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Abstract

An analysis of the yield of trout per unit of fishing effort at
Furnace Brook, Vermont, shows how modern statistical methods can be
utilized to determine the significancé<of changes in the relative
abundance of animal,populations. The data cover the five years from o
1936 to 1940, and the analysis of covariance employed shows that there
was a significant decrease in the catch per unit of effort in 1939
which was attributed to the effects of severe floods caused by the
hurricane in September of the previous year. This method of analysis,
although useful for supplying a measure of relative abundance, fails
to provide an estimate of the actual stﬁck on hand,

Dre D. B. Delury has recently developed a new method for es~
timating the size of animal bopulations from dat#on catch and effort.
His equation is as follows:

log C(t) = log (k No) - KE(t) (1)
where,  C(t) is the catch per unit of effort at time t.
E(t) is fhe total effort expended during the time interval
(0,t)
N, is the number of individuals at t = O,
and, ‘k is a constant describing the rate at which the catch per

unit of effort decreases as the effort accumlates,



The writer has developed a similar method, which would be much

easier for biologists to use, ’pased on the following formula:
» C(t) = a - bK(t) S (2)
where, K(t) is the total catch accumulated during the time interval
(0,t)e
a2 is a constant supi)lying‘ the valoe of C when
K= 0, Ny~ % |
b is a constant describing the rate at which the catch per
unit of effort decreases as "the catch accurmlates, and C(t) has the
same meaning as in (1).

Equation (2) involves the as:.smnptions: that there is no immi-
gratien, emigration, or recruitment in the population under investigation;
that the individuals caught are selelcted in a representative manner; that
the relation between C(t) and K(t) is linear; and that b, the catch~
-ability, is constant, ‘

An example, using data from the rainbow trout fishery of Paul Iake,
British Columbia, obtained in 1932, showsphat both methods of estimation
yield approximately the same resuit. .The seéond method is being de=~ -
veloped as an aid for fishery managers who wish to determiﬁe the size
of their fish stocks. It requires that records be obtained concerning
the catch per fisherman per day throughout the ‘i‘ishing season and that
the proportioﬁ of the different age groups in the datch be determined,

If sanpling is used, then representative sampling methods are remired,

\
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INTRODUCTION |

During the past 30 years or more biologists have developed census
methods which are being used to.determine the relative abundance of
animal populationss Fiéhery biologists for instance, use the data on
the number of fish caught per unit of effort to determine whether a
éiven population is increasing 6r‘decreasing. The information is also
useful for comparing the effectiveness of different management or
stocking policies. Not allvbiologiSts, however, have a clear-cut.
idea as to how such data are to be analyzed after they have been
collectede Since the intended anaiysis determines what facts are
needed, it seems desirable to review recent developments in the methods
of estimating the size of fish populations.

THE ANATYSIS OF REIATIVE ABUNDANCE

The fo]aning example will serve as an illustration of the
current use of creel census data in which modern statistical meﬁhods
have been emplqyeﬁ.

The yield of trout per unit of fishing effort from the test afea
of Furnace Brook, Vermont, showed an apparent decline from 1936 to 1940.
The data for the 5 years are shown in Taﬁle le The average yield per
unit of effort based on the number of hours expended by the anglers
was 1.76 fish per fisherman-hour; the yield for the 3 years 1936, 1937,
and 1938 was above this average and the yield for 1939 and 1940 was
below ite OSince the heavy flood which followed the hurricane of
September, 1938, may have reduced the trout population of the test area,

it becomes a matter of some importance to determine if the differences
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Table 1, Shows the total number of fish caught (Y)
and the total number of hours expended (X).
by the anglers at Furnace Brook, Vermont,
for the 5 years 1936 to 1940, together with
‘the average catch per fisherman—hours

Number Number Fish per

Year of hours of fish fisherman-hour

(X) (1)

1936 3550 6995 1,97

1937 3544, 6385 1.80

1938 2551 4647 1.82

1939 2103 . 2997 142

1940 2469 4063 1.64

5 years

14217 25087 1,76




in yield per unit of fishing effort before and after the flood are
significant. If the differences afe significant, then it may bé |
inferred that a change has taken place in the size of the'population.

A rather extensivg background investigation revealed that the
standard design for an analysis of covariance may be used to conduct
the test provided that the original data are transformed to square-roots,

| In order to provide a measure of the variability within the
different years the original data were combined into 16 periods con=—
s£sting of the first day and the rest of the season divided into 15
"7-Cay periodse | |

The analysis of covariance, the errors of estimate, and the test
of significance are shcwﬁ in Table 2. The F-valqe, 4045, is highly
significant, indicating that there are significant differences among
the mean yleld for the different years, after adjusﬁments have been
made for the differences in effért.

_The'conclusion seems warrantedrthat there was a significant
change in the yield of trout per unit of fishing effort in the test
area of Furnace Brook, Vermont. The yield was above'expectétionvin _
1936 andléignificantly below expectétion in 1939, The sudden drop
in 1939 might Ee reasonably ascribed to the effect of the flood which
occurred in September, 1938+ The yield in 1940, although below
expectation, is not significantly lowvhich seems to indicate a

certain amount of recovery.



Tagble 2. Shows the analysis of covariance, the errors of estimate,
the test of significance and the regression of the yield
of trout from Furnace Brook, Vermont, for the 5 years
from 1936 to 1940, where X and Y are the square-toots of
the number of hours expended and the yield, respectivelys

Source of Degress of Sums of squares and products
variation freedom 2 - 2
Sx Sxy Sy
Total 79 1608,.52 1951.78 2808.19
Between-years 4 148.90 . 275.11 521.21
Within~years ' 75 1459,.62 1676,67 2286498
Errors of estimate R - 2
Sy (8xy)
2
8x

Mean sauare

Total | 78 439490

Within-years ' T4 360.98 44878
For test of
significance 4 78.92 , 19,733

Test for significance

4404535 nqy = 43 ny = T4

ks |
!
1 3
~J
I

Regression

e e e e e




This example S/hO'WS thaf'the stock in the stream has changed,
but it gives no indication of the magnitude of that change in terms: of
the number of inéividuals. Such infomatioﬂ would be much more useful
to the fishef'y manager if he knew exactly how many fish he had on hand
2t any particular time. Any managenlént practice that the manager may
adopt is conditioned by his eétimat‘;z of the stock on hand. For example,
the number of fish to be carried over from one season to the; next should
be gauged according to the food supply in order to permit sufficient
growtha | .

. - POPUTATION ESTIMATION

In an effort to' get at the question of estimating the size of
the stock on hand » biologists have used tagging, marking or banding
methods. Knowing how many tagged individuals there are at large in
thé population, it is possible to estimate the total stock from the
proportions of tagged individuals in the catéh. This method has several
shortcomings that have .beeﬁ discussed by others and it is not my purpose
to gd into them here,. | |

During the past year a new approach has been made to the problem
of estimating the size of animal populations. Last summer I renewed
ny interest in the problem and began expermenting with the adaptation
of a graphic technique for describing the growth of animals that Dra
L. A. Walford had developed. Several péople, including R. A. Fisher,
D. B. -Del'.ury, C. P. Winsor, Marion Sandomire and others, contributed

suggestions which have served to refine the idea. Meanwhile, Dr. Delury,



wbrking independently, developed a mathematical formulation for the.
estimation of biological populations using the relation between
catch and'effért; His equation is as follows:
© 1og 6(t) = log (i) - KE(t) e (1)
where, C(t) is the catch per unit of effbrt at time t,
E(t) is the total effort expended during the time interval
(0,4), |
N, is the mmber of individuals at t = O,
and, k is a constant describing the rate at which the capch per
unit of effort decreases as the effort accumulates.
The relation between catch and effort that I had developed may
be expressed by_the following equation, using Dr. DeIury'é notation:
6(t) =a = BK(t) N )
where, K(t) is the total catch acdumulated during the time interval
(0,%), |
a2 is a constant supplying the value of C when K = O3 when
K =0, No§
b is a constant describing the rate at which the catch
per unit of effort decreases as the catch accumulates,
and(t) has ﬁhe same meaning as iﬁ (D). l
An attempt was made to use these methods for estimating thé size
of the Furnace Brook population, but it became evident in the course
of the investigation that recruitment was taking place throﬁghoqt the
season and iﬁiwas impossible with the data in hand to disentangle |

the components of depletion and recruitment..
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In order to illustrate the use of_ the two equations, crgel census
data that I obtained at Paul Lake, Bfitish Columbia, in 1932 have
been selectede At this lake about two-thirds of the fish are caught
by anglers using boats from a single boat livery. The proprietor
of the boat livery kept records of the number of fish caught per boat
each day throughout the fiSﬁing season. Samples of the fish were
selected from time to time ~:t_‘::'om which scales for age deferminations
‘were taken. It was thus possible to divide the population into two
parts: the yearlings, some of which begin to rea.ch iegal'size.in
July, and which steadily increase in the ca.tch until October; and the:
fish two years old and older whié:h are completely available to the
fishery frOm May 1 to October 31, The latter group is thus exiaoéed
to depletion at all times during the 26-week fishing season. The data
for 1932 compiled on a ’7—day basis showing the number of boat-days,
the total catch, and the number of fish caught in the group two years
old and older are shown in table 3. The values calculated therefrom
which‘ are needed for estimating the constants in equations (1) and (2)
are also given. The data%‘have been plotted in figures 1 and 2.

Fitting these data by least squares equation (1) now becomes:

log C(t) = 066552 = «O0L382E(t) o o o o o o o | | (3)
from which, k = ,003183 and Né = 1420
and, equation (2)' becomess

C(t) = 44353 = JO08B66K(t) o o o o o o o (4)
from which,  No= 4333 = 1519
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Table 3.

The number of boat—days and the rumber of rainbow

trout over two years old caught at Paul ILake,
British Columbia in 1932 arranged by weeks,

The

catch per unit of effort (C), the accumlated

catch (K), the logarithm of 10 C, and the accumulated
effort (Es are givens _
Week Noo Noe Noe c K Loge E
boat days fish - 10C
1 15 49 3.27 49 1,515 15
2 n 53 4,82 102 1.683 26
3 27 104 3.85 206 1,585 53
4 35 14 413 350 1614 88
2 21 48 2429 398 14360 109
6 33 -85 2658 483  1el12 142
7 30 51 1,70 534 14230 172
8 27 69 2,56 603 1,408 199
9 16 40 2450 643 - 1398 215
10 16 58 3463 701 1,560 231
1 16 46 2488 74T 1459 247
12 37 112 3,03 859 _1.481 284
13 22 49 2.23 908  1.348 306
14 16 41 2456 949 1,408 322
15 21 27 1429 976  1.111 343
16 23 19 0.83 995 0,919 366
17 13 17 1.31 1012 1,117 379
18 14 23 1.64 1035 1,215 393
19 12 . 17 _1.42 1052 _ l.152 405
20 1 1, 1,00 1066 1,000 419
21 15 13 _0.87 1079 0.940 434
22 14 11 0.79 1090 0.898 448
23 7 S5 071 1095 0,851 455
2/, g 11 1,38 1106 1.140 463
25 7 7__1.00 1113 1,000 470
26 11 __ 9 0.82 1122 0,914 481
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In order to determine the size of the stock on hand at any
time from equation (3) values may be substituted in the following
formilas

N(t);...420e e s 6 0 0 2 0 s (5)

In the case of.equation (4) the stock on hahd at any given time
may be obtained by sub’;:.racting the accumulate.d catch to that date
‘from 1519, Equation (4) is much simpler to use than equation (5).

A rough estimate of the size of the population may be obtained .
by plotting the values 'of_C(ts against K(t) and fairing a line through
the points as shown in figure 2, Extrapolating beyond the data to the
point where the faired line cuts the K(t) axis ylelds the required
estimate of Njy. It tells what the siﬁe of the catch would be if the
catch per unit of effort were reduced to zeroce Rough methpds such as
this may be suffici_ently accurate for manasgement purposess

Both equations place fhe estimate of the number of fish available
" to the livery boats at about 1500 This figure seems to be a little
low jrudging from information derived from other sourdesf, such as the
count of the number of fish surviving to spawn i.n subsequeﬁt yearse
»It’may be that the record keeper failed to note a few of the catchese
However, the estimate seems to be reaéonable enough to place considerable
confidence in the method. 7

The data in table 4 were obtained by applying w’ohe method of
equation (2) to the records for the' succeeding.years from 1933 to .1936.
The estimate of the catch of two—;;rear and older fish is also given. The
increase in the popu]a;cion is the result of a change in the stock;ing

policy which was initiated in 1931, The effect of this change first

11



Table 4. The population estimate of the stock of two-year
and older fish available to the Paul Iake boat=—
livery fishery and the recorded catch arranged

by yearse
Population
Year Estimate Catch
1932 1,500 1,100
1933 4,200 34100 .
1935 9,000 - 8,000
1936 8,400 Y

1/ Mo data available on age of fish.



became evidént in the fall of 1932 when the yearlings began to enter
the fishery. The increasing stock on hand and the increased catches
which resulted from this stocking policy are evident from the data.
in the table.
| The methods of estimating the size of fish stocks déscribed abeve
appeér to have great promise as an aid to fishery management.‘ Some
preliminary work has indicated that they would be equally useful for
estimating the size of populaiions of other animals thét are subject to
harvesting. :
There are certain assumptions underlying the methods whichvshould
be pointéd outs The most important of these are the assumptions that:
(i) the population is closed, i.e. that there is no immigraﬁion,
emigration or recruitment;

(ii) the individuals in the catch areiselected in'a representative
| manner; .
(111) the catchablllty as represenued by k or b does not change, and
the relation between C(t) and K(%) is linear. ‘

The validity of these assumptions can usually be judged if thé
investigatorlhas a thorough knowledge of the biolegy ofrthe population
under studye. |

Before listing the items that should be included in a creel censué
that is designed to proﬁide an estimate of the size of a fish population,
I-should like to draw attention to two statistical problems that remain
to be solved. No attempt has been made to provide estimates of error

for'No. This question should be explored.:
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In experim.ent‘i'ng‘ with the data from a physical model and with
data from a few actual situations it has become evident that the
relation between catch and effort is not \.necessarily a linear one. IV
also seems evident that the relation between catch and effort may be
different in different situations., One case indicated that when the
fishing is good, or when weather conditions are favorable, a greater
number of fishermen turn oute This leads to a parabolic relation between
catch and effort. In other cases, particulariy the Stream—fishing in
| | the h'eaviljr populated areas of the East, there is a great turn-out of
fishermen at the beginning of the season when the stocks in the streams
are highe At this time there is a greater proportion of unskilled
énglers and intense competition for favofabl ocations. This type
of situation produces an entirely different relation between catch and
effort. Consequently some attention must be directed toward the
fundamental relation between catch and effort before C(t) is calculatede

CREEL CENSUS METHODS

The discussion of creel census methods may be divided into two
partse The first deals with the sitvation where the total effort and -
total catch is obtained. The second is concerned with the case where
sampling must be used.

In the case of total coverage the cehsus-taker must obtain records
of the number of fish caught by each fisherman throughout the season,
In addition he must be ab‘le to cope with the requirements of the three
as_sumptions listed above, The question of recruitment can be settled
’r;y obtaining data on the relative proportions of the different age
groups in the population. This can be accomplished bj various deviceé
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well-known to fishery biologists. In addition the»vaiue of the data
may be”greatly increased, if observations on conditions that affect the
yield per unit of effort are also made.

The estima.ting'power of the data may be greatly improved if
adjusted for weather conditions, season, the method of fishing and the
skill of the fishefman. The unit of effort should be standardiged.
It could be merely the catch per trip, or it might be defined more
exactly as the number of hours actually spent in fishing. The 1a.tter
nieasure is ﬁndoﬁbtedly superior, if such data can be obtained. |

In the case of samplihg, the same' i‘actorfs as those for total
‘coverage must be considered. In addition the problem of obtaining -

r/gpresentative daté mist be dealt with. An investigation has shown

that restricted, stratified random sampling should be used if the
criteria of representativeness, adequacy and cost are to be met ef-
ficiently. The eséential point is to be abie to reason from the ‘sample’
slelected to the total population with a determinable degree of accuracy.
I should like to add a practical example of the way the method
might be used by a fishery manager. I shall use the 193‘2 data from
Panl Iake. Assume that the following facts have been ascertained:
1. From May 1 to June 30 all of the fish in the catch are two
years old or older. Hence there is nofecruitment during
this period.
2. Until May 15, those fish that are mature migrate out of the
lake into the tributary stream where they are counted through -
a fish trap. About the middle of June they 'begir_l to return
to the lake. Until May 15, about 200 fish have been caught

by anglers and 500 have migrated out of the lake.
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3« In the period from the middle of May to the end of June; there
is a steady drain on the lake population by fly-~fishermen ahd troilefs.
The fish remain near the surface which provides a fairly constant
catchabilitye

Le An investigé.‘cion has been made of the type of the fishery,
and it has been found that the relation between catch (¥) and effort

(X), is best described by the equation:

YT = X2 . ¢ o o 8 s » o . (6)
hence, G(t)::l e o o o s e v 0 (7) ’
X .

5. Plotting C(t) against E(t) in the manner develop‘éd,above,
and fa.iriné a line thfcugh the points as in figure 3, it is found
that the population available to the boat-livery fishery in the lake
amounts to 900 fish, }

6. The total stock of two-year and older fish on May 1, therefore,

amounted to:

Catch prior to May 15 200
Spavming migration 500
At large in the lake on

May 15 900
Total stock on May 1 1600

Thus, by the middle of June the fishery manager is in a position
to estimate the size of the population in the lake. This value can

then be used in guiding his management practicess
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