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The walleye, Stiag

gum (Mitohill) 4a the larg-
ast Amarican member of the perch family (Percidass); it represeats the
subfamily lucioparcinas in our wvaters. Ths valleye has a vide range of
distributina vhich, acacrding to Rubbs and lagler (1949), extends "From
Great Slave laka, Tho Saakatahswvan River gystem and tho Hudson Bay re-
gion to Latredor; esouthward on the Atlantio slops to Borth Carolina,
and wost of the mountains, to the Alabama River aystem of Georgla to the
Tennsasss River dreinage of Alabama and to aorthern Arkansas ard Hs-
brealn. Common through the Great lakes and many of the inland lakes
and rivers of the basin; in Lales Erie chiafly to the westward®. lLake
Darling 13 woll within this range of distridution. Early collestions
by Bankinson (1929), however do not 1ist the taking of wallsyea ia ths
Souris River vhich in 1938 vas impoundsd to form lake Darling. It 1s,
tharafors, questicnable vhethar this apecles i1s native to this watershed.
The effeat of artificial propagatiocn on the adundanse of valleyes
bas received mich qritical attention in tha past. For many years there
vas 3 great expansion of fiah astogking of native fishos sush as walleyes.
I¢ vas thought then that annnal plantings of fry voero necessary to sus-
tain a valleye fiahsry. Howsver, the insffectivensss of fry planting in
lalkes to maintain the fiah populations has been damonstrated in lake Of
The Woods, Minnesota (Carlandar, 1945); Red laie, }Minnesota (Van Costen
and Daasen, 1957; Smith and Krefting, 1954); lake Michigan and Lake Huron
(Hila, 1937); Great Lakes (Van Oosten, 1937); and Spirit lake, Iowa
(Rose, 1949). Llack of corralation betwsen ths mmbera of fry planted and



abundance of vallgyes vas evidagt in all the above lakes.

Routins plaotings of fry in genaral managezant practice have
been discomtimiad in many states, inoluding Horth Dakota (Hemegar, 1957);
Michigan (Cooper, 1948); and Minnoscta (Kimball, 1956 ). 4a a result, an
entirely different stooking progrum has bsen initiated, The genaral
trend nov 1s to stook vallaye £ry oaly in lakes vhare the fish populatica
has bean depleted or radused becauge of wvimtor kill, or in nevly created
or rehabilitated vaters. The problea of establishing a fishable popula~
tion of valloyes in a lalm oantainipng diveraified species cazposition is
a vexing one to fishary mon of this area. Cansequently, information per-
taining to stocking procsdures vhioch influanse tho establishmant of year-
classes is of conaidsrable importance to sport fishery managemsnt.

Negative returns from the stosking of over three million wallayes
in Iake Darling, Borth Dakota, over & period of eight years instigated
exparimaatal stockings of walleye fingerlings in the years 1952, 1953,
and 1954 wvith special exphasis on distribution mothods, plaating pro-
cedures, and condition of the fish. This study is an attampt to evalue
ate thess axparimental stockings. Information on ags and grovth along
vith spscies composition are presentsd to provids a more camplets epeoiss
evaluation in the lake,

0411 nst and fyke net catches providsad only walleyes of year-
olasses which are attributad to the atocking of wmllgys fingerlings.
Data ca 8136 and method of planting are also inaluded.



DESCRIPTION OF LAXE DARLING

This study wvas comductad on Lake Darling, nsar Minot, in north-
eantral North Dakota. Lake Darling is a long, relativaly narrov body
of watar (Pigurs 1), of about 14,000 acres. 7That portion of the Souris
River Drainage upstrean fram Lake Darling axtamds from Horth Dakota into
Canada. The waterahed usags 1s 85 parcent cropland and 15 percent pas-
ture, Water relsased from the laks rotwrns to the Souris River as regu-
lated by the requirements of the International Water Comaission (not lass
than 20 cubis feet par secand). Thars are additional seasanal demands
as the lake ig the reservoir wvater supply for ths city of Minot and muat
also supply water to meet the requiramants of watorfowl oz tha lover
Souris Wildlife Refugs.

Ths lake hao a slightly irregular ahorelins of sand and oclay ap-
proxizmately 50 milas in length. The maximm reported depth i3 approx-
imataly 25 faet (at spillvay lavel) with considerable areas of 18 faet
in dapth; thus there i3 sufficient watsr volums to provaent severs winter-
Kls, The waters are modaratoly bard and hsve a total alkalinity of
about 200 parte-par~-million. The laks annually supports an algae blooa
vhich indicates reasanably good fartility. There is an abssnos of
aquatio vegetation dus primrily to flustuating water levels and wind
action. The water tempursture ranged from &°F to 78°F from July 7th
20 August 10, 1957, the pariod in vhich the survey was candusted.

The lake 13 loocated within the boundary of the Upper Souris Wild-
1123 Refuge; therefors, angling is restrictad to certain portions of the
laks, These arcas total appraximately 4,000 acres. In recant yaars the
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lake has supported good fishing for northern pike, Esox lucius Linnseus,
with an estimated harvest of five tons in a single season. In addition
to the northern pike fishery, heavy fishing for yellow perch, Perca
flayescens (Mitchill), is experienced during the winter months. In a
recent survey by the Rorth Dakota Game and Fish Department as many as
600 fishermen were observed utilizing the lake at a given time. The
importance of this fishery is, in great part, due to the lack of other

fishing water in this section of the state (Figure 1). This is evidenced
by the fishing pressure exerted.



STCCXING PRACTICES IN LAKE DARLING

In the ysars from 1942 to 1950 a total of 3,732,000 wvalleyes was
stocked in Laeke Darling. The racords of the North Dakota Game and Fish
Departmant show that these fish wers delivered to Lake Darling but the
oonditlon of the fish on arrival was not noted. The atoaking program
did not follow any biologically sound plan as is evidenced by the random
stocking of different species totaling 4,083,220 fieh during this period.

The surveys of 1952 showved the wvallsys population of Lake Darling
to be almost non-existant, with a single wvalleye taken in 500 hours of
fishing with gill and fyke nets by the Horth Dakota Gams and Fish Depart-
ment. In a survey condusted by the United States Pish and Wildlife Ser-
vice the same year (Sharp, unpub. ms.), only four walleyes wers taken in
174 hours of intensive gill netting. Creel census roports showed that
not a aingle walleye was taken by anglers frem tho time the lake was
opened in 1946 through the 1952 season.

It wvas decided then to suspemd all routine plantings of walleye
fry and to conduot axperimental plantings of walleye fingerlings of var-
ious sizes and numbers in order to investigate the possibdlity of their
establishment in this fishery.

In the fall of 1952, 7,600 four-inch walleye fingerlings were
stocksd in the lake, During the summer of 1953, 16,300 fingerlings of
~ the two-inoh size were released in Lake Darling waters; and, in 1954,
3,900 fingerlings of four-inch length were stocked. A4all of the above
fish wvere obtained from the Federal Fish Hatchery at Vallsy City. It
13 baliaved, for this reason, that only one strain of parent fish was



iavolved.

Theﬁshmretmzpartdfmthohntcbarytoubmrungin
f1sh t.nnks loaded on trucks. The dietance from the hatahery to poiat
of reloase 1s Appnxintaly 350 miles. About 14 hours elapaed rrom the
tm the fish wvere loaded until they were releacad. Special emhnaia
vaa placed on water tampserature during transpurtation. Ice was used to
kesp tamperaturss at appraximataly the sase level as in the rearing ponds.
Aaration of the vater was accomplished by a puwp system which circulated
the water throughout the tank and sprayed a partion of it baok through
the nh;. Aorther aeratlion wvas provided by bubbling small quaatities of
pure oxygsn through the water. Uhsn the distribution truck arrived at
the m, the fish vers transforred to pails and wers adjusted to the
tamporature of the laks water by intermittently intzoduoing lake water
iato the fish pail so as to effect a slow and gradual tampezrature change.

The condition of all fish transportad and planted in Lake Darling
in this manner for the 1952=53=-54 plaatings was axcselleat with no mor-
t.aiity during the entire atooking oparation. Plantings of thesse finger-
lings in the lake waere made in ssveral locations but always in shallow
wvater along the shore line from which the wicd was bloving.



COLLECTION OF FISH

It would be difficult, if not impossible, to ascurately measurs
a valleye popalation scattersd unevenly over a lake of this size. To
ssowr? a ropresantative sample of different age—olasses of thia spsocles,
axparimantal gill nets, fyke nets, and a minoow seine were employed,

Gill Fets

Standardized experimental gill nats, made up of 50 foot sections
of 3/4m=p1~,13=,1}=, and 2 inch nylon mesh, were used (Figwe 2). Nylon
nets wvers employed because nylon 4s reparted to fish more afficiently
than linen or cotton (Peterson, 1952). These nsts, set throughout the
pericd of the study in all parts of the lake, are felt to provida a
ocrude measura of the catchable population of wallsyes.

It hag bsen shown by Moyla (1950) that the catch bsars soms rela-
tionahip to the abundance of £ish but that other factors also affact the
catch. Gill nets depend on the movemsnt of f£ish and, therafore, the catch
per hour 13 a function of activity of the fiah in the vicinity of the nets
a3 well as of their adamdanse, Fish move mors at cartain times of day
than at others and each apeciss appears to have charactaristic activity
cyclsa (Carlardsr, 1953). Bocause of this, intarpretation of the catch
data to darive aburdange indices is subject to considerable errar.

Ina the Lake Darling study gill nets ware usually lifted at 12 hour
intazvala, It was pecsszary to fiah the neta for less than 24 hours ba-
cause the heavy take of perch after 10 to 15 hours impaired the fish-
ability of tho nets, Ths nets wers fished both during the daylight and
night hours to securs as adequate & sampling of fish as poasibdle during all



Figure 2. Experimental nylon gill net used in the Lake
Darling study.
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movemsnt perioda.

4 %total of 240 hours of gill-notting was carrised out during this
study. During this time, 4,334 fish were captured with a cambined weight
of 2,035 pounda. Of this mmber, 170 were wallsyes, for a percentage com-
pogiticn of 3.9, The w_allsyas ranged ia length from 16.5 to 22.6 inahes
and averaged 18.7 inahes. Thess fiah ranged in weight from 1.18 to 4.25
pounds and avaraged 2.58 poundz. The lengths, weights, and parcentage
composition of the othar spscies captured in the gill neta are shown in
Tabls 1.

Pyke Bets

Fyko nots wers employed for the capture of walloyss to compare
these size and age groups against those captured in the gill nets. Ths
ganeral ‘amnmnoe of the nsats 18 ebown 1in Figurs 3. Thease fyks nets
vere of the double pot type, with each pot fowr feet in oircumference and
8sven faet in dopth, making theo entirs trap 23 feet in length. Ths mash
was /4 inoh aquare throughout including the lesd which was 100 feet long.
Nats of this type were usad in Michigan lakes to capture largs numbera of
£ish (Crowo, 1953).

Al) fylo nata were fished for 24 hours throughout the lake. The
nota were sot with the lead line anchored to ahore to intercept all move-
mant of fish in water tco ahallow for officiant gill netting. Thass nets
vars waizhtod 8o as to f£ish on the boticm and all £ish vare impounded in
nots. It is folt that this gystom of netting gave as complaete a picture
of the walleye age—class composition of the lake as possibls.

The locations of all sets were recorded, by mummber, on a map of
tho ares and exact sites were marked with asteel posts. Tho posts vera



Table 1. Gill netting summary for Lake Darling.

TEST-KETTDG SUMMARIZS

1957
Waters: _lake Darling
County: _Renville & Ward __
Dates: _6-VII-57 : 8-VII'I-§_’Z
Type of Goar: _Exp, Gill Net_
Total Hours Fished: _240 hrs. nggrfni'agrmm
HUMBER SPECIES LENGTH RAIGE-average [4SINY AAMGZ-Avsrage| wnrary | Ut | Soah
20 Horthern Pike 30.3-15.5 19.2 7.0-0.9 1.95 39.1 0.14 0.46
39 White Sucker 19.5-9.2 4.0 2.87-0.4 1.77 | 699.6 | 2.5 9.10
3 Black Bullhead 9.3-8.7 9.0 0.7-0.43 0.56 1.7 0.02 0.06
170 Walleye 22.6-16.5 18.7 4.25-1.13 2.53 | 439.5 1.10 3.90
3,75 Parch 13.0-4.0 7.2 1.5-0.1 0.23 | 855.0 |24.8 86.40
4,334 2,035

REMARKS: Frequency 1s the gill net fraquency which indicates the number of fish per hour
for 250! of experimental gill nzt (Stardard North Dakota).
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set above the high water mark, and the set numbers were atamped on them
with a stesl marking tool for set comparisons in future surveys.

The procedurs was to fish a net at each station for approximately
the same period of time. When possible, gill and fyke nets were alter-
nated. When the nets were lifted, all fish were removed, weighed,
measured, sexed, and scale samples were taken. All walleyes captured
were measured while still fresh and the total lengthal were racorded for
each fish. The above information was recorded on standard catch record
forms (Pigure 4) and the scale samples were placed in scale envelopes
(Figure 5) for future analysis.

Pyke nets were used for a total of 369 hours during which 2,210
fish were captured with a total weight of 3,974 pounds. Thirty-three
walleyes were taken in these nets for a percentage composition of 1.4.
The walleyes captured in the fyke nets ranged in length from 16.2 to
22.9 inches with an average length of 18.6 inches. The average weight
of these fish was 2.60 pounds with a range from 1.70 to 4.50 pounds.

The raturns from the gill and fyke nets show good correlation in sigze
and length (Table 2).

Table 2. Comparison of gill and fyke net catches

Type | Hours | Bumber of |Percentage | __ Length Weight
Net F}ahod Fish Can. |Comnosition Range Ave,.
G111 | 240 170 3.9% 22.6-16.5 | 18.7 1 4.25-1.18 | 2.58
Fyke | 369 33 1.4% 20.9-16.2 | 18.6 | 4.50-1.70 | 2.61

1 Total length 1a the distance from the tip of the smout to the
posterior adge of the darsoveantrally compressed caudal fin.



Fisheries Research Division
North Dakota Game & Fish Department

CATCH RECORD

Set No.__ Date
Name of Water
County
Type of Gear Used
Location ‘ Depth
Distance off Shore

Set Temp.

Removed Temp.
_-___‘—F__ﬁ——_j_P—_'_

SPECIES NO.| SEX | LENGTH | WEIGHT REMARKS

Figure 4. Standard catch record form.




Coll. No

FISHERIES RESEARCH DIVISION
North Dakota Dept. of Game, Fish & Parks

Species Date__
Locality. Length
T. R. Sec Weight
County. Sex
Gear Maturity.
Collector Age
Notes:

Figure 5. Scale envelope.
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Shoreline Seining
Shoreline seinings were made with a 100® X 6! X }" square mash
seine (Figure 6). The procedure was to make a 50 foot pull with the
seine at regular intervals around the entire lake. An estimated total
of 43,500 square feet (surface area) was seined. This effort produced
24, young-of-year walleyes, with an average length of 5.3 inches, consti-
tuting approximately 0.2 percent of the total catch.
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Figure 6. Shoreline seining procedure,
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AGE AMD GROWIH

No aritical amalyais of the scale method as applied to the valleye
bas bean published, but the anmilus was found to be a satiafastory mark
for datarmination of age of Lake Of Tha Woods walleyes (Carlander, 1945).
Eenhmgar (1950) found that the generally accapted acals mathod for fish
cldar than one groving ssason wvas valid for walleyes from lake Gogebie,
Michigan,

The year<alasgss of the lake Darling walleyes wvere dstormined
fran axamination of 203 scale samples obtainad from £ish ranging in length
from 16.2 to 22.9 inches. Thess ysarwalasses vers based on raadings from
scales taken at appraximatoly the same location on eash fish., Scales
talmn from sach spsoimen vere removed from the scale rows immediately
belov the lateral lino and ¢ven vith the insartion of ths dorsal f£in
(Figmra 7).

Exanination of the socalas for anmuli to be uwsed far the deter-
mination of year-alasses was done in the following mannar., The scales
wvare scaked 1n vater and cleansd of spidarmis and alime by mesans of a
clipped soft bristle art brush. The cleaned scales wers than placed
canvaz~gido up on a stamiard microscope alide., 4 sacand alide was thea
placad over the scales and distilled water wvas imtroducsd botwsen the
alides to flood the spaca batween and arcund the scales, thus maiing a
tesparary water mouat esimilar to that desaribsd by Lawis and Carlander
(1949). Ths mounted scales wers thea placed on ths stage of the micro-
projection unit of the type descrided by Lagler (1949) which projects =
such enlarged imagze of the socale on a ground-glass vieving sorean.
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Figure 7. Method of removing scales.
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m‘ . :3his

Figure 8, Photograph of walleye scale, age-class III. A-B, line along
which the scale was measurzd; F, focus, position where measurement was
begun; M, margin of fin; I, II, III, annuli.
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which the scale was measured; F
begun; M, margin of scale

Figure 9.



After careful study of the scale, the annuli (Figures 8 and 9)
vere traced on the ground-glass viewing screen. A clear plastic mill-
imetar ruler was used to take the readings off the viewing screen. One
corner of the ruler was placed in the cemter of the focus of the pro-
Jected image of the scale with one of its margins extending along or
near the center of the scale image. At the points where the previously
made annnli tracings and the scale margin intersected the ruler, read-
ings were taken and were recorded on the data sheet which included the
collection number and date of the reading.

The growth of the fish was calculated from the msasuremsnts men-
tioned above, assuming a straight line relationship between the growth
of the fish and the growth of the scale, according to the following
formula as discussed by many authors, including Schuck (1949), Lagler
(1949, 1952), Van Oosten (1929), and Rounsefell and Everhart (1953):

A: X33 as b, where

A = Length of fish at capture

X = Length of fish at formation of annulus,
a = Length of scale, and
b = Length of scale to annulus
After the entire series of scales was read and the growths calcu-
lated, the information was tabulated and graphs of age ard growth and

growth incraments were prepared (Figure 10).
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Figure 10. Aze and Growth of walleye, Lake Darling.



DISCUSSICN

The results of this study indicate a high return from hatchery
reared walleye fingerlings stocked in Lake Darling in 1953 and 1954.
Of the valleyes captured and aged by tho use of the scale msthed, only
ago~classss III and IV were obgervsd. The amnull wers vary distinot
for both age-classes III and IV and the scales shown in Figures 9 amd 10
are typical of the majority of tha acales read from the Laks Darling
valleyss. No great diffioulty was experionced in the determination of
the anmuli. Thess age-classss correspord directly with the 1953 and 1954
plantings as i3 shown in Table 3.

Table 3. Relationehip of plantings to existing age-classes.

ear Plantsd 1952 1953 1954

@y A R G A A A0 ARy G G @GP E @G E B -ap G a» P e» a» a» & @ P -------

ize of Plant 7,600 26,400 9,000

o~Clasa

prosanted v v II1
of
957 capturs 0% 23% 778

As shown in Table 1, the percentagas of age-classes variad 1little
with type of collacting gear used, with no qge-class differenoce shown by
elther the glll net or £yko nst catches. The fact that age-class III
vas reprosented by 77 parcent and age-class IV by 23 psrcent of scals
sapplss read indicates that these two groups make up the tulk of ths
pressnt valleye populatioa.

The total absance of age-class V vhich would correspond to the
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1952 planting is difficult to explain. The success of the planting
appears to have been ravorablé up to age-class II as a survey conducted
by the United States Fish and Wildlife Servics (Sharp, unpub. ms.) in
1954 shoved that 91 percent of the walleyes captursd were of the sams
length as the fish of this study exhibited at age-class II. Had Sharp's
age-class II survived, 1t would bave been represented by age-class V in
this study. The total absence of age-class V in this study would seem
to indicate either a high mortality rate for this age-class or eacapsment
fram the lake over the spillvay or through the gates.

When compared to the walleyes in other impoundments of this state,
the walleyes of this study show better tban average length and growth, as
is shown in Table 4. This better-than-average growth indicates that en-

viranmantal factors are favorable toward the establishmsnt of a walleye
fishery.

Darling
Average 4.2 11.2 16,0 19.1
Me 3.1‘6.1 904‘-1404 1301-1707 15.0-21.3
Increment 4.2 7.0 4.8 3.1

1 Haart Butte .
4dverage 5.2 9.2 13.4 15.8
Range 3.0—9.0 6.9-12.9 904‘15.7 1‘04’18.8
Increment 5.2 4.0 4.2 2.3
Achtsbula
Average 4.3 9.2 13.5 16.5
Rme 300-7-0 6.1”1205 9.8‘1703 1109"19.6
Increment 4o3 4.9 4.3 3.0

It appears from evidence of this study that the establishment of
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ago-classea of walleyes can de made in water with simiiar conditions as
those axisting in lske Dariing at tho tims of the plantings.
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SUMMARY

The purpose of this study was to evaluate experimental walleye
fingarling plants in relationship to the establishment of year-classes.

The study was conducted from July 7th to August 10th, 1957, on
Lake Darling in north-central North Dakota. This lake of 14,000 acres
supports goocd northern pike and yellow perch fisheries.

Fish for this study were collected by the use of gill, and fyke
nets and then aged by the use of the scale method. All walleyes ex-
amined were of either age-class III or IV. These age-classes corres-
pond to the experimental stockings of 1953 and 1954. It appears that
these two age-classes make up the bulk of the sxisting walleye popula-
tion.
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