PRODUCTION AND ANGLER HARVEST
OF WILD BROOK TROUT

IN LAWRENCE CREEK, WISCONSIN

/

—_—C A
— LB

T

—-—-ﬁ-_

B Tran ClAfy ARG

N3 TIAS ClAS3  AsE)

i

7

§

AOUP D BROOK TROUT IR BETTION

- B ¥ 4 2 8 w o a8 =80

PoUnbE OF TROUT PEB asaR

Wisconsin Conservation Department

Technical Bulletin No. 35 e

1966




FRRATA

T 4. m

"Production and Angler Harvest of Wild Brook Trout in Lawrence Creek, Wisconsin!
(Technical Bulletin No. 35, Wisconsin Conservation Department)

Because of the necessity for a last-minute change, printer, editor and author
became involved in a misunderstanding! Tables 13 and 1l were dropped, but Table 13
should have remained., It appears below -- please insert it at page 31, and make
the following changes in table references:

Pg. 31, second column, 13th line from bottom: Table 7 should be Table 13.
Pg. 31, second column, Lth line from bottom: Table 3 should be Table 7.
Pg. 32, first column, 9th line from top: Table 7 should be Table 13.

Pg. 39, Table 17, last line in parens should be (1 ¢ 2).

TABLE 13

April and September Standing Crops of Brook Trout, Annual
Production, and Ratios of April and September
Standing Crops to Annual Production in
Lawrence Creek During 1960-64

STANDING CROP (Lbs./Acre) ANNUAL PRODUCTION

YEAR April  September (LLbs./Acre)
1960 37.0 51.6 93.0
1961 26.1 68.3 88.5
1962 61.1 62.6 83.6
1953 57.9 60.8 96.3
1964 68.9 70.8 91.3

RATIOS OF MONTHLY STANDING CROPS TO ANNUAL PRODUCTION

YEAR
April Standing Crop : Annual Prod. September Standing Crop : Annual Prod.

1960 1:2.5 1:1.8
1961 1:3.4 1:1.3
1962 1:1.4 1:1.3
1963 1:1.7 1:1.6
1964 1:1.3 1:1.3

5-Year Means 1:2.1 1:1.5

Thank you for your cooperation.

WISCONSIN CONSERVATION DEPARTMENT
Research and Planning Division
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ABSTRACT

Production (total growth in weight by all fish in
the population during a given time period including
growth by fish that died during the period) of wild
brook trout (Salvelinus fontinalis) in Lawrence
Creek was calculated monthly during 1960-64, for
all age groups, and throughout the lifespan of the
1959-61 year classes. Contemporary statistics on the
sport fishery were derived from a compulsory creel
census. Three trout population estimates made an-
nually with electrofishing gear provided the basic
data for estimating monthly numerical densities.
Growth data were collected monthly from known-age
trout during 1963 and in April, June, and September
during all other years.

Data summarizing growth, biomass, angler har-
vest and production for 60 consecutive months are
presented separately for stream sections A and B
and then for the entire stream by including less
precise data for stream sections C and D.

Standing crops of brook trout were higher per
unit area in section B than in section A during 58 of
60 consecutive months. Mean monthly biomass was
44 pounds per acre in A and 60 pounds per acre in B.
Maximum monthly biomass in section A was ac-
counted for by age group I trout in 4 of the 5 years
and by age group 0 trout in 1 year. In section B peak
biomass was attained by age 0 trout 2 of the 5 years
and by age I trout in 8 years. Biomass normally de-
clined from an October peak one year until May or
June of the folllowing year. Biomass then increased
steadily to another peak in October that was termi-
nated by the onset of spawning.

Mean annual production was 48% greater in sec-
tion B (104 pounds per acre) than in section A (70
pounds per acre) over the 5-year period. Maximum
production per month occurred in June in both sec-
tions all 5 years. Monthly and annual production
were usually higher in section B because it had
greater densities of age group 0 trout, not because
growth was better there. Production was negative
during 10 of 60 months in section A and during 8
of 60 months in section B.

Annual production in the entire stream varied by
only 15% during 1960-64, ranging from 84-96 pounds
per acre. Production by age 0 and age I trout ac-
counted for 81-95% of annual production.

Production by the 1959-61 year classes during
their lifespans amounted to 157, 68, and 119 pounds

per acre, respectively. Production was greatest dur-
ing the first year of life for all three year classes.

During the 1961-64 trout fishing seasons 442-752
brook trout 8 inches (minimum legal size limit) or
larger were creeled annually. Annual harvests

amounted to 9-14 pounds per acre. The bulk of the

catch consisted of age II trout. No age 0 trout were
creeled and so few of age I were taken that standing
crops and production were essentially unaltered by
angler harvest during the first two years of life.
Weights of annual angler harvests were equivalent
to 10-15% of annual production.

Angler harvests from the 1959-61 year classes
were equivalent to 6%, 16%, and 15% of lifetime
production by the 3 year classes.

Annual production during 1960-64 averaged 2.1
times greater than standing crops present in April
and 1.5 times greater than standing crops present
in September.

Although production varied greatly within age
groups from year to year, annual production by all
age groups consistently approached 90 pounds per
acre. The trout food supply did not appear to criti-
cally limit annual production.

Data concerning accumulated production at the
end of successive years of life, and the amounts still
present as the standing crop, or removed by anglers,
or removed by natural mortality are presented and
discussed for three-year classes of brook trout.
These data constitute perhaps the most significant
contribution of this study.

Reliable indices of two of the most important para-
meters of the population, i.e., annual production and
the amount of this production removed annually by
anglers, could have been obtained from a study last-
ing one or two years. However, a study covering the
lifespan of several generations of trout was judged
essential before biomass, production, and harvest
could be reliably associated with age groups typical
of the population.

During the lifespan of a year class of brook trout
in Lawrence Creek production is equivalent to less
than one-half of 1% of “potential production” (de-
fined as the product of the number of emerging fry
and the weight attained by the last survivor).
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INTRODUCTION

Production is the amount of tissue elaborated dur-
ing a specified period of time regardless of whether
or not all of it ig still present at the end of that
time (Ivlev, 1945; Gerking, 1962). In contrast to
measures of standing crops, which only account for
growth of fish still living, production accounts for
growth by all fish in a population during a given
time period including growth achieved by fish that
died during the period.*

Production, so defined, was calculated for the wild
brook trout (Salvelinus fontinalis) population in
Lawrence Creek for the years 1960-64 and during
the lifespan of the 1959-61 year classes. These pro-
duction data, dependent upon the dynamic relation-
ship of numerical density and growth rates of trout
in Lawrence Creek plus contemporary data on ang-
ler harvest derived from a compulsory creel census,
constitute the basis of this report. These produc-
tion and harvest data are also part of a larger iticom-
pleted study concerning changes in a trout popula-
tion and its food supply resulting from changes in
stream morphometry due to intensive habitat altera-
tion.

Published measures of standing crops of fish in
lakes and streams are relatively common. Measures
of standing crops and yield are much less common.
Estimates of production are rare in fishery litera-
ture, and determination of production and yield even
more so. This situation is unfortunate in view of the
great value of production data in understanding fish
population dynamics. Christenson and Smith (1965)
have stated: “In an analysis of a fishery, the de-
termination of the capability of a water to produce
fish is of primary importance.” Production data,
such as those to be presented for the Lawrence Creek
fishery, are, therefore, of primary importance be-
cause they attempt to account for all growth in a
fish population.

The value of securing fish production data has also
been stressed by Ricker and Foerster (1948) who
concluded: “. .. if a computation of production dif-
fers from the true value even by 50 percent, it is
still a much better piece of information than is yield
for the purpose of estimating the utilization of fish
food resources, or in connection with most other
questions involving the ‘trophic-dynamic’ aspect of
aquatic ecology.” In his thorough investigation of
production in three populations of juvenile coho sal-
mon (Oncorhynchus kisutch), Chapman determined
that production was 1.5 to 3.0 times greater than

*Production, standing crop and other terms used in this
bulletin are defined on page 5.

weight of the seaward migrants. This finding sug-
gested to him ‘“the importance of obtaining produc-
tion data for any quantitative consideration of tro-
phic relationghips in these streams.” Carlander
(1955) emphasized the superiority of production in-
formation over measures of standing crops because:
“Standing crops of fish do not necessarily bear a
close relationship to fish production, but usually the
standing crop is the only available estimate of fish
production.”

Basic data required to calculate fish production
are: (1) the standing crop by number and weight
present some time during the year, (2) rates of
growth during sucessive short periods throughout
the year, and (38) rates of mortality during these
same periods. Use of such values to compute pro-
duction and interpret its biological significance was
pioneered by Ricker and Foerster (1948) in their
investigation of young sockeye salmon (Oncorhyn-
chus nerka) in Cultus Lake, British Columbia. One
of the first important accounts of fish production in
flowing waters was reported by Allen (1951) in his
monograph on wild brown trout (Salmo trutta) in
the Horokiwi Stream, New Zealand. Other accounts
of fish production in lakes or ponds have been pub-
lished by Johnson and Hasler (1954) concerning
domestic rainbow trout (Salmo gairdmeri) stocked
in six small privately-controlled lakes in Michigan
and Wiscongsin, by Hatch and Webster (1961) con-
cerning stocked domestic and wild brook trout in
four small private lakes in New York, by Gerking
(1962) concerning bluegill sunfish (Lepomis macro-
chirus) in Wyland Lake, Indiana, by Cooper, Hidu,
and Anderson (1963) concerning large mouth bass
(Micropterus salmoides) production in a small pond
in Pennsylvania, and by Flick and Webster (1964)
concerning production of domestic and “wild” brook

trout stocked in several drainable ponds in New
York.

Reports of production in streams include papers
by Horton (1961) dealing with wild brown trout
(Salmo trutta) in three short stretches of Walla
Brook, England, by Warren, Wales, Davis, and
Doudoroff (1964) dealing with wild and domestic
cutthroat trout (Salmo clarki) stocked in four ex-
perimental sections of Berry Creek, Oregon, and by
Chapman (1965) dealing with wild coho salmon in
three small coastal streams in Oregon.

My investigation differs from those studies cited
in two significant ways: (1) Only the Lawrence
Creek data concern production and angler harvest of
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wild brook trout in a lotic environment. (2) The
Lawrence Creek data include chronological summa-
tions of production by three year classes of stream-
dwelling salmonids from emergence to extinction.
Allen (1951) and Horton (1961) determined produc-
tion by a “year class” by summing production within
a single year by all age groups. However, my data
suggest that such hypothetical calculations, depend-

ent upon assumptions of initially similar density of
several successive generations plus similar rates of
growth and mortality, may be substantially different
from actual production by a generation of trout dur-
ing its lifetime.

The relevance of these and the other studies cited
will be considered in more detail in the Discussion
section of this bulletin.

TERMINOLOGY

The following terms and their definitions are used
in this study:

PRODUCTION: Growth in weight by all fish in
the population during a specified period of time in-
cluding growth by fish that died during the period.

ACCUMULATED PRODUCTION: The sum of
production from month to month for the time periods
specified.

NEGATIVE PRODUCTION: A loss of body
weight greater than the elaboration of new body
material by the population during a specified period
of time.

POTENTIAL PRODUCTION: The maximum
quantity of organic matter that could have heen
elaborated during the life of a year class if all
emerging fry attained the weight of the last survi-
vor.

STANDING CROP: The number and/or weight
of fish present at any one time.

STOCK: Used interchangeably with ‘standing
crop”.

BIOMASS: Weight of the standing crop of fish
present at any one time.

ANGLER HARVEST: The number and/or weight
of legal-sized fish removed by fishing.

YEAR CLASS: The fish hatched in a given year.
In Lawrence Creek brook trout spawn in the autumn
of one year and hatching occurs early in the follow-
ing year. Year classes are identified by the year of
hatching.

AGE GROUP or AGE: The year of life of a year
class or generation indicated by a roman numeral.
Although emergence of age group 0 brook trout is
considered to occur on February 1, the age group
becomes age group I eleven months later on January
1. Thus, the first “year of life” is only 11 months
long.

(g), (i) and (k): Instantaneous rates of growth,
mortality, and increase or decrease in biomass, re-
spectively, during a specified period of time (k=g-i).

DESCRIPTION OF LAWRENCE CREEK

Although previous published accounts of research
at Lawrence Creek contained descriptions of its phy-
sical and biotic characteristics, much new informa-
tion has been assembled. In addition, resurveys of
stream morphometry have revealed substantial dif-
ferences in physical dimensions of stream sections
used in this report and those previously published.

Lawrence Creek is located about 40 miles south-
southeast of the geographical center of Wisconsin.
Local annual rainfall averages 29 inches (Table 18,
Appendix). The stream is 3.36 miles long from the
junction of its two main tributaries in Adams County
to its termination at Lawrence Millpond in Marquet-
te County. All but 350 yards of the stream (in sec-
tion D) is included within the 824-acre Lawrence
Creek Public Hunting and Fishing Grounds. The
stream has an approximate surface-water drainage

area of 6.4 square miles, and an approximate ground-
water drainage area of 16.8 square miles. Elevation
at its source is 920 feet and total drop is 29 feet, or
8.5 feet per mile.

Poff and Threinen (1963) classified 15 of the 30
streams in Marquette County as trout streams, and
44% (109 miles) of the total stream mileage as
trout waters. Lawrence Creek maintains the best
population of wild brook trout in the county.

During 1963 detailed maps (scale of 1 inch = 25
feet) were prepared of stream sections A and B.
Stream bottom was classified as sand, silt, or gravel;
all pools were drawn to scale and their maximum
depths were recorded; amounts and locations of
permanent bank cover (defined as at least 12 inches
of water depth beneath at least 6 inches of overhang-
ing cover) were recorded; average cross-sectional

—_—5




A major spawning area in section A of Lawrence Creek.
A luxuriant growth of water cress provides excellent
habitat for young trout.

The upper half of section B meanders through a marsh
meadow. The riffle portion of section B, like A above,
provides several hundred yards of clean gravel, moderate
water depth, moderate velocity and numerous feeder
springs.

Below section B, the siream meanders through a second
marsh meadow area which includes most of stream sec-
tions C and D. Here the width increases, and long sandy
flats are interspersed between deep holes on the bends.




depth of the stream channel was determined at 20-%

foot intervals. Bottom types, pools, cover, and depth

were recorded in the spring before streamflow was
confined by flourishing aquatic vegetation. Separate
maps were prepared for each numbered electrofish- :
ing station of approximately 100 yards within each :

section. A reproduction of one of these maps is in-

cluded as Figure 23, Appendix. Permanent bench -

marks, consisting of numbered metal fence posts
were erected to provide fixed points for comparative
resurveys during 1966-67.

Physical dimensions of the four stream sections
based on the most recent data are summarized in
Table 1. Data on bottom types, pools, and perman-
ent bank cover are also included for sections A and
B. Similar empirical data are not presently available
for sections C and D. In general terms, C and D both
contain more deep pools and probably more perman-
ent bank cover than A and B. Gradient of C and D is
lower. There are many long sandy flats and thicker
accumulations of silt, but the amount of exposed
gravel is much less. Dimensions of all sections were
determined by taped measurements in 1955, Only
the dimensions of A and B were revised following
the precise mapping done in 1963. The planimetered
acreage of section A based on the 1963 maps was
88% greater than the 1955 estimate (8.81 vs. 2.03
acres) and the surface area of section B was in-
creased by 38% (from 2.28 to 3.15 acres) following
the 1963 survey.

Stream temperature has been monitored continu-
ously at two sites since 1956. One thermograph re-
corder is located at the A-B boundary. The other is
two miles downstream in section D. Streamflow has
been automatically recorded at a site near the C-D
boundary since 1960, and weekly staff gauge read-
ings have been made at the A-B boundary bridge
and at the outlet since 1955.

I

i
I

Both the temperature regime and flow of Law-
ence Creek appear to be quite stable from year to
‘year. Undisturbed natural vegetation over most of
the watershed reduces direct runoff to the stream

- and flood stages are of short duration in comparison
to conditions on many other trout streams in central

Wisconsin  (Fig. 1). It is common knowledge

" among local anglers that Lawrence Creek is rela-

tively clear-flowing when other nearby streams are
too flooded and turbid to be fished. The large deep
aquifer supplying Lawrence Creek through a series
of scenic springs throughout its length undoubtedly
contributes to its relatively high stability in flow
and temperature from year to year (see Tables 19
and 20, Appendix).

Annual water temperature normally ranges from
32°F, recorded 5-10 days each winter, to about 75°F,
recorded 1-3 days each summer. Maximum water
temperature usually exceeds 60° about 25% of the
days, exceeds 55° about 509% of the days and ex-
ceeds 45° about 75% of the days each year. Weekly
means range from about 35° to 65° annually (Fig.
2). Comparisons of temperature data from the two
recording sites indicate differences of about 2° in
monthly means. The lower portion of the stream is
slightly colder in the winter and slightly warmer in
the summer.

At the junction of the two main {fributaries, base-
flow is approximately 3.5 c.f.s. Volume of flow in-
creases to about 10 c.f.s. at the A-B boundary bridge,
to 16 c.f.s. at the C-D water level recorder site, and
to 20 cf.s. at the mouth. A typical annual summary
of monthly mean streamflows and monthly extremes
based on continuous flow records at the C-D recorder
site is illustrated in Figure 3. Streamflow ranged
from 15 c.f.s. in July to 85 c.f.s. in May. Monthly
mean flows covered a range of only 16.8 - 18.8 c.f.s.
for December and June, respectively.

TABLE |
Physical Characteristics of the Four Study Sections of Lawrence Creek Labeled A Through D Proceeding Downstream

Section of Stream

Item A B C D Total
Length in feet 5631 4525 3831 3713 17750
Average width in feet 23 24 26 33
Area in acres 3.81 3.15 2.29 2.80 12.05
Percent of stream bottom composed of:
sand 48.8 50.8
silt 46.7 371
gravel 4.5 11.8
Number of pools* 188 275
Average pool depth in inches 17.3 17.6
Percent of bottom in pools 4.4 7.8
Permanent bank cover in feet 719 750

* Pools were defined as depressions in the stream bottom wherever there was an abrupt change in bottom slope.
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Figure 1. Comparisons of monthly mean sireamflow of Lawrence Creek and Litile Plover
River, a brook frout siream of the same length located 50 miles north of Lawrence Creek.

Chemical analyses of water samples taken from
midstream in March, 1963, before the spring thaw,

vielded these results:

Total Alkalinity (CaCO,) 162
Phosphate as P 0.020
Nitrate Nitrogen 1.80
Calcium Ca++ 43.5
Magnesium Mgt+ 16.0
Sodium Na+ 1.40
Potassium K+ 14
Sulfate SO, = 1.0
Iron Fet++ Trace >0.01
pH 8.0
Specific conductance at 25° C. 272.8

*76

704
ppm ¥ e
w 3
pPpm é k H H*
= 3
om i
ppm £ 0" t H
ppm 3
304
ppm
T T T ™ T T T T T L |
¢ OF M A M s A s o
ppm WEEKS AND MONTHS OF 1964
ppm .
Figure 2. Weekly range and weekly mean water temperature of
Ppm Lawrence Creek at the section A-B boundary during 1964. Weekly

means indicated by the cross-bars are averages of 7 daily means.
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Figure 3. Monthly range and monthly mean streamflow of Law-
rence Creek at the section C recorder site during 1960. Monthly
means indicated by the cross-bars are averages of daily means
for the month.

METHODS

Population Size, Growth and Production

Production of brook trout in Lawrence Creek was
calculated as the product of the average biomass
and the instantaneous rate of growth (g) for each
age group each month. Average monthly biomass
represented the arithmetic mean of biomass at the
beginning and end of each month. Biomass at the
beginning of the month represented the product of
the number of trout of each age and the average
weight of an individual fish of that age.

Population size at the beginning of each month
(beyond the 6th month of life) was determined
graphically by plotting straight line interpolations
between three fixed point estimates within the
yvear and one point from the year before and the
yvear after. These point estimates represented stand-
ing crops of trout present at the time of the annual
April, June, and September population estimates.
Population estimate data, based on two electrofish-
ing runs through the entire stream, were summar-
ized by age group and inch-group within each of the
four experimental sections (A-D). Since 1959, age
structure calculations have been based on frequency
distributions of marked, known-age trout within
each inch group. During 1955-58, scale samples were

collected to augment data on known-age trout dur-
ing the time a predominantly known-age population
was being established. As a part of each June popu-
lation estimate beginning in 1959, permanent marks
were applied to all unmarked young-of-the-year cap-
tured on both electrofishing runs. Markings desig-
nated the year of hatching and the section of cap-
ture. Unmarked young-of-the-year trout captured
during September population estimates that had es-
caped capture in June were also marked. As a result
of these biannual marking operations, at least 75%
of the 1959-65 year classes consisted of marked in-
dividuals by the end of their tenth month of life.
Electrofishing efficiencies on both marking and re-
capture runs were normally so high in Lawrence
Creek that 95% confidence limits for population esti-
mates usually differed by less than 5% from the
point estimates for numbers of age I and age II trout
present within each section, by less than 5% for

the number of age 0 trout present in sections A and
B, and by less than 109 for the number of age 0
trout present in sections C and D. As an example,
Table 21 in the Appendix provides a summary of the
number of trout of each age estimated to be present
in each stream section in April and September, 1963
and the 95% confidence limits expressed as a per-
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centage (plus or minus) of these point estimates.
Additional descriptions of the routine population
estimate procedures used at Lawrence Creek have
been published by McFadden (1961) and Hunt, Bry-
nildson and McFadden (1962).

Growth data were collected monthly during 1963.
A 230-volt D.C. electrofishing unit was used to
collect monthly samples of trout from the same
300-yard stretches of sections A and B. Length-
weight data were taken in the field from marked,
known-age trout only, sex was recorded when pos-
sible, and the trout were released. Point estimates
of mean lengths and weights were plotted on calen-
dar paper for each month. Lengths and weights as
of the first day of each month were read from
straight line plots connecting sampling points with-
in the month and point estimates for the previous
month. Since trout of age-group IV were not consis-
tently present in the 300-yard sampling zones,
monthly increments of growth were estimated from
data gathered throughout each section during sever-
al April, June, and September population estimates.

Monthly increments of growth in other years were
derived from free-hand curves anchored by the 3
point estimates of growth during the year. Through-
out the study growth data were collected during
each April, June, and September population esti-
mate. The 1963 growth curves determined for each
age group on the basis of 12-point estimates were
used as guides to construct growth curves for other
vears of less intensive sampling.

Estimates of population size and growth of age-
group 0 brook trout required additional calculations
for the first 5 months of life since this age group
was not included in population estimates until June.
Year class density at emergence was based on an
estimate of egg production by the parent spawning
stock and annual sampling of trout redds to deter-
mine success of embryonic development. The product
of potential egg deposition and percentage of viable
eggs or sac-fry provided an estimate of the number
of fry emerging. Although a few fry are known to
emerge as early as January 1 in Lawrence Creek,
peak emergence is normally closer to February 1.
This date was used as a standard in all production
calculations each year. Consequently annual produc-
tion for age group 0 represents the sum of only 11
monthly increments. Numbers of age 0 brook trout
for the months of March, April, May and June were
estimated graphically by extending a curved line
(using a French curve) backward from the fixed
mid-September estimate, through the fixed mid-
June estimate to the speculative estimate at emer-
gence. Chapman (1965) relied upon approximately

the same technique to estimate densities of coho
salmon during their first few months of life.

Increments of growth in length and weight of age
0 brook trout during the February-June period were
determined empirically from samples collected
monthly during 1963. Fry were collected with a
hand-net or electric shocker and returned to the
laboratory. A triple-beam balance was used to de-
termine the aggregate weight (to 0.1 grams) of the
live sample of fry and an average weight was com-
puted. Mean length (to 0.1 inches) was based on
measurements of individual fry. Growth increments
of age 0 brook trout for February, March and April,
as determined in 1963, were used for these three
months for all years. Between-year variaticns in
monthly growth entered the calculations from May
through December.

A computer program was employed to carry out
final mathematical calculations of production. Basic
data fed into the computer program included num-
bers of trout of each age present and their mean in-
dividual weights at the beginning of each month.
Calculations followed the methods outlined by Ricker
(1958). Final print-out sheets contained monthly
tabulations of instantaneous growth rates (g), in-
stantaneous mortality rates (r), instantaneous rates
of increase or decrease (k), biomass in grams on
the first of the month, average monthly biomass
in grams and production in grams and pounds. Also
included were the original entries of population size
and mean individual weight at the beginning of each
time interval.

Facsimiles of the program data form and finished
print-out form are included as Figures 24 and 25,
(Appendix).

Habitat alteration to improve the trout popula-
tion of Lawrence Creek was carried out during 1964.
Installation of overhanging bank-cover devices and
current deflectors throughout section A, the upper
mile of Lawrence Creek, was undertaken intensively
to (1) narrow and deepen the stream channel, (2)
provide increased year-round cover for trout, and
(3) increase the trout food supply by exposing sand-
covered gravel and by providing more surface area
of logs and stones for attachment of aquatic organ-
isms. The plan to evaluate the effectiveness of this
development consists of comparing and interrelating
changes in (1) the trout population and its food sup-
ply, (2) physical features of the stream, and (3) the
angler harvest. The plan also provides for monitoring
these factors in an adjacent undeveloped section of
stream to provide a baseline reference throughout
the study. Consequently, when the trout production
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program was designed it included measures of pro-
duction only within section A, the development zone,
and section B, the adjacent reference zone.

Therefore, within the following units of this bul-

letin dealing with results and a discussion of their
implications, emphasis will be placed first upon ang-
ler harvest and production in sections A and B, and
second upon harvest and production in the entire
stream by including less precise estimates of pro-
duction in sections C and D.

Estimates of production in sections C and D were

obtained in the following manner:

1. A ratio of mean annual biomass of trout to
annual production was calculated separately
for each age group in section A and in section
B each year. Mean biomass was based on
standing crops determined by population esti-
mates in April, June, and September. Annual
production for A and B was derived from the
computer program calculations.

2. Mean standing crops of trout of each age group
in sections C and D were derived from April,
June, and September population estimate data.

3. Comparisons of growth of trout within sec-
tions indicated that growth in section C was
similar to growth in section B, and growth in
gection D was similar to growth in section A.
Therefore, age group ratios of mean annual
standing crops to annual production in section
A were applied to mean annual standing crops
of trout in section D to yield estimates of an-
nual production by each age group in section D.

4, Similarly, standing crop — production ratios
for section B were applied to standing crops of
trout present in section C to derive estimates
of anmmual production by each age group in
section C.

Angler Harvest

Angler harvest data were obtained by the same
procedure in all stream sections for all years. A
compulsory creel census has been conducted at Law-
rence Creek since establishment of a year-round
trout research station there in 1955. Anglers were
required to obtain a free permit at the checking sta-
tion on the stream before each fishing trip. Permits
were returned and catches were presented for exam-
ination before anglers left the area. Anglers could
choose any stream section, but permits were issued
for only one section per angling trip. Creel census
data included the amount of angling effort and com-
position of the catch from each section each fishing
season. Length, weight, sex, and age data were re-
corded for all trout in the catch.

Lawrence Creek is the only trout stream in Wis-
consin where a compulsory creel census is operative.
The system is used to more efficiently evaluate
various experimental fishing regulations, a funda-
mental research objective at Lawrence Creek.

Effects of various size limits, bag limits, and lure
restrictions on this brook trout fishery have been
reported by McFadden (1956), McFadden (1961),
Hunt et al. (1962), and Hunt (1964).

RESULTS

Data summarizing seasonal and annual trends of
growth and density of brook trout in Lawrence
Creek are presented in some detail in order to (1)
characterize the quality of the data entering the
production calculations, and (2) describe what is
known about growth and density of a brook trout
population for its intrinsic merit.

Standing Crops

Monthly standing crops of brook trout in section
A ranged from 39.0 pounds per acre in January to
53.4 pounds per acre in July, 1963. In section B
standing crops ranged from 42.5 pounds per acre in
April to 76.0 pounds per acre in October. The aver-
age standing crop for the year was 45.7 pounds per
acre in A and 57.5 pounds per acre in B.

Age structure of the average standing crop in
sections A and B for 1968 is summarized in Table 2.

The data in Table 2 reveal that the 26% higher
average standing crop in section B was largely due
to its nearly 100% greater average density of age 0

trout. Densities of other age groups were nearly the
same in the two sections.

Section A—1963

The standing crop of age group 0 brook trout in
section A declined from about 4.5 pounds per acre
at emergence to 0.7 pounds per acre in mid-March
(Fig. 4). Thereafter its biomass increased each

TABLE 2

Average Standing Crop of Brook Trout Per Acre in
Sections A and B During 1963 Summarized by Age
Group Within Sections

