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METHODS AND TECHNIQUES

NORRIS RESERVOIR SPORT FISHING SURVEY, 1963*

By

CLOVIS O. TAYLOR

And

BILLY B. CARROLL

Tennessee Valley Authority

Wilson Dam, Alabama

ABSTRACT

Creel census information availible for TVA reservoirs consisted
largely of samples of the catch during the peak spring fishing period.
Estimates of total fishing pressure were scarce and economic data non
existent.

To obtain such information, TVA and the Tennessee Game and
Fish Commission conducted a one-year sport fishing survey of Norris
Reservoir. This report describes census design and methods developed
with the assistance of the Institute of Statistics at North Carolina
State University.

The reservoir was divided into three major areas. Expanded es
timates of boat and bank fisherman use, catch, and expenditures in
each area were completed biweekly. Total hours of pressure and num
bers of fishermen were determined from aerial counts and boat rental
records from selected boat docks. Harvest information was collected by
creel clerks Saturday, Sunday, Wednesday, and two other week days
selected randomly. Economic data were obtained from 10 per cent of
the fishermen contacted.

*Published by permission of the Tennessee Valley Authority.
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INTRODUCTION

Considerable creel census information is available for TVA reser
voirs but it consists largely of samples of the catch during the peak
spring fishing period (Eschmeyer and Tarzwell, 1941; Tarzwell, 1941;
Eschmeyer, 1942; Eschmeyer, Manges, and Haslbauer, 1946, 1947; and
White and Jaco, 1961). Estimates of total fishing pressure were also
made for a few reservoirs soon after their impoundment (Eschmeyer,
1943; Tarzwell and Miller, 1943). Data on fishermen expenditures and
the economic value of sport fishing had not been collected for any
TVA reservoir.

To provide a measure of annual as well as seasonal fishing pres
sure, fish catch, and fishermen expenditures on typical TVA lakes, two
year-round creel census projects were developed jointly by TVA and
the Tennessee Game and Fish Commission. The first, on Norris Reser
voir, a storage impoundment, was initiated January 14 and completed
December 29, 1963. A similar census began July 1, 1964, on Kentucky
Lake, the largest TVA mainstream impoundment.

Major findings of the Norris survey have been summarized in a
brochure prepared primarily for fishermen (TVA and Tennessee Game
and Fish Commission, 1964; detailed results will be reported elsewhere.
This report describes census design and methods developed with the as
sistance of the Institute of Statistics at North Carolina State University.
Arrangements for services of the Institute were made by the Game and
Fish Commission.

DESCRIPTION OF RESERVOIR

Norris Dam in east Tennessee, the first built by TVA, was com
pleted in 1936. Located 8 miles below the junction of the Clinch and
Powell rivers, it backs water up both streams for a maximum distance
of 72 miles. At full pool elevation, 1020 feet above mean sea level, the
reservoir has a surface area of over 34,000 acres and a shoreline in
excess of 800 miles. The Clinch and Powell rivers arms above their
separation contain about 20,000 and 10,000 surface acres, respectively.

Since the reservoir was built primarily for flood control and
power production, the water level fluctuates seasonally. Annual draw
down amounts to about 60 feet in a normal operating year and 100
feet or more when rainfall is abnormally low. Reservoir operations in
1963 were within normal drawdown limits, the water levels varying
between 1012 and 945 feet.

METHODS

Gene1'al

The reservoir was sampled by area and by two-week time segments.
It was divided into three major areas-the two arms above the forks
of the rivers and the portion between the forks and the dam (figure 1).
To provide more uniform sampling of the catch, each major area was
further divided into five sub-areas, each 5 to 10 miles long. Aerial counts
of fishermen and expanded estimates of use and catch were completed
biweekly for each major area and the entire reservoir.

Fishing Pressure

Pressure was determined from aerial counts and boat rental rec
ords at selected boat docks.

Boats and bank fishermen in each major area were counted from
the air once every two weeks. It took approximately one hour to fly
each area so the counts gave an almost instantaneous record of boat
and bank fishing hours by areas.
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Date and hour of plane flights were established from a table of
unequal distribution with probability proportional to the amount of
fishing (table 1). This table, designed from previous knowledge of
fishermen's use of the reservoir, assigned weights to the days of the
week and to the hours of the day, with more weight given to days
and hours known to receive greater fishing pressure, e.g., week-en days

and midday hours. The table was constructed so as to have a total of
1,000. To do so the sum of the daily weights for one week must equal 20,
the sum of the hourly weights 25.

Three icosahedron (20-sided) dice were used to select the plane
flight time in Area A. The three-digit number rolled established the
date and time of this flight. When that number fell in between those
given in the table, the next highest number was used. Flight times in
areas Band C were determined by dividing the total number in the
table (1,000) by 3 and adding to or subtracting the result from the
number for the first flight. The chosen flight schedule thus represented
three equidistant points on a circle of possible numbers up to 1,000.

Assigned weights for individual days and hours in the table could
be changed whenever creel and boat dock records showed a shift in
the period of heaviest fishing, as long as their sums remained the
same. For the Norris survey the weights for the different days re
mained the same throughout the year but hour weights were changed
several times with the seasons. A new flight schedule was prepared
every four weeks.

Boat rental records were obtained at three cooperating docks in
each major area. Selected docks were ones that remained open all year,
agreed to keep complete records, and weI' so located as to discourage
boat travel between major areas, but still gave fair distribution within
areas.

Dock operators maintained records on the number of boats rented,
the number of persons per boat, and the number of hours boats were
rented. All boat rentals were recorded on cards, with the time of de
parture and return stamped by time clock. Rental card information
(total rental hours and rental hours at flight time) was tabulated at
the end of each two-week period. When rental boats were coming in or
going out during the hour of plane flight, partial hours were recorded.

NORRIS RESERVOIR

• CooporatI"'l Soot Dock

Figure 1. Major sampling areal, Norris Reservoir sport fishing su.rvey
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Total hours of boat pressure were determined from the ratio of
rented boats out at flight time to the boats counted by plane and thll
total boat rental hours for the two-week period. Total boat hours and
the average number of fishermen per boat, as determined from dock
records, gave the total hours of boat fishing pressure. Total hours
of bank fishing pressure were calculated from the boat to bank fisher
man ratio determined on the plane flight and the estimated total boat
hours, or from the ratio of rented boats out at flight time to the bank
fishermen counted by plane and the total boat rental hours.

Number of boat and bank fishermen were estimated from the
total hours of each type of pressure and the average length of trip.
Average length of boat fishing trips was obtained from boat dock rental
records, bank fishing trips from completed trip information collected
by census takers.

The data and calculations for estimating total pressure in hours
and total fishermen for a two-week period are summarized in table 2.

Creel Census (Catch)

A census taker for each major area was equipped with boat, motor,
trailer, and other census equipment. Each clerk worked one sub-area a
day in random order during a five-day work week; thus the entire
lake was covered each week. The work week included Wednesday, Satur
day, Sunday, and two other week days selected at random. Wednesday
was selected because businesses in nearby cities closed at noon, and
fishing pressure then was similar to that experienced on week ends.

Fishermen were interviewed for a continuous eight-hour period
beginning between 7 and 10 a.m. Interview starting times were changed
each week so that both morning and evening peak fishing periods
would be covered regularly. Census takers were also instructed to
vary the starting point but to cover each sub-area in the allotted eight
hour period. On days with heavy fishing pressure it was necessary to
randomly sample clusters of fishermen in order to maintain this
schedule.

Interview information, recorded on a standard creel census form
approved by the Bureau of the Budget, included area and sub-area,
number and type (boat or bank) of fishermen, hours fished, successful
fishermen, method of fishing, number and weight of fish caught by
species, and pertinent lake data (figure 2). Census card information
was coded, punched, and tabulated on automatic data processing equip
ment by two-week segments.

Total number of fish caught was estimated by multiplying the
creel census catch per hour by the previously determined hours of bank
and boat pressure. Species composition was determined from percentages
in the creel samples. Total weight of the catch was estimated by re
lating total species numbers to average weights from creel samples.

Expenditures

In addition to questions on catch and fishing time, every tenth
fisherman interivewed was asked to enumerate total out-of-pocket
expenses for that particular trip. This included expenditures for meals,
refreshments, bait, tackle, outboard gas and oil, licenses, boat rental
and launching fees, lodging, and travel. This economic information
was recorded on the back of the regular creel form (figure 2).

Average trip and total expenditures of boat and bank fishermen
were calculated every two weeks. Capital investments for boats, motors,
tackle, etc., were not included, so the total estimated expenditure is a
conservative one. Nevertheless, it did provide an indication of the
magnitude of money spent by fishermen with local merchants; motel
owners, service station, bait stand, and boat dock operators.
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Figure 2. Both 'sides of standard intervieW form used by cePSua takers

CONCLUSIONS

This aerial census design worked satisfactorily on Norris Reservoir.
It would appear to be equally applicable to other impoundments with
numerous access areas and privately owned commercial boat docks,
and where the large area or length of shoreline makes it difficult to
get instantaneous fishermen counts by car, boat, or other means. This
method also has merit for estimating total fishing pressure and catch
for predetermined, short time periods,

Sampling errors (one standard error) of the Norris survey ranged
from 10.2 per cent for number of fishermen to 13.0 per cent for total
expenditures. Since the expanded estimates of pressure and catch are
dependent largely on the results of the aerial counts, over-all reliability
could probably be improved by cutting down on creel sampling and in
creasing the number of flights. This would also reduce total costs
since plane flights were relatively inexpensive compared with the cost
of creel sampling.

Total survey cost to the two agencies was approximately $25,000.
One biologist made the aerial counts, collected boat rental data, and
coordinated the creel census. All tabulations and expansion of data were
performed by punch card equipment and statistical clerks. As a result,
the number of fisheries personnel of both agencies was considerably
reduced from that used in previous censuses. Furthermore, with the
machine tabulations, complete data were available for analysis and
reporting the same week the project was terminated.

Probably the greatest value to TVA and the Tennessee Game and
Fish Commission is that for the first time relatively complete informa
tion on fish catch and fishing pressure are now available for a storage
reservoir at all seasons of the year. It is now possible to sub-sample
N orris with more reliability and much less effort to ohtain future
comparative data. We are also in a good position to evaluate the
effects of fish management efforts on this lake as well as natural
conditions that might affect fishing. Finally, we have a much better
idea of the economic value of sport fishing in our reservoirs.
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A POSITIVE APPROACH TO COASTAL SPORT

FISHERY PROBLEMS

WILLIAM H. MASSMANN

Sport Fishing Institute

Adequate habitat is an absolute necessity for coastal marine and
estuarine fishes. The importance of estuarine and coastal nursery areas
for weakfish, flounders, tautog, striped bass, scup, American shad,
spot, bluefish, Atlantic croaker, seatrout, black drum, and menhaden
has been adequately demonstrated. The American Fisheries Advisory
Committee of the Department of Interior at their June 1963 meeting
in Washington concluded that protection of estuaries is essential. The
need for positive action concerning fish habitat was emphasized by
Assistant Director James T. McBroom of the Bureau of Sport Fisheries
and Wildlife in an address at the 1964 Annual Meeting of the Western
Association of Game and Fish Commissioners.

Protection of some vital coastal and estuarine habitat is being
afforded by creation of state and national parks, wildlife refuges,
private preserves and recreation areas. The State of Massachusetts has
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