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ABSTRACT

The axiom that fish stocking is an effect,ive and

beneficiar management concept was quant,itatively examined

by employing uníque isozyme phenotypes of the enzyme

malate dehydrogenase in skeletal muscle as biorogicar
markers. walleye fry plants in the spring of lgzr and

L972 and a fingerling planÈ in the fal1 of 1972 were

monitored ín monthly gillnet samples by starch-gel
electrophoresis to determine their relative survival,
contribut,ion to the year-classes, and. effects on

production of the native walleye population. The

1971 fry plant augmented t,he year-class by 43g6 but
averaged only 2.2% of the t,ot,a1 catêh during LgTq. llglS.
In contrast, the 1972 fry and fingerling plants

comprised the entire year-class (9.9.5%) and contributed
35.5% of the total catch in 1974-L975. The fingerling
plant v/as marginally successful contributing only

7.75% Eo 1972 year-class abundance. Annual

population production was 341 kg from August IgTq-

August Ig75. The introduced fish contributed the
majority of this production (51.5%) of which the Ig72

fry introduction comprised 95%. The LgTr fry and rgTz

fingerling introductions contribut,ed equally to the

remainder - about L% of totat annual population production.

Fry planting is preferentiat to fingerling plants as a

i



means of increasing population production. The isozyme

marking syst,em ís virtually flawless and deserves

consideratíon in other suitable population dynamics

studies
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ÏNTRODUCTION

The artificial propagation and augrmentation of
depleted fish stocks is a widely practiced and generally

accepted management technique. The efficacy and

pract,icality of this approach has seldom been examined

Stud.ies designed to evaluate and remedy the drastic
declines in freshwater and marine fish st,ocks uniformly

ignored artíficial propogation (Parrish Lgl3, Roedel

L975, Loftus and Regier 1972, Regíer,et aL. 1969) as a
possible solution. This resutrts, in part, from pessimism

regarding early studies (Dymond Lg57) which generally

attempted t.o correlate numbers of fry planted with t,he

resul-tant, year-c1ass strengths from catches in
commercially exploited populations in large water bodies

but failed to illuminate the nature of any such relationship
(Hile 1937, Carlander 1945, Smith and Krefting 1954).

Recent studies based on alternate- or multi-year stocking

strategies (Rose 1955, Forney,L975t L976, Carlander,

et aL. L9(¡0) indicate apparent enhancement of some

augimented year-classes probably the result of hígher

stocking densities.

The major obst,acle to a quantítative evaluation

of fish stocking is the inability to distinguish
introduced from native fish once the two groups have

intermingled. Previous studies all suffer from the

1



necessity of att,ributíng apparent changes in year-class

strengths dírectly to the fry plants without prior
knowledge of population structure and dynamics.

The objectives of the present study are

(1) to evaluate the viability of malate dehyd.rogenase

(MDH) isozyme phenotypes as distinctive biological
markers for application in fish int,roduct,íon and other
populat,ion dlrnamics studÍes, (2) employ the MDH marking

system to quantify the effects of fry and fingerling
plants on year-class strengt,h and production of the

native walteye çstizosted.ion uitreum uitreum\ population

and evaluate their rationale as a sound management

practice in increasing productj-on of exploited and

unexploited fish populations.

Recently, ClaytotL, 'ët aL. (1921) found that the

walleye possesses six possÍble isozyme phenotypes for
the enzyme malate dehyd.rogenase in skeletal muscLe.

The heritability of the phenotypes is explicable by

simple Mendelian genet,ics permitting accurate prediction

of the egg and fry phenotypes (Clayton , êt aL. 1971) to
be employed in an introduction. The allele desígnated

1C- is apparent.ly restricted to a small number of water

bodies in the Churchill River system (Clayton, eú aL.

Ig74) . This facilitates the interbreeding'requisite
t,o obtaining uniquely identif iable of f spring.



The small closed system environment of West Blue

Lake with t,he lack of major predat,or species and the

virtual absence of the CI aIIeIe provided an ideal
situation in which to monítor and assess the success

of fry and fingerling plants bearing the distínctive
Cl allele as a biological "mark,r. In addition,
consíderabLe background information is available on

year-class strengths, growth, and. seasonal changes

in biomass and production of the native walleye

population providing a comprehensive standard against,

which to assess the effects of the fry and fingerling
plants. (Glenn L969, Kelso and Ward Lg72) .

Initial monitoring suggests that the small walleye

fry plant, in L}TL.was modefately successful while the

larger plant in L972 introduced a complete, abundant,

art.ificial year-class (Vlard and. Clayton 1975) .

MonÍtoring was continued to confirm,initial find.ings,

to examine the long term viability of the marking

system as well as d.ifferential mortality of stocked.

fry, and to evaluate the potential contributj-on of
fry and fingerlíng plants Qo the harvestabLe

stock and product,ion in West Blue Lake.

walleye



MATERÏALS AND METHODS

lrlest Blue Lake is located in Duck Mountain

Provincial Park, approximately 500 km nort,hwest of
Winnipeg, Manitoba (Fig. 1). The Lake is 1ong,

narrow, and steep-sid.ed with three main basins

The maximum length is 4.8 km, maximum depth 31m,

and mean depth 11.3 m. Area is 160 ha (8e11 and

Vüard 1970). There is no outlet stream and only two

small temporary inlet, streams draining swamp to the

west. ïce cover usually forms in mid-November,

reaches a maximum thickness of about 1 m in early
spring, and leaves in mid-May. During the íce-free
period Secchi disc transparency varíes between 5 and

10 m. Thermal stratification occurs in late lr{ay or

early June. Dissolved oxygen levels remain hígh

above 15 m during most of the open period, but is
depleted in regions deeper than 20 m d.uring the surnmer.

Meromixis ís present in some years. Total alkalinit,y
as CaC03 approximates 150 mg/l during summer when

epilimnion pH ranges from8.0to 8.6 and that of the

hypolinnion from 7.0 to 8.0 (Vüard and Robínson 1974) .

The parental walleye stock used to provide fry

for the West Blue Lake plants overwinter in Crean Lake,

Prince Albert National Park, moving into ad.jacent

streams to spawn in spring. Pre-spawning fish were

trapped in a tributary of Crean Lake and retained in
pens until ripe



Figure 1. A contour map of Vtest, Blue Lake and. its

location in Manitoba, indicating the main

giII netting sites, (depth in met,ers) .





In early May L97L, thirty-six 1 x 1 matings

\^¡ere made and fert,ilized, eggs v/ere held at the

spawning sit,e. Spawned f ish were killed and the
MDH phenotypes of each individual determined.

Egg lots represent,ing mat,ings of t,he type C1CI X

crcl and cIcl x clc3 were selected for the

subsequent fry plant, into hlest Blue Lake and were

incubated in a small field hatchery. In IaLe May

the eggs were transferred to the provinciar hatchery

at Duck Bay, Manitoba and 501000 to ro0r0oo resurtant
fry releaseä into West Blue Lake on June I.

In Lg72 the phenotypes of adult fish r^/ere

det,ermined prior to spawning and only matings of the

type cIcI x c1c3 were made. The desired. matings

were made during the period May 7 to 13 using groups

of four to six fish. Eggs were transfe:ired to the

provincial hatchery. at, Fort, eutAppelle, Saskatchewan,

for incubat,ion. On May 26 t,hey were transferred to
a small fiel-d hatchery at vüest Brue Lake and incubat,ed

until hatching was complete on ilune 4. On June 6

fry were photographed and 373 t000 were

various locations on the lake (Vüard and

Another 186,000 fry
at, Erj-kson and 2,500

subsequently planÈed.

falI of L972.

r¡¡ere transferred to

fin-clipped fíngerlings
into West Blue Lake in the

rel-eased at,

Clayton 1975) .

small ponds



During the summer of Lg72 and 1973 sma1l mesh

(1.9 cnr stretched measure) gí11 nets Ì^rere used to
sample small walleye for MDH analysis (lrlard and

Clayton 1975) .

, Sampling procedures for populat,ion enumeration

during the years L972 to J'g75 consisted of capturÍng
fish in a standard gang of gil1 nets composed of three
sections each 30.5 m long and 1.9 m deep. Mesh sizes
were 3 .81, 6 .35, and I .89 crn st,retched measure (KeLso

and Ward lg72) . The nets hrere set between 2000

and 2200 hrs, angularly to shore and usually in less

than 5 m of water (Fig. 1). The nets were checked

for fish at 20 30 minute intervals, more frequently
if the cat.ch was heavy. During Lg72-Ig.7q, 2 gangs

were fished each day of sampling and in Lg75 Z - 4 gangs

$¡ere físhed depending on available manpower. Físh

were removed from thê nets as soon as possible after
capture and .placed in a 25 I container of water.

Fish were then transferred to a'Live box" where they

were retained overnight (Ke1so and Ward Lg72).

Fish were separated by the mesh síze of
capture beginning in August, Lg74. The next morning

fish \¡rere examined for condition, total and fork
lengths measured, and. scale samples were t,aken from

the left side above the lateral Iíne between t,he two



dorsal fins. Floy FD-67 individually numbered anchor

tags (Del1 1968) were inserted in t,he back beLow the

middle of the first dorsal fin. During the summer of
L975 two tags were applied, one on either sid.e, to
assess tag loss

.Tissue biopsíes for isozyme phenotype determinat,ions

were also taken from some físh. In addition to the fish
sacrificed from small mesh catches during L972 and L973,

I0/' of the st,andard gang catch in 1973 was sacrificed.

for MDH' analysis. In May Lg74 the hypodermLc syringe

described by Uthe (1971) v/as tested as a means of

obtaining tissue samples without sacrificing fish.
Concomitant with the first three mark and recapture

periods of 1974 control and biopsied fish \^/ere held.

in 560 I tanks on the lakeshore to assess mortality
attendant t,o capture and handling. Beginning in
June 1-974 the hypodermic syringe was used exclusively

to obtain tissue biopsies from every second físh ín

Lg74 and every fifth indiviclual from standard gang

catches in L975.

The actual MDH isozyme phenotypes were

determined uía starch-gel elect.rophoresis. Tissue

samples were prepared for electrophoresis by

homogenization of white muscle tissue with a

distilled water solution of nicotínamíde adenine



dinucleotíde (NAD) 300 mg,/I, in a Teflon and glass

tissue grinder. Syringe muscle samples were ground

by hand using a glass stirring rod. Extracts were

prepared from the white muscle in t,he ratÍo I gm

tissue/2 ml extraction solution and clarifíed by

centrifugation at 25rOO0 g and ZoC. Starch-gel
electrophoresis (Tris-citraLe buffer pH g.0) and

isozyme visuarization was carried out as described

by Clayt,on and Gee (1969) with the substitution of
malic acid for lactic acid in the present study

(Clayton, et a'L. L}ZI) .

A tot,al of seventeen mark and recapture samplings

were conducted from L972 through L975 at approxÍmately

one month intervals over the summer except in July
when wat,er temperatures were above 20oC. populat,ion

abundances were determined for all periods by both t,he

Chapman (1952) single release, and Jo11y-Seber multiple
release procedures (Cormack 1968) . The former estimates

were adjusted for tag loss following Cucin and Regier

(1965) . Recruitment and survival estimates are implicit
in the approach of ilolly (1965), which was modified to
adjust for small sample bias (Seber 1973). The no-

birth model of Jol1y (1965) again modified for small

sample bias was applied to the IïTZ year-class for the
period August L974 through September 1975. The catch



curve method of Robson and chapman (1961) provided
an estimate of annual mortaliÈy for comparison with
estimates by Jollyrs model. The procedure outlined
by Robson (1969) was folrowed to test for mortalíty
attendant to sampling and marking.

Growth rates were determíned both direct,ry from

lengths and indirectly from scales. rnstant,aneous

daily rates of growth in rength (s,- ) vrere determined

directly froms

9¡=
Ez tt

(Ricker 1975). Lengths were converted to weight using
the relationship .000003443 toge 3 '163 qel"rrr, 1969) .

To compensate for negative growth rates resulting from

small sample size for some year-crasses weighted linear
regression was appried to weights for seasonar growth

estimates in 1974 and LgTs (steer and Torrie 1960).

To determine population growth indirectly from

scales, acetate impressions were magnified.-46.5 times

using a bioscope and. the distance to each annulus and

the scale radius r4rere measured t,o the nearest millimeter
in the anterior field. AII scales \^¡ere read. twice ,
disagreement resulting in further read.ing. Only

scares meeting the criteria of Hire (1954) were used

for determining growth. of the 2,s23 fish captured over

the four years 2,437 individuals courd be used for growt,h

1o9e 12 toge

10

1i
', where l* is length at t,ime íI



studies. The last week of June (Glenn 1969) was

taken as the time of annulus formation unless

annulus was obviously present in assigning fish
to brood years.

A power functíon was fitted to the scale

radius-total length relationship (HiIe 1941) to
back-calculate lengths at previous annuli. In

each case an estímated scale. radius was determined

for each fish from the relationship for the particular
year us.ing its total length and this theoretical length

was compared to the actual measured length to provide

a correction factor to each measured annulus on that
individual. The distances between annuli, ALi
were obtained. by subtraction. Seasonal growth rat,e

relative to the last annulus was obt,ained from:

h = S S.-i+1 -i where h = relative growth rate
-- cU'-i Si = size at. time i

The relative growth rates (h) were transformed.

to instantaneous rates (g) by the relationship g =

toge (h + 1) .

The combination of abund.ance estimates and mean

weight of each year-class permit,ted the estimation of

biomass at, six sampling times during 1974 and 1975,

where biomass consists of the Lg66-Lg73 year-c1asses.

Average biomass (-B) of the stock was the arithmetic

11



mean of adjacent biomass estimates (chapman 196g) and

production was calculated using the chapman modificat,ion
of the Ricker (1946) approach, p = gF, where g is the
inst,ant,aneouå growth in weight.

Producti-on of introduced fish was apportioned. on

the basi-s of t.heir per cent frequency in the population
as estimated by the relative proportions of nat,íve and

introduced fish in the isozyme determinations. production

of the strong 1967 and rg72 year-classes was also
determined by the graphicar approach (Allen 195r).
The popuration estimates and mean weight were used

directry and also by fitt,ing a curve to abundance

estimates (chapman 196g), to obtain production. The

l-972 year-c1ass was subdivided into Erikson and introduced
fish based on the frequency of the former in catches during
1974 and L975 and the latt,er from isozyme phenotype d.ata

and production determined by chapmanrs arithmet.ic
procedure.

T2



The introduction of'50,000 to I00,000 walleye
fry bearing the cI arlele into west Brue Lake in
rgTr resulted from 1.1 x 106 eggs produced by mating

clcI x crcl and cIcI x c1c3 parenÈs at crean Lake

yton 1975) . similarly, clcl x clc3
matings at Crean Lake ín Ig72 provided 4.5 x 106

eggs from which 2.0 x 106 viable eggs reached west

Brue Lake and resulted in 560rooo fry of which 373ro0o

were rereased into west Blue Lake. The remaining
187r000 fry were planted in ponds at Erikson, Manitoba

and provided 2,500 fingerlings for a small plant,ing
)in October Ig72

Releases

RESULTS

13
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The contribution of t,hese introductions relative
to both the natíve year-classes and. t,he popuJ-ation as a

whole was monit,ored by examining their frequency in
samples taken by the standard 9ir1 net gangs (Table l).

Age determination permítted the assessment of
relat,ive year-class strengths and their proportions
in the population. year-class strengths fructuate

Sampling and Analyses of Catches



Table 1. Age- and percentage-frequency of
cat,ches seasonally and annually

walleye year-classes ín the
for 1972-1975.

standard. Eillnet gang

L972 L973

Year
Class

June
-24[1ay

17-31
July

2 18-26
Sept.
13- 19

May
76-23

June
12-T9

July
9-l-9

Aug.
20-25Jul

0

2

0

0

72

¿

I
1

0

Total
3 0.8
5 1.3
4 1.1
7 L;9

332 87. B

4 1.1
9 2.4

12 3.2
2 0.5

Sept.
10-17

196 3

1964
1965

L966
L967

196 B

7969
I97 0
T97I
r972
l-973
197 4

Total

3

3

3

4

L25

0

2

1

:

0

0

I
2

r07
2

5

10

:

0

0

I
4

93

0

4

9

1

0

0

1

9

103

3

4

I
1

1

0

0

0

3

81

2

5

4

5

0

0

0

4

10

73

0

3

3

I

0

2

1

I
89

1

1

5

:

0

0

0

1

28

0

I
0

1

ToÈa1

0-
2 0.4
7 L.3

34 6.2
439 80.4

6 1.1
17 3.1
29 5.3
11 2.0
1 0.2

r42 7B 31 L27 378 110 94 II2 130 100 546

TABLE 1 CONT'D ON NEXT PAGE
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Table 1. Age- and percentage-frequency of
catches seasonally anil annually

walleye year-classes in the standard gillnet gang

for 1972-1975

L97 4 L97 s

Year May June
Class 21-31 L7-2I

Aug. Sept.
13-18 L4-t7

May June
15-20 15-19

Aug. Sept.
5-11 2-6 TotalTotaI

196 3

L964
1965

1966
L967

1968

l-969

L97 0

I97t
r97 2

r973
L97 4

Total

0

o

2

6

90

1

0

1

4'

14

0

0

0

3

68

0

3

3

I
,:

0

0

1

l-6

]-66

1

I
2

I
31

:

0

0

0

7

131

2

5

4

6

103

:

0

0

o

4

59

2

2

2

3

]-26

L2

16

0

0

0

2

B7

1

3

2

1

87

11

6

0

0

0

5

54

1

2

1

1

37

3

0

0

0

4

46

2

2

1

2

35

3

0-
0-
2 0.4

18 3.8
258 54.7

4 0.8
7 1.5
6 1.3

15 3.2
156 33 .1

:1.3

0-
0-
I 0.1

29 3.2
443 48.4

6 0.7
18 2.0
10 r.1
11 r.2

347 37 .9
29 3.2
22 2.4

118 155 104 47295 226 264 226 200 916
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markedly (Table 1) as noted by the age frequency

distribution in Figure Z. Particularly ab,undant

are the native ].967 and the introd.uced rg72 year-classes.

Also apparent are the relative rates and. magnitude

of recruitment and mortality, the former occurring
primarily during the second year and the ratter becoming

pronounced after the 8th year of tife (Fig. Z) .

since the year-crasses augment,ed by introductions
in L97L and 1972, would not be recruited into standard
gang catches until 1973 and Lglq, respectively, samples

for isozyme analysis were obtained with smarr mesh giII
nets (Table 2) to determine relative proportions of the

native and introduced fish in these year-classes during
L972 and. L973. The 1971 year-class was f,ound. t,o

consist of 52.6% introduced f ish i-n I|TZ while the

1972 year-cIass v¡as comprised of r0og6 introduced fish.
Small mesh samples of Ig72 year-class fish, taken in
Ig74 and Lg75 support,ed the earlier results (Table Z) .

Since t,he 1971 year-c1ass became vulnerab'Ie to
the standard giIl net gáng in Ig73, MDH isozyme samples

were taken to det,ermine relative cont,ributions of
introduced fish to the catch. A t,otal of 51, 202,

and 152 walleye of various year-classes \^/ere examined

for MDH phenotypes during 1973-1975 (Table 3). In
L973 the r97r year-crass contained s0% introduced fish.



L7

Figure 2. Age-frequency dist,ribut'ions of t'he catch

from Lg72-Lg75 indicating the contríbution

of introduced fish to Èhe native population
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Table 2. Frequency of
for I97L and

MDH isozyme phenotypes
L972 introductions.

from small mesh gillnet catches , L972'L975 '

Phenotypes Totals

L97L L972

Crean Lake
Fraction

r97L r972Year
ctct

L971 L972

ctcg
t97r L972

czcz
t97L L972

czcg
L97L L972

cgc¡
L97t L972

L972

1973

L97 4

r97 5

019

06

02

2

0

0

0

I7

4

0

00
00

0

0

0

0'

0

0

0

19

0

0

0

36

10

2

.526

I .00

1.00

1.000

Grand Tot,als 19 48

H
@

æ-r@ææt1Fl



Table 3. Frequency of MDH isozyme phenotypes in walleye from standard. gillnet
gang catches L973-L975.

Year C, Cr1
class TTTÛE

.Phenotypes

ct cg cz cg cz cz
7-j-7T71 13-7T-75 TIm

Totals
c^ c^

JJ
ffi TTT;

Crean Lake
Fraction

73 74 75

L973

L972

L97l

L970

l-969

1968

L967

L966

000
0 s0 60

112
000
000
000
000
000

00
45 54

221
000
000
000
001
000

01
o 21
342
52L
211
oro

13 31 14

101

34
001
032
320
110
010

13 37 13

030

02
000
011
210
010
000
410 0

100

037
0 97 Lr6

611 B

1051
331
020

30 78 18

231

0 .979 .983

.50 .27 .37 5

Tota1s 51 242 I52

H
\o



By Ig74 both augmented year-classes were fully vulnerable

to the standard gang and were comprised of 27 and g7.g%

int,roduced fish. A similar proport,ion,\^/as found in
1975 when the L}TL year-class comprised. 37.5f, and. the

I972 year-cIass 98.3% int,roduced fish. Assuming the

proportions of int,roduced. físh in MDH samples from

small mesh and standard gang samples (Tables 2, 3)

are representative of those in the population the

combined results of all MDH samples suggest the LITL

year-class to be 43'/, and the L972 year-class 98.5f0

introduced fish

The abundant Lg67 and Lg72 year-classes contributed

over 80% t.o the total catch in all four years (Tab1e 1) .

The other year-classes were uniformly less than 5% of
the total catch (Fig. 2) . The L97I year:-class is very

weak, about average, even considering the 43ø,, augmentation

by ínt,roduced fish. In contrast, the abundant Lg72

year-cIass constituted 33.1% of annual catch ín irg74 and

37.g% Ln Ig75. Again the whole year-class (98.5%) is
introduced with only 4 native fish, 2 each in LgTt+ and.

1975, being found in MDH samples (Table 3).

The fingerling introduction from Erikson also

díd not, augment the populat,ion to any significant degree

comprising 8.g7fo of the catch of Ig72 year-cIass fish in

Lg74 anð, 6.9214 in L975. The single Ig72 year-class fish

captured in 1973 was of Erikson origin;

20



In L975 the fish in the augimented year-classes

were at a size desirable for a sport fishery and

introduced fish, 3 and 4 year olds, constituted

35.7Y, of the adult population t'hus making quite a

signíficant potentiat contribution to the harvestable

stock

III

(i) Assumptions of Mark and. Recapture Experiments

The models of all mark and recapture experiments

requíre the validity of a number of assumptions whose

violat.ion can produce inaccuracies in the estimates of

the parameters of.interest. Possibly the most important

assumption and the one least likely to be futfilled is

that. of random sampling. The effects of select,ion by

the sampling gear on the population will directly affect'

the lengt,h-frequency and age-frequency distributions so

obtained (Fig. 2) .

from each mesh size in the stand'ard gill net gang at

six sampling t,imes indicat,e that a wid,e range of lengths

are sampled. The similarity of the curves at the

three times part,icularly at the greater lengths,

400-500 mm, where the fish are slow growing and the

t.arget population stable indicates a relatively constant

Abundance

2L
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Figure 3. Length-frequencY curves

in the standard gillnet

I
I

for the three meshes

gangs for L974-1975.
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rangie of selection and efficiency of the sampling gear.

The large peaks in the 3,81 cm mesh in the faIl of irg74

at 250 mm and in the 6.35 cm mesh at 330 mm ín the fa1l
of 1975 probably reflects the fast growth of the L7TZ

year-class fish. The missíng peak for this group in
the spring of L975 reflects the disproportionate number

of larger act,íve spawning fish in the catch rather than

gear select,ion.

Generally, the total proportions of individuals
of a given length sampled in a standard gang is very

similar, save that the peaks at smaller sizes shift to

the right with time as a result of growth (F,ig. 3).

This suggests that, samples are probably negligibly
biased by actual gear selection.

The absence of gear selection is support,ed also

by the catch-per-unit of effort, indei which is fairly
stable both within and between years (Table 4). If
active select,ion for a particular length class !ì¡ere

occurring for each mesh size then the rapid. growth of

the relat,ively larger number of small fish should produce

marked fluctuations in this index of relative abund.ance.

Since this appears not, t,o be the case selection is

inferred to be insignificant and samples random with

respect to net. selection.



Tab1e 4. Catch-per-unit effort (t{o. of
for the standard gang samPles

annually.

Ef fort No.of CaEch/ caiuchr/

(No.of Days unit unit
Date 

-- 
Catch ggngs)----flshgd gffogt gffort -L972

May 17-31 143 6 6 3.97
June 24-July 7 79 6 6 2.I9
July L8-26 32 4 3 2.67
SepL l3-I9 130 7 7 2.65 2 -87

L973

May L6-28
June L2-L9
JuIy 9-Aug.8
Aug.20-25
Sept. 10-17

May 2l-June
June 17-20
Aug. 13-18
Sept.14-17

May 15-20
June 15-19
Aug.5-11
Sept.2-6

f ish/standard gang / ð'ay)

seasonally and

114
98

r30
LL7
1r0

L2T
L62
106

97

235
27L
235
2L4

24

10
6

10
I2
10

197 4

14
10

9
I

Lg75

L7
L7
22
t4

Mean

5
3
7
6
5

2
5
1
I
2

2B
44
86
63
20

7
5
5
4

r.24
3.24
2.3t+
3.03

2.76
3 .19
1.78
3.82

5
5
6
4

2.68

2.t18

2.89



The second major assumption in mark and recapture

experiments is that mortality occurs equally among

marked and unmarked individuals. Handling mortality

was examined during Ig74 by holding members of both

groups in large tanks on t,he lakeshore with the

following resulÈs:

Date Si-ze (mm)

June 3-11 282-473

June L7-24 16L-234

Aus. L6-20 254-437

Appreciable mortality occurred only among the

smaller fish in late June when water t.emperatures

exceeded. 2loc. Since all the experimental and one

member of the control group expired this sit'uat,íon

may not realístically refLect natural condit'ions.

The application of Robsons figøg) Z x 2 contingency

table tests for "type Irr or handling mortality failed

t.o d.emonstrate any significant mortality with all calculable

chi-squares being non-significant at the .05 probability

level (Table 5) . Therefore mortality att'endant to

marking is probably an inconsequential source of bias.

The t.hird major assumption is that' of equal

catchability of marked and ummarked members of the

population. In the majority of mark and recapture

Control Tagged 6 Biopsie4
ffiffi'

25



Table 5. Chi-square contíngency ta.ble tests to detect
initial. tagging mortality.

DaLe

No.captured at time
i and releasedm
seen not seen
later again

June 30

July 22

Sept. 16

May 20

June t6
July 14

Aug. 16

Sept. 14

May 26

June 19

Aug. 16

Sept.15

May 18

June 17

Aug. I

6

0

16

No.recaptured at
time i and released Chi-
ffi square Significancê
seen not seen (Yates level
later again correction) (* = .05)

20

5

1

5

0

61

20

114

B2

8t
101

103

107

93

11s

86

72

191

207

L92

26

r972
0

0

0

197 3

0

1

1

I
0

r97 4

I
0

0

I
L975

6

4

4

8

7

13

25

44

24

6

0

3

1

a* non-significant

7

4

7

9

3

3 410

6270

0997

9 492

0002

000 1

00 18

0 427

0563

ans

l

ns

TlS:.I

NS

NS

5

10

3

4

26

45

34

.0 566

.0440

2 .7 607

ns

ns

ns

NS

NS

NS

ns



samples (Table 6) less than 20Yo of all individuals ever

recapt,rrrecl from a given marking period are recaptured

in the first recapture period following the initial

marking suggesting t,hat a proportion of the recently

marked population may not be available for recapture

until a few months after marking. Equal catchability

is also affected by t,he randomness of sampling and

appears to be the most serious source of bias in this

study..

The last major assumption is that the mark does

not become detached. Tag loss will severely bias

estimates of population abundance determined by either

the Jolly-Seber (1965) or Chapman (L952) models alt'hough

the latter may be corrected for this violat,íon.

Application of cull.and! (1963) model yields a loss rate
)of 3I'/' per mont,h , to = .3I3, based. on double t'agging

during 1975. The model of Robson and' Regier (1966)

is more comprehensive but requires a permanent mark.

Since no individuals lost both marks during Lg75 it was

deemed applicable Èo the double-tagging data. Tag

retention was est,imated as 93% "with alL tests of the model

non-significant. (Appendíx 1) .

During routine samplÍng in 1974 fish bearing tag

stubs (Table 6) , i.e., the nylon "T", was embedded in the

flesh but the numbered streamer had become detached,

27



Table 6 - Number of walleye from standard gang samples captured, marked, released. and
recaptured. in West Blue Lake from lgTZ-Ig7S,

Captured Released
Recaptures from Markinq periods

Stubsa
No. of fish

1972
1 May 17-31
2 June 24-July 7
3 July L8-26
4 Sept.13-19

I973
5 May L6-23
6 June L2-L9
7 JuIy 9-I9
B Aug.20-25
9 Sept.10-17

197 4

10 May 21-31
11 June l7-2I
L2 Aug.13-18
13 Sept .L4-I7

]-975

14 May 15-20
15 June 15-19
16 Aug.5-11
L7 Sept.2-6

Totals

143
79
32

I2t
ffi
114

9B
116
131
110
569

I2I
162
106

97
tr86'

235
270
228
214

947

114
72
20

L2Tw
r02

B6
103
109
108
5T4

L02
87

100
97

ffi
235
23L
191
2!4

87L

02
01
00
00
10

0
0
1

2
4
3
3

:_
2I
010-

0
I
5
3
1

5
2L
s2L
1311
02000

000021010-
1101300103
10010000001
000020000002

000032020323
100030010133
000010010004
000000000114

0
0
0
0
0

11
L2

3
B

57

11
13

3
2

25
14
13

L7
8 1;

01822 7L629522510

t R"pt""ents recaptured nylon tag stubs from marks applied May 3L, Lg72 to sept . ],7, Lg73.
N)
@



began to appear in t,he samples quite regularly. This

apparently resulted from glue failure (Mr. Amick,

PresidenÈ, Floy Mfg. Co., personal communication)

but did,not affect tags applied during LgTq and 1975.

This introduced irreconcilable bias into estimates for
1972 and L973 (Appendix 2). On the whole correction
for tag loss did not significantly improve the

abundance estimates indicating either t.hat the tag

loss model is not appropriate or that tag loss is not a

serious source of bias in the models for population

estimat,ion ín this study.

(ií) Population .Dynamics

Estimates of population size ,4-l , survival úrl
and recruitment tôrl for 1974 and Ig75 sampling periods

were determined by the Jolly-Seber birth and death

model (Table 7). As previously mentioned estimates

of populati.on size based on the Chapman (Ig52) approach

corrected for tag loss (Appendix 2) stiIl produced biased

estimates for L972 and 1973 based on the criteria of
Robson and Regier (1964) sugges_ting that the formulated

tag loss model for L975 did not adequately describe the

t,ag disengagernent phenomenon for Lg72 and itg73.

Consequent,ly only t,he Jolty-Seber estimates f.ot I974

and Lg75 warranted further consideratíon.

29



Table 7. Est,j.mates of population síze tÑi), mortality tàrl , recruitment têr), and. their

standard errors from the birth and deaÈh model of Jolly (1965)"

^^^tlz^\2^.112Darea ri *i Si Ri zí -i Mi Ni øi ßi (Var NiI Nar Øì (Var ßi)

L97 4

May26 L2L 0 :..02 I 0 0 - .7831 .4164
June 19 t62 3 I22 7 5 .0245 79.875 3255 .4001 2971 2320 .1735 3230
Aug. 16 106 1 99 13 11 .0187 79.571 4257 .4783 742 3331 .1449 2l-46
Sept.I5 97 2 97 25 22 .0306 84.923 2774 .8401 -547 1687 .1832 1387

l-975

May 18 235 19 235 49 28 .0848 151.160 7784 .8770 473 482 .1915 454
June t7 27L 42 23L 28 35 .1581 322.0 2037 .9594 1051 493 .3347 615
Aug. 8 235 38 198 10 25 .1653 490.273 2967 1047
sept.+ 2L4 35 2J-4 O 0 .1628

t R"fers to midpoint of sampling period.

(,
o
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Jo1ly-Seber estimat,es of abund.ance tûl irr¿icate
a stable population of generally between 2000-3000

individuals (Table 7). Seasonally recruitment and

mortarity interaôt to modify the abundance. survivaL
tb exceed.ed Boi^ during arr intervars excepL June-
september 1974 when it dropped below 50% but this value
appears to be biased by the high popuration estimates
for June and August with rarge standard errors. These

inflated population estimates appear.to result partly
from t.ag loss whi-ch didnrt, affect data correct,ed during
L975

The catch.curve analysís of Robson and chapman (196r)

yierds similar estimates of survivar (Table g) exceeding

80% in all four years. The lower est,imates for LgTq

and 1975 may refJ-ect, increased mortality of the Lg67

year-class. The signifi-cant chi-squares are the
result of the abnormally rarge recruitment of the rg72
year-cIass (Appendix 3) .

Estimates of recruitment t?rl in Lg74 t,end to be

infrated wÍth large standard errors possibly the result
of tag loss. Recruitment, occurred primarily d.uring

the srrrnmer period, early June through lat,e August,..

The ,fune-August I97U recruitment, of 2,97L is
almost equal to the adurt population and ís composed

primarily of lg72 year-cIass fish. Recruitment from

August through September L974 is 742t ]-.ess than LSø^ of



Table 8. Annual mortality rates
analysis of Robson and.

determined from the
Chapman (1961) for

caÈch curve
1972-1975.

Year

Estimate of

Survival (S)

9s%
Confidence
Interval

chi-
Square

[1 d.f.)

Probability of
Greater

_ Chi-Square
Heincke

Estimate

L972

L973

t97 4

L975

.977

.964

.835

.830

.9 86

.969

.846

.838

.9 B9

.980

.665

.968

.3 81

.953

90.666

115.063

.968<S<

.959< S <

.824< S <

.822< S <

.55

.30

.001

.001

(,
N)



the adult population. The negative value in SepLember

results from overestimates of the population in June

and August, Ig74 (Table 7) .

Estimates of recruitment during L975 are excellent

with a magnitude of I,524 over the May-August period.

The majority again occurs frorn June-August. The impact

of these young fish on the catch is also apparent in

Table 1.

The magnitude of the large inlroduced Lg72

year-cIass was estimated by the Jotly(1965) no birt,h

model (Tabte 9) and indicat,ed about tsOO individuals

in the fall of Lg74. The figure decreased. sharply

overwinter to about. 800 indívid.ua1s in the faII of 1975.

Survival tends to.be quite high during all samplíng

intervals for these fast growing juvenile members of

t,he populat,ion.

33

IV Growth

The samples from standard giIl net catches provide

the data to determine growth rates both directly f,rom

length measurements and indirectly through back-calculation

from scales. Direct estimates of growth in length suffer

from small sample size and non-random sampling (Fig. a)

which can produce marked varíability in the observed

growth curves



Table 9. Estimates of population
year-class based. on the

size t$rl and survival fbrl
death but no birth model of

for the 1972
Jo1ly (1965)

Datea n. m, S. R.l_ l_ l_ l-
z. In. Z. I
J- l-o r N̂i (Var ft. I '/'a' (var t. ) rl24Ø.'l-

L97 4

Aug. 16 37

Sept.15 35

rg75

May 18 31

June 17 105

Aug. B 99

Sept.4 98

35

35

23114
11 92 20

21 99 10

22 98 0

3L2 L597

283 1450

0

1

I
6

311

277
533

484

r02
149

239

.909

.389

1.484
1.065

.4303

.1485

.37 89

.3446

10 248
13 154

L2 146

00

258 564

L67 837

88 891

0-

t R"f"r" to mid.point of sampling period

(,
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Fígure 4. Growth ín length (crn) of walleye year-classes

during L974-L975 (circles indiqate three or

fewer observat,ions per mean, numbers refer to

year-classes) .
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Seasonally, the growth rate changes markedly,

being greatest in the .Tune to August period for the

J9TL-I-974 year-classes. The older fish also

d.emonst,rate marked growth duríng this intêrval
Growth in length is fastest in the I to 3 year olds

of the ord.er of à 0 Eo 20T, of the total length,

respectively over the summer of 1975. Four to seven

year oId.s indicate some growth but its magnitude is
obscured by the variability resulting from small

sample size. The few old.er individuals apparently

experience negligible growth and some of the variability
observed is probably the result. of errors in ageing.

Growth of fish introduced in L97L anë 1972 relat,ive
to the native fish from these year-classes is of

considerable interest in assessing t,he success of the

pLants. The native and introduced físh of both

year-classes are similar in length at, al1 times (Table I0).
There is no noticeable difference in size of the native

and j-nt,roduced. L|TL year-c1ass fish and the four nat.ive

fish of the 1972 year-crass fall within the 9s% confidence

interval for introd.uced Lg72 fish suggesting equivalence

of growth of native and introduced fish t,hroughout (Tabie

10). Relative growth of the L}TL and. Lg72 year-classes

may be examined by comparing,lengths of l-g72 fish with
those of L}TL fish the previous year. They are generally

36



Table 10. Length (mm) of walleye of known MDH phenotype captured from 1973 through Ig75 with
95% cõnfiilence intervals where possible (sample size in parenthesis)..

L973 L97 4 r975year May J"l: July aug. ¡lqIrJL¡¡IËuLr.Ly¡lu9.r"räYJuneJu1yAugj.Sept.MayJuneæ
20 L3 9 6 26 1e L3_ tB 1B ú L7 B 4

Native
L97L 220 240 245 289 282 + 325 326 335 352 382.. 376

)qL 15.5-¿r + 
( 3) 365; 336

Ig72 : 29I. 338
301 - 343

Introduced
1-971 222 258 279 296 34g +

222 300 26.7
(3)

rg72 gg + 144+ 194+202+ 2r5+ 268+ 27g+ 2g7 + 285+ 326+ 3,32+13.T 15. s- 2G .!t- 31. 4- ze .s- ie . z' ãó. o' ã,+. o- 3s .3- 25 .s- iá .a-(13) i13) (14) (4s) (B) t',rel (1s) (22) (31) (30) (2s)

Erikson
Lg72 238 228 + 332 326 + 314 324 + 345 + 376 +56.0- --< 24.9- 1,,1 57.r- 46.7- lt-.1-(7) rrb rsi- 341 i6i- ü) (e)
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Figure 5. Comparative growth in length Ênm) of nat.ive

and introduced members of the L}TL and 1972

year-classes during L973'1975.
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.comparable although the 1971 year-cIass fish appear

to have gror¡¡n Slight1y faster (Fig. 5).

Erikson fish are significantly larger than the

other Lg72 year-class fish throughout. (Tabte 10),

reaching the same length as L97l físh by August, of
L974 

lutn. 
U) : This may be the direct, result of

enhanced growth and largersize when planted since

there is no evidence of greater growth rate once

planted in lrlest Blue Lake. Erikson f ish were also

heavier at all times from Lg73-Lg75 averagíng slf,
greater in weight than other 1972 year-class fish
(Table 11) .

Inst,antaneous rates of growth determined directly
from lengths frequently demonstrate negat,ive trends

(fig. 4) which although possible for individuals are

unlikely to occur in whole year-classes. To compensat,e

weighted linear regression equations were fitted to

weights for all year-classes in J-g74 and. 1975 and

instant.aneous rates determined from predicted weights

(Appendix 4) . The resultant growt,h rates are similar

to those determined directly but, negative trends occur

only during winter. The poor fit obtained for most

year-classes suggests that a linear mod.el does not

ad.equately describe the growth based on so few individ.uals.

Seasonal growth was also determined ind.irectly from

scales by back-calcuLatj-on of lengths at previous annuli.
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Table 11. Relative abundance and weight of Erikson and Crean Lake
fish of Lhê 1972 year-class from st,andard gang cat,ches.
çStand-ard deviation in parentheses) . 

:: '- '-

Crean Lake

Date in Catch ü (grn)

Erikson
Frequency
in Catch \^7 (gm) % Frequency

L97 3

1Aug. 7

Tot.al

May 26

June 19

Aug. 16

Sept. 16

Total

May 18

June L7

Aug. B

Sept. 4

0

14

63

35

30

324 35,0 (24 .95) 189.4

101.8(33.3)
330.8(B.e)
307.6 Q6.6)

3,r2.7(s7.4)
30s.5(66.4)
368.3 (64.4)
482.e (60.3)

:

Ão. -o

^L 
A

L55,r.2

189 .0

.:

(12.1)
(2e.1)
(47.6)
(s1.3)

1

197 4

0

7

2

5

10 0.

8.97L42

29

97

119

79

208..3(48.9)
2L4;I(s9.3)
311.,4 1a7.3)
337.2(Oe.O)

14

7975

2

6

7

9

Total 323 2+ 6.92

a capËureo in smaIl mesh nets;
c)
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Results obtained from analysis of covariance precluded

pooling all the data from Ig72 to Lg75, chi-square

t,est for homogeneity of variance, *3U.r. = 52.857,

P ¿ .005 (Appendix 5) .

Individual regression equations for the total
length-scale radius relatiohship are:

l..g72 r, = 6.3123 S '7880

rg73 L - g.Lg26 S '7L32

Lg74 L- 7.9622 S '7535

].g75 L = 6.3662 S '7958

where L is total length in mm and S is scale rad.ius x 46.5

inmm .

Back-calculated lengths at. scale annuli are variable
for different. year-classes but fairly similar within
year-classes (Appendix 6) .

Seasonal instantaneous growth in length relative
to the last annulus is expectedly very different for
young and older individ.uals. Growth rate varied by

almost, one order of magnitude between 3* and B+ fish
during L975 (Appendix 7). No consistency existed

between rates determined directly from lengths and

those back-calculat,ed from scales but, since the former

requires fewer assumptions it, is probably the most

realistic aiven reasonable sample sizes.



Since all esÈimates of weight are determj.ned

directly from the length-weight relation, trends in
weight are analagous to those for lengths although more

variable

V Production

Seasonal changes in biomass are the result of

recruitment, mortality, and growth. Their interaction

results in the formation of new biomass or product.íon.

The determination of productíon by the Chapman

variant of the Ricker (f946) approach requires inst,ant.aneous

growth rates and populat,ion estimates;. The small size

of many year-classes preclud.ed individual population

estimates. To circumvent this problem, year-class

abundance was apportioned. from the total population

est.imate on the basis of the percentage contríbution

to the catch at Lhe particular sampting period. This

produced fluctuat,ions in the abundances determined for

all year-classes over the year but, the validity of t,his

approach is d.emonstrated below

Annual production for the period August L974 to

August L975 was determined by the three separate methods

of calculat,ing growth rate (Tab1e L2, Appendix g, 9) .

Results were very comparable, t,he direct approach (Table 12)

estimates annual production at 340.97 kg. The production
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Tab1e L2. Production and biomass estimates for the 19 66-L97 3 walleye year-classes as
dêtermined by the arithmetic approach.

IvIean
Year Vüeight

Class w (g)
Abundance Biomass

ñ B (kg)

Mean Produc-
Biomass tiona
B (kg) P (kg)

Inst.
daily

Growtir G

Annual
Produc-
t,ion (kg)

B

June 19
r97 4

Aug; 16
197 4

Sept.15
l-97 4

1966
L967
1968
L969
r97 0
797 L
r972

l-966
!967
196 B

7969
I97 0
]-97 r
1972
]-97 3

t966
L967
196 8
l-969
r97 0
t97l
r972
r97 3

l-077
u!,
464
411
2l-9

67

l-362
773
544
551
337
303
165

65

1113
802
684
576
652
372
206

95

63
T42B

63
63

168
L47 0

205
22]-0

41
B2
41
41

1515
L23

IT7
13 43

58
5B
29
58

993
I17

67 .85
962 .47

29.23
25.89
36.79
98 .49w

279.21
170 I .33

22.30
4s .18
13 .82
L2 .42

249.98
I .00mã=

L30.22
1077.09

39.67
33.41
18.91
2r.58

204.59
11.12ffi

.00 40 4

.00237

.00295
-.00341

.00560

.01539

-.00673
.00125
.007 62
.00147
.0220t
.006 B1
.007 46
.01237

.00005
- .000 06

.00045

.00026

173.53
1335 .40

37 .2L
19. B6
24.61

t7 4 .23ffiE

204 .7 2
L392.7L

30 .59
39 .30
16.36
L6.70

227 .27
9 .56ffiT

73.78
1058 .10

22.29
36.01

40.7L
183.43

ol 4o
-3.94b

7 .98
Is6 .9 I

-

350. B6

-41.33
52.23
7.08
r.42

10.81
3 .47

50.86

84.54

.90
-15.56
-2 .46

2.29
TABLE 12

.235

.l-37

.172

.000

.324

.901

.ï99

.000

.03 B

.228

.036

.661

.208

.224

.04 4

.0L2

.000

.000

.064
NEXT PAGE
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Table 12. Production and biomass estimates for the
determined by the arithmetic approach.

I966-L973 walleye year-classes as

Mean
Year Weight

Class w (g)
Abundance Biomass

N B (kg)

Mean Produc- Annual
Biomass tiona Produc-
B (kg) P (kg) tion (kg)

Inst.
daily

Growth G
B

May 18
197 5

June 17
797 5

Aug. B

t97 5

L966
]-967
196 8
]-969
L97 0
T97L
r972
r97 3

1966
1967
196 I
1969
I97 0
797 L
L97 2
r97 3

1966
L967
196 B

1969
r97 0
T97 T
t97 2
r97 3-

TI26
792
613
613
607
334

'lu

tr67
8L7
762
580
s55
384
2l-9

92

118 9
903
783
586
688
533
319
l-99

L26
t312

I
63
16
I

244

54
1011

15
39
31
46

795
46

52
775

26
26
26
39

1654
158

141. 88
1039 .10

4.90
38.62
9.7L
2.67

52 .46

IL28.20

63.02
82s.99
11.43
22.62
L7.2L
17 .66

L7 4.IL
4.23ry

61.83
699.83

20.36
l-5.24
L7 .89
20.79

527 .63
31.44

mõ;õT

-..0030
-.00044

.00017

. 00 119

.00103

.0072s
- .0009 0
-.00296

.00470

.0006 B

.000

.000

.042

.000

.036

.031

.2t8

.000

.089

.141

.020

.031

.019

.096

.027

. 011

.2t3

.326

.37 6

.7 7r
;TãZ

.00036

.00194

.0a252

.00021

.00411

.00627

.00723

.01483

-35 .60
138.70

6.86
2 .18

14.7L
9 .87

190.49
13.76ffi

14.31 -1.04
12.L2 -1.31

r28.62 5.36

1345.23 -11.80

I02.45 3.66
932.55 28 .82

8.17 1.78
30.62 -L.7 4
13.46 I.20
10 . 17 1.43

\.r1:?8 2.30

ffi TTfr
62 .42 r .L7

762.9L 73.22
t6 .87 .46
18.93 .2L
L7 .55 3.75
19.23 s.27

350.87 J.3L.97
L7 .84 L3.76ffi m-.r

b

4u9.1974-4u9.L975 IP=

Production is the product of instantaneous growth rate (G) and mean biomass (Ë') and the numberof days between the midpoints of adjacent. sampling periods.
Estimates of negative production were t,aken as zeÍo for determini-ng P:B ratios.



based on predicted weight,s (Appendix g) is 346..41 kg

while that determined indirectry by back-calculation
is 367.09 kg (Appendix 9) . Estimates for the earlier
,ïune-August r974 period uniformly exceeded the annual

estimates apparently due to the inflated estimates of
populat'ion size. The majority of annual production

occurred during the June-August period (6g16), ZS% in
the late sulnmer (August-september), 4% was lost overwinter,
and the remaining LLf, accrued in the spring after ice-out,.
The majority of total annual production resulted from

the two strong year-classes | !g7z (s6%l and 1967 (4L%) .

The tot,al stock biomass was quite constant at 1200-1300 kg

while the mean annual biomass (É-) was 1506.5 kg, an

overestimate resulting from the high August r974 estimate

of abundance (Table 12).

The majoríty (7I%) of this mean annual biomass

results from the Lg67 year-class (lOZ0 kg) while only

l:6% Q42 kg) is from Lg72 fish. The rate of producÈion

is exemplified by the ratio of production to Èhe mean

biomass. . Annually this f igure is .237 for t,he whole

population, while for the L967 year-class it is .134,

and .929 for the 1972 fish (Tab1e 12) . Seasonally

the ratio approaches .20 in the summer, June to August

period, but is virt.ually zero for the remainder of the

year (Table J'2) . It is also apparent, that the turnover
rate for the smaller fish ís much higher than for older
slow growing individuals.
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The graphical Lechnique of Allen (1951) provides

a convenient check of the chapman production est,imates.

Graphs ¡Fig. 6) were constructed for the Lg67 and rgTz

year-classes based on estimates of the population from

Table 12. The Lwo approaches yield comparable

estimates, 144.1 kg, as opposed to the 138.7 kg

obtained arithmet,ically for LgGT fish. Similarly, the

L972 estimate of 181.5 kg graphically is consistent,

with the arithmetic estimate of 190.5 kg

The production of int,roduced fish was also examined.

The Ig72 year-class uTas subdivided Ínto Erikson and.

introduced físh and the respecÈive chapman estimates

of 3.85 kg and L67.60 kg were obtained (Table 13).

Simílarly, for the ITTL year-class 4.2q kg or 43% of
annual production was contrÍbuted by introduced. fish.
rn toto introduced fish account for r7s.69 kg or sL.s%

of annual production for August Lg74 to August Lg7S.

Of particular int,eresÈ in regard to the accuracy of
the product,ion values is the validity of assessing

abundance from frequency (Table L2) in the catch.

Comparison of this approach to the results for the

1972 year-cJ-ass esÈímates by mark and recapture using

Jollyrs (1965) no-birth model (Table 9) lends support

to this argument. Estimates of abundance and

production by both methods and estimates obtained by

fitting curves to the abundances prior to formulating

production are presented below:
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Figure 6. üst,imates of productlon for the Lg'67 and

L972 year-classes of walleye based on the

graphical approach for irg74-1g75

(Figures are annual production in kg 
"

dots are abundances from proportion in

catches, circles are predicted from curve

fitted t,o abundances) .
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Table 13. Froduction estimates f.or fry (Crean L.)
from t,he 1972 introduction based on the
r97 4-r975 .

and fingerlings lErikson)
arithmetic procedure d.uring

Datea

Mean
V'Teight Äbundance
vr (g) N

Biomass
(kg) B (ks)

fnst.
Growth Production

G (kg)

Annual
Production

(kg)

Crean L.
Aug.16

Erikson

Crean L.
Sept.15

Erikson

Crean L.
May 18

Erikson

Crean L.
June 17

Erikson

Crean L.
Aug. B

Erikson

155

331

189

308

208

313

2l-4

30s

311

368

r377

IL7

902

77

222

19

722

62

1503

L28

2r3 .4

38.8

L70.6

23.7

46.r

5.9

154 .6

18.8

467 .5

47 .I

I92.0

31.3

108.4

14. B

100.4

L2.4

311.0

32.9

.198

-.072

.095

. 016

.028

-.0?6

.37 4

.188

38.10

-2.25

10.38

.24

2.86

-.32
LL6.25

6 .18
167 .60

3.85

t R"f"rs to midpoint of the sampling period
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Date

Aug. 16

Sept. 15

May 18

June L7

Aug. I

Production
(kg)

Jolly
no birt,h

I597

145 0

564

837

891

165.7

Predi-cted
from curve

L492

1398

82I

769

687

141. 6

The si¡nilarity of the production estimates by

these two independent methods supports the method of
apport,ioníng abundance employed herein although there

is a suggestion that slight overestimation occurred in
the Chapman esti.mates (Table L2) because of bias in
abundances in the catches possibly from net, selection
or behaviour differences seasonally.

The greater information content in the Chapman

estimates overrides the effects of this slight, bias

and suggests that on the whole production estimates

can inspire confidence as accurate and realistic reflections
of walleye production dynamics in lVest, Blue Lake

Jo11y
birthEdeath

1515

993

24t)

795

165 4

181.5

49

Predicted
from curve

r191

113 7

782

747

,690

13I. 3



An important determinant in the success or failure
of fry plants is the viability of the fry at the time of
the introduction. The severe egg and. embryo losses and
poor condition of the fry prantecl .in 19zl resulting from
transport and handling prevented accurate enumeration of
healthy fry planted. fn LgTz a smarl fierd hatchery or¡

the lakeshore. permitted carefur monitoring of fry development
and an exact census of numbers released. into tvest Blue Lake
(Trüard and Clayton IITS) .

samples of yearlings in LgTz and. Lg73 (Tabre z)

indicated that significant numbers of introduced fry had

survived and. mad.e important, contributions to their
respective year-classes (Inlarcl and Clayton Ig75). The

i-sozym-e analysis of samples taken in ihe standard gitlnet
gangs from ]lg73- 7g75 (Table 3) confinned the earlier finclings
and ind.icated tl:at the introductions had made a significant
contribution to È.rre native vralleye popuration (Fig . 2) .

Natural year-class strength varies significantly
(Fig- 2) and the smaller LgTr introduction composed almost
half of this rather weak year-class. conversely, tt:e larger
r972 introduction produced a virtuall-y comprete artificial
year-class rivalling the d.ominant native L967 year-class in
abund,ance. rn addition, the constancy of the proportions
of introduced fish in the year-classes (Table 3) over the

DISCUSSION
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three years suggests that, no d.ifferential mortality of
nat,ive and ir¡troduced. individ.uals occurr.ed.

The ultimate críterion of the success or failure of
fish st,ocking must rest on it,s ability to contribute
significantly üo the production of the adult or harvestable

port,íon of the populat,ion.

The accuracy of estimates of production'will depend

largely on those of populat,ion size (Chapman 1967). The

importance of failure of assumptions in mark and recapture

experiments in terms of biasing population estimat.es is
examined extensively in theory (Cormack 1968 Seber L973¡

Ricker J-975) bqt seldom in practice.

Attempts have been made wherever possible to evaluate

the extent and nature of the biases in the estimates of
population parameters sínce some biases are inevitable and.

if not serious probably compensatory.

The importance of gíl1net selectíon as a source of .

non-random or unrepresentative samples ,was recent,ly reviewed

by FIamIey (1975). At best, the situation is unresolved

because of the multitude of variables involved whose

indÍvidual imponÈance is difficult if not, impossible to
quantify. llamley and Regier (1973) determined selectivity
curves for walleye by fishing a known marked population and

determined that the selectivity curves are bimodal and

increase in amplit,ude with mesh size. Ke1so and Ward (1972)
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det,ermined that although different,ial efficiency of mesh

sizes probabry occurred all sizes of fish r,üere represented
j-n the catch. The present data (Fig. 3) support this
finding and suggest that only the smaIl fast, growing

individ.uals may be significantly affect,ed by gillnet
selection. Howóverr' sínce proport,ions of fishes taken

in the 3.89 cm mesh and. subsequently in the G.35 cm mesh

are simíLar the efficiency of the two meshes is probably

noÈ sufficiently different to warrant concern about the

randomness .of the sampres. Temporally changes occur in the

frequency of catch by mesh size but. these cfranges resutrt

from growth rather than select.ion and no evid.ence of
different,ial efficiency by mesh is apparent, so samples

realistically reflect the size composition of t,he population.

Equal mort.ality of marked and. unmarked ind.ividuals

was examined by holding members of both groups in t,anks

on the lakeshore. The death of one control fish in June

L974 suggests that condit,ions were probably unrepresentative

of those occurring in situ. McDonald (Ig6g)it"" found.

approximaÈely LO|^ taggíng mortality in walleye from holcling

experiment.s in pens in a lake. However, the chi-square

contingency table tests of Robson (1969) índicated no

significant difference between the proportions of fish

captured once and those captured. several times (Table 5)

suggesting that negligible mortality resulted from the

handling and marking process.
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The assumption of equal cat,chability of marked

and unmarked fish may be test,ed given sufficient d.ata

(Seber 1973). Unfortunately the paucity of recapture

data precludes rigorous statistical test,ing of this
assumption. The observed temporal distribution of recaptures

(Table 6) suggests that, físh may temporarily become immobile

and unavailable for' immediate recapture. Carothers

(1973) applied comput,er simutation to the unequal

catchability probrem and suggests it to be "an unattainabre

ideal.rr Ryder (1968) founcl that walleye tagged at the sflne

time tended to be recaptured together suggestíng that
ind.ividual schools of walleye may contain unrepresentative

numbers of tagged individuals. Therefore fish within schools

are probably not randomly d.istribut,ed and by implication the

populat,ions of marked and unmarked fish will not be equally

catchable. This probably represents one of the most serious

sources of bias in the present mark and recapture experiment,s.

The retention of marks is the most obviously violable
assumption d.irect,ly reducing the number of marked. individuals
available for recapture and produces overestimates of
population size. Al-though a statist.ically acceptable

agreement was obtained. wíth the model proposed by Robson

ancl Regier (1966) estimating less than Llf, tag loss per

month, the proportion of fish recaptured who had lost,

anchor tags approached sTf, during periods of high water

temperat,ure and fast growth (Appendix 1). Rawstrom (1973)

also report.s a loss rate of about 10% but found the anchor



tags to be as good or bett,er than others tested in t,erms

of retent,ion and ease of applicat,ion. Tag loss was

clefinit.ely insignifícant during L975 but may have contributed

slightly to'overestimation in 1974 estimates of abundance.

Present estimates of abundance are quite precise

relatíve to other lit.erature with very large confid.ence

intervals (Chapman 1967) although slight overesÈimaLion

appears to occur in June and August 1974 (Table 7l apparently

the result, of unequal cat,chabi-Iity and possibly tag Loss.

In general no gross violation of the assumptions for mark

and recapture experiments are apparent so observed estimates

of populat,ion paramet,ers accurately reflect, populat,ion dynamics.

Abund.ance (Table 7) is similar to that reported

previously by Kelso and Ward (Ig72) although the distribution

of year-class strengths during 1969 was more uniform at a

time when the strong i1967 year-class was just entering the

catchable stock. Seasonal changes are also similar with

mortality largely restrj-cted to the overwinter and spring

post-spawning periods. The populations were both subject

to cont.inuous recrui,Lment by 1+ and 2+ individuats during

the summe,r. Mortality is much less than the 60-80% reported

Kelso and Ward (Lg72') , usually only IO-20% (Table 7) between

most sampling períods from mark and recapture data, and

3-I7% annually from the catch curve analysis (Table s).

These values are comparable to the estimates for light'Iy

exploited walleye populations reported by Forney (1966) 5/'r
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Olson (1958) 5%, and Mr.az (1968) L0%. They are much

less than those reported by Ricker (1949) and Healey

(1975a) for light,ly exploitrid whitefish populations:

Recruitment was estimated. at, 37L3 for Ig74 and

1524 for Lg75 (Table 7) the former a gross overestimat,e

but still of a magnitude similar to that rçport.ed by

Ke1so and Ward (1972).

The accuracy of populat,ion parameters is supported

by l(elso and Ward (Lg72) but, must be complemented by

accurate growth determinations to result in represent,at,ive

productíon figures. Theoretícal curves are avaílable

for describing average annual population growth (Paloheimo

and Dickie.1965) but seasonal growth has been infrequently

examined. Exceptions are Gerkingts (1966a, b) studies of

sunfisl: and the earlier walleye sÈudies at West Blue Lake

(Glenn L969, Kelso and V,Iard Lg72). These studies and. the

present one found that most of the annual growth occurred

from June to IaLe Augrrst, (F'ig. 4). Gross populat.ion growth

(Append.ix 6 ) is comparable to that, of most temperate walleye

populations (Scot.t and Crossman 1973) .

Inst,antaneous growth rates \^rere determined by severaL

methods (Table 12, Appendix 4, 7) and. produced essentially

comparable results. Growth rates determined d.irectly from

lengths (Table 12¡ require only that samples be representat.ive

of the population. Present results are not directly comparable

to the other walleye studies sínce growth was det.ermined over
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dùfferent time intervals and all three studies u/ere

plagued. by small sample sizes for some year-classes

resulting in variabitities in the growth rates and some

anomalous negative values.

To overcome irregular past growth history and

unrepresentative samples growt,h rat,es are often
back-catculated from scales (Glenn i969). This approach

is applicable to seasonal growth (Appendix 7) as wel]-

, Ward Lg72) but.

requires the establishment of a relatíonship between scale

radius and tot,al length. Many workers have used 1inear

regression equations (Forney 1965 , Mraz 1968, Glenn ]-969,

Kelso ancl ward Lg72) which appear to overestimate lengths at
early annuli. others have applied polynomials of, various

orders (Carlander 1945, MoenÍg 1975, Smith and Pycha 1961)

fitted algebraically or by eye (Eschmeyer l95O). HiIe (1970)

emphasizes that a polynomial is applicable to any data set.
The method employed in this st,udy is that of tvlonastrysky

(Tesch 1968) used previously by Hile (1941) for his rock

bass study. The bíological relevance of this form of
relationship is fully documented by Gould (1966). Again

all three walleye studíes suffer from smalL sample sizes

but growth rates are of the same magniÈude (Table L2,

Appendix 4 | 7) . Since the direct approach requires only

random sampling it. is favoured'as the basis for prod.uction

calculations
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No comparable líterature exists on the growth of
introduced fry lFig. 5) but mean weights (Table 11) are

similar to those report,ed for native fish by Kelso and

ward (L972) suggesting similar growth rates. Fingerlings
transferred fron the ponds at Erikson, Manitoba \^/ere

considerably larger than those Ín the lake apparently the
result of, warmer temperat,ures and abundant food., possibly

cannibalism (Scott, et aL,, 195I). The relatively large
size of pond reared walleye has been noted by Law1er,

et aL. (1974) and is comparable to that, reported by Churchíll
(1963) for Nebish Lake where faII stocking from rearing ponds

also occurred

The age composition of the population ís considerably

different from that, expect,ed for unexploited northern
populations (,Johnson L972, L973) with over 80'/, of t,he annual

rg75 catch being composed of the Lg67 and LgTz year-classes

rather than by a preponderance of older indivíduaIs. In

1975, 38r^ of the catch resultecl from Ig72 (3+) year-class

fish .(Tab1e 1). Glenn (1969) also found rhat the 1963 (3+)

and 1964 (4+) year-classes predominated' in ir966-ir967 while
Kelso and Ward (Ig72) found the l.967 (2+) and Lg6tt (5+)

year-classes to be abundant in 1969-197O suggesting that no

stable age distributíon exists and weaker year-classes are

the rule with the. occasional abundant year-class to revitalize
Èhe populatíon. ït is also apparent that although the strong

Lg72 year-c1ass is artificial no depressing effect of the

introd.uctÍon is evi-dent since both the Ig73 and lrg74 natural
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year-classes are abundant and support the thesis of natural^

f l-uctuations in abundance (Fig. 2) of unexploited populations.

This is entirely consistent with the observed fluctuat.ions

in abundance of many exploÍted populatíons (Carlander 1945,

HiIe 1954, smith and Kreft,ing 1954, Regier, 'et aL.. Lg6g) and

will of course effect, fluctuatíons in product,ion of the
?

population as a whole from year to year.

Þroduct,ion in fish populations has most frequent,ly

employed the instant,aneous approach (Gerking Lg62., Mann Lg65,

Ricker and Foerster 1948) or the arithmetic varíant (Chapman

1968, Healey 1975b, Kelso and Ward Lg72). Recent, emphasis

has centered on the graphical approach (Allen 1951r LeCren

Lg62, Moenig Ig75, O'Conner and Power Lg76, and Crisp I

et aL. 197 4') , but all method.s should yield similar est,imates.

The present study determined annual production in Lgl4-Lg75

as 340.97 kg (.42 W/m2) using the ari'thmetic approach

(Table L2), Ke1so and Ward 1L972) determined production as

340.31 kg l.tl| g^/^2) using growth rates back-ealculated. fr.om

scales. This approach yíelds 366.72 kg (.45 gm/m?) in the

present, work (Appendix B). The graphical approach was applied

t,o the 1967 and 1972 year-classes which comprised. B7f, of the

1975 biomass (TabLe L2) and supported results from the

arit,hmetic method. Comparable figures for production are

scarce but walleye product,íon is low rel-at,ive to salmonid

populations (Chapman J:967) . Product,ion is similar to the
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).14 :51 gm/m-/yr reported for pike in Windermere

by Johnson (Lg66) and that for other walleye populatíons,

Moenj-g (1975) .I27 .256 gn/m2/yr for Dext,er Lake in

northwestern Ontario, and Hofmann lLgT2) .g39 - .756
agm/m'/yr for Oneida Lake. Production figures shoutd be

incremented 5-10% "for gonadal production. Mann (1965)

reports gonad. production for four species Ín the Thames

River at about. 1096 and. Allen (1951) found egg production

in brown trout approximated L0'Á. Crisp, et aL. (1974)

found eggs cont,ríbuted 5-10/, to tot,al production in trout,

and less than 5% ín bullhead.

The percid studíes all concentrated on the older

members of the population although a number of workers have

found that the majority (60:80%) of production occurs in the

youngest, members (1-3 yr old.s) of the populat,ion (Allen 1951,

Horton 1961, Gerking 1962, Mathews L97I, OrConner and Power

1975). Production studies on introduced fish are non-existent

but during irg74-Ig75 int,roduced fish were 3+ and 4* years old.

and. contributed the majoriÈy (51.5%) of the total annual

popu1ationproductionaresu1tconsist'entwit'hfind'ingsfor

native populat,ions and indicat,es that fish introductíons

may indeed significantly augment nat,ural population production.

The production by introduced fish resulted almost entirefy

lg5%) from Line L972 fry plant \^/ith the remainder split evenly*

between the ir|TI fry plant and the fingerlings from Eríkson

each contributing about L'/, of annual population productj-on.



At best fingerling plants appear to have the same potent,ial
I

as poor fry plants in terms of augmenting population production.

Success of fry plants appears to be partially correlated.

to st,ocking density. Early st,udies (Hi1e Ig37, Carlander

1945, Smith and Krefting 1954) employing Iow stocking d.ensities.
a(.004 .030 fry/m') showed minimal effects on year-class

.)

sÈrength while higher densities (.45 2.35 fry/m') indicatêd

apparent enhancement of year-classes (Rose 1955, Forney I975,

1976, Carlander, et aL. 1960). Similarly the L}Tl- fry plant
.)

at West, Bl-ue Lake (.06 .I2 fry/m') met with limited. success

while the .457 frylmz planted ín L972 produced excellent.

results

In contrast, fingerling plant.s have nowhere vindicated

t,hemselves. Olson and Wesloh 11-962) and Johnson (unpublished

dat,a) were unable to detect increases in gillnet catches from

unmarked fingerling plants. Schneider (1969) report.s less

than 5iÁ returns of marked fínçierlings while Kempinger and Churchill
(L972) and Jennings (1970) found returns of 13 and LTY¡ to

creel censuses in successful stocl<Íngs, others were uniformly

low of the order of I Eo 2%. The fingerling plant in West,

Blue Lake in Ig72 (Table 11) also met with marginal success,

only 7. to 9To xeEurns-in gillnet catches from Lg73-l-g?5

Explanati-ons for t,he apparent superiority of fry as

opposed to fingerling plants, are not readily apparent

It is almost axiomatic that recruitment is a function of

stock biomass (Ricker 1954, Ig75l Beverton.1962, Beverton and

Holt, ]rg57) atthough Bagenal (1973) demonstraÈed that fecundity

60



varies to regulate population abundance with small

populations producing more eggs,/unít ,stock than the

converse. Inevitably the inítiatly large egg product.ion

experiences overwheLming mortality within a short time

of spawning and year-class st,rengt.h appears to be fixed
by t,he end of the first year. Advocates of density-
independent environmental regulation as a causal mechanism

are numerous. Doan (1942) found temperature and turbidity
to be major factors in walleye and sauger year-class

success. Similarly, temperat,ure has

cited as foremost in regu.lating egg

(Christ,ie 1963, Lawler 1965, Christie

Svardson and Molin 1973). Recent,ly

demonstrated that walleye year-cIass

rate of water warmíng ancl frequency

relationships were apparent for lVest
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populations apparently experience severe density-dependent

mortatity (LeCren 1962, !965 | 1973; Backiel and LeCren L967) .

Vüard and f,arkin (1964) and Johnson (1965) emphasized the

importance of depensatory mortality through predation although

the latter also emphasizes space and consequent,ly food

limj-tat,ion in year-c1ass success.

Forney (I976) proposes a símilar mechanism for walleye

suggesting that yeai-class strength is determined direct.ly by

depensatory mortality t.hrough cannibalism. It appears that.

large year-classes of perch d.ampen this predatíon (Forney I97 4)

at the same time enhancing young walleye growt,h. (Forney 1966)

frequently been

and fry survival
and Regier 1973,

Buscht êt aL, (1975)

strengt,h varied with

of storms. No such

BIue Lake. Salmonid



since perch are the primary food source of young walleye

in many lakes. Chevalier (1973) atso demonst,rat,ed that
walleye tend to cannibalize smaller members of the fry
population " so rapid growth should enhance f írst i-

year survival. The result, is a simple predat,or-prey

situation controlling'perch year-class strength (Forney 1971)

with high walleye survival increasing predat,ion on perch

and the reduced. perch population inducing increased

cannibalism on the walleye fry (Forney 1974).

Eorney (Lg76) suggests :that, stocking fry may increase

the number of recruits but a st,rong year-class will

suppress subsequent year-classes through cannibalj-sm.

The Lg72 fry plant in West BIue Lake apparently didntt

clepress the 1973 and Lg74 year-classes (Fíg. 2) indicating

the probable presence of a time lag in this effect.

Supplemental planting wíII be valuable primarily ín

established populat,ions where natural reprod.uct,ion and.

survival are poor or where the rate of exploi.tation of

the adults is high and pred.at,ion on young of the year has

reduced effect,s on survival (Forney I976) . It would appear

that the walleye population in West Blue Lake is limited
primarily by poor nat,ural reproduction and that augmentat,ion

can produce significant, results if yellow perch or an

alternate food source are abundant,. One may also conjecture

that. the differential success of the two fry plant,s aside

from density differences relates to their chronology
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relat,ive to the hatching of their primary food., the yellow

perch, since Forney (1966) emphasizes that the relat,ive

size of predator and prey d.etermines the utility of the

prey as a food source. The poor success of fingerling
plants is inexplícable since their relatively larger size

should yield a d.efinit,e survival advantage although their
inability to adapt. to a new environment and food source

may leave them excessively vulnerable to predation.

Although the present study quantifies the effects
of fry and fingerling plants on year-class strength and

production of the native population, j-t remains necessary

to achieve a more complet,e understanding of population- and

production-dynamics (Mann 1969) relative t,o the food suppty

before effectíve management strategies may be formulatecl.

Paloheimo and DÍckie (1970) and Dickie l.l,g72) emphasiàe

the import,ance of the product.ion to biomass ratio in

underst.anding the transfer efficiencies of predator and

prey populations and consequently as an important, ..component

in the determination of potential y,ield to a fishery

The t,urnover rate of walleye in West Blue Lake ín 1974 and.

Lg75 is .237 comparable to the .34 determined by Kelso and

Ward (Lg72) in Lg6g-1970. The difference appears to result

from the greater proportion of populat,ion prod.uction by

older fish in L974-L975 than was the case in 1969-1970.

Other lj-terature values for walleye are similar, Moenig

(1975) found .25 - .52 in Dexter Lake and Hofmann (Ig72)
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.16 .37 in oneida Lake. vflind.berg, et aL. (1972) report,

a value of .4 for predatory fish lpike, sander, and perch)

in t,hree Russian reservoirs. Thís suggests that Vüest,

Blue Lake walleye production is representative of t,emperate

Stizosted.ion sp. productiorlr although lake morphometrics

are uncharacteristic for walleye (Regier, €t aL. L969)

or sander (Deedler and Willemsen 1964), and provides a

basis for future comparísons.

The application of electrophoresis to identify

MDH phenotypes of native and planted fry has proved to

be invaluable in assessing the int,roductions. Introduced

fry are readily distinguíshable from native fish tltroughout,

their lives allowing long term monítoring of their contril¡ution

t,o the native population. The MDH isozyme phenotypes are

virtually 100% accurate. It appears that introducLions of

newly hatched walleye fry can sígníficantly supplement

natural production under appropriate conditions and if the

survey by Clayton, êt aL. \1974) accurately re.flects t'he

restricted nature of the CI al1e1e, walleye plants based

on tkre isozyme phenotype marking system warrant consideration

for future stocking studies in western Canada.
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Appendix 1

Estímation of Tag Loss

The detachment of a mark produces gross overestimates

of abundance in all mark and recapture estimates but is

infrequently evaluated. This problem was briefly
examined by Beverton and Holt (1967/p.204f.f1 and Gulland

(1963). Robson and Regier (1966) present a comprehensive

model with appropriate:,;teSts but require a permanent mark.

In this stud.y double tagging was examined and since no

individ.ual.rlost both marks the latter model applied.

Tag loss. is assumed t.o occur proportÍonaIly to the

number remaining attached. The appropriate maximum

likelihood estimator of r, the tag retentíon coefficient ís:

80

¡ t:.
ì 

t*t tjr-1) tj 
= o

-

X.
)

n.
3

r-Êti
no. of tag retentions in a sample of n fish

no. of físh samples

probability that a tagged fish retains its Èags over one month

time in months.

?=

!
Li l

Fish bearing two tags were released in May and ,June

of 1975 and recaptured during June, August, and September.

The homogeneity of the two possible est,imates of

2 month retention rate, l', is tested ín the 2 x 2

contingency table:



Tag Rêtained
Tag Lost

Total

yielding a chi-square value "f Xl d.f. =.4534 with

P > .50.

Since homogeneity ísn't rejected the maximum

lihetihood estimate is calculable using the pooled dat,a

in the form:

Ma -A
9

B

ust June-Se
14

I

tember

n.l

X.l

tl =1

26

24

Total

81

Ez = 2

23

L6

The iterative

õ̂^ = .857 /r
Thus, the 95To confid.ence interval is .828 <+

The chi-square goodness-of-fit statistic,;

computed from:

28

18

39

t3=3

39

23

solution for

t4=4

2

2

^3 d.f .

which is

1B

I2

=I
j

| "q,ra1s .857

= .0148

.9252 + L.207 + .265 + 1.17I = 3.568

not signifÍcant (P ! .40).

n, rl
tl

J (1 -âtj'

. 886.

is now
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The ovêrall test of the model is also non-sígnificant'

(P = .45) so we may presume that the model adequately

describes the tag loss phenomenon over the summer of Lg75.

Since we have two loseable tags â actually estimates t2
.ŝo r r-s a maximum likelihood estimator with a value of

.926, and tag retention is 93% which is the value used in

subsequent t,abulations

. Cucin and Regier (1965) present an apptication of

the above modeI. Tag loss is assumed to be a constant

exponential function

x x. #t=lot=e::

--

X
o

recaptures will be

^rR̂. =ft. eTat

Therefore r

and yield the corrected abundance estimates
N

Ni = (Mi + 1) (Ci*t * 1)

is .0769 'and the corrected number of

approximated by
(rr ro)

where M. = no
L

-i+1

N(Ri*t + i)

tagged animals released at time i

no indivÍduals captured at time i+l

corrected number of individuals recaptured

at time i+1.
"i+1

It was assumed that, tag loss did not occur during

winter so no correction was apptied to fa1l estimates-
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Appendix 2. Chapman (1952) estimates of population size both corrected and uncorrected for
tag loss based on an exponential tag loss model_

l'{umber of Fish
Captured Marked RecapLured Popu'l ation

Es timate

Months
since

Corrected
Recapture

Corrected
Populatíon

sstimate (Ñ)

Standard
Error

Noateb ciM

May 24
June 30
July 22
Sept.16

May, 20
June 16
July 14
Aug.16
Sept.14

May 26
June 19
Aug.16
Sept.15

May 18
June L7
Aug. I
Sept.4

r-43
79
32

12L

114
98

116
131
110

t2L
L62
106

97

235
270
228
2L4

114
72
20

L27

L02
86

103
109
108

r02
87

100
97

235
23l-
191
2Lt+

0
1
0

7972

9200
l-205
2562
2338a

l973
5099
5090
6864

L97 4

4rg7a
470 B

3299
rg27a

L975

2460a
29524
412 Ba

taqqin R

. o0
1.06

.00

5.00
1.07
1.05
1.09

.00

.00
3.19
L. 16
2.16

11.00
27 .00
L9 .42
I0.72

I.23
.73

1. 80

.90

.60
1.10

.97

.80
1.93
1 .00

1.00
L.73

.90

9200
1169
2562
23384

4926
4965
6568

122IO
13298

,40074
'4359
3L32

'Lg2ìa

222844
'26024
:,35224

28363
r-571
8270
11 B3

64]-6
6536
8444

37 492
40795

'' 2675
'5432'2682

6j-7

,450
: 610
114 0

5
1
I
1
0

F,

I
i

0
3
1
2

I1
25
L7
10

a

b
Estimates unbiased
Refer to mid.point

based. on criteria of Robson and Regier (1964).
of sampling period

æ

{



Appendix 3.

Robson

similar rates

year-classes

age-frequency

1972 Age

2+

3+

4+

5* and
older

Estimatíon of AnnuaI Mortality by the Catch

Curve Analysis of Robson and Chapman (1961).

and Chapman (1961) demonstrated that given

of recruitment and survival for indivídr¡al

the annual mortality was estimable from the

dist,ribution ín the catch.

Coded Age Number in the catch

Total sample size r::f¡ = JJ$

T = Nl + 2N2 + 3N3 + ...... m (K+1)

= 9+214) +3(351)=1070
AnnualSurvival = T = 1070

0

1

2

3and m=351
, 'older

(K+1)

85

Heinckers estimate = 11 - N =o
rI.

Est,imate

N =12o

Nl = 9

N2 ='l 4

To test whether the

sampling error

Chi square
with 1 d.f .

Ì1 -m+r 375_=35fTïõTõ-

difference in estimates'ís the result of

= (Best est. - Heinckets est. ) 2

)n (n + T - I)- (n + T - Z)

= .38059 < 3.841 = X2 cc = .05

376-12 = 3643Tr- T6

= 1070 = .977
reE

= .989



Thus x2 is
Variances for the

s (1 - s)2

The identical procedure h¡as repeated for L973-Iï7S

data to obtain estimates of annual survival (Table 8).

n (1 -s3t

not significant and the model-

estimate are obtained from

= .000516 = .00002w

References for Appendix 3

Robson, D. S. and D. G. Chapman. 1961. Cat,ch eurves and

rtality rates. Trans. Am. Fish. Soc. 90:181-189.

86
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AAppendix 4. SeasonaL change in weight and inst,ant,aneous growth rates tsrl based on
weights (ü) pred.icted. from weighted linear regression equations fitted
to observed weights (i"/-) . (sample size in parenthesis) .

May 26
L97 4

June 19 Aug. 16 Sept 
" 16 Regression Equation

L966 q 997 161 1o7z (3) 1362 (s)
ü̂ t0t8 LO77 LI1T

ô.
Sw .0517 .1106 "0545

Lg67 g 667 (90) 67417L, 773tl4l
^. ã" 658 69o zø,t/Igw .0473 .1019 "0505

tr 968 q 599 (1) 5r¡4 (t)
ü̂- s7s 631

-âsw "0330
L969 V 464 (3) ssr (2)

Àlv q66 5q2
Ŝvt ;1502 .0719

L}TO fr 3s0(r) 411(3) 337(1)
f̂ . 37r 4to soz
ŜYt .1011 "2014 .0930

1971 !r 213 ( 4) 2r9 ( tt) 303 ( r)
F̂- L92 229 3L2
Ŝt" .L725 .3I3I .1343

L972 y 60 (r4) 67 es) t6s (32)
ñ̂ 36 74 160
^

997 16l
tots

1113 ( 4)

L264
w = 703 "92
Frr2d -f . =

+ 2.163tb
L.524

ŵ = 473.293 + L.277t
EL rZ = 5S .561*"

ŵ = 475.23 + "6839t
Fr a = "3930Ltá

6̂=244.772+1.302t
r|EL,2 = 66.477

ŵ=141.87+1.578t
Fr ¡ = 1.544Lra

ŵ = 1.448t - L7 "752*FL,Z = 26.889

ŵ-=1.t195t- 180.66
*Fr . = 97.05Lra

L967

tr968

.0517

667 (e0)

658

.0473

s9e (1)
575

464 (3)
466

;1502

411 ( 3)

410

" 
20r4

219 ( tl)
228

.3131

67 (7s)
74

"779L

802 ( 46)

804

684 (2)

652

s76 12)
s82

6s2 ( 1)

551

372 (21

3s7

206 ( 35)

207
Sw "7101a Dates refer to m

"254L Cf,{.r uaEes rerer t'o mJ_dpoint of the sampb Time in days since the beginning oi
ng per

the year.
different from zero

\

c Slope of the eguation sigñificantly at the "05 probabilility tevel.



Àppendix 4. s"?::l:l,8.1..s".in weight and instantaneous gror¡rrh rares tsfil based onweishts (Ì'r) predicted-irom weishted tineai rãéiåã!i"" .quàÉior,ã-iittuato observed weights (ñ). lsamþre size in parãnthesis).'

May l8a June 17 Aug. I Sept. 4 Regression Equation
1966 w-

A
t¡t

A
gle

Le67 ñ
4
w
¿

gtt
1e68 il

r̂,{

^stt
1969 F

ŵ

^sw
1970 ü

t̂r
-ô

9w

1e7r ñ
T̂f
A

sht

t972 ç
Îd

.ô
sw

L973 ü
A
w
A

lr26 (16)
1117

.0s31
7e2tL67l
79L

.0407
613 (1)
68s

.o22.9

613 ( 8)

592
.0418

602 t2)
554

.073 3

334 ( r)
329

.L727
2rs (32)
187

:::'""

1167 ( 8)

LL77

.0832
817 (r35)
823

.0647
.7 62 tL)
701

.0373
s80 ( s)
6L7

.066 4

sss ( 4)

596

" i_119

384 ( 6)

392

"2359
2r9 ( 106)
233

"28tt4
92 t6)

104

l_r89 ( 4)

12 80

.042I
903 (61)
879

" 0332

783 t2)
728

.0195
s86 (2)

659

.0340
688 (2)
666

.0 555

533(3)
496

"L072
3r4 ( 127 )
309

.1251
L92 tLzl
L82

L482 (21

13 35

898(86)
908

642 tL)
742

736 ( 3)

682

7II(2)
704

48r ( 1)

552

3s0 (97)
350

2r0 (10)
223

w = 847 "2 + L.966t
f' ^ = 3.781Ltz

îl=645.92+1.0596t
¡tFL,2 = 35"982

F̂ = 614 .7L + "513i.t
F" ^ = .1699L¡Z

ŵ- = 480 .OZ + .81525t
F" ^ = 1.4L23Lt4

ŵ- = 367.67 + 1.358t
tlr2 = 4'430

A
w=54.955+2.0037t
F, ^ = 9.8007Ltz

ñ̂ = 1"4722t - L4.63I2
*EL,2 = 45.476

ü̂=1.4923t-I45.599
F, ^ = 8"5091Lt4

2069.556

@
6

Dates refer to mídpoint of the sanpling period.



Appendix 5.

scale radius

Ls72-t975.

Analysis of Covariance on the total

relationship for individuals sampled

I. BartleÈt's test for Homogeneity of

Sum of
squares Degrees of

Year ;;";' 
F::eedom

1972 33.647

r973 49.428

r974 51.116

1975 57 .860

a=4 192.061

418

587

482

946

Mean c.2
Squares 'Log eoi

_.2
.L't

.0806

.0842

.106 r

.0612

89

length -

during

Varíance.

2433

-2.520

-2.475

-2.244

-2.794

c29.ï1Jrog e I

1

2

"i =i = 192.051- -r
l-

Itz¿r¡¡x - 2.s39\ -L'
52.897

_tÞ-

M
õ

-1053 .180

-L452.537

-1081.530

-2643.330

(Xfi) log e

|l[ =

2

^3d. f.

RejecÈ, Ho: that,

Reciprocals
tL/ti)

c- t*TfÐ-

-2-2s If . l_oq e s.
L

.0024

.0017

.0021

.0011

-6230.577

3l a-ï)-

= .0789

52.897
Tmo-B'

(-6230.57s)f

0073

.0073

;E-.
l-

the variances are homogeneous.

1l

-t

2433 J

***
52.8s7

= I.0008

> 12.84



Appendíx 5. II. Test for Equality of slopes of total length-scale radius regressíon
equation for L972-L975.

Dev. from Regression
Degreesof 1 " 

Reg.
Year Freedom Lx" IXy Lyo Coeff. d.f. Sguares Square
t972 418 5]-.2077 40.3534 33.6466 .7880 4L7 1.8467 .0044
Ig73 587 92.5116 65.g769 49 .4279 .7L32 586 2.37 49 .0041
t974 482 85.4135 64.3553 51.1163 .7535 48¿ 2.6274 .0055
rg75 946 85.r7g4 67.7863 57.8599 .7958 945 3.9151 .0041

2420 I0.7642 .0044
Pooled W 2433 314.3L22 238.4719 L92.0506 .758V 2432 11.1196

Difference betweén slopes 3 .3554 .1185

F - test for equality of slopes is
*t<

Et - )1 1G,a' \ ? 1A: F' 3,2429='119I =27'768 >3'78 =p3,Ð,o=.05
0044 t ö-¿ tq

Reject, Ho: that the slopes are all equal

Appendix 5. IIL Test for common intercept of the total length-scale radius regression
equat.ions for L972-L975

Degrees of - Z 2 Degrees of Sum of Mean
Freedom Ix- Ixy Xy- Freedom Sguares Square
2435 10.078 t2.689 4.334

324.390 25L.I59 196.384
2435 13.044

3 L.925 .6 415

Test for common intercept r' = .Qtlå1 = 140.312 > 3.78 = F'3,2435 - ffi - *3rð rc = .05

Reject Ho: that the int,ercepts are not different.
\0 1oi



Append.ix 6. Back-calculated lengths (nq) at annulus formation for West Blue
Lake wa1leye, 1972-1975. N refers to sample size.

Year
Class

AGE

4 Date Collected
1963

L96 4

19 65

1966

L967

196 I

L969

156

138
140

131
l-2L
134
148

L24
l-29
136
L28
113

94
100
707

95
95

85
110
r07

93

111
96

293

267
280

25I
24r
254
290

232
24J.
255
253
233

183
190
]t97
188
190

t7L
]-97
206
198

2I2
219

393

357
370

374
326
360
400

305
320
336
343
332

259
265
273
268
272

237
269
286
276

287

457

415
434

413
395
431
487

357
374
392
405
L+02

316
322
328
328
333

288
324
339
331

49.3

447
467

453
414
47I
529

397
405
424
440
443

360
365
368
375

354
377
363

519

465
488

477
433
501
568

425
446
464
473

392
400
406

405
391

530

475
499

44s
52t
s86

458
478
488

42I
429

416

539

505

529
594

488
499

450

3

4
4

3
6
4
1

4
2T
25
33

6

l'Íay I972
May L972
June 1972-June
May 1-972
June 1972-June
JuIy l973-June
4u9.1974-June

r973

I973
L97 4
l-97 5

l-32
368
446
402
r47

601

May I972
July 1973-June I974
July 1973-June L974
4u9.1974-June L975

508 Aug. 197S-SepL.L975
May L972
June 1972-June I973
JuIy 1973-June I974
Ä'u9.1974-June L975
Aug. 1973-SepE.L975
June l-97Z-June L973
Jutry 1973-June L974
Aug. 1974-June L975

. Aug. I97 S-Sept.I975
May I972
June 1972-June I973

5
6
6
3

3
11

\o
H



Appendix 6. Back-calculated lengths (mm) at annulus formation for West Blue
Lake walleye, L972-L975. N refers to sample síze.

Year
Class

AGE

5 7 Date Collected
L969

L97 0

L97 I

r97 2

r97 3

r97 4

104
95
90

140
L2L
L24
L22
110

97
I07

96
100

81
77
70

103
101

99

224
2L7
2l.6

238
234
239
235

224
22r
2LB

191
182

220

29I
283
286

295
304
3L2

292
293

280

333
336
333

351
363

356

372
369

402

404

t7
L7

5

2
20
24
I
4

June 1973-June 197 4

4u9.1974-June 1975
Aug. 1975-SepL.L975
May I972
June I972-June L973
July 1973-June L974
Aug. 1974-June L975
Aug. 1975-SepE.L975
June 1973-June L975
July 1973-June I974
Aug. 1974-June L975
Aug. 1975-Sept.L975
July 1973-June L97 4
Aug. 1974-June L975
Aug. 1975-Sept.L975
4u9.1974-June L975
Aug. 1975-SepL.L975
Aug. 197S-Seplu.L975

14
23
10

4

111
2L0
224

L2
22

23

tg
N)



Appendix 7 ' Relatiùe (h) and instantaneous (s) daily growth in length and weight fro¡n the lastannulus (N refers to sample sizei.

Year
Class

L97 4 1975

L966

J.967

1968

1959

L970

1971

L972

N
hL
hw
9r.
9w

N
rl'-
h\il
9t
9w

.N
9L
9rr
9l
9w
N
hL
hvt
9u
9w

N
hL
hrd
gL
cf

N
h¡
hvr
9r-
9w

N
hL
hrd
9¿
9w

6
.0091
"o286

" 00026
.00073

90
.0461
.1495

.00000
"o0027

I
.0364
.1199

35
" 01s5 .0099
.0467 .0322

.00028

.00064

7
.0166
.0509

.00017

.00139
L32

.0436

.t411
.000 41
.00158

2
.0¡¡16
.1333

. "00083.0027L
5

"0892.3109

rt 16
.01s4 .0134
.0479 .0398.00017 -.00001 .00011

. 00051 - .00003 .00035
46 L67

. .0426 .0468
.1393 . Ot2t.00020 .00002 00010.0006I .00005 - .00035

21
.0500 "0769
"1668 .264L.00019 .00010 -.00111.00061 .00033 -"00364

28
.0816 .0722
.28L6 .2448.00038 -.00004 "00052

" 00120 -. 00012 " 00173
I

.0874

.303s.00092 .00007
"0027L .00024

21
.1369 .2003
. 4939 .7813-.00077 "00022 -.00005

-.00220 "00072 -"00036
35

.4681
2 .1891

-.00003
- .00011

2L
.0388 .0229
" 1285 .0744

-.00057
-.00L82

3Z
.0872 .0690¿-- "0003 .23tt7

.00161
" 00970

7L
.0460
.1.569

54
.0362
.118r

.00060

.00230
1

" 0438
" r451

4

.0087

.0280

61
.0152
.0488

2

.0298

.0969

-.00009
- " 00026

2
.0062
.0207

86
.0145
.0456

3
.0381
-L249

I
.L2L6
.4375

48
.3130 .2816

1.3591 1.1366
-.00101 "00315-.00413 .01040

3I
. L489 .1188
.5s08 "4264.00100 .00224

.00316 .00709

.00084 .00030

.00273 .00093
2422

.1073. .!_231 .0509 .0558.3817 .445s .1678 
" 1873

" 00077 .00078 .00017 .
"01168 .00250 "00061

I
" 1643
.6178

631_
.1985 .07L2 .1149
.7620 "2430 " 4108.00151 .00148

"00494 .01020
l4

1. 6 813
7L

1.3660
37

.4455
2.9829

" 00784
.02662

18.9917 11.9530
-.00558
-.01804

.00050 .00009
"00109 .00038

104
.5215

2.6438
.00046 .00331
" 00138 "01128

L27 97
.L732 .2045
.6462 .7793

.00097
" 00288

37

" 5005
2.4962

\o
l¡,



Appendix 8. Production estimates based on the
determined from weights predicted

arith¡netic approach and growth rates
from linear regression equat,ions.

Mean
VÍeight

Date
.Year

Class

Inst.
Growth Ab

G

Mean
Biomass

Produc-
tion
Pw

ance Biomass
k

AnnuaI
Produc-

196 6
,June L9 L967

196 8
1969
r970.L97L

L972

Aug. 15 1966
L967
1968
L969
L970
L97L
t972
]-97 3

Sept.15 1966
L967
196 8
L969
1970
r971
L972
L97 3

laay 18 1966
L967
196 I
t969
1970
r971
L972
L973

L072
690

t+66

4r0
228

74

1197
764
63r
542
502
3L2
160

65

L264
804
652
582
5s1
357
207

95

LL7
79L
685
592
554
329
187

.11070

. 1018 I

.15017

.20143

.31313

.779L2

.05450

.05046

.03304

.07188

.09304

.L3426

.2s407

.0L237

-.12363
-. 01630

.04791

.01704

.00543
-.08168
- " 10_161

.053 14

.04072

.02295

.04182
"07327
"L7272.218sl

63
L428

63
63

168
147 0

205
22L0

41
82
41
41

1515
L23

LL7
13 43

58
58
29
58

993
LL7

]-26
1312

I
63
16
I

244

67 .54
985.32

29.36
25.83
08.30

108.73

245.39
l_6I8. 44

25.84
44.44
20.58
L2.79

242.40
I .00

147 .89
L079.77

37 .82
33.76
15.98
20.7L

205 . s5
11 .12

140 .7 4
LO37.79

5 .48
37.30
I .86
2.63

45"63

156 .46
L336"88

36 .90
23.2L

' 25.25
I75 . s9

Ti54:39

196 .6 4
1.384.11

31.84
39.10
18 .28
L6.75

223.98
9 .56ffi

1¡t4.32
10s8.78

2L.65
3s.53
L2 .42
LL.67

125.54

1409.91

L7.32
136 .20

5.54
4.67
8.00

136 .81
308.54

L0.72
69.84

1. 05
2.8L
1.70
2.25

56 .9 t_

3. s5'].4-8-3
-17.84
-L7.26

1.04
.61
"07-.95

-L2.76
47 .09

102.15 5.43934.92 38.077.99 "1930.68 I.28L3.67 t.0O
10 " 33 t.7B115.43 ZS.2O

rOs
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Appendix 8. Product,ion estimates based on the
determined from weights predicted

arithmetic approach and

from linear regression
growth rates

eguations.

Year
¡4ean

Weight
Inst.
Growth

G
Biomass

Mean Produc- Annual
Biomass tion Procluc-

lass q¡
Abundance

ñ

June 17

Aug. I

L966
L967
196 I
L969
t97 0
197 I
L972
L973

1966
L967
196 I
196 9
L970
L97L
L972
r973

LL77
823
701
6L7
596
392
233

92

1280
879
727
659
666
496
309
199

.08325

.06479

.03736

.0664s
" 11199
.23s93
"28442
.55698

54
1011

15
39
31
46

79s
46

52
775

26
26
26
39

1654
158

B(k
63 .56

832 .05
10.52
24.06
18 .48
18.03

18s .24
tt.23

66.56
681.23

18 .90
17.13
L7 .32
19.34

511.09
31.44

s .42
49.02

.55
1.37
2.00
4. 4L

99.02
9.94

i7T]i5

65 .06
756.64

14.77
20.60
17 .90
18.67

348.16
17.84

Tm'63-

3 .73
119.67

2.82
6.07
q.77
7 .49

168.37
13.49ffiTAug.I974-Àug.l-975 XP =

rO
Ul



Appendix 9. Production estimates based on the aríthmetíc approach and growth rates
back-calculated from scale samples.

Mean Inst. Mean Produc-
tion
P (kq)

Annual
Produc-
tÍon (kq)Date

Year
Class

Wgigh! Growth Abunflance Biomass Biomass
il(q) c N (kq) B(ks)

1974
June 19

Aug. 16

Sept.15

r966
L967
1968
l.969
19 70
1971
L972

1966
L967
1968
1969
1970
L97 L
L972
L973

1966
L967
I96I
196 9
L97 0
1971
L972
1973

LO77
67It

464
411
2L9

67

L362
743
544
551
337
303
165

65

1113
802
684
576
652
372
206

95

.03712

.133|t0

"56260
"4rL22.60320

1.54396

. 0 1530

.01830

.01830

. 036 00
-.09100
-.06600

"0327 0
.46659

-.00735
.0L225
" 08 095

- .029 40
. 0s8 80
. 176 40
.09310

63
t 42I

63
63

168
1470

205
22L0

41
82
41
41

1515
L23

117
L3 43

58
58
29
58

993
117

67.85
962 "t+7

29.23
25.89
36.7.9
98.49

ffi
279.2L

1708.33
22.30
45 ;18
13.82
L2 "42249.98
I .00

ffi
L30.22

L077 .09
37 .67
33.41
18.91
2L.98

20t+.59
1l_ . L2

153ffi9',

173 .53
1335. 40

37 .2L
r9.86
24.6L

L7 4.23
ïffi

204 "72
L392.7L

30 .99
39.30
16 .36
16 .70

227,.27
9.56ffi6'

73 "78
1058.10

22.29
36 .0L
14.31
L2.L2

L28.62

131¡4.81

6.441
L78.L42

20.93t+
9.]-67

14 .8 45
269.004
E]Tffi

3.L32
25.487

.567
1.415

-L "325
-1.102

7 "432
4.461

m:ñ63'

-.542
L2 "9621.802
-1.059

.841
2.L38

LL.975
:
28.IL7

rG,
or



Appendix 9. Production estimaÈes based
back-calculated from scale

on the arithmet,ic approach and growth rates
samples.

, r¡¡sE " Mgan
I:=_ wgiqh: Growrh Abundance Biomass Bioma

Mean Inst. Produc- An¡rual

1975 1966 LL26 L26 141. S8

11 89

1312
I

63
t6
I,!,

54
1011

15
39
31
46

'i95
'46

52
775

26
26
26
39

1654
158.

iomass

L6.87
lg. g3
17 .55
L9.23

-.992
1.599
4.716
- .110
4.690

L.277

4.5L2

2.377
2.687
2 "2924.940

May 18 L967
196 I
L969
r970
1971
I972
L97 3

June 17 1966
L967
196 I
1969
L970
L97r
L972
1973

Àug" I 1966
L967
1968
196 9
I970
L97L
L972
L973

792
613
613
607
334 

" 
01050

2L5 -.01050
-.10920

.05190

.35040
LL67 -.01080

817
762
580
555
387
2L9

.04140

.07229
" 09216

92 "Lq092
" 14196
" 13000
. 2569 g

903 "59656783 "69500
586
688
533
319
199

1039.10
4.90

38.62
g,7L
2 .67 102.45 1.07652.46 932.55 -9.792

1299.34 30.62 1.599
13.46 4.71653.02 10.17 - .110

825 .99 113.28 4.690
11.4322.62 lzïõm' m
J-7 "2LL7.66 62.42 4.5L2174.11 762.9L 62.68i.4.21 16.87 2.377ffi 18.93 2.687

17 .55 2 "29261.93 L9.23 4.940669.93 350.97 205.906
20 "36 17.94 L2.340L5.2t+ T6æ mæ

g .17
3A.62
13. 46
10.17

113.28
--.L2L0.70

62 .42

L7 "gg20.79
527 .63
31.44

g. L7B
91.338
3.854
Il "6326"514
5.966

229.903
16 .801FffiE Aug.t974-Aug.1975 ¡p =3¡ffi

ro
\¡


