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Abstract

A pulse fishing scheme, applied over a three year period (1980
to 1982), deliberately removed 3226 walleye from Henderson Lake,

Ontario, causing the stock to collapse. The objective of the removal

was not only to seek out characteristics which could have served as a
predictor of the collapse, but also to test the applicability of
pulse fishing as a management alternative for walleye.

Several indices failed to serve as indicators of the population
collapse. At high densities of walleye the Schumacher-Eschmeyer
population estimate (using trap nets) apparently only estimated the
brood stock abundance. Not only did it incorrectly indicate the
walleye population to be relatively stable after two years of
intensive removal, because of younger fish being recruited to the
gear, it also failed to forewarn of the impending collapse of the
stock in the third year.

Catch per unit effort data proved a poor index of fish abundance
for northern pike and white sucker. Walleye abundance was
significantly correlated to walleye catches from four and six-foot
trap nets. Catches in both eight-foot trap and gill nets were very
poorly correlated to fish densities, although these gears were used
at reduced effort levels. Evidently wvulnerability to gill nets of the
remaining walleye may change as a result of reductions in food
abundance causing more predator movement to seek prey. Changes in
fish condition with changes in population abundance could also

influence gill net capture rates. Condition of most walleye
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age-classes and both walleye and northern pike fecundity showed a time
lag in response to fishing, not increasing significantly until 1984,
3 years after stock collapse.

Walleye growth rates increased only for younger age classes (II -
V). Both mean age and the mean age to maturity decreased with
exploitation.

Annual production estimates appeared to serve as a good indicator
of walleye response to fishing. They originally ranged between 1.92
to 3.07 kg/ha/yr before exploitation, quickly fell to negative values
following the second year of exploitation, and only increased to 0.41
kg/ha/yr by 1984, two years after exploitation ceased.

The most promising predictors of the walleye population collapse
were length at age increases, Abrosov’s mean age to mean age at
maturity index (0.5 critical value), annual production estimates and
possibly Petersen population estimates.

Northern pike and white sucker numbers have not increased since
walleye exploitation began. They appeared not to be filling any
vacated walleye niche, at least over the short term.

Due to an unfortunate succession of abiotic factors unfavourable
to production of strong year-classes, walleye recruitment was very
poor. This demonstrates that any implementation of an episodic
removal scheme must take into account such possibilities. Further
research in this area should clarify the exact sequence of removal and
recovery necessary to successfully implement this scheme for the

management of walleye.
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Introduction

Walleye (Stizostedion vitreum vitreum Mitchill) is the most

sought after game fish in Northern Ontario (Ontario Ministry of
Natural Resources 1980). Approximately 150 million dollars is spent
annually on angling in North Ontario, with most of it spent on the
capture of walleye (Ontario Ministry of Natural Resources 1980).

While the available quantity is finite, the recreational fishing
demand for walleye is ever increasing. There have been many ideas on
how to maximize the benefit from this limited resource but new
alternatives need to be investigated. One possible strategy is the
pulse fishing method. Pulse fishing could reduce the burden of large
enforcement costs while reducing the psychological and social costs to
anglers caused by other management schemes based on quotas which
restrict yields, use patterns or effort levels.

The present study’s objectives were to evaluate the applicability
of an episodic or "pulse"-type angling fishery for walleye. In pulse
fishing, instead of setting quotas, the fish in a lake would be
intensively fished under normal regulations, until fishing quality
fell below some acceptable level. The lake would then be closed to
harvest and when the fish stock had recovered fishing would resume.
As one lake recovers, another is opened to fishing, so the program
is established on a rotational basis among a set of several lakes.
Such a management scheme not only requires less enforcement, but
necessitates less knowledge about the intrinsic characteristics of
individual walleye stocks than other management strategies.

Not all lakes, of course, are suitable for application of such



a technique. However, a variety of management strategies are
necessary if one is to supply a variety of fishing experiences for all
types of fishermen found in any fishing public (McFadden 1969). The
great number of water bodies in this area of Ontario, makes the
tailoring of individual management programs for each lake an
impossible task, yet many of the lakes might be well suited to a
pulse management scheme. Smaller, road accessable, semi-isolated
lakes might be managed through pulse fishing to cater to the
"meat"-type fisherman. Since these lakes do not produce any trophy
sized fish (Nunan 1982; Mosindy 1980; Sandhu 1979), they are
especially suitable for this purpose.

We intentionally overexploited the walleye stock in Henderson
Lake to determine the applicability of this management strategy for
walleye. We especially wished to investigate the effects of such a
strategy on the fish community as a whole and so monitored the other
fish species in this boreal-percid lake. As well we recorded the
compensatory reactions of walleye, the target species, to
overexploitation. We hoped to test or develop a number of useful
indices that would help other fishery managers to recognize and
hopefully avoid catastrophic collapses in walleye populations from
overfishing. This would be particularly useful where intensive

studies are not economically feasible.



Materials and Methods

Study Area

Henderson Lake (151 ha), is located approximately 128 km
north-west of Thunder Bay, Ontario (latitude 48 49’, longitude 90 18°,
Fig. 1). It is one of five research lakes in the Savanne Lake area
that were designated as provincial fish sanctuaries and closed to
public fishing in 1969.

The fish fauna of Henderson Lake consists of nine major species:

walleye, Stizostedion vitreum vitreum (Mitchill); northern pike,

Esox lucius (Linnaeus); white sucker, Catostomus commersoni

(Lacepede); burbot, Lota lota (Linnaeus); yellow perch, Perca
flavescens (Mitchill); mimic shiner, Notropis volucellus (Cope);
blacknose shiner, Notropis heterolepis (Eigenmann and Eigenmann);
Iowa darter, Etheostoma exile (Girard); and ninespine stickleback,
Pungitius pungitius (Linnaeus). Since the study began the ninespine
stickleback population has shown a drastic decrease in numbers, with
only a single specimen captured in 1983 and none in 1984. An

incidental northern redbelly dace, Chrosomus eos (Cope) was captured

by use of a dipnet on May 9, 1984.

The lake has a maximum depth of 5.25 m (2.5 m mean depth), with a
varied gravel, boulder and sand littoral zone and a mainly mud bottom.
The lake is divided into two natural basins (Fig. 2) by the
northernmost island, with the north basin being much shallower due to
a central mud reef. There is seldom a thermal gradient greater than

one or two degrees celsius as wave action frequently mixes the water



Figure 1. Map showing the location of Henderson Lake, Ontario.
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column. The physical and chemical characteristics of the lake have
been described by Nunan (1982) and Ritchie (1985), with additional
chemical testing done on August 26, 1984 (Table 1).

An intensive study to determine the effects that overfishing
the walleye of Henderson Lake would have on the boreal percid
community was initiated in 1979 (Nunan 1982). The 1979 field season
consisted of a mark and recapture population estimate and the
collection of initial age and growth data. Population estimates of
walleye, northern pike, and white sucker have been conducted each year
since 1979. In 1980 the large scale removal of walleye was begun.
During three field seasons (1980 to 1982) a total of 3226 walleye were
removed (Nunan 1982). Concurrent monitoring of the population
dynamics of walleye, northern pike and perch provided fundamental

baseline data (Nunan 1982; Ritchie 1985).

Population Estimates

Spring mark and recapture population estimates were conducted on
Henderson Lake for walleye, northern pike and white suckers from 1982
to 1984. Standard 1.22 m (four foot), 1.83 m (six foot), and 2.44 m
(eight foot) trap nets (Sandhu 1979) were used to live-trap fish for
mark and release.

Two 1.22 m, three 1.83 m and one 2.44 m nets were employed from
May 13 to June 24 for the 1982 estimate, for a total of 132 sets.

From May 15 to July 6, 1983, seven nets were used, five 1.83 m and
two 2.44 m for a total of 208 sets. From May 2 to June 6, 1984,
three 1.83 m and two 2.44 m nets, totalling 124 sets, were used.

Nets were placed at various traditional locations around the lake and



2861 S32dN0S3Y |e4nIeN JO AU4ISLULK OLJRIUQ |

¢86T UBUNN
G961 4ophy ¢

90°0Y
¥/bw 10070

/Bu 020°0-£10°0
¥/bw 10°0

§/bw 100°0
¥/bw 26°0-6%"0
¥/bw €0°0-20°0
¥/bw 6°1

¥/bW G*g

¥/bw $5°0-25°0
¥/bw 1°1-£670

SPLLOS P3A[OSSLP [30]

(d se) sndoydsoyd
9AL30ead P3AA|0SSL(

(d se) snaoydsoyd |e3o]

(93e43tu)

(331d3Lu)

(Lyeplaly [e303) udbouFLy

(eLUOWWE 834}) UBDOULLN

(BW) wnisaubey
(e)) wniope)
(M) wnLsselod

(eN) wntpog

WO/ SOHWN Lt

SjILun utzewual} $°¢2-9°1

saLun uazey £2-12

9°¢

96°0-5%°0
96°0-1670

¢ 1-v1°1
99 T-9¥°1

A3LAL30NpUO)
A3LpLqun]
4no(0)
Hd

Ld uJdUIJON

k3| [eM
[ eLoJBWwo) -

Y Ld UABYIUON
A3 | eM
butbuy -~

({_4A {_ey by)
gPLaLA |eLiusl0d

4
¥/
(24

0°9

e

M

N

/bw 170
bw gz-0
bur g°81
5/bw 72
§'¢-0°2
T-2L°€1
W Gz*g

w gz
Y 60T
181006
\6%08Y

(13) 8pL4oLY]

(84) uoul

(°00e) Atur|eyly
(%02®)) Ssaupudey
ASLP LYd39s

(X8pul olydepaoyduoy
yjdap wnwixey

uadap ueay

eaUYy

spn3Lbuo

apn3LgeT

(*¥86T 9z 3snbny uo suop sisAjeue |edLway))

"OLJRIUQ ‘94T UOSUBPUSH JO SILISLUBIORURYD [BILWAYD pue |eILSAYq

‘T 9lqel



were moved as catch per unit effort decreased substantially, or when
the ratio of marked to unmarked fish was high. A total of 14, 15 and
11 sites were used in 1982, 1983 and 1984 respectively (Fig. 3).

Trap nets were checked daily in most cases, with an approximate
24 hour set time. Fish were weighed to the nearest 20 grams using Jim
tube-type spring scales. Total length was recorded for all fish to

the nearest millimeter, and fork lengths were also measured in 1983

and 1984. The species, sex and maturity (by extrusion of gonad
products, if possible), and any previous clips were recorded.

Walleye were marked by a different dorsal spine clip each year (Table
2). The soft membrane was cut on either side of the selected spine
with a knife, and the spine cut off as close to it’s base as

possible with nail snippers. Northern pike and white suckers were
marked by cutting the tip of a fin with pruning shears which would
leave an identifiable ridge when regenerated (Laird and Stott 1978).
A second clip was used for all three species in 1982 and 1983 to
indicate the frequency of multiple recaptured fish to aid in trap net
placement decisions (Table 2). In 1984, however, to reduce the
effects of stress caused by marking, only a single clip for each
species was utilized. Other fish incidentially captured in the trap
nets (burbot and yellow perch), were released unmarked after being
measured and weighed. All fish were released on the side of the boat
opposite the trap entrance.

Scale samples were retained from approximately 5 to 10 northern
pike and white sucker, of both sexes when possible, in each 5 cm
total length interval during the spring population estimate. The key
scale area as used by Nunan (1982) was retained, i.e. an area on the

left side of the fish just dorsal to the lateral line, above the



Figure 3. Map of spring population estimate trap net locations,
1982 to 1984. Numbers represent sequential numbering
of trap nets per year and bracketed numbers the size of

trap nets, eg. 6’ is a six—foot trap net.
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Table 2. Fin clips used for population estimates (1979 to 1984)
for walleye, northern pike and white sucker.
Initial Ctip Second Clip
Walleye
1979 3rd dorsal spine —
1980 5th dorsal spine —
1981 6th dorsal spine 7th dorsal spine
1982 9th dorsal spine anal fin
1983 2nd dorsal spine left pectoral
1984 4th dorsal spine —
Northern Pike
1979 LP  left pectoral —
1980 RV  right ventral (pelvic) -
1981 RP  right pectoral anal
1982 LV  Teft ventral right pectoral
1983 LP  left pectoral Tower caudal
1984 RV  right ventral —
White Sucker
1979 LP  left pectoral —
1980 RV  right ventral —
1981 RP  right pectoral —
1982 LV  Tleft ventral anal
1983 RV  right ventral left pectoral
1984 RP  right pectoral —
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region of the pelvic fin.

Duration of set, water temperature (surface, middle and bottom),
secchi depth and wind (direction and velocity) were recorded when
lifting each trap net. All walleye and northern pike that died in the
trap nets furnished aging material (opercles and cleithra), were
internally sexed (Olynyk 1980) and provided stomach contents for a
food habitat study. Cleithra and opercles were cleaned of any tissue
with the use of warm water and a toothbrush and stored with other
aging material in scale envelopes. Any fish not captured within the
house of the trap net were not included in the catch per unit effort
calculations. Any live fish gilled inside the house entrance were
untangled and left within the entrance, and live fish caught in the
net lead were released without processing. Trap nets were fished for
ten consecutive days and then closed off for four days during the
population estimates. Closure of nets appeared to assist the
dispersal of marked fish throughout the lake, since a higher
percentage of unmarked fish were usually caught when nets were
reopened.

Population estimates were calculated using the
Schumacher-Eschmeyer method (Schumacher and Eschmeyer 1943; Ricker
1975) each day following the inspection of trap nets. When the
variance of the confidence limits was less than ten percent,

estimates ceased.

Age and Growth

In 1982, both dorsal spines and opercular bones were examined to

provide an estimate of the age distribution of walleye. The opercles
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were obtained from trap killed walleye and those sacrificed
immediately following the population estimate. A ten percent
stratified subsample, by length, of walleye was aged in 1982
(Ketchen 1950). During the 1983 and 1984 population estimates all
walleye captured were aged. The age distribution of walleye in
Henderson Lake for 1983 and 1984 was determined solely by aging dorsal

spines removed during the population estimates. Dorsal spines are

easy to collect and provide the best agreement in age between people
(Campbell and Babaluk 1979). If the age of any fish was uncertain it
was not included in subsequent calculations. Fish that were aged were
separated into 5 cm length intervals and the percentage of each age
per length interval was calculated. The number of individuals of any
age group found in a particular size group in the subsample is assumed
to be proportional to the number of individuals of that age group and
size in the actual population (Ketchen 1950). Multiplying the
population estimate by the length frequencies of the catch provided an
estimate of numbers of fish in each age class within the total
population.

Walleye spines were placed in scale envelopes and allowed to
air-dry. The spines cleaned of any fin remnants, were dipped in
xylene and set in Lepages ® epoxy until hardened. Spines were cut into
0.5 mm cross-sections using an Isomet 11-1180 low speed saw and then
mounted on glass microscope slides with Diatex, a synthetic mounting
medium (Campbell and Babaluk 1979). Spines were examined with a Wild
M5 dissecting microscope and annuli assigned by using established
criteria (Campbell and Babaluk 1979; Erickson 1979, 1983; Olson
1980). The edge of each dorsal spine collected in the spring was

assigned the current year’s annulus, as walleye annuli are not fully
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formed until late May or even mid-June (Smith 1977; Glenn 1969; Forney
1966; Schmulbach 1959; Carlander 1945; Beakman 1943).

The northern pike age distiributions were determined by the aging
of scales collected during the population estimates in 1982 and 1983,
and from cleithral bones collected immediately following the 1984
population estimate. Scale impressions were made by rolling scales
between two plastic acetate slides (Smith 1954). The slides were read
with the aid of a microfiche projector (Vantage Com IV, 33 X). Ages
were determined by counting annuli using established guidelines (Frost
and Kipling 1959; Wainio 1966; Casselman 1967). Following the 1984
population estimate the left cleithra was removed (Casselman 1980)
from an approximate ten percent stratified subsample of sacrificed
pike. The sacrificed pike were chosen to supply a § to 10 fish sample
in each 5 cm length interval for each sex. When possible pike were
externally sexed to prevent the taking of samples of a sex for which
the length category was already filled (Casselman 1974a). Northern
pike samples were collected concurrently during walleye and white
sucker population estimates which require a longer time to complete.

Ages were determined from cleithra by counting the number of

annuli {Casselman 1980,1978,1974b). Since the current year’s annulus
of both scales and cleithra had not been laid down from spring caught
pike the edge of the aging structure was considered to be the last
annulus. Subsamples were aged for each 5 cm length interval, and the
aging results extrapolated to the entire population (Ketchen 1950).

Northern pike lengths were backcalculated in all years by the use
of the cleithral bone. However, in 1982 the small cleithra sample
size (50 specimens) was supplemented with additional data from 70

scales collected during the population estimate. Annuli on cleithra
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were determined by use of a lighted magnifying glass and a Wild M5
dissecting microscope. The distances from the origin to each annulus
were measured directly with vernier calipers to the nearest 0.1 mm
(Casselman 1974b, 1980). To backcalculate lengths from scales,
distances from annuli to the origin were marked on bristleboard strips
held up to the image of the scale projected by a microfiche projector.
Measurements were taken from the origin to the anterior most position
of each annulus. The distances along the strips were then measured to
the nearest millimeter with the aid of a ruler.

Walleye backcalculated lengths were estimated by use of the
opercular bone, the annuli being determined by conventional criteria
{LeCren 1947; Bardach 1955; Campbell and Babaluk 1979). Cleaned
opercular bones were observed beneath a Wild M5 dissecting microscope
and the distance from the origin to a perpendicular line through each
annulus was marked on a strip of bristolboard. These distances were
then measured with vernier calipers to the nearest 0.1 millimeter and
recorded.

Regression analysis of body length to aging structure length
generated a correction factor, allowing the backcalculating of lengths
at each age (Bagenal and Tesch 1978; Everhart et. al. 1975; Ricker
1975).

Lengths were backcalculated by direct proportion. For
calculation of total lengths at each age the following formula was

used:
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Sn
In ~-a = ——— (1 - a) (Bagenal and Tesch 1978)

S

In = length of fish when annulus "n" was formed,

1 = length of fish when aging structure was obtained,

Sn = distance of annulus "n" from origin (at fish length 1n),
S = total length of aging structure (origin to edge),

a = intercept of regression of aging structure length with

total length.

Opercular bone and dorsal spine ages of 107 walleye, and
similarily both cleithral bone and scale ages for 95 northern pike
were determined to serve as a comparison between aging structures,
and as an important validation of aging methods for each species

(Beamish and McFarlane 1983).

Fecundity

In the fall of each year female walleye and northern pike were
collected for fecundity estimates. In 1982, ovaries were obtained
from fish captured as part of the removal scheme using a variety of
trap and gill nets, for a total of 39 mature female walleye and 17
pike ovaries. In 1983 fecundity samples were obtained on September 24
and 25. Four overnight sets of standard monofilament gill nets and
two 24 hour sets of a 1.22 m (four foot) hoop net provided a sample of

17 walleye and 20 northern pike ovaries. In 1984 collections occured
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on October 2, 3 and 4 and six overnight standard gill net sets yielded
a total of 10 walleye and 28 pike ovaries. Pike were externally sexed
in 1984 in an attempt to reduce male mortality (Casselman 1974a).

After measuring the fish for weight and length, aging structures
were retained, previous clips noted, stomach contents preserved,
and ovaries removed. The ovaries of both walleye and pike were first
weighed with a triple beam balance in the field then wrapped in cheese
cloth and preserved in a ten percent solution of formalin (Serns
1982). Samples were packed so as to allow separation of the left and
right ovary in later analysis.

Fecundity estimates were determined by the gravimetric method
(Bagenal and Braun 1978) for both walleye (Serns 1982; Wolfert 1969)
and northern pike (Kipling and Frost 1969). The ovaries were dried in
the lab with paper towels and re-weighed with a Mettler AE160 balance
to the nearest 0.001 g. The ovary membrane and as much artery
material as possible were peeled away from walleye ovaries and the
eggs re-weighed to the nearest 0.001 g. Northern pike ovaries were
prepared in a similar fashion, but because the eggs adhered they had
to be scraped off the ovary wall. The eggs of each pike ovary (left
and right) were retained in separate weighing boats to prevent mixing.
Walleye eggs could be held in the same weighing boat as the ovary
remained intact and separation of left and right ovaries presented no
problem. A subsample of eggs not less than five percent of the weight
of both ovaries was retained in a vial of ten percent formalin
solution. Wolfert (1969) found the anterior part of the right ovary
the best area for walleye egg subsamples but Serns (1982) and
Eschmeyer (1950) felt the medial section of the right ovary to be

superior. Kipling and Frost (1969) found no significant differences



in egg counis estimated from subsamples in any region of either ovary
for pike. Egg samples were taken from the anterior, middle and
posterior regions of the left ovary for both walleye and northern pike
in 1982. These samples allowed comparisons of the number of eggs per
gram in the different regions of the ovary. The subsamples were
removed from the left ovary in order to maintain continuity with
earlier work (Nunan 1982). Subsamples of eggs were removed from the
medial portion of the left ovary for both walleye and pike in 1983 and
1984.

The eggs within each subsample were counted with the use of a
Wild M5 dissecting microscope at 6X power. Eggs were gently teased
apart by dissecting needles and counted on a dark background.
Northern pike eggs were only counted if it appeared they were
developing and would mature the following year, as smaller immature
eggs are reabsorbed (Carbine 1944), All walleye eggs were counted in
each subsample. The total number of eggs in each ovary was then
calculated by direct proportion by weight. Variations in fecundity
with length, weight and age were determined between years by

covariance analysis (Snedecor 1956; Sokal and Rohlf 1981).

Feeding

Following the 1983 population estimates both walleye and northern
pike were gill netted from July 15 to August 19 (76 sets) to provide
age and feeding data. Two standard monofilament gill net gangs of
eight 15.24 m (50 feet) panels consisting of 2.54 cm (1 in), 3.81 cm
(1.5 in), 5.08 cm (2 in), 6.35 cm (2.5 in), 7.62 cm (3 in), 8.89 cm

(3.5 in), 10.16 cm (4 in), 11.43 cm (4.5 in) sized mesh were used.

17
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Initially a 4 hour set time was used but in August set times were
reduced to 3 and later 2 hours to reduce net mortalities. Nets were
fished during daylight and sufficient walleye and northern pike were
retained to supply an approximate ten percent stratified subsample of
the population.

Any live fish retained were sacrificed by cervical dislocation
and all net mortalities were also processed. A ten percent formalin
solution was injected into the digestive tract of all walleye and
northern pike retained via the oesophagus by a hypodermic needle to
preserve stomach contents for later processing. Samples of both the
left opercular bone and dorsal spine (second or third) from each
walleye and both cleithra and scale samples of each northern pike were
retained.

The body cavity of each fish was opened to determine sex,
maturity and if food was present in the digestive tract. Stomachs
with food were severed anteriorly and placed along with any food items
located in the mouth cavity into a Whirl Pac bag with a ten percent
formalin solution for later study.

In 1984, after the population estimate, food habit samples were
collected from northern pike as the fish were sacrificed for aging
material.

Following the population estimates in 1984, a stomach pump
system (Crossman and Hamilton 1978) was employed. This
non-destructive sampling technique was adopted to mitigate walleye
mortality while allowing feeding studies to continue. The method,
originally developed for muskellunge and largemouth bass, worked
better with walleye than northern pike and seemed more appropriate

than other reported techniques (Giles 1980; Jernejcic 1969; Seaburg
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1957; Foster 1977; Baker and Fraser 1976; Light et. al. 1983).

Trap nets captured fish for stomach pumping. Food items and
their relative abundance in the stomachs of fish captured in trap and
gill nets have essentially the same composition of diet and changes in
diet for both gears (Johnson 1977). Trap nets (one 1.83 m and one
2.44 m) were lifted each morning and walleye and pike anaesthetized in
a tricane methanesulfonate bath (MS-222, approximately 6.0 mg/litre
of water). Northern pike regurgitation required a steady, gentle
stroking of the fish belly while on the B.A.R.F. board (Crossman and
Hamilton 1978) and the employment of hook removers to remove large
food items. On several occasions large white sucker and pike prey
proved exceedingly difficult to remove from pike stomachs. Two pike
which died during processing were later examined and found to have
food remaining in their stomachs, demonstrating the technique was not
totally effective. Walleye responded much better than northern pike,
easily regurgitating their food and recovering much sooner from the
anaesthetic. Regurgitation was facilitated because they had fed on
smaller prey items. While ten pike are known to have died from the
procedure all the walleye appeared to survive. Stomachs of walleye
and northern pike caught incidentially in small mesh gill nets set for
yvellow perch were also pumped. Stomach pumped fish captured in gill
nets recovered much more slowly than those captured from trap nets.

A number of YOY northern pike were captured in 1983 and 1984 with
the use of a bag seine 18.29 m (60 feet) in length and 1.83 m (6 feet)
in height. These specimens were also inspected for any stomach
contents and any samples were included in the feeding analysis.

Stomach samples were further processed in the lab according to

specified techniques (Windell and Bowen 1978; Hyslop 1980; Hynes
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1950). Stomach contents were removed from Whirl Pac bags and blotted
dry with paper towels. Species and gquantities of contents were noted
and when possible total lengths of prey fish were determined or
estimated. Food habits were determined by the frequency of occurence
(Windell and Bowen 1978; Hyslop 1980) and volumeteric method. The
latter ascertained by water displacement in various sized graduated
cylinders (Windell and Bowen 1978; Hyslop 1980). Many items could not
be identified to species, but if possible were at least classified as
either fish or invertebrate remains. Any incidental matter such as
grass, stones or sticks was not measured or used in subsequent
calculations. Frequency of occurence and volumes of food items were

calculated both by month and by size classes for walleye and northern

pike.

Condition Factors

Condition factors (K) (L.eCren 1951; Bagenal and Tesch 1978) were
calculated for spring captured walleye, northern pike and white

suckers (1982 to 1984), using the formula:

(Weight)

K=z ——————— X 100,000 (Bagenal and Tesch 1978)

T.L. = total length in millimeters

Weight = total weight in grams

Condition factors were compared between years by 5 cm length
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interval and age-class to mitigate the effects of larger fish
possessing disproportionately larger K values (Bagenal and Tesch 1978;
Sandhu 1979; Van Engel 1940). Comparisons were done using the

Kruskal-Wallis non-parametric test (Sokal and Rohlf 1981).

Removals

In 1982 any walleye dying during the spring population estimate,
summer gill netting for perch (Ritchie 1985), and during fall walleye
exploitation, were removed. From August 30 until November 4, a
Ministry of Natural Resources field crew using a combination of trap
and gill net gear, assisted in the removal during the final year of
intense walleye exploitation. For each fall trap mortality (both
walleye and northern pike) the fish were sexed, gonad maturity
determined, stomach contents, aging structures and ovaries retained.
All surviving walleye were used for Ministry stocking programs in
other water bodies and any live pike were released back into Henderson
Lake.

Trap net gear used in 1982 consisted of 1.22 m (four foot, 10
sets), 1.83 m (six foot, 22 sets), 2.44 m (eight foot, 19 sets),
and 3.66 m (twelve foot, 8 sets) standard Ministry trap nets (Sandhu
1979). The gill net gear used consisted of nylon nets of lengths
15.24 m (40 ft, 1 set), 121.92 m (400 ft, 10 sets), 182.88 m (600
ft, 21 sets) and a 182.88 m (600 ft, 42 sets) monofilament gill net.
Each net had a staggered gang ranging from 3.81 cm (1.5 in) to 12.70
cm (5.0 in) in mesh size.

In 1983 the large scale removal program for walleye was

terminated because of the decrease in the walleye population. Small
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numbers of walleye and northern pike were removed as trap mortalities
during the population estimates, for feeding studies from July 15 to
August 19 and fecundity samples on September 24 and 25.

Removal of walleye in 1984 was restricted to fecundity samples on
October 3,4 and 5, and as trap mortalities from perch gill nets.
Northern pike were removed as: incidental trap mortalities from the
population estimate and perch gill nets; for aging structures
immediately following the population estimate; as mortalities from

stomach pumping; and during ovary collection.

Mean Age and Mean Age to Maturity

Weighted mean ages by year for both walleye and northern pike
were calculated from the age-frequency distribution. This
distribution was determined from the spring trap net catch of fish
using the Schumacher-Eschmeyer population estimate.

Mean age to maturity estimates were calculated using Lysack’s

(1980) correction of Abrosov’s (1969) formula.

Production

Annual production estimates (spring to spring) were determined
for both walleye and northern pike using the methods of Ricker (1975).
Gonadal products were also included in production estimates. Survival
rates were determined from the age-frequency distribution, which was
calculated using the Schmacher-Eschmeyer (not partitioned by

size-class) population estimate.



23

Lanigon Lake

During the 1984 spring population estimate, white suckers were
noted in the outflow stream from Henderson (Fig. 2) to Lanigon Lake.
These suckers appeared to be spawning in the stream and seemed to have
clear passage from one lake to the other. A former beaver dam had
decayed allowing the fish to pass that previously blocked area. In
order to determine if any marked fish had been escaping out of
Henderson Lake and into Lanigon a series of four gill net sets (four
hour duration) were placed in Lanigon Lake between June 4 and July 29.
A total of 19 pike, 34 suckers and 22 walleye were captured by gill
nets and a further 11 pike and 21 walleye by angling. No marked fish
were encountered.

The inflow to Henderson was also investigated but a number of
tiered beaver dams preclude the possibility of any fish movement from

upstream.

Statistical Analysis

All statisical analysis was performed with the aid of the

Statistical Package for the Social Sciences (SPSS) computer programs

(Nie et al. 1975), using a VAX 11-780 computer system.
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RESULTS

Population Estimates

Schumacher-Eschmeyer mark and recapture population estimates
(Schumacher and Eschmeyer 1943; Ricker 1975) of walleye, northern
pike and white sucker (1979, 1980 and 1981), wvulnerable to the gear,
were revised from an earlier report (Nunan 1982)(Table 3).

Walleye Schumacher-Eschmeyer population estimates reflect a
fairly stable pre-exploitation population, as the 1979 estimate is
only 16 percent below that of 1980. The 1981 estimate, which
followed the first year of intense exploitation (removal of 84 percent
of the estimated walleye), deviated by only 11 percent from the 1979
and 26 percent from the 1980 estimate. Following the 1981 population
estimate, a further 94 percent of estimated walleye numbers were
removed, yet in 1982, 945 walleye were still estimated to be present.
The first sign of a population collapse came in 1983, when only 345
fish were estimated to be present, after three years of intense
harvest. In 1983 intense exploitation ceased, however, 28 percent
of the estimated population was removed for age and feeding studies.
Walleye numbers declined further in 1984 to an estimated low of 152
fish.

Walleye population estimates also were calculated from 1980 to
1984 using the Petersen method (Table 4) (Everhart et al. 1975; Ricker
1975). Petersen estimates were determined from the number of
sacrificed fish possessing the current year’s spring fin clip, the
total number of fish exploited that year, and the total number of

fish marked that spring. These estimates exceeded the



Table 3. Mark and recapture population estimates (N) and
confidence limits (C.L.) using the Schumacher-
Eschmeyer method (Schumacher and Eschmeyer 1943) for
walleye, northern pike and white sucker in Henderson
Lake 1979 to 1984.
N 95% C.L.
Walleye
1979 May 17 - June 22 1336 1122 - 1652
1980 May 1 - May 25 1588 1310 - 2016
1981 May 21 - June 27 1183 1008 - 1431
1982 May 13 - June 24 945 750 - 1276
1983 May 12 - July 1 375 334 - 428
1984 May 3 - June 6 152 133 177
Northern Pike
1979 May 17 - June 22 1963 1705 - 2313
1980 May 1 - May 25 2285 2020 - 2631
1981 May 21 - June 27 1104 938 - 1342
1982 May 13 - June 24 1064 938 - 1383
1983 May 12 - June 27 817 768 - 872
1984 May 3 - May 24 1171 1073 - 1289
White Sucker
1979 May 17 - June 22 1454 1172 - 1914
1980 May 1 - May 25 1058 683 - 2356
1981 May 21 - June 27 1281 902 - 2208
1982 May 13 - June 24 748 497 - 1517
1983 May 12 - June 26 976 840 - 1165
1984 May 3 - June 6 1146 1027 - 1296
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Table 4. Population estimates of walleye (Stizostedion
vitreum vitreum), for Henderson Lake (1980 to
1984) using the Petersen method (Ricker 1975;
Everhart et al. 1975).
N* 95% C.L.?
1980 (561)(1332) _ 5707 + 203
(276)
1981 (417)(1115) _ 163 + 181
(215)
1982 (210)(779) _ 1194 + 107
(137)
1983 (199)(105) _ 395 £ 37
(67)
1984 (121)(42) _ g9 + 28
(30)
1 NzE
R

2 V(N) = N2 (N-M)(N-C)

MC(N-1)

N+1.96/V(N)
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Schumacher-Eschmeyer estimates by 70, 83, 26 and 11 percent in 1980,
1981, 1982 and 1984 respectively, but were 17 percent lower in 1983.

Population estimates were also calculated for each 50 mm
size-class for walleye (1980 to 1984), to alleviate the effects of
trap net length selectivity (Latta 1959). Walleye display increased
susceptibility to trap net capture as their size increases (Fig. 4).
Northern pike (Fig. 5) and white sucker (Fig. 6) also show similar
trends. Latta (1959) suggested the use of a Petersen-type estimate by
gize-class, to alleviate this problem. However, since removals in
this current study took place later in the field season, growth of
individual fish prevented use of his method within size-classes.
Schumacher-Eschmeyer estimates were therefore calculated for walleye
in each 50 mm interval from the spring catch data for 1980 to 1984
(Table 5). Estimates by length-class were 10, 8, 4, 1, and 2 percent
greater for 1980, 1981, 1982, 1983 and 1984 respectively, than those
calculated by the Schumacher-Eschmeyer method without partitioning
fish by size. Size-class estimates were 35, 41, 17 and 8 percent less
than Petersen estimates for 1980, 1981, 1982 and 1984 respectively,
and 22 percent greater than the 1983 Petersen estimate.

Northern pike Schumacher-Eschmeyer population estimates (Table
3), show a general downward trend during the study from a 1980 high
of 2285 fish to a low of 817 in 1983. The 1984 estimate has,
however, shown a 43 percent increase in numbers from the 1983 low.

The white sucker population has demonstrated relative stability,
with numbers ranging from a high in 1981 of 1281 fish to 748 in 1982
{(Table 3). The confidence limits of white sucker population estimates

were more variable than those of either walleye or northern pike.
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Figure 4.

The percentage of recapture of marked fish, plotted
against length (mm) for each size-class of walleye in

Henderson Lake (1982 to 1984).
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Figure 5.

The percentage of recapture of marked fish plotted
against length (mm) for each size-class of northern

pike in Henderson Lake (1982 to 1984).
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Figure 6.

The percentage of recapture of marked fish plotted
against length (mm) for each size-class of white sucker

in Henderson Lake (1982 to 1984).
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Table 5. Population estimates (N) and confidence limits (C.L.),
using the Schumacher-Eschmeyer method (Schumacher and
Eschmeyer 1943) by size class of walleye in Henderson
Lake from 1980 to 1984.
Size Class Total Estimate
Year (mm) N 95% C.L. N 95% C.L.
1980 0 - 399 797 589 - 1195
400 - 449 502 382 - 731 1753 (1336 - 2555)
450 - 499 240 190 - 328
500 - 549 168 130 - 234
500+ 46 35 - 67
1981 0 - 399 627 485 - 890
400 - 449 464 382 - 591 1278 (1011 - <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>