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Abstract:

Population estimates were made of the fish populations in two pothole lakes during the summers of
1969 and 1970 using three methods. Pumpkinseeds and largemouth bass were present in Plummers
Lake and yellow perch in Cabin Lake. Trap nets were used to capture pumpkin-seeds and perch while
hook-and-line was used to capture most bass.

Data collected by trap netting and angling were used to make population estimates using the method of
Schnabel and DeLury. During the summer of 1970, after the estimates based on the Schnabel and
DeLury methods were completed, the lakes were rehabilitated and the populations of all species were
estimated using the Petersen method. The total estimated number of pumpkinseeds over 2.7 inches long
was 52,911 with a standing crop of 142.8 Ib/acre. Estimates based on the method of Petersen and that
of Schnabel were in close agreement for all but fish in the smallest size group. The annual survival rate
for pumpkinseeds in age groups III through VIII was 51 percent. The total number of perch over 2.8
inches long was estimated at 29,150 with a standing crop of 82.6 Ib/acre. The number of perch
estimated by the Schnabel method was lower than by the Petersen method for all size groups with a
range in differences from 9 to 23 percent. The standing crop for a total estimated population of 2,239
largemouth bass from 2.7 to 11.0 inches long was 13.4 Ib/acre. The survival rate for bass was estimated
as 50 percent. Estimates based on the DeLury method were not satisfactory. Population estimates using
the Schnabel method for 1969 are compared to those for 1970. Net selectivity for large fish,
nonrandom distribution of marked fish and other factors affecting the accuracy of the estimates are
discussed.
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ABSTRACT

Population estimates were made of the fish populations in two
pothoele lakes during the summers of 1969 and 1970 using three methods.
Pumpkinseeds and largemouth bass were present in ‘Plummers Lake "and
yellow perch in Cabin Lake. Trap nets were used to capture pumpkin-
seeds and perch while hook-and-line was used.te capture moest bass.
Data collected by trap netting and angling were used te make population
estimates using the method of Schnabel and DeLury. During the summer.
of 1970, after the estimates based en the Schmnabel -and DeLury methods
were completed, the lakes were rehabilitated and the populations of.
all species were estimated using the Petersen methed. The total esti-
mated number -of pumpkinseeds over 2.7 inches loeng was. 52,911 with a
standing crep of 142.8 1b/acre. Estimates based on the method of
Petersen and that of Schnabel were in close agreement for all but fish
in the smallest size group. The annual survival rate for pumpkinseeds
in age groups III through VIIT was 51 percent. The total number of
perch over 2.8 inches long was estimated at 29,150 with a standing
crop of 82.6 1lb/acre. The number of perch estimated by the Schnabel
method was lower -than by the Petersen method for all size groups with
a range in differences from 9 to 23 percent. The standing crop for a
total estimated population of 2,239 largemouth bass from 2.7 te 11.0
~inches long was 13.4 1lb/acre. The survival rate for bass was.estimated
as 50 percent. Estimates based on the DeLury method were not satis-
factory. Population estimates using the Schnabel method for 1969 are
compared te those for 1970. Net selectivity for large fish, nonrandem
distribution of marked fish and other facters affecting the accuracy
of the estimates are discussed.




INTRODUCTION

Estimates of .fish populationé are an integral part of fisheries
investigations and there are several methods available for making
estimates. This study compares the results of three methods on the
same pepulations.

Yellow perch (Perca flavescens) from Cabin Lake ;nd pumpkinseeds
(Lepomis gibbosus) from Plummers Lake were collected with trap nets.
Largemohth bass (Micropterus salmoides), in Plummers Lake, were cap-

tured by angling and trap netting. Data collected by trap netting

and angling were used to make population estimates using the method

of Schnabel and of DeLury. During the summer of 1970, after the esti-

mates based on- the Schnabel and DelLury methods were completed, the
lakes were rehabilitated and the populations of all species were esti-
mated using the Petersen method. Trapping and angling were dene during
the summers of 1969 and 1970. Estimates basgd on the method of Petersen
and that of Schnabel were in close agreement but those based on the

DeLury methed were not.




DESCRIPTION OF STUDY AREA

Cabin and Plummers Lakes are two of more than 30 pothole lakes»in-
the kame and kettle area on the east Kalispell Valley terrace, about
15 miles east of Kalispell, Montana. The‘terrace was formed from gla-
cial deposits (Konizeski.et al. 1968). The lakes are in steep-sided
hollows surrounded by ridges .covered with conifer trees and shrubs.

Cabin and Plummers are closed lakes receiving most of their water-
from subsurface springs. hWater levels in the lakes rise during the
summer - and recede during the winter. In 1965, the water level in
Cabin Lake was highest in September; Plummers was highest in August
(Konizeski et al. 1968). Similar water level fluctuations eccurred
during 196§ aﬁd 1970.

Some physical ‘and chemical characteristics of Cabin. and Plummers
Lakes are presented in Table 1, Cabin Lake is L-shaped with steep
irregular shores. A small island, less than one acre, lies in the
bend of the "L". The west shore descends abruptly to the,deepestnarea.
in ;he.lake. Plummers Lake is kidney-shaped With(émooth, steep shores.~
A small island, visible in early summer and late £fall, is .located
about ‘one-third the length of the lake.from the nertheast end. The
bottom of . the northeast one-third of the lake slopes sharply to form
a deep cone. |

Chara sp. and Drepanccladus sp. were the predominant plants in.

Cabin Lake and covered most of the bottom. Other aquatic vegetation




Table 1. Some physical and chemical characteristics of Cabin-
and Plummers Lakes, during the summers of-1969 and
1970. '

1 7.9~ 1.
CABIN 18.9 |8y | 5.1 | 1) |23 | %15y 12°%% | o)

15 16-26 §18-26 137 1,56.5 [143:3
PLUMMERS | 14.7 {(22) | 3.7 | (20) | (23) | {if) 4o

consisted of sparse stands of Polygonium amphibium, Potamogeton
amiahifolius, P. gramineus, and Nuphar vareigatum. Thé'éémpééiéiéﬁ in
Plummers Lake appeared similar to that.in Cabin Laké.iﬁ 1965 But ﬁo
collection was made in that year. In 1970 all rooted aduatié ﬁléﬁts
in Plummers Laké were dead. Bottom mats loosened and rose to the sur—
face forming islands of ‘decompoesing plant‘mat;er. The water ih:ﬁéth

lakes was clear with the bottom visible in all portions of Cabih Lake
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and in 'all but the bottom of the deep northeast end of Plunmers.




METHODS

Four trap nets were used to capture yellow perch and pumpkinseeds
each year. 1In 1969, two fyke nets of one-inch square mesh were used.
Each was about .10 feet leng, with a 3-foot diameter opening, and two
25 foot wings. 1In addition, twe modified fyke.néts of .one~half inch
square mesh were used: Each consisted of a 12 feet long hoop net with
a 3-foot diameter opening, preceded by a 3 x 6 x 2 foot 'box of -mesh-
covered steel frames., Extending frem this box was a four.foeoet high
lead. 1In 1970 only medified fyke nets were used, each differing only
in length of lead (range 35.to 50 feet). Most bass were captured by
angling but a few from 2.7 to 4.7 inches long were captured in the
traps.

All trap nets were lifted and moved a short distance each ‘day.
Trapping was not complete until the entire perimeter of each lake had-
received. approximately equal netting pressure. A record was.made of
marked and unmarked- fish, and all unmarked fish were fin clipped.
Measurements (length and weight) were made-of a large sample of yellow
perch and pumpkinseeds and on all largemouth bass. For age-growth.
analysis of each species, scales from approximately 50 fish were col-
lected fér each inch group, except for large .fish where sample size
was small, All fish were returned te the lake near the point of

capture.
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A single mark was used for all fish of a species captured during
1969. 1In 1970 each lake was arbitrarily divided inte four areas of:
appreximately équal shore length and numbered consecutively. A dif-
ferent fin clip was used to mark fish caught in each area and dorsal
spine clips were used to indicate the number of times a fish had been
recaptured in a pérticular area. FEach lake was rehabilitated using
Pro-Nox Fish toxic;nt sprayed froem a boét.at-a concentratien of approxi-
mately 1.0 ppm immediately after trapping was cempleted in 1970. As
many fish as possible were checked for marﬁs and additional -measure-
ments and scales were taken at that timé. Estimates eof the populations‘
based on the Petersen methed (Bailey modification) were made using

formula 5 of the Michigan Institute for Fisheries Research (1960)

Nl (N2+1)

opulation estimate = =<2
pop stima (N12+l)

Confidence intervals were calculated using formula 6 of the Michigan

Institute for Fisheries Research (1960):

2
. (pop.est..) (Nz"le).
. f 1 t 1 = ‘
varliance oi populatlion (N2+1) (N12+2)

where N; is the number of fish caught, marked and released in the first

sample -
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N2 is the total number of fish caught in the second sample.
Nyo is the number of recaptures in the second sample,
Population estimates based on the Schnabel method were made using
formula 3.12 of Ricker (1958):

S (C4My.)
N = R

Confidence intervals were set for 1/N and then -inverted using the

follewing equation:

-1
CIL = - -
1/N + (¢t v . of ‘1/N
N x (e g5 pop) (Pvar: of I/
R s = - R
h 1/N = ——=_.. and the variance of 1/N = formulae 3.13
where 1N = <53y S(C M) 2’ ‘

and 3.14, respectively, of Ricker (1958). The symbols are:
N the population estimate
Ce the total number of fish captured during time t
M, the total marked at large at the beginning of -the interval of
time t |
R the total number of recaptures during the:.experiment and
S is the summation of terms.
Population estimates Eased on the DeLury method were made using

formulae 2.4 and 2.5 of DeLury (1951). Confidence intervals were
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calculated using formulae 2.6 and 2.7 of DeLury (1951).
Survival was estimated from the abundance of successive age

groups, using the method of Jacksen (1939):

_ Ny + N3+ Ny ... N,
Ny + Np + N3 ... Npq

s

where N is the abundance of each 'age group.




RESULTS

Trap netting of pumpkinseeds in Plummers Lake was carried out for
11 days between June 16 and July'3, 1970. A totai of 8,345.pUmpkin—
seeds were captured in 36 net sets during that time. On,Julf 7th the
lake was rehabilitated. Thirty peeple, including a high schooel biology
class of about 20 students, collected fish, A tetal eof 6,271 pumpkin-
seeds was collected and examined on'July 7th and 8th and length
measurements were obtained for 33.pefdent of those collected.

Pumpkinsée&s were grouped into size intervals to avoid bias in
population estimates due.to net selectivity for larger fish and . to
facilitate estimates of the abundance of fish in each age group. In-
creasing.rateé of recapture of fish in the larger .size groups indicated
that the basic assumption of equal vulngrability of all-fish toe the
trap net£ing was not met. The rates of'recapturés (recaptures/marked
at large) were 1.6 percent for 2.8-3.5 inch fish; 14 percent for fish
3.6-4.5 inches long; 26 percent for 4.6-5.5 inch fish and 35 percent
for those larger than 5.5 inches long. Rates obtained from rehabil-
itation were 1.3 percent for the 2.8-3.5 inch fish and 24 percent for
each ‘of the next three larger.size groups. These data substantiate ‘the
suggestion by Latta (1959) that estimates of total poepulatioen numbers,
where trap nets are used, should be made by estimating the abundance

of each size group separately.
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Another basic assumption in making pepulation estimates is that
marked fish distribute themselves.randemly throughouf the entire pepu-
lation being estimated.(Rickér 1958). An indicgtion of nonréndom
mixing of marked fish throughout.the entire population was obtained
by comparing the number of fish recaptured in the area of initial
marking to the number recaptured in other areas (Carlander 1970;
Lawrence -1952). The percent of recaptures occurring in the area of
initial marking ranged frem 49 to 69 (Table 2). 1In three out of four
cases the area with the fewest recaptures was also the farthest from
the area of marking. The potential bias due to nonrandém mixing in
this study was offset by systematically applying approximately equal
fishing pressure to all portiens of the lake perimeter. |

An example of data tabulation for making a Schnabel estimate of
a size group is presented in Table 3. Cétch statistics, populatien
numbers, and confidence limits for Petersen and Schnabel estimates
were computed for each size group (Table 4). Estimates for the three
largest size groups given by the two independent metheds are in clese
agreement, with differences ranging from 3 to 18 percent. The Petersen
estimate for 2.8-3.5 inch fish is 40 percent higher than that given by
the Schnabel method. The confidence intervals for beth types of .esti-
mates are relatively large reflecting the lew rates of recapture noted
previously for this size group. The pessibility of the Schnabel

estimates being biased due to net selectivity and the nonrandom mixing
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Table 2. A comparisen between the numbers . of pumpkinseeds Trecaptured
in and outside the area of initial marking (percent in
_parentheses).
Area of Area of Recapture
Marking . 1 2 3 4
1 310 (69) 42 (9) 55 (12) 43 (10)
2 78 (26) 160 (55) . 46 (16) - 9 (3
3 57 (15) 63 (16) 187 (49) 76 (20)
4 22 (9) 18 ( 8) 68 (28) 131 (55)
Table 3. Trap net data used for estimating the number of pumpklnseeds
4.6-5.5 1nches long by the Schnabel method.
. Number Number Number Mérked
"~ Captured Recaptured Marked At Large
June 17 440 0 440 0 0
June 18 774 - 37 737 440 340,560
June 19 378 66 312 1,177 444,906
June 23 328 83 245 1,489 488,392 -
June - 24 197 54 143 1,734 341,598
June 25 187 . 50 137 1,877 350,999
‘June 26 248 61" 187 2,014 499,472
June 30 293 55 238 2,201 644,893
July 1 269 97 172 2,439 656,091
July 2 369 , 137 232 ¢ 2,611, 963,459
July 3 303 _97 2,843 861,429
Totals 5,591,799




Table 4.

A summary of 1970 pumpkinseed catch statistics with Petersen and Schnabel
population estimates, confidence intervals_(QI)_and_standingucrOP for each
size group. ' o

Marked Estimated - Total Standing

Size Type Total Total at Numbers weight Crop
Group .Estimate Capture Recapture Large cI) pounds = 1b/acre -
' Petersen 405 8 626 28,239 564.8  38.4
2.8-3.5 (31,853-24,625)
Schnabel 590 9 - 568 16,988 339.8 23.1
(42 ,900-10,592)
Petersen 3,971 842 3,546 16,708 835.4 56.8
3.6-4,5 (17,220-16,196)
Schnabel 3,872 451, 3,193 ’ 13,670 638.5 46.5
(13,833-13,504)
Petersen 1,865 690 2,905 7,845 -682.5 46.4
4,6-5.5 (8,082-7,608)
Schnabel 3,786 737 2,843 7,587 660,1 44,9
. (7,638-7,537) ‘
Petersen 30 12 50 119 17.5 1.2
5.6+ (148- 90)
Schnabel 97 25 71 137 20.1 1.4
' (154-123)
Petersen- 6,271 1,552 7,127 52,911 2100.2° 142.8

TQTALS

Schnabel 8,345 1,222 6,675 38,382 1703.5 115.9
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of marked with unmarked fish make it probable -that the.Petersen'esti—
mates are the most accurate.

Delury estimates are dependent on the application of uniform ef-
fort and catchiné'a large pdrtiqn of the populatioﬁ, In additien,
there must be no competitien between units.of;gear and the catchability
of -fish must remain censtant througheut the trapping peried. Calcu-
lations are accomplished by determining the regression between the. two
variables: catch of. unmarked fish per unit effert and accumulated
catch of unmarked fish. The catch must be of sufficient mégnitude to ‘ |
cause a decline in the numbers of unmarked fish capfured.éver the study | \
period, which results in a negative regression. Negative regressions |
were.obtained for all 'size groups estimated butiit was found that none
of the regression coefficients were éignificantly;different frem zero- |
at the 95 percent level of_significance so the populatioen estimates
could not be made. Although 6,600 pumpkinseeds were marked, this
repfesented only 12,6 percent of the total:populatien estimatéd by the
Petersen method which was mnot of sufficien£ mégnitude.to obtaiﬁ an esti-
mate by the DeLury methed. | |

The age.of 153 pumpkinseeds was determined, and length at each |
annulus was caléulated (Table 5). About 90 ‘percent of fish 2.8-3.5
inches long'we;e in age .group IIT. TFish 3.6-4.5 incﬁes long were pre-
dominantly in .age groups IV and V, 43 and 53 percent, respectively.

The percentages.of 4.6-5,5 inch fish in-age groups.V and VI were 53 and
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Table 5. Average calculated lengths at each annulus for pumpkinseeds
collected in 1970.

Year Age No. of  Ave, Calculateduléngth at each annulus
Class Group Fish Length 1 2 3 4 5 6 7 8

1969 I 23

1.7 1.1
1968 II 8 2.5 0.8 2.0
1967 III 47 3.0 0.7 1.5 2.7
1966 IV 23 3.8 0.6 1.5 2.3 3.4
1965" v 55 4.6 0.6 1.7 2.7 3.5 4.4
1964 - VI -- 23 5.2 0.6 1.5 2.4 3.4 4.2 5.0
1963 - VII 11 5.8 0.7 1.6 2.6 3.5 4.2° 5.0 5.6
1962 ~ VIII ) 6.3 0.8 1.8 2.4 3.1 3.8 4.6 5.4 5.9

-
»

43,~respecfively, while 62 percent of fish larger than 5.6 inches were
ol&er'than VI years. |

.The age distribution of each size group in the sam%le was projected
to the entire population using estimates obtained by the Petersen meth-
od. The. projected distribution was: as folldws; age group .III, 26,165;
age group IV, 9,917; age group.V, 13,053; agé:grouﬁ VI, 3,368; age

group VII, 393; age group VIIL, 15. Using the Jacksen method the an-

15 + 393 +!3,368 +.13,053 +
393 + 3,368 + 13,053 + 9,917

nual survival rate was.éstimated as: s =

9,917
¥ 26,165

X 100 = 51 percent. Thus, the total annual mortality rate
was estimated as 100-51 = 49 percent. The total annual mortality rate

based -on data obtained from the Schnabel population estimate was. 4l
percent, -
The total standing crop of pumpkinseeds over 2.7 inches long based

on population estimates using the Petersen'method was 142.8 1b/acre;
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using the Schnabel method it was .20 pérgent lgss (Table 4).

Forty net 'sets in_Cabin-Lake over .11 days bethen'Jﬁiy 21st and
August "7, 1970 yielded'a total catch of 6,133 yellow perch. The-lake
Was.rehabiiitated on August 11th. Ten:people coilected 4,838 perch
which were examined for marks on Augustithh-and lengths were obtained
from 71.percent of those collected.
Perch were grouped,iqte size intervals to' compensate for'possible
- bias due to net.selectivity fér large fish. Recapture rates obtained
for various .size groups were: 13‘percent (3.6-4.5 inches), 10 percent
(4,6-5.5 -inches), 11 percent'(5.6—6.5'inches) andﬁlS percent for those
6.6 inches and lenger. Rates -from the{rehabilitaéion were 9 percent:
for the smallest size group, 19, 18, andl18'ﬁerceﬁt for each of the
next three larger size groups, respectively. These data do not suggest
strong net selectivity for large perch. Nonrandem mixing of marked
fish thréﬁghout'the entire population was suggested for perch (Taple,6)..
The percent of recaptures’ frem the area of initial marking ranged from
45 to 82.. The combined percent-of fish recaptured in éhe;area,in-which
they were initially marked and in one of theﬁtwo adjacent areas ranged
from 85 to 96. This soﬁfce of.biés was cémpenééted for by systemét-A
ically applying approximatel§ equal fishing pressure to all pqrtions.of
the lake perimeter. ‘

Perch statistics were summarized and population estimates calcu-.

lated for each size group by the Petersen and Schnabel methods (Table 7).
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Table 6., A comparison-between the numbers of yellew perch recaptured
- in and outside the area of initial marking (percent -in -

parentheses).
Area of . ' Area of Recapture :
Marking _ 1 2 N 4
1 101 (68) 42 (28) 0 5(¢(3) ' 1.7
2 26 (10) 219 (82) 20 (°7) 2 (0.7)
3 8 ( 5)- 40 (25) 107 (67) ‘ 4 (3
L4

33 (40) 8 (10) 4 5) 37 (45)

Schnabel estimates were lower thap Petersen éstiméFes for each size
group; the differences ranged from 9 to 23 percent. In this situation,
as with pumpkinseeds, the Petersen-estimates are probably least vulner-
able to bias.

Age was.determined and length ‘at' each annulus was calculated for
194 yellow perch collected in 1970 (Table‘8). Diffiqulty was experi-
enced 'in accurately aging fish past age group .II due to slow growth,
dense ‘compaction and erosion on.the edges of the scales. The agé
distribution projected from the ‘sample on tle basis of data obtained
frém the,?etersen_population estimates was: age group I,'6,076; age -
group II, 700; age greuﬁ-III, 14,282;:age.group IV, 7,903; and age.
group V, 189,

The estimated number of fish in age group I is undoubtedly low
since only the larger .individuals in this-age group were captured. Age -
gfoup II perch accounted for enly 3 percent of the toetal estimated

population of fish over. 3.5 inches long, which suggests a weak (1968)




Table 7.

‘A summary of 1970 perch catch ‘statistics with Petersen.and Schnabel populatlen

- estimates, confidence 1ntervals (CI), and standing crop for each size greup
: - : Marked Estimated Total Standing
Size Type _Tetal * Total at Numbers weight Crop
Group Estimate . Capture - Recapture " Large " (c1) pounds 1b/acre
Petersen . 593 128 13407 6,479 194.4 10.3
3.6-4.5 I . ( 6,991~ 5,967)
~ Schnabel 1,597 190 1,375 5,487 164.6 8.7
( 4,851- 6,319) :
Petersen 3,422 602 3,185 . 18,080 904.0 47.8
4,6-5.5 (18,750-17,410)
Schnabel 3,496 311 3,037 16,468 823.4 43.6
(14,934-18,356)
Petersen . 763 150 845 4,275 384.7 20.3
5.6-6.5 ( 4,590~ 3,960)
Schnabel 942 . 97 813 7 3,666 329.9 17.4
( 3,097- 4,494)
Petersen 60 15- 83 316 ©79.0 4,2
6.6+ ‘ (393-239)
Schnabel 98. 15 79 243 60.7 3.2
' (166-458)
Petersen 4,838. 895 5,520 29,150 1,562.1 82.6
TOTALS
6,133 613 5,304 25,864 - 1,378.6 . 72.9

Schnabel
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Table 8. Average calculated lengths at- each annulus for yellow perch
collected in 1970 I : ‘.

Year Age No. of ~ Ave. - Calculated length'at each annulus,

Class .  Group Fish  Length. 1 2 3 4 5
1970 0 29 2,7
1969 I 46 4.1 2.8
1968 II 3 4.5 T 1.8 3.2
1967 III . 69 . 5.6 1.3 3.1 A
1966 IV 71 6.3 1.2 3.1 A 5.4
6.8 1.5 2.9 4.0 5.1 6.0

1965 v 4

year classﬂ' This weak year class was also observed for pumpkinseeds
_(Taﬁle 5) and largemouth bass (Table 10) from Plummers Lake. Over 48
percent of the population was made up of .fish in age group III. Diffi-
culties experienced in .aging larger perch probably resulted in-undar—
aging many fish since -one or more annuli on the edge may nct.have been.
distinguishable. The wide range of sizes K3,6—8.3 inches)'classified
as age IIIyalsc‘suggests_uaderaging. The aboveﬁreasons‘pfebably ac-
counted.for a.questienable calculated-annualhsurvival.of'70 percent
using-thelJackson methed.

The total standing crop of yellcw perch ovcf 2.8 inches long based
on population estimates using the Petersan method was 82.§‘lb/acFe;
using ‘the Schnabel -methed.it was 12\percent:less (Table 7).

Eleven days of ‘trap netting and approximately 110 man—hquré of .
hook—andfline'fishingJin.Plummcrs-Lake'bétWecn June 16th and.July-B,

1970 yielded a total catch :of -250 largemouth bass, The trap nets
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chptured only bass froem 2:7 to 4,7 inches loné While heook~and-line
fishing caught .only thoese 5.6 inches and longer.‘i Plummers Lake was
rehabilitated oen July 7th and 46% largeﬁouth were collected and pro-

cessed. Bass were arbitrarily divided into two size groups. Small-

sample size and the reiatively small number of recaptures prevented

" the determination of gear selectivity and distribution pattern of

marked fish.

The Petersen.estimate of 2;7 to 6.9 inch bass is .44 percent higher:
than-the Schnabel-estimate: of .this sige group and 12 ‘percent lower than
the Schnabel estimate_éf the 7.0 to 11,@‘inéhTfiéﬁ'(Téﬁle 9), The
small sample size of bass less thn 7.0 inches leng is coenceivably the
principle cause for the differehcgé between tﬁe two estimates. The
Petgfsen-eétimate should be~felafivély'freévfrom bias, and since it
Wéé-baséd on neérly twice the sample size and had a 7 percent higher
recapture rate, as»compared‘tofthe'Schngbél éstimate; it is probably
the most accurate,

Age was determined and ‘length at each annulus was calculated for

223 largemouth bass from scales collected in 19Y0 (Table 10). The

projected age distributien of the population based on ‘the Petersen esti-

mate is: age group I, 1,125; age group iI,559; age group-III, 647; age

.group IV, 376; age group V, 32. Only 3 percent of the total estimated

population of bass between 2.7 and 11.0 inches iong weré placed.in age

group II,. indicating a.weak .(1968) year class., Using the Jackson
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A summary of 1970 largemouth bass catch statistics Wlth

Petersen and Schnabel po ulatlon estimates and confidence
1ntervals (CI): for. each 51ze group.
' ‘ Marked : Estimated
Size Type. ~ Total Total at Numbers.
Group Estimate - Capture Recapture Large (cD)
Petersen . 263 20 157 1,974
2,7-6.9 o , ' (2,422-1,526)
.Schnabel 168 " 11. 157 1,110
- (2,241—‘ 720)
~ Petersen 199 54 73 265
7.0-11.0 . (166-364)
‘ Schnabel 82 9 73 300
(750-188)
: Petersen 462 74 230 2,239
TOTALS - ' ' .
Schnabel 250 20 230 1,410
‘Table 10. Average-calculated lengths at each annulus. for.largemouth
: _bass collected in 1970, ..
Year Age No. of Ave. 'Cilculated length at each annulus
Class  Group’ Fish Length 1 2 3 4 3 6 7 8
1969 I 67 3.6 2,7
1968 - II 3 4,4 1.8 3.7
1967 ITI 63 6.8 1.9 3.7 5.9
1966 Iv 79 7.9 1.6 3.7 5.1 6.9
1965 v, 18 10.3 1.9 4,1 5.9 7.5 9.2
1964 VI 0 :
1963 VIT 1 12,4 1.8 3.1 4,4 5.6 6.7 8,0 10:6
1962 VIII 14,0 1.8 3.1 4.0 5,06 6.6 8.1 9.9-12)

2
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method the estimated annual survival rate through age group V was:

. = 32+ 376 + 647 *+ 59~ X 100 = 50 percent. Using the Schnabel
376 + 647 + 59 + 1125

population estimate the annual mortality rate is calculated as 44

percent.

The tdtal standing crop of bass 2,7 to 11.0 inches long based on
the Petersen population estimate was 13.4 ib/acre; using data oebtained
from the Schnabel eséimate it was 8.0 1b/acr¢. The combined standing
crop of pumpkinseeds and largemouth bass in Plummers Lake based on the-
Petersen estimate was 155 1b/acre.

Schnabel estimates were made for all three species -in 1969. Fish
captured were grouped into the same size intervals as in 1970 to
facilitate éoﬁparison of the estimates for the two years. Trapping
for pumpkinseeds was cenducted for 17 days between July 10th and August
'8th and included 56 net sets. Trapping for perch was conducted for 9
days between June 23rd and July 9th and for 3 days between August 12th
and 15th. A total of 28 net sets were made during the 12 days. Al-

_ though the total effort expended in capturing pumpkinseeds in 1969 was
considerably more than in 1970 (11 days and 36 net sets) the total catch
was 62 percent less in 1969 (Table 11). Effort expended in capturing
perch was slightly greater in 1970 (1l days and 40 net sets) with a 50
percent greater catch in 1970, The fyke nets used in 1969 captured 76
percent fewer pumpkinseeds, on the average, than the moéified fyke nets

and 95 percent fewer yellow perch., Part of this difference in catch
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Table 11. A .comparisen of 1969 -and 1970 population -estimates ecalecu=
lated using the Schnabel method (confidence intervals in
parentheses)n

1969 1969 1970
Total Size Estimates Estimates
Species Capture Group (CI) (CT)
Pumpkinseed 3,217 2.8-3.5 3,053 16,988
(5,882-2,044) (42,900-10,592)
3.6-4.5 6,243 13,670
(7,634-5,280) (13,833-13,504)
4.6-5.5 5,944 7,587
(6,766-5,302) (7,638-7,537)
5.6+ . . 255 137
(611-179) (154-123)
TOTALS 15,477 38,433
Yellow perch 3,094 3.6-4.5 10,432 , 5,487
: (15,188—7,841) (4,851-6,319)
4,6-5.5 14,177 . 16,468
(33,704—8,976) (18,750-17,410)
. 5.6-6.5 1,881 3,666
' (3,312-1,313) (3,097—4,494)
6.6+ 267 243
(481-185) (166-458)
TOTALS 26,667 25,864
Largemouth Bass 221 2.7-6.91 1,277 1,110
. (4,159-755) (2,421-720)
7.0-11.0 244 300
(581-~155) (750-188)"-
TOTALS 1,521 1,410

INo bass smaller than 4:9 inches leng were captured in.

1969.
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was .due to the one-inch mesh size of the fyke nets which captured no
pumpkinseeds smaller than-4.0 inches long.and no yellew perch smaller
than 4.8 inches long. The average catch per net of -pumpkinseed in
1969 was .57 compared te 232 in 1970 when enly modified fyke nets were
used. The catch per net of perch in 1969 was 110 compared te 153 in
1970,

The total pumpkinseed population estimated in 1969 was 60 percent
lower than in 1970, The principle.difference was in the numbers esti-
mated for 2.8 to 4.5 inch.fish. The toetal number of perch estimated
in 1969 was only.5 percent higher than in 1970 but for fish in the 3.6
to 4.5 inch group it was 53 percent higher.(Table 11).

The distributien of net sets alse differed between 1969 and 1970.
In 1969 several locations were sampled as many as three times. 1In
1970 no net.was ever set-in a location that had been previously sampled,

Approximately equal.effort was expended in fishing fer bass in-
1969 and 1970 but there was a 12 percent greater total catch in 1970.
The estimates of the total population differed by only 7 percent with

the highest estimate for .1969.




DISCUSSION

Cabin and Plummers Lakes had favorable_characteristics for making
population estimates. The relatively small surface area made possible
adequate sampliﬁg.in a short time redqcing.the chances of bias due to
ﬁortality or recruitment through growth. Being clesed lakes and rela-r
tively shallew, additiens te and losses frem the populatien threugh
migration were minimal.. The lack of fishing pressure precluded tﬁe
chance of significant error due te fishing mortalit&.

Some sources of bias can be offset through-careful planning of
procedures. The use of fin clips made ideﬁtification easy and .lessened
the chance of tag loss: Differenfial vulnerability te .trapping and
noenrandem mixing of marked with unmarked fish were.suspected in 1969
and were considered when planning the 1970 sampling pfoceduresﬂ

The differences . between 1969 and 1970 estimates of pumpkinseeds
and,perch'were probably due either to the use of .two different.types
of nets in 1969 or to a less systematic,sampliné procedﬁre, The use .
of one-inch square mesh nets in‘l969 could have caused a misrepresen-
tation of small fish in the samﬁle in relatioen to large fish which
were caught by both mesh sizes., Repeated sampling of .certain locations
in 1969 could have resulted in an underestimatioen of: the tetal popu-
lations of pumpkinseeds and perch.

Another interesting peint to consider is that if the 1969 estimates/'-

had been the only ones available the relatively narrow confidence
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limits could have instilled false confidence in the accuracy of the
estimates (Table 11). When interpreting the results of populatien
estimates it:is impertant te know that cenfidence limits measure ac- -
curacy mainly as it 1s affected by the number of recaptures and that
sample size and proportion of fish marked are impoertant only as they
affect the number of recaptures (DeLury 1951). The relatively good
recapture rates of pumpkinseeds and perch (range 4 to 19 percent in
1969) in relation to total catches was probably due to repeatedly
sampling certain locatiens. |

Age information cellected in 1970 on pumpkinseeds, perch and
largeméuth bass show dispropoertionately small numbers of:age-group
IT fish (Tables 5, 8, and 10, respectively). The appea%aqgg éf.a‘geak
year class -in.three different species from two separate lakés‘suggests‘
something more than -coincidence or saﬁpling error. Some environmental -
fac£or.probably affected either spawning or.survival Of young in 1968,

The survival ‘values calculateq using the ‘Jackson methed are af-
fected by the relative strengths of the year classes. ' Ricker (1958)
suggests that -the principle source of error in this type of survival '
éstimate is the variable .initial size of the broeds invelved. The
.small numbers of both . .largemouth bass and pumpkinseeds classified in
age group LI Wbuld influence the accuracy of ‘the survival rates calcu-—

lated.
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