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Largemouth Bass in Ridge Lake,

Coles County, Illinois

GEORGE W. BENNETT

IN
1941, when Ridge Lake, in Fox

Ridge State Park, Coles County,

Illinois, was completed, it was set

aside as a study area for the large-

mouth bass, Micropterus salmoides (Lace-

pede). Initially, the largemouth was the

only species of fish involved in the study.

Later, in 1944, the bluegill, Lepomis
macrochirus Rafinesque, was added as a

companion species for the largemouth, and

in 1949 the warmouth, Chaenobryttus

corouarius (Bartram), was introduced.

At the time the study was begun, little

was known of the factors that control the

numerical size of populations of the large-

mouth, or the maximum total poundage of

this species that a lake or pond could sup-

port. Extensive censusing of pond fish

populations was in progress in various

parts of the United States, and some fish-

eries investigators (Meehean 1942:193;
Swingle & Smith 1941:274; Swingle

1950: 14) assumed that, because in many
ponds the total weight of largemouth bass

exhibited relationships to the total weight

of prey fish present of, say, 1 to 3 or 1 to

4, such relationships represented the

"normal" or optimum ratios. These in-

vestigators further assumed that such ratios

should be duplicated as nearly as pos-

sible in stocking new ponds.

The hypothesis of "normal" ratios be-

tween the weight of largemouth bass

populations and the weight of populations

of prey fish coexisting with the bass was
based partially on the assumption of a

direct predator-prey relationship between
the two groups of fishes. Seemingly logi-

cal at the time was the further assumption

that growth in a population of large-

mouths cannot remain "normal" if the

population of prey fish drops below a cer-

tain predator-prey ratio. Both of these

assumptions had to be discarded when re-

search demonstrated that largemouths,

once defined as piscivorous, are in fact

relatively omnivorous and are able to

maintain populations at high numerical and
poundage levels when species of fish be-

lieved to furnish their principal sources

of food are not present. In several arti-

ficial ponds in Illinois, largemouth bass

populations isolated from other fishes main-
tained high numerical and poundage levels

(Bennett 1951 : 235, 239 and unpublished
records). Conversely, in some Illinois

ponds in which largemouth bass were
coinhabitants with other species of fish,

the bass populations dwindled in both

numbers and poundages.

In early decades of the present century,

the phenomenon of declining populations

of largemouth bass, a phenomenon early

appreciated by fisheries personnel of the

period, was largely responsible for the

extensive development of hatchery propa-

gation of these bass and for the imposi-

tion of certain fishing restrictions, includ-

ing a closed season, a 10-inch minimum
length limit, and a creel limit of 10 fish,

first put in force in Illinois on July 1,

1923.

Fisheries workers in Illinois have ob-

served often the ability of largemoutli

bass to expand their populations suddenly

to take advantage of new territory. A
new impoundment is particularly favor-

able to the successful reproduction of

largemouths (Bennett 1946:9). When,
for example, a new reservoir is stocked

with equal numbers of adult largemouths,

white crappies or black crappies, bluegills,

and black bullheads, usually the large-

mouths, during the first spawning season,

populate the shore shallows with tre-

mendous numbers of young. Throughout
this first season, the young of the other

species of fish included with the bass may
be so few in number that none can be

collected. Probably few workers who have

observed this sudden population expansion

of bass have recognized its true signifi-

[217]
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cance in the production of superior fishint;

for largcnuHiths. or how to make use of it

in niananinn the species.

There is little reason to doubt that the

"honan/as" oi laryemouth fishing that are

experienced occasional!} by certain anglers

in certain locations in certain years have

stemmed from the development of superior

populations of largemouths. These popu-

lations appear usually as a result of a

relatively high survival of bass spawn

during a season 2 to 4 years prior to the

"bonanza" \ear. Such spawning success

may be brought about b\ stocking a new
reservoir with a few spawners.

Under natural conditions, any catas-

trophe whicli severe!} decimates a fish

population that includes largemouth bass,

but which allows the survival of a few bass

spawners along with small numbers of

adults of other species, will almost always

be followed by an unusually large pro-

duction of young bass. Such a phenomenon
as a severe drouglit or drawdown, winter-

kill, abnormal predation, disease, or a com-

bination of these might severely reduce a

mixed population of fishes and set the

stage for the production of a dominant

bass brood.

Ridge Lake was stocked with 100 adult

largemouth bass on April 30 and May 1,

1941. A few weeks later, a very large

brood of young was produced. When the

numerical size of this brood was estimated.

Fig. 1.—Ridge Lake, aerial view toward east. The dam, surface spillway, and tower
spillway are at the lower end of the lake. The laboratory is visible within an indentation
in the >hore-line veRetation on the south bank of the lake.
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it was believed that, unless the numbers
were greatly reduced, food competition

would become severe and growth would
be slow. Consequently, 335 yearling bass

were introduced into Ridge Lake on June
18, 1941. This introduction of yearling

bass was ineffectual in thinning the num-
bers of bass fingerlings sufficiently, and,

by 1942, bass of the 1941 brood had
stopped growing.

In 1943, a culling technique, in which
small or otherwise undesirable fish were
permanently removed from the lake, as

described in the section titled "The Drain-

ing Census," was adopted and used in al-

ternate years to allow bass spawners to pro-

duce an abundant crop of young at inter-

vals of 2 years. The culling technique

allowed no single year-class to become
dominant, because many large bass were
present and actively preying upon the

young as they reached fingerling sizes.

This technique could be depended upon to

assure the production of bass to replace

those caught by anglers (who after 1945

were not restricted to the 10-inch length

limit for bass) and those removed with

other small fishes in the biennial culling

operations.

The present publication is essentially

a description of the culling technique of

management and its effect upon the large-

mouth bass in Ridge Lake for an approxi-

mate 10-year period beginning with the

spring of 1941 and ending after the bass

spawning season but before the angling

season of 1951. This technique, which is

being employed in all recreational lakes

built by the state of Illinois, may be de-

pended upon not only to maintain good
bass fishing over an indefinite period but

to produce superior angling for fish of

other warm-water species inhabiting these

lakes.
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Characteristics of Ridge Lake

Ridge Lake, fig. 1, was constructed by

damming Dry Run Creek, an intermit-

tent stream flowing through a steep-

sided ravine within the boundaries of

Fox Ridge State Park, 7 miles by road

south of Charleston. The original area of

the lake at overflow level in late 1941 was
18.1 acres. Water is supplied by drainage

from 902 acres of the watershed of Dry
Run Creek, which is a small tributary of

the Embarrass River. Much of the land

within the watershed of the Embarrass
River in this immediate region is unusual

in that medium slopes are rare ; level lands

break into steep-sided ravines with slopes

of more than 30 per cent. In the Ridge

Lake watershed, slopes of less than 4 per

cent are found on 64.6 per cent of the area
;
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on ii.2 per cent of the area, slopes are in

excess of 30 per cent (Stall et al. 1951:

20). Ajiricultural misuse ot the watershed

has created a serious siltinji problem with-

in the lake. In 1949, Stall et al. (1951:

12) found that the lake had an average

annual capacity loss of 1.29 per cent,

representing an annual erosion of 4.36

tons of soil per acre of watershed.

The amount of soil loss from the water-

shed depends primarily upon the nature of

the soils, slopes, and land use t)r farming

practices. Erosion occurs in two forms,

sheet erosion and gully or channel erosion.

Pasturing of some of the ravines above the

lake contributes to the erosion. The slipping

of earth from ravine sides into the valley

floor occurs even where the ravines are

entirel) unpastured. Most of the soil that

drops off the hillsides as a result of slip-

ping eventually comes to rest on the bot-

tom of Ridge Lake. In 1950, about 4

acres of the upper lake area were covered

with water of less than a foot in depth
;

this same area was covered with water 3

to 4 feet in depth when the water was im-

pounded in 1941. An effort is now being

made to organize a soil conservation dis-

trict that will include the lake watershed

and that will slow down the rate of sedi-

mentation within the basin.

The fill impounding the Avater of Ridge

Lake is a 450-foot earthen dam running

north and south across the valley of Dry
Run Creek ; a concrete surface spillway

70 feet wide was constructed over a nat-

ural bank at the north end of the fill, fig.

2. The primary overflow structure, how-
ever, is a tower spillway designed so that

it removes water from the bottom of the

lake rather than from the surface. In-

side the tower is a spillway wall parallel

to the dam that divides the tower into an

east and a west section ; the overflow lip,

the top of this wall, is 8 feet long; its

elevation above sea level is 595 feet. The
elevation of the crest of the surface spill-

way is 596 feet above sea level, so that,

on small rises of the lake level, all the

overflow water passes through the tower.

As the tower is open at the bottom, water
from the bottom of the lake rises in the

east section of the tower to correspond to

the lake level. When the lake level ex-

ceeds the overflow lip, the water spills

over into the west section of the tower,

the section nearer the dam, and passes

through a rectangular concrete tunnel 5

feet wide and 7 teet high to that part of

Dry Run Creek on the downstream side

of the dam. In summer, when the waters

of the lake arc thermally stratified and

the bottom waters are devoid of oxygen,

rises in the lake level allow stagnant

bottom water to escape from the lake.

A gate valve, 4 feet square, located at

the base of the spillway wall in the

tower, allows the lake to be drained. This

gate was first closed on April 17, 1941,

when construction of the dam was com-

pleted.

In 1940, a brick laboratory and a boat

dock were constructed on the south shore

of the lake about 800 feet up the lake

from the dam, fig. 3. At the same time,

two single-post concrete towers were built,

one in the center of the lake opposite the

laboratory and the second about two-thirds

of the distance up the lake from the dam
to the upper end of the basin. These
towers, which were supplied with wooden
floors and railings, have been used to

support recording thermographs and other

weather instruments.

The maximum lake depth, 25 feet, is

in the old stream channel near the dam

;

the valley floor of the lake near the dam is

4 to 6 feet above the bottom of the old

stream channel. From the old stream

channel near the dam, the floor of the

valley gradually rises until, about 2,500

feet up the lake from the dam, it exceeds

the 595-foot level of the overflow lip of

the tower spillway. The width of Ridge

Lake varies from about 400 feet at the

dam to 200 feet at the upper end. The
steep side walls of the lake basin tend to

make much of the lake comparatively deep,

except in the upper end, where sedimen-

tation is now extensive.

Lininological Characteristics

Limited work on the limnology of Ridge

Lake defined the range of variation of

some physical and chemical characteristics

of this body of water during the summer
periods of 1941-1951, somewhat longer in

1942 than in the other years; some quan-

titative bioloeical sampling was done in

1948 when Fleming (1949) was investi-

gating the characteristic forms of plankton



November, 1954 Bennett: Largemouth Bass in Ridge Lake 221

ice^o/Rid^eVlkT;
'°'^'' '^'"''''' ^''^'''

'"'^ ''"^'" '^'^'^'^ ^"'^^'^ "^ ^^^" f'-^"^ thesurface of Ridge

Fig. 3.—Illinois Natural History Survey laboratory and boat dock at Ridge Lake in thimer of 1949. After the March draining of that year, the lake failed to refill completel
summ
until December.

pletely
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and bottom fauna associated with growths

of rooted aquatic vegetation.

Througliout the periods when biologists

were stationed at the laboratory (sum-

mers, 1941-1951 ), recording thermographs

were operated to measure Huctuations of

air temperatures and of water tempera-

tures at various depths, fig. 4. Daily re-

cords were made of rainfall ; these were

compared with the Huctuations in water

levels recorded on a continuous water level

recorder and with changes in the trans-

parency of the water as determined by

Secchi disc readings. In 1942. when a

biologist was stationed at the laboratory

throughout the greater part of the year,

analyses for dissolved oxygen were made
on waters collected at frequent intervals

from late February to the third week in

October at depths of 0, 3, 6, 9, 12, 15,

and 18 feet. Because physical and chem-

ical data were collected for a longer con-

tinuous period of time in 1942 than in any

other year, the records for 1942 have been

used to illustrate the relationships be-

tween these data, figs. 5 and 6. Fig. 5

shows the average weekly air temperatures

and the average weekly water tempera-

tures at a depth of 4 feet (by recording

thermographs) from the third week in

March through the greater part of Octo-

ber; also, water levels, transparencies of

water, and rainfall for approximately this

same period.

Rainfall, Water Levels, and Trans-
parency.—The drainage basin of Ridge

Lake is large in proportion to the capacity

of the lake basin. This fact, coupled with

the fact that most slopes in the drainage

basin are steep and that some of them are

overgrazed, insures a rapid runoff of rain-

fall carrying a relatively large load of silt,

most of which passes into the upper end

of the lake basin, where the heavier par-

ticles of silt are dropped. Fine clay par-

ticles disperse throughout the waters of

F'4- 4.—Recording thermographs on instrument tower in Ridge Lake opposite the labora-
tory. These thermographs were used to record air temperatures and water temperatures at

various depths. The bulbs of water temperature recorders were suspended from a float built

around the concrete tower so that they would rise and fall with changing lake levels. The rain
gauge shown here, when in use, was placed on a second tower in the upper part of the lake.

A water-level recorder was located on the boat pier in front of the laboratory.
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the lake and increase the turbidit}-. Dur-
ing periods between rains, these claj" par-

ticles settle out, and the lake becomes

clear.

In 1942, the lake was most turbid on

March 12, fig. 5, when a Secchi disc would
disappear at 0.7 foot below the surface.

Transparencies of less than 2 feet were

recorded also on March 16, 19, and 22;

on April 8, 9, and 10; on IVIav 7; and

on June 14, 15, 16, and 17. While all

rains of as much as 0.5 inch influenced

the transparency of the water to some
extent, most rains of 1 inch or more were
followed by periods of very low trans-

parency of water, showing Secchi disc

measurements of less than 2 feet. Such
low transparency, during the fishing sea-

son, interfered with fishing success. Once
the transparency approached 1 foot, about

5 or 6 days free from rain were required

for the water to reach a maximum of

transparency.

The amount of silt entering the lake

and the muddiness of the water varied not

only with the condition of the vegetative

cover on the watershed (influenced by the

seasons) but also with the type of rain-

storm. For example, on June 26, 1942, a

rain of 2.0 inches was recorded as having

fallen throughout a period of 10 hours;

transparency readings made on that day
and on days following showed that the

lake had greater transparency on the first

and second days after the rain than on the

day of the rain. In another instance (Sep-

tember 19, 1942), a violent rain of short

duration amounting to only 0.65 inch

caused a drop in transparency from 10

feet to 3.7 feet, apparently without rais-

ing the water level of the lake.

The maximum transparency of the

water was measured at 14 feet on June
4, 1942, after 15 days of little or no rain-

fall. Later, in the summer and fall of

the same year, water transparency did
not exceed 10 feet. During this period,

the transmission of light was reduced by
plankton (mostly blue-green algae) rather

than by particles of clay.

In 1942, the water level of Ridge Lake
never dropped lower than 0.4 foot below
the overflow lip of the tower spillway.

The drainage basin of 1.41 square miles

(902 acres, or about 50 acres of drainage
basin per acre of lake) is large enough

to fill the lake basin with runoff water
from normal rainfall several times during
a single year. Even in late summer, a

time of infrequent rains, the runoff is suf-

ficient to prevent severe drops in the lake

level.

The tower spillway, fig. 2, which re-

moves water from the bottom of the lake,

has a capacity of 25 cubic feet of water
per second. If the water inflow from the

drainage basin exceeds this capacity, the

level of the lake rises and, if the lake level

exceeds the crest of the surface spillway, a

foot higher than the lip of the tower
spillway, the water flows over into a

stilling basin and then into the section of

Dry Run Creek below the dam. The
capacity of the surface spillway is so

great that runoff waters from even the

heaviest rains do not create a flow of

water exceeding about a foot in depth on
the crest of this spillway. Within a mat-
ter of minutes after a rain, or at most a

few hours, the lake level drops below the

crest of the surface spillway.

In 1942, the water level of the lake

rose above the crest of the surface spill-

way eight times, fig. 5, after rainfalls of

approximately 1 or more inches. Water
continued to run out of the lake through
the tower spillway all through the spring

and summer until August 22. On Sep-

tember 8, a rain of 2.2 inches, which fell

during a period of 12 hours, raised the

water level in the lake 0.7 foot, and water
again flowed through the tower spillway.

The maximum fluctuation of the lake

level throughout the spring, summer, and
fall of 1942 was 2.5 feet.

Thermal Stratification and Dis-
solved Oxygen.—Ridge Lake would
probably show characteristics of a eutroph-

ic lake except for the occasional loss of

substantial quantities of water from the

lower strata following heavy rains. As
mentioned previously, an inflow of runoff

water from the lake watershed in amounts
large enough to cause a significant rise in

the lake level above the lip of the tower

spillway is followed by a loss of water

through that outlet from the cold, oxygen-

deficient stratum immediately above the

lake bottom. Except after rains so heavy

that water flows over the surface spill-

way, the volume of bottom water lost is

approximately equivalent to the volume
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of runoff water flowing into the lake.

After large rains, this exchange of water

is extensive. Most of the runoff water,

when warmer than the bottom water,

flows from the upper end of the lake to-

ward the lower end at surface or near-

surface levels. The bottom water is re-

placed by water from strata lying imme-
diately above ; the lowest and coldest lay-

ers are lost through the tower spillway.

The magnitude of change (increase) in

the temperature and dissolved oxygen con-

tent of waters in the bottom strata of the

lake following a period of rainfall is de-

pendent upon the volume of runoff water

draining into the lake from the watershed.

When the volume of runoff water is great

enough to exceed the capacity of the tower

spillway and raise the lake level above

the crest of the surface spillway, the

water discharge from Ridge Lake becomes

a combination of surface water and bot-

tom water.

In 1942, persistent thermal stratifica-

tion of Ridge Lake, characteristic of the

warm seasons, began on April 4, figs. 5

and 6. Prior to this date the lake ap-

peared to be thermally stratified for short

periods ; in each of these periods, the strati-

fication was broken up by cold weather,

which usually was accompanied by heavy
rainfall.

Annually, during the period of summer
thermal stratification. Ridge Lake shows
a surface layer of warm water (epilim-

nion) of 3 to 5 feet in thickness. In

the thermocline, the layer of water below
the epilimnion, the temperatures gradu-

ally become lower toward the bottom.

The thermocline may show a temperature

gradient of 10 to 18 degrees F. within

a perpendicular distance of only 18 feet.

No indication is given of a hypolimnion,

or stratum of water of uniform tempera-

ture lying directly above the lake bottom.

Early in April, 1942, the temperature

of the water at a depth of 18 feet was
46.5 degrees F., while the temperature

of the water at the surface was 59.0

degrees F. Between the first week in May
and the first week in June, the temperature

at 18 feet rose from 50.0 to 63.5 degrees

F. while that at the surface rose from
70.5 to 87.0 degrees F. The maximum
temperatures for the 18-foot depth during

the latter half of July and throughout

August in 1942 ranged from 71.7 to 74.0

degrees F. During this same period, sur-

face temperatures varied between 80.0 and
88.0 degrees F.

Fig. 6.—Dissolved oxygen, parts per million, at 12-, 15-, and 18-foot depths in Ridge Lake,

early March to late October, 1942. The rise in oxygen during the month of June was due to

the replacement of stagnant bottom water forced out of the lake through the spillway tower by

surface water entering the lake from rains that fell on the watershed.
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Throughout the entire period of strati-

fication there was at least 0.5 degree dif-

ference between temperatures at 15- and

18-foot depths and at least 1 degree dif-

ference between temperatures at 12- and

15-foot depths. Usually the differences

were 1 to 3 degrees between the 15- and

IS-foot depths and 1.5 to 4 degrees be-

tween the 12- and 15-foot depths.

The first period of rapid increase of

water temperatures at the 15- and 18-foot

depths occurred in early May following

heavy rains of May 3 and 6. At the be-

ginning of this period, the temperatures

at the 15- and 18-foot depths were 51.0

and 50.0 degrees F., respectively. By early

June, the temperatures at the 15- and 18-

foot depths had risen to 64.0 and 63.5

degrees F.. respectively. By June 7, when

rains were resumed after a period of very

low precipitation, temperatures at the 15-

and 18-foot depths had dropped to 61.0

and 58.0 degrees F., respectively. Heavy

rains occurred at rather frequent inter-

vals from June 7 to July 14, and during

this period the temperature of water at

the 15-foot depth rose from 61.0 to 72.0

degrees F. and at the 18-f()ot depth from

58.0 to 70.5 degrees F. During this same

period, the temperature of the surface

water dropped from a high of 87.0 de-

grees F. on June 2 to 82.5 degrees F. on

July 14.

The fact that periods of rapid tempera-

ture rise in the water close to the lake

bottom corresponded to periods of heavy

rainfall indicated that the loss of the cold

bottom water through the spillway tower

was largely responsible for these tempera-

ture increases.

Fluctuations in the dissolved oxygen

content of the deeper waters of Ridge
Lake were even more striking than those

in temperature. Following the beginning

of prolonged stratification in April, 1942,

the supply of dissolved oxygen at the 15-

and 18-foot depths gradually became less,

except when, during the second week in

May, two rains, each exceeding 1 inch of

precipitation, fig. 5, apparently forced

out of the lake a large volume of the

bottom water containing a reduced supply
of dissolved oxygen. This water was re-

placed by that lying nearer the surface

and containing a greater amount of oxy-

gen. Thus, there was a temporary in-

crease of oxygen at the 15- and 18-foot

depths; but, because of the oxygen demand
of organic material on and above the lake

bottom, the new supply rapidly was used

up until by early June no dissolved oxy-

gen remained. On June 7, a period of

heavy rainfall began, fig. 5, which ended

Jul\ 14; there were 7 consecutive days

(last 4 days in June and first 3 days in

July) when no rain fell. The heavy rains

of this period forced the oxygen-deficient

waters out of the lake and almost imme-
diately increased the available dissolved

oxygen to more than 4 parts per million

at the 15-foot depth and considerably

more at the 12-foot depth, fig. 6. Samples

for oxygen analyses taken at these depths

and at the 18-foot depth (this sample was
taken 8 inches ofi the bottom) on July 11

showed that the dissolved oxygen was 6.3

p.p.m. at 12 feet, 5.1 p.p.m. at 15 feet,

and 2.7 p.p.m. at 18 feet. Before the end of

the third week in July, the dissolved oxy-

gen at 15- and 18-foot depths had again

dropped to zero, where it remained until

the fall overturn began on September 27,

as a result of abnormally cold weather dur-

ing the preceding week. At the time the

fall overturn began, water temperature

at a depth of 4 feet was 62.0 degrees F.

The biological effect of the removal of

stagnant water from the lower levels of

Ridge Lake is unknown. Certainly it

must temporarily increase the volume of

water inhabitable by fish. Evidence from
oxygen determinations made in 1948 by

Fleming (1949:20) and by other workers

in 1942 and 1943 shows that, after periods

of flushing, the increased oxygen supply

is rather rapidly used up, probably too

soon for the invasion of those bottom or-

ganisms that require dissolved oxygen.

The increase in water temperatures may
speed up the growth of midge larvae

[Chaoborus) that normally inhabit oxy-

gen-deficient bottoms. It is probable that

the perpendicular extent of the oxygen-

deficient stratum of water above the bot-

tom is, on the average, somewhat less than

it would be without the tower spillway

arrangement for loss of bottom water.

Fertility of Water.—Ridge Lake
probabh- ranks intermediate in fertility

when compared with other lakes within

the boundaries of Illinois. Judged by fish

production, most ponds and lakes in central
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and northern Illinois are more fertile

and many in southern Illinois are less

fertile (Bennett 1943:361 and unpub-
lished fish censuses of ponds and lakes).

Comparisons of the mineral analyses of

the water of several Illinois lakes, and the

poundages of fish these lakes support, with

measurements of soil fertility on the

watersheds show that a large part of the

nutrient materials of each lake may have

entered the lake with runoff water from
the watershed and become trapped within

the basin. A part of these materials may
be buried under silt deposits. In addition

to the nutrients that enter from the water-

shed, there is within the lake itself an

accumulation of organic materials result-

ing from the death and disintegration of

plants and animals, all of which adds to

the fertility. More nutrients and organic

matter are gained through inflowing

water and through accumulation than are

carried away in overflow, and thus im-

poundments, many of which are built over

soils of comparatively low fertility, tend

to become more fertile as they age.

Table 1 shows two partial mineral anal-

yses of water made by the Illinois

State Water Survey : one of the water of

Dry Run Creek prior to impoundment
and a similar one of lake water after im-

poundment. A comparison of these two
analvses shows large differences in the

Table 1.—Partial mineral analysis of water
from Dry Run Creek, April 7, 1938, prior to

impoundment, and of water from Ridge Lake
soon after gate valve was closed, April 22,

1941.
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There is evidence that in 1942 the

growing season at Ridge Lake began un-

usually early. The average weekly water

temperatures (at 4 feet) of 62.5 degrees

F. recorded for the week of April 20-26,

70.2 degrees F. for April 27-AIay 3,

and 82.5 degrees F. for June 1-7 are un-

usually high for these times of year, fig. 5.

Further, the first schools of bass fry in

1942 were seen on May 14 and the maxi-

mum number of schools was counted on

.May 19. In all other years except 1941

and 1^)51, schools of bass fry were not in

evidence until after June 1. For these

reasons, we considered that the 1942 sea-

son was abnormalh long. In most years

of this study, the growing season at Ridge

Lake did not exceed 6 months.

Aquatic Plants.—A large number of

marsh and moist-soil plants were to be

found growing along Dry Run Creek

before Ridge Lake was built. In IVLirch,

1941, prior to the closure of the gate

val\e in the dam, G. H. Boewe and

Frank C. Bellrose of the Illinois Natural

History Survey staff collected plants in

the lake basin and reported on the species

to be found there. Among the marsh

plants were the following:

Bulrush. Scirpus atroz'irens Willdenow
and Scirpus. probably polyphyllus

Vahl
Common cattail. Typha Iniifolid Lin-

naeus

Horsetail, Er/niseii/ni sp.

Sandbar willow, Salix interior Rowlee
Sedges, Carex spp.

X'irginia wildrye, Elynius virginicus

Linnaeus

Pearly in the period of impoundment,
from April, 1941, until midsummer. 1942,

little aquatic vegetation was in evidence,

although cattail. American waterplantain.

.Ilisrna suhcordatmti Rafuiesque. horsetail,

and some sedges had appeared at the up-

per end of the lake. Leafy pondweed,
Potamogeton foliosus Rafinesque, was col-

lected in several places in the upper end
of the lake on September 5, 1942, and by
September 15 it was becoming abundant.

In 1941 and subsequent years, any cat-

tails that appeared were cut off at the

roots. Consequently, in the years that

the lake has existed, these plants have
never increased in abundance beyond a few
scattered individuals.

Scattered bunches of Potamogeton foli-

osus were growing in the shallows in front

of the surface spillway and in the upper

end of the lake in early June, 1943. By
August, dense mats of fine-leaved pota-

mogeton were abundant in water up to 6
feet in depth, and scattered bunches of
/-*. nodosus Poiret, sago or fennelleaf pond-

weed, P. pectinatus Linnaeus, cattail,

waterplantain, and several species of ar-

rowheads, Sagittaria spp., including com-
mon arrowhead or duck potato, S. lati-

folia Willdenow, were growing in shallow

water.

In 1944 and 1945, the vegetation \vas

essentially of the same species as those

found in 1943; in addition, the naiad,

Najas flexilis (Willdenow) Roskovius &
Schmidt, and Canada waterweed or elodea,

Anacharis canadensis (Michaux) Plan-

chon, were first collected in 1945.

In 1946. a vegetation die-of¥ occurred

for the first time in Ridge Lake. A simi-

lar die-off, which occurred each year from
1946 on, usually had begun by the tenth

of July. A coating of blue-green algae

seemed to envelop the plant mats, which
began to sink in some places, forming deep

ravines of open water between ridges of

dying plants. These open-water areas

gradually increased in extent until much
of the lake that had been choked with

\egetation in June was open water by

the end of July.

In 1948, when among the most a-

bundant plants were sago pondweed and
elodea. these plants completely disinte-

grated within 2 weeks of the time they

were first observed to be affected (July

8). Dragging a garden rake on parts of

the lake bottom, where the thickest mats

had been, produced only wisps of decaying

plant stems. By July 23, the entire lake

was open water except for small beds of

elodea in shallow water at the upper end

of the lake and at the surface spillway.

These were second-growth plants, as the

original plants had died there also. Both

sago pondweed and elodea gradually came
back, until by August 25 the plants had

grown to the surface again in much of the

area formerly filled with them. However,
the growth was not so thick as the first

growth had been.

In 1949, when the lake refilled only to

about the 1 1-acre contour after the March
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draining, the mats of aquatic vegetation

and the midsummer die-off were similar

to those of preceding years except that,

with the shallower water, the beds were

farther down the lake toward the dam.
By August 5, the exposed bottom of the

upper end of the lake was grown up
shoulder-high with smartweed and rice

cutgrass, Leersia oryzoides (Linnaeus)

Swartz. The upper end of the lake was
not again reflooded until late November.
The plant cvcle of 1950 was similar to

that of 1948.
'

Fleming (1949) studied the dissolved

oxygen content, carbon dioxide content,

and plankton of the water within the mats
of vegetation and compared the data he

obtained there with similar data from open

water. He found a daily oxygen cycle in

the plant mats, in which the dissolved

oxygen reading usually was highest in the

early afternoon and lowest at about 5

A.M. (Fleming 1949:18-9). Entomos-
traca and rotifers were less common in

the vegetation than in the open water, but

the plant mats, particularly of elodea.

harbored considerable food for small

fishes.

The mats of plants in the upper end of

Ridge Lake harbored unknown numbers
of small fish (usually both bass and blue-

gills) that appeared to stay within the

plant-growth area throughout the entire

summer season. These fish made poor

growth ; some bass fingerlings collected in

this part of the lake in September, 1948,

were less than 2 inches in length, although

3.5 months of age. The midsummer die-

off of aquatic plants probably reduced the

number of small fish living within the

confines of the vegetation by forcing these

fish into open water at a time when they

could be utilized by larger bass. Thus,
the July die-of¥ of vegetation was prob-

ably a wholly desirable phenomenon from
the standpoint of fish management.

The Creel Census

Ridge Lake was first opened to public

fishing in June, 1942, and, with the ex-

ception of 1943, it has been opened each

year since, under a system designed to

give a complete record of all fish caught,

the time spent in fishing, and the types of

gear and kinds of bait used.

In most years of this study, the open-

ing date for fishing was in June, as soon

as possible after the bass fry were actively

schooling, and the lake was kept open
until August 31. Exceptions were in 1942,

when the lake, opened to fishing in June,
was kept open until October 31 ; in 1944,

when the lake was opened on August 9

and closed on October 1 ; and in 1946,

when the lake was opened on Saturday
and Sunday of each week from April 6

until June 1, when it was opened for 5

days each week.

Except as noted above, public fishing

periods were from 6 to 10 a.m. and from
3 to 8 P.M., Wednesday through Sunday
of each week. The lake was closed on
Mondays and Tuesdays. All fishing was
done from seven boats owned by the

Natural History Survey; for use of the

boats no rental charge was made. The
demand for these boats was so great that

usually it was necessary for fishermen to

make reservations for them in advance b}

mail or phone, particularly early in the

season. Requests for boats during the

first few days of the season were filled by

drawing names from among those of the

many applicants.

Fishermen coming from distances

greater than 25 miles were allowed to re-

serve boats for both the morning and
afternoon periods of any day on which
they were permitted to fish. Those driving

distances of less than 25 miles were limited

to either a morning or an afternoon period

of any day for which they were given per-

mits. No bank fishing was allowed, be-

cause such fishing would have made im-

possible the collecting of complete fishing

records and because the banks bordering

the lake are very steep and the control of

bank erosion was and is a problem difficult

of solution.

All boats were stationed at the pier or

boat dock immediately below the labora-

tory. Before each fishing period, fishermen

having reservations for that period were
checked in at this pier, where each sub-

mitted his state fishing license in return

for a Ridge Lake fishing permit. On each

permit were recorded the fisherman's

name, his address, and the time of day

when he began fishing. At the end of the

fishing period or sooner, if he became
tired, the fisherman returned to the pier,
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Fig. 7.—Ridge Lake fisherman with his catch arranged for the rapid taking and recording

of pertinent data. As anglers brought in their catches, the length, weight, and fin-clip mark of

each fish were recorded bv an employee of the Illinois Natural History Survey. A sample of

scales from each fish was taken for age determination, and a record was made of time spent in

fishing and kinds of bait on which the fish were caught.

fig. 7, where the time of day was recorded

on his lake fishing permit card. The fish-

erman was questioned about the baits and

tackle he used, and the information ob-

tained was recorded on the permit card.

If the fisherman had brought in fish, these

were weighed and measured, and a few

scales from each were taken for later use

in studies of age and growth rates. The
scales from each fish were placed in a

small envelope, and the length and weight

of the fish were recorded in appropriate
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spaces on the outside. Any fin mark
(clipped fin) was noted, both on the fish-

ing permit card and on the scale envelope.

After all pertinent data were recorded,

the fisherman was given his state license

and the legal-sized fish of his catch and

allowed to make a future reservation.

Fishermen were very co-operative, once

the system was known, particularly those

who lived within a radius of a few miles

and fished the lake often.

Previous to 1946, fishermen were not

allowed to take largemouth bass of less

than 10 inches. But in 1946 and follow-

ing years, they were asked to bring in all

bass, as well as all bluegills, they caught,

regardless of sizes. Bass of less than 10

inches in length were not considered in a

fisherman's limit of 10 legal-sized fish; so

that a fisherman was allowed to catch

and bring to the boat dock 10 legal-sized

bass and any number of illegal-sized ones.

The bass of less than 10 inches in length

were left with the census taker at the

boat dock. No creel limit was placed on
bluegills, but no one fisherman ever ex-

ceeded the Illinois Fish Code limit of 50

in a single day. Since July 1, 1939, there

has been no length restriction on bluegills

taken by fishermen in Illinois.

Prior to 1945, the use of live minnows
for bait was prohibited by regulation at

Ridge Lake. This regulation, the object

of which was to prevent the introduction

into the lake of undesirable species of

fishes, resulted in much dissatisfaction

among fishermen. In 1945, and thereafter,

fishermen were allowed to fish with live

minnows after their minnow buckets had
been inspected at the boat dock for young
carp, suckers, and goldfish, which were
removed when found.

The periods in which the lake was
open to public fishing during the years

1942 through 1950 (this report does not

extend into the 1951 fishing season) were
as follows

:

1942—June 17 through October 31 (5
days a week, but fishermen were present

on the lake on only 15 days in September
and October)

1943—No public fishing

1944—August 9 through October 1 (5
days a week)

1945—June 20 through August 31 (5
days a week)

1946—April 6 through August 31

(week-ends, 2 days a week, during April

and May; 5 days a week in other months)
1947—June 11 through August 31 (5

days a week)

1948—June 10 through August 29 (5
days a week)

1949—June 15 through August 31 (5
days a week)

1950—June 15 through August 31 (5
days a week)

The Draining Census

In March of 1943, and thereafter at

intervals of 2 years (1945, 1947, 1949,

and 1951), Ridge Lake was drained, the

fish population was censused, and selected

fish were fin-clipped and returned to the

lake as soon as a sufficient amount of wa-
ter had collected behind the dam. Through
such an operation, the population was
culled of small or otherwise undesirable

fish. Draining was usually done during
the latter part of March, when the water
was cold and fish could be handled with
little or no loss. In most years, spring

rains could be counted upon to refill the

lake basin within a few weeks, often be-

fore the exposed bottom had had suffi-

cient time to dry out below a surface

crust. Only in 1949, when local spring

rains were less than normal, did the lake

fail to refill by May 15, following a

March draining. In that year, the water
covered an area of about 1 1 acres on June
1 and remained practically constant until

November.
For the 1943, 1945, and 1947 censuses,

a temporary fish screen was built, about

100 yards below the dam, across the sec-

tion of Dry Run Creek that served as

the outlet channel for the lake, fig. 8.

This screen was made of 1 -inch-mesh

poultry netting, two 4-foot widths long

enough to extend across the outlet chan-

nel. The two 4-foot widths were over-

lapped 1 foot on one edge and fastened

with small hog rings to make a single

strip of netting 6 feet wide. One edge of

the netting was supported 3 feet above

the stream bed on steel fence posts driven

at intervals across the stream channel

;

the free or lower edge of the netting was
brought well upstream from the posts and

staked in the bottom of a 1-foot trench



232 Ii.f.iNOis Natural History Survi-Y Bui.i.i.tin V()1.26, Art. 2

dug across the channel. Then the trench

was tilled with jjravel, which buried the

lower edj:e of the netting; so deep that it

would not pull loose.

On all censuses, the stillinjj basin at

the b.-ise of the concrete surface spillway

was used for holdinj; fish to be returned

to the lake. Weep holes in a 4-foot header

wall across the lower end of this basin

were plugged, and the basin above the

the valve open usually 18 to 24 inches

and with frequent closinji of the valve

for cleaning the screen. The valve was
never left open at night or when it was
unattended.

VV^hen the lake level was down 12 to

15 feet, fish came through the outlet valve

in small numbers ; it was not until the

lake level was down 18 to 20 feet that

the fish came through in quantity. When

Fi){. 8.—Temporary fish screen u^uli in <1 raining censuses. For Hsh censuses in 1945 and
1947, a temporary screen constructed of 1-inch-mesh poultry netting was installed across the

stream channel below the outlet of Ridge Lake.

wall was pumped full of water from the

lake before any water was released

through the outlet valve.

Through tests run in the first two
draining operations, it was discovered that

no fish came through the outlet valve until

the lake level had been lowered more than

10 feet (lake depth 25 feet from the spill-

way crest to the bottom of the outlet).

As the valve gate is 4 feet square, the

lake probably could be drained in 24
hours with the valve wide open. How-
ever, the flow resulting from a wide-open
valve would top almost any screen that

could be built across the stream channel
and cause erosion of the stream banks be-

low the outlet. The most the valve was
ever open in actual draining operations

was 36 inches and then only for a matter
of minutes. Draining of the lake was
accomplished in about 4 or 5 davs with

the lake level was down about 18 feet,

the valve was opened for a few minutes,

and then closed while the fish that had

come through were being handled. Fish

to be saved for restocking the lake were
separated out and moved immediately in-

to the spillway stilling basin. Those of

value for stocking new lakes and ponds

were weighed, counted, and placed in a

tank truck. All other fish were sorted by

species and sizes, and representative

samples were weighed and measured indi-

vidually; the rest were weighed in groups

of 100 to 200 and counted. When all or

most of the water, except that constantly

running in the stream channel, had flowed

out of the lake basin, the valve was closed,

and water was allowed to collect behind

the valve for an hour or so. The water

was then released, and usually more fish

were washed through with it. This pro-
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cedure was repeated four or five times,

until no more fish came through. In the

meantime, a crew of several men walked
over the lake basin to collect fish that

had become stranded.

As the temporary screen described above

was located 100 yards below the lower

While the tunnel was being built, runoff

water was flowing in the natural stream
channel across the dam site. After the

concrete tunnel had been completed and
before any clay was moved to the dam
site for the fill, a diversion ditch was dug
between the upper end of the concrete

Fig. 9.—Improved type of rish Mieeii used in diaining censuses. A permanent screen was
built below the outlet of Ridge Lake in 1948. It consisted of a wide concrete base, wing walls,

and a center post double slotted to hold removable screen frames and planks. Planks placed

below the screen frames created a head of water in the basin between the outlet and the screen

and reduced the water pressure on the screen if the latter became partially clogged with debris.

Screen frames could be raised for cleaning.

end of the outlet tunnel, on each draining

operation several pools in the stream chan-

nel between the lower end of this tunnel

and the screen had to be pumped out and

the fish collected. In 1948, a permanent
concrete base and slotted posts to hold

removable screens were built only a short

distance below the lower end of the outlet

tunnel, so that the 1949 and 1951 drain-

ing and censusing operations were simpli-

fied, fig. 9.

The concrete outlet tunnel had been

poured before the dam was constructed

;

it was located in an excavation near the

opposite end of the dam site from, and

parallel to, the natural stream channel.

tunnel and the stream channel, to enter

the latter about 150 yards above the dam
site. The stream Row was then directed

through the diversion ditch to the con-

crete tunnel, and the dam was built

across the stream channel, leaving a blind

channel or ditch (the old stream channel),

about 100 yards long and several feet

across, between the head of the diversion

ditch and the dam. This blind channel

was never filled in and still contained

5 inches of water when the rest of the

lake basin was drained in 1943; it was

believed to have been the hiding place of

an estimated 473 small bass that escaped

the first census, 87 of which appeared in
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1^H3 as unmarked fish (see page 241).

Attempts to seine this ditch were futile

because of the hip-deep mud.

Hv the time ot later drainin^s (1945,

1^4/. 1*^)49, and l'>51 ), silting and slough-

ing-ott of the banks had reduced the depth

of water in this blind channel to 3 inches

or less; here large fish, the backs of which

could be seen readily, were caught with

dip nets. Some small fish probably have

escaped each census by staying in this

blind channel. Poisoning of this channel

was considered impractical because fish

held in the spillway basin had to be re-

turned to the refilled diversion ditch in

the lake basin after only a small Nolume

of water had collected behind the gate of

the outlet vahe.

An attempt in 1949 to poison Dry Run
Creek within the lake basin was a fail-

ure, presumably because of the low water

temperature. It is probable that none of

the toxicant entered the blind channel

near the dam, as the outlet valve was not

kept closed long enough for water to

back up into this channel from the diver-

sion ditch.

On each census after the lake was
drained and all fish were collected (that

could be collected), the outlet valve was
closed and water was allowed to collect

in the diversion ditch above this valve.

When this ditch was bank-full of clear

water for 150 or more yards above the

valve (usually about 12 hours after the

valve was closed), the amount of water

M>i. 10.— Haiidliiig fish at Ridge Lake. When Ridge Lake was ready for restocking after

a draining operation, selected fish to be returned to the water were handled in lots of 50 to 100.

The fish, held in the stilling basin at the lower end of the concrete surface spillway, were
captured and placed in a stock tank (left of center). From this they were removed indi-

vidually and weighed, measured, "scaled" (had a few scales removed for later age determi-
nation), marked (fin-clipped), or had previous marks recorded, and placed in a second stock tank
(lower left). When the second tank became crowded, the fish were transferred quickly to

covered tubs on a horse-drawn sled, hauled over the dam, and replaced in the lake.
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Fig. 11.—Marking biuegill at Ridge Lake. Each new fish (unmarked) returned to the lake

after a draining census was marked by the removal of one fin. Most bluegills live only about
4 to 5 years, and few of them appeared in more than one of the spring censuses after being
marked. Many bass appeared in several censuses, because their normal life span in Ridge Lake
is 8 to 10 vears.

was considered sufficient to begin restock-

ing the lake with the fish held in the

stilling basin at the base of the surface

spillway. As the fish selected for the re-

stocking had not been previously proc-

essed, a work station was set up on the

edge of the spillway stilling basin with

two large stock-watering tanks filled with

clean water and supplied with aerating

pumps, fig. 10. A table, measuring boards,

and weighing scales were set up nearby.

The fish were moved, 50 to 100 at a

time, from the stilling or holding basin to

one of the stock tanks ; from this they

were removed individually and weighed,

measured, "scaled" (8 to 10 scales re-

moved from side of fish below the dorsal

fin), fin-clipped (or had previous fin-

clip recorded), and placed in the second

stock tank. When this second tank be-

came crowded, the fish in it w'ere trans-

ferred quickly to covered tubs on a horse-

drawn sled, hauled over the darn, and
replaced in the lake. No fish that appeared

sluggish or emaciated, or that showed
evidence of injury from its passage through

the outlet valve and tunnel, was used in

the restocking. On no census was there

any evidence of undue mortality among
the fish that were returned to the lake.

Operational mortality was believed to

have been rather low, because a large

percentage of the marked bass returned

to the lake after each census were either

caught by fishermen or recaptured in sub-

sequent censuses.

In the 1943, 1945, and 1947 censuses,

when 1 -inch-mesh poultry netting was
used for the temporary fish screen, many
small fish passed through this screen with

the water. An estimate was made of the

number of these fish in 1945 and 1947,

but not in 1943, when, because a domi-

nant brood of 5- to 8-inch bass was present,

the number was probably lowest.

When the permanent concrete frame

for fish screens was built below the dam
in 1948, the removable screens to fit this

frame were covered with quarter-inch-

mesh hardware cloth. This small mesh

was no more satisfactory for gaining an

accurate count of the small fishes than was
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the 1-inch mesh, as thousands of small

bluenills became {j;illed in the screen mesh.

The fish impeded the flow of water

through the screen and stopped draining

operations until the\ could be removed.

it became an impossible task to make any

count of these youny;. For the 1^51

census the screen frames were covered

with 1 -inch-mesh hardware cloth, and no

attempt was made to estimate the num-
bers of small blue^ills less than 2 inches

all in Illinois. Table 2 lists the lakes

from which these bass were taken, the

numbers, weif^hts. and lenjjth ranges of

the bass, and the dates of their introduc-

tion into Ridge Lake.

Hefore being released, all the bass were
fin-clipped for later identification. From
each Craborchard Lake bass, the left pec-

toral fin was clipped, from each Lake
Chautauqua bass, the right pectoral, and
from each Lake Glendale bass, the dorsal.

Table 2.—Source, number, weight, and length range of largemouth bass used in stocking

Ridge Lake.

SoiRCE OF KiSH
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Table 3.—Largemouth bass, bluegills, and other fish that were permanently removed
from Ridge Lake by angling and in draining operations during the 1941-1951 study period.
Not included in figures for the draining censuses were fish, less than a year old, so small
that accurate counts were not possible.
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manently removed from the lake during

the 1941-145U period by angling (yield)

and ot those permanently removed in the

1943-1951 draining censuses (culling op-

erations) are >ho\vn in table 3. Not in-

cluded in ligures for the draming censuses

were lish, less than a year old, so small

that accurate counts of them were not

po.ssible. In 1941 and 1943, the lake was

not opened to the public, and the angling

records for both years are those of Natural

History Survey personnel who were tak-

ing samples of tish for growth studies.

Many additional bass were taken by Sur-

vey personnel and released alive in 1941

and 1943; those listed in table 3 were

Hsh so severely hooked as to make their

survival uncertain.

The fact that, from original stocks of

onlv 435 bass and 129 bluegills, more

than 11.300 bass and more than 154,000

bluegills were removed from Ridge Lake

during a 10-year period of operation is

good evidence that both species are ca-

pable of expanding their populations to

approach the carrying capacity of waters

into which they are introduced and of

maintaining these populations indefinitely

under a system of operation such as has

been followed at Ridge Lake, in this

experiment, the bluegills showed a highei

reproduction rate than did the bass. Other
species, primarily black bullheads and
green sunHsh, were able to survive and
in some years to increase their numbers
under the predation pressure of a strong

bass population.

Whereas table 3 lists the numbers and
weights of fishes permanently removed
from the lake by angling and in the

draining censuses, table 4 lists the num-
bers and weights of fishes taken in these

draining censuses and table 5 lists the

numbers and weights of fishes returned

to the lake following the censuses. Both
tables 4 and 5 are arranged to show data

on the individual fin-clip groups of large-

mouth bass and bluegills for each of the

five censuses in which they were involved.

Green sunfish, bullheads, and other in-

digenous fishes, removed from the lake on
each census, and also introduced war-
mouths, have been separated in the census

tabulations, table 4, into "large" and
"small" categories. Any green sunfish or

warmouth of 6 inches or more in length

Table 5.—Largemouth bass and bluegills returned to Ridge Lake following each of five

draining censuses. Fish were separated into groups on the basis of previous fin markings or
lack of such markings.
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was considered "large," and any bull-

head of 7 inches or more in length was
placed in the same category. The 57 carp

taken in 1947 averaged almost 7 pounds
each and those in 1951 about 4 pounds
each; no "small" carp (less than 12 inches

in length) were taken.

Comparison of tables 3, 4, and 5 will

show that following each draining census

many bass and bluegills were not returned

to the lake. Only in the year 1943 were
bass smaller than 8 inches total length

returned to the lake. Most of the fish

making up the early 1943 population of

small bass (bass other than the 1941

original stock) were 6 to 9 inches in

length. In the 1943 census operation,

the population of small bass was reduced

by about 58 per cent (4,754 reduced to

1,973, according to tables 4 and 5). Only
1.500 of the 4,281 bass actually taken in

the 1943 census were returned to the lake

as marked fish. However, other small bass

were later found to be in the lake. Dur-
ing the summer of 1943 when Ridge Lake
was not opened to the public, Natural
History Survey personnel took, and re-

leased. 363 bass of the size range of the

1941 and 1942 broods; 276 of these were
fish that had been marked and 87 were
unmarked fish. On the basis of the rela-

tionship between unmarked fish and
marked fish in the catch it was calculated

that, in the lake, there were about 473
of these small bass that had escaped cap-

ture, possibly by remaining, at the time

of the census, in the blind stream channel

between the mouth of the diversion ditch

and the dam. This number and their

interpolated weight were added to the

census tabulation, table 4, and to the

tabulation of small bass actually replaced

in the lake following the census, table 5.

In the 1949 census, there was a large

number of unmarked bass ranging be-

tween 9 and 10 inches in length. These
fish could be expected to grow to 10

inches or larger during the 1949 fishing

season and, as fishermen \vere asked to

bring in all bass caught, regardless of

size, it was assumed that these fish might
add to the 1949 yield, even though they

failed to reach the 10-inch legal length.

For these reasons, bass of 9 inches or

larger were returned to the lake follow-

ing the 1949 census. In the 1951 census.

277 unmarked bass 8 to 10 inches long
were marked and returned to the lake,

along with 342 unmarked bass of 10
inches or longer, table 5,

At the time of the 1945 draining census,

only 61 of the 129 bluegills with which
Ridge Lake was stocked in 1944 were
recovered, table 4. These had produced
a large number of young in 1944, rang-
ing in size from 1.5 to 2.5 inches by

March of 1945. A rough estimate of

the number that came through the screen

below the outlet was 10,000, weighing 100
pounds. Others probably remained within
the lake basin, although the blind stream
channel near the dam had filled in con-

siderably since the 1943 draining.

The 61 bluegills remaining from the

1944 stock were returned to the lake

following the 1945 census. In the 1947
census 2 years later, the bluegill popu-
lation was found to consist of 2 of these

61 fish; 6,873 other bluegills of 6 or more
inches in length, weighing 1,104.53

pounds; 49,754 bluegills of 3 to about 6

inches in length, weighing 2,223.69

pounds; and approximately 10,000 blue-

gills of 1.5 to about 3 inches in length,

weighing approximately 150 pounds.

These groups made a total of 66,629 fish,

weighing 3,479.07 pounds, table 4.

Following the draining operation in

1947, 1,759 of the larger unmarked blue-

gills were fin-clipped (left pelvic fin) and
returned to the lake along with the 2

fish from the original stock of 1944, mak-
ing a total of 1,761 fish weighing 284.1

pounds, table 5. When the fish popu-

lation was censused again in 1949, only

90 of these marked bluegills were retaken

and the entire bluegill population, ex-

clusive of an unestimated number of fish

about 1 inch in length, numbered only

19,714 fish, weighing 1,564.31 pounds,

table 4. This poundage was less than

half of that collected in the 1947 census.

An attempt was made in the 1949

draining census to remove all bluegills

from the lake. Although 19,714 of these

fish were removed, table 4, and none re-

turned, and the stream channel and di-

version ditch were treated with a heavy

dosage of cube (5 per cent rotenone) to

poison the escaped fish, the attempt wa-^

unsuccessful. In March, 1951, when the

fish population was again censused, nearly
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52,000 bluegills were found to be present,

sho\vin^' that many small Hsh had escaped

the treatmiMit. Small blucgills that sur-

vived the UH^^ draining and poisoning

operations must have been subjected to

heavy predation from bass, because in

that year the large bass population that

had developed in the 1947-1^48 period

was concentrated in 11 acres of water

having much less than one-half of the

volume of the full lake. At the time of the

draining, these small bluegills may have

lived in eddies of the flowing creek, or

in shallow pools on the lake bottom where

water was trapped by uneven deposition

of silt, until the rising water behind the

dam flooded their hiding places and re-

leased them to the open water. Scales

collected from a number of the larger

bluegills taken in the 1951 census indi-

cated that these fish must have been sur-

vivors of the 1949 census. Since 663 large

bluegills appeared in the 1951 census,

table 4, it seems quite probable that the

number that escaped the 1949 census may
have numbered several thousand, most of

which were eaten by bass. As it was
quite obviously impossible to rid the lake

of bluegills without allowing the basin

to dry out thoroughly, it was decided to

return 656 of the larger bluegills to the

water following the 1951 census, table 5.

Table 6.—Numbers and poundages of largemouth bass, bluegills, green sunfish, and

black bullheads taken by fishermen from Ridge Lake, 1941-1950. In addition to the fish

included in this table were 5 large warmouths, weighing 1.98 pounds, caught in 1949, and 50

small warmouths, weighing 3.12 pounds, and 3 large warmouths, weighing 1.07 pounds, caught

in 1950.
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The tabulation of fishes removed by

angling, table 3, includes all of the fish

taken on hook and line, regardless of

whether they were large enough to inter-

est anglers. In table 6, the information

on yield has been expanded to show the

relative numbers and weights of fishes of

desirable and undesirable sizes. During
the period between the opening of Ridge
Lake and June 30, 1951, the minimum
legal length for largemouth bass in Illi-

nois was 10 inches. In 1946 and subse-

quent years, fishermen at Ridge Lake
were requested to bring in all fish they

caught, regardless of size. In table 6,

bass are separated into those of 10 inches

or more in length and those of less than

10 inches.

Minimum lengths for desirable sizes of

fishes of other species caught at Ridge
Lake have been set arbitrarily at 6 inches

for bluegills, green sunfish, and war-

mouths, and 7 inches for bullheads. Table
6 shows that among the largemouth bass

and bullheads taken by anglers the num-
bers of fishes of desirable sizes far out-

numbered those of undesirable sizes.

Among the bluegills and green sunfish,

however, the smaller fishes taken by

anglers outnumbered the fishes of desir-

able sizes.

The poundages of fish per acre of water
are shown in table 7 for the draining

censuses and for the fish returned to the

lake after censusing, and in table 8 for

the annual catches by fishermen. Of par-

ticular interest in table 7 is the gradual

reduction in poundage of bass supported

by the lake from March, 1943, to March,
1947, and the rapid recovery that took

place between March, 1947, and March,
1949. This reduction and recovery in

poundage of bass appears to bear no rela-

tionship to the annual catch of bass made
by anglers, table 8 (although combined
bass yields of 1945 and 1946 were higher

than the combined yields of 1943 and
1944); the bass yield in 1948 (25.6

pounds per acre) was considerably higher

than that in any prior year and yet, after

this high yield of 1948, the draining

census of 1949, table 7, showed a bass

population that exceeded that found in

anv other census.

The actual gain in poundage of large-

mouth bass during each of the four 2-

year periods may be determined by sub-

tracting the poundage of the original

stock or the poundage of the bass replaced

in the lake after any given draining census

from the poundage taken on the next
census following, table 7, and to this

figure adding the poundage of fish taken
by anglers during the fishing seasons be-

tween these two censuses, table 8.

Figured on this basis, the bass gain in

the 1941-1943 period was 58.5 pounds
per acre; in the 1943-1945 period, 34.2

pounds per acre; in the 1945-1947 period,

37.2 pounds per acre; in the 1947-1949
period, 59.8 pounds per acre; and in the

1949-1951 period, 53.5 pounds per acre.

Thus, although the bass population

reached a low point in the 1947 census,

the actual gain of the 1945-1947 period

was greater than that of the 1943-1945
period.

The bass gains of the 1941-1943 period,

the 1947-1949 period, and the 1949-1951
period exceeded those of the other two
periods, and it seems probable that with
these gains the bass population approached

the maximum poundage that the lake

would support (approximately 50 pounds
per acre).

Figured on the same basis as that used

for bass, tables 7 and 8, the gain in blue-

gills was 204.7 pounds per acre in the

1945-1947 period, 123.2 pounds in the

1947-1949 period, and 112.1 pounds in

the 1949-1951 period. It is difficult to

estimate the maximum poundage of blue-

gills the lake will support, but, figured on

the basis of the 1947 census, it might
exceed 200 pounds per acre.

As may be seen in table 7, the total

poundages of fish supported by Ridge

Lake at the times of the various censuses

varied widely. Because largemouth bass

of the 1941 year-class made little or no

growth in 1942, it is assumed that at the

time of the census in 1943 the largemouth

population was approaching the carrying

capacity of the lake for this species.

Theoretically, when other species are

present along with largemouth bass, the

total poundage of fish that can be sup-

ported by the lake may be greatly in-

creased ; except in 1947, when the bluegill

population may have been nearing the

potential maximum for blue2;ills alone, the

populations of fishes other than bass prob-
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Table 7.—Pounds of fish, per acre of lake, taken in draining censuses of Ridge Lake

and pounds, per acre of lake, returned following each census, 1943-1951. The area of the

lake was assumed to be 18 acres.



November, 1954 Bennett: Largemouth Bass in Ridge Lake 245

sent. Rather, there is some indication

that a large bluegill population has a

depressing effect upon the bass population

and that interspecific competition may
exist.

Bass Spawn Inventory

The idea for an annual inventory of

schools of largemouth bass fry at Ridge
Lake originated on May 29, 1941, when
the first schools of young of that year

appeared. On this date, three separate

schools of very small bass fry were lo-

cated in shallow water close to the inner

face of the dam ; on May 30, what ap-

peared to be the same schools were found

in about the same locations, and several

other schools were found in other parts

of the lake.

From May 30 to June 7, 1941, a daily

search for schools of largemouth bass fry

was made. Two men in a small rowboat
moved slowly around the lake shallows,

one man rowing the boat backwards
(stern foremost), and the other standing

up in the stern for maximum vision. In

this way, it was possible to spot the schools

in the clear water at distances of about

25 feet and, at closer range, to make
rough estimates of the total numbers of

fry in the schools and to plot on a map
of the lake the approximate position of

each school.

On each succeeding day after May 29,

the count of schools and the estimate of

fry increased, until, on June 5, 38 sepa-

rate schools were counted. (The fry in

these schools had been spawned from sur-

vivors of the 100 sexually mature bass

placed in the lake on April 30 and May 1,

table 2. ) On June 6, 26 schools were
counted, and, in addition, many small

groups of fry were seen scattered along

the shore shelf,* indicating that some of

the schools had broken up. On June 7,

larger numbers of fry were observed scat-

tered along the shore shelf than had been

seen on the previous day, and fewer

schools were enumerated. School counts

were discontinued June 7.

* A shore shelf is a narrow ledge of earth cut by wave
action at the water line in parts of the lake where the
slope of the natural bank is steep. Water over this shelf

varies between one-half and 2 inches in depth, and small
fish, when over the shelf, are relatively safe from larger
l^sh.

The figure accepted as the estimated
number of bass fry for the spawning
season, table 9, was the number for June
5, 76,000, the highest number recorded
for any single day of the spawning season.

This technique of counting schools of

bass fry and estimating numbers of young
fish cannot be depended upon to give

more than a very rough measure of the

success of spawning at Ridge Lake for

any given year. It is based on the assump-
tion that all mature bass inhabiting this

small body of water reach a condition of

ripeness and spawn within a period of a

few days. If eggs were deposited over a

period longer than 6 or 7 days, the first

eggs deposited would hatch, the young
would school, and the schools would
break up before the last nests of eggs

were hatched. Once the fry in the schools

begin to scatter, it is difficult to estimate

the numbers of young, although a rough
census of scattered fry can be made at

Ridge Lake by counting small groups of

fry along the shore shelf.

The estimates made of the numbers of

bass fry in the individual schools are

probably conservative. It was not consid-

ered desirable to capture and count these

young fish, and visual estimates of num-
bers leave much to be desired. In the

Ridge Lake censusing, no schools of fry

were estimated to contain more than 3,000

fish, with the exception of one huge school

found around the concrete spillway tower

in 1951. The estimates for most schools

ranged below 2,000.

Most schools of bass fry were found

near shore in water of 1 to 6 feet in depth.

A few were found well out from shore

in the open water of the lake. Ordi-

narily, the schools of fry were seen fairly

close to the surface of the water. Occa-
sionally they were observed to sound and

disappear from view for several minutes

before reappearing near the surface. Most
of the censusing work was done within a

strip of water extending about 35 feet

out in the lake from the water edge, and
it is probable that some schools, ranging

farther out, were missed. On each day

of censusing, some schools may have es-

caped being censused because they were
submerged.

The efficiency of censusing may be re-

duced by turbid waters, floating mats of
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algae, and rooted aquatic vegetation, either

subinergent or emergent, tor example, in

1944, when the spawn estimate was only

1,000 fry, table 9, and in 1949, when

it was 24.000, the censusing operation

was handicapped by mats of floating algae.

In both of these years, the enumeration

of young bass was continued, after the

schools had broken up, by counting the

fry scattered along the shore shelf. In

1945, when the peak spawn was recorded,

few floating algae were present, but dense

beds of submerged aquatic plants (not at

the time reaching the surface) were in

the lake. In 1946 and in 1947, turbid

water during the height of the spawning

seasons so reduced the visibility that not

until 3 or 4 da>s after the first schools

were observed was it possible to make a

comprehensive census.

Despite many possible sources of in-

accuracies, the fairly uniform technique

of censusing that was continued each

year after it was established in 1941 gave

comparative data that are very useful.

The results of bass fry estimates, 1941

through 1950, were reported in a previous

paper (Bennett 1951:237) and are re-

peated in table 9, along with an estimate

of the 1951 spawn and the actual dates

when the first schools of bass fry were
seen in each year. Table 9 has been set

up in two sections to emphasize the strik-

ing difference in the abundance of spawn
between years in which the population was
culled of small "yearling" fish (fish

spawned the previous year) and years in

which many of these fish were present.

Although the numbers shown in table

9 may be far from accurate, if these num-
bers are taken as indices of the relative

abundance of young bass from year to

year, it is believed that they are highly

significant. In 1941, when the lake was
first stocked with adult bass and in years

when the lake was drained and restocked

with only the larger fish, the average of

the estimated numbers of fry (50,500)
was about 8.6 times the average of the

estimated numbers of fry found in alter-

nate years when the lake was not drained

and the fish population was not culled

of small "yearling" fish. The difference

between average numbers would have been

much greater if the spawn count of 1942
had been omitted. The "yearling" fish

present in 1942 (largely bass ranging in

size from 6 to 1 1 inches) averaged larger

than those present in any other compa-
rable year (1944, 1946, 1948, or 1950).
These bass were little interested in nest

robbing or in predation on fish of fry

sizes. They decimated the 1942 spawn,
but their predation is believed to have
taken place after the 1942 bass fry had
grown to fingerling sizes.

Table 9.—Estimates of numbers of largemouth bass fry to reach schooling stage in

years in which Ridge Lake fish population was culled of small "yearling" fish (fish spawned
the previous year) in spring draining censuses, and similar estimates in years in which no
draining censuses were made and many small "yearling" fish were present. The earliest dates
on which bass fry were observed are listed.

Data for Years in Which S
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Although, in 1948 and 1950, conditions

were relativelj' good for censusing, no
schools of bass fry were observed in either

year. In 1948, a careful search was made
for fry and fingerlings at approximately

2-day intervals from May 28 to June 20.

The search included the area along the

shore shelf late in this period, when
schools, if they existed, should have

broken up. "Yearling" bluegills and blue-

gill fry were abundant in all parts of the

lake. On July 7, six hauls with a quar-

ter-inch-mesh minnow seine in six loca-

tions in the upper end of the lake brought

up hundreds of "yearling" bluegills and
bluegill fry but not a single fingerling

bass.

In 1950, the search for bass fry and
fingerlings extended over approximately

the same period as in 1948 (May 29 to

June 12), with results approximating

those of 1948. One bass fingerling was
taken in one of five minnow-seine hauls

made in the upper part of the lake on
June 25, indicating that a few young bass

of the current spawn were present in the

lake. Small bluegills were numerous in

these seine hauls, in spite of the fact that

an attempt had been made to eradicate

the bluegill population from the lake at

the time of the 1949 census.

In 1951, bass fry first were observed

on May 25, when six schools that were
located contained an estimated 16,000

fish. The maximum count was made on
May 29: 12 schools containing an esti-

mated 32,000 fry. On this date, the larg-

est school of bass fry ever observed at

Ridge Lake was found over deep water

(14 to 20 feet) around the concrete spill-

way tower near the dam. This school

extended completely around three sides

of the tower, a linear distance of about

30 feet, and was approximately 8 feet

broad throughout its extent. It was esti-

mated to have contained 10,000 bass, and

it remained close to the tower until it

began to break up on June 2. Only a

remnant of this school could be found

around the tower on June 6.

Spawning Success and Population
Density

Few persons will question the assump-

tion that variations in the physical and

chemical characteristics of an aquatic en-

vironment during the time that fish are

spawning may infiuence the success of

spawning. Sudden fluctuations in water
levels, in turbidity and rate of silting,

in dissolved salts, and in temperature have
singly, or in combination, been held re-

sponsible for good or poor production of

young.

Little has been published, however, on
the relationship between the composition

and density of a fish population and the

success of the spawning attempts of one
or several species comprising that popu-

lation. In my opinion, information on
this relationship is of great importance

in the management of lakes for angling,

because of the probability that the dis-

appearance of a species considered of high

value for angling may be associated with

the inability of that species to produce a

successful spawn under certain types and
degrees of competition.

At Ridge Lake, fairly reliable population

estimates of fish larger than 3 inches long

could be made at any given bass spawning
period. Estimates of population could

then be compared with inventories of

schooling bass fry.

Population estimates of fish, not includ-

ing those fish of less than 1 year of age,

were made as follows : For any given year

of the series of years beginning with 1941,

when the lake was stocked, and continu-

ing in 1943, 1945, 1947, 1949, and 1951,

when it was restocked following draining

in March, the population estimate in-

cluded only the fish actually placed or re-

placed in the lake in that year (except

for 1943 when an estimate of the num-
ber of unmarked bass was added, table 5,

note 1 ) . For anv given v^ar of the series of

years 1942, 1944, 1946, 1948, and 1950,

the population estimate included all fish,

except those spawned in the given year,

that were recovered in the draining census

of the following spring ; to these were

added the fish recorded as being caught

by fishermen during the summer of the

given year, which were obviously in the

lake at spawning time of that year. These
estimates do not include fish lost from the

population through natural mortality and

from such causes as death resulting from

undetected injury during the previous

censusing operation, escape over the spill-
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way, or poaching. Although it is recog-

nized that the population estimates and

inventories of spawn at Ridge Lake are

far from exact, it is believed that both

have value because of a year-to-year uni-

formity of technique used in gathering

data.

Table 10 shows the total numbers per

acre of largemouth bass, bluegills, and

other rish (mostly green sunfish and black

of 6 inches in length are capable of

spawning. Fish of this species 3 inches

in length or longer may feed on bass fry.

In 1941, at the time 100 bass of spawn-
ing age were placed in Ridge Lake, the

lake area was only about 9 acres, giving

an assumed adult population of 1 1 bass

per acre. The resulting spawn was the

second largest recorded and the largest

per acre: 38 broods estimated at 76,000

Table 10.—Estimated numbers of largemouth bass, bluegills, and other fish per acre

shortly prior to spawning time, and of largemouth bass fry at spawning time, for each of the

years 1941-1951 at Ridge Lake. Calculations involving acreage were based on a water area

of 18 acres except where stated otherwise.
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bass per acre, table 10. Fourteen schools

of fry were counted on May 29 ; they

were estimated to contain 26,000 young
fish (1,444 per acre). No larger counts

were made after this date. The smaller

number of broods in 1942 than in 1941

may have been due to a smaller number
of spawners, to interference with their

spawning by "yearling" bass, or to a less

favorable spawning season. Very few bass

of the 1942 brood appeared in the 1943

draining operation. From this fact it was
assumed that most of them became food

for the 1941 brood during the summer.
With the removal of 2,783 small bass

of the 1941 brood in the spring of 1943,

the population was reduced by more than

50 per cent, tables 3 and 4. Bass of the

1941 brood were old enough to spawn in

1943, but many were rather badly stunted.

The sexually mature bass, which included

15 of the original stock, produced a rela-

tively small spawn estimated at 18,000

fry (1.000 per acre, table 10).

In 1944, Ridge Lake contained a rela-

tively large population of adult bass. At-

tempts to census the young were only mod-
erately successful (page 246) ; the highest

estimate of young seen on any one day

never exceeded 1,000, or about 56 per

acre, table 10.

In the years when the fish population

of Ridge Lake during the bass spawning

season was one essentially of largemouth

bass only (1941-1944), the bass spawn
became progressively smaller each year,

although in each year some spawn was
produced, table 10. Bluegills were intro-

duced into Ridge Lake after the bass

spawning season of 1944, and, when the

lake was drained in the spring of 1945,

only large bluegills were replaced in the

lake along with all of the legal-length

bass, table 5. Several hundred bluegill

fry produced in late summer of 1944 un-

doubtedly escaped the census by remain-

ing in the stream channel and in pools

within the lake basin when the draining

operation of 1945 was completed. These
later escaped to the lake as it refilled.

The bass spawn of 1945 was the largest

ever produced after the lake basin was
full—an estimated 116,000 fry (6,444 per

acre, table 10), spawned by a population

of 36 adult bass per acre, table 5. How-
ever, on a per-acre basis, the 1945 spawn

was not as large as that of 1941, when
the lake area was about 9 acres. From the

1947 draining census, table 4, it is evi-

dent that the bl adult bluegills returned
to the lake in 1945 and their progeny of

1944 that escaped the 1945 census pro-

duced large numbers of young in 1945
and 1946. Moreover, the survival rate of

the young bluegills must have been high
in spite ot the presence of unusually large

numbers of small bass. These young bass

might have been expected to control the

survival of bluegill fry in 1945 and 1946,

but it is evident that they did not.

At the beginning of the spawning season

of 1946, Ridge Lake contained a large

population of both bass and bluegills, plus

somewhat larger populations of bullheads

and green sunfish than had been present in

previous years. The estimated total popu-
lation of fish was 3,470 per acre in 1946
prior to spawning and the bass spawn was
estimated to be about 139 fry per acre,

table 10.

The 1947 spawn of bass was estimated

at 2,056 fry per acre, table 10. Following
the draining census in March, 392 legal-

sized bass and 1,761 large bluegills had
been returned to the lake, table 5, giving

a population of 120 fish per acre. The
1947 bass spawn per acre was much
smaller than that of 1941 or 1945 and
slightly smaller than that of 1949, but

larger than that of other years, table 10.

There was no visible indication that

bass fry developed to the schooling stage

in 1948 or 1950. In 1948, several adult

female bass caught by Natural History

Survey personnel early in June contained

well-developed eggs ; female bass caught

by anglers later, after the lake was opened

to fishing, appeared to be spent. Yet no

schools of bass fry were seen by Survey

personnel in making daily trips around the

lake, and no young bass were taken in

extensive seining in the shallow upper

end of the lake. Yearling bluegills and

bluegill fry were abundant.

An estimate of the 1948 fish population,

based on the anglers' catch of 1948 and

the 1949 census, gave 149 bass and 1,419

bluegills per acre, table 10. This is a

large population but considerably less than

that of 1946, when the lake contained

3.470 fish per acre (87 bass, 3,334 blue-

gills, and 49 other fish).
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In 1949, 1,027 bass were returned to

the lake following the March census,

table 5. about 25/ of which were between

9 and 10 inches in length. The lake area

by June 1 was only 1 1 acres. An attempt

had been made to remove all bluegills in

March. After the census, the bass popu-

lation, which had developed in 18 acres

ot water with a large available food supply

in the form of craytish, bluegills, and

aquatic insect nymphs, was concentrated

into 1 1 acres of water containing a much
reduced food supply. Bass caught through-

out the summer were thin, and many of

those less than 10 inches long in March
were still below that length when caught

in July and August. The bass spawn was
relativelv small ; the estimate was 24,000

try (2,182 per acre, table 10).

In 1950, small bluegills were again

abundant, most of them having originated

from the 1949 spawn of those fish that

had remained in the lake basin during the

1949 draining operation. The estimated

population of small bluegills was 2,878

per acre ; this was comparable to the

number present in 1946 and more than

twice the number present in 1948, table

10. However, in 1948 the large bluegills

numbered 299 per acre as compared with

58 in 1950. In 1950, as in 1948, the

survival of bass to the fry stage apparently

was very low.

The number of bass replaced in the

lake after the 1951 census amounted to

29 large fish per acre, plus an additional

16 per acre that ranged between 8 and 10

inches long, a total of 45 per acre, table 5.

The bluegills replaced averaged 36 large

fish per acre. The large warmouths re-

placed averaged about 3 per acre and the

small warmouths 31 per acre. Small war-
mouths were replaced in an attempt to

build up the population of these fish. In
this year the estimated number of bass fry

produced per acre amounted to more than
1,700, table 10.

Several factors related to density of

population appear to have influenced the
production of largemouth bass spawn.
During the years 1941 to 1944, inclusive,

when the fish population was essentially

one of largemouth bass alone, the spawn
estimate decreased each year without any
apparent relationship to the number of
bass of spawning age present in the lake.

Later, when bluegills were present, the

years of good spawn production were those

in which the bluegill population (particu-

larly of small fish) was greatly reduced at

the time of the spring draining census

(1945, 1947, 1949, 1951). There is

strong evidence here that a large bluegill

population may control the survival of

the spawn of bass (1946, 1948, 1950).

If this relationship of bass with a crowded
bluegill population were allowed to con-

tinue over a period of years, the bass

population might become gradually smaller

because of the lack of adequate replace-

ment for the adults lost. Interference

with spawning and attacks on bass eggs

and fry by small fish (of other species as

well as the bluegill) may be the most im-

portant single factor responsible for poor

bass populations and poor bass fishing in

Illinois lakes.

The level of survival of young bass

throughout the first year of life may not

be correlated very closely with the level

of spawn production. In 1942 and 1943,

moderate numbers of young were observed,

but age determinations made from scales

removed from bass taken by fishermen and
from bass handled during the draining

censuses in later years indicated that very

few fish of the 1942 and 1943 broods sur-

vived the postfry stage. In 1946, the num-
ber of bass fry was relatively small, but

quite a number of fish from the brood of

this year appeared in the catches of later

years, in spite of the fact that this brooti

could have been eliminated entirely

through draining operations of March,
1947. Bass of the 1946 brood that ap-

peared in the catches of 1947 and 1948

and as unmarked fish in the 1949 drain-

ing census must have remained in the

lake basin or in the feeder stream above

the lake during the 1947 census.

How often must a successful spawn be

produced to maintain a largemouth bass

population that approaches the maximum
a body of water will support? At Ridge

Lake the bass population was maintained

at a high level throughout most of the

10-year study period by relatively good

spawns in most odd-numbered years

(1941, 1943, 1945, 1947, 1949, 'and
1951) alternating with relatively poor

spawns in most even-numbered years

(1944, 1946, 1948, 1950), table 9. In
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this 10-year period small bass were re-

moved in draining censuses and, from the

summer of 1946 on, by fishermen.

A relatively small number of fish are re-

quired to replace those taken by fishermen

or lost through natural mortality and
other causes of death. That even this

relatively small number may not be pro-

duced, or may not survive the period of

census made approximately 21 months
after the spawn appeared. The captured
bass were fish, 6 to 12 inches in length,

that had survived long enough to grow to

sizes too large for "easy" predation. The
most favorable calculated survival ratios

of number of fry to number of bass sub-

sequently captured were 29 to 1 for 1941

and 30 to 1 for 1947; the 1943 and 1949

Table 11.—Estimated number of largemouth bass fry in each of five year-classes or
broods produced by the original stock in Ridge Lake and by adult bass returned to the lake
following draining censuses, the number of bass of designated year-class taken by fishermen
in the next two fishing seasons after spawning, plus those taken in the next draining census
about 21 months after spawning, and the ratio of spawn to fish subsequently taken. Calculations
involving acreage were based on a water area of 18 acres except where stated otherwise.

Year-Class
OR Brood
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Fig. 12.—Taking a sample of scales from largemouth bass handled in Ridge Lake draining

census. Scales collected from bass and bluegills taken in draining censuses or caught by

anglers were placed in small envelopes and later used for aging these fish.

removed from the lake at 2-year intervals,

selection would have been continuously

in favor of the rapidly growing fish. How-
ever, in each year the lake was drained,

some small bass remained in the lake basin

and survived by staying either within the

blind end of the old stream channel near

the dam or in undrainable water pockets

that appeared in the lake bottom as a

result of uneven deposition of silt. After

water was again impounded behind the

dam, these bass escaped to mingle with

the population of selected fish that were
returned to the lake. Probably many of

the escaped fish were eaten by the larger

returned fish, but those that survived

found conditions optimum for rapid

growth. On the next census 2 years later,

they made their appearance as the larger

individuals of the group of unmarked fish.

During the period 1941-1951, scale

samples, fig. 12, were collected from 4,305
bass that were taken bv fishermen or that

were returned to the lake following drain-

ing censuses. Later these bass were aged

and separated into broods (> ear-classes).

Growth curves were constructed for the

individual broods by use of the average

lengths of the fish at the time of capture.

The growth curves for 4,273 of these fish

are shown in fig. 13. The numbers of

fish in the j'ear-classes represented in this

figure are given here: 1941, 1,780 fish;

1944, 96 fish; 1945, 580 fish; 1946, 286
fish; 1947, 1,038 fish; 1948, 203 fish;

and 1949, 290 fish. The 1942 and 1943

broods were represented by only 17 and

15 fish, respectively, too few for use in the

construction of valid growth curves for

these broods. Average lengths of 1941

brood bass in 1942 were based largely on

fish of legal length kept by anglers ; there-

fore the growth curve for the 1941 brood

in 1942 is not truly representative.

The evidence furnished by the 1942

creel, the 1943 draining census, and fish

samples taken by Natural History Sur-

vey staff members in 1943 indicates that,

even after drastic thinning in 1943, the

1941 brood of bass dominated the fish
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population of the lake. The survival of

spawn in 1941 was very high, and the

new lake contained adequate forage for

these small bass throughout the 1941

growing season, so that their growth rate

in 1941 was rapid, table 12, even though

the lake basin did not conipletel\ hll

until December.

In four collections in the spring of

1942, consisting of a total of 148 rish,

21.6 per cent of the bass were 10 inches

or longer; on the basis of this sample, it

was decided to open the lake to fishing

in the summer of that year.

In the fishing season of 1942, anglers

took 323 bass of 10 inches or longer be-

longing to the 1941 brood, table 6, and

released 3,b04 smaller fish they had

caught. Apparently the larger fish were

the cannibals of the brood. It was not

until the draining census of 1943, after

the fish of the 1941 brood had completed

two growing seasons, that the average

length in the brood could be placed accu-

rately ; it was 7.6 inches, table 13. Scale

studies support the hypothesis that most

of this growth was made in 1941 and

that the fish remained about the same size

throughout 1942. Growth was resumed

in the 1943 season at a relatively slow

rate, following the spring reduction in

population. It was not until late in the

summer of 1944 that a large part of the

1941 brood exceeded the 10-inch length.

In the draining census of 1945, after four

growing seasons, this brood averaged only

11.5 inches total length. The condition

of overpopulation and stunting of bass

that existed in Ridge Lake early in 1942
might have been quickly rectified had fish-

ermen been allowed to take the 3,604 bass

of less than legal length (10 inches) that

were caught and released in that year.

As mentioned in the section "Spawning
Success and Population Density," very

few bass of the 1942 and 1943 broods
survived the postfry stage. The first brood
of bass after that of 1941 to be repre-

sented in anglers' catches by fair numbers
of fish was that of 1944, Ninety-two fish

of this brood unexpectedly appeared as

unmarked individuals in the hook-and-line
catch of 1946. The survival of 1944
brood fish, supposedly removed from the
lake in the draining operation of 1945,
may be theorized as follows: Bass of the

1941 brood were about 10 inches in length

in 1944 and were not particularly inter-

ested in bass fry as food. Few bass of

smaller sizes (1942 and 1943 broods)

were present. Bluegills were placed in

the lake in June of that year and imme-
diately produced a large spawn. The small

bluegills may have acted as a buffer, re-

ducing bass predation on bass. The upper

Table 12.—Numbers of 1941 brood of large-

mouth bass of various lengths taken with
fly-rod lures at Ridge Lake, on August 20
and on October 14 and 21, 1941.

Total
Length,
Inches
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Table 13.—Average total lengths of largemouth bass at, or approximately at, ends of
named growing seasons, Ridge Lake, 1941-1949.

Year-Class
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\ iiluals of the various broods of bass at or

approximately at the ends of the various

growing seasons are shown in table 13.

Growth for the first year was fairly uni-

form for all broods; average lengths at

approximately the end of the >ear ranged

between 7.4 and S.S inches. Growth for

the second year was slow for the 1941

brood, which was stunted in this \ear of

life, but the average lengths for second-

year bass of other broods ranged between

10,1 and 12.0 inches. All broods except

that of 1941 attained an average length

of at least 13.0 inches the third year, and

the 1945 brood averaged 15.8 inches the

fourth year. After the slow start made
by the 1941 brood during its first 4 years,

the rate of growth improved, so that, dur-

ing the next 4 years, the average weight

of individuals of this brood increased from

about 1 pound at the beginning of the

1945 growing season to about 4 pounds

at the beginning of the 1949 season.

Fishermen prefer to catch large bass

but are satisfied with fish of sufficient size

to produce an appreciable bend in a fly

rod or bait rod. Small bass ordinarily

strike more readily than do large ones

and for this reason are easier to catch.

Thus, from the standpoint of bass man-
agement, the growth rate of a bass after

the fish has reached a catchable size is of

secondary importance ; the primary ob-

jective is to bring the maximum number
of bass fingerlings up to sizes attractive

to fishermen in the shortest possible time.

Growth of Bluegills

Except for a short period in 1949, Ridge
Lake probably contained fairly large popu-
lations of bluegills after the spawning
season of 1945. In the draining operation

of March, 1949, the bluegills were re-

duced to a low population level because

an attempt was made at that time to get

rid of them completely.

The growth rates of the several year-

classes or broods of bluegills produced in

the lake have been determined by aging
scales from 1,947 of these fish collected

in the years 1946-1950, table 14.

Growth of the first two year-classes of

bluegills produced in the lake was rapid,

fig. 14. In the 1946 growing season, 1944
year-class fish averaged 6.9 inches total

length (at about 32 months of age) and
1945 Hsh averaged 5.8 inches (at about

19 months of age). Bluegills representing

1946, 1947, and 1948 year-classes grew
less rapidly than those representing pre-

ceding year-classes, and fish of each of

these >ear-classes grew at a less rapid

rate in their first year than fish of the

year-class preceding, fig. 14. Poorest re-

corded first-\ear growth occurred in 1948;
bluegills spawned in that year averaged

only 3.6 inches total length in March,
1949, before second-year growth had

started.

The growth stimulus produced by the

severe thinning of the bluegill population

in 1949 is shown clearly in the 1947,

1948, and 1949 year-classes among fish

that were spawned after, or that managed
to escape, the draining operation of 1949,

fig. 14. Bluegills of the 1947 year-class,

which averaged 5.3 inches in length in

March of 1949 (equivalent to end of

second growing season), had grown to an

average length of 8.0 inches by May of

1950 (shortly after start of fourth grow-
ing season) ; fish of the 1948 year-class,

which averaged about 3.6 inches in length

after one season of growth, grew to an

average length of 7.6 inches before the

third growing season was well under way;
and fish spawned in 1949 matched second-

year growth with the 1945 year-class by

reaching 6.4 inches in length within the

1950 season. In 1949, the year in which
maximum growth rates were attained by

bluegills, the total number of these fish

was so small that, creel records indicate,

few could be caught by anglers, table 3.

Catch Rate Versus Fishing
Pressure

In observing the catch of largemouth

bass at Ridge Lake year after year, it was
noticed that the rate of catch dropped

oft rather rapidly early in the season and

that, after about the first 3 weeks, most

of the bass taken Avere caught by a rela-

tively small number of fishermen. This

phenomenon was particularly pronounced

in 1949 when, following the March drain-

ing census, the bass returned to the lake

were concentrated in a reduced volume
of water. At this time Ridge Lake con-

tained at least 1,046 bass large enough to
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be attractive to fishermen (1,027 fish re-

turned after March census, plus unknown
number of unmarked fish, 19 of which

were caught during the summer). The
total catch and rate of catch for preseason

fishing, daily fishing during the first week,

and fishing by weeks throughout the rest

of the summer fishing season are shown in

table 15, along with man-hours of fishing

and calculated number of bass available.

In the June period before the lake was
opened to the public (June 1—14), mem-
bers of the Illinois Natural History Sur-

vey aquatic biology staff fished for bas.i

needed for another phase of the study.

Fishing periods (preseason) for one or

two men were usually not more than 2

hours in length for any one day. With

this very light fishing intensity, 50 bass

weighing 52.49 pounds were taken in

17.75 man-hours, at the rate of 2.96

pounds of bass per man-hour, or approxi-

mately a pound of bass for each 20 minutes
of fishing. On the first day the lake was
opened to the public, 67 bass, weighing
78.56 pounds, were taken in 156.0 man-
hours of fishing, at the rate of 0.5 pound
per man-hour. On the second day, only

22 bass, weighing 22.31 pounds, were
taken in 121.5 man-hours of fishing, at

the rate of 0.18 pound per man-hour. The
rate of catch was still lower during the

next 3 days of fishing that completed the

first fishing week. In this week a total of

121 bass weighing 140.67 pounds were
taken in 633.5 man-hours of fishing. The

7 -

attempted removal of

bluegills from lake

i

1945

Fig. 14.—Growth rates of bluegills spawned in Ridge Lake, 1944-1949; lengths based on

I
measurements of fish in anglers' catches and in draining censuses (SP, spring; su, summer;
FA, fall).
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rate of catch from tho third day of fishinji

to the end of the week was nearly as poor

as the a\ eratje rate for most weekl> periods

throuj;h the remainder of the summer.

'I'his poor rate of catch for the last 3 days

of the first week followed an accumulation

of fishing hours over a 2-day period of

about 25 man-hours per acre. Less than

10 per cent of the bass available at the

het;iiuiing of the public fishing period had

been taken b\ the end of the second day

and there was still a bass population of at

least 82 fish per acre. When the lake

was closed after 1 1 weeks of fishing, there

were still about 451 bass available (41

per acre) ; the hook-and-line yield repre-

sented 56.Q per cent of the number of

fish of 9 inches or more in length that

were available when preseason fishing was
begun on June 1.

The apparent drop in rate of catch in

1949 from preseason fishing to the rate

of even the first day of public fishing,

table 15, suggested that bass were rather

quickly influenced by an acceleration of

fishing activity. Consequently, fishing data

were reassembled to show average rates

of catch (by weight) for half-day fishing

periods for the first week of fishing dur-

ing each of the seasons of 1942, 1944,

1947, and 1949—years in which the fish

populations were made up entirely or prin-

cipally of bass. These average rates of

catch are shown in table 16 and fig. 15.

The season of 1945 was omitted because

muddy water early in the first week,

Table 15.—The 1949 creel at Ridge Lake, with figures arranged to show rapid drop in

success of angling associated with intensive fishing. Bass listed as available were at least 9

inches in length. Calculations involving acreage were based on the actual water area of 11 acres.
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Table 16.—Rate of catch (by weight) of largemouth bass at Ridge Lake during first 5
days of public fishing in 1942, 1944, 1947, and 1949 when fish population was entirely or
principally bass. The season of 1945 was omitted because fishermen were relatively few
during the first week and the lake was turbid until late in the week.
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of the opening morning. In no case was

the weight or number of bass taken in

the first morning sutliciently great to repre-

sent a significant reclucti«)n in the total bass

population. 'I'he catch of highest poundage

in relation to total poundage of available

bass in the lake was taken during the first

is shown in table 17. It is obvious that

a sudden drop in catch rate occurred in

each of these years regardless of when
fishing was begun. (See data for 1944,

when fishing was begun in August.) Years
in which few, or no, bluegills were in the

lake and the fishing was mostly for bass

Table 17.—Average weekly rate of catch (by weight) of fish at Ridge Lake. In 1942. 1944,

1945, 1947, and 1949. the population of the lake was principally largemouth bass. In 1946,

194H, and 195U, large numbers of bluegills as well as bass were available.

Rate of Catch in Pounds per Man-Hour of P'ishinc

KisHisG Season

Bass>
1942.

.

1944 .

1945..

1947..

1949.

.

June

0.13

0.37
0.180.10

0.06

July

0.04 0.02

0.33
0.07

— 10.220.13 0.12

0.15
0.07
0.15

Ba.ss anu Bi.uegii.l.s^

1946 |0.32p.33'o.24 0.20;o. 18

1948 — 0.410.25 0.26 0.16
1950.

0.10
0.10
0.12

0.21
0.21

0.06

0.13 0.14 0.13 0.08

0.07
0.05
0.07

0.19
0.23
0.09

August

0.10 0.02

0.18
0.03
0.08

0.32

0.010.01
0.160.11
0.120.11

September

0.01 —
0.10 0.32
0.070.29

0.18 0.14 0.11
0.070.090.03

0.22
0.08

0.120.170.170.20
0.15!o.24 0.23 0.21

0.07,0.09 0.100.25

0.24

0.180.23
0.190.16
0.15

0.24 11

'The grand average for the years in which fishing was principally for largemoiith bass was 0.13 pound per man-hour
of fishing.

* The grand average for the years in which large numbers of bluegills as well as bass were available was 0.19 pound
per man-luiiir of fishing.

morning of the 1949 fishing season; it

amounted to approximately 6.3 per cent of

the available poundage. The catch of larg-

est number in relation to the total number
of available bass in the lake was taken in the

first morning of 1947; it amounted to

about 4.6 per cent of the available popu-
lation. The fact that the catch rate of

bass dropped in all years within a few
hours after the lake was opened to public

fishing, and before more than a small

proportion of the available bass popu-
lation had been caught, suggests either that

the more aggressive fish were hooked early

on the first day or that the fish lucky

enough to avoid being hooked during the

first few hours became wary of noisy

boats and of baits attached to lines.

That the rate of catch (by weight)
of bass dropped to a low level within the
first few weeks of fishing in each of the
years in which public fishing was allowed

(1942, 1944, 1945, 1947, and 1949) are

shown in the upper part of table 17
;
years

of considerable fishing for both bass and
bluegills are shown in the lower part.

Interesting points suggested by the up-

per division of table 17 are that in most
years the poorest weeks of bass fishing

occurred during middle or late July or

middle or late August. In 1945, 1947,

and 1949, an increase in catch rate (by

weight) appeared in either the first or

second week in August. In all years shown
in the upper part of table 17 except 1942,

a rise in catch rate was shown for either

the last week in August or the first week
in September. This late-season rise prob-

ably was associated with a cooling of the

lake, resulting from lower air tempera-

tures at night. No explanation is suggested

for the striking fluctuations in weekly

catch rates that appeared in some years

during July and August.
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The highest average weekly rate of

catch (by weight) for bass was recorded

for the first week of the 1945 fishing

season (0.37 pound per man-hour), table

17. This catch rate was affected by muddy
water during a part of the week, by a low-

total of fishing hours for the entire week,

and by a phenomenal catch of bass made
by two expert fishermen who had the lake

to themselves during one fishing period.

The average rate of catch for the second

week of the 1945 season (0.33 pound per

man-hour) was nearly as high as for the

first ; it was higher than the average for

the first week of each of the other years

in which all or nearly all fishing was for

bass. Ricker (1942:228) recorded the rate

of catch of bass fishermen at Shoe Lake,

Indiana, for the second half of June as

being 4.9 pounds per 10 pole-hours (0.49

pound per man-hour) ; this period was
followed by a number of 2-week periods

when fishing was much poorer (0.10 to

0.23 pound per man-hour). The average

rate of catch for the entire summer period

was 2.6 pounds per 10 pole-hours (0.26

pound per man-hour), which is somewhat
higher than the rate at Ridge Lake for any

single vear or for the grand average rate,

table 17.

At Ridge Lake, bluegills were more
easily caught than were bass and were
less seasonal in their biting. Thus, in

years when sizable populations of blue-

gills as well as bass were available to

fishermen, the average weekly catch rates

(pounds per man-hour) were higher and
less subject to severe fluctuations than in

years when only bass were available.

As described in the section on the creel

census, fishing was done only from the

seven boats owned by the Natural History

Survey, and the public was not allowed to

fish from the lake bank or piers. The
boats were assigned to fishermen making
advance reservations ; a fisherman could

use a boat by himself or take one, two, or

three other persons with him. Boats were
not supplied with anchors, and if a fisher-

man wished to use an anchor he was ex-

pected to provide it.

All occupants of boats were recorded

as fishing all of the time they were on the

lake. For example, if three men were
using a boat, fig. 3, one man manipulating
the oars and the other two actually fishing,

they were recorded as though all three

were fishing all of the time they were on
the lake. Two men in a boat were re-

corded as two fishermen, even though the

two alternated between rowing and fish-

ing; one man by himself in a boat was re-

corded as one fisherman fishing the entire

time he was on the water even though he
spent about half of his actual time on the

lake in keeping his boat in position for fly

or bait casting.

It has been estimated that the rates of

catch in terms of pounds of fish per man-
hour of actual fishing time might be 50
to 100 per cent higher than the rates of

catch given in tables 15, 16, and 17.

Factors Affecting Yields of Bass

In table 18, an attempt has been made
to show the catch of bass in relation to

number and weight of bass available,

man-hours of fishing, and available forage

in the form of small bass and bluegills.

Methods of estimating numbers and
weights of bass were the same as are

described in the section "Spawning Suc-

cess and Population Density." The fish-

ing pressures in man-hours per acre include

fishing effort directed toward bluegills as

well as bass, as the two cannot be sepa-

rated.

Bass yields varied from 10 to 54 fish

per acre and from 10.9 to 49.2 pounds
per acre (when the 1949 yield is figured

on the basis of the 1949 lake area) and

represented 9 to 64 per cent of the number
available and 24 to 69 per cent of the

weight available, table 18. The highest

percentages of catch of available bass oc-

curred in vears following the March drain-

ings (1945, 1947, and 1949), when, as a

result of draining and culling operations,

populations of small bluegills, crayfish, and
other bass foods were much reduced. In

1945 the population of small bass was
high, in 1947 moderate, and in 1949 low,

as a result of the success of the bass spawn
in those years. The number of fish desig-

nated as a high population for bass was
much smaller than the number listed as a

high for bluegills. While the yield of bass

in numbers and pounds per acre was in

some measure dependent on the man-hours

of fishing and the available bass per acre,

the factor that seemed to have the greatest
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inHuence on the total exploitation for a

given season was the relative abundance of

natural food. In no year in which natural

food was "normally" abundant (had not

been reduced throujjh artificial means)

did the catch of bass exceed 40 per cent

of the available crop, either in numbers or

pounds, e\en under a fishing pressure that

in one season averaged more than 300

man-hours per acre. It is improbable that

greater fishing pressure would have had

much effect upon yield under "normal"

Unaccountable Mortality and Length
of Life

One of the more difficult problems in

studying a population of fish is to de-

termine the final disposition of individuals

in that population. Marked fish that are

caught by co-operating anglers and most
of those that are accidentally killed in

draining operations are accountable; so

are fish that die from accidents or from
hooking injuries and are found floating

Table 18.—Number and weight of available largemouth bass per acre, catch of bass per

acre, fishing pressure, and abundance of bass forage in the form of small fish, Ridge Lake,

1942-1950. Calculations involving acreage were based on a water area of 18 acres except

where stated otherwise.
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fish to float, (4) loss of fish that became
stranded or buried in the bottom mud at

the time of lake draining and were not

retrieved, (5) loss of fish through poach-

ing during periods when the lake was
closed to public fishing.

As described previously, the first bass

placed in Ridge Lake were marked by

recorded as belonging to their respective

groups. Unmarked fish were given the
fin mark of the census being made.

ALirked fish caught by fishermen in the

summer fishing period were recorded by
the biologist in charge of the creel census.

The lake was scouted almost daily in this

period for dead fish and, when these were

Table 19.—Rates of exploitation and unaccountable losses of marked largemouth bass,
Ridge Lake, 1941-1951.

Period

1941-1943
1941 original stock. . .

1942 creel

1943 census
Unaccountable loss

1943-1945
1943 restocking

1944 creel... .".

1945 census

Unaccountable loss. . .

.

1945-1947
1945 restocking

1945 creel... .7

1946 creel

1947 census
Unaccountable loss. .

.

.

1947-1949
1947 restocking

1947 creel

1948 creel

1949 census
Unaccountable loss

1949-1951
1949 restocking

1949 creel

1950 creel

1951 census
Unaccountable loss. . .

.

Number of Fish

435
4P
17

377

1,515
469
553
493

647
404
88

84
71

392
137

107

110

38

1,027
575
148

190
114

Per Cent of Marked
Fish Population
of the Period

9.4
3.9

86.7

31.0
36.5
32.5

62.4
13.6
13.0
11.0

34.9
27.3
28.1
9.7

56.0
14.4
18.5

Exploitation
Rate, Per Cent^

9.4

31.0

62.4
36.2

34.9
41.9

56()
32.7

* Exploitation rate is based on tlie theoretical number of marked fish present in the lake at the beginning of the
fishing season.

^Includes one fish taken in 1941.

removal of one fin (left pectoral of bass

from Lake Chautauqua, right pectoral of

bass from Craborchard Lake, and dorsal

of bass from Lake Glendale). Bass

spawned in the lake were marked by re-

moval of fins as designated in table 20.

Before bass were replaced in the lake

following each draining census, those that

already carried a fin mark designating

original stock or a previous census were

found, their lengths and marks were re-

corded. Very few dead fish were seen

floating on the lake during the fishing

periods of the years 1941-1951. Of the

small number of dead fish found, most
appeared to have died following injuries

that resulted from being hooked. A few
had died on lost stringers. Data on fish

that had died from fishing injuries or on

lost stringers and were later found were
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added to the creel record. Our biennial

inventories of fish allowed an evaluation

of most of the losses that occurred.

When the marked fish taken by anglers

were added to those found dead and those

counted in the succeeding census and the

resulting sum was subtracted from the

number of marked fish returned to the

lake following the preceding census, there

was alwajs a shortage—an unaccountable

loss of bass that had taken place during

the 2-year period. This loss was the result

of natural mortality or of the other four

undetected decimating factors listed above.

The bass that unaccountably disappeared

between censuses were simply designated

as unaccountable losses.

For each of the 5 biennial periods be-

ginning with 1941 and ending wath the

draining census of 1951, tables 19 and 20
show the number ot marked bass placed

in the lake, the number taken by angling

in the t\\o fishing seasons, and the num-
ber recaptured at the time of the next

census. Table 20 lists the original stock

separated into groups based on origin and
other fish separated into broods to show
differences in unaccountable losses in vari-

ous groups during various periods.

Information on the capture, holding

methods, and transportation of the bass

introduced into Ridge Lake in 1941 is of

particular interest because the unaccount-

able losses among these bass amounted to

86.7 per cent within the first 2 years,

table 19. Table 20 shows the unaccount-

able losses among the groups of fish ob-

tained from the three sources : Crab-

orchard, Chautauqua, and Glendale lakes.

The Craborchard Lake fish (marked
left pectoral) were caught in wing nets

on April 27, 28, and 29, 1941; those

caught on the first 2 days were held in

nets with the funnels closed until the

third day, when all of the nets were
raised. The fish were placed in a tank

truck equipped with an air compressor

and transported to Ridge Lake, a road

distance of about 150 miles. The weather
during the road trip was unseasonably

w^arm. All fish used in stocking the lake

were apparently in good condition on

arrival, but the unaccountable loss in this

group as revealed by the March, 1943,

census was 75.8 per cent, table 20.

The Lake Chautauqua fish (marked

right pectoral), in which the unaccount-
able loss as of March, 1943, was only 38,1

per cent, were captured in wing nets

in March and April, 1941, and transported
to the Department of Conservation's fish-

eries station at Havana, about 5 miles

from the lake in which they were cap-

tured. There they were placed in tanks

supplied with cold, well-aerated water and
held, most of them for several weeks.
Fish that were injured in netting prob-

ably showed the effects of these injuries

during the holding period and were re-

moved from the tanks. On May 1, bass

remaining in the tanks were transported
to Ridge Lake; the trip by road was begun
early in the morning and was completed
before the warm part of the day. The
distance by road is 145 miles.

The greatest losses occurred among the

fish from Lake Glendale (marked dorsal),

which were seined on June 17, held over-

night in a holding net staked out in Lake
Glendale, and transported to Ridge Lake
on June 18. The weather was very warm
during the trip of about 180 miles. Al-
though all of the Lake Glendale fish

placed in Ridge Lake appeared to be in

fair shape (fish were thrown out that had
died or that showed signs of having become
sick on the road), the unaccountable loss

among this group of fish was 317 of 335
or 94.6 per cent by March, 1943.

The high loss of fish in the groups of

bass moved to Ridge Lake from Crab-
orchard and Glendale lakes suggests the

importance of low temperatures and the

careful handling of fish being transported

from one water to another. None of the

transported bass released in Ridge Lake
appeared to be sick at the time of release.

Yet many of them had evidently sustained

injury sufficient to cause death. The un-

accountable loss was considerably higher

among the bass with which Ridge Lake
was stocked in 1941 than among bass

spawned in the lake and subjected to no

handling except that during biennial drain-

ing censuses. Bass are more often trans-

ported as fingerlings than as larger fish,

and fingerlings may or may not be more
subject to injury. The bass transported

from Lake Glendale were 5.0 to 7.0

inches in length ; those from Craborchard

6.5 to 11.5 inches; and those from Chau-
tauqua 8.5 to 17.0 inches, table 2.
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The program of marking and censusing

has made it possible to trace the reduction

in numbers of each marked group through-

out the period of the experiment. 'I'he

435 fish of the original stock had been re-

duced to 17 by the end of the first 2-year

period, table 20. As 2 of these fish were

killed in the draining operation, only 15

were available for restocking the lake

after the census.

All 15 could be accounted for at the

end of the next 2-year period (1943-

1945) : 4 had been caught by fishermen

and 1 was found after it had died, evi-

dently as a result of a hooking injury;

10 were recovered in the 1945 census and,

of these, 1 was injured in the census and

9 were replaced in the lake after the

census. These 9 were fish that had been

brought from Lake Chautauqua. At the

beginning of the 1945-1947 period they

averaged 3.9 pounds each and were prob-

ably 7 to 10 years old; during the period

3 were caught, and only 1 was recovered

at the time of the 1947 census. Thus,
the unaccountable loss in this period was
5 (55.6 per cent) in contrast to no un-

accountable loss in the preceding 2-year

period. The hsh recovered in the 1947

census weighed 6.75 pounds when re-

turned to the lake in 1947. It was re-

captured (7.0 pounds) at the time of the

1949 census and was caught by a fisher-

man (6.5 pounds) in July of 1949. Scales

collected at the time of capture indicated

that this bass was 10 vears of age.

Of the 1,500 marked bass of the 1941

and 1942 broods or year-classes that were
returned to the lake following the 1943
census, 464 were taken in the 1944 creel

and 543 were retaken in the 1945 drain-

ing census, leaving 493 to be accounted
for, or a loss of 32.9 per cent. In the next

2-year period (1945-1947), 496 were re-

turned to the lake, and of these 337 were
caught in 1945 and 69 in 1946. Sixty-

three were taken in the 1947 census, leav-

ing 27 unaccounted for, or a loss of only
5.4 per cent.

During the 1947-1949 period, the num-
ber of bass of the 1941 and 1942 broods
was reduced by all causes from 61 to 23;
the unaccountable loss was 6 fish, or 9.8

per cent of the number returned to the

lake in 1947. Only 4 of the 23 bass re-

turned to the lake following the 1949

census were recaptured in the 1951 census.

'iV'n of these 23 fish were caught by fisher-

men in 1949, none in 1950; 9 were un-

accountable losses.

The 1941-1942 group is of particular

interest because of its changes in unac-

countable losses from 1943 to 1951. In

1945, the losses in this group for the

1943-1945 period were figured as 32.9

per cent. In March, 1943, these bass

averaged 0.17 pound each; by 1945, they

averaged 0.77 pound; and, bv 1947, 2.44

pounds. In the 1945-1947 and the 1947-

1949 periods the unaccountable losses

were 5.4 and 9.8 per cent, respectively.

In the 1949-1951 period, when the bass

of this group averaged between about 4
and 5 pounds each, the unaccountable

losses were 39.1 per cent. These fish were
approaching an age of 10 years and it

seems reasonable to believe that natural

mortality may have been responsible for

much of the relatively high unaccountable

loss in the 1949-1951 period.

When the reduction in numbers of bass

in the 1941-1942 year-classes that resulted

from fishing and all other causes over the

period 1943-1951 is compared with a

hypothetical 50 per cent annual reduction

in numbers, the regressions are found to

be quite similar, table 21.

In the Ridge Lake study, the 1941-

1942 year-classes constituted the only

group of fish large enough and old enough
to give satisfactory figures covering the

approximate life span of bass. The less

comprehensive data from 1945-1946 and
1947-1948 groups failed to follow the

reduction pattern of the 1941-1942 group,

and it seems likely that the similarity of

the regression pattern of the last-named

group to a 50 per cent annual reduction

pattern may be coincidental.

Exploitation Rates

The rates at which the populations of

marked bass were exploited by anglers are

shown in table 19. As it was impossible

to assign instantaneous times of occur-

rence to the unaccountable losses that were
brought to light when the lake was
drained at the end of each 2-year period,

the exploitation rate shown in table 19

for any one fishing season is a simple per-

centage derived from the number of bass
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Table 21.

—

Observed reduction in numbers
, ,„ ,„ . It is significant that the two highest

of marked largemouth bass of the 1941-1942
exploitation rates at Ridge Lake were for

group in Ridge Lake, 1943-1951, and a hypo- . u- u i j
thetical 50 per cent annual reduction in nam- Y^f^^

i" which tood was scarce as a re-

sult of draining operations, table 19.bers

Year
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Table 22.—Kfficiency of nuturul baits (mostly alive) and of artificial baits for casting

rods and fly rods used for catchin)< lar^emouth bass at Ridge Lake, 1942-1949 (from Durham
& Bennett 1951:7). Desirable bass are those of 10 inches or loniJer.
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bass that are not caught have an oppor-

tunity to become familiar with the more
common methods used by fishermen in

presenting artificial baits. Observations on

the fishing techniques employed by the

most successful bass fishermen suggest that

these men vary their techniques much more
than do those fishermen who are less suc-

cessful.

Cost of Fishing

In 1949, a study was made of the

amount of money spent for contingent

travel, meals, equipment, and licenses by

the fishermen who made reservations to

fish at Ridge Lake (Bennett (Sc Durham
1951). It was calculated that the aver-

age cost of a fishing trip was $1.22 per

hour (Bennett &: Durham 1951:13).
When the average hourly cost was as-

signed to the average catch in pounds of

bass per hour, the amount of money spent

to catch a pound of bass was calculated to

be $8.66. The bass population of the lake

was assumed to be 1,046 fish at the be-

ginning of the 1949 fishing season, table

15. Fishermen spent about 3,949 hours

angling for these bass and caught 594,

weighing 540.5 pounds ( Bennett <Sc Dur-
ham 1951 : 9). The rate of catch was 0.14

pound per hour or 1 pound per 7.1 hours.

The average bass fisherman probably

spends somewhat more than $8.66 per

pound for the bass that he brings to creel,

because usually he rents a boat (no boat

rental charge was made at Ridge Lake)
;

the population of bass at Ridge Lake was
unusually high in the year the study was
made ; and this population, which had de-

veloped in 18 acres of water, was con-

centrated in 1 1 acres of water.

Discussion

\Vithin the period of study covered by

this publication, spring of 1941 through
the bass spawning season of 1951, more
than 11,000 largemouth bass were perma-
nently removed from Ridge Lake, table 3.

These fish were offspring of 435 bass

introduced into the lake during the spring

of 1941. table 2. Of these 435, only 100
were sexually mature in 1941 ; the others

were yearlings. There is evidence that

most of the bass making up the original

stock died very soon after being intro-

duced, table 19. Of the bass removed
from Ridge Lake previous to the angling

season of 1951, 3,743 were taken by
anglers and the rest removed in draining

censuses as excess small fish, table 3.

Bluegills were placed in Ridge Lake in

1944 (129 adult fish) and, from the sum-
mer of 1945 through March, 1951, ap-

proximately 155,000 of these fish were
removed from the lake (9,073 by anglers),

table 3, indicating that bluegills are more
prolific than are bass.

In the 8 years of the study period that

the lake was open to the public for fish-

ing, the annual bass yield varied between
a low of 10.9 pounds per acre and a high

of 30.0 pounds per acre, table 8. These
figures are based on a lake area of 18

acres. A still higher figure, 49.2 pounds
per acre, is derived for 1949 when the re-

duced lake area for that year, 1 1 acres, is

used as a basis for calculation, table 18.

In spite of the fact that Ridge Lake is

located in soils of moderately low fertility

and cannot be expected to compare in

productivity with impoundments in better

soils, the yields of bass were 2 to 10 times

the yields of bass in unmanaged Illinois

waters for which figures are available. A
basic requirement for a high yield of bass

is a high population of this species ; how-
ever, because of the behavior idiosyncrasies

of the species, a high yield may not be a

certainty even when a high population is

present.

The history of largemouth bass in

new, unmanaged impoundments contain-

ing more than one species of fish is one

of a high population at first, which
gradually becomes smaller, so that, within

a span of years equal to that covered by

this study, the population may drop to a

very low level. At Ridge Lake the popu-

lation level of bass appeared to increase

somewhat, and the highest yields from
angling were recorded in 1948 and 1949,

near the end of the 10-year period re-

ported here.

When the lake contained only large-

mouth bass (1941-1944), a satisfactory

spawn was produced in each year except

1944. After bluegills were introduced,

the years of good bass spawn production

were those in which the lake was drained

and bluegills and other small fish were
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removed prior to the bass spawning season.

In some of the >ears in which many small

bluejiilis were present, only a very small

number of bass fry could be found; in

others, none at all. The high sustained

yield of bass at Ridge Lake was a result

of successful natural reproduction and

satisfactory survival of young bass every

other year. There was little relationship

between the number of spawners and the

number of fry they produced, table 10;

there was an inverse relationship between

the number of bass fry and the number of

small bluegills in the lake at spawning

time.

The key to successful management of

largemouth bass in Ridge Lake has proved

to be the control of the numerical size or

the populations of fishes other than bass

that inhabit the water. If bass in other

waters are similarly influenced by popula-

tions of other fishes, it is doubtful if closed

seasons, length limits, and creel limits,

which have been relied upon for many
years to protect and enhance bass popu-

lations, have been of any value. The
minimum length limit of 10 inches, the

creel limit of 10. and a closed season of

March 1 to June 15 were first introduced

into Illinois in 1023. There is no evidence

that these fishing regulations have had any

influence on bass fishing in the state.

Ridge Lake was not opened to public

fishing in any year until after the bass

spawn had been observed or the adults

were spent (in a year in which no spawn
was seen), so that bass that were spawn-
ing in the lake always were protected from
human interference. In years when many
small fish were present in Ridge Lake and
bass spawn production was very low
(1944. 1946. 1948. and 1950. table 10),
the opening of the lake to intensive angling

during the bass spawning season could
have had no measurable efiect upon the

production of young bass. In years when
small fish were removed from Ridge Lake
in March prior to the bass spawning
season and the bass spawn production was
high (1943. 1945, 1947. 1949, and 1951),
it would have been difficult to measure
accurately the effect of heavy angling,

during the bass spawning season, upon
the production of young bass. Judging
from the behavior of bass in response to

public fishing at Ridge Lake, however, I

believe that the total effects of fishing

(removal of some spawning fish and the

frightening of spawning and nest-guard-

ing fish) would be less of a limiting factor

in the production of young bass than

would be the nest-robbing activities of a

large population of bluegills.

Estimated survival rates for bass fry

in the years 1941, 1943, 1947, and 1949

were 29 to 1, 40 to 1, 30 to 1, and 34 to

1, respectively, table 11. At these rates of

sur\ival, the number of fry needed to re-

place the adults caught by fishermen at

Ridge Lake in an\ single \ear would prob-

ably vary between 5,000' and 20,000. A
few males bringing of^ successful hatches

of fry would supply several times either

of these numbers. Thus, unless fishermen

were able to locate all of the nesting male
bass in the lake and make a systematic

effort to catch them, some males guarding

nests would escape and bring off hatches

of young in numbers more than adequate

to replenish the population.

The purpose of a size limit on any

sport fish is to allow individuals to reach

sexual maturity and spawn, but, unless it

can be shown that a large number of

spawners produce greater numbers of

young than a small number of spawners,

there is no logic in holding to a minimum
length limit. Most species of fish in some
measure influence the survival of their

own young ; that is, when populations are

high the success of spawning is low, and

vice versa. Thus, if small "yearling" fish

(fish spawned the previous year) of a

species are taken by anglers without regard

to size, the survival of current-season

young of that species may be greater than

if the "yearling" fish are not cropped. It

seems reasonable to assume that, had fish-

ermen been allowed to take bass of less

than 10 inches in 1942, survival of the

spawns of 1942 and 1943 would have

been higher than they were.

The only point that can be made in

favor of a creel limit of 10 bass is that on

certain very infrequent occasions bass lose

their usual wariness and bite very readily.

On these occasions, a limit of 10 fish may
prevent an overenthusiastic fisherman from

taking more fish than he can use.

A characteristic of the largemouth bass

that greatly simplifies management is the

fact that it spawns somewhat earlier than
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most other centrarchids with which it may
be associated in a pond, and the young
bass may be just enough larger than the

fry of the other pond fishes to feed heavily

upon them. Further, as the quantity of

young bass produced is inversely related

to the amount of interference with the

nesting bass and to actual predation on

the eggs and fry, all that is necessary to

increase the numerical size of the bass

population is to reduce the numbers of

fish of the other species inhabiting the

water with the bass. The resulting in-

crease in the production and survival of

young bass may vary from a few indi-

viduals to a brood or year-class so large

that it dominates the fish population of

the pond. When the individuals of a

dominant brood of bass grow to a weight

of 0.5 or 0.75 pound each, they may
furnish excellent fishing.

There is some possibility that a fish-

thinning operation may allow, under some
situations, the survival of too large a

population of young bass, so that not only

is a dominant brood produced, but the

individuals may be so numerous that their

food requirements exceed their food supply

and they become stunted. Such a popu-

lation of bass was produced in Ridge Lake
in 1941. The 1941 year-class, which be-

came stunted in 1942 at an average total

length of 7.6 inches, could have been re-

duced to a numerical level that had food

needs approximately commensurate with

its food supply had fishermen in 1942
been freed from the state's legal restric-

tions of a 10-inch minimum length and

a creel limit of 10 bass. Overabundant
j'ear-classes of bass did not develop in

Ridge Lake after 1941 because enough
bass of larger sizes were present in the

lake to thin out the larger broods before

the individuals reached postfingerling

sizes. An overpopulation almost certainly

would have resulted from the very large

brood of bass that appeared in 1945 had
not predation on this brood been high

when it was in the fineerling stage.

In the 1945 and 1947 draining censuses

at Ridge Lake, all bass below 10 inches

in length were culled out and all larger

bass were returned to the water. In the

1949 census, the minimum length of bass

returned to the water was reduced to 9

inches and in the 1951 census to 8 inches.

There was no evidence that the reduction
in minimum lengths of bass returned to

the water after the 1949 and 1951 censuses
had a significant effect upon the survival
of bass spawn.

In studying the population dynamics of

bass and bluegills at Ridge Lake, it is

obvious that this combination of fishes in

this impoundment would not produce a

continuous high yield of bass over a period
of years without considerable population
adjustment at regular intervals. Bluegill

spawning and survival in any 2-year period

between draining censuses was excessively

high ; the bass showed no great ability to

control the number of small bluegills. Ap-
parent failure of the bass to keep the

bluegill population at a low level probably
was related to the presence of a large

crayfish population in the lake ; the bass

seemed to prefer cravfish to bluegills as

food. Murphy (1949:162) found that

bluegill fry were not an important item
in the diet of the young bass of Clear
Lake, Lake County, California, although
small bluegills were relatively abundant
in the lake at the time his study was made.
The preference of bass for foods other

than bluegills may be rather general and
may have a great deal to do with the

variable results that have been obtained

from the bass-bluegill combination in some
Illinois lakes.

The catch records at Ridge Lake show
that bass rapidly lose their vulnerability to

angling, so that, within a few days of

the beginning of intensive fishing, the

catch rate becomes discouraging to a large

percentage of the fishermen, and most of

the fish caught are taken by anglers who
might rate as experts. There is no question

that skill is important in catching bass.

Records prove that certain fishermen are

much more proficient than others. Superior

ability to catch bass appears to be asso-

ciated with the methods of "working" the

lures.

The wariness of the largemouth bass is

both encouraging and discouraging: en-

couraging to the aquatic biologist in that

he can be certain that this bass will survive

in numbers in spite of very heavy angling

pressure (Bennett 1945:385); discour-

aging to the angler in that, unless he is an

expert, his chances of making a good catch

of bass in a public lake are rather poor.
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The bass at Ridge Lake seemed to retain

their wariness during the fall months;

even though the lake was closed to public

fishing for 3 weeks or a month or more,

the rate of catch in postseason test fishing

operations was only a little better than

during the summer. However, the bass

apparently lost their wariness over winter

and again became vulnerable to the aver-

age fisherman.

Ridge Lake was not opened to the pub-

lic in 1^)43 and, in 1944, not until the

second week of August. During this closed

period, Natural History Survey personnel

were taking small samples of bass at regu-

lar intervals. These bass were taken by

angling (as bass will seldom enter wing

nets or traps in clear water), and were

caught at a very high rate (average rate

about 10 fish per hour). Most of these

fish were rather small in size, and small

bass are less wary than are large. But

preseason fishing for all years, in some of

which the average size of fish was much
larger than in others, yielded fish at a very

high rate. Preseason fishing in 1949 pro-

duced bass at the rate of nearly 3 pounds

per man-hour, table 15.

Our experience with bass has led us to

believe that there is for each body of

water a definite level of fishing intensity

below which bass do not become "edu-

cated," and that it would be possible, in

artificial ponds and lakes that are pri-

vately owned, for the owners so to regulate

the intensity of fishing that small numbers
of bass could be caught quickly and with
little effort on the part of unskilled

anglers.

What such a fishing intensity would be

for a given body of water is a question

that cannot be answered satisfactorily now.
At Ridge Lake, it has been demonstrated
that an opening-day fishing pressure of

between 1.8 and 5.0 man-hours per acre

concentrated within a 4-hour morning
period has been followed in the afternoon
by a rather severe drop in the catch rate

of bass.

Probably the most intensive fishing by
Natural History Survey personnel at

Ridge Lake was done during the period

June 1 to 14, inclusive, in 1949, when
17.75 hours of fishing yielded 50 bass
weighing 52.49 pounds, table 15. In this

14-day period, in which the lake was

fished on 9 days, the fishing pressure never

exceeded 0.36 man-hour per acre for any

one day, and usually it amounted to about

0.05 to 0.07 man-hour per acre per day.

Somewhere below the rate of 1.8 man-
hours per acre per day lies a range of

fishing intensity within which bass appar-

ently do not develop wariness. This
range probably is influenced by the num-
ber of fishing hours per acre per day, by

the amount of rest between periods of

active fishing, and by the size and con-

formation of the lake basin. Certainly

any lake owner may discover, after a few
years of experimental fishing, coupled with

a system of complete creel censusing, the

approximate fishing intensity at which the

catch rate for bass begins to fall ofiF in his

lake. It is assumed that during this period

the lake is managed to maintain a large

population of bass; otherwise, the testing

of various fishing intensities w^ould mean
little.

The average length of life of its indi-

duals must be considered in the develop-

ment of a management program for any

species of fish. The largemouth bass is a

relatively long-lived species, so that a bass

of desirable size will probably remain

available to the angler for a number of

years. In most broods spawned in Ridge

Lake, unaccountable losses among the

medium-sized bass were usually much
lower than among the bass of less than

about 0.2 pound or more than about 3.5

pounds in weight, table 20. In a location

such as Ridge Lake, where fish may move
out of the lake, over the spillway, in time

of high water, a large part of the un-

accountable loss among small bass may be

due to random migration in search of

better territory. Larimore (1952:10)
demonstrated that smallmouth bass in

streams have definite territorial instincts

and that the smaller fish have less well-

defined territories than have the larger

ones, presumably because the smaller fish

are less able to hold desirable territories.

There is some evidence (largely in popu-

lar literature on bass fishing) that indi-

vidual largemouth bass in lakes have been

repeatedly recaptured in definite locations

over periods of time. If the largemouth is

similar to the smallmouth in territorial

instincts, it is not difficult to explain the

movement of small bass out of a lake
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when the opportunity arises. This loss of

small fish is not considered serious ; rather,

in many situations it must be considered

beneficial, because one objective of a bass

management program is to bring the young
fish up to desirable sizes as rapidly as pos-

sible, and the thinning of a crowded popu-

lation by loss of individuals over a spill-

way would allow an improvement in the

rate of growth of the fish remaining. That
movement of young fish out of Ridge

Lake may be random was indicated by

the continuation of a crowded population

of bass all through the 1942 season, al-

though bass could have moved out of the

lake over the surface spillway following

seven or eight different storms that oc-

curred in May, June, and July, fig. 5.

The brood of bass spawned in Ridge

Lake in 1941 had been reduced to four

individuals by 1951, table 20. The age

attained by these four bass is probably

near the maximum for largemouths in

the latitude of Illinois. For the 1941

brood, the unaccountable loss, which in-

cludes the loss resulting from natural

deaths, was 39.1 per cent in the 1949-

1951 period, whereas in the 1947-1949
period it was only 9.8 per cent.

The catches of bass for the individual

years 1944 through 1950, which ranged

from 31.0 to 62.4 per cent of the marked
fish in the lake, table 19, may be con-

sidered to represent high exploitation rates

for a species of fish that has a normal life

span of 8 to 10 years in the latitude of

central Illinois. That these exploitation

rates were not excessive for the Ridge

Lake population was indicated by the fact

that there was a comparatively high

poundage of bass present when the lake

was drained in 1951, table 7, after 7 years

of these rates. It is true that in this

period the yield of bass in numbers and
total poundages, table 6, and pounds per

acre, table 8, varied a great deal from
year to year, but I can see no upward or

downward trends in population abundance
that can be clearly associated with rates

of exploitation.

So little information is available on

exploitation rates of bass in other bodies

]

of water that it is impossible to make a

I

comparative evaluation of the exploitation

j
rates at Ridge Lake. The high bass fry

I production in alternate years, table 9, was

important in that it assured adequate re-

placements for fish caught, regardless of

the exploitation rate.

Today (June, 1954) descendants of the

435 bass with which Ridge Lake was
stocked in 1941 are still rising to the lures

of some of the fishermen who caught their

great-great-great-grandparents in 1942.
These present-day fish and the thousands
that have inhabited the lake in the period
since 1941 are mute evidence that the
largemouth bass will respond to a few
simple management techniques. The fish

technician or the pond owner who knows
when and how to apply these techniques
need never worry for the future of bass
fishing.

Summary

1. Ridge Lake, the dam for which was
completed in April, 1941, is an artificial

impoundment that at overflow level in

1941 had an area of 18.1 acres and a

maximum depth of 25 feet. It was made
by damming Dry Run Creek, a tributary

of the Embarrass River, in Coles County,
Illinois. Both tower and surface spill-

ways were constructed. The tower spill-

way was provided with a gate valve to be

used in draining the lake basin. A perma-
nent laboratory was built on the south

shore of the lake about midway between
the dam and the upper end. Silting of

the lake basin was and is a serious problem,

as much of the 902-acre watershed drains

into the lake through steep-sided ravines,

some of them pastured. The lake is

eutrophic-like in character in that it has

no dissolved oxygen in the deep water in

summer, except when the cool oxygen-
deficient water is flushed out of the lake

through a tower spillway by the entrance

of surface runoff into the lake basin after

heavy rains.

2. The lake was stocked in 1941 with

435 bass, table 2, in 1944 with 129 blue-

gills, and in 1949 with 138 warmouths.
In 1942 and most subsequent years, the

public was allowed to fish from boats be-

longing to the Natural History Survey,

and a record was made of kinds, numbers,

and weights of all fish caught, table 6,

time spent in fishing, table 15, kinds of

baits, table 22, and the tackle used. A
few scales were taken from each of the
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bass caught and from most of the larger

bluegills and used later for age analyses.

The lake was closed to public Hshing in

1943 and until August in 1944.

3. At intervals of 2 years, beginning

in 1^H3, the lake was drained in early

spring and a census was made of the lish,

table 4. I'ive censuses were made in the

1941-1951 period covered by this study.

After each census, the large bass (mini-

mum length 10 inches in most years, 8 or

9 in others) were marked by Hn-clipping

and returned to the partially refilled lake

basin, table 5. After each draining, ex-

cept that of 1949, the lake basin had com-

pletely refilled before the beginning of the

summer fishing season. In 1949, the basin

had only partially refilled ; the water cov-

ered an area of about 1 1 acres on June 1

and remained practically constant in area

until November.

4. No stocks of rish, other than the

435 bass released in 1941, the 129 blue-

gills released in 1944, and the 138 war-

mouths released in 1949, were introduced

into Ridge Lake from other bodies of

water. In the study period, which began

in the spring of 1941 and ended after the

bass spawning season but before the an-

gling season of 1951, more than 11,000

bass and 154,000 bluegills were perma-

nently removed from the lake by angling

and in draining censuses, table 3. Of
these, 3,743 bass and about 9,000 bluegills

were taken by anglers ; the others were
taken in draining operations as excess small

fish. In the 1949-1950 period, few war-
mouths were caught by anglers and less

than 1,000 were taken in the 1951 draining

census, table 4. About 3,500 fish other

than bass, bluegills, and warmouths were
taken from the lake (mostly in draining

(operations) during the study period, table

3. These, which included green sunfish,

black bullheads, yellow bullheads, carp,

and a black buffalo, were of species in-

digenous to Dry Run Creek and the Em-
barrass River. Although large numbers of

bass and bluegills were removed from
Ridge Lake during the study period, these

fish were as numerous in Ridge Lake in

1951 as they had been at anv other time
during the 10-year period, table 4.

5. The weight of bass taken in the five

draining censuses ranged from 31.5 pounds
per acre in the 1947 census to 50.4 pounds

per acre in the 1949 census, table 7. In

three censuses, those of 1943, 1949, and
1951, the weight of bass was 48.2, 50.4,

and 49.9 pounds per acre, respectively.

These poundage calculations suggest that

the carrying capacity of Ridge Lake for

bass may be about 50 pounds per acre.

Once the bluegill population had become
well established in Ridge Lake, poundages
per acre of bluegills varied between 86.9

and 193.3; the largest poundage of bass

\\ as found with the smallest poundage of

bluegills (1949 census) and the largest

poundage of bluegills with the smallest

poundage of bass (1947 census), suggest-

ing interspecific competition.

6. Yields of bass taken by angling dur-

ing years in which the lake (an 18-acre

area assumed) was open to public fishing

varied between 10.9 and 30.0 pounds per

acre, table 8 ;
yields of bluegills varied be-

tween 6.2 and 45.9 pounds per acre. Fish-

ing pressure ranged from 90 man-hours
per acre in 1944 to 320 man-hours per

acre in 1948, table 18.

7. Estimates of numbers of bass fry

were made during the spawning season of

each year, 1941 to 1951, inclusive, table

9. In years in which the lake was drained

and small fish were removed in March,
the estimates of numbers of fry varied

between 18,000 and 116,000, with an

average of 50,500. In years in which the

lake was not drained in March and small

fish w^ere present, the estimates of num-
bers of bass fry ranged from to 26,000,

with an average of 5,900. Schooling bass

fry were observed prior to June 1 in only

3 years out of 11.

8. There was no apparent relationship

between the number of bass of spawning

age in the lake in any given season and

the number of bass fry produced in that

season, table 10. Years in which small

fish were abundant in the lake (particu-

larly those 3'ears in which many small blue-

gills were present) were years of low

production of bass fry.

9. The ratios of numbers of bass

fry of a brood to individuals of the same

brood taken as larger fish in the 21 months

after spawning varied between 29 to 1 and

40 to 1, in 1941, 1943, 1947, and 1949,

table 11. In 1945, when the number of

bass fry produced was unusually large,

the survival ratio was 195 to 1.
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10. Bass at Ridge Lake averaged 8.1

inches total length at 1 year of age, 10.3

inches at 2 years, 12.6 inches at 3 years,

and 13.7 at 4 years, table 13. Bluegills

averaged 4.7 inches total length at 1 year

of age, 6.2 inches at 2 years, and 7.1 inches

at 3 years, table 14.

11. in 1949, bass fishing dropped from

a preseason calculated catch rate of 2.96

pounds per man-hour to a rate of 0.18

pound per man-hour on the second day of

the public fishing season, table 15. The
calculated rate of catch in the afternoon

period of the first day of the fishing season

in each year in which public fishing was
allowed was less than half that of the

morning, table 16. By the third day of

the fishing season in each of these years

except 1944, the calculated rate of catch

was less than one-third that of the opening

morning. In no year was the catch in

numbers or pounds on the opening morn-
ing more than 6.3 per cent of the avail-

able number or poundage of fish in the

lake. For years in which large numbers of

bluegills as well as bass were available,

the calculated seasonal catch rate for bass

and bluegills together was 0.19 pound
per man-hour ; for years in which bass

w^ere essentially the only fish available,

the calculated seasonal catch rate for bass

was 0.13 pound per man-hour, table 17.

Actual rates of catch were probably 50

to 100 per cent higher than the calculated

rates because time spent in rowing boats

was counted as fishing time.

12. Some of the factors influencing

the yield of bass in any given fishing season

were the number and weight of bass avail-

able, the fishing pressure, and the amount
of natural food available for bass. While
all of these factors undoubtedly were im-

portant in determining the bass yield, the

highest catches, in terms of number and

weight of bass available, were made in

years when small fishes and other bass

foods were reduced through lake drain-

ing prior to the fishing season, table 18.

In these years, yields of bass from angling

varied between 45 and 64 per cent of the

number and between 40 and 69 per cent

of the weight of bass available. In years

(after 1943) when the lake was not
drained prior to the fishing season, the
yields of bass from angling varied between
23 and 40 per cent of the number avail-

able and between 27 and 34 per cent of

the weight available.

13. In the 2-year period preceding the

first draining census and in each of four
2-year periods between draining censuses,

numbers of bass that had been marked by
fin-clipping disappeared from Ridge Lake.
These bass could have died from injuries

or from natural causes without being re-

covered, they could have moved out of

the lake over the surface spillway in time
of flood, or they could have been removed
through illegal fishing when the lake was
closed. The unaccountable losses among
the bass with which the lake was originally

stocked amounted to 86.7 per cent in the

1941-1943 period, table 19; the losses

were so high as to suggest that many of

these fish died from injuries received in

transportation or handling. Among the

bass produced in the lake and later marked,
unaccountable losses were lower in the

middle age groups than in older and
younger age groups. As bass approached
the age of 10 years, the unaccountable
losses increased, suggesting that the fish

were approaching the end of their normal
life span.

14. Artificial lures were more effective

in catching bass than were live or other

natural baits, table 22. Fishermen tended

to try artificial baits at the start of each

fishing period, switch to natural baits if

the artificials were ineffective, and, if

natural baits also were ineffective, con-

tinue to use them, thus building up many
"low catch" hours for the natural baits.

Catch records for individual fishermen

demonstrated that skill was important to

success in bass fishing.

15. For their contingent travel, meals,

tackle, and licenses, fishermen at Ridge

Lake in 1949 are estimated to have spent

an average of $1.22 for each hour of

bass fishing. Because they averaged 7.1

hours in catching 1 pound of bass, the

calculated cost of their catch was $8.66

per pound.
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