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SOME RELATIONSHIPS BETWEEN FOOD HABITS
AND GROWTH OF LARGEMOUTH BASS
IN LAKE BLACKSHEAR, GEORGIA!
by
Ronald W. Pasch
Fisheries Management

Department of Natural Resources
Albany, Georgia

ABSTRACT

The food habits and growth of 1,062 largemouth bass, Micropterus salmoides (La d llected from Lake Blackshear dur-
ing the period 31 March 1970-19 December 1972 were examined. Mean lengths of bass at Agel 1L, IEL, IV, and V were 106, 253,
350, 418, and 473 mm total length, respectively. Y oung-of-year and yearling bass showed great variation in growth rates. Thread-
fin shad, Dorosoma petenense (Gunther), and glzzard shad, Dorosoma cepedianum ( L:Sueur) were identified as the most im-
portant forage spccncs to bass beginning their piscivorous feeding habits. The great variation in growth of young-of-year bass
resulted from the timing of bass reproduction with respect to shad spawning activity. A specific goal and methods for managing
larg h bass are r ded for Lake Blackshear.

INTRODUCTION

Fish population estimates for Lake Blackshear based on cove sampling with
rotenone have been made yearly for more than 15 years. This sampling showed that
largemouth bass, Micropterus salmoides (Lacepede), reproduction was quite
successful. However, length-frequency distributions indicated that growth of bass for
the first three years was exceptionally slow. It was feit that recruitment to the catchable
largemouth bass stock was significantly reduced because slow growing bass were sub-
ject to predation for a longer time than were faster growing bass.

A study of certain aspects of the life histories of largemouth bass and the principal
species preyed on by bass was begun in 1968. It was hoped the study would delineate
the extent and expose the causes of the bass growth problem.

!Contributions from Federal Aid to Fish Restoration Funds under Dingell-Johnson Project F-21, State of Georgia.
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MATERIALS AND METHODS

Lake Blackshear is an 8,515 acre impoundment at River Mile 140 on the Flint River.
The lake was filled in 1930 and is located on the Dougherty Solution Plain of the
Georgia Coastal Plain. Lake Blackshear has a storage ratio of 0.04 and shore
development is 10.0. The mean depth of the lake is 9 feet and the maximum depthis 50
feet. The growing season averages 240 days (Jenkins, 1967).

Cove sampling with rotenone was done yearly throughout the study. During this
time the average total standing crop was 91 pounds per acre. Spotted sucker,
Minytrema melanops (Rafinesque), and gizzard shad, Dorosoma cepedianum
(LeSueur), dominated the samples. These two species accounted for 54.6 percent of the
standing crop by weight. At the same time, largemouth bass made up 6.7 percent of the
standing crop by weight. Although threadfin shad, Dorosoma petenense (Gunther),
were not significant in terms of weight in the cove samples, they were numerous. Over
5,000 young-of-year threadfin shad per acre were recovered in one cove sample.

Largemouth bass were collected monthly from Lake Blackshear by electrofishing.
Samples were taken from 31 March 1970 to 19 December 1972. Samples were not
collected during May and December, 1971. A total of 1,062 bass were captured and ex-
amined.

All bass were put on ice immediately after capture, except during cold weather, to
reduce the incidence of regurgitation. Bass under 300 mm total length were preserved
in 10 percent formalin for later examination. Bass over 300 mm long were processed in
the field.

Total length of all bass was measured to the nearest millimeter. Bass examined in the
field were weighed to the nearest tenth pound, and those examined in the laboratory
were weighed to the nearest gram. A scale sample was taken from all fish for use in age
and growth studies. The sex and condition of the gonads of mature individuals were
recorded along with stomach contents.

Stomach contents were identified to the lowest taxonomic levels possible. Fre-
quency of occurrence was used to compare the percentage of stomachs containing
various food items.

Impressions of scales were made on cellulose acetate slides, and the impressions were
examined at 43X on an Eberbach Scale Projector.

Ages of the bass were determined by counting annuli. Measurements from the center
of the focus to the annuli and anterior margin of the scale were made along the mid-line
of the anterior field.

The Lee model was fitted to body-length/scale-length data using the least squares
method. Back calculations of total length of bass at annulus formation were done
arithmetically (Lagler, 1956).

The Dahl-Lea direct proportion method of determining length at annulus formation
resulted in an underestimation of Age I total length (Carlander, 1972).

To determine the peak and duration of gizzard shad and threadfin shad spawning ac-
tivity in Lake Blackshear, meter net sampling was done from 12 May 1972 to 8 June
1972 at weekly intervals. An additional meter net sample was collected 21 June 1972.
Loss of equipment prevented such sampling in 1973.

All meter net samples were collected at the surface during 10 minute tows. All tows
were made between 2100 and 2400 hours when shad schools were dispersed. During
each sampling trip, one tow was taken at each of four stations. A mid-lake and a
shoreline station were located just above Lake Blackshear dam. The other mid-lake
and shoreline stations were located approximately one mile above the dam on the main
body of the lake.

Meter net samples from all stations were pooled for each sampling date. Estimates or
actual counts were made of the total number of shad in each 10 mm length class
represented in the pooled samples. Since it was rarely possible to identify the species of
young-of-year shad in bass stomachs, no attempt was made to differentiate between
threadfin shad and gizzard shad in the samples.
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Length-frequency histograms were constructed for young-of-year gizzard shad,
threadfin shad, and bluegill, Lepomis macrochirius Rafinesque, taken by elec-
trofishing and cove sampling with rotenone. Those young-of-year collected by elec-
trofishing were measured to the nearest millimeter and those taken in cove sampling
were measured to the nearest inch. The estimated maximum length of bluegill and shad
that 64 mm, 89 mm, and |14 mm long largemouth bass could swallow (Lawrence,
1957) was superimposed on the length-frequency histograms. Using this procedure, 1
made estimates of the proportion of young-of-year shad and bluegill that were
available on the basis of size to largemouth bass of various lengths.

RESULTS

Age and Growth of Largemouth Bass

The body-length/scale-length relationship was determined using the 152
largemouth bass successfully aged. The relationship, linear over the range examined,
was expressed by the equation Y=37.24+1.30X with r=.977 and S.E.xy=26.45 (Figure
1).
Calculated lengths of bass in age groups 1 and II of the 1968 and 1969 year classes
were compared to emperical lengths of bass captured between 1 January and 1 May
1970 and 1971 by length-frequency histograms (Figure 2). The general agreement
between the histograms indicated that the scale method could be used successfully to
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Figure 2. Length-frequency for largemouth bass captured from 1 January to | May
1970 and 1971 (upper) and calculated length-frequency for age groups 0
and 1 largemouth bass of the 1968 and 1969 year classes (lower).

Table 1. Calculated total lengths of Lake Blackshear largemouth bass collected
from 31 March 1970 to 19 December 1972.

Mean Calculated Total Length in mm

Age Group Number of Fish at End of Year of Life
1 2 3 4 5
1 34 114

11 40 101 254

111 15 104 250 349

1AY 2 92 217 357 413

\Y% 2 82 245 372 423 473
Mean Calculated Length 106 253 352 418 473
Mean Annual Increment 106 147 99 66 55
Numbers of Fish 93 5 19 4 2
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age largemouth bass from Lake Blackshear.

The growth rates of age groups 0, I, and II Lake Blackshear bass were highly
variable. Yearling bass ranged in length from 66 mm to 161 mm and the mean length
was 106 mm (Table 1). Age group II bass ranged from 170 mm to 316 mm and the mean
length was 253 mm. Age group III bass ranged from 302 mm to 400 mm and averaged
352 mm in length.

A weak correlation was found between lengths of bass at Annulus I and lengths at
Annulus II using regression analysis. The regression equation Y=23.382X 513, where
Y=length at Annulus 11, X=length at Annulus I, and 23,382 and 0.513 are constants,
provided the best fit of the data (Figure 3). The low correlation coefficient, r=.665
reflects the great variability in growth of yearling bass. For example, yearling bass
which began their second year of growth in the 95 mm length class ranged from 208 mm
to 288 mm in length at the beginning of their third year. The negative trend in the slope
of the regression line suggests that there was some compensatory growth by the smaller
yearling bass.

Table 2 presents the calculated lengths for a number of age groups of largemouth
bass from various waters in the United States. Of t ose bass taken from bodies of water
located in the southern tier of states, Lake Blackshear bass were the smallest at the end
of their first year. By age groups II and III, however, Lake Blackshear bass were
intermediate in length compared to those from the other bodies of water listed.

Within the size and age range examined, no significant difference between the
growth rates of the two sexes was observed.

320
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Figure 3. Relationship between calculated lengths of Lake Blackshear largemouth
bass at annulus I and annulus 11
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Food Habits of Largemouth Bass in Lake Blackshear

The food habits of largemouth bass in Lake Blackshear shifted from predominantly
microcrustaceans and insects to fish with increasing totallength of bass (Table 3). This
change in diet associated with increasing size has been noted in largemouth bass by
many investigators (McGammon, LaFaunce, and Seeley, 1964; Hodson and Strawn,
1968; Applegate and Mullan, 1967; Carlander, 1972).

Table 3. Percentage occurrence of major food categories in Lake Blackshear large-
mouth bass collected from 31 March 1970 to 19 December 1972.

Total length Percentage occurrence
in millimeters No. containing food Microcrustaceans  Insects  Fish
191-200 13 0 0 100
181-190 13 0 8 92
171-180 14 0 14 100
161-170 12 0 8 92
151-160 8 0 13 100
141-150 8 0 0 100
131-140 8 0 25 75
121-130 10 0 30 70
111-120 13 8 8 92
101-110 23 13 26 70
91-100 22 27 32 64
81-90 31 52 32 32
71-80 50 60 28 22
61-70 62 82 44 8
51-60 33 79 45 9
41-50 40 99 55 3
31-40 28 93 71 0
21-30 14 86 43 0

The smallest bass collected, in the 25 mm length class, fed primarily on microcrus-
taceans and small insect larvae. Microcrustaceans were consumed by bass up to 120
mm long. Cyclopoids were consumed more frequently than cladocerans and am-
phipods by bass in the 2! mm - 90 mm length range (Table 4). Cladocerans, however,
were consumed by bass of greater length than were cyclopoids.

Various species of Ephemeroptera and Tendipedidae were utilized to approximately
the same degree by small bass. Insect utilization by bass over 40 mm decreased with in-
creasing length of bass and insects were insignificant in the diet of bass over 140 mm
long.

The smallest largemouth bass found to have fish in its stomach measured 43 mm
in length. With increasing length, bass consumed proportionately more fish and be-
came primarily piscivorous at the 95 mm length class.
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Food habits of largemouth bass were not only related to the length of bass but also to
time of year. In figure 4, the food habits of three length groups of bass under 121 mm in
length are related to the months during which collections were made. Bass in the 101
mm - 120 mm length range were primarily piscivorous through most of the year. This
size group of bass consumed invertebrates more frequently than fish only during
September and February.

Fish did not occur in the stomachs of bass in the 81 mm - 100 mm length range until
May but remained the dominant food category untii the following December. Insects
and microcrustaceans were important food items to bass of this size from September
through May.

Only during June did bass in the 61 mm - 80 mm length range utilize fish as much as
microcrustaceans and insects. Fish consumption by these bass after July was in-
frequent.

Table 5. Percentage occurrence of major forage fish categories in Lake Blackshear
largemouth bass collected from 31 March 1970 to 19 December 1972,

Total length Percentage occurrence
in millimeters No. containing fish Sunfish Shad Fish Remains

541-580 3 67 0 67
501-540 7 28 14 57
461-500 8 14 0 28
421-460 14 64 7 21
381-420 33 27 6 51
341-380 50 24 18 54
301-340 46 22 15 46
281-300 17 6 53 41
261-280 28 21 7 61
241-260 20 20 5 60
221-240 17 6 4] 29
201-220 38 13 26 53
181-200 25 4 44 44
161-180 19 11 26 53
141-160 12 8 17 58
121-140 10 100 80
101-120 25 16 68
81-100 20 20 60
61-80 16 88
41-60 6 100

Seventy-three percent of all bass less than 121 mm which had consumed fish con-
tained unidentified fish remains. Twelve percent had consumed shad, and 15 percent
contained other species, the most numerous having been largemouth bass, brook
silversides, Labidesthes sicculus (Cope), and Notropis spp. It appears that the latter
two groups were most important to the smaller piscivorous bass and that sunfish were
not significant in the diet of bass less than 141 mm inlength(Table 5). The high percen-
tage of unidentified fish remains in the stomachs of small bass, however, made these
findings tenuous.

Positive identification of food items to at least genus was possible in bass over 140
mm in lengthdue to the greater size of fish consumed. With increasing length, bass con-
sumed relatively fewer shad and more sunfish, primarily bluegill. Time of year,
however, had a great affect on the frequency of occurrence of these two forage groups
in the stomachs of the larger bass (Figure 5). From January through July, bass over 300
mm in length consumed sunfish more frequently than shad. Shad consumption in-
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creased dramatically from July to August and for the remainder of the year, shad and
sunfish consumption was about equal.

Since smaller bass relied more on shad than sunfish, a different pattern of seasonal
consumption of these two forage groups is evident for bass between 120 mm and 300
mm in length. Sunfish were never found in more than 20 percent of the stomachs of
these bass. Shad were utilized more frequently than sunfish during all months except
April, May, and June. These smaller bass also showed a dramatic increase in shad con-
sumption from July to August. Shad were found in the stomachs of these bass much
more frequently than sunfish during the late summer and fall months.
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Figure 4. Relationship between time of year and percentage occurrence of micro-
crustaceans, insects and fish in the stomachs of bass 61 mm-80 mm (up-
per), 81 mm-100 mm (middle), and 101 mm-120 mm (lower), total length
collected from 31 March 1970 to 19 December 1972,
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Figure 5. Relationship between time of year and percentage occurrence of shad
and sunfish in the stomachs of bass 120 mm-300 mm (upper) and 300 mm
-520 mm (lower) in length collected from 31 March 1970 to 19 December
1972,

Availability of forage fish to small bass

The results of meter netting for shad fry and fingerlings are presented in Table 6.
There was a steady decline in the number of shad taken on each date from 12 May 1972
onward. The peak of combined threadfin shad and gizzard shad reproduction had oc-
curred before the date that the first sample was taken. The small number of shad larvae
taken during sampling on 21 May showed that spawning activity had nearly stopped by
that date.

Table 6. Average number of shad, Dorosoma spp. taken in 10 minute meter net
tows in Lake Blackshear from 12 May 1972 to 21 June 1972.

Length Class in Millimeters

Sampling Date 0-10 11-20 21-30 31-40
12 May 113 353

18 May 37 34 6

25 May 31 3

8 June 3 17 4 17
21 June 3 4 2
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Length-frequency histograms for young-of-year gizzard shad, threadfin shad, and
bluegill collected during May, July, and August 1972 are presented in Figure 6. The
lengths of these three forage species that largemouth bass 64 mm, 89 mm, and 114 mm
long can swallow are indicated on the histograms.

A significant percentage of young-of-year bluegill were small enough for young-of-
year and small yearling bass to swallow in July and August. Cove samplingin July 1972
yielded large numbers of these small bluegill. Six hours of electrofishing and shoreline
applications of rotenone during November 1972, however, produced only four bluegill
small enough to be consumed by 114 mm largemouth bass.

A large proportion of threadfin and gizzard shad-of-the-year was available to bass
64 mm in length during May. By July, few gizzard shad were still small enough to be
consumed by bass under 89 mm in length. A higher proportion of threadfin shad,
however, was still available to the smallest bass in July.

By August, most gizzard shad-of-the-year had outgrown their vulnerability to
largemouth bass under 115 mm in length. A much higher percentage of threadfin shad-
of-the-year was available to 114 mm bass than to either 89 mm or 64 mm bass.

64 mm 89 mm 114 mm
BLUEGILL

ol
]
[}

80
60
40
20

THREADFIN SHAD

PERCENTAGE OCCURRENCE

GIZZARD SHAD

25 45 - 65 85 25 a5 65 85
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MONTH OF COLLECTION

Figure 6. Length-frequency distributions of bluegill (upper), threadfin shad (mid-
dle), and gizzard shad (lower) young-of-year during May, July and Aug-
ust, 1972. The estimated maximum lengths of shad and bluegill that
largemouth bass 68 mm, 89 mm, and 114 mm long can swallow are in-
dicated.

DISCUSSION

The growth of age groups 0 to I largemouth bass in Lake Blackshear was highly
variable. Some bass had reached a totallength of 160 mm by the end of their first grow-
ing season while others had not attained a length of 70 mm in one year. It is evident that
some young-of-year bass had gained a competitive advantage allowing them to grow
relatively quickly through their first year of life. This advantage was lost somehwat
during the second growing season as evidenced by the weak correlation between total
length of bass at first and second annulus formation.
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The advantage in growth during the first year, however, may have led to an enhanced
probability of survival. Largemouth bass fingerlings were regularly found in the
stomachs of other bass during the spring and early summer. Those young-of-year
which grew most quickly would have been vulnerable to predation by a smaller portion
of the predator population..

Swingle and Swingle (1967) found that largemouth bass in ponds would growto a
maximum size of 0.3 pounds (approximately 220 mm) on a diet of plankton and
insects. For rapid growth, however, it was found that larger animals such as fish and
crayfish had to be consumed. The availability of forage fish or other larger animals was
more critically related to rapid growth of bass in Lake Blackshear than in Swingle’s
ponds.

The great variation in length of Lake Blackshear yearling bass could be explained in
part by the inability of some young-of-year bass to make the transition from an
invertebrate to fish diet. Individual variations in physiology, behavior, and
morphology would be expected to affect the feeding habits of young bass. However,
the relationship between length of bass under 120 mm and their food habits suggests
that the size of the bass in relation to that of the forage fish was critical in determining if
bass switched from an invertebrate to a consistent fish diet during their first or during
their second year.

In Lake Blackshear, largemouth bass spawned from late March to mid-May. Shad
spawning peaked in early May and bluegill spawning activity was greatest during June.

The later spawns of largemouth bass hatched aftger the peak of shad spawning and
only slightly before the peak of bluegill reproduction. The bass went through an
invertebrate consumption stage before becoming piscivorous. However, the forage
species because of normal growth were not available for long to these small bass which
subsequently had to rely on an invertebrate diet for the remainder of the year. The
result of this invertebrate diet was bass ranging in length from 66 mm to 100 mm at the
formation of annulus 1.

The earlier spawns of bass were large enough to switch from an invertebrate to a fish
diet before or during the appearance of shad and bluegill fry in the lake. These bass
were large enough to take advantage of the abundant young-of-year forage for a
greater portion of the year than those hatched later in the spring and attained lengths
up to 160 mm at the formation of annulus 1.

The relationships between time of year and food habits for various length groups of
bass presented in Figure 4 can be interpreted in light of the foregoing discussion. All
bass in the 61 mm - 120 mm length range from January through March were yearlings,
the larger of which increased their consumption of fish during the early spring months.
From April through June young-of-year bass, and the smallest yearlings, were
primarily invertebrate consumers until they reached a sufficiently large size to begin
preying on other fish. The earlier hatched young-of-year bass which became primarily
piscivorous by May and early June grew sufficiently to remain piscivorous throughout
the year. The most numerous forage in Lake Blackshear, shad and sunfish, did not
outgrow their vulnerability to the early hatches of bass or the smallest yearlings.

The later hatches of bass were not large enough to begin consuming fish until late
June and July. The smallest of these bass remained in the 61 mm - 80 mm length class
throughout the rest of the year and fed primarily on invertebrates. Some bass which
became piscivorous during June and July probably progressed into the 81 mm - 100
mm and 101 mm - 120 mm length groups depending on individual variations in feeding
habits and growth rates.

Small shad were the most abundant forage in Lake Blackshear at the time
largemouth bass made the transition from a primarily invertebrate to a fish diet.
McCammon et al. (1964) stated that while preference may have played a role in
determining the food habits of young bass, size and availability of forage were more
important factors. In work carried out in May and June, 1965, comparing the food
habits of young-of-year largemouth bass in Beaver and Bull Shoals Reservoirs, Ap-
plegate and Mullan (1967) found that bass grew considerably faster in Beaver
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Reservoir. An adequate supply of shad fry had developed in Beaver Reservoir by early
summer, and largemouth bass 40 mm and more in length fed primarily on these. The
slower growth of young bass in Bull Shoals during early summer was associated with a
limited supply of forage fish of suitable size.

McConnel and Gerdes (1964) studied the food habits of age 0 and I largemouth bass
in a 50 acre Arizona impoundment, Pena Blanca Lake. Threadfin shad in this lake had
a short spawning season and the resulting shad-of-the-year grew quite rapidly. Rapid
growth of shad-of-the-year resulted in low utilization of this forage species by young
largemouth bass. Consequently, age 0 and I bass in Pena Blanca Lake consumed
significantly less food than bass of the same age living in Clear Lake, California which
had a more heterogeneous size distribution of shad-of-the-year.

Shad were important in the diet of bass of all sizes, but especially to bass under 200
mm long. Shad, however, were consumed infrequently by bass over 120 mm during
April, May, and June. Cove rotenone sampling showed poor over-winter survival of
threadfin shad and gizzard shad small enough to be consumed by bass under 360 mm in
length (Pasch 1973; McSwain 1972; and Gennings 1971). The increased consumption
of shad by bass longer than 120 mm during August and the fall months was the result of
young-of-year shad growing to a desirable forage size by that time.

Young bass in Lake Blackshear depended for food on microcrustaceans and insect
larvae for part or all of their first year. A certain overlap in the food habits of
largemouth bass and bluegill, redear sunfish, Lepomis microlophus (Gunther), and
redbreast sunfish, Lepomis auritus (Linnaeus), in Lake Blackshear was noted by Pasch
(1974). This overlap, however, was based on identification of food items to taxonomic
levels no lower than family. Classification of food items to lower taxonomic levels, dif-
ficult because of digestion of the food, might revealless overlap in food habits between
the centrarchids.

If the overlap of food habits between centrarchids, however, was a manifestation of
competition for food by small largemouth bass and sunfish, competition-would have
been severe during June and July when these small centrarchids were quite abundant.
During June and July young-of-year gizzard and threadfin shad were most abundant
at sizes that heavily utilize crustacean zooplankton. Severe competition for food
between small bass, clupeids, and other centrarchids would have resulted in a reduced
growth rate of young-of-year bass not yet large enough to consume the numerous
forage fish. Such a reduced growth rate might have precluded these small bass from
becoming primarily piscivorous for the remainder of their first year.

If it is deemed desirable to augment the production of a particular year class of
largemouth bass in Lake Blackshear at least through Age 0, the findings of this study
suggest a specific management goal. That goal should be the production of a
numerically strong year class of bass in which the majority of individuals would be
large enough to become piscivorous before the onset of shad spawning activity. This
goal could be achieved through the stocking of fingerling bass, manipulation of water
level, or genetic manipulation of the largemouth bass stock.
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