
Considering the total weight of catfish taken, 36.6 percent was captured in
the round basket, 30.4 percent in the horizontal "D" basket and 33.0 percent
in the vertical "D" basket.

The vertical "D" and round baskets took a larger percentage of game fish
than did the horizontal "D" baskets. Inasmuch as crappie dominate the game
fish population in High Rock Reservoir, it was not surprising to find a fair
number of them in the baskets. Of the total number of crappie captured in all
baskets, 12.0 percent were taken in the horizontal "D" baskets, with 41.8 per
cent in the round and 46.2 percent in the vertical "D" baskets. The highest
catch rate for ani}' type of basket was less than 0.03 pounds of crappie per
basket day in the vertical "D" baskets during 96-hour set periods. This catch
rate is so low that it may be considered negligible in the study reservoir.

A comparison of the catch record data for all types of catfish baskets (Table
III) shows that the yield of fish declined as the length of time set increased.
It is logical to deduce that escapement from the baskets was responsible for
the reduction in number of fish captured. For efficient operations, catfish
baskets should be fished at least every 48 hours.

CONCLUSIONS
1. The round type catfish basket with the slotted opening of the inner funnel

positioned at random was slightly more effective for catching catfish than
were the other two types tested.

2. Game fish catch was very low in all traps but the traps having a hori
zontally set opening captured fewer game fish than did the other types.

3. The yield of fish from catfish baskets was inverseli}' proportional to the
fishing time. Maximum catches were made from baskets set over a 48
hour period.

4. None of the baskets tested took game fish in a quantiti}' considered detri
mental to the game fish population in High Rock Reservoir.

LOW-FLOW REGULATION AS A MEANS OF IMPROVING
STREAM FISHING

By Roy K. WOOD and DONALD E. WHELAN
U. S. Study Commission, Southeast River Basins

ABSTRACT
Studies by the U. S. Study Commission, Southeast River Basins, and co

operating agencies have disclosed that utilization of many streams in the study
area is curtailed in part by excessively low stages and sometimes by excessively
high stages during the fishing season. The U. S. Study Commission has con
sidered the regulation of low flows by controlled discharge from upstream
storage reservoirs as one means of improving such streams for fishing.

Concepts and methods employed in the determination of flow-storage rela
tionships, flow-fishery relationships, storage required to regulate flows, and
measurement of fisheri}' benefits are described in this paper. Results of the
study indicate that the utility of some streams may be increased from two to
five times with low-flow regulation; however, a much better understanding
is needed of flow-storage-fishing relationships on which to base more accurate
determinations of desired stages and potential benefits.

INTRODUCTION
An inventory of fishing waters in the Southeast River Basins area by the

U. S. Study Commission, Southeast River Basins, revealed about 4,700 miles
of warm water streams of particular significance with a surface area of over
124,000 acres. These streams have a potential capacity of sustaining around
2 million man-days of sport fishing-according to standards employed by the
U. S. Study Commission, Southeast River Basins.

Present as well as potential utilization, however, is curtailed by excessively
low stages and sometimes by excessively high stages during the fishing season.
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While the streams afford excellent fishing when "conditions are right" long
range forecasting is difficult due to the vagaries of weather and stream sensi
tivity to uncontrolled runoff.

There is a wide variation in the regimen of stream flow in different sections
of the study area as is reflected by the flow duration curves of the Chattooga
River in the Blue Ridge Mountains, Apalachee River in the Piedmont, Suwan
nee River in the Coastal Plains, the Sante Fe River in north central Florida
and the Escambia River in west Florida (Figure 1).
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Regulation of low flows by controlled discharge from upstream storage
reservoirs provides means of increasing the utility of streams for fishing. A
number of reservoir projects with provision for low-flow regulation was con
sidered by the U. S. Study Commission.

Formulation of specific project proposals for low-flow regulation involved
the determination of:

(l) Flow-storage relationships,
(2) Flow-fishery relationships,
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(3) Storage required to regulate low flows within a specified range, and
(4) Measurement of benefits.

FLOW-STORAGE RELATIONSHIPS
• The regulation of low flows in order to maintain more favorable conditions
for fishing from May 1 to October 31 of each year would require: (1) Storage
of water in upstream reservoirs to augment natural flows so as to maintain
a stage equal to or exceeding a minimum desired stage and (2) additional
storage capacity to impound enough of the runoff to prevent the occurrence of
stages in excess of a maximum desired stage.

Studies revealed that while it would be practicable to achieve the first ob·
jective, the second would be partially obtained incidental to storing water to
augment the low flow. Primary consideration, therefore, was given to determin
ing storage requirements to overcome deficiencies in low flows.

Flow records from 61 United States Geological Survey gaging stations lo
cated at strategic points on streams throughout the study area were analyzed
as the basis for determining flow-storage relationships. The gaging stations
were selected to represent minimum flows from tributary drainages within
generalized homogeneous areas and to provide data on several main river
points. Values determined for a ten-year frequency-seven-day minimum flow
in terms of both inches of runoff and cubic feet per second per square mile
were employed in grouping watersheds into homogeneous areas (Figure 2).

Area A represents low-flow frequency conditions in the Blue Ridge mountains
including the foothill sections southward to the isohyetal for the average annual
rainfall of 56 inches. The relatively flat slope of the flow-duration curve of
the Chattooga River and other streams of this area is believed to be due mainly
to high rainfall and to ground water storage.

Area B represents the Piedmont Province plus the upper section of the
Upper Coastal Plain. The water storage properties of the soils and under
lying rocks of the Piedmont area are comparable to that of the Blue Ridge
Mountains, but the yield of water is believed to be considerably reduced due
to diminished rainfall and ground water recharge.

Area C represents the lower portion of the Upper Coastal Plain and the
Lower Coastal Plain with the exception of those areas desiguated as Areas
D and E. Sand deposits in Area C absorb much of the rainfall, but during
dry periods in the late summer and fall, the water table falls below the beds
of all but the largest sreams. Consequently many of the smaller streams in
this area cease to flow.

Area D coincides with a region of limestone sinks, underground rivers, and
high yielding springs in the lower Suwannee basin. Stream flow in this par·
ticular portion of the Upper Coastal Plains, is typified by the Santa Fe River,
Florida.

Area E represents a region in Florida panhandle of rather high yield due
to an average annual rainfall of more than 60 inches.

Upstream storage required to make up for deficiencies in low flows at each
stream location was determined on the basis of a ten-year-low-flow frequency;
that is, low flows would be permitted to drop below a design standard one
year out of ten on the average. This design standard was based on the as
sumption that occasionally a year of extremely low water may benefit fishing.
Also, costs of storage required to achieve stream control approaching 100 per
cent would be prohibitive.

The ten-year, seven-day, low-flow frequency values were obtained from low
flow frequency relations, which were constructed for each of the 61 selected
stream gaging stations.

Since the ten-year frequency of seven-day minimum flow could be produced
by a drought of either long or short duration, it was also necessary to estimate
the average volume of runoff associated with the ten-year, seven-day minimum
flow. Several annual discharge hydrographs were selected for each stream
gaging station whose seven-day minimum flow value was about that of the
ten-year frequency. Then the volume of runoff in inches was computed which
would be needed in reservoir storage to increase the low flow to various se
lected flows during the fishing season. These relations of volumes of deficient
runoff to various selected flows were averaged for each stream gaging station
and then converted to units of acre-feet per square mile of drainage area for
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reservoir storage or volume of deficient runoff and to cubic feet per second
per square mile (c.s.m.) for rate of flow or draft. These draft-storage curves
were then averaged for all of the selected stations in hydrologic homogeneous
areas A, B, and C (Figure 3). Streams in areas D and E were considered
singularly because of the peculiar hydrologic characteristics of these areas.

FLOW-FISHERY RELATIONSHIPS
The fish population inhabiting a particular stream is in itself an expression

of the combined influence of environmental factors. Much diversity in habitat
conditions was reflected by the species of fish which dominated the fish popu
lation of nineteen representative streams in the study area. There was also
wide variation in the extent of fishing by streams due to a combination of
many factors of which the regimen of stream flow is of particular significance.

Both fishermen and fishery biologists have observed that fishing conditions
are more favorable at certain stages of a stream than at others. The most
desirable range of water levels for fishing was estimated by relating the habitats
of fish and the habits of fishermen to stream flow and topography.

Two extremes in topography were recognized: (1) streams having wide
flood plains subjected to overflow of long duration, and (2) streams without
flood plains or with narrow flood plains which are subject to overflow of short
duration.

The Suwannee River near Fargo, Georgia (Figure 4), is an example of
streams with a broad flood plain and flat gradient. In streams of this type,
high water stages favor fish production; low water stages following periods
of high water favor harvest and high angling success. Mean annual flow from
May 1 to October 30 from water year 1950-51 to 1959-60 actually ranged from
a maximum of 3,866 second feet to a minimum of 42 second feet. These flows
are equivalent to 380% and 40/0 of the average annual flow, respectively.

For maximum fish production in the Suwannee River at Fargo, Georgia, a
minimum stage of 7.1 feet was deemed desirable. When waters equal or exceed
this stage a large portion of the fish population move into the backwaters to
feed and to spawn but usually are so widely dispersed as to discourage sport
fishing. The extent of production is influenced greatly by the time, extent,
and duration of flooding. In general, the higher the stage and the longer the
duration, the greater the production.

For maximum utilization by fishermen of the Suwannee River near Fargo,
Georgia, a maximum stage of 7.1 feet and a minimum stage of about 3.4 feet
was believed to be most desirable. When the waters subside to a stage of
7.1 feet in the Suwannee River, at which time the flow is equivalent to about
75% of the average flow of record, the standing crop of fish is concentrated
in the main river channels, lakes and other permanent water bodies where the
fishermen can find them. However, should the river subside to a stage of less
than 3.4 feet, at which time the flow is equivalent to about 25% of the average
flow of record, the fish are more prone to avoid the fishermen. Under these
conditions poor fishing is usually experienced. Should the period of low flow
be prolonged, natural mortality is high and the crop is diminished. While
certain beneficial effects may result from very low stages, it is apparent that
frequent periods of excessively low stages reduce fish populations and their
utilization by fishermen.

Chattooga River near Clayton, Georgia (Figure 5), is an example of those
streams with little flood plain and relatively steep gradients. For maximum
production of fish and utilization by fishermen more uniform flows throughout
the year would be necessary. On one hand the high water stages of the Chat
tooga and similar streams are of too short duration to be of much value for
fish production, and flash floods sometimes damage the habitat by excessive
sand and gravel deposition in the deep holes and shoal areas. On the other
hand, excessively low stages reduce the acreage of productive waters and dis
courage use by fishermen.

From water year 1950-51 to water year 1959-60, the mean-annual minimum
flow of the Chattooga was equivalent to 26 percent of the average annual flow
or about six times the equivalent percentage flow of the Suwannee at Fargo,
Georgia. Because of the relatively high base flow of the Chattooga and other
streams within Area A and in Area D as well, the desired minimum is only
slightly above the mean-annual minimum of record. Considerable reduction
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III the mean-annual maximum discharge from May 1 to October 30 would be
necessary, however, to achieve optimum conditions for fishing due to the ad
verse affects of heavy runoff. A value of 75 percent of the average flow of
record was employed as a standard maximum desired flow for all streams
except as noted.

Guided by these assumed relationships, an optimum range of low water
stages from the standpoint of fish conservation and utilization was estimated
for each stream segment under consideration and related to the stream flow
record at the nearest USGS gage for ten years of record (usually water years
1950-51 to 1959-60).

The optimum range of flows desired during the fishing season, May 1 to
October 30, was then determined by converting stage as measured in feet on
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the U. S. Geological Survey gage to discharge as measured in cubic feet per
second. These conversions were accomplished by using rating curves as exempli
fied by the Suwannee River rating curves and the Chattooga River rating
curves (Figures 6 and 7) prepared from data provided by the United States
Geological Survey.

In turn, the minimum flow desired was converted into percent of the average
flow for the period as a means of establishing a common denominator for com
parison of low-flow requirements between stream segments.

The actual range of flows during the period from May 1 to October 30 as
compared to the desired range on 19 selected streams in the study area is
summarized in Tables I and II.

STORAGE REQUIREMENTS
Upstream storage requirements were measured in terms of acre feet of water

requined to maintain stages equal or exceeding the desired minimum flow. This
was determined fo reach of the streams selected for study on the basis of the
flow-storage relationships which had previously been determined for each of
the hydrologic areas. For ready reference, stage-storage curves were prepared
for each stream segment under consideration as, for example, the Suwannee
River near Fargo, Georgia (Figure 8) and the Chattooga River near Clayton,
Georgia (Figure 9).
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In using the Suwannee curve to estimate the amount of storage required
to maintain a stage of 3.40 feet, nine years out of ten, the curve is entered
from the left, and at the bottom 82,000 acre-feet of storage are indicated. For
other stations other curves were prepared for reference use. For ungaged points,
stage-storage curves were based on general regional relationships.

A comparison of minimum desired low flows, stages, and storage requirements
is presented in Table III.
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MEASUREMENT OF BENEFITS
Fishery benefits from low-flow regulation as proposed are expected to accrue

in the form of increased carrying capacity of the stream habitat, increase in
the percentage by weight of game fish in the population, and increase in the
number of days per annum that the stream will be fishable. In the absence
of specific data on which to predict changes in stream productivity and species
composition, the U. S. Study Commission limited its analysis to determining
the number of days each year during which the selected streams were suitable
for sport fishing without flow regulation as compared to the number of days
the streams would have been suitable with low-flow regulation.

This comparison was made by examining the annual hydrographs of record
on which were drawn the desired minimum and maximum low-flow lines from
May 1 to October 30, as illustrated by the Suwannee River hydrograph for
the water year 1948-49 (Figure 10). Analysis of this and other hydrographs
covering the period from November 1950 to November 1960 revealed that
from May 1 to October 30 the water was too low on 101 days, too high on
41 days, and favorable on 42 days. With regulation of low flows to overcome
deficiencies, river stages would have been favorable from May 1 to October 30
for an average of 143 days each year or 3.4 times the number of days without
flow regulation.

Factors thus obtained were multiplied by the present use of the selected
streams and stream segments to be benefited by low-flow regulation and the
resulting figure compared with the present rated man-day capacity of that
stream segment. Benefits were considered to be the difference between pros
pective use with low-flow regulation and prospective use without low-flow
regulation.

For other stream segments studied, a similar analysis was made for each
year of a ten-year period and averages calculated to reflect the potential in
crease in the utility of the stream as measured in terms of the increased number
of days that water stages would be favorable. Results thus obtained were
employed as an index to potential benefits that could be obtained by regulation
of low flows for the respective streams studied (Table IV).

DISCUSSION
Some correlation between acre-feet of storage required per square mile of

drainage and the potential increase in the number of days suitable for fishing
was anticipated in each of the homogeneous hydrologic areas. A diagram
(Figure 11) depicting storage-benefit data for each of the streams studied,
however, does not reflect a uniform relationship.

In explanation it may be that every stream must be considered individually.
On the other hand, it appears that more uniform results and possibly a more
reliable index to potential benefits could have been obtained by the use of a
standard range of desired low flows for streams in each homogeneous area.
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Figure 1. Flow duration curves for selected streams in the Southeast River
Basins, water years 1944-48.

Figure 2. Map of Southeast River Basins showing major hydrologic areas
and location of typical streams.

Figure 3. Flow-storage relations of streams in the Southeast River Basins.
Figures 4 and 5. Stage and topography in relation to a desired range of

low flows in the Suwannee River near Fargo, Georgia, and the Chattooga near
Clayton, Georgia.

Figures 6 and 7. State-flow curve for the Suwannee River near Fargo,
Georgia.

Figures 8 and 9. Stage-storage curve for the Suwannee River near Fargo,
Georgia and the Chattooga River near Clayton, Georgia.
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Figure 11

Figure 10. A comparison of the actual and desired range of flows in the
Suwannee River near Fargo, Georgia, as shown on a hydrograph for the period
May 1 to October 30, 1949. Benefits were based on the increased number of
days that water levels would be favorable for fishing if flows were increased
to equal or exceed the desired minimum from May 1 to' October 30 for each
year during the actual period of analysis (1950-1960).

Figure 11. Diagram depicting relationship between acre feet of storage re
quired per square mile and potentials increase in stream utility for fishing for
each stream segment studied.
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