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ABSTRACT

During 1969-70, 569 walleye‘age II and older were
marked in West Blue Lake of which 56 were.recaptured.‘ No
short term mortality was found in conjunction with mark and
rélease periods, As well, distribution of marked fish was
essentially random, and similar segments (oy age).of the
‘population were unge examination at all times. Frequency
distributions and :xf tests indicate that net selection
was not by age and unlikely to be by size. vThe-May 1969-
population, 1090 walleye, decreased to‘819 individuals in
May 1970 but was augmented by 2100 new. recrults in September.
1969. Petersen estimates, the Jolly (1965) approach and
the triple—catch trellis provided similar descriptions of
the populatlon. Mortallty on a per day basis was small,
mean i = 0, 0045, and was greatest during fall and w1nter.
-Growth, and consequently production, was greatest between
June and'September.- Biomass, approximately BbO'kg, was
stable from year to year;'and productionl 340 kg, was
primarily from younger fish, |

Convers1on Ky ( ) and Kp (“EZt)’ was affected
by nelther ration size nor temperature, but decreased with
increasing fish size, K3 conver31on ("”_T""t) was affected -
only by temperature, Walleye assimilation efficiency was
dependent upon.diet type (least efficient for invertebrates,
and most efficient for fish), and fish size, Maintenance

per unit walleye was independent of size but was affected



- by temperature.' Maintenance'requiremenfs. all converted
to.20C for various age walleye approximates Winbefg's
(1956)7 T = wY" for rqutine-metabolism.. | |

A seasonal cycle in-calorie ecntent of whole walleye'
(less. gonads) occurred and was also evident in perch. No |
such cycle was appareﬁt in invertebrates-examined.

Greatest energy contribution to the nutrltlen of
West Blue Lake walleye was by perch and stlcklebacks Great-
est numerical contrlbutlon was by amphipods and mayflies but
both pro&ided less energy. |

Laboratory conversion and assimilation.efficiency
was applled to the natural diet of walleye for an estimation
of population 1ntake.‘ The res1dent p0pulat10n requ1red from \
40 to 1860 K cal/kg/day for productlon, and the intake depended_

upon season and population structure.



INTRODUCTION -

-Investigations into qﬁantitative relationships
of fishland their food follow three general approaches:
defining biomass of food and fish: determining turnover in
inbrganic materials, such as nitrogen; and establishing
energy transformations, Allan (l951),and Johnson (1966)
ufilized ﬁaintenance réquirements and gross conversion in
 the definition of population requirements., In addition,
Gerking (1962) has described the turnover of nitrogen in
the biuegill sunfish, Mann (1965) located the energy trans-
formation in a river using procedures originally pointed out
by Winberg (1956). |
| The objeétives of this study were twofold: -a) to

determine characteristics of growth, number, survival and

ultimately biomass and production of an unexploited population

of walleye, Stizostedion v. vitreum (Mitchill), and b) to

describe under controlled conditions the effect of temperature,

ration, and walleye size on growth, maintenance, and assimila-

“tion. The latter aspect of this investigation was based on
theoretical reviews of growth and metabolisﬁ (Paloheimo and
Dickie, 1965, 1966a and b). The stated objectives were |
fundamental components in understanding production processes
in natural systems and were cdnsequently extended to describe
éeasonal differences in intake‘required to produce observed
production in an unexploited populétion.

This study utilized the calorie to describe two



primary facets, production and laboratofy studies, of the
reéearch. All parameters of this closed population were
defined in 1969-70 t§ pfovide a basis for estimating seasonal
energy requiﬁements. Laboratory experiments and analysis of
natural feeding were conducted after the population studies
tq eliminate external influences on the population.

The scope of an investigation into,enérgy trans=-
fbrmation in a popuiation inherently results in difficulties
both in field and laboratory analysis. Generalization to
natural systems upon the basis of controlled éxperiments is
difficult in spite of the conduéted experiments which were
designed to show the role of specific mebhanisﬁs known to
influence growthe. Nevertheless, the definition of population
changes and energy input is worthwhile both in termé.of the
trophic dynamic,eoology of the walleye in West Biue Lake/and

4

in terms of fishery management practices.




METHODS AND MATERIALS

West Blue Lake (latitude 51° 36', longitude 100°
55') is located centrally in the Duck.Mountain_PrOVincial
Park of west-central Manitoba, The lake (160 ha,), described
by’Bell and Ward (1970), is essentiélly a closed system with
no permanent inlet or outlet. The characteristics of strati-
fication in oxygen_and temperafure (Beli and Ward, ;gig) are
relativély static from-yea; to year and are subject to rather
minor changes in magnitude. . |

Phroughout the course of this invesfigation,
provincial authorities prohibited ail but eiperimental
fishing in the lake; therefdre,-the population demonstrates'

primarily induced changes of natural causes. .

.

VITAL STATISTICS OF THE POPULATION

Capture and Handling '

Fish utilized throughout this study.were captured
in a standard gang composed of three sections each 30,5 m
long and 1,8 m deep. - Mesh sizes were 3,81, 6.35, and 8.89
cm, stfetched measure; ' _ , _

As the mean depth of the lake is il m, and the
basins have steeply sloping sides, the sites for cépture
are 1imitéd (Fig., 1). A standard gang was set at one of

the possible sites approximately 30 minutes prior to sunset



Fig. 1, West Blue Lake showing location of gill
netting sites, '






in 3-15 m of'wafer. Nets had been installed in 3-25 m of
water'oh_bottom and mid-water during all times of day{
"however, all captures wefe limited to dafk houfsﬂand occurred
in water less than 15 m in depth. Duratioﬁ of nocturnal
fishing depended upon the catch and environmental cénditions.
After installétion, nets. were contihuously patrolled by boat
and captured fishlwere either placed immediately in a "live
boi", or transported to it after storage for 3 to 5 minutes
in 250 1 of water maintained at éir saturation with oxygen.
No entangled fish remained in the net longer than 10 minutes.,
Fishing time in each'basin.was approximateiy equal for any'
markingfandlrelease beriod. | | | o

Captufed fish were retained overnight in a live box
constructed from a plastic boat (length 2.55 m; width 1,22 m;
mean depth 0.38 m) drilled with holes ‘so that it could be
almost filled with water, In June, this live box was sub-
divided to facilitate the separation of each night's catch
by mesh size, A maximum of 40 walleye were retained in the
live box from each night of sampling.  The live box was
anchored approximately 30 m offshore to permit ventilation
by surface currents,

The following morning, after fish were examined
for ill—effecfs of handling, the total length'(from tip of
‘the snout to the.farthest projection of‘compressed-lobes of
the caudél fin) and fork length (from tip of the snout to
angle between lobes of caudal fin) were obtained for each
, fish.A In addition, a scale sample was taken,using a forceps,
Wfrom the left side just above the lateral 1ine‘on a diagonal

between the posterior insertion of the second dorsal and the



anterior insertion of the anal fin, Fish were then marked

with an injector type tagging gun (Dell, 1968).

Mortality Trialé

" In conjunction with each marking and release,experi-_
ment (except during May 1969) a’mqrfality trial was conducted
on‘shore. Eight or twelve fish were held in two lots of equal
numbers of marked and unmarked individuals in 560 1 fibreglass
tanks. Walleye utilized in holding trials were approximétely
-paifedwin terms of length. One member of each pair was
subjected to procedures identicatho thoée applied tovfish.
_involﬁed in the regular periods of marking and release, ‘The
other mémber-of the pair was transferred to the holding tanks
with a minimum of handling. Water was supplied by pumps witﬁ
~ intakes installed 1.5 m below the surface of thé 1éke aﬁd
provided a tank tur?over time of'45 minutes. . Experiﬁentf-
duration was seven to twenty-seven days. No food Was suppiied
during holding.t Temperatures in each tank were recorded daily
with Taylor maximum and minimum registering'thermometers.
Dissolved Oxygen, determined using the Aiide modification of
the Winkler method,vwas determined several times at irregular.

intervals during the holding periods.

" Estimation of Abundance

Six mark and recapture experiments were cérried out
during 1969-70 (Table I), It was originally intended that
several techniqués for the assessment 6f population character-

istics be employed; hpwéver, only,aklimited approach was feasible,



Population abundance at six times during 1969-70
was estimated by the Petersen technique (see Ricker, 1958).
Each estimate was originally intended to be based on samples
of 100 fish, captured during each of the six sampling periods. -
In West Blue Lake, the new recruits appearing in the population
are readily reéognizable by fheir size and were marked and
released as a separate cohort in September 1969 (Téble I).

Any analyéis of canimal populations involving mark and recapture
is affected by various assumptions (Ricker, 1958); therefore, |
as many assumptions as possible were invéstigated. One
requirement of abundance estimates in that an equal (or
measurable) mortality occurs within marked and unmarked
populatidns. If this stipulation is wvalid, captures and.
recaptures subsequent to initial marking can be summed.

Since shoft-term holding trials indicated no mortality, I
chose to base each estimate on adjacent capture periods, thus
.eliminating the possibility of long-term mortality. Remaining
assumptions affecting population estimates, defined in terms
of applicability to tﬁis study, are presented later.

Because of the ease of sgeparation of.new recruits,
from the May 1969 population, the popﬁlation can be monitored
in terms of total number (all fish, including new recruits)
and ériginal number, Throughout this investigation the
population was generally'coﬁsidered‘as being thoSefish of
total length greater than 25 cm, o

The observed population waé stratified further
into age groups By locating proportions of each agé group

A
in the catch and apportioning N accordingly. Marks and




recaptures for each age were too small to permit separate

population estimates for each age,.

Natural Mortality

Survival rates can be derived from comparison of

recaptures to the marks released by,the'following procedure:'

%12 = ﬁ% g?;gil) where glz = surgizié gate between times
M; .= marks released at time 1
My = marks released at time 2
R13 = recaptures from M, at time 3

R23 = recaptures from M, at time 3

In this instance, mortality is a result of natural causes;
_therefore, since s = (1 - a) where i = total instantaneous

mortality for that period
i= -loggs .

Symbolism hére is identical to that of Ricker (1958);
however, estimation of %12 is an adaptation of Ricker's
equation 5.2. In this case,vthe récaptures afe‘in a point
of tiﬁe rather than occurring over an extended period.
Statistical limits for all estimates aré those described by
Ricker (1958), Since recaptures for any age group were
relatively small, survival - ¢onsequent1y mortality - applies
fé'the whple population. o

In addition to‘population estimates obtained using
the Petersen prooedufe, I calculated estimates of N, s, and
r_(récruitment)-by procedures outlined by Jolly (1965). As
well, for periods of approximately constant recruitment and
mortality, the triple-catch trellis (Ricker, 1958), was used

to obtain estimates of walleye abundance,



Growth

Estimates of seasonal growth can be determined by
~either direct or indirect apﬁroaches. Since only lengths
were obtained from any sample of walleye, length increments
prpvided the only direct approach available,

To define growth by the indirect_method, several
scales from one fish were mounted oﬁ an acetate slide and
impreésions made using a roller press, Mounted scale impres-
sions were then examined using a Bausch & Lomb pfojector
(magnification of 43,5X, determined by a calibrated stage
micrometer). TFor each fish, the anterior scale radius from
the focus, and the distance of each annulus from the focus
was recorded, Each élide was examined twice and disagreement
resulted in further reading., A linear regression equation
was found suitable for describing the relationship between
scaie radius and fork length, |

| Annulus formation in most Weét Blue Lake'walleye
occurs during the last week in June.(Glenn,‘MS 1969) fhere—
fore the growing season was considered as being the period
>from the end of June 1969 to the end of June 1970. Fish
captured during this period were utiliied té assess seasonal
gfowth. The increment from annulus to time of capture wés
determined as follows:

1) An estimated scale radius from focus to the scale
periphery was determined for each fish by using its fork
length in the scale radius-fork lengthllinear equation.

2) This theoretical distance was then compared to the
actual measuréd distance to provide a correction term fbr

all measurements for that particular individual (Hile, 1941),
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- 3) The disténce AL ‘was determined by subtracting the
~distance of the focus to the periphery from the distance:
of the focus to the outside annulus. |

L) }TheAdiataneeebetween each annuli was locatedvuéing
the above procedure,

5) Weight at time of capture‘and last annulus Waé founﬁ
using log W = -5,463 + 3.163 log 1. where W ='wéight and
L = total length (Glenn, MS 1969).

,6) The difference,AG,'@as obtained by subtraction.

Relative growth rates were calculated using:
Sp - S3
h - Sl-
where h is the relative growth rate, and S, in terms of
-length or wéight, reférs.to size at times one and two.
Relative rates were transformed to instantaneous rates (g)

expressed on a daily basis (g = loge (h+1l)).

. Biomass and:Production

, Biomass changes in a stock are dependent upon the
initiél biomass (By) and instantaneous rates of growth (g)
énd mortality (i). Therefore, average biomass_of the stock
(B), defined as all members of the population 25.cm or greater

in total length was determlned by :

§ - Bl (e871 - 1) (g > i)

g -1 .
. B -e U8y oy
or B = (i - g)- '

In addition to describing B by using instantan-

eous rates, the average biomass was found by using the
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arithmetic mean of two adjacent estimatesjof biomaés.‘ i.e
.El—§—§g_ as estimates were made within a éhort interval
(Chapmah, 1968). In this case, results obtained by both"
techniques were only slightly different; fherefope, the
‘latter, more straightforward approach was utilized ih
deécribingwthe"population energy demands.

As well, production (total proliferation of fish
flesh including those that do not survive to end of 4 t) was

calculated for each time period using P = g B.

‘LABORATORY FOOD STUDIES -

Capture and Transport’ |

Thirty—tﬁree Walleje,'age II to VI, were captured
in a standard gang during the period between May 22 and 26,
1970, .stored in the 560 1 tanks on the lakeshore, and trans-
.ported to the Department of Zoology, University of Manitoba
on May 26, 1970. Transportation took 4.5 hours from the
field station to the university.‘ Anesthetized fish (MS222
at 75,000 ppm) were transported in two plastic tanks of Lgs
~and 270 1 capacity. Water was maintained between 6 and 8C
by ‘ice, and oxygen was kepf at air saturatioh using an aeratof
»operating"oﬁ.a 12V wet cell'battefy. Fish were upright and
mobile, but quiescent. On arrival, all fish were pléced in

one 2730 1 fibreglass tank and held at 8C.
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Holdiﬁg_Conditions

The water system for the aquatic holding facilities
‘utilizes the“domestic supply of the city of Winnipég;' Incoming
water is passed.through activated charcoal filteﬁé to femove
chlorine, Dechlorinated water is_availablé from three lines
at 3.3, 11;7 and 26,7C, All plumbing for the system is PVC
(polyvinylchloride). Air saturation with oxygen is 100%
(3.3 and ll;7C lines) and 85% (at 26.7C). ‘Alkalinity of éll
threevéupply_lines‘iS~120vmg/1 and pH varies from 8.5 to 8.9.

Temperature control in holding tanks and all feeding
‘experiments was ;chieved using a Power Series 440 Fotoguard
‘mixing valve. The mixing valve was mbdified_so that all thrée-
temperatures could be united, yielding a wider temperéture_
range and higher 6xygeh saturation. 'Temperature ad justments
were made, if necessary, twice daily., All animals under experi-
‘mental conditions were subjected to a diel cyclerf 14 hours
1ight and 10 hours dark. All tanks, except when stated,
were 560 1 fibregiass tanks covered by a translucent green
fibreglass cover. |

To minimize the incidence of infections, malachite
green; at an initial concentfatioh of 150 mg/1, was admin-
jstered to walleye soon after their arrival at the Zoology
facilities., Residence time of the fungicide was épprqximately

1.5 hours and rapid dilution occurred during this peridd;'

Experimental Treatment
' Food used in all .experiments (excluding those to

estimate assimilation) was a cyprinid, the emerald shiner,
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Notropis atherinoides (Rafinesque),’captured'by seining

at ﬁelfa Marsh on.Lake Manitoba on May 14 to 16, 1970,

"Most of these minnows were frozeﬁ in sealed, sterile, plastic

Whirl-Pak bags; The reﬁainder were maintained li&e as food
for fish age 11T+ and older, Bimonthly samples of the frozen

food wére analysed to define gross change in caloric content

Quring experimeﬁtation.'

After holding for one week at 8C, food in approxi-
mately 100g units was placed in the tank once daily. Surplus
food was removed after one hour. This'practice was éontinued
until most fish readily accepted the food. Fish were allotted
- to the experimental ténks and accliméted to the new conditions.
Individuals in an experimental group were closely matched, each
group having a narrow range in weighf. Those individuals not
under experimehtal conditions were kept at 12C and fed at 3%
of body weight per day. | |

Individuals used to assess growth~and maintenance
réquiremenfs'were acclimated from-8 to 12C to the new temp-
erature at the rate of 1 degree change per day. Each experi—
mental group was then subjécted to experimental conditions of
food and temperature for two Weéks before an expériment wa.s
considered started, Frozen emerald shiners were theAsfaple
food for all II* fish under conditions to determine growth
and maintenance, A suitable unit of food was partially thawed,
counted when_amounts introduced were less than 20g,land weighed
using a top loading balance accurate fo + 0.0lg. Walleye
aged III+ and older refused to accept dead food; therefore,

size comparlsons necess1tated using live emerald shlners of




known energy content. Live weight was obtained by introducing

the minnows into a tared 500 ml beaker containiﬁg aerated tank
‘water. All walleye were fed six days per week at the rate of"

one food lot per day., Walleye were measured and weighed,

using the top loading balance, on the seventh day after being .

anesthetized in a solution of 25,000 ppm MS222, and blotted
dry. The amount of food administered to those on maintenance
diet waS'edjusted_daily until walleye ettained a constant
Weight.for‘a'period'of 3 to 4 weeks, Overflow of all tanks
was screened by a double layer of nylon seine net to trap all
excess.food; Screens were removed and cleaned daily. Tanks
were cleaned weekly as the turnover in the 560 1 tanks; once
per 25 minutes, wag insufficient to remove all excrete.

To assess assimilation of major natural items of
the diet, welleye were ecclimated to 12 and 20C in 40 and 220

I-glass aquaria, Large food items (pefch, Perca flavescens

fluviataliss and crayfish, Orconectis virilis) were placed in

the pharynx and were voluntarily swallowed by all walleye,

Smaller organisms (Gammarus lacustris and emerald shiners)
were introduced into thevstomaoh by a force-feeder consisting.
of a.plunger iﬁ a smooth Tygon plastic tube. All foods except
emerald'shiners were obtained from West Blue Lake, Initial
experiments defined the time between ingestion and egestion;
therefore, individuals were continuously observed at the time
of expectedﬁfeces emission, Feces were collected within an |
hour of emission u31ng a large pipette. This concentrate of
»water and feces was subsequently strained through a 53 micron

copper sieve, Feces were in the form of solid streamers,



..is e

and when placed on the screen, remained suspeﬁded in a large
- bead of water, All céllectéd feces were oven-dried at 105C
until a constant weight was reached. Dry weights were the
bnly%feasible way‘of~éxpre$sing the magnitude “of emission
since_watef‘uptake,frequently‘occurred'even during the short
time-befaré.collectionm To test for complete’collectién of
feces, thfee tanks were cleared in the normal wéy and then
filtered through a Whatman No. 1 filter. These filters were
then compared tocfilters.through which a similar volume of
water, taken directly from the main>waterilines. has been |

passed;

NATURAL FEEDING
~ _
A standard net was installed at one of the sampling

sites (Fig. 1) 1.5‘to 2 hours after sunset, Five separate
collections were made of walleye aged II* and older. Capturéd'
animals were immediately removed from the net, placed in plastic
bags, and frozen at -25C for future determination_of walleye
. caloric content, and species number and weight of ingested
foods. .

The stomach was removed while the walleye was still
. completely frozen. ”The.excised gut_was ngned and all contents_
i were removed as a SOIid 5lock. The gastro—intestihal tract.
was then replaced and the fish and its empty digesti?eﬁtract
kept frozen until caloric analysié commenced., Material found
in the gut was thawed at room temperature, then sorted into

taxonomic groups and counted, Members of each taxa were
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blotted usingvpapef towels and subsequently weighed to
1»0.0001g“(wét weight) using a single-beam Sartorius analy;
ticallbalance. |

Food ifems in walleye stomachs-were not analysed
calorically since energy removal may be immediate on ingestion
and time of ingestion was unknown.' A sample of 5 té 8 Walleye
was retained from each collection period for caloric analysis
after gut contents and gonads were removed, The remaining
fish from-each collection wereﬁsupplied to the Freshwater»
Institute,.Fisheries Research Board of Canada for other
investigations concefning Manitoba walleye.

In conjunction with walleye collections for gut'
analysis, live samplesbof the major food organisms were obtained

directly from West Blue Lake, Gammarus lacustris were removed

manually from samples of detritus and submerged agquatic
vegetation, Dr, N.B. Snow, utilizing underwater divihg

apparatus, obtained samples of O. virilig and Haemopsis sp.

Samples of age.o+ perch were supplied by B. ang and older
members of this species by M.R, Falk, All samples were
generally weighed live, then frozen for later caloric_détef-
mihation. Wherever possible, frozen samples were measured to
"aid interpretation of materials found in gut samples. Other
‘bases for comparison of weight or individuals in the gut
resulted from seasonal growth patterns of‘yellow perch in

West Blue Lake described by B, Wong and M.R. Falk. dnly live
samples from the lake were combusted to provide caloric values

of materials ingested by walleye..
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CALORIMETRY

» - All samples used to determine caloric content were
weighed live (wet weight) and then dried at 105C until a
'~ constant Weiéht was attained (dry weight). Duration of
drying was from 3 .(for small organisms) to 8 days (for adult

walleye), If storage after drying was necessary, samples

were placed’in desiécators with either silica gel or phosphorus-

pentoxide (P20s5) as desiccants,

All walleye were pulveriied individually in a
Wafing'2~speed blender until the driéd pulverafe was homo-
geneous, Approximately 50g Qaé then returﬁéd to the oven
where it was feeried. Each estimate for caloric &alue of
walleye tissue was the mean of two determinations. If values
for the two combustions differed by more than 125 cal/g, an
additional sampie was burned. From one walleyevpuiverized_
in the blender, 5 samples were taken and combusted to define
the degree of homogeneity attained by this technique. Sméller
organisms were ground to a fine powder manually in either a
‘porcelain or agate mortar and pestle,. All.pefch older than
age 0 were processed in the manner described for. walleye.

Organisms yiélding 0.75g or more of dried material
were combusted in a Gallenkamp automatic adiabatic bomb
- calorimeter, The instrument was regularly standardized

u31ng benzoic acid (6318 cals/g) as a standard fuel. Heat

capacity of the bomb did not alter throughout analysis (2506 0

cal, per degree C rise'in temperature of the water jacket),
but was nevertheless determined weekly.

A1l organisms yielding less than 0.75g of dried
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material were combusted in a Phillipson micro-bomb calqrimeﬁer;
This instrument, described_briginally by'Phillipson~(1964),
was supplied'by,Gentry'and Wiegert Instruments, Inc. Temp—
'eratﬁre rise on combustion of a sample in 28 atmospheres

(k00 psi) of oxygen is measured by thermocouples in contact
: Qith'the stainless steel bomb. The recording potentiometer
used was a.Honeywell Elektronic 19, Samples'were between 8
and 40 mg, therefore only the 0.2 and 0,5 mv scales were
requiréd. A linear rélation between mv - deflection and.
caloric content (measured by the changing temperature of the
thermocouples) occurs‘between the two scales, This instrument,
as well, wanstandérdized weekly using benzoic acid as a
standard fuel., All biological samples for cémbuétion in the
fhillipsoh microbomb were dried and stored as previously
described.

| ' In order to obtain the percent ash'contént of samples,
the dried'material was placed.in pre-combusted aluminum foil
" weighing dishes and heated at 500C for 24 hours, Caloric
content was expreésed as 'cal/g .dry weigﬁt énd vélues for

ash content were included whenever determination was possible.

TERMINOLOGY AND STATISTICAL ANALYSIS

As a result of ihconsistent usageAand-frequent,
ambiguity, the terms of\importance to this study must be
defined. Production and biomass have been defined symbolically
"earlier in this section; however, an additional term -

biocontent - referring to the energy stored at any one time
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by the‘designaﬁed population willvbe used iﬁ the calculation
of energy demand,

The basic energy equation for an iﬁdividual or 2
population may be written as %¥.= pR-T where the energy
deposition in terms of growth during any time 4 t is the
resultant of the ration R (correCted to that which is avail-
able by pR) and the total metabolic expenditure T. It has
«Beeh shown (Paloheimo and Dickie, 1965) that T =azng and
log T = log « + ¥ log W, where .W 1is the weight, o is a
constant defining the level of meﬁabolie expenditure and ¥
defines the rate of metabolic expenditure with weight, These
relationships, discugsed in detail by ?aloheimo and Dickie
(ibid), are the basis for the description of energy fransforma-
| tion by the walleye. Throughout this studyrthe coefficient for
availability of the ration - p - is determined by the difference
between ingested ration and the material egested as feces.
Winberg (1956) states that disregafding excretion of soluble
wagtes results in an error of less than 3% of the energy
consumed. |

From thevbasic energy edquation, efficiencies of
growth (K) for a particular species may be determined. Two
forms are possible'( Ky = ﬁ%% and K, = %Rgf ) and are
termed growth coefficients of the first and second ordefv
respectively. The effect of fish and ration size on K

values are defined in this investigation, 1In addition, for

a particular ration size, the metabolic expenditure T can
AW
at’

for T in the maintenance experiments, where ‘%% =.0 that

be obtained by T = pR - It is possible, from solution
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- thé.pafameters3v « and (v; cgn-be’déscribed from nﬁtrition'
studies for walleye.. By applying the line of best fit to |
maintenancé'requiremehts of various sizes of walleye and to
requirements corrected to ‘a:common temperafufe (20C), Dboth

e and.‘i_éanvbe'obtained from the log-log plot: 'As;well,

_K3 (K3 =’5§k%fﬁ); where T is the_stahdard metaboiic require-
ment, represents the conversion of energy truly available to

walleye for growth.




RESULTS

VITAL STATISTICS OF THE POPULATION

Periods qf‘marking,’and‘consequently'recapture,
were”relatively'short“varying between four and twelve days
(Table 1). Two additional périods'Were scheduled for mark
and release (early August 1969, andnéarly April 1970).‘ In
April, nets:iwere placed beneath the ice in normal sampling
locations and monitored throughout the day, but only four
walleye“werevcaﬁfured.- During August, captured fish seemed
pafticularly susceptible to,handling and mortality was high.
Consequently, data from the August sample was utilized only
in growth studies. '

No fish was recaptured fwice. During May and June
1969, Onl& fish greafer than 25cm were marked (age_iI+ fish
.and older)} however, from September onwards, thersamples

included new recruits (two years old in late June 1969),

'MortalityﬂTriéls

Short term#mortality trials indicétéd no mortality
of marked and unmarked fish in'7 fo 28 days (Table II),.
. Mértality occurred during the July 19 to 27 holding experi—b
méntL  One unmarked and two marked fish died, all from
different.pairs (Table II); Temperatufe altered during
most trials (Table II), and a slight diel change occurred,
Dissolved oxygen was between 9.7 and 12,2 mg/1 during

experimentation., Although mortality was higher among marked
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than unmarked fish, a marking and.releasé experimeﬁt wéévnot’
conducted céncuriently (Table I). The dlfferentlal mortallty
'-indlcated d1d not necessarily apply to any enumeratlon :
experiments cnnducted 'In fact, other,trlals (Table IT)
prov1ded no evidence that marking and handllng resulted in
mortallty to fish used in- estlmatlng abundance.

‘This lack of mortality demonstratedvin holding
“trials was supported by observations made during»peribds»df
marking and release. Walleye were extfemely hardy and when
handled with reasonable care showed no ill effects from
normal handling procedures. No cafcaSSesawereWseen duriﬁg
regular shoreline patrols following marking periods, even
though the bottom was. usually observable up to- depths of 5
, of 6 m, again 1nd1cat1ng an absence of mortallty from handling

" and marklng.

Backgrouhd to Mark and ReleaSe.Experiments

l _ Although samples of recaptured fish were too small
. to pefmit analysis for randomness of distribUtién, recapture
data did allow comparisons among numbers recaptured in the three
basins. Assuming randbm distribution, the probability of recap-
ture would be the same in each basin and independentrof release
site.

' Theée data,‘althoughvscanty, do indicate considerable_
 mqvement of fish between basins. However, the assumption of
random distribution was not apparently true for all basins.‘ The
effect of small recapture samples is indicated in recapture data

for basin 1. Data does not readily support_the hypothesis of
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random distribution, but does indicate the absence of

discrete subpopulations in West Blue Lake.

Comparison between sites of release (numbers released
are in. parenthesis) and point of recapture for walleye
in each basin of West Blue Lake, 1969-70.

Point of Point of Number Probability of

Release . Recapture . Recaptured Recapture
B’ | B | L 0.03
l . - X . .
(147) By 2 0.01

B, L 0.03
B, 1

( ) B2 2 0.02

110 v .
B3 _ 5 0.02
B 13 " 0.08
B3 ‘
o B 12 0.10
(216) 2 -
: B3 12 | 0.06

No. Recaptured at Release Point = 18

Rates of recapture of walleye age IT to VI were
assumed to be constant between adjacent mark and release
periods as well as the whole experimental period. The
validity of this hypothesis was tested (Table III) using a
2x5 chi-square analysis: Comparison of recapture to those
not recaptured (Table III) indicated that no significant
 difference existed in ratés ofvrecapture between adjacent
periods and during the entire experiment.'

Incomplete reporting of marks did not occur in
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Table III. Results of chi-square tests of the hypothesis that
rates of recapture for fish age II to VI were similar between
adjacent capture periods and for the entire 1969-70 period.

Marking date Recapture date

May 14-20, 1969 June 16-22, 1969
June 16-22,1969 Sept. 3-12, 1969
‘Sept. 3-12,_1969 Oct, 5—12,.1969
Oct. 5-12, 1969 May 18-26, 1976

" all fish, 1969-70

Total no.- obs'ns IZ

96
. 96

115

79

386

1.99 ns
1;90 ns
1.29 ns
1.27 ns

5.089 ns
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this étudy as individuals were each given a numberéd-tag.

Two fish caught in June 1970 had ldst their mark; deever,

the tag anchor was still imbedded in the flesh;; Both
individuals were probably tagged in May of June, 1969.

Tag losses only affected estimates using the Jolly (1965) 7
prodédure.' o '

Throughout this investigation, a total of 792
walleye were captured by gill net for various'aspects ofvthe
research program. No fish were taken during the day even
though, on rare occasions, walleye were observed in 3 to 7
m of water. An épparént-onshore~migration takes place.
‘coincident with the onset of'darkness. followed by an
emigration to deeper areas justvbefone daﬁn.

A total of 390 walleye, age II to VIII years, were
identified by the.mesﬁ-size used to captﬁre them, During
1969-70, there wére few age 111t fish, probably the most
vulnerable to the 6,.35cm net. Therefore, the incidence of
fhis‘égé group is overshadowed by the capture of more abundahf'
.ages, The 3,8lcm was highly_effective in capturing walleye |
230 to 280mm in fork length (Fig. 2), and only few older
.fish (approximately 4-6%)'became entangled., The 8,89cm net
proved most effective in capturing fish of lengths 400 to
480mm (Fig, 2), but the descending limb of the frequency
distribution was extended_by the influence of a few larger
fish in the sample of 72 walleye. Both the 3.81 and 8.89%cm
gill nets exhibited typical frequency distributions although

showing the effect of entanglement of a few larger fish,
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distributions of walleyes captured

Fig. 2. Length frequency
i11 nets in West Blue Lake, 1969-70,

by 3.81, 6.35 and 8.89cm g
N represents number captured in each mesh,
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Abundance Estimates
New recruits, determined by age and length analysis,

could be excluded or 1ncluded in population estimates. The.
population originally described in May 1969 (Table IV)
declined in eétimated number, Limits located for Ql over-
lap, but, after one year, the population was only siightly*
1ess'abundant than the May 1969 population. New individuals
entering the catchable population in'September more than
doubled the number originally estimated by the Petersen
procedure in May 1969, The maximum number within the stipu-
lated size range occurred in the fall (Table IV)., The
number estiméted for May 1969 was not appreciably altered,
but new recruits greatly augmentedvthe initial population..
- The population‘including recruits (ﬁz) suffered overwinter
losses and decreased to a level only slightly higher td.that
of the previous spring (Téble Iv). A

In estimates of N wusing the standard Petersen
procedure, the bias is approximated by 100e~MC/N and
becomes negligible when the product of the two sample sizes
(MxC) exceeds ﬁ by a factor of 3 ér'h (Robsdn‘and Regier,
1964), In only one instance, May 1970, was the ratio of
MC/N small enough.(1.97) to introduce a sighificantbbias
,info the estimate of Nl' The bias applying to other
estimates was negllglble, and consequently, the average
estimates of N cgn be con31dered as 0,95 N, demonstratlng
only a slight negative bias, 4

The technique of multiple'mark and recapture

analysis outlined by Jolly (1965) considered both immigration
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Table IV, Estlmates of West Blue Lake walleye abundance
excluding (N ) and including recruitment (N ), standard

- deviations 1ndloated in parenthesis,

=y

Period ﬁl 2

May .14-;_20, 1969 '1090{‘29'@ 1090(298)

Jﬁne 16-22 1330(},50) 1330(450)

Sept. 3-12 1350(¢5,,) ,3451(1690)

Oct, 5-12 931(5265 | 2331 (836)
. May 18-26, 1970 819(,61) 2037 (890)
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"‘énd emigration in thé form of survival and.recruitment
(Table V). ‘Estimates of N5, the total populatioh, were
essentially similar to those described ébo?e (Table IV).
The June population, 1334 (1330 using Petersen formula),
increased to 3678 in October 1969. A comparison of the
recruited”population.v3678 by the Jolly method and 3451
uéing the Petersen procedure, indicated a comparable increase,
Recruitment, 2296 (standard deviation + 1278) (Table V),
was similar to the difference, 2121 new walleyes, between -
the September and June estimates of the recruited population
(Table IV)., Survival rates obtained using Jolly's procedure
(Table V), when not affected by the’influx of new iﬁdividuals
(September 1969), were similar to those calculated from tag
recapture data from two adjacent capture periods (Table VI).
'bThe effects of reéruitment'using.Jolly'é procedure weré
delayed uﬁtil October 1969, An application of the observed
survival rate (*1 =‘i.123) for the May 1969 felease period
(Table V)'resulted'in an initial population estimate similar
to that‘obtained_using the Petersenlapproach; The pattern
of change and population size estimated by_these two techni-
ques are(virtually identical.

Since the triple-catch trellis method was applic-
‘able iny to periods of uniform recruitment and mortality
l(Rickef, 1958), the six periods of éStimafes'weré-subdivided‘
into two periods on the basis of presence or absencé’of
recruitmenti(Table VII), The May to Septémber 1969 popula-

N
tions (Table VII) were virtually identical to the Nj
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Table VI, Survival and instantaneous mortality rates of
walleye in West Blue Lake.

Period: Survival rate Instantaneous

' : mort al‘ity ( i ) ' e
(s) e ' per day '

May 14-20, 1969

- ~ + 4 - L
S1o = 04999 (=0.465) i,, = 0.00003
June l6~22 _
+ ~ .
| Syq = 0.835 (=0.546) iy = 0.00223
Sept. 3-12 | |
+ .
S3), = 0.66L (=0.L21) iz, = 0.01356
. . _ + - . —‘- .
S5 = 0.525 (-0.497) , i,5 = 0.00280

May 18-22, 1970
mean i = 0,004L6
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estimates obtained using Petersen and Jolly procedures

~ (Tables IV aﬁd V). As well, recruitment during this time
is éssentiélly 1 (0.987), iﬁdicating no recruitment. Two
estimates for September 3 to 12, 1969 (Table VII) result
from the stratification of population estimates by recruit-
ment. The triple-catch trellis placed recruitment in
September 1969 and its magnitude, abprdximately 2000 fish,
compared favorably with that determined by the two previous
techniques. Considering the inifial May to September 1969
~ estimates, the population increased slightly (0,000076 on
~an instantaneousvdaily basis); coﬁ#ersely, the iatter'portion
of the estimates, September 1969 to May 1970, describe a
decreasing popu}ation (0.00153 on an instantaneous daily

basis).

Natural Moftality
In addition to abundance estimates for the mark

and release periéds, survival rates were calculated for
intervals between marking (Table VI). Rates between two
periods, gij’ are preéented, even though the time span of
these periods differed. |

- Stock depletion, based on survival rates, was
greatest during late fall and throﬁghout tﬁe winter., On
the other hand, instantaneous mortality ratés per day
(Table Vi) indicated that mortality was generally low

throughout the yeaf, but was greatest between September

-and October, Mean instantaneous mortality per day was
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Table VII. - Population characteristics of West Blue Lake walleye
derived from a triple-catch-trellis analysis procedure during periods
of constant recruitment (May to September, 1969, and September 1969 -
to May, 1970). Figures in parenthesis are standard deviations. :

Period | N2 gij - o ?ii
May 14-20, 1969 1087
0.999
(0.465)
June. 16-22 1088
‘ - - (587)
0.987
(0.421)
Sept, 3-12 | 1092
Sept. 3-12, 1969 3203
0.885
(0.585)
Oct, 5-12 3055
(2309)
: 0.545
(0.825)

May 18-26, 1970 2165
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0.00446 (Table VI) and for the whole year was 1.6275 based .

on mean daily'mortality'calculated for each day.

Growth

Since measures of length were taken of all captured.

fish thefséparatioﬁ of new recruits from the initial stock
-was readily achieved (Fig. 3). As well, in spite of gfowth,
length frequency distfibutions, deterﬁined for all catcheé,
were similar in form (Fig. 3). The smallest length cohort
fqrmed a large portion ofany particular catch, In addition,
the length distribution of older fish was‘dominated by those
of 380 to LL4Omm in fork‘length. Extremely few individuals
greater than 480mm were Captured. The frequency distribu-
tions of May and June 1969 demonstrate many similarities,
 No growth in length was apparent between these periods and
the population structure by size :emaiﬂed similaf (Fig. 3).
- The pobulation.described in Séptember alsd showed marked
similarities to the earlier ones and graphically indicates
the size increase caused by summer growth, Length distri-
butions in October 1969 and May 1970 wére similar and clearly
~ show the dominance of the émaller cohdrt.

Recruits were readily identified as a distinct
group of sméll fish, Age II fish, nearing age III, also
- formed a distinct group in terms of length (Fig. 3) during
~May and June 1969; however, no further groups were readily
identifiable, Presumably, slow and variable growth caused
length overlap among the older members'of the population

precluding their separation by length,
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Fig, 3. Length frequency distributions of walleye in West Blue
Lake captured during mark and release periods,
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To describe growth of walleye a relationship
betWeen anterior scale radius and fork length was'éalculated.
All fish aged during this study,'7dé, were grouped in Smmv
length classes on the basis of.anterior-scale radius, the
independent variable. Classes with less than 5 obsefvations
were not included in the caiculation. Fork lengths for a
pafficular scale radius were quite variable; but variances
-Qere homogeneous according to Bartlett's test Cx? = 37,16,
d.f. = 33). The linear regression describing fork length
‘and scale radius was Y = 851858 + 1,613X where Y -was
fork length, and X +the scale radius in mm, For these data,
the coefficient of determination (r2 = 0,986) indicates that
98.6% of the variability in fork length could be attributed
to changes in scale radius.,
| Growth increments determined bj direct énd indirect
techniques were quite différent (Fig.wh). Results obtained
using the direct approach were affected by within sample
variability. During 1969 few individuals IIIt were cap-
tured after annulus fofmation'— the.last week in June. Since
sample sizes were small and a large range of lehgths existed
for this age group, as well ag for age V, growth'increménts
estimated by the direct method were rather variaﬁle. ‘Oﬁ‘the
other hand, seasonal increments wefe much more homogéneous
-.when based on the examination of scales, 1i.e.’ the indirect
method (Fig. 4); therefore, only the indirect approach will
be utilized. '

Length increases during the growth period in this

climatic zone formed a general trend followed by all age
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Fig. &, Length increments (4AL) of West Blue Lake walieye
during the growth year (from last week of June to one year

later). _ :
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groups (Fig. 4), Growth, in terms of-length'increments.was
‘greatest among age II* fish followed by III, IV and V.‘ Since
individuals older than five yearS~§ld were rarely captured,
growth in the population was eséentially*llmited to fish
between ages II* and V', Most.of the annual growth had
occurred by Sep{ember_with only slight increases occurriﬁg
during the fal1.l

Paired "t" tests were performed on various measures

of growth to determine if fish grew significantly between the

~time of ice break-up in May and annulus formatioh in late June,

1969 (Table.VIII). In general, no differences were found
between .measured fork length (excépt for age IVt individuals)
in samples of walleye collected iﬁ May 14 té 20 and June 16
to 22, 1969, A significant difference was found between fork.
lengthé of age IVT walleye collected ih‘May and June; however,
when the growth from last annulus (AL) was compafed for the
two collectiens, no difference was found. Tﬁerefore it was
highly probably that no growth occurred in walleye in the
spring prior to formation of annulus,

To relate growth in length to grthh in weight, fhe

.regression equation, determlned for West Blue Lake walleye,

log W = -5,463 + 3,163 log L (Glenn, MS 1969) was used (Fig. 5);

_hpwever.‘conversion from fork lengths (used here) to total.
lengths was necessary. A conversion of lengths was obtained

using the regression of total length (Y) on fork length (X),

(1) A more complete descrlptlon of growth in length and
weight is available (Appendlx I) and limits for estimates
are 1ncluded :
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Table VIII., Results of pairéd "t'" tests applied to growth measures .
for the period between May and June 1969, NS means not significant.

Age . . Tesﬁvcriterion» ___Degrees freedom e
It Fork length 52 0.37 NS
IT*  Fork length b2 . ©1.24 NS
111t ~ Fork iength | 38 . 1.09 NS
vt | Fork length o 89 | | 2.26(P<o.05)
AL (direct) | 87 0.42 NS
v' Fork i'ength : 21 0.09 NS

AL (diré‘ct) o2 0.33 NS




__4é,”b__,,JJ____,,_whmm_y,J”_.“fﬁu_._&ﬂxmm,,ﬁy,w,H__,,mw&mw_,;_”,W,H,,m,,,

‘Fig. 5. The relation between weight (kg) and total length
(mm) for West Blue Lake walleye (Glenn, NS 1969),
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Y = 14,089 + 1.050 X. Vafiances werevhomogeneoﬁs and the
regressioh coefficient differed significantly from Zero
(Hg:t B =0, F =13067.5 P<0,01)., The coefficient of
| deterﬁination (fz = 0,953) indicated that over 95% of the
variability in total length was attributable to changes in
fork length. |
Growth, éxpressed,by length increments, was greatest
for age II fish with age III, IV and V rates decreasing in
order, On the other haﬁd, weight incréases had a different
order (Fig. 6). Weight increments wére approximately'similar
for fish aged II1I, IV and V but lowest for age II walleye.
Greatest increase in weight occurred in age IV fish despite
- their relatlvely slow growth in length, | ‘
Capture of walleye in West Blue Lake was disPersed’v
primarily during the period June 1969 to June 1970; however,
samplés were also taken‘prior to annulus formation in 1969
and after annulus formation in 1970, Back calculation of
‘lengths at annulus formation (Table IX) indicated that,
regardless of time of capture, the previous growth history
was similar, Only fork 1engthé at annuli weré presented,
but weights (redquired in computation of relative growth rates)
can be readily obtained. Apparently, each sample described -
the same growth history, The fork length estlmated for
annulus I (slightly out of the range con51dered by the
presented length-scale radius equation) varied only slightly
for each brood year (Table IX); however,‘the difference

between brood. years was rather large, from 136.5 to 163.8 mm,



i

Fig., 6. Cumulative growth in walleye (4G) in grams wet

weight during the growth year 1969-70, in West Blue Lake.
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Thisiféndency of brood year differenéés persisted'in'lengths
calculated for'other age groups. |

| Instantaneous growth in length and weight between
'May anvaune 1969 was negligible (Table X) and ccnfirmed the
results of.the paired "t" tests (Table VIII). Magnitude of
growthvin,reiative and'inStantaneoﬁs terms was greatest
between annulus formation and August. Growth was still rapid

from August until September (Table X). Rates decreased until

the period of October 5 to 12 and were essentially zero during .

winter. Relative and instantaneous growth was generally great-
est in the youngest fish examined and decreased with age,

- Growth occurring during pqrtionsrof the year can be
expreésed as_percehtages}of the annual total. Two approaches
are available. Since growfh was negligible between May and
late ‘June (the time of annulus formation), the size in May
or June may be taken as‘the size when groﬁth was completed
.for That particuiar year, On the other hand, the sample -
collected in October 1970 provided the total growth for the
preceding growth yeér, i.e. June 1969 to June 1970. Cal-
‘culated increments differed only slightly from those obtained
~using the first approach'(Table XI)., It is clear only that
the majority of growth (70-90%) was completed by September,
and this.beriod composes the primary growing season, AVirtually
all.growth (804160%) was éccomplished‘by October. Contrary
to previous evidence, these data indicated that some growth

did occur prior to annulus formation,
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Table XI.

Percentage of annual
to length of May 1970 samples,

L8

growth in walleye by comparison
and to the increment obtained

from October back calculated length at annulus (in parenthesis).

Age

September

October

May, 1970

II
I1I
Iv

" August, 1969

b5.0 (42.0)
66. (53.4)
48.0 (38.7)
599 (49.2)

873 (81.6)

111.4 (91°6),

87¢8 (70.9)
83.0 (69.2)

97+2 (90.8)
120.6 (97.1)
100.6 (81.2)

99.2 (81.5)

100 (93.4)
100 (81.4)
100 (80.7)
100 (82.1)
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Biomass and'Production Estimates

Results presented in previous sections werev
obtalned to achieve a ma jor objective of this research -
the deflnltlon of seasonal biomass changes and productloﬁ
in an unexploited population of walleye. As indicated,
choices of techniques andvapproaCHes were pos?ibie. To

obtain estimates of biomass changes and production, methods

were‘selected'qn thé basis of precision, scope, and simplicity.

~ For instance, Petersen estimates'which can inélude or exclude-
recruitment were used simply because they present the most
information regarding the resident population,

- In the following descriptions of biomass and_pro—‘
duction, estimates of° Ny and N, were apportioned on the
basis of the rélative abundance of agé groups in each éample,
This process leads to descriptions of the population energy
requiréments by ége group rather than in terms of an-average
individﬁal. Average biomass during 1969-70 was_célculated

(Table XII) using fhe most straightforward approach, that of

using the arithmetic means of biomass occurring at two adjacent

periods partitioned according to age class abundance., Also,
descriptions of biomass based on total population»(Appendix'
II) and on instantaneous descriptions (Appendix IiI) were

. included. Production deflned by arlthmetlc and 1nstantaneous
approaches were 31m11ar, a dlfference of about 20 kg. -In
terms of biomass of the pOpulatlon (Table XII) the greatest
contributor was age group IV in May and June, becoming age V
in late June. Biomass and production estimates for the first

age group (Table XII) were obtained by applying mortality
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rates calculated for the population (Table VI) to the
estimated number of new recruits (2101 individuals) in

September. Age I was not recruited during May and June

1969, and therefore was not under direct analysis (presented

~ in parenthesis in Table XII). This youngest age group in
the population, although not having the largest biomass,
contributed approximately half of the total production
(166.748 kg) as a result of its abundance and high rate of.
growth (g = 0.6313).

|  General trends in the.walleye population of West
Blue Lake are readily apparent (Teble XII). There was a
general decrease in number of virtually all age groups in
the population. Age group V in September was the only’
obvious descrepancy from this general trend., This segment
of thelpoﬁulation may have been overestimated, but because

of slow growth, they eohtribute little to the production of

the system (12.065 kg)., Mean weights presented for eacﬁ.age=.

group are the result of individual weights derived by using
observed lengths in the 1ength-weight equation. As such,
the mean weights of certain age groups, ITI and VI, are

subject to variation because of scarcity in the samples

causing variability within the sample. However, production -

. by these ages is relatively small, _ -

' Biomass estimates using these‘techniqueS'wefe
similar in May and June 1969 (703,104 and 725.319 kg,
respectively). Production between these periods was

negative (losses occurred in ages I, II and III), ‘Since
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‘most production in walleye occurred betWeen June and September,
acéurate estimates of B between these periods are crucial,
As stated earlier, the»age V population in September was over-
estimated. Nevertheless, the instantaﬁeous approach (Appendix
. III) for determining B yvielded results similar to the
arithmetic approach (Table XII) even though thé former
utiiized the June estimate of age V abundance which was
uhdouﬁtedly an adeduate description of that population.
Production of walleye flesh occurs from September
to October (38.410 kg) and is essentially zero during the
winter months (Table XII). Prqduction in terms of wet walleye
weight was 340.319 kg during the 1969-70 growth year. Negative
ér zero production océurred from May to June and from October
to May, Proliferation of flesh was limited to the period

from late June to eérly October,

LABORATORY STUDIES

No losses were incurred during transport of walleye,
but after the first week of holding only“fish age 11+ readily -
accepted food. Older walleye did not feéd. Specimens aged
11T, IV, V and VI were segregated into 560 l_tanké and live
emerald shiners were introduced daily. Even though the older
fish began to feed, they persisted in feeding during dark
hours and did not take amounts sufficient to produce signi-
ficant grbwfh.

All emerald shiners, frozen or alive; had energy




values of 4963.6 cal/g (standard deviation + 67.6); 12.6%
of dry weight was ash, and 75.9% of the live wet weight was
removed on drying, The preceding diét qualificétions were
the result of 28 determinations made during the course of
the investigation (5 months of storage). Because of the -
narrow statistical limits, the energy content of the food
was considered constaﬁt in all studies of gréwth and main-
tenance for walleye,

Since all walleye used in nutrition experiments
wére’captured at the same time (May 22 to 26, 1970) as a
sample in West Blue Lake used to define calorific values
of resident animals, all fish used -in grbwth and assimila- .
tion studies were assumed to have 4580,2 (+ 76.9) cal/g at
thevstart’df‘all experiments, Investigations into growth
and mainténance began approximaﬁely 3 weeks after arrival
at the laboratory, thus caloric changes in walleye were
‘probably minor, |

In all laboratory feeding trials where feeding
was,voluntéry, théAWeight4of.theuexperiﬁéﬁfai aﬁimais was.
critical. The largest member of the group generally
"completed feeding before the smali fish would approach food.
This dominance was not evident if individual weights differed
by less than 25g live wéight;»length appeared to'pléy no
“role in govérning this pﬁenOmenon. As well, in any experi-
ment where consumption was above the maintenance ration,
only age II* individuals could be utilized. Older fish
would consume a minimal amount of food, then cease feeding;

therefore, ih spite of the obvious effect size may play in
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conversion, walleye aged III, IV, V and VI could not be
‘utilized in assessments of growth conversion, This tendency
of low consumption in older groups persisted throughout the
duration of feeding %rials. In addition, two walleye aged
V‘and VI did not feed and had obviously swollen abdomens.
Dissection later showed that both were'mature females and
s8till carried eggs. The-pature ovariés_physically occluded
gut openings and the stomach was shrﬁnken and mucus filled;

No evidence of feeding was found in either of the two females,

Effect of.Ration Size on Conversion
Conversion'experiments using age II* walleye were
- initiated as soon as acclimation to food and temperature was
considered complete., Since the selection of ration size was
open to value judgemeht, the fish in the conversion series
were fed at 4% of wet body weight., However, to establish the
éffect of ration size (R) on conversion efficiencies (X), |
groups of fish were fed for 2 weeks on a ration 2.50.to 8.36%
of body weight, The rénge in conversioﬁ efficiencies (Table
XI11) was‘reiati§ely narrow, 0,109 to 0.149, ‘There appeared
to be a slight optimum at approximately 4% (Fig. 7). - Since
two separate AGterﬁinationslwere'made near a 4% ration, but
thé values were rather different, the relationship was slightly
confused., The two rations differed by only 0,20% of body
| weight but conversion efficiencies differed by 0.013., The
observed difference_was almost certainly not the result of

walleye Weight differences (Table XIII). Nevertheless, it
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Fig. 7. Effect of ration size on conversion (Kl) at 16C for walléye
fed on emerald shiner, ’



v

00¢'0




57

appéared that af higher levels of consumption, greater than
6% of body weight, gross conversion efficiency was reduced,
At moderate ration sizes, 3.3 to 4,3%, éonversion was within
a relatively narrow range (0.129 to 0,142),  Since only one
small ration size was administered (2.49% of body weight),
the effect of low rations on conversioﬁ was not fully defined
but was apparently not much different from rations at 4% of
body weight. It does seem that the optimum ration was
approximately 4% and that conversion‘efficiency decreased

for both extremely high and low rations (Fig. 7).

Conversion Efficiency

| In the assessment of the conversion of ingested
‘material to walleye caloric content, an "optimum” ration
(4% live body weight) was administered to experimental groups
of walleye held at stable temperatures in the range encountered
by fish in West Blue Lake. Growth was apparent and relatively
homogeneous throughout each experiment (4 to 13 weeks).
Walieye weight changes (g) and consumption were treated as
being cumulative for initial inspection, Gross inépection
of walleyé weight gain (Fig. 8) seemed greatest for animals
held at 20C; however, initial weight, exact ration, caloric
~deposition, number of walleye_infan experimental group, and
changes>in‘assimilation affecf the interpretations of grthh_
ffom an ingésfed ration.w Fish used.in all growfh studieé |
grew at similar rates, but the conversion of ration (cgl.)

to growth (cal.) was of most in'terest.2

(2) Weekly‘analysis of food and growth histories in
individual experiments appear in Appendix IV,
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‘Fig, 8, Accumulation of weight (g) by walleye fed at 4% body
weight at 20, 16, and 16-8C,
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Although experiments began at approximatély the
same time, and the énimals were, therefore, assumed to be
2ll of one energy content (4580,2 'i?6.9 cal/g), variation
in the.duratidn of experiments affected the terminal caloric
ﬁalues. However, weekly ééloric gains were similar (Téble
XIV). "Even though gross energy content varied'With trial
dﬁfation, the weekly gain (Table XIV) was relatively constant
for each experiment. The terminal caloric values for the
variable temperature (16-8C) and 12C series were not reliable
estimates since the variability aésociated with the former
experiment was great and the'latter resulted from only one
determination. Ne&eptheless, the relafively constant weekly
calorific gain, indicated by“before”and‘éfterumeasurements
(Table XIV), were supported by evidence from the field,
Data on the natural populatioﬁ, to be presented, indicated
that energy'acQUmulated at a relatively constant rate from
May to September in wild fish, Therefore, wet weight gains
in laboratory experiments were converted into energefic
terms on the basis of the average weekly caloric gain found
for each appropriate experiment (Table XIV), |

Weekly values of Kl (ﬁ%%) during experimgnts of
8 to 13 weeks were extremely variable (Fig. 9). Experiments
af 20C indicated general decreased,in growth efficiency. On
the other hand, grosé conversion was either variable (16C)
or quite static (16-8C variable day cycle). Gross conversion
in walleye’can be stated as ranging generally from about
0.100 t0-0.160 for rations of 4% body weight., Estimates of

Ky cbnversion for the entire duration of each feeding trial
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Fig., 9. Effect of experiment duration on Ky for walleye held at
20, 16, and 16~-8C, All fish were fed at a ration of L% body
weight,. ' A
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was 0.143 40,020 (20C), 0.127 40.021 (16C), and 0.139
- #0,018 (12C) (Table XV). The cycled temperature change
series (16-8C) yielded a somewhat lower estimate for.gross
conversion (Kj) of 0,113 (+0.006) which had relatively
narrow limits. Gross conversion (K3)  calculated for the
three stable temperatufe experiments (Table.XV) was not
significantly different (F = 2:036 ns). |

“An extension of conversion efficiency to include
the energy which is available to an individual (pR) must
consider the effect of fish size on the assimilation coeffi-
cient (p) of a rationt Assimilation efficiencies for emerald
shiner were derived (to be presented subsequently) for wvarious
sizes of walleye and applied to the ratlon 1ngested Ko
(S%Zt) was only slightly hlgher than gross conver81on (Kq)
because of the remarkable eff1c1ency of food utlllzatlon by
walleye - maximum eff1c1ency for emerald shiner of 97, 8?7
- 8ince assimilation d1d decrease with increasing fish size
(Fig. 10), estimates of net conversion (K,) are'increased
slightly for the latter estimates made during each feediﬁg
trial.3  Graphic deseriptions of Ky and Ky for 20C (Fig.
10) indicate generally decreasing efficiencies with increasing

mean walleye weights, Decreased assimilation efficiencies

- occurring in the latter parts of feeding trials dig not affect

Ko to.an appreciable extent. The variability in conversion
in the 16C experiment was still evident. At 12C, weekly net

conversion (K,) followed the pattern of gross conversion (Ky).

(3) gee Appendix IV,
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Table XV. Conversion $fficiencies (standard‘deviatiohs are in-
parenthesis) of age II" walleye for experiments at different

temperatures.'
- Temperature C Ky - K2 K3 | Experimént”dufation '
A _ S in me,e,k_s.,
20 0.143 0.149 0.229 13
(0.020) (0.021) (0.031)
16 N 0.127 0.132  0.173 1
(0.021 (0.021)  (0.023)
- 16-8 0.113 0.117 ° 0.134 8
| V (0.006) (0.006) (0.006)
12 | 0.139  0.145 0.169 b

(0.018) (0.018)  (0.023)
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Fig. 10. Conversion efficiencies in three orders (Kl; K,, and Kg)"' o
as affected by size of experimental walleye, ' '
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Differences between K3 and Ky at the three stable féﬁpe
'eratﬁres were minor (Table XV) énd éll estimates were within
~relatively narrow’limits. Analysis of wariances among Ky
descriptions at‘stable femperatures indicated ho significant
differences (F = 2,0238 ns). Once again mean net conversion
at the variable temperature (Table XV) was considerably léwer
(0.117) than conversion at stable temperatures (0.132, 0,145,
and 0.149), |
' * The cohversion coefficient of the third order, K3

='B§f%§23’ is a measure of conversion for that portion of the:
ration which can be assimilated and is not required for basal
body upkeep and routine activity. Since this routine expendi-
ture (TR) is temperature dependent and is approximated by
Tr . O;BWO'8 (Wihberg, 1956), the expenditure was corrected
by applying Krogh's temperature correctioh to metabolism at
ZOC. Maintenance requirements for walleye of various sigzes
were found (presented later) and a log-log plot through these
requirements, plus those of one size at several'tempefaturesf‘
corrected to 20C, described the level of metabolism, o< .=
0.301 mg Op/hr, and the wéight exponent, ¥ = 0.841. Because
of the similarity of these two estimators of routine expendi-
ture, Winberg's generalized formula was corrected to experi-
~ménta1 temperatures and used to define K3,

| At 200, K3 values were approximately linear through-
out the experiment duration (Fig. 10) and weré apparently not
affected by weight changes., The linear regression for the

relation of K3 values on fish was not significant (HO:;9: o,
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F = 0.03). The lack of any relationship was also visually
apbarent (Fig. 10). Variability in the magnitude of this
measure of conversion, K3, still occurred at 16C (Fig. 10).
In the variable temperature experiment, the homogeneity of
conversion still persisted although lower than conversion
estimates'at stable temperatures (Table XV). Examination
of the mean K3‘va1ues from the three stable_femperatures
fevealed a signifiéant difference (F=15.595 P <,05),

Tukey's w-procedure for .locating means not significantly

different (5% level)

20C 16C - 1zc
0.229 0.173 . 0.169

indicated that é similarity of conversion existed only at
édjacent temperatures, As with K; and Ky conversion
éoefficients, K3 conversion for the 16-8C variable tempera-
ture experiment was less than at stable temperatures (Table XV).
Growth conversion estimates, determined at three

stable temperatures, indicated that gross and net conversions

(K3 and Kp) were similar. Conversion ranged between 0,099
and 0.189 (K1) and 0,104 and 0.196 (Ko). -Convefsion in the
variable temperature regime was lower, 0,113 and'0.117 for

Ky and K. Conversion coefficients adjusted fo considef the
basal energy demand, K3, differed among the stable temperature

experiments, but showed no effect of fish size,

Maintenance Requirements
Maintenance requirements for walleye depend essen-

tially on fish size and ambient temperatures, An examination
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Of the_requirements for walleye of'various sizes was con-
ducted at 12¢C using II, IV, V and VI yearkold fish (Table
XVI); Requirements expressed as a per_gram requireﬁent were
similar regardless of specimen size and varied within a
narrow range, 36.5 to 38.é ng/g/wk, Maintenance requirements S
per unit walleye were independent of fish size. R
| Since caloric loss or'depeeitioﬁ may occur in walleye,
independent_of weight changes, during maintenance feeding,'
the age IT individuals were analysed calorically after two
maintenance trials conducted at 8 and 20C. bnce"again, L5880, 2
cals/g dry weight (standard deviation‘i76.9) was the initial
caloric value. Calories/g remained unchanged throughout
tﬁese two series of experiments. At the end of two separate
-trials, ealoric content of two walleye (one from a maintenance
trial at 8C, the other at ZOC) was 4608,2 and 4610,5 cals/g
respectively., Variation within all +trials was not determined
since experiﬁental animals were limited; however, it seems

reasonable that, for the 5 or 6 weeks duration of mezintenance

experiments, no caloric depletion or deposition occurred.

Since the energy required per unit weight for main-
tenance of walleye was independent of.eize.'three'walleyes
at 4 and 8C and two individuals at 12, 16 and 20C were fed
maintenance diets‘to define temperature effects, Requirements
‘were -converted from a gram/gram basis to cal/g and indicate
a rapidly inereasing demand frem 12 to 20C (Fig, 11). At
the three lowest temperatures (4, 8 and 12C) the maintensnce

requirements were within narrow limits, 33.25 to 45.70 cals/

g/wk, Novdifference between regreséion equations of maintenance
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. Table XVI., Maintenance requirements. expressed as mg/g/wk of II,
IV, V and VI year old walleye at 12C.

Mean walleye Exp't duration . Average weekly - mg/g/wk

size (g wet wt.)  weeks _ consumption '__reguirement

ié~9.56 Lo 12,72 38.2
476,77 -3  : | | 33,83 '.- | 35;5

682,72 | I A9.3éf 3647

889.05 3 © 6.2 37.3
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Fig., 11, Relationship between maintenance requirements
(caloric values in parenthesis) and temperature for walleye.
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'and'tehperature relations existed (Fig. 11) since'ﬁe£_ﬁeight
has been converted to calories; however, for easé in:comparisoh
to previous investigations, wet weights are preéented.l |
In_maiﬁtenance trialé, Ag is zero and the total
metabolic expenditure (Tg) is the available ration (pR).
-Sinéelmaintenance was determined for various sizes of walleye
and for age II fish at several temperatures, all measures were
converted to 20C by Krogh's cbrfection (Winberg, 1956). A
log-lbg ﬁlot of log Tg = 252,3 + 0.841 log W .described
'adequately the-relatiénsﬁip between walleye weight and routine-
metabolism. The level of metabolism, 252,3 cals., when con-
verted to mg Op/hr is 0,301, In fhis relationship, 87,2% of
the variability (r? x 100) in the dependent variable could be

attributed to the independeﬁt variable (weight).

Available Ration’

Since the total energy available, i,e., the fraction
of ingested food which is subsequently assimilated, limits the
amount available for expendituré in growth and metabolism, it
was necessary to obtain the effect of ration type (perch age 0,
emerald shiner, amphipods aﬁd érayfish), ration amount, and

fish weight on the amount of solid unused material.

- Most foods were egested as a solid stream of waste; .

ﬁowevér}‘when fed crayfish, expérimehtal animals retained the
ingested material for approximately 10 to 16 hours and then
regurgitated the carapace intact, but empty of soft tissue,

along with partially emptied abdominal segments, Three trials
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(for a total of 15 walleye) were dondﬁcted using crayfish

and the observed phenomenon occurred in two trials, Only

the latter trial was considered in'énélysis as it was not
apparent whether regurgitation of crayfish is a natural
phenomenon., Fecal material from animals that had regﬁrgitated
was undetectable, Egestion time depended essentiaily on meal

type. The amphipod, Gammarus lacustris, had the shortest

’fesidence time in the gut, from 28 to 36 hours, and appeared
in the feces with exoskeletons intact. Parts of the exo-

_ skeleton (legs and abdominal'portions) were fragmented, but
the fécal contents were readily recognized as amphipods.
Egestion time for crayfish varied from 38 to 72 hours for
those that had retained the entire ingested meal, Unidentified
remains of both emerald shiners and age O perch were egested
48 to 56 hours after ingesfion. |

Filtration of the tank contents indicated that ali
material was removed b& extraction with pipette. The two
series of filters.(experimental tank water,after'feces removal,
and the water direct ffom supply lines) had the same calorific
vvalués (the overall variation of 75 cal, wasAwithin the
expected experimental error).’

Neither the energy content of feces nor the amount
of ash vtilized was known; therefore, both caloric vélues

~and .ash éontent of egested food was assessed to determine the
utilization of én ingested ration., Caloric content of feéal
'material was generally low, 1099 tp 2979 cals/g dry weight,
Ash content of fecal materials was high, but since only about

L0% of ash ingested appeared in the feces, neither ingested'
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nor fecal caiories_were corrected to cals/ash free gram.

| Only 11 00mpari50ns of ash in food to-that appearing in the
feces were available but do indicate considerable utilization
of the ash fraction. Only age 0 perch of the larger ration
sizeé provided sufficient material for combustion and ash

Y

determination.

Occurrence of ash in feces as a per cent of that
ingested by walleye in assimilation studies.
Numbers in parenthesis are standard deviations.

Size of No. of % ash

walleye ’ determinations " in feces
11t 113.2 to 173.3g 7 | 42,7 (+ 7.3)
IV,V 360.4 to 476.8¢g 4 38.5 (#19.2)

Since efficiency of utilization may be affected by
the meal size ingested, rations of age 0 perch ranging from
:7;80 to 44.91-cais/g - 0,7 to 5.2% body weight - were admin-
istered to walleye of various sizes (Fig. 12), Ration sizes
much larger than 5% of body weight could not be administered
because the increased handling, associated with force feeding
of small organisms to walleye, was detrimental to experimental

animals., For the range of ration sizes used assimilation

efficiency ingested ration (cals) - feces (cals) X 100
ingested ration (cals)

was constant. Regressions applied through both assimilation

descriptions, IIT fish and those of larger sizes, indiéated
that the slope was zero (Hp: B = 0), F value for age'II walleye
is 0.044 and for older fish is 3.33. Neither was significant
(5% level). The dispersion of efficiencies in the older fish
(Fig. 12) appeared to be related to fish size as fish of

approximétely 360g were generally more efficient in assimila~
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Fig, 12, Effect of ration sigze (in Sgalories ingested) on the assimi-
lation of age O perch by walleye IT (upper) and older (lower) at 16cC.
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.'tion of ége 0 perch than welleye of 500g.
To examine the effect of walleye size on assimila-
tion efflclency, fish of various weights ranging from 113,2"
" %o 502.0g were fed rations between 7.80 and 11,06 cals. per
: gram (Fig, 13). Only meal eizes within this range were used
in‘the regression analysie as the effect of larger meals
'(>-6O cal/g) on assimilation was not examined (Fig. 13).
A331m11ation efficiency decreased with 1norea81ng fish size,
= 96,851 - 0, 0045 W where E 1is the assimilation efficiency

and W is fish weight, The regression coeff1c1ent was signi- 0
flcant (Table XVII) and 82,4% of the variability in assimila-
tion efficiency was attributable to weight changes:. To
determine if +this relationship applied to other diet types,
kwalleye of different sizes were fed amphipods at a rate of
8.21 to 11.17 cal/g. This relationship, E = 82,103 -~ 0.0041 W,
was also highly significant and rZ2 is 0.859. Regfession
coefficients from assimilafion equations of both age 0 perch
and amphipods were tested for homogeneity (Hy: By =B5). The
hypothesis was acoepted.("t" = 0,418 ns) and slopes were
assuned to be similar. The obvious difference ih'interceﬁts
reflected the utilization of various food types. The effect
‘of fish_size on assimilation efficiency was not determined
for_all‘food types. The two regression lines (Table XVII)

for crayfish and emerald shiners were derived by solution
using a "b" value of 0.00%S. The slope from the age 0 perch '
trials was utilized since more experimental animals were
available in that assessment (14 walleyes), In solution

for the intercepts (a) of Table XVII, 4 walleye of similar
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Fig, 13, Effect of fish size (g wet weight) on assimilation
efficiencies for walleye fed at 16C.
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3

‘Table XVII. Experimental and derived-(equations for crayfish
and emerald shiners derived by procedures in the text) relations
between -assimilation efficiency (E) and walleye weight (W)

for various natural food organisms.,

Food organism Regression No. - F r?

_ T _expression observations
age O perch E=96,851-.00L5W 14 55,97 0.824
amphipods ~ E=82.103-0.004L1W 8 33.79 0.859
crayfish E=834535-.0,0045W L

emerald shiner E=97.871-0,0045W
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si?e Wére'fed known.amountsfof food and resuifs wereAcombiﬁéd
- to provide a better value for}assimilation by a particular
fish size,

It waé apparent (Table XVII) thaf.assimilation'was
highesf'for perch and emerald shiners, and 1oweét_for the two.
invertebrate foods. -A comparison between assimilétion.effic—
iencies for amphipods and crayfish was not possiblé since the

natural utilization of O.'virilisvhas not been defiﬁed (regur-

gitation may be a common phenomenon), Assimilation of
emerald shiners appears to be only slightly greater (1%)
than West Blue Lake peréh. |

| Assimilation (determined in terms of solid egesta)
of ingested material in walleye was essentially independent
of ration size, However, increasing fish siie decreased'
assimilation (Fig. 13). Maximum utilization of a ration varied
according to the food species ihgesfed‘(Table XVII)‘énd is
between 82,10 (amphipods) and 97.87 (emerald shiners).

An Unaccounted for Energy Excess
In the laboratory nutrition secfion, measures of = en
available ration, routine metabolic expenditure and growth
have been described - inciuding their major controlling
factors., The experiments provided a relatively complete
description of energy flow in walleye with an important
exception, All fish in experimental growth series were fed
similar ration sizes (= 4% of body weight), and had differing

K3 conversions which were temperature related, Lower temp-

eratures produced lower K3 conversions; thus, the energy
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Table XVIII, Energy utilization by walleye for maintenance,
routine metabolism (Tg) and the excess in energy (4T) above
twice the routine level (T-=2 (TR) All measures are in calories
and flgures in parenthesis are standard dev1at10ns.

Temp.. =pR-aW Maintenance Z(TR) AT=T-2(TR) v  .
' ”’ B (Winberg 1956) ' -
20C 121,206 45,141 91,581 27,318
‘ (7, 7h3) (3, 147) ~(9,654) (9 322)
16C 115,607 33, 887 60 217' 55, 390 o
(12, 180) (3, 207) (5, l9h) (14, 090)
16-8¢ 93,631 13,261 25,311 68,320
(5,8L9) (1, 133) (l 720) (5, 98h)
12¢ 121,769 21,127 39,381 82,388
(11,271) (l 024) (l 53L) (10, 599)
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not cbnsidered by routine expenditure, growth,'or available

 energy increased with decreasing tehperature. A portion of

the total metabolic expenditure (from T = PR - %%)‘was utilized

for routine metabolism (TR = O.3WQ-8). Differences between

T and TR cannot be stratified further from this study,

‘but it is evident (Table XVIII) that, within the range of

temperatures where significant growth dccurs in West Blue
Lake, the energy above the routine level increased with
decreésing temperatures. |

It was apparent (Table XVII) that the expenditure
(aT) at 20c, 27,318 cals, was cénsiderably lessvthan at 16C,
55,390, and. 12C, 82,388, 1In additiOn, the expenditure in the
variable temperature regime was intermediate (Table XVII) to
that of the two adjacent stabié'temperafurés.A.If the active
metabolic expenditure, taken as ZTRY(Winberg, 1956), was
corrected from 20C and applied to the weights of fish at 16
and 12C,'the excess above this requirément was still greater
than at lower temperaﬁures. | | o |

From this- study, itAappeafs that,temperature plays
no réle in gross or net conversion (X; and Kp) but drasticélly
affects that portion of the available ration (pR) which is

utilized in metabolic functions. .

NATURAL FEEDING

Caloric Content of Walleye and Their Food

Samples of living walleye food organisms were
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VanalySed for caloric éontént In addition, ingested food
species and their relatlve amounts were determined from cap-
tured walleye. Furthermore, calorlc values of walleye were
determined from these fish, Collections for this phése of
the study occurred Quring the ice- free perlod of 1970 only.

Calorlflc values of whole crayfish varled w1de1y
within any one sample as indicated by the broad limits
(TablevXIX). The results of.a one-way analysis of variance
(F = 0,173 ns)'indicated~that mean values did not vary between
collections. ASwash'content variedAconsiderably (27.3 fo
&3.6%'of_dry weight) a correction for endothermy (Paine, 1966)
was applied to. the cal/g dry.weight,‘ Mean corrected cal/g
was 3128,1 standard deviation +336.4 irrespective of collec;
tion date and a decreasing trend* of energy with increasing
.ash content became.evident. - Adjustment for endojhermy removed
iittle of the apparent ash effect, As well, the trend per-
sisted when values were examined as cal/ash free gram;»

A slight increase in ash with increasing dry weight
indicated that the effept_may be size influenced, There was
insufficient evidence for further analysis; therefore, the |
mean value determined from all samples (3051.h cals/g dry
weight) was used to estimate the contribution of crayfish to
the walleye diet,

Calorlc determlnatlons from meter net- collectlons
of age O perch indicated a seasonal trend in relative energy
~ content (Table XX),. Highest values occurred in late June
accompanied by low ash content, but values decreaéed‘there-

(%) see Appendix Fig., 1 for descriptions of caloric trends
in crayfish,
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Table XX. Calories/gram, ash and moisture of age O pefch
Perca flavescens (Mitchill), and older fish collected from
West Blue Lake, 1970. Figures in parenthesis are standard

deviations.
.ggiiectign Age i ‘gi;/éeightl A% ash ‘A % moisture
June 18; 1970 0 5355.1
June 20 older a8053é(785,10)' 16.27(3.68) | 76.4(1.30)
- July 22 Lo 5059}86208.1 ) 10.6 (1.21) ;,76.6(1.08} .
July 22 older  4807.6(162.1 ) 15.19(2.98)  76.4(1.00)
August 21 0 A99L.9( 78.1 ) 11.0 (1.48) 76.3(0.57)
 A§gﬁst 23' qldef_ 14927.5( 53.8 ) 18.20(2.18) 75.9(1,26) |
October 14 0 4967.1( 47.8 ) v14.1 (2.27) ;75.3(0.90)“

~ October 14 older  5052.7(103.1)  17.76(2.94) 75.9(1.90)
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after until late summer (ash content increaeed slightly).
Because‘of the variability about mean estimatee for July,
" August and October this energy trend was not well defined.
In older perch (Table XX), a distinct increase in mean energy
cohteﬁt occurred from June (4805.8) to October (5052,7 cals/g
dry weight). Analysis of vafiance to determine apparent
changes indicated that a temporal difference did exist in the
mean energy content of adult perch (F.= L,70, P<,05). As
"will be demonstrated, a distinctive seasonal trend in energy
content of walleye also exists; thus it is>not unusual that

a similar change could occur in perch.

Seasonal analysis of the caloric content of an

~amphipod, Gammarus lacustris, indicated a large within eample
variability (Table XXI). Since there was no change in mean

energy value when animals were grouped into 0.5mm length

classes (F = 0,310 ns, d4.f. = 19) values (Table XXI) represent
natural variability occurring independent of sirze, ,

Additional collections of resident organisms,

(sticklebacks (Culaea inconstans), leeches (Haemopsis sp),

dragonfly nymphs (Tetragoneuria' sp), mayfly larvae (Blasturus fff?f?
sp) and caddisfly pupae (Phryganea)) iﬁdicated a wide variability |
in energy content (Table XXI). These organiems\were not
always available,.or vulnerable, during all times of the e
year; therefore, combustion wae limited to available -
organisms (Table XXI).

A seasonal trend in caloric content was obvious

for walleye in West Blue Lake (Fig. 14), Since samples of

\
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Fig, 1lk. Change in energy content of walleye during 1970 in West
Blue Lake, :
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~ various ages (two to six years of age) were combusted, results

of an analysis of variance between immature (II yeaf old fish)

and maturing or mature individuals (all older fish)_indicated

no significant difference (F'=‘0.237 ns) between means. As
well; one walleye, age~IV+, was subsampled five times and a
lg sample combusted from eaéh. From this réplicéte series,
the mean energy of this fish was found to be 5004,7 cal/g dry
weight (range 4974.8 to 5041.7 cal/g) with a standard devia-
tion of 26,4, It was apparent then that the variability
within a sample was very small and well within tThe stipulated.

precision of the Gallenkamp calorimeter,

Natural Walleye Feeding

The peak catch during any night of fishing was
generally 1/2 to 3/4 hours after dusk; all_walleye used for
sfdmach examinétidns were captured 1.5 to 2 hours after the -
initial migration info the inshore waters, |

Number of ‘empty stomachs was greatest in October
(Table XXII) but was also high in Aﬁgust. The presence of
large, partially digested perch in several stomachs collected
in May complicated intérpretation oflmaterial in walleye
stomachs., Several of the large perch (9,69, 43,60 and‘45.30g
“in the stomachs) were not included in the computations and,
.althbﬁgh probably still o#er-estimatihgvthe ingésfed.material
- for that night, are presentedras an'adjustéd stomach‘weight
(Table XXII). |

Total sfémach contents as a function of fish size

(Fig. 15) was variable during 1970. To estimate uriirnigested
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’4=Fig.v15. Contribution of all diet items in terms of weight (-----)
and calories (——) in relation to body size of walleye in West
Blue Lake, during the ice free period, 1970.
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calprifié values of food items,-organiémé were first adjusted
to live weight and then converted to energy units on the basis
of data in Tables XX and XXI. Both descriptions of stomach
contents (% body weight and cal/g) follow similar patterns
(Fig. l5)i Inclusion of all Ffish (empty or containing food)
indicated that ma%imum ingestion occurred:in mid-August
(Table XXII).
‘ Few species were utilized as food (Fig., 16) and
the major caloric contribution was provided by fishes in
West Blue Lake (pefch and stickleback). Results using four
methods of presenting data on natural‘feeding by walleye
. (number, weight in the stomach, weight calculated from
uningeésted foods, and calories) differ greatly and emphasis
shifts from one taxon to another (Fig. 16).

Amphiéods were always preéent, to a lesser or
: greatef extent, in the walleye diet (Fig. 16). Max imim
consumption was in May and;August (166 and 888 individuals
respectively) énd lowest in July and October k@band 54 amphi-
pods). In séveral caseé, the theoretical live weight (from
samples processed for calorimetry) wés less than weights
determined from materials present in the stomachs (Fig. 16).
This difference, occurring only in amphipods, was generally
slight (1-2% less in "expected" weight) except in the June
16 sample when stomach weight (3.896 g) was twice the weight
of coincident live samples (1.712 g). Although Gammarus
lacustris Was the dominant food organism in terms of numbers
present, their caloric contribution was less than that 6f

1

ingested fish flesh (Table XXIII).




- 90.

- - Fig., 16, Contrlbutlon, by taxon, of resident organisms to the diet
~of walleye in West Blue Lake, 1970, .
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Table XXIII, Contribution of the diet items found in walleye
Stomach to walleye nutrition, West Blue Lake, 1970,

' Organism Number Stomach weight | Live weight Calories
G. lacustris 1205 34.564‘ 25753 22,915.,0
Adultl perch 6 134.308 ) | 210.3 239,123.8
Larval perch 102 38,067 47,990 57,837.9
Sticklebacks | 27 s 20,539 ‘ 36.9i0 | | L5,911.1
Haemopsis 5 13.46L 13.46L 15,932.4

0. virilis J 12,95L . 19.589 1L, 5847
Blasturus 626 10,920 11.560 18,9744

Misc, | 4o 991 - 5,168 6,969.9
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‘Mayflies. Blasturus sp, appeared in large numbers
(626) in June and provided a similar caloric contribution
v(18,97h.4 cals) to that of amphipbdé. In the June walleye
sample (Fig. 16), mayflies were the dominant contributor to
stoﬁach contents regardless of the method of expreséion.

In spite of the relatively small number of larval
(102) and adult perch (6_individua1s) in stomach contents,
théir contribution in terms of weight and calories was large
(Table XXIII)., Older perch (exéluding young-of-the-year)
were the 1argest contributor in terms of weight (134,308 g
and 239,123.8 calories), but'Qere few in number, occurring
primarily in the May collection., Tarval perch were signifi-
cant contributors‘inball respects to the stomach contents in
July and October saﬁples (Fig. 16).

Sticklebacks consistently appeared throﬁghout the

sampling period (Fig. 16), and provided a contribution similar

(45,911.1 cals) to that of larval perch (Table XXIII).

The sporadic occurrence of the remaining itéms
(leeches, crayfish, Triéhoptera. and a small bird)‘provided
minor additions (Table XXITI) to the diet of walleye during

the 1970 sampling,

From analysis of the number of empty walleye stomachs

after a period of ingestion, it becomes evident that ingestion

- was less frequent during latter part of the ice-free period

(Table XXII), Ekamination of contents at a particular time

only partially reflects the intensity of feeding since average

contents (including empty stomachs) indicated only that the

stomach contents were greatest in the August sample. From
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Fig, 16, it was evident that consumption of amphipods during
the éamﬁling period was persistent.“ Amphipod contribution
to the diet-was not nearly as gréat as the calories of fish
flesh ingested. Fish ufiliied by walleye (Table XXIII) were
the main caloric contributors to the natural diet, Other
foods ingested by walleye did not appear consistently during
ﬁhe sampling period and contribute only a minor portion of

energy intake,

POPULATION CONSUMPTION

Biomass and production estimates were available
(Table XII) in terms of wet weight, To define caloric intake
(R), caloric deposition in walleye flesh (Fig. 14) must be
considered in addition to observed production. Negative
production (loss to the system) occurring in the spring of
1969 and the winter of 1969-70 was included as absolute
losses from the particular size groups. Production in
calories was the result of caloric accumulation (Fig. 14),
.growth in instantaneous terms, and biomass (B) expressed as
biocontent.‘ Production in energetic terms (Table XXIV)
generally reflected production measured by weight. The
former considered the regular caléric increase of walleye.
flesh, and because of this uptake, increased energy produc-
tion by older fish,

Since both K3 and Ky conversion estimates were

temperature independent, and since 4K2 considered that



CoNversiol a0apited Lo NALLrdl SLTUATLON,

Period Age B(Kg) P(Kg) Temp, C Maint(Kcal/wk) Natural eff. P(KcalxlOB) R(KcalxlOB) R(Kcal/Kg/day)
‘ Tab, eff.
May 14-20 to I 205,031 =2.62L4 7709.166 87.6/97.5 +  =12,018 ~12.018 ~1.95
June 16-22,1969 II 76,068 -1,308 2860,157 86.8/96.7 ~6.000 ~6.000 a . ~2,2§§
III  108.223 =-2,413 8 4,069,185 85.9/95.8 -11,038 -11,038 3,042
IV 360,233  0.076 1354k, 761 8449/94.8 0.3L48 3.185 0,295
V_ 107.343 0,004 LOL6,097 84e1/9k.0 0.018 0.165 0.051
| VI 62,356 0,003 2Ll 586 81.9/91.8 0,014 0.131 0.071
June 16-22 to I 264,135 66,7,8 10301.265 87.6/9745 322,860 28L0,6L0 1345,000
Sept, 3-12 II 119,111 39,223 L645,329 86.7/96.6 190,232 1776.855 1866446
IIT 123,165 24.498 16-8 4,803,435 86,0/95,0 59.735 53y 600 543,453
v 414,626 149,216 16170414 8Le8/9L.6 238,698 2152.,126 651,246
v 159,406 18,922 6216, 834 8L¢1/9L,0 91,772 84142043 686,455
VI~ 71.891 8,533 2832, 749 83.3/93.1 41.385 382,550 . 664,149
Sept. 3-12 to IT 259,607 16,070 9761,216 87.3/97.2 80,832 17.058 816,87
Oct, 5-12 IIT 125,413 1,793 8 L715,529 86,2/96,0 9.019 783.7%1 190.008
IV 129,733 4177 4,857,961 8544/95.3 21,000 188,442 426,337
v L,08,0988 12,065 15377949 8Le5/94.3 60,687 551,700 39,674
VI 145,015 4,278 54524561 83.1/93.0 '21.518 214,200 L3 LL7
Oct. 5-12,1969 to II 188,904 0,187 6292,702 8743/97.2 0.906 0. 19,331
May 18-22,1970 IIT  90.732 -0.843 3021,.376 86,1/95.9 -3+054 §3,8ZZ3 _%.%%8
v 1084355 0 L 3608,222 85,0/94.9 0 0 0
v 388,931 0 12851, 402 8L.1/94.0 0 0 0
VI Ll o350 0 1476.855 82.9/92.8 0 0 0

negative production is presented as
a direct loss from the population,
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‘which was évailable; the latter waé.used in estimating in-
take. Net conversion‘ (K2 = é%%¥) Qonéiders assimilation
which was affected by fish size (Fig. 13) but not the magni-
tude of ration. Therefére, the weight éfﬁparticular age
groups was required (Table XII)'to determine intake, |

The slope of the assimilation-fish size regression
remained constant (Table XVII) for the food.organiéms investi-
gated., A suitable intercept for describing assimilation for
natural diet items was also required prior to caléulating.
energy intake. To proVide'fhe intercept (E = a + bw where
thezin%ercept is maximum efficiency and B is the slope of
-0,0045) the céloric contribution qf natural walleye foods
(Table XXIII) was multiplied by'thé assimilation determined
in the laboratory. The products were then reduced by a
common dendminator and a weighted mean of all products was
found, Assimilétion for the natural food épectrum of walleye
was E = 88,01 - 0,0045 W, The average weights (w) for each
age group (Table XII) were inserted in the derived equation
tonrdvide'estimates-of,natural assimilation.

To determine intake (R) necessary to produce the

observed production a modified X, which considered the

efficiency altered by the natural diet was required. Natural

. natural efficiency
net efficiency was found by Tgporatory efficiency X Ko,

Intake, and daily ration, to produce the observed seasonal
production was calculated by dividing production by the
derived net conversion.' ‘

Natural assimilation (Table XXIV) was less (approx-
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imately 10%). than laburaiory conversion of emerald shiners.
During periods of peak prdduction, June to October, intake to
support this proliferation was greatest (Table XXIV), Ration
on a daily per unit fish basis during this period varied from
0.3 to 18.7% body weight. Maximum intake was by the age II
fish of the June to September period. Minimum intake was by'
the age 111 fish.and appeared to be out of sequence with
intakes of other ages. This age class was not well represenfed
during the study and production was calculated from growth
‘rates based on small samples. The fast growing fishes (age

I and II) had greatest intakes, 1345,00 and 1866.446 K cal
(Table XXIV). Since assimilation and growth was less among
older fishes consumption was therefore less for any period
(Pable XXIV)., Periods of no growfh or caloric loss (mini-
mized by weight measures, but intensified by caloric descrip—
tions 1i.e. biocontent) were reflécted by caloric loss or
negligible intakes (Table XXIV),

Calculated rations per unit fish weiéht greatl&
exceeded observedlrationsAas fqund‘in_stqmaqhs (Tab1e XXIIA
and Fig. 153). However; amounts present in walleye'stéﬁachs.
did not reflect daily intakes, but only indicatéd seasonal’
differences,

In. this investigation,_prqduction in West Blue Lake
- was determined in calories by applying seasbnal'changes (Fig;
14) in energy content to production (Table XII) observed
during 1969-70. The influence of ration, temperaturé, and
walleye sizé on growth, maintenance , and éssimilation was

| applied directly to the natural situation., Only ration
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availability (p) of,the.parametérs investigated was alﬁered

by natural food and conditibns. Since both energy production
and the processes whereby energy was utilized were known for .
this system, the seasonal differences in requirement were |
'eStablished (Table XXIV)., For production, 10,334,873 K cals.
were required. The major demand existed from June to September,
The greatest requirement was for age I to III walleye, Main-
tenance requirements (Téble XXIV) were presented only to

indicate the extent of the expenditure for routine requirements. .
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DISCUSSION

VITAL STATISTICS OF THE POPULATION

Abundance Estimates

Information is scarce regarding population changes:
occurring in a small, and sometimes virtually closed system
such as West Blue Lake. Information presented from this
study gains little support from present literature. Data
on seasonal stock changes within the year are also limited
"(Ricker and Foerster, 1948; Alexander and Shetter, 1961), but
seasonal decreases in unrecruited populations have been
indicated., Alexander and Shetter, op.cit., encountered the
“problem of overlapping 1imits as in the present study (Tables
IV, V and VII), but used these seésonal estimates as being
true assessments of abundance. Ricker and Foerster,_gg.gii.,
estimated mortality rates occurring within short periods and
applied these to the initial population tb assess biomass
changes and production and has been one of the few to locate
Vshofkffefmlﬁopﬁiainn-CHthes:éﬂdﬂextéﬁdvthéée't6JQSSéSSmenté'“
of production., Results of the above investigations support
the regular but small decrease in the unrecruited stock of
West Blue Lake.

Walleye greater_ﬁhan 25cm in-West Blue Lake more
than.doubled in abundance within a one year period (Tables
IV, V and VII)., Recruitment occurred afteerune 1969, The

unrecruited stock (Table IV) decreased from May 1969 to May’

1970.
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Previous analyses of walleyeAponulatlons have pro-
vided year-to-year dlfferences (Pycha, 1961; Forney, 1967) or
have dealt with discrete point estimates (Rose, 1947). Several
of these studies utilized the spawning population, and may
have marked an incomplete segment of the resident population.v
This study found that a lower population existed in May (when
reproduction takes place) and detectable recruitment (Tables
IV, V and VII) occﬁrred until June 1969. This trend may have
resulted from random sampling variation; howevef, the possi-
bility exists that, even in this study, the random distribu-
tion and population structure was altered by spring spawning.
Estimates conducted after spawniﬁg, June and September, indicated
that abundance (Table IV) and composition (Fig. 3) was relatively
static although abundance was slightly greater than in May.
Distribution at. time of reproduction may very well be |
localized in Wegt Blue Lake and only a segment of the.popula—
tion was available for marking.

Other investigations concerning walleye populations
have been directed towafds commercial fishing enterprises
.(?ycha, 1961;‘Smith and Pycha, 1961; Ryder, 1968) or a sport
Tishing situation which required investigation (Rose, 1947;
Forney, 1967). On the whole, information regarding unexploited
fisheries is scarce; for walleye it is non-existent. There-

- ~fore, these data concerning the population-and itsuchangeé
are of interest and importance when information on an uﬁexploited
fishery resource is required,

| Previous investigations regarding walleye popula-

tions infrequently examined inadequacies in procedure. However,
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in this case, efforts were made to ensure that variation in

parameters was real and not the effect of sampling deficiencies,

Conditions applicable to mark—reéapture_experiments (Rickér,
_1958) were examined to énsure maximum reliability in descrip-
tions of population energy requirements, |

o The problem of gear seléctivity is ominous in all
investigations into fish populations (Moyle, 1950; Berst,
1961) and is indeed important to.this study. Forney (1961)
compared year-class distributions of walleye collected by
five different gear types, From this, Forney stated that aée
structures of gill net captures were similar to the "real"
populatién determined by trap net samplés of successive spawn-
ing runs; howeVer, he also states that specific incidéncés
demand confirmation. X2 tests (Table IIT) of successive gill
net captures in West Blue Lake indicate that similar segments
of the population, by age, were captured. Frequency distribu-
tions of the standard net (Fig. 2) indicaté that anbexcellent
degree of overlap exists among mesh sizes, As well, apparent
nbrmality of eéch frequency distributipn (3.81 and 8.89 cm
. nets) is altered by the entanglement of only a few larger fish
iﬁ éach sample. Comparisons with other gears is impossible
because ofvthe morphometry of West Blue Lake. From Fig. 3,
the réproducibility'of captures from adjacent marking periodé
(particularly of the more abundant age groups, II, IV and V)
supports non-selection by the standard net, Frequency distri-
butions of captures made in May and June 1969 were virtually
identical both in the size range Of.walleye captured, and the

age composition of the sample, Variability in size about the
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mean length, ﬁarticularly of age II.fiéh, was consistently

similar for each collection during 1969-70 (Fig, 3). The

apparent normality of the May through October samples of the

new recruits . further indicates that the gear provided a good
Arépresentatibn of size in at least this age group. Although S
ﬁet selectivity by age does not occur,-selection by size may
be present, Excellent agreement with Glenn (MS 1969) exists
in-descriptions of‘seasonal growth, but selection by size

may exist in both studies, The agreement with Glenn. op.cit.,
and the evidence presented by ~r2 +tests and frequency distri-
butions negates net selection by age. If size selection does
exist, it may only alter estimﬁtes of gfowth and consequently
production,

In spite of attempts made to capture walleye at all
dépths and timeé of day in West Blue Lake, specimens were
secured only after dusk and before dawn in 3 to 7m of water,.
Rawson (1957) fbund that in the course of netting 24 hours in
the day, walleye were caught primarily during dark hours and
agreed With Carlander and Cleary (1949) and Carlander (1953) <o
that capture differences resulted from increased activity at ﬁf}:if
night, Incidental sightings of walleye inshore during the o
day in West Blué Lake further confounded the picture. Their
ability to see in poor light, due to a modified retinal

---- epithelium (Moore, 1944) supported nocturnal activity - observed
in 560 1 tanks in the course df the laboratory feedingbtrials -
and increaéed the importance of the question of daytime activity,
MeCann and Carlénder (1970) have captured walleye during the

day by bottom trawl, but indicated that activity did increase
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‘at_night.in the attempt to procure food,

In éarticular cases where investigations concerning
walleye or other species involved a mutilation or tag appli-
~ cation, loss caused by handling or tagging has not been
intensively étudies. The effect of marking has been examined
(Ricker, 1949; Churchill, 1963; Muir, 1963; Shetler, 1967).
Each investigatidnrhas shown that the mark in use - fin clip
or metal tag - has in some way adversely affected growth,
survival, or the ability to avoid capture, Marking by a
mechanical applicator (Dell, 1968) has proved remarkably
successful in this study. Problems of mark retention and
incomplete reporting were eliminated by'%hese procedures, and
individuals were'readily recognized as to time and place of
previous examination, Onshore mortality trials (Table II)
in conjunction with regular shoreline patrol found no short-
term mortality associated with periods of mark and release,
Since oniy short-term mortality was studied, summation of
subsequent capture and recapture samples (%o provide large
éaﬁture sizes for Petersen estimates) was not done, Adjacent
collections circumvented long-term mortalilty problems and
ensured maximum reiiability in the ratio C/R. As well,
growth of marked fish was within the range accomplished by
untagged individualé; A

An origiﬁal épproach to this study called for a
monthly (if feasible) assessment of abundance, recruitment
and survival, Onshore mortality trials proved indispensable
as significant mortality (Table II) was found in a mortality

trial conducted prior to a proposed date of mark and release
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'(July 1969), The cause of mortality was unknown as both
marked and unmarked individuals diea. Black (1958) and
Béamish (1966) suggested that increased activity at higher
temperatures, elaborated by the stress of capture in this
case, may cause lactic acid build-up sufficient to induce
mortaiity. Mortality may occur some time after activity as
-death was not instantaneous,

Since each fish was readily identifiable by number,
the problemrof interspersion_of marks with unmarked fish was
approached, The fendency of walleye to return to specific
' spawnihg*sites in streams or lakes has been noted (Stoudt
énd Eddy, 1939; Rawson, 1957; and Forney, 1963); however, it
has been assumed (Rose, 1947; Whitney, 1958) that marked fish
became randomly mixed in certain populations. Forney, gp.cit.,
Raﬁson, op.cit., and Ryder (1968) were of the opinion that
movement in some bodies of water is not random, In this case
the three basins of West Blue Lake do not present physical
bafriers to movemen%, bué localized sub-populations may occur.
’A“COmpafison_bf release:tb recapture sitqs_readily'indicatgdif'
that in this small closed system, dispersion of marked indivi-
duals into the population can be considered random;

New recruits can be eliminated by length analysis

.as in this study, and excluded mathematical procedures (Robson

and Fiick, l965;land Parker; 1955)’uséd to eliminate the effects

of recruitment on population estimates, Recognition of recruits
also permitted subdividing abundance to either include or
exclude recruits, Since the triple-catch-trellis requires

experimentation-during periods of constant mortality and
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'recruitmént (Ricker,'l958), the examinafion during May 1969
to May 1970 was subdivided on the basis of completion of
" recruitment. This analysis provided estimators of numbers,
~survival and recruitment with broad limits for the latter
half of the study (Table VII), but was directly comparable
to analysis by the other analytical procedures,
The Jolly (1965) approach to sequential analysis
of populafions conéiders changes in mortality and recruitment
in its design and is certainly the most readilyAapplicable
of the sophisticated designs of population analysis. Other
multi-sample analyses (Darroch, 1959; Seber, 1965) consider
death and iﬁmigration, but include situations i.e. removal
on capture or no estimates of variances, which preclude
obtaining maximum iﬁformation regarding the population. Recruit-
ment, therefore, is not detrimental to‘analytical results of
the three procedures - Petersen formula, friple-éatch trellis,
and Jolly stochastic approach - used in this study.
Recruitment in this study was considered complete
in September 1969 (Fig.lj), and consisted of individuals
generally of 25cm and greater in total length. In addition,
recruitment can adversely affect population estimates, yet
stringent monitoring of size permitted assessment of the
West Blue Lake walieye population. In the available litera-
ture inclusion of recruitment has been avoided because of the
dilution of marks in the captufer samples (McCann and Carlander,
1970), This analysis was designed to assess the contribution
of young individuals (age IIT in this case) to a vulnerable

stock, The new recruits, from the 1967 spawning season,



numbered between'2lOO~and 2300, and significantly increased
.thebMay 1969 population (Tables IV, V and VII). In instances
where recruitment was assessed (Gerking, 1962) it has been
accomplished by marking,fhe population segment under scrutiny.
Descriptions of the production system, to follow, indicate |
the massive contribution of newly recruited individuals to
biomass and caloric production,

The Petersen, Jolly (1965), and triple-catch-trellis
- techniques are not independent methods of estimating.abundanée
or other characteristics of the population, Caiculation of -
population parameters by each technique was based on the same
mark and récapture sample (Table I). The three approaches
were included to indicate the amount of information provided
by each method and their general agreement. Petersen estimates
and mortality estimated by markiné/Was employed in éalculations
bf_production since these approaches provided more information
for the period from May 1969 to May 1970, \

It is apparent from examination-of‘conditions
'inherent in mark and release-experiments-thatind syst§mati¢__
bias is introduced into descriptions utiliied herein. As Well,
an additional criterion regarding sample size (Robson and
Regier, 1964) genefally applies and adds further weight to

results and techniques employed.

Natural Mortality
Information regarding losses in unexploited popula-
tiens, regardless of species, is rare, Because of the current

approach used in describing numerical changes of walleye,
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Séasonal measures of survival determined particular periods
of loss from the West Blue Lake population. Annual total
morfality in the relatively unexpioited lake trout popula-
tion of Great Slave Lake (Kennedy, 1954) was between 37 and
65% for ages 13 to 24 -~ conversely 63 to 35% of a particulér.
Age'group survived to the ehd of one year, Mortality of |
lake trout tended to increase with increasing age. Ricker
(1947) examined several unexploited species and estimated
annual mortality of a magnitude similar to that of lake trout,
Age dependent mortality also existed. In this study seasonal
mortality has been assessed and was small (Table VI). The
loss to the resident population, irrespective of age, was:
calculated as survival could not be assessed for a particular
age group (tag releases for any one age was small, and unequal
year class strength prevented ¢omparisons of subsequént ages
for any sample). In West Blue Lake, survival was highest
between May and June. Greatest loss occurred.in the fall and
under ice cover (Table VI), Comparison on a per day basis of
._ingtanﬁanéous_mortality':.morﬁglity was $Q;Qly>by.natural 
means since no losses from marking resulted - indicated fhaf

" mortality was generally small and relatively constant, However,
instantaneous per day mortality was slightly greater during
fall and winter. The high survival rate in‘the.spring of the
year may result from inadequate sampling at spawning time,
mentioned earlier. Conversion of total annual mortality rate
to survival for all age groups (Table VI) indicated that 20

to 37% of the population survives to the end of the experi-
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ﬁéntaliyear (May to May). Even though losses between
samplings were small, this large loss far exceeded that
discussed by Regier gﬁ al., (1969) for walleye in Lake Erie

- and Forney (1967) in Oneida Lake. Mortality for this unex-
'ploited population of walleye are in genefal agreement'with
“estimates from other locations (Kennedy, op.cit.; Ricker,
op.cit. ).
' Causes of mortality in this‘system can only be
surmised, Disease and parasitism may well result in loss in
‘West Blue Lake; hoWever, only incidental intestinal worms

and several incidents of.a-sporozoan (Ichthyophtherius sp)

have been observed, This population of walleye was short
lived, virtually all the population was 6 years old or less,
contrary to populations describéd by most other investigations
of walleye (Carlander, 1945; Eschmeyef, 19503 Forney, 1961

etc.). No real predators exist - pike (Esox lucius) are

present but rare - for walleye in this system, and the cause
of the observed losses remains as a perplexing, as well as

an intriguing; area of interest.. . .

Growth

Growth rates in fishes are generally determined
from inCréments in length or weight during discrete time ‘
'periods.‘;Although growth rates may be aséessed'frdm.airect
measures, captured walleye were only measured as weighing
would increase stress from added handling. The only direct
measure of growth available to this investigation is the

progression of length during the growing season (Fig. &)..
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Glenn (MS, 1969), as in this study, deécribed direct growth
ih'length terms and in both sfudies in Wést Blue Lake, pro-
gression in length is similar to that found Dby indirect
means. Direct growth descriptiohs are infrequently used as
sizes at commencement of growth - the last week in June (Glenn,
op.cit.) - and subsequent samples make assessihg length incre-
ments for any particular age group difficult.

. | For indifect analysis of growth, a regression des-
cribing the relation between anterior scale radius‘and fork
length was developed, Carlander and Smith (1945) have
indicated that fork length was'the best measure for walleye
and is sﬁppbrted by this study since the variability about

a mean fork léngth was less than that for the total length .
of the same fish, Abrasion of caudal fin lobes occurred in
Walleye; further justifying the use of fork length. The inter-
cept of the regression e#pression for fork length and scale
radive - Y = 85,858 + 1.613 X where Y is fork length -

is frequently cqnsidered as the length at first scale forma-
tion. Priegel (1964) demonstrated that scalation of young
walleye is complete at Lhsmm, indicating that some factor(s)
influence the located intercept (85,858), Eschmeyer (1950),
Carlander (1945), and Smith and Pycha (1961) located non-

linear relationships between these two variables and stated

that it resulted from the population and the particular segment

under investigation. In this instance, it is apparent that
a straight line relationship was the line of best fit,

Since length increments of real samples can be
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cbmputedpfromﬁthe.lengthescale dimension relationship, a
means;of describing weight changes from length measures was
required, Glenn (MS, 1969), from 665 walleye between 195
and 650mm, found that log W = -5,463 + 3,163 log L, where
W is weight and 1L 1length, for walleye in West Blue Lake.
As well, Glenn (op.cit.) tried to assess the seasonal effect
on the length-weight relationship but was only partially |
successful, No differences in growth of males and females
existed in West Blue Lake,

" The question of whether growth occurs between
bfeakup;and annulus formation cannot as yet be answered,
A comparison of two samples (May and June, 1969) indicated
no apparent growth (Table VIII), On the other hand, scale
measurements indicated (May to June, 1970) that 5.6 to 19.3%
of annual growth occurred during this time (Table XI). The
latter estimate of spring growth was no doubt an overestimate
(possibly a result of small sample size in October, 1970,

used to locate annulus position) as Gerking (1966) found 90%

._:of»thé td£al.annﬁa1‘lgngtb;;ngrémenﬁ.ih sunfish to be completed = -

by September in.noffhefh Indiana, .As well, Forney (1966)
ascribed over 90% of the annual growth of . young-of-the-year
walleye to the period before September., Hile (1941) supported
the no growth phase of May to June in walleye and indigated a
‘weight loss occurred dﬁfing the winter icée-cover, o

| Growth in weight indicated that weight deposition
l(Fig. 6) was similar in age IV, V and III walleye in 1969-70,.
The apparent loss in weight of IIIT fish in latter portions

of the growth season certainly resulted from small samples,
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‘The appafent'weakness of‘this age class made ade@uate'sampling
impossible., Even thbugh deposition appeared to be less in

II* fish, relative and instantaneous rates indicated gradvally
decreasing growth in lengfh and weight with,progressihg age
(Table X). The magnitude and form of change in weight and
4léngth in West Blue Lake was supported by Glenn (MS, 1969)

and followed general patterns of growth, found for other
ecosystems in the rangé of walleye,

The apparent lack of age IITI walleye made estimation
of growth, survival, and contribution to production difficult.
UnequalAyear élass strength detected in other cases (Carlander,
1944; Hile, 1954; Pycha, 1961; Smith ana Pycha, 1961) can
introduée a degree of instability into biomass and produc-
tion of a system. West Blue Lake was also subject to fluctua-
tions in year class strength since ﬁhe 1966 brood year was
virtually absent from sam?les taken between May 1969 and
October 1970, Causes for this phenomenon are not yet under-
stood., However, Derback (1947) has found that adverse weather
éonditions frequently disrupt spawning. Causes must be of
natural origin since fishing pressures were slight previous
to closure by provincial authorities and were under scrutiny
since 1965 by mémbers of the research station at West Blue

Lake,

Biomass and Production:
An extension of population number, growth character-
istics, survival and recruitment yields a description of

seasonal biomass and production for an unexploited closed
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system (Table XII). Since several forms of expression for
population characteristics are available from this study,
but Petersen estimates (defining the original stock plus
‘new recruits) and mean weights of each capture were chosen to
define biomass and production.
| Instantaneous expressions in computations of pro-

duction have been used (Patriarche, 1968; Ricker, 1948;

Gerking, 1962). However, the instantaneous approach (Appendix

III) results in such a small difference from'thé arithmetic
approach (Chapman, 1968) that the latter was utilized in
this study (Table XII).

The use of mean weights in defermining production
by the arithmetic approach requires adequafe sampling., I -
have demonstrated that net selection is probably not serioﬁs,
ét least with respect to age, Seleétion by size may still
occur, The standard nets in use could select particular
sizés of walleye‘thus providing inadequate samples for estab-
1ishing mean weights and growth rates. Data concerning
éelection by the gear in use tend to negate selection., The
magnitude and influence of size selection by gill nets on
production estimates cannot be established from this study,
but seem to be minimal,

Instantaneous expréssions of growfh (for P = g B)
are bound by the limits of sampling size and procedure, bﬁt
are the best available criteria in spite of the possible ]
influénce of net selection. If the instantaneous approach
to production is desired, age-dependent mortality should be

assessed as mortality differing with age has been shown to
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exist for other sbecies (Ricker, 1947; Kennedy, 1954), aﬁd
may exist in walleye. The selection of tﬁe arithmetic
approach for determining production was not entirely arbi-
trary but resulted from consideration of the applicability
of factors necessary for the computations.

Production (the prdliferatioﬁ of fish flesh whethef
it survives or not) in the West Blue Lake walleye population
is limited to the months of June to October (Table XII),
‘During the remainder 6f the calendar year net production is
negative, When growth is maximized (Figs. 4 and 6), whether
by age, environmental conditions or food availabilify, pro-
duction generally follows suit. On the other hand, biomass
reflects the seasonal interplay of growth, mdrtality and
recruitment.

Virtually all investigations utilized the instan-
téneous approach to production. Ricker (1948) stated that
production was concentrated in the summer.monfhs and fell to
zero in the winfer. In a description of food utilization by

o bluégi11 sﬁnfish; Gérkihgl(l962) used -year to yeaf'differenges‘,:'.:jﬁ? "

“to calculate production, Sihce GerkingAdetérmined Séaéonél
growth for the Wyland lake population, a general statement
was made to the effect that production was an event of the
summer. Gerking (op.cit.) also found the greatest production
. in the yoﬁngést'agé group thatFWas successfully'caﬁtured;

Few other assessments of production in the natural envi;on—
ment are availabie‘in the literature (Saila, 1956; Cooper,

Hider and Anderson, 1963). Patriarche (1968) utilized

Ricker's approach and also found greater production in
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younger age. groups. Even though production has been assessed
for several isolated species, this investigation demonstrated
the effect of naturally varying year-class strength on pfo~
duction (Table XII) and provided the first documentation of .
production for an unexploited population,

Several techniques for community analysis are avail-
able, but have rarely been applied to fish populations not
influenced by man. Production was limited fo summer months,
and a loss occurred to the system during the winter, indicat-
ing that use of any fishery should occur primarily after most
of the annual production has occurred. The population charac-
teristicslof the unexploited West Blue Lake walleye population’
were successfuliy documentéd in 1969-70, To.provide an
understanding of populatioﬁ requirements and utilization of
natural food, nutrition studies were conducted under controlled
conditions in 1970, Iaboratory and natural studies on walleye
feeding (to follow) provide measures to further understand

the processes in the natufal system,

LABORATORY STUDIES

Walleye are not the most ideal animals for labora-
'fdry study as initial acclimation to food and confinement is -
difficult and time consuming.' Older walleyeﬂ(IiI, iV, V and
VI years of age) refused to consume energy sufficient to
prbduce significant growth during the course of the laboratory

studies. This investigation has already found that production
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oecurredﬁduring‘June to October of the calendar?yeérr' There-~
fore, since growth may well be under the influence of hormonali
control (Swift, 1955; Swift and Pickford, 1965), iaboratory
studies were conducted coincident with the oecurrence»of
natural growth, Moreover, factors dictating natural or
laboratory growth of fishes are not completely knbwn. Temp-
~eraﬁufe»and.light~are the most commonly accepted controls.
This study, although incomplete in the sense that not all
mechanisms contrdlling growth are examined, does present
efficiencies and requirements‘of fishes under known conditions
and provides a basis for understanding the West Blue Lake
walleye production.

'Obtaining sufficient quantities of food‘to support
experimental walleye was challenging as West Blue Lake could
not yield adequate bulk of a homogeneous food type. It has

been found that emerald shiners, Notropis atherinoides

(Rafinesque), were frequently consumed by walleye (Rainey
and Lachner, 1942; Eschmeyer, 1950; Priegel, 1963; and others)
'NLarge 1nshore mlgratlons of shlners occurred at Delta Marsh'
on Lake Manltoba during the sprlng and presented a large
gquantity of a similar food. Storage did not affect the
energy eontent of the shiners, and walleye aged 11+ readily
accepted food while showing no ill—effecte_during holding
' on this diet. 'Itemsvused'in'assimiiation’studies were
obtained from West Blue Lake and were major components of
the natural diet of Walleye in that.ecosystem.

The unit of measure in the assessment of require—
ments, expenditures, growth, and efficiencies in fishes is

controversial, Protein has been considered as the primary
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. measure of growthb(Gerking, 1952; 1954; 1955) yet it is
undefstood that energy, for metabo;ism at least, is derived
from all nufritional sources, Pfotein,_the main constituent
of protoplasm, is undoubtedly an excellent index of growth
alone, yet when the disposition of ingested material.is
considéfed, nutritional analysis must be in a form that
gonsiders all forms of available energy. Pandian (1967a, D,
and c; Menzel, 1960; Brett et al, 1969) have considered non-
protein sources of energy, but caloric flow, if assessed,
has been generally from measures of fat, protein andcarbo-
hydraté determirations. Relative proportions of carbohydrate,
fat, and protein are in a labile andvdyhamic state - deaminated
proteins can be converted into fats and/or carbohydrates
(Baldwin, 1952) - thus the contribution in terms of energy
can be most readily expressed in caloric terms. This investi-
gation uses.the calorie alone to assess growth - therefore
considers fat depdsition which may be mobilized and utilized
for later expenditure - and conversion since the major food
forms can all be utilized to support growth and géneral well-
being of organisms, |

N Caloric content (or nutrient constituents) of
experimentél fish have not usually been eiamined during feed-
ing studies - notable exceptions being Menzel (1960) and
‘Brett et al (1969) - but are of critical importance aé can
be seen from this work. The assumption that caloric content
is homogeneous at the beginning of léboratory holding is
realistic since West Blue Lake walleye show consistent age

independent energy content when experimental animals were
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captured. (Fig. 14), Caloric uptake in fish flesh has beeﬁ
considered as occurring at a éonstant rate during the course
of this study (Table XIV), but this phenomenon has apparently
not been of great import to previous studies., Caloric |
uptake in flesh isvof consequence to this investigation.

The exclusion 6f the caloric increase in walleye
flesh results in an apparent decline in conversion if wet
weight alone is used in the calculation (Fig. 8). As weli,
the energy increase in walleye fleéh tnot considered by
weight measures) amounts to a considerable portion of the
intake during experimentation. The assumption of linear
uptake (Table XIV) was not fully substantiated by lab studies
as size, distance of transport, food supply and holding facil-
ities limits the number of experimental animals., Nevertheless,
'natural fish show an apparent linear uptake in calories
(Fig. 14) for whole fish (excluding gonads) of a magnitude
similar to that of laborafory held animals.

Behavioral investigations into feeding habits of
 wa11eye'areﬁnotraQailable;ithérqfqréi_the dominance of larger
fiéh-in feédiﬁg regimes.cannot be féadilj discussed.A Invesffv
igations of behavior of other fishes indicate that a "peck
order” may well exist (Greenberg, 1947; Onodera, 1967).

- . The retention of reproductive products by female walleye in
‘"particuiar'hasAnot'been nbted in the literature. D, Gillespie
(personal communication) 'has, on the other hand, found similar
egg reténtion by female walleye from other sources in Manitoba
ahd attribufes thig as being the oniy apparent cause of
mortality for adult walleye in other holding trials conducted

here in Winnipeg.
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Temperature has been known to 1nfluence the amount
of food consumed by laboratory fishes (Hathaway. 1927,
Baldwin, 1956; Brldges, 1961; Rozin and Mayer, 1961, and
ofhers). Keast (1968) has shown that low winter tempera-
tures greatly depressed intake of fresh-water fish and when:
temperatures increased, consumption resumed when temperatures
reach 8-15C, Intake in walleye at temperatures less than 12C
was insufficient to produce detectable growth. Below 12C
. intake was sufficient only for maintenance requirements.
Growth in north temperéte climates is limited to relatively
short periods within the year (Hile, 1954; Gerking, 1966),
and although not apparently controlled by temperature alone
(Coble, 1966), did occur in West Blue Lake after thermal
" stratification (approximately 12 to 15C at surface) occurred,
Experiments in this investigation were conducted between 12
and 20C (latter is the maximum normal surface temperatnre of
West Blue Lake). In addition, feeding was conducted st con-
trolled ratidn sizes less than ad 1ibitum. Since seasonal
: dlfferences in stomach contents of ‘fishes occur (Raney and' f
VLachner, 1942, Prlegel 1963 Lawler, 1965, Northcote and’
Lorz, 1966), but do not generally fulfill the capacity of
the organism to feed, rations below maximum were-used. Since
natural consumption is less than maximum,.and since feeding
'af”éxtremes may alter conversion by dépressinﬁ assimilation,
moderate rations were considered a better approx1mat10n of
natural processes In addition, conversion was found to be

constant for walleye within a narrow range at lower rations

(Fig., 7).
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| Pﬁotbperiodic responses play a part in growth and
.econversion (Gross, Roelofs, and Fromm, 1965). Photbperiod
was not’cycled but maintained constant at 14 hours light
since this approximates mean conditions in nature when growth
occurred., Walleye undergo diel migrations, thus temperature
of hypothetical locations (thermocline and inshore regions)
were applied to photoperiodic changes to asses the interplay
of conditions (Fig. 9). Effects of light and variable temp-
erature were not exhaustively investigated as the scope of
laboratory trials precluded intensive_investigations into
these areas, Data collected in varied conditions indicated
a situation very dissimilar (Table XV) from stable conditions.

Conversion efficiencies are of great importance

when energy disposition in the wild or¥ laboratory are under
‘scrutiny., Three forms of eonversion are utilized_in this
study: Ky = sw/Rat or gross conversion; KXo = aw/pRat or
net conversion; Kj = aw/pR-TRat which considers the roufine

metabollc requlrement reflected by malntenance consumption,

'e,In almost all other cases,,only the flrst two forms of conver—"

sion are considered - Johnson (1966) has utlllzed the main-
tenance requirement in establishing conversion ef pike, but
has not determined the available ration; Brody (1945) and
"Brown (1945, 1957) -also considered ~the maintenance fraption -
vet it will become evident that the K3 ‘descriptions of =
efflclency are extremely enlightening in descriptions of
food utilization. | ) _
Brett et al (1969) has found an "optimum" ration for

young sockeye whlch was affected primarily by temperature and
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ration size., 1In this instance an optimum conversion was not
readily apparent (Fig. 7) and the observed relationship may
result from.experimental variability alone, Walleye evidently
do not consistentiy consume large rations in nature (Table
XXI, Fig. 15); therefore the apparent decline in gross con-
version is not of great importance and only lower rations

need be considered. The differences in conversions at rations
of 2.4 to 6,0% body weight (at 16C) are slight (Fig. 7).
Further experimentationvwould be desirable; however, time

was limiting as feeding trials were to be conducted during
the primary natural growing season. ?aloheimo and Dickie
(1966b) in their eummary of availaﬁie-literature found that
'incraasing rations generally decrease growth efficiencies

(log X3). Their descriptions of the relation were limited by
experimental procedures of the research they summarized and
the relationship may'be a result of inadequate information.
Warren end Davis (1967) are also of the opinion that Paloheimo

and Dickie were not sufficiently restrictive in selecting data

_and'stipulating conditions; In. thls case the experlment dura-} "

tlon was brlef (max1mum of 11 weeks), size played no role (all
members of a group were within 20g), caloric content was
examined in the walleye, and ration was homogeneous. On the
other hand in splte of 1nformatlon presented in thls study
and those of Brett (_E city) the relatlonshlps deflned by
Paloheimo and Dickie (op.cit.) may be real and peculiar to a
.species-or'a particular gize,

Difect conversion of ingested material into fieh

flesh is quite low in walleye, 0.10 to 0.16, and can be
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considered indé?endent‘of temperature'atvany one ration size
(Table XV). Net conversion is slightly higher, but the assim-
ilation of an ingested meal inrwalleye is so efficient (95%
or higher for -emerald shiners) that gross values are only
slightly less than net conversion (Fig. 10). Menzel (1960)
found gross conversion of 0.16 to 0.25 for a reef flsh and -
estimated~that 89 to 98% of ingested material was available
to the fish, Both conversion and assimiiation (Menzel,vgp.gii.)
were found to be temperature independént, and thus are-in
general support of the results of this investigation. Other
investigations into conversion‘of food into fish flesh are
available (Moore, 1941; Pentelow, 1939; énd others), yet
methods of determination in these studies aﬁd most associated
with protein efficiencies cannot be directly compared with
those used in this study. | |

Inspection of the relatioﬁ of conversion (gross or
net) to body weight supporfs the finds of Paloheimo and Dickie
(1966b) in that conversion decreases with increasing fish

”Weight'(Fig. lO)' If only the convers1on 1n terms of food

to fish welght (excludlng calorlc increases in the flsh flesh) __________
- were considered, the relation is identical to those described

by Paloheimo and Dickie (op.cit.) who summarized investiga-

v‘tlons avallable to that time, However, if net conversion is

'con31dered decrea31ng assimilation efflclency with increasing

size reduces somewhat the observed effect of weight on conver-

sion (Fig. 10). The inclusion of the regular caloric change

observed during feeding trials further reduces the effect of
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increasing weight andzrasults in obvious arithmetic linearity
compared to log plots of Paloheimo and Dickie (op.cit.) for
the relation of conversion to weight. However, since the
'maintenance requirements (thus routine metabolism) also
increase with increasing size (Table XVI), there is, in essence,
less of the ingested energy truly available for growth,

As discussed by Paloheimo and Dickie, the T-line
(where T = och‘ is expressed in logarithmic terms) provides
an adequate description of the routine metabolic levei of
oxygen consumption studies. Geherally,_maintenance ration
in feeding trials is considered to describe the energy required
for activity, respiration, tissue replacement, restoration of
mucous coats etc, A logarithmic description of the effect of
weight on maintenance (T = pR corrected to 20C by Krogh's
correction) is in excelient agreement with Winberg's (1936)
approxiﬁafion of T ='0.3WO 8 which has been supported by
intensive respirometry of various species of fresh water

fishes (Mann, 1965). It seems, then, that nutritional studies

. -are in agreement with .accepted expressions of routine metabolism

bylrespirometry. Job (i960)lhas already ihdicated'fhé agree-
ment between‘growth and respirometry studies for caloric
approximation in speckled trout., Laboratory studies of the
type conducted herein are perhaps more realistic than respiro-
metric investigations since %iﬁe is'extendéd'inkléboratbry
feeding (compared to several hours in an enclosed respiro-
metry éhamber).

Rates of gastric digestion have been shown to be

temperature dependent, generally decreasing at lower tempera-



122

tures (Hunt, 1960; Molnar and Tolg, 1962; Seaburg and Moylelv
1964), However, temperature has no effect on the asSimilation
efficiency of walleye. Menzel (1960) and Pandian (1967)
suppqrt‘the'independency of assimilation. Rate of gastric

clearance certainly plays a role in the frequeney-of feeding.

- walleye cease feeding above the maintenanceAievel belowAIZC;
also found for Various,othefvfresh'water‘species by Keast - |
(1968) - but clearance rate has no eppafent_effecf,on effie-
“iency. The remarkable efficiency of fishes in assimilating
food has been verified (Menzel, op.cit.; Pandian, op.cit;
Gerking, 1955) and all studies are somewhat in exeess ef
Winberg's ﬁypothesized efficiency of 86%. Walleye appear to
assimilate food in this range (Table XVII) - only solid'egesta
were considered; Winberg (1956) states that loss in‘soluble |
form is less than 3% of ingested ratlon - although eff1c1ency
is dependent upon food species consumed and size of walleye.
Walleye appear able to utilize some of the ash fraction of

ingested material (see text table). This seems not to have

'~_been detected 1n any other case but seems loglcal s1nce materlal
such as Ca003 is readlly soluble 1n an ac1d medla | |
Ration size does not seem to affect assimilation in
walleye (Fig. 12); however, increasing weight decreases effic-
.iency (Fig. 13) Menzel (1960) found that neither temperature
nor fish size played a s1gn1flcant role in assimilation of the
red hing (89 to 98%). Gerking (1955) found efficiencies, in
the range of 95.8 to 97.6% for protein, which were not affected

bby meal size, but did not examine the effect of fish size on

assimilation., Davis (1963) found generally increasing conver-
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sion with increaSing ration for goldfish of’similar-size.'
On the other hand, Pandian (1967a,b) found that nelther temp-
erature nor fish welght play a part in ass1m11at10n efflclency.
Theflower efficiency for absorption of irnvertebrates by walleye
(Table XVII) no doubf»fesults from theveXOSkeleton which
contains-large amoﬁnts of chitin, not considered digestible
by fish (Gerking, 1952). 1In walleye,,assimilatiqﬁ efficiency
is high (80 to 98%) and is reduced in larger fish. Efficiency
is also governed by food type andvis independent of tempera—l
ture and ration size. The straight line relationship between -
Aqonversioﬁ-and fish weight:persists.for two diverse food
types (age 0 perch and amphipods). |

_ Stress has not been placed on the validity of the
feces collection method, Filtration of tank contents through
Whatman No.l filter paper was similar to Menzel's (1960)
method. However, the pore size end effectiveness of the
filters is uncertain (D. Gillespie, personal communication),

indicating that in spite of the precautions taken,‘collections

o may be- only partlally complete (the error certalnly was

mlnute but must be con31dered)

In this study, theoretical revieWS'of‘growth, ’
metabolism, and food (Paloheimo and Dickie, 1965, 1966a and b)
“have been applled to walleye in capt1v1ty Malntenance requlre-
'ments, parallel routlne metabollsm found by oxygen consumptlon
studies, and assessments of metabolic expenditure indicate
that no abnormal stresses were aﬁplied to experimental
animals, General support is provided to the relationships

established by Paloheimo and Dickie; however, it has been

3
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Shown“that caloric examination Qf experimental animals,
particular relations of ration size and fish'weight, assimila-
tion efficiencies, and food type are critical in assessments
of feeding and metabolic characteristics by laboratory
nﬁtritional ahalysis. | | |

| However, as a result of this study, a peculiar point
.has arisen. Variable temperature series used to approximate a
more "naturai" condition for walleye, define génerally lower
Ky, Ko and K3 efficiencies. Information on conversion under
natural conditions is available (Johnson, l966eand others) but
do not define the effects of stable temperature regimes. Main-
tenance at the variable temperature is slightly higher than
the mean temperature of the series and tends to indicete'that
when exposed to a naturally changing water temperature (coin-
cident with movement to and from inshore areas) enérgy is
required for a eompensation of some sort. No information is
available to support this claim as respirometry has been per-
formed in stable temperatures.with acclimated subjects,

These 1nvest1gat10ns on walleye have deflned growth
e381ﬁ11atlon, and a maintenance requlrement | Obv1ously an-~
excess of approximately 15 to 65% of the ingested ration
remains (Table XVII), Since all fish were on a 4% ration at
all temperatures, itvis evident (Table XVIII) that the_excess
energy QAT) ihcreases‘at'lower.temperatures. This>§henemehon

occurs, although is not stated as such, in other cases as Ky

and K2 conversions have been shown to be temperature independént.

My results and others necessarily infer that some mechanism




(increased;specific dynamic-action af_lower témperatures;
increased excretion in some form at lower témperatures; or,
improbably, an increased metabolism at lower temperatures) is
in action whereby this excess is put to use or removed. The
latter suggestion is impractical and contrary to all measures
‘ of.oxygen consumption, but the initialvtwo possibilities are
feasible. No explanétion can as yet be soundly based;

Warren and Davis (1967) have also found a metabolic

excess for fish fed similar amounts at stable temperatures,

In their work on Cichlasoma bimaculatum, in the range of 20
to 36C, the specific dynamic action'expenditure (SDA) is greater
at the upper and lower temperature extremes. The SDA (Warren
and Davis, op.cit.) was found by taking the difference of 02
consumption of fed and unfed fish. Energy consumed was similar
between 20 and 32C indicating a system similar. to fhat established -
A by these nutritional studies on walleye. However, in both
cases, the SDA component includes soluble wastes, The true
form of utilization of the AT component (of this study) canl
‘not be apportioned. L

| | jThé.épﬁiiéation of 'Kj éonvefsion efficiencies to
nutritional studies on walleye clarifies, to some»extenf, .....
energy utilization in fishes, If weekly maintenance rations

. (parallels Winberg's A0.3WO'8)_are removed from the available

A enérgy,"édnvérsion is constant at any one ‘temperature (Fig.10).
K3 conversion decreases at lower temperatures (Table XV) as
the maintenance fraction decreases at the lower temperatures.

This form of conversion is probably more realistic since
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temperature affects metabolic expenditure (Beamish, 1964;
Beamish and Mookherjii, 1964) and therefore decreases the
available energy for growth In addition, the observed effect
of welght on’ gross and net conversion 1n essence is an effect
of increased metabolism of the growing fishes, decreasing
~available energy, and not a decreased ability to grow per se.
Laboratory analysis of energy utilization by walleye
has provided a basis for examining the natural utilization of
food by'fish. The total picture has not yet been obtained
and many areas of future study must be completed before our
underStanding is adequate. Low conversion efficiencies for .
walleye may result from weeklyihandling which could alter
either excretion rafes or metabolic patterns. 'Converseiy
the walleye, at a terminal trophic level, may differ from
species studied to date. Agreement of maintenance studies
with metabolic studies tends to negate adverse effects from
handling. However, the effect of variable conditions, causes
of lower efficiencies,'and the dispensation of the energy
excess CQT) must be examined before we can achieve an adequate B
understanding of energy utilization. I have av01ded many -
inadequacies of previous.research and provided partial answers
to the above problems, However, the application of laboratory

studies to the natural 31tuation must be conSidered tentative

until Ffurther research is forthcoming.,



NATURAL FEEDING

Caloric descriptions of food, growth, maintenance,
assimilation, ahd the natural diet were required to assess
energy requirements of walleye in-West»Blue Lake. Since only
small sacrifices of wild fish were'made‘in order to preserve
the trophic system under study, the results présented for
natural feeding can be only of general application to the

~natural consumption and habits of walleye,

Coincident collection of walleye for stomach analysis

and uningested diet items yielded several interesting observa-
tions regarding change in prey as well as changing energy
contribution of the prey. Seasonal'variation-in caloric
~content of plants and animals exists (Golley, 1961), but

:
information on energy changes in natural populations is rare.

Valuable assessments of calofic values of flora and fauna
exist (Slobodkin and Richman, 1961; Comita and Schindler, 1963;

Cummins, MS 1967; Wissing and Hasler, 1968; Platt, Brawn, and

Irwin, 1969). _However,?caloric approximation of food materials

frow available literature elininates individual, Seasonal; age,
and geographlcal differences of energy content. Factors
governing energy dlfferences are many; for example seasonal
and spatial variability in food availability, change in con- -

: sumpt:on, storage prlor to deprlvatlon etc. - Causes of energy
differences have not been determlned by thls study. - Energy B
changes in primary walleye dlet_ltems were found to establish
the natural feeding history of walleye. o

Walleye themselves underwent a pronounced seasonal

change in energy content (Fig. 14). To date, seasonal changéé

kel
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'in condition of fishes have been found (Hilé, 1954; Keast,
1968), but changes in neither nutrient composition nor gross
energy content have been reported.' Superimposed on the
seasonal patterns of growth (Figs{ L and 6) was a seasonal
'chahge in calories/gram of whole fish (Fig. 14). A 500 cal/g
difference existed between May and September of 1970 in West
Blue Lake walleye.‘ Reproducibility of results was shown +to
be exéellent. Since the observed caloric difference was real
and was age—iﬁdependent,_the phenomenon must result from
natural conditions, Walleye are not sexually mature until
at least 3 to &4 years of age (Eschmeyer, 1950; Glenn, MS 1969)
or older (Rawson, 1957), and if a difference existed resulting
from sex or maturity, only older fish would demonstrate the
observed caloric depletion., Sexually immature, age IIt
walleye, underwent the same seasonal change in energy cbntent,
suggesting that the causé is winter conditions which may decrease
food availability, ability to procure food, or in general
decrease consumption. The regular change in caloric content
is apparent in perch other than young-of-the-year (Table XX).
The increase in energy, probably either interstitial or abdom-
inal fat deposits, is not true growth in terms of protein
deposition, The observed depletion indicates a utilizationb
~of some sort and is a significant contribution to the energy
demands of walleye,

Age 0 perch, an important diet item of walleyé,
reflect eariy life history by théir energy content (Table XX),
The true picture has not been clearly defined - small samples

of early life stanzas limited possible combustions - but
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indicate a decreasing calorlc content durlng early 1life and
a plateau when latter stanzas of seasonal growth are attalned
The high energy content in June (Table-XX) ‘probably results
from the absorbed high energy portion of the oVa'(approxi-
mately 6,000lcal/g); Later depletion could result from the
deposition of fat<deposits into protein. Fat deposition from
ingested protein has been detected (Mengzel, l960),vand the
observea situation in perch fry may well occur as a result
of changes in fat and protein. _

Analysis of other food items of walleye indicates
a variable state in terms of seasonal energy change (Table XXI).
The analysis presented here does not negate the existence of
a seasonal trend, but does indicate that in critical stages
of walleye production, energy content of food items (Table XXI)
is variable. Caloric data presented for these organisms are
in close agreement to those of single collections made by
authors of the caloric'reviews presented earlier,

_ It is known that chitin is not available to the

,:nutrltlon of flshes (Gerklng, 1955 Pandlan. 1967a,”b;'c)
has been shown that the a331m11at10n eff1c1ency of amphlpods
and crayfish is least, about 80%,. which includes utlllzaulon
of some of the ash component (Table XVII); The expression of

calories from animals of high ash content is difficult. Calories

“per'gram’dfy'weight'seems to decrease in the crayfish; Orconectes
virilis, and may be the result of endothermic reactions (Paine,
1966). Correctionb(Paine, op.cit,) does not modify the appar-
ent decreasevcauséd by higher ash content, However, since ash

may increase with increasing size, the total calories of a



130

crayfish may be related to organism size. Amphipods,

Gammarus lacustris, exhibited neither seasonal nor size-

dependent energy variation and the grand mean was considered.
adequate for the period May to October (Table XXI).

Walleye undergo diel movements to and from 1nshore
areas and generally feed during the night in the shallow
regions of the lake. Since it has also been found that
stomach contehts increase to a maximum some 2 to 3 hours after
the 1n1t1al migration (Ward, unpublished), samples were col-
lected at this time to obtain an indication of the amount and
- species diversity of the walleye diet. Collections made at
this time provided an index of seasonal differenées in intensity
as well as diet item occurrences (Fig. 15).

The most comprehensive available study of the diet
of walleyé (Eschmeyer, 1950) indicated that fish comprise the
ma jor portion of the walleye diet in area§ where forage fish
ére abundant. 1t was found that seasonal differenées do occur
when mayfly, midge larvae, crayfish and leecﬁes_become signié
, _flcant contrlbutors to. the diet.of walleye.‘ Rawson (1957),_
‘Prlegel (1963) and Fedoruk (]966) all suppoft Eschmeyer'
conclusions and attribute the contribution of fish as being
58 to 97% of the diet. |

‘ ,This_study utilizéd four approaches to gut gnalysis:
1) frequency of OCCUrrenée, 2) Weight in.the sfomach,» j) |
expected weight determined from uningested diet items, and
L) calories present in the gut determihed from uningested

food materials (Fig, 16). Representations of feeding by the
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four forms analees were somewhat cbntradictory (Fig., 16),
Amphipods and mayflies were the dominant contributors in terms
- of number for May to October; however, their weight and caloric
contribution were of lesser importance, The "expected" weight
presents a problem in amphipod analysis since stomach weight

; waé greater than expected weight. The‘expected weights (dry
weight) were determined from 100 tOIZOOvindividuals collected
: fér each bomb analysis and when applied to the number located
in stomachs of walleye, resulted in an expected weight less
than actual weights. Uptake of digestive secretions into
orifices of the carapace as well as incomplete blotting of

the irregular amphipod surfaces probably accounted for the
discrepancy. Amphipods were in stomachs of all collections,
but the mayflies (Blasturus sp) appeared only in June.

Adult perch were dominant in terms of weight and
caloric contribution (Fig., 16); however, only 7 adult perch
were responsible for the observed energy. Larval perch appeared
in the diet after June and provided.significant numbers, waights
and calories to the diet of walleye, Sticklebacké-as well
were prominent in the diet and appeared regularly in all
collections, | V .

Seasonal'comparisons of stomach contents per unit
- walleye provided no real answers (Fig, 16)., On the other hand,
the number of empty stomachs noticeably increased later in
fhe growing season indicating decreased feeding, |

Investigations describing field procedures to des-
cribe natural consumption (Bajkov, 1935; Darnell and Meirotto,

1962) were not considered for use in this study as sacrifices
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of walleye would be large. Since the range of food organisms
consumed has been determined, a theoretical maximum assimila-
tion efficiency (the intercept of efficiency regressions) was

developed by weighting the caloric contribution of diet items.

POPULATION CONSUMPTION

This investigation provides a basis for calculating
energy requirements of.the unexploited, plpsed/population‘of
walleye in West Blue Lake, Other studies (Allan,'1951: Gerkihg,
1962; Mann, 1965; Johnson, 1966; and others) have achieved
similar ends using differentvmeans. This study indicated
that dlfflcultles in populatlon assessments and in laboratory
nutrltlonal determlnatlons, although permlttlng the allocation

- of seasonal requirements, require considerable experimentation

before reliable descriptions of trophic dynamics can be achieved.

Laboratory determinations of conversion, maintenance,
and ass1m11at10p ‘were apnlled to fleld s1uuat10ns for the
ffestimatlon of 1ntake., The 1ndependence of net convers1on (Kg)
from temperature (Table XV) permitted direct anpllcatlon of
this criterion to the wild populatlon. Since food type governs
assimilation efficiency (Table XVII), laboratory results were
"modlfled to con31der the natural dlet (see Results for explana--
tlon) Because o]der flsh dld not feed, 1ntake for these o
members, age III and older, was determined by correcting net
conversion by the appropriate assimilation efficieney. Deter-

minations of conversion, maintenance, and assimilation efficiency
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underaconfrolled?condifione were readily obtained. Assimila-
tion of natural diet items was considerably less, approximately
10%, than that of fish used in growth determinations. However,
because only assimilation affected net conversion, the effect

of diet and walleye size could be integrated into assessments

of natural conversion. However the application of laboratory
studies to a natural situation results in calculations of
energy requirements that cannot be verified.

Since production (both in terms of weight and energy)

was limited from June to October (Table XXIV), intake was
greatest during this period. Negative production, during.
winter months, resulted in & calculafed loss of up to 3.04

K cal/kg/day from walleye., The total requirement of walleye
‘was not affected by temperature; however, to indicate the

" diversion of energy into routine requirements, maintenance
requirements were calculated for "hypothetical” temperature
regimes. Theee "hypothetical" temperatures were derived_by
locating mean water column temperatures (includes the thermo-
f{cllne and eplllmnlon) for the w1nter, sprlng,_and fall

this portion of the water column was probably encountered by '

walleye during diel migrations. As expected from field and
laboratory growth studies, calculated intake was greatest,

- 1300 to 1900 K cal/kg/day, among younger fishes (Table XXIV),

Decreased utilization of older fishes was reflected by higher
intakes to produce a similar production (IV and VI year old
fish dﬁring September and October).‘ Peak production expressed

in terms of weight does not reflect the extensive caloric
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deposition in walleye flesh alone, but does indiéate.primary
periods of proliferation during 1969-70. |

This study gains only general support from past
investigations into population requirements. defking (1962),
“-Johnson (1966) and Mann (1965) used protein, wet weight and
caloric approximatiohs to describe annual population reguire-
‘ments of various freshwater fishes. My work uses the calorié
alone and assesses seasonal requirements of an unexploited
~population,. Aithough techniques differ, maximum production
(consequently intake) seems always greater amﬁng younger
fishes, |

Although this investigation has overcome many inade-
quacies of previous studies, certain areas introduce error into
calculations of this nature, In spite of all precautions
taken by the author, estimates of biomass and production may:
be influenced by sample size, gear selectivity for size,’dif—
ferentlal mortality between marked and unmarked Walleye,>and

behav1or patterns, and each could affect estimates of number,

“[.'}growth and mortallty.L Most factors that could alter estlmates_gg'

were examlned and were shown to be of minor 1mportance (Tables
IT, 111, IX and Fig. 2). The extent of even a minor contribu- .
tion by the detracting factors is as yet unknown. Laboratory.
studies_indicated that extensive‘research must yet be done in
determining:effécts bf‘ratidn size, héndling, ﬁariablg cqnditibhs
and the dispensation of the AT component, This description

of walleye intake does present an excellent reflection of
seasonal enefgy requirements for production using the best

techniques available,
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EstainshingAenergy reqﬁirements of this population
by integrating laboratory and field procedures isvsound. " The
problem arises in aesessing the validity of experimental desigh.
Solving the deficienciee of laboratory studies can be readily
achleved by further experlmentatlon, however, the problem of
gear selectivity must be resolved, Nevertheless, the apparent
stability of biomass, and the well defined relations of con-
version, maintenance, and assimilation will permit estimation
of energy utilization in this situation. Valﬁable corrobarative
evidence to the estimate of intake could be achieved by field.
techniqﬁes.(Bajkov, 1935; Darnell and Meierotto, 1962) designed
to estimate daily intake.

This study does indicate that the period after
production_is an opportune time to harvest walleye, Walleye
also appear to maintain yearly stability in biomass resulting
from relaﬁive'age class‘structure. Greater production occurs
among,YOunger age groups, and intakes are: lower than that
required by older fish for a similar production. Because of
this, younger walleye (and probably most other specaes) are
-more economlcal in utlllzlng the natural resource, Investlga--“-
tions under controlled experiments have described several
controlling factors of conversion, but indicate the need of.

. studies under more "natural" condltlons.

‘West Blue- Lake is an 1dea1 81tuatlon for studles
of this type, and if the indicated deficiencies are remedied,
an excellent representation of energy flow within a population

will be available,




SUMMARY

1. A total of 569 walleye age II and older were marked during

1969-70 in West Blue Lake, of which 56 were recaptured,

2. No short term mortality was found in cbnjunctiOn with

mark and release periods,

3. Distribution of marked fish was essentially random, and
similar segments of the population (by age) were captﬁred at all
times. Frequency distributions and x2 +tests indicated that

net selectivity was not by age and probably not by size.

4,  The May 1969 population, 1090, decreased to 819 indivi-

duals in May 1970, but was augmented by new recruits, 2100, in

September 1969, Petersen estimates, the Jolly (1965) approach,

and the triple-catch trellis provided similar descriptions of

the population.

‘"'5, ?7M6rtéiity cﬁ°a"pef:déyFbaSiéﬁWaé'Smali; méaﬁ 5i' bffO;OOh5;f

and was least in May-June 1969, Largest loss occurred during

the fall and winter,

."_6.- Gfowfh; éna dbnseqdently'pfoducﬁion,fwas greatest between -
June and September with significant growth oceurring until

early October,

7. Biomass, approximately 800 kg, was stable from year to year,



",,West Blue Lake., Energy content of whole flSh (less gonads) was'
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8. Production, 340 kg, was coincident with growth and the

ma jor contribution was by younger fish,

9. Conversion, both Kj and K2, was affected by3neithervration
size nor temperature, but did decrease with increasing fish
size. K3 conversion was not affected by ration size or fish

. size but decreased with decreasing temperature.

10. Assimilation efficiency of walleye was dependent upon diet

type - greatest for perch and other flSh and least for inverte-

brates -~ and Walleye size,

11, Maintenance requirements. per unit fish was independent of
fish size, but was affected by temperature. Maintenance con=
verted to 20C for various sized walleye approximated Winberg's

(1956) T =ecw! for routine metabolism.

12, A seasonal cycle in cal/g of walleye flesh occurred in

lgreatest in the fall. The cycle was also evident in perch, B

13. Greatest energy contribution to walleye nutrition was by

flSh ~perch of all ages and stlcklebacks Greatest numerical

contrlbutlon was by amphlpods and mayflles, but both prov1ded

lesser energy contributions.

14, TUptake in calories and growth in the laboratory was

similar to natural growth, .
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15, Laboratory conversion and assimilation efficiency was
applied to'the_natural diet of waileye for an estimation of

population intake.

16, The resident population required from 40 to 1860 K cal/
kg/day for production and was governed by fish size and magni-

tude of production,

17 ,Further experimentation in the field and in the laboratory
is required before the best estimation of energy flow within

a populatioh can be obtained,
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