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ABSTRACT

Analysis of data collected by the application of a manda-
tory creel count on a 2.4-mile section of Augusta Creek in south-
westem lichigan over a five-year period revealed the following
infomation. Fishermen spent more than 20,700 hours angling, and
caught 6,930 trout; 6,062 were planted rainbow trout, 479 planted
brown trout, 384 brown trout assumed to be native to the stream
or carried over from previous plantings, and one was a brook trout.

Nearly ninety percent of all trout creeled were taken by bait
fishermen, seven percent by fly fishermen, and six percent by an-
glers using artificial plugs and spinners.

Of a total of 104570 trout stocked in the stream section,
6,255 were taken in the year in which they were planted, and 267
were taken in subsequent years for an over-all return to the creel
of 61.8 percent over the five-year periodes This figure does not
include trout caught outside the experimental stream section.

The average catch per angler dropped from 2.4 trout in 1952
to 1.3 trout in 1956, This decrease is attributed to the increase
in angling pressure on the stream.

Approximately sixty percent of all angler visits to the stream
resulted in zero catches. It seems apparent that the percentage
of zero catches is a function of the number of hours fished, with

the more "patient® anglers recording the largest catches.






Only 8.3 percent of the anzlers accounted for more than
fifty percent of the total number of trout caught during the
five-year study period. The frequency distribution of various-
sized catches can be represented by a curve similar to that of
the Pareto distribution of special abilities as applied to in-
comes in a stable society or home runs in baseball. This im-
plies that anglers' catches may be directly related to special
abilities of fishermen, and that some individuals have an in-
herited or acquired ability to catch fish, while others are not
so endowed.

The retums of planted trout from the Augusta Creek test
stream indicate that the present stocking policy is adequately
efficient, even though more than fifty percent of the anglers
reported no trout to the creels It is possible that a substan-
tial percentage of planted trout are caught outside the experi-
mental area, and that the retums reported should be considered

mninimum returns.
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INTRODU CTION

Description and History of Augusta Creek

Augusta Creek is located in an area of glacial outwash plains
north of the village of Augusta, Michigan, in the southwestern por-
tion of the state.l The stream section under consideration lies in
Ross Township, Kalamazoo County, Tier 1 south, Range 9 west, and flows
generally southward through sections 21,22 and 27 (Fig. 1). The stream
is approximately twenty-five miles long, and is joined by several small
tritutaries. It discharges into the Kalamazoo River in the village of
* Augusta.

The northem limit of the study area is highway 89; the southem
limit is the south property line of a LB85-acre tract of multiple-use
forest land donated to Michigan State University in 1932 by the late
W.K., Kellogg of Battle Creek, Michigan. This portion of the stream
is approximately 2.4 miles in length (Fig. 1). The average width is
thirty feet. The depth varies from as little as one foot in midwstream
riffle areas to more than four feet in some of the deeper pools. The
stream gradient through the forest is approximately 6.5 feet per mile;
the volume flow, measured to only moderate acauracy in the summer of
1957, was 61.0 cubic feet per second. Figures 2a and 2b give somé in-

dication of the appearance of the stream section through the forest.,

1l
Sources Map of the Surface Formations of the Scuthern Peninsula
of Michigan. Mich. Dept. Cons. Geol. Sur. Div., 1955.
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Fig. 1. Sketch map of Augusta Creek, Michigan, showing location
of the Kellogg Forest
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Recent temperature records show summer stream temperatures
to be fairly stable, ranging between fifty and seventy degrees
Fahrenheit. Only seldom does the temperature rise to more than
seventy degrees. The summer temperatures are regarded as being
well within the tolerance limits for trout. Winter conditions
are not especially severe compared with other portions of the
state, and although the stream is covered by ice in most places
during the months of December, Jamuary and February, there is
seldom a snow covering over the stream for any extended period.

It is believed that originally most of the streams in the
state of Michigan were devoid of trout, including the streams of
the southern peninsula (Hubbs, Greeley and Tarzwell, 1932). Al-
though Augusta Creek is not listed by Brom (194L), it is a per-
manent stream, and has been widely utilized by anglers for a mm-

ber of years despite its moderate size.

Early Investigations and Stocking Methods

Experimentation first began on Augnsta Creek during the sum-
mer of 193k, when insect surveys and habitat alteration projects
were initiated in an attempt to improve the stream for trout. A
considerable number of stream alteration devices such as defleo-
tors, wing dams and digger logs were installed, and plantings of
willow cuttings and spruce and cottonwood seedlings were made along
the stream banks. Angling was reportedly poor, and it was believed
that increasing cover would reduce water temperatures, and instal-

1ling improvement devices would aid in scouring out deeper pools



and removing silt accumulations fram the stream bottom. Morofsky,
Tack and Lemmien (1949) reported that the alterations resulted in
increased numbers and types of traut food organisms, and also in-
creased trout catches, tut suggest that angling pressure increas-
ed even more rapidly than the yleld.

Prior to 1945 the management policy was to stock the stream

with eastern brook trout, Salvelinus fontinalis, since it was

considered at that time to be a suitable brook trout stream. The
species fared poorly; the stocking program failed to provide satis-
factory angling except for a short period during the early part of
the fishing season., Little sustained angling was offered after
the first few weeks, and catches were relatively poor.

In 1946, the stocking program was altered to include the

planting of brown trout (Salmo trutta) of catchable size (seven

inches or more in length)., It appeared that angling was provide
ed on a more sustained bgsis, but returns were still less than ef-
ficient.

The planting program was again altered in 1952. It was then
thought practical to replace browmn trout plantings with those of

catchable rainbow trout (Salmo gairdnerii). The present study

deals primarily with the rainbow trout phase of the planting

program,

Reason for the Study
The purpose of the present study was to detemmine the effect
of the rainbow trout stockings upon the angling retums, to find

what the effects of increased exploitation have been upom the






fishery, and to compare catch retums for various years of the
study. It was also of interest to determine whefher catch distri-
butions were a function of the number of hours fished, or if they

were explained as distributions of special ability among anglers.

Regulations and Creel Count

The primary objectives of the stream management program on
Augusta Creek are 1) to provide recreational facilities for as
many individuals as possible, and 2) to attempt to supply satisfactory
angling for all fishemmen utilizing the stream in the 1‘ellogg Forest
area.

The angling regulations in effect on Augusta Creek are the same
as for any other trout stream in the state of ®ichigan, tut in addi-
tion, all anglers fishing the stream within the property boundaries
of the Kellogg Forest must obtain a special pemmit, issued annually
without cost by the forester in charge. There is also a stipulation
that all anglers fishing the stream section are required to check
out at the termination of each fishing trip and to supply infommation
as to numbers and species of troﬁt caught, hours spent angling, baits
or lures used in taking fish, and markings on creeled fish (if any).
There is no restriction made as to the mumber of special permits is-
sued. This mandatory creel count has been in operation at the Kellogg
Forest since 1941, All fishemmen are directed to leave the property
by a single roadway; this pemits a complete intensive creel census

of all catches made within the boundaries of the Kellogg Forest area.



REVIEW OF LITERATURE

The creel count, or creal census, has been recognized as
a primary tool in fishery research. In accomplishing a yield
analysis, two methods are ordinarily adopted, 1) the generd
census, covering a random sampling of angling over a broad area,
and 2) the intensive census, restricted to certain selected
waters only. Both of the methods can provide valuable informa-
tion. Lagler (1952) lists various data of importance that may
be gathered by the use of the census.

A properly conducted creel count is knowmn to furmish an ex-
cellent check on remlts of stocking procedures, exploitation
of a fishery and the effectiveness of management methods. The
ideal count is an intensive one, rarely achieved in practice,

- in which every angler on the stream is interviewed, and all catch-
es are observed and recorded. Only a one-hundred-percent, seven-
day-a~-week creel count can achieve this ideal.

Studies by Mottley (1949) and Cooper (1951) suggest that vari-
ability of population estimates due to movement, catchability and
mortality are minimal, and that little migration of trout from the
stream section where plantings were made was noted. Shetter(1947)
reported migrations of as far as ten miles from the point of releass
by rainbow trout. In a later study, Shetter (1950) reported that
most hatchery fingerling trout recovered as legal fish were taken

less than one mile from the locality of release.






Unconfimed reports by anglers fishing Augusta Creek sug-
gest some migration of planted trout. The forester in charge
of the Xellogg Forest area asserted that "many" planted traut
are taken each year both above and below the stream section in
which they were released.

Scmck (1942) stated that the yield of trout is closely as-
sociated with the density of the trout population in a stream.

On this basis, catches of planted trout should be directly depen-
dent upon the actual number of stocked individuals, especially in
those streams with little or no natural recruitment to the popula-
tion, Chamberlain (1943) stated that the stocking of excess numbers
of trout can be detrimental, and that the catch should detemine
the number to be stocked. He suggested that overstocking spoils
the immediate fishing, and that most of the planted trout are lost,
and do not enter materially into subsequent catches.

Chamberlain (1942) also found that stocking of legal-sized
trout yielded the best returns where fishing pressuire was intense,
and that spring plantings gave higher returns than fall plantings.
Experiments by Shetter and Hazzard (1941, 1942) demonstrated that
in most Michigan streams, from two to six times as many hatchery
trout were caught from spring plantings as from fall plantings.
Smith (1941) conducted a creel census and tagging study on the Salmon
Trout River in the northern peninsula of Michigan and found that
fall plantings of legal-sized brook trout gave only a one percent
returm to the creel, while those stocked in the spring gave returns

of nearly twenty percent. He made the further observation that the
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spring-planted trout provided more sustained angling throughout
the entire angling season than those planted in the fall., In-
vestigations by Shetter (1947) afforded additional data in sup-
port of the view that spring plantings of legal-sized trout yield
higher returms to the creel than fall plantings.

Other experiments indicate that plantings of fingerling or
yearling trout are not profitable where fishing pressures are in-
tense. A three-year investigation of several Mjchigan streams by
Shetter (1939) disclosed that plantings of sub-legal (fingerling)
trout were not practical. None of the streams provided returns
of more than 1.6 percent of the total number stocked. Experiments
at Hunt Creek, Michigan in later years by the same investigator
(Shetter, 1950) gave returns of slightly more than two percent.
Chamberlain and Halloway (1942) and Chamberlain (1943) also pro-
mulgated the view that fingerling trout plantings yield unsatis-
factory returms in temms of catchable trout. Questionaires sent
to various states to determine trends in current fishery programs
during 1946 revealed that only three of twenty-one states question-
ed about trout propogation and planting reported good success with
the stocking of fingerlings or trout fry in streams, while nine of
them reported the practice as fair, and thirteen classified their
results as poor. (Eicher, 1546).

Stocking of sub-legal trout at Augusta Creek was discontinued
in 1946 because angler returns were considered unsatisfactory. A
planting program providing immediate angling for increasingly grow-

ing numbers of fishermen on the stream was needed,
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Plantings of legal-sized hatchery trout are now considered
to be the most efficient for meeting demands of fishemen for
trout, Information concerning creel retums from stocking catch-
able trout can be found in much of the literature (Shetter and
Hazzard, 1941; Chamberlain, 1942; Schuck, 1942; Cooper, 195L;

Vestal, 1954; Nielson, Reed, Reimers and Kennedy, 1957).

Another consideration involved in trout-stocking is that of
the inability of some species to survive winter conditions.

This inability is believed to be characteristic of hatchery trout
(Hewitt, 1938; Hazzard, 1941; Maciolek and Needham, 1952). The
studies of Needham (1947) suggest that this inability is associat-

ed with the severity of winter conditions, He found over-winter

loss of brown trout in Convict Creek, California to be about sixty
percent, regardless of the age of the trout. Nielson, Reed, Reimers
and Kernedy (1957) reported that some planted trout exibited an
ability to survive equal to that of resident brown trout of camparsble
size,

Several states have used ™est" streams (Lord, 1935) in studying
mortality rates, exploitation, survival and catchability of trout.
Among these test streams are Fumace Brook, Vermont; Rush, Convict
and Squaw creeks in Califormnia; Pigeon River and Hunt Creek in Michi-
gan. The studies on Augnsta Creek can also be oconsidered test stream
experiments.

Most of the test streams have been provided with some type of

stream alteration structures to alter habitat oconditions. These
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structures, and their relation to trout populations have been
investigated by several noted workers. Among the investigations
are those of Tarzwell (193, 1935, 1936, 1937, 1938), Hazzard
(1937), Shetter (1947) and Boussu (1954). Doctor Clarence M,
Tarzwell could well be called the pioneer of stream alteration
in Michigan,.

One of the most comprehensive reports of the effects of
stream alteration on trout populations was that of Shetter, Clark
and Hazzard (1947) on Hunt Creek, Michigan. An eight-year study
of changes in the stream attributed to the use of current defleo-
tors showed a total catch increase of 120 percent, even with an
increase of 64 percent in angling pressure, The studies were car-
ried on for three years before alteration structures were instal-
led and for five years following installations. Morofsky, Tack
and Lemmien (1949) gave evidence that stream alteration struo-
tures placed in a section of Augusta Creek within the present study
area resulted in increases in the numbers and types of trout food
organisms, and also in increases in the total trout catch from the
stream.

Of considerable interest to both the angler and the fishery
biologist is the percentage yleld of planted trout to the creel.
The highest returm noted in the literature was a record $2.2 per-
cent retum of planted catchable rainbow trout reported fram Bush
Cteek test stream in California (Vestal, 1954). It should be em-

phasized that the experimental stream section in the above study
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had been provided with weirs to prevent emigration of planted
trout from the planting locality. Cooper (1951) reported re-
tums of 31.5 to 39.7 percent from marked resident brown trout
of the Pigeon River, Michigan. Returns from plantings of legal-
sized trout at the Augusta Creek test stream reached L) percent
in 1947, and were thought to be unusually high for the state of
Michigan at that time (Morofsky, Tack and Lemmien, 1949). Later
analysis of creel count records from the same section of stream
(Shideler, 1952) showed returns of 60.2 and 1.0 percent for the
years 195 and 1951 respectively. Chamberlain (1942) considered
returns of planted trout to be adequate if they reached sixty per-

cent of the mumber stocked.



THE STOCKING PROGRAM

Studies first began on Augusta Creek on a contimious
basis in 1934 Prior to 1946, the stream was regarded as a
brook trout stream, as plantings indicate (table I). With
the exception of three earlier brown trout plantings in 192,
1927 and 1934, the stream had been planted consistently with
brook trout (Morofeky, Tack and Lemmien, 1949). Fingerling
and yearling trout were planted until 194)4; after that time,
only legal-siszed trout have been planted. The stocking sche-
dale for the years 1941 through 1951 is given in table I.

The creel count was not carried out on an organized basis
before 1946, and resalts of the earlier plantings are not avail-
able. An interesting study of creel count data taken during
the broma trout phase of managememt involving the same stream
section was presented by Shideler (1952), in which data were
grouped into visit categories in an effort to indicate a rela-
tionship between angling frequency and angling saccess. The
conclusion made was that anglers frequenting the stream most
often were able to take more trout because of familiarity with
the stream.

Planting experiments with legal-sized reinbow trout began
in 1952, A few brook trout continued to appear in angler's
creels through 1952, tut after that time, they disappeared en-

tirely from the catch.

1L
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Planting Schedule for Augusta Creek in Kellogg Forest, 1941-1951.

Table I

15

Year Species Average length Number
19a Brook trout Yearlings 1,000
9 Brook trout 3 months 6,000
9 Brook trout 7 months 1,000
1942 Brook trout Yearlings 500
1943 Brook trout Yearlings 1,200
194h Brook trout 7% -10%" 300
1945 Bromn trout 8w 700
1946 Brom trout ™ -~ 8» 1,600
1947 Brown trout 8%» 800
1948 Brown trout Tir-93n 2,100
1949 Brom troaut Legals 2,300
19% Brown trout " 1.500
1951 Bromn trout " 500
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The plantings were distributed more or less randomly through-
ocout the stream section at various times during the fishing seascn,
with planting frequencies ranging from as few as four in 1953 to
nine in 1956, All trout planted were furmished by the state trout
hatchery at #olf Lake, Michigan, and were transported and releas-
ed by personnel of the Michigan State Department of Conservation.
The trout were variously marked either by tagging or removal of
fins; in some cases, markings were not deemed necessary. A oom-
plete planting schedule is given in table II for years 1952 to
1956,

The department of Fisheries and Wildlife of Michigan State
University is responsitle for administering both the creel ocount
and the management program, with forestry personnel residing on
the property making the actual creel ocounts, and being paid a
monthly stipend for the service.

As stated by Davis, 1938, two of the most important objec-
tives in trout stream management are 1) to provide satisfactory
fishing at a reasonable cost, and 2) to provide fairly good angl-
ing throughout the entire fishing season. These two objectives
are considered of paramount importance in the management of the
Angusta Creek fishery.
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Table II
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Planting Schedule for Augusta Creek in Kellogg Forest, 1952-1956.

the 1956 seasm, beginning on L/2L/56.
One additional planting was made on 8/22/56

Planting Specles Averege sizse MNumber Identifica-
Date Stocked tion mark
ly11/52 Rainbow trout " - 9® 500 None
5/16/52 L] ] ™ = 9" "
6/12/52 " " " =10* 500 "
8/19/52 . " 7% -10" 500 "
W/10/53 Rainbow trout 83 500 LV clipped
5/22/53 " " 8%: 500 ] "
6/11/53 ] " 8%" 500 " "
8/26/53 L L 10% 500 L "
l/12/5) Rainbow trout 10" 500 LP clipped
L/21/54 L) " 7" 320 Jaw-tagged
5/13/5k " " 10 %0  LP clipped
6/22/5& n n gw 500 " "
8/12/5h " n gn 500 n L

" 250 rainbow trout planted each  All legals
week for seven weeks beginning 7" and over
on L4/26/55. One additional plant- 2,000 None
ing was made on 8/15/55.
Both rainbow and brown trout were A4ll legals
planted, 125 of each species each 7% and over
week for the first eight weeks of 2,25 AD clipped
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RESJLTS OF THE CREEL COUNT

1952 Returns

The 1952 returns were based on a restricted, stratified sample
of twenty=two days selected before the ppening of the fishing sea-
son (Fig. 3a)e On these sampling days, data were collected from
both successful and unsuccessful anglers; on all other days during
the season, records were kept only of the successful visits to the
stream section. It was therefore necessary to extrapolate from the
sampling data to determine zero catches and total hours spent angl-
ing. Thus zero catch figures and estimated total hours fished are
accurate only in so far as the sample was representative of the en-
tire fishing season.

During 1952, 607 anglers were issued special permmits, and fish-
ed 108 days out of a total of 135 days in the fishing season. This
was an increase of twelve percent in the number of anglers over the
preceding year. A total of 1,251 visits were made to the stream,
and anglers spent approximately 3,250 hours in the pursuit of their
sporte The total yearly catch was recorded as 1,482 trout, of
which 1,305 were rainbow trout (88.1 percent), 176 were brown trout
(11.9 percent) and only one a brook trout. The 1,305 rainbow trout
made up 62,5 percent of the 2,000 planted in 1952, for an increase
of 24.2 percent over 1951 returms of planted trout,

Bait fishermen spent 886 hours at the sport during the twenty-
two days sampled, and accounted for 90 percent of the total catch.
Fly fishemmen spent 789 hours and caught 9 percent of the trout, while

anglers using plugs or spinners or spinners fished only 8 hours and
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Figure 3a. Days selected for the

random sample, 1952 angling seasone
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accounted for the remaining portion of the catch. The average
catch per angler during 1952 was 2.4 trout per angler hour. <here
were 637 successful visits to the stream section, and approximately
61l visits yielded no trout to the creel. Only eleven percent of
the total trips produced 55.9 percent of the entire season's catch.
The most successful month was May, and the poorest was Yuly. The
angling intensity was also highest in May, and lightest in July.
One angler caught thirteen trout, and one caught twelve (this was
the last year that a fifteen-trout 1limit was in effect in Michigan).
Eleven anglers caught ten trout each. Eighty-four rainbow trout

of those stocked in 1952 were caught in the following year, bring-
ing the total return of 1952 plantings to 69.4 percent., This re-
tum was the highest recorded for any year during the five-year
study period. Monthly creel census data for 1952 are given in
table III; a camplete summary of data for the five-year period is
shown in table IV,






Table III

y

Monthly Summary of Angling Data - Augnsta Creek, Michigan, 1952.

Apr. May Jun. Jul. Ang. Sept.

o

Days in month k4] a 30 a k1 30
Days fished 5 4] 2l 18 a 13
Number of visits 169 182 86 56 8L 60
Hours fished Lol 188 61 55 u3 L
Hours fished- bait  L62 162 usé 52 31 37
Hours fished - fly 29 18 15 3 13 L
Hours fished - plug O 8 0 0 0 8
Average catch/visit 1.8 2.3 2.9 2.1 2.7 2.4
Rainbow trout catch 248 360 232 111 a2 142
Brown trout catch 64 59 3 8 17 5
Total catch 312 W 255 119 229 147
Catch by bait 278 363 223 110 191 123
Catch by flies 28 27 2L 8 0 1y
Catch with plugs 0 ko) -~ 8 1 17 10

‘}/Bused on data from partially restricted random sampling of 22
days of the 1952 fishing season, plus records of successful
trips only.

2 Total includes one brook traut






Summary of Angling Data from Angusta Creek, Michigan, 1952-1956.

Table Iv,

22

Years 1952 1953 195k 1955 1956
'Days in fishing
season 135 142 142 135 135
Days actually
fished 108 1k 136 126 132
Number of anglers 607 736 917 1,050 1,102
Number of angler
visits 1,251 1,573 1,ul3 2,036 1,928
Total hours fished 3,252 4,096 3,683 5,254  L,uB82
Average catch/visit 1.2 0.7 1.0 0.7 0.7
Average catch/angl-
ing hour O.L 0.3 Ol 0.3 0e3
Mean average catch/
angler 2.4 1.5 1.6 1.4 1.3
Number of rainbow
trout caught 1,305 1,065 1,k26 1,377 872
Number of brown
trout caught 176 62 58 Sl 527
Number of visits/
mile of stream/day 6ely Te7 5.9 849 8.1
Hours fished/day/
mile of st ream 1607 19.9 1500 23.2 18.8
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1953 Returns

The creel count in 1953 was administered in much the same
manner as in the previous year. Again, a 22-day sample was select-
ed before the season's opening for a restricted, stratified sampling
of the year's angling (Fig. 3b), and only partial data were taken on
all other days from successful fishermen only.

Records indicate that 11l days were fished from a total of 142
days in the fishing season. A total of 736 anglers made approximately
1,570 visits to the experimental stream section and caught 1,127
trout, of which 1,065 were rainbow trout and 62 were brown trout.

In all, 4,096 hours were spent fishing, and the average catch per
angler visit was found to be 0.7 trout, or 0.3 trout per angling
hour.

The number of unsuccessful visits increased considerably over
the previous year, rising to 56.k4 percent of the total in 1953 (table V).
Thus, more than one-half of the fishermen trips resulted in no trout
to the creel, with a small minority of anglers catching the greater
portion of the trout (table VI).

The catch of 0.8 trout per angler hour in June was the highest
rate of the year, and the lowest was recorded in the month of July
(table VII). As in 1952, the largest monthly catch was in May, when
angling intensity was high.






Figure 3b.
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Table Ve

Distritution of Unsuccessful Visits (Zero Catihes)

Years 1952 1953 195 1955 1956
Number of *
visits: 611¥ 887 855 1,305 1,270

Percentage: L9e1 56k 9,2 63,9 65.8

Figures are based on 22-day samples.

Table VI,

Distritution of Anzlers Accounting for More Than Fifty Percent
of Total Catch

Years: 1952 1953 1954 1955 1956

Number 117 oL 126 181 178

Percentage 9.l 6.0 8oLt 8.9 942







Monthly Summary of Angling Data - Augusta Creek, Michigan,

Table VII

26
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Months Apr. May Jun. Jul. Aug. Septe
Days in month 30 1 30 3 31 30
Days fished 6 28 27 22 A 10
Mumber of visits 180 25 12 87 0 u3
Total hours fished 502 598 319 219 123 118
Hours - bait ko2 L88 254 131 99 98
Hours - fly 10 71 63 88 2k 20
H5urs - plug 0 0 2 0 0 0
Average catch/
visit 1.6 1.6 242 1.0 1.6 1.9
Average catch/
hour 0.6 0.6 0.8 O.k 0.6 0.7
Rainbow troaut
caught 266 01 260 83 78 77
Brown trout
canght 1l 3k L 3 3 b
Total catch 260 335 264 86 81 81
Catch - bait 213 282 225 64 74 69
Catch - fly 7 53 32 22 7 7
Catch - plug 0 0 L 0 0 0

Based on data fram partially-restricted random sample of 22
days of the 1953 season, plus records of successful trips.






The catch distribution by lure used varied only slightly
frem that of 1952, with bait fishemmen again taking the greatest

number of trout (table VIII).

Table VIII,

Percentage Distribution of Catch According to Lure Used

Years 1952 1953 1954 1955 1956
Lure:

Bait 8849 87.6 91.L 88.3 79.0
Flies 9.1 11.4 5.1 243 845

Plugs 1.9 Ouly 3.1 94 11.L




1954 Returns

In 1954, the 100-percent creel census was undertaken., All
creels were closely checked, and fishermen were interviewed re-
gardless of whether or not they were successful in taking trout.
Accurate data on lures used, hours fished, total catch, species
caught and planting marks (if any) were recorded. Although the
method was knom to be extremely time-consuming, it was thought
necessary for collecting accurate data on yields and angling in-
tensity.

The stream was fished on 136 days out of 142 in the 1954
season, Nine hundred seventeen anglers made 1,443 trips to the
stream and spent 3,683 hours in catching 1,426 rainbow trout and 58
bromn trout, or a total of 1,484 for the season.

The average catch per angler hour increased to O.L4, retum-
ing to the 1952 figure. The total catch for the year was the high-
est for any year during the study. The highest monthly catch and
the most intensive angling effort occurred in May, but the most
successful month as measured by the catch per angling hour was in
June, when it rose to 0.6 trout. A complete summary of angling
data for 1954 is given in table IX.

As in 1952 and 1953, more than one-half of the total year's
catch was taken during the ﬁ_rst few weeks of the fishing season,
Returns show that nearly sixty percent of the catch was taken be-

fore the end of May, only 38 days after the opening of the season.

28
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More than ninety percent of the year's catch was made by anglers
using bait. The catch by fly fishermen declined from previous
years, while plug fishermen increased their yield slightly over
the 1952 figure (table VIII),

Nearly sixty percent of the fishemrmen visits in 1954 result-
ed in zero catches (table V)., This high percentage of zero catches
is an indication of the continuing increase in angling pressure on
the stream.

The catch per angling hour was lower than in 1953 in every
month, as seen from Fig. 4. The catch per hour was highest in the
months of June and September, and lowest in July.

During the 1954 season, 320 rainbow trout "psychologically
trained™ by avoidance responses to take food only from undermeath
the water surface were planted in the experimental section of stream
to test any possible differences in catchability between these
trout and nomally altured rainbow trout planted at the same time,
It was assumed that the conditioned trout would be more difficult
to catch, and thus would provide more sustained angling throughout
the entire fishing season. Experiments with the trained trout are
presently being carried out at the Tobacco River in the central
part of the state, but a comprehensive report of the work has not
been putlished, According to data gathered from the Augnsta Creek
study, no significant advantage was apparent in stocking the trained
trout. Of the 320 trained trout planted in 1954, sixty percent were

retumed to the creel, as compared to a return of approxmately
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Fige L. Catch per unit of effort by months, Augusta
Creek, Michigan, 1953-1956
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Table IX.

Monthly Summary of Angling Data - Augusta Creek, Michigan, 1954

Months Apr. May  Jun. Jul. Ang. Sept.
Days in month X 31 30 31 n p 4
Days fished 7 31 27 29 30 12
Number of visits 355 553 157 125 193 €0
Total hours fished 1,022 1,35% 375 3lo uo3 134
Hours-bait 990 1,164 9 289 L24 16
Hours - fly 17 12 Lo L 2 252
Hours - plug 15 61 16 10 10 117
‘vemge catdl/ 1.1 008 los 0.9 103 007
visit

Okt 0.3 0.6 0.3 0.5 0.3
Average catch/
hour
Rainbow traut 368 Lo 22l 1m 2Ll 39
caught
Brown trout 28 1y 7 2 S 2
caught
Total catch 396 Lok 23 13 2L9 la
Catch - bait 381 o3 a8 99 229 {4
Catch = fly 7 22 6 12 15 1y
Catch - plug 8 25 7 1 5 0




fifty-eight percent from the 2,000 nomally-cultured trout plant-

ed during the same season.

1955 Retums

The stream was fished on 126 of the 135 days camprising the
1955 season. One-thousand-fifty fishermen spent 5,253 hours in
catching 1,377 rainbow trout and 51 brown trout for a total year-
ly catch of 1,428 trout., Of the total number of rainbow trout
taken, 1,325 were from the 1955 plantings. During the following
year (1956), 53 additional rainbow trout from the 1955 plantings
were taken, bringing the total of 1955-stocked rainbow trout to
1,378, nearly sixty-nine percent of the number planted.

The catch per angler hour was less than in the preceding
year in all months except August and May; the figure for those
months remained the same (Fig. L). In July, the catch per unit
of effort dropped to a new low of 0,04 trout per hour. During
that month, anglers spent 269 hours in catching only twelve trout,

The percentage of zero catches increased to 63.9, despite the
fact that more than 2,000 trout were planted. It is interesting
to note that again, a very small number of anglers accounted for
more than fifty percent of the total year's catch (table VI).

Bait fishemmen again proved to be the most successful from th
standpoint of numbers of trout caught. Fly and plug fishemmen to-
gether took only a small part of the total catch (table VIII).

The number of anglers increased by nearly fifteen percent
over the 1954 season, although the rate was less than in the pre-

vious year, when the number increased by 25 percent over 1953.

32
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The average catch per angling hour dropped to 0.3 trout,
retuming to the 1953 level. The average annual catch per ang-
ler was 1.4 troute In 1955, nearly 63 percent of the total year's
catch was creeled in the first quarter of the fishing seaso;l. A

complete summary of 1955 angling data may be found in table X,



Table X.

3L

Monthly Summary of Angling Data - Augusta Creek, Michigan, 1955

—

—
———————

Months Apr. May dun. Jul. Aug. Sept.
Days in month X a X 31 k1l 30
Days fished 1 31 30 27 27 10
Mumber of visits 170 986 532 122 160 66
Total hours fished w8 2,655 1,19 268 357 188
Hours- bait Ly 2,383 1,259 205 285 136
HBours - fly 16 82 52 32 52 39
Hours - plug 8 190 108 1 20 13
Average catch/
visit 0.9 0.7 0.7 0.1 0.6 0.5
Average catch/
hour 0.3 0.3 0.3 0.04 0.3 0.2
Rainbow trout
caught 153 703 379 1 95 36
Brown trout 10 22 17 1 1 0
caught
Total catch 163 725 396 12 96 36
Catch - bait 158 635 358 10 17 23
Catch - fly 1 5 L 0 1y 9
Catch - plug N 85 34 2 5 L
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1956 Returns

Angling permits were issued to 1,102 individuals during
1956, a slightly larger number than that issued in 1955. Anglers
fished 132 days of a total 135 days in the 1956 fishing season.
Fishermen made 1,928 visits to the stream, and expended 4,LB2
hours of effort in catching 1,399 trout, of which 872 were rain-
bow trout and 527 were bromn traut. Of the rainbow trout creel-
ed, 819 were from 1956 plantings and 53 fram plantings of prior
years. Four hundred seventy-nine of the brown trout entering the

catch were from 195 plantings. The return for rainbow trout
was over 65 percent, and that for brown trout nearly 50 percent,
bringing an over-all return to the creel of approximately 58 per-
cent for the years It is expected that a few more individuals from
the 1956 plantings will appear in the 1957 catch.

Eighty-two percent of the total catch for the year entered
into the creel before the season was one-half over. There were
1,270 unsuccessful visits made during the year, or 65.8 percent
of the total visits made in 1956, This was the highest percentage
of zero catches recorded during the five-year study(table V).

The average hourly catch was highest in June and lowest in
April. However, only three days were fished in April, even though
275 fishermen visits were made.

One hundred seventy-eight anglers caught more than fifty percent
of the total mumber of trout recorded in 1956, This makes up only

9.2 percent of the anglers (table VI),
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In general, the rate of catch was higher than in 1955, al-
though the lowest rate for the entire five-year period was re-
corded in April, 1956. The catch per angler hour was less than
that of any month in either 1953 or 1954, with the exception of
the month of May, when the rate was the same as in 195l.

A complete summary of 1956 angling data by months can be

found in tahle XI.



Table II.

Monthly Summary of Angling Data - Augusta Creek, Michigan, 1956

37

——————

Months dpr. May Jun. Jul. Aug. Sept.
Days in month 30 1 B Y 31 k1 30
Days fished 3 A 30 29 A 8
Mymber of visits 275 1,031 298 14 111 7
Total hours fished 542 2,U55 74 325 251 169
Hours = bait 525 2,155 537 21 182 154
Hours - fly 5 1Ly 10 L8 L7 1
Hours - plug 12 186 oL 36 22 L
Average catch/
visit 0.2 0.8 1.2 0.2 0.7 0.8
Average catch/
hour 0.1 0.3 0.5 0.2 0.3 0.3
Rainbow trout
caught L6 Ll 220 30 60 52
Brown traut
caught 19 331 133 22 20 2
Total catch 65 795 353 52 80 54
Catch -~ bait 65 664 236 36 61 Lk
Catch - fly 0 22 6L 1 18 L
Catch - plug 0 100 53 5 1 1
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DISQJSSION AND ANALYSIS OF CREEL CJUNT DATA

The Catch Distribution Curves

During the five-year period, 2,922 fisheman trips resulted
in catches of one or more trout. The catch frequency distribu-
tion is presented in Fig. 5. It is readily apparent that the dis-
tribution does not follow a normal bell-shaped curve, but that of
a parabolic curve with essentially the same characteristics as
that of the Pareto distribution applied to incomes. That is to
say, it follows the general distribution of special abilities as
described by Davis (1941) for billiard scores, home runs in base-
ball or incomes in a stable society. Although Pareto's law is not
universally acceptable to all econometricians because of its rigid
form and generality, no one has as yet exhibited a stable social
order which has not followed the Pareto pattermn (Davis, 154l).

The law, as modified by Davis can be stated as followss When
the origin of measirement is sufficiently high, the distribution
of incomd in a stable society can always be given by the empirical
formula Y = _a_X"E, where Y 1s the number of persons having an income
of X or greater, and g is approximately 1.5.

It seems reasonable to the author that if angling catch distri-
butions are in agreement with distributions of other special abili-
ties, they should follow a similar distribution curve, and the law

could be stated: The catch distribution in a stable fishery, when

the origin of measurement is sufficiently high, will be given by the
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Fig. 5. Catch frequency histogram from Augusta Creek

data, 1952-1956
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formula Y = a8, where Y is the number of anglers catching

X or more fish, and g is approximately 2.8.

Since the actual number of visits to the stream by indivi-
dual anglers was not known, the I values in this instance repre-
sent the number of fisherman visits, rather than the number of
anglers, but the analysis should still follow the same pattern.
Data plotted for years 1952 through 1956 appear to conform to a
parabolic curve of the type applicable to incomes and billiard
scores (Fig. 6).

It seems apparent that the catch data from Augusta Creek
can be graduated by the parabolic curve. For the purposes of
this analysis, that portion of the catch frequency which can be
graduated by the curve Y = aX'€ , is referred to as a Pareto
distribution, When logarithms are calculated for both sides of
the above equation, it follows that

Log. Y = Log. a - glog. X,
from which it may be seen that the distribution, if plotted on
double Log. paper appears as a straight line with negative slope
(Fig. 7).

The least-squares method was employed to find the equation
for the curve indicated by the Augusta Creek data. A catch-fre-
g ency table was first constructed (table XII), using logarithms
of X and Y, detemining their products, and calculating values of
squared X tems. Unsuccessful angler visits were excluded from

the calculations for obvious reasons.
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Table XII

Catch Frequency Table - Augusta Creek, Michigan, 1952-1956

—

s— ———————
——— ——

——

—

—

——

Catch Cumulative Log.X Log.Y  Log.X*Log.Y (Log.X) 2
(X)  frequency
()

1 2922 0.,00000  3.U45568 0.00000 0.00000

2 1604 0.30103  3.2050 0.96L86 0.09062

3 901 0.47712  2,95472 1.L40976 0.2276L

L Slu 0.60206  2.73560 1.6L699 0.36248

5 345 0.69897  2.53782 - 1.77386 0.43856

6 220 0477815  2.3L2L2 1.82275 0.60552

7 151 0.84510  2,17898 1.8L146 0.71l19

8 97 0490309  1.98677 1.79423 0.81557

9 6L 0.95424  1.80618 1.72353 0491057

10 Il 1.00000  1.61278 1.61278 1.00000

1 S 1.0l139  0.69897 0472790 1.084L9

12 3 1.07918  0.L47712 0451489 1.16463

13 1 1.11394  0.00000 0.00000 1.24086

Totalss 9.79U27  26.00224 15.83301 8.70513

The following equations are derived from the above tables

(1) 13 Log. a - 9.79427g = 26,0022}
(2) 9.79427 Log. a - 8.70513g = 15.83301

From these equations,

log. a = L3476,

g s 2.83326






Thus, the curve in logarthmic form was found to be
Log.Y = L.13476 = 2.83326Log.X.

It appears therefore, that if the distribution follows the
Pareto pattern for a small sample such as that taken from Augusta
Creek, it could also hold true for all stable fisheries, regardless
of the type of gear useds The implication made here is that some
anglers possess an inherent or acquired ability to catch fish,
while others do not.

Frequency airves by years are represented by plotting the
number of trout caught per trip against the catch frequency (¥ig.6).

A composite airve for the five-year period is shom in Fig,. 8,
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Since it appears that there may be a relationship between
catch frequencies and special ability of fishemmen which cannot
be attributed to chance alone, it was of interest also to compare
the precentage of unsuccessful trips with the number of hours
fished, It would seem reasonable to assume that the proportion
of unsuccessful visits grows less as the number of angling hours
is increased. The percentage of zero catches (unsuccessful trips)
would therefore be a function of the number of hours fished.

It was found that zero catches made up the greater portion
of the catch frequency in nearly every hour category (table XIII);
it would seem that catch alone is not a valid measure of the expert-
ness of anglers. It is apparent however, that in general, the per-
centage of zero catches decreased as the mumber of angling hours
increased.

In order to find a possible relation between zero catches (in
this instance, those visits resulting in no trout to the creel) and
time fished, the trips were grouped into classes according to the
number of hours spent angling. The catch frequency was then deter-
mined for each of these catch categories or classes, and the per-
centage of the total mumber of visits in all categories was calculated.
The relationships can be seen from table XIV. Only those days on
which zero catches were recorded were included in the calculation.
Thus only twenty-two days of the 1952 and 1953 seasons were used.

When the catch was held constant and the mumber of hours was

plotted on semi-log paper against the catch frequency in each catch
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class (one trout, two trout, three trout, et cetera), it was found
that each of the plotted curves had a characteristic ascending
left 1limb, a dome-shaped upper portion, and a long, descending
right 1imb (Fige 9)e This was the type of curve described by
Ricker (1948) as commonly characteristic of catch distributions

of fisheriess In plotting the curves, however, Ricker plotted
age classes of fish against catch frequencies, rather than hour
categories against catch frequencies as plotted by the author
from 4ugista Creek data and shown in Fig. 9, The percantage of
zero catches (unsuccessful visits) in each of the various hour or
catch categories was also plotted; again, the characteristic catch
curve was formed (Fig, 10).

It is evident from the above distribution ecurves that the per-
centage of zero catches may be a function of the number of hours
spent angling, with the most patient anglers presumably obtaining
the highest rewards in tems of numbers of trout creeled, Neverthe-
less, there may also be other variables which might effect the
total catch structure. Such variables as weather, numbers of an-
glers fishing a given volume of water at a given time, the opor-
tunity for anglers to encounter fish, the mumber of fish present
and the probability of a fish accepting the proffered bait could
act individually or collectively in complicating the analysis of
catch data., More detailed studies of these and other variables ,
including individual differences among anglers are needed before
a complete understanding of the total catch structure can be ob-
tained.
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Fishing Success and lntensity

Data collected from the controlled creel counts over the
five-year period revealed that the stream section was fished on
616 days of a total of 689 days comprising the five angling sea-
sons. Four thousand, four hundred twelve anglers spent more
than 20,700 hours fishing, and caught 6,930 trout, of which 6,062
were planted rainbow trout, 479 were planted brown trout, 384 were
brown trout assumed to be native or carried over from previous
plantings, and one was a brook trout. Rainbow trout made up the
greater portion of the total catch in every year (Fig. 11).

Nearly ninety percent of all trout taken were caught by an-
glers using bait, seven percent by those using dry or wet artifi-
cial flies, and six percent by those using artificial plugs or
spinners (table VIII),

Of the total of 10,570 trout stocked in the stream section
during the five-year period, 6,255 were taken in the year they
were planted, and 267 in subsequent years for an over-all return
to the creel of 61.7 percent. Catches for the year of planting
averaged 58.5 percent, ranging from L9.1 percent in 1953 to 66.2
percent in 1955 (table XV).

Since the stream section within the Kellogg Forest has no
weirs or restraining structures to prevent emigration of trout,
it can be assumed thaﬁ some of the planted individuals did not
remain in the planting locality. Indeed, numerous reports of
catches of marked trout both upstream and downstream from the

Kellogz Forest property would seem to imply that an appreciable
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percentage of planted trout not only left the planting locality,
but found their way into anglers' creels as well. It is evident,
therefore, that retums of stocked trout indicated by creel count
records taken within the property boundaries should actually be
considered as minimal. It might well be that from ten to thirty
percent of the planted trout are not recorded merely because they
were caught outside the study area where the mandatory creel cen-
sus is in effect. Assuming only ten percent of the planted trout
are taken by anglers outside the boundaries of the experimental
area, the overall retum over the five-year period may easily have
been in excess of seventy percent, an extremely satisfactory retum
from stocked trout in Michigan.

The average catch per angler dropped from 2.4 trout in 1952
to 1.3 trout in 1956 (Fig. 12), This decrease may be related to
the increase in angling intensity on the stream, since zero catch-
es have also increased. As stated previously, the increase in
angling pressure has been accampanied by a corresponding increase
in the mumbers of zero catches. With the exception of 1956, zero
catches have risen steadily each year as the mumbers of anglers
have increased. In 1951, only 542 fishermen obtained the special
permmits to fish the stream, and in 1956, 1,102 individuals were
issued permits. This is an actual increase of 103 percent over
the five-year period. Of 8,231 visits to the stream during the
same period, nearly 5,000 visits resulted in zero catches. Tms
approximately sixty percent of the angler visits were unsuccessful.

The percentage distribution of zero catches by months is given in
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Fige 12, Average annual catch per angler, 1952-1956
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fignre 14. Again, it is emphasized that figures for the years
1952 and 1953 are based on a restricted, stratified sample of
twenty-two days from the fishing season.

The average catch per angler visit for the five-year period
was 0.8 trout, The yearly figure has not exceeded 1.0 since 1952
(table IV). The average catch per angling hour has remained rela-
tively stable, with the most impressive catches appearing in the
1953 and 1955 angling seasons. Figure 15 shows the average catch
per hour of angling by months. It can be readily seen that catches
were highest in the month of June, when angling pressure was heavi-
este The relationship between numbers of anglers, yearly catches and
angling hours is indicated by figure 16.

It wmas evident from the study that the most sustained yields
of planted trout are apparent when stocking is accomplished on a
nearly continuous basis during the fishing season. There appears
to be a short time lag of one or two days before the catch reaches
a definite peak after each planting. The relationship can be clearly
seen from the daily catch graphs for each of the five years during
which the study was conducted. In nearly every instance, the total
catch shows a very noticeable rise shortly after the planting dates.
Graphic representations of daily catches and planting dates are
given in figures 17 through 21.
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Fige 15. Average catch per ahgler hour by months,
1952-1956

008 -

0e? -

AVERAGE CATCH PER ANGLER HOUR

0.2 -

0l 4+

o.o 3 ) : 1 L

g1

]
APR, MAY JUN, JUL, AlG, S

o

MONTH






Fig. 16.

years 1952-1956

Graph indicating relation between numbers of
anglers, argler hours and trout caught for

70 4

60 1 - 30 e
8
&
HOURS 8
ol - 25 é
(=]
&
Aol -2 o
; :
gao 4 — TROUT 155
5 \/ 2
g"“-- ANGLERS 109
2 n

104 L 5

Y T | I ¥ T Y

1952 1953 1954 1955 1956

YEAR



uoseos JurTdue gG4T
‘ue3TUO TR ‘Mesx) BsTEny WQIT S9UOqeO ATTRp SISTuUY

po

*LT *314




62

2004

3 g 3 B
HO1VD Xva TWLOL




*uosess JurTdue €S6T
‘ue3TUOTN ‘3ear) egsndny woxy seyoqeo ATTep ,s18T8uy °gT °*3Td




HOLVO XTIva vLoL

63




*uosyes JurTiue NGET
‘UBBTUOTR “eal) BYSNSTY woly seyoqed ATTeEp 1819 T3uy

*6T *3T4



6L

' A INDICATES PLANTING DATES

: : 3 :
HOLVO AIVa TWLOL



*uosees SutTdue SGET
‘ue3TUo Ty ‘¥ear) esSn3ny Woxy S9YO3BO ATTEP (SISTAUY °02 *3TJ



4 WKATS PLANTNS paves

200+

2

4
v
: C
a2

g
HOLVO A1ivad VIOl

65



*uosees JutT3ue 9G4T
‘UeSTYO T “Xesa) eisNMY wWAry sayoqed LTTep ,sIeTduy °T2 *STJ



S O S
HOLVO Ava 17101

DATE



67

SUMMARY

Analysis of data collected by the use of a mandatory creel
count on & 2, l-mile section of Augusta Creek in southwestern
Michigan over a five-year period revealed the following informa-
tions

Fishemmen spent more than 20,700 hours in the pursuit of
their sport, and caught 6,930 trout, of which 6,062 were plant=
ed rainbow trout, L79 were planted brown trout, 384 were brown
trout assumed to be native to the stream or remaining from pre-
vious plantings, and one was a brook trout,

Approximately ninety percent of all the trout creeled were
caught by fishemen using bait, seven percent by those using
dry or wet artificial flies, and six percent by anglers using
artificial plugs or spinners.

0f the 10,570 trout stocked in the stream section over the
five-year period, 6,255 were taken in the year in which they were
stocked, and 267 in following years for an over-all average re-
tum of 61.8 percent over the period. This figure should be con-
sidered a minimum returm, since some trout were reported caught
cutside the experimental area and were not recorded in the creel
count,

The average catch per angler declined from 2.4 trout in
1952 to 1¢3 trout in 1956. This decrease is attributed to the

increase in angling pressure on the stream during the same period.
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Approximately sixty percent of all fishemmen visits to the
experimental stream section resulted in no trout to the creel.

It seems evident that the percentage of zero catches is a function
of the number of hours fished, with the more "patient" anglers
reporting the largest numbers of trout.

Only nine percent of the anglers fishing Augusta Creek test
stream accounted for more than fifty percent of the total catch
over the five-year periode This implies that angler success may
be due to an inherited or acquired ability to catch fish. Statisti-
cal analysis of Augusta Creek creel census data gave evidence to
support this implication. It was found that the frequency distri-
bution of catches of various sizes may be represented by a curve
similar to that of the Pareto distribution of special abilities
as applied to home runs in baseball or incomes in a stable society.
Thus it seems that successful anglers possess special abilities
enabling them to catch fish, while unsuccessful anglers do not.

Present creel returns indicate that the current stocking
policy at Augusta Creek is sufficiently adequate, even though
a considerable number of fishermmen reported no trout caught.

If catches outside the experimental area are considered, the
retums for the stream are exceptionally high for the state of

Michigan,
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