0 2,2500 6.154
3 ti1d o 1225 VI 1.5625 53.0 2.2187 9945
o ol e 544 v 1.5625 52.0 20312 ama
1 HJ';: 333 635 v 1.5625 51.0 2.2187 6.550
33 4-13-
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Ova dinmeter frequencies of occurrence ure presented
In fignre 1. Ova dismeters ranged from 0.31 to 3.13
mm. ‘The componite lurger modul gronp sample had o
mesn ovum size of 2.19 + (.29 mm and contained 54
percent of ull ova snmpled,

Dyimeunsiond

Ova dimneter frequency  distributions  huve  been
utilized u define sexunl maturity in o variety of species
(e, Clurk, 1934, Hickling and Rutenburg, 1936,
Newton and Kilambi, 1969; Otay and Uchids, 1959,
Vogele, 1975). The same nppronch appenrs appropriate
for smallmouth baws, Twelve Age 1V bass were ex-
umined in this study, all of which contained mature ova.
Seycn Age 111 specimens were examined, Three fish in
this group contained no ova greater than 1,31 mm in
diameter und were judged to be sexually immature.
The shortest female containing mature ova was 257
mm (10.0 inches) and three years of age.

Emig (1966) reports duta showing that smallmouth
bass females in Towu and New Mexico are reproduc-
tively mature at Ages 11 and 111, In addition, hoth
studics by Koster (1957) and Harlan and Speaker
(1956) showed that the size of females at sexual
mgturity is smaller than that found in the Wilson
tailwater, These are not surprising results, since maturity
of Wilson Dam tailwater smallmouth is defined as the
presence of mature ova in the ovary, not simply the
presence of ova as traditionally defined.

Mature ova ranged in size from 1.31 to 3.31 mm in
diameter, Only three fish contained ova greater than
2,81 mm in diameter. These ova were translucent and
characteristically contained a single large oil droplet.
According to James (1946), these particular fish were
fully ripe and were probably ready to spawn at the
time of collection, The composite ova diameter distri-
bution of the 33 specimens containing mature ova indi-
cates that, in general, slightly more than half (54 per-
cent) of all ova in sexually mature smallmouth bass is
of sufficient size and morphology to be considered po-
tentially fertile.

Of the 36 fish examined, six contained over 20,000
mature ova, These values are extremely high relative to
previously published figures and apparently reflect the
large size specimens in the Wilson tailwater sample.
When total ova counts (Carlander, 1953; and Emig,
1966) of similar size specimens were compared, the
estimated number of all ova in Wilson tailwater small-
mouth was found to be similar to the values determined
in other studies, The highest estimated number of
mature ova (27,243) was obtained from a 538 mm
(21.2 inch) fish weighing 2,722 g (6.0 pounds). As
larger smallmouth bass are obtained from the Wilson
tailwater, it is expected that higher mature ova counts
will be obtained.

The regression analyses indicate that total length and
weight are better predictors of fecundity than age, The
lack of a better regression with age is at least partially
due to the small number of individuals in each age class
except 1V. Even if more samples were taken in each
age class, it appears that length or weight would be a
better predictor of fecundity than would age.

In compuring the regression equations of lengy
weight, the length equation predicts that mayyry m
production hegins ut 266 mm (10.5 inches), whicp, |,
guite close 1o the uctusl dats. By contrast, the Weigh
equution predicts  that fish weighing 100 g Produce
mature ova, ‘This extrapolation does not COrrespong
with obnerved data, Length-weight relations for fem,,
sinallmouth bass from the Wilson tailwater show th
fish weighing 100 g are approximately 200 mpm i,
length. 1t should ulso be noted that the weight e,
tion predicts that 4,800 mature ova will be added i,
cach additional 454 g (1.0 pound) of female weighy
‘This value is somewhat lower than those re
Fmig (1966) or Watson (1955), but again only mgty,
ova have heen included in the present fecundity ey).
mates whereas the above authors were reporting valye,
derived from total ova estimates,

[ITERATURE CITED

Bennett, G, W, 1971, Management of lakes and ponds, second
edition, Van Nostrand Reinhold Company, New York, 375 pp

Hower, Seymour, 1897, The propagation of smallmouth black
haws, Transactions of the American Fisheries Soclety, 25:127-
136,

Carlander, K, D, 1953, Handhook of freshwater fisheries biology,
William €. Brown Company, Dubuque, Towa, 281 pp,

Clurk, F. N, 1934, Maturity of the California sardine (Sardina
caerulea) determined by ova diameter measurements, Califor-
nia Division of Fish and Game, Fisheries Bulletin Number
42. 49 pp,

Culler, C. R, 1938, Notes on warmwater fish culture. Progres-
sive Fish-Culturist, 36:19-24,

Emig, J. W, 1966, Smallmouth bass, pp. 354-365, In Alex
Calhoun (ed), Island Fisheries Management, Department of
Fish and Game, State of California, 546 pp.

Harding, J. P. 1949, The use of probability paper for the
graphical analyses of polymodal frequency distributions.
;gu;n?l of the Marine Biology Association, United Kingdom,

:141-153,

Harlan, J. R, and E, B. Speaker. 1956, Iowa fish and fishing,
third edition, lowa State Conservation Commission, Des
Moines, lowa, 377 pp.

Hickling, J. F., and E, Rutenburg, 1936, The ovary as an indi-
cator of spawning period of fishes, Journal of the Marinc
Biology Association, United Kingdom, 21:311-317,

James, J, F. 1946, Histology of gonadal changes in the bluegill
Lepomis macrochirus, Rafinesque, and the largemouth bas,
Zu;(é aalmoldes (Lacepede), Journal of Morphology, 79(1):

Kelley, J. W, 1962, Sexual maturity and fecundity of the large-
mouth bass, Micropterus salmoldes (Lacepede), in Mainc.
Transactions of the American Fisheries Soclety, 91(1):23-28.

Koster, W. J, 1957, Guide to the fishes of New Mexico. Uni-
vﬁgiw of New Mexico Press, Albuquerque, New Mexico.

pPp.

Newton, S, H, and R, V. Kilambi, 1969, Determination of
sexual maturity of white bass from ovum diameters.
Southwestern Naturalist, 14(2) ;213-220, d

Outsu, Tamio, and R, N, Uchida. 1959, Sexual maturity 80
spawning of albacore in the Pacific Ocean. United States F!
Wildlife Service Fisheries Bulletin, 59:287-304. ”

Reynolds, J. B, 1965. Life history of smallmouth bass, Mcr .
pterus dolomleul Lacepede, in the Des Moines River, Jow®
lowa State Journal of Science, 39(4):417-436. i

Vogele, L. E, 1975, Reproduction of spotted bass, Mlm;’;’m
punctulatus, in Bull Shoals Reservoir, Arkansas, Uni
Fish Wildlife Service Technical Paper 84. 21 pp. ot

Watson, J. W. 1955, The Maine smallmouth, Maine Depsrime

of Inland Fisheries and Game, Fish Research Bulletin
ber 3, 31 pp,




	JTAS51-4-142



