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ABSTRACT. A Denil fishway in Dunnville, Ontario was built to provide upstream passage for walleyes
(Stizostedion vitreumjrom Lake Erie to the Grand River. Few walleyes have been observed to use this
fishway. Coded radiotelemetry was used to track 24 adult walleyes (12 male, 12 female) downstream
from the fishway to explore reasons for limited use. Activity was monitored by a fixed array of three
antennas within the fishway that continuously scanned for signals from all radio-tagged fish, and by
mobile tracking. In April and May 1997, 17 attempts to use the fishway by 3 male and 2 female radio-
tagged walleyes were recorded. During this period, the attraction efficiency of the Dunnville Fishway
was approximately 21%. All attempts took place between 1600 and 0600 hours, with most activity near
midnight. Walleyes occupied the first resting pool of the fishway for up to 17 h. Subsurface water velocity
during the study was approximately 2 m/s. No radio-tagged walleyes passed through the Dunnville Fish-
way. Behavior modifying hydraulic conditions including turbulence, entrained air, backcurrents and
whirlpools in fishway resting areas may delay or prevent successful upstream passage of walleyes. There
was also evidence of large-scale movements by walleyes that may have spawned in the Grand River
downstream from Dunnville.

INDEX WORDS: Walleye,Stizostedion vitreumDenil fishways, radiotelemetry, attraction, upstream
passage, Lake Erie.

INTRODUCTION consist of movements from lakes into tributaries

The walleye Stizostedion vitreujnis one of the  (Ferguson and Derksen 1971, Todd and Haas 1993).
most popular and exploited freshwater fishes in IN river systems, barriers such as dams and weirs,
North America (Rawson 1957, Ney 1978, Mc- disrupt spawning by altering physical conditions,
Conville and Fossum 1981). Lake Erie is the largestwater chemistry, flow and bed-load transport (Bunt
walleye producer and supports many populationset al. 1998), impeding upstream migration (Crowe
(Todd and Haas 1993). As springtime water temper-1962, Behmer 1964), resulting in harvest vulnera-
atures increase to 3 to 4°C, walleyes return to previ-bility, and by restricting access to spawning areas
ously used spawning areas in search of suitabledownstream (Pitlo 1984, Paragamian 1989). Ulti-
habitat (Crowe 1962, Olson and Scidmore 1962).mately, year-class strength may be reduced if the
There is evidence that these migrations are guidecquality or quantity of spawning habitat downstream
by homing (Olson and Scidmore 1962, Bahr 1977, from the barrier is limited. Unfortunately, barriers
Olsonet al. 1978, Todd and Haas 1993) that often that restrict spawning migrations and delay spawn-
ing activities can cause fish to resorb gametes and
refrain from reproducing (Shikhshabekov 1971).
1Current address: Biotactic Inc. 640 Hidden Valley Rd., Kitchener, On- However, barriers can also create Spawning habitat

tario N2G 3WS5. ;

2Current address: Center for Squatic Ecology, Illinois Natural History for some SPECIES (BUB’t al. 199.8)' .
Survey, Champaign, llinois 61829. Fishways are mitigative devices that allow fish to
*Corresponding author. E-mail: biotactic@hotmail.com swim past otherwise impassable river barriers
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Fishway Use by Walleyes

(Beach 1984, Clay 1995). Although percids worlc
wide have been shown to use fishways to varyil
degrees (Schwalmet al. 1985, Katopodiset al.

1991, Harris and Mallen-Cooper 1994, Dexter ar
Ledet 1997, Buntt al. 1998), walleyes appear to
not use most fishways effectively (Schwaleteal.

1985, Fernet 1984, Dexter and Ledet 1997). Re
sons for this are unclear but may be related to pc
entrance attraction efficiency, supercritical wate
velocities that exceed walleye swimming abilities
cold temperatures, turbulence that interferes wi
rheotactic behavior, or a reluctance to enter or 1
main in artificial channels. The objectives of thi
study were to: 1) examine walleye movement pe
terns downstream from the Dunnville Weir on th

Sulphur Creek

Grand River, Ontario, and 2) to assess the perfu:-

mance of a Denil fishway for passing walleyes FIG. 1.

upstream.

METHODS

Study Area

This study was conducted in Dunnville, Ontario
(42° 85’N, 79° 68 W), where four weirs between a

The lower Grand River and the four
weirs (I,11,111,1V) that compose the Dunnville
Weir and island complex (enlargement). The fish-
way is located at weir Ill. Sulphur creek flows
between weir |1l and weir IV.

series of islands have blocked upstream migrants

from Lake Erie into the Grand River for well over a
century (Fig. 1). The river is turbid with high levels
of suspended solids, large amounts of shallow hak
tat and several deep pools. To facilitate spawnin
and the establishment of walleye populations ug
stream from the Dunnville Weir, a Denil fishway
was installed in November 1994 near weir Il (Fig.
1). The fishway consists of a 471.35 m concrete
channel on a 10.5% slope, with two resting pools
The fishway is not linear and two major direction
changes (i.e., bends) exist between the fishway e
trance and exit (Fig. 2).

Fishway Use and Conditions

Fish activity was continuously monitored by a
radio tracking system that was installed within the
fishway and at the fishway entrance (see below
Midday water temperatures within the fishway were
continuously recorded with data loggers throughot
the study period. Water velocities were measure
using a portable ultrasonic velocity meter.

Radio-tagging

In early April 1997, 24 walleyes were captured
110 m downstream from weir Ill using Trammel
nets and were held in 83pens until the fish were

Lamprey trap

Denil baffles 3

Resting pool 2

A

Lamprey trap

46.4m |l B

Denil baffles 2

i

Resting pool 1

Lamprey trap

Denil baffles 1

Y lE [ }.j

Entrance

FIG. 2. Schematic of the Dunnville Fishway.
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examined and radio-tagged. Twelve female of walleyes that entered the fishway. All means are
walleyes and 6 male walleyes were externally reported + 1 S.D. Confidence intervals (95% CI) for
radio-tagged on 12 April according to the method efficiencies were calculated according to probabil-
described in Bunét al. (1999). Six additional male ity theory, and statistical comparisons of movement
walleyes were radio-tagged on 19 April. Coded were evaluated for differences between male and
radio transmitters (1.9 g in water, 10628 mm female walleyes as follows. First, a Shapiro-Wilks
with 2.5 s pulse rates, battery life about 30 d) weretest was used to test for normality among the data.
attached through the dorsal musculature and held irThen, Levene’s test was used to test for homogene-
place with surgical wire twisted over a neoprene- ity of variances. A one-factor ANOVA was used to
coated plastic back-plate. After a 1 h recovery pe-test the null hypothesis of no difference between
riod, all fish were released near the capture site.distances moved by male and female walleyes. All
This tagging procedure has been shown to havestatistical tests were performed using SAS 9.0 with
negligible effects on behavior, movement patterns,an alpha level of 0.05 (SAS 1999).

and social interactions among walleyes in Lake Be-

midji, Minnesota (Holtet al. 1977). External tag- RESULTS

ging was chosen because fish were gravid and
therefore considered unfit for surgical implantation
without the risk of affecting normal spawning
behavior.

Fishway use by walleyes increased as water tem-
peratures rose from 4 to 8°C. The maximum tem-
perature during fishway use was 12°C. Fishway
discharge ranged only from 1.062 to 1.078&/sn
_ and the water velocity 10 cm below the surface of

Tracking the flow, at a position midway along the length of

To allow behavioral acclimatization to the trans- the fishway, was approximately 2 m/s.
mitters, data were not collected until at least 24 h  The Dunnville Fishway was monitored continu-
after fish were released. A fixed system that con-ously for 816 h, during which time 17 attempts to
sisted of three sequentially-scanned antennas conuse the fishway by radio-tagged walleyes were
tinuously monitored the fishway entrance, first recorded. Five different fish (3 males, 2 females)
resting area and exit of the fishway, for 34 d. Pulse-entered the fishway. Attraction efficiency was 21%
code discrimination software within the receiver (95% Cl = 5-37%). Since no radio-tagged walleyes
(SRX_400, Lotek Engineering Ltd.) was used to de- successfully passed through the fishway, passage
code radio signals. Prior to the study, referenceéfficiency was estimated to be 0%. All but one
radio-tags were positioned at various locations Walleye used the fishway at night (between 1800
within the fishway to calibrate the receiver. Mea- and 0600 hours), with peak activity between 2100
surements of relative signal strength permitted de-and 0100 hours. Walleyes occupied the lower
terminations of transmitter location and fish reaches of the fishway for between 1.2 and 1,020
positions in the fishway to within 1 m. Manual Min, with a median occupancy time of 1.2 min
tracking using a scanning receiver and hand-held(Table 1). One female fish (walleye #3, Table 1) en-
H-antenna was also conducted daily from 0900 totered the fishway at 0611 hours on 16 April and re-
1800 hours by watercraft. Fish locations were deter-mained within the first resting pool (Fig. 2) for
mined to within 5 m and were plotted on enlarged 17 h, until 2313 hours on 17 April. This fish swam
aerial photographs (scale 1:8,000) to describelust over one third of the distance (35%) between

From 12 April to 8 May 1997, walleye positions

- . were determined 108 times (mean 6 locations/fish).
Statistical Analysis For analysis of movements, movement data from
Fishway performance was divided into two pri- one male was eliminated due to signal loss soon
mary components that included estimates of attrac-after release. For the remaining 23 fish, no differ-
tion efficiency and passage efficiency. Attraction ences in distances between locations of male and
efficiency was calculated as the proportion of female walleyes were detected (F = 0.18o47 22
walleyes that located the fishway entrance relative= 3.44, P = 0.72, Table 2). Extensive lateral move-
to the number released downstream. Passage effiment near the weirs, as well as upstream and down-
ciency was calculated as the number of walleyesstream movements (3 km in < 7.5 h), from weir | to
that reached the fishway exit, relative to the numberweir IV were common. Walleyes spent long periods
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TABLE 1. Patterns of activity and repeated entry into the Dunnville Fishway by five radio-
tagged walleyes, during 816 h of continuous monitoring. Proportion of full ascent indicates
how far each walleye swam into the fishway.

Time to first locate  Time in fishway Proportion of full
Walleye # Date Time fishway (h) (min) ascent (%)
1 13 Apr 23:47 37 42 <15
2 14 Apr 21:53 59 <1.2 <15
2 15 Apr 2:29 — <1.2 <15
3 15 Apr 18:10 79 4 15
3 15 Apr 18:24 — 5 15
3 15 Apr 19:49 — <1.2 <15
3 15 Apr 19:57 — <12 <15
3 15 Apr 20:00 — 1.2 15
3 15 Apr 20:36 — 25 15
3 15 Apr 20:40 — 3.7 15
3 16 Apr 4:55 — <1l.2 <15
3 16 Apr 6:07 — <1l.2 <15
3 16 Apr 6:11 — 1,020 35
4 20 Apr 0:51 10 <12 <15
5 23 Apr 0:23 152 <12 <15
5 25 Apr 22:27 — <12 <15
5 25 Apr 22:42 — 4.5 15

TABLE 2. Mean total lengths (mm) and distances moved (m) £ 1 S.D. by male (n = 11) and
female (n = 12) walleyes downstream from the Dunnville Fishway.

Sex TL (range) Number of locations Mean distance between locations (range)
Male 511 + 34 (467-570) 56 679 + 1,154 (0-6,840)
Female 604 + 83 (488-741) 52 667 + 988 ( 0—4,320)

of time between weir Il and weir IV in Sulphur tempts to use the fishway were rare. Lack of up-
Creek (Fig. 1). Fish were located in Sulphur Creek stream passage, delay, and extensive exploratory
for up to 11 d and were positioned over areas withmovements by walleyes downstream from dams has
previously known deposits of gravel substrate (sub-also been observed in Michigan (Eschmeyer 1950),
merged gravel roads and areas where gravel halowa (Behmer 1964, Pitlo 1984, Paragamian 1989),
eroded from the river bank). Downstream move- and Minnesota (Holket al. 1977). In agreement with
ments from weir 1V to about 1.5 km upstream from this study, limited or nonexistent use of Denil fish-
Lake Erie (approx. 8 km) occurred over the courseways by walleyes has been documented from trap
of 6 d. Downstream movements were more com-studies in Alberta (Fernet 1984, Schwaleteal.
mon than upstream movements after the last weekl985), and videographic observations of several

in April. All fish returned to Lake Erie by mid May. fishways of the St. Joseph River in Michigan and
Indiana (Dexter and Ledet 1997). Dexter and Ledet

noted that the modest numbers of walleyes that
DISCUSSION used the fish ladders was unusual, because they

There are many variables and assumptions thawere well represented in the St. Joseph River below

must be considered before generalizations can behe dams.

made about the interactions between migratory Attraction efficiency of walleyes at the Dunnville

walleyes, river barriers, and fishways. In the Grand Fishway was less than half of the attraction effi-

River, walleyes moved extensively throughout the ciencies calculated for other species at similar fish-

river downstream from the Dunnville weir and at- ways (Table 3). Attraction efficiencies of walleyes
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TABLE 3. Attraction efficiencies and passage efficiencies of smallmouth bass, white
suckers, and walleyes at various Denil fishways on the Grand River, Ontario.

Attraction Passage

Efficiency Efficiency
Species Fishway slope (%) (%) (%) Source
Smallmouth bass 10 82 36 Buntet al. 1999
Smallmouth bass 20 55 33 Buntet al. 1999
White sucker 10 50 55 Buntet al 1999
White sucker 20 59 38 Buntet al. 1999
Walleye 10.5 21 0 This paper

at the Dunnville Fishway may have been negatively For example, Pitlo (1984) implanted walleyes with
affected by distracting flows that originated up- radio transmitters and observed them to move up-
stream from the fishway in Sulphur Creek, and nearstream to the tailwater of a dam on the Mississippi
weir IV (Fig. 1). In similar studies of Denil fish- River. These walleyes then dispersed downstream
ways, passage efficiencies of other species haveand spawned at several sites (Pitlo 1984). Similarly,
been estimated to vary between 33% and 55%Paragamian (1989) radio-tagged walleyes and ob-
(Table 3). If more walleyes were radio-tagged, a served them to migrate to the Waverley Dam and
better estimate of passage efficiency would likely the Cedar Falls Dam on the Cedar River, lowa.
have been achieved. Low passage efficiencies ofThese fish proceeded to spawn exclusively in the
walleyes likely result from excessive water veloci- dam tailwaters. Recruitment of native walleyes in
ties, turbulence that reduces critical swimming the Cedar River was poor (Paragamian 1989) and
speeds (Pavloet al. 1994), air entrainment, back- the author speculated the_lt substrate downstream
currents and disorienting flows which have been from the dams (sand and fine gravel) may be a fac-
observed to inhibit and delay passage of percidstor. since walleye embryo survival is greatest in
(Schwalmeet al. 1985, Buntet al. 1998) and non- areas with clean gravel-cobble substrates (Corbgtt
percid species (Haret al. 1999) through Denil and Powles 1986). Dams often produce hydraulic
fishways. In the Dunnville Fishway, major vortices conditions and ice scour that help unembed sub-
occur in the resting pools. This is important becauseStrate thereby producing clean gravel-cobble areas
walleyes have shown tendencies to avoid turbulentthat may function as suitable spawning sites for
water, especially when the water temperature wasValleyes (Paragamian 1989) and other percids
low (Ryder 1977). Furthermore, behavioral studies (Buntet al. 1998). In this study, walleyes occupied
in an artificial flume, showed that less than 50% of &reas with known gravel deposits as well as tailwa-
walleyes swam past each sharp corner (Peaketer areas of the weirs, that may |_nd|cate spawning
1997). For walleyes to be successful at using thePccurred downstream from the weirs.
Dunnville Fishway, a minimum of four corners, or .Th's paper describes a situation that is site spe-
abrupt changes in direction must be negotiated.c'f'c_as all fishways are. Lessons learned from as-
This would therefore result in the net passage ofS€SSments of walleye behavior at the Dunnville
only 6% of the total number of walleyes that enter Flsh}[/vag mtflyltb? appllcablelzl to othg_r flshwayf ]:[_hﬁt
the fishway, if the corner variable was valid and \a;\l/r: sodoenolila Oe%?stsoWaas(asy\?VZIleIrécseer;gztivlei i
considered independently. It has not yet been deter‘diﬁ}elzrent desi r?sp shouldpbe develoyed and teste)gl
mined if corners are either physical or motivational 9 P '

obstacles for walleyes. Spiral fishways, or fishways Modifications of existing fishways, and/or areas
with rounded rnyr - =P well ”3:1’ ¢ fishw y immediately downstream from fishway entrances

Ith rounded corners, as well as finear Nshways g,q1q also be evaluated to increase attraction and
with resting pools that do not create back-currents .

. . : passage efficiencies.

or whirlpools, should be considered as possible al-
ternatives to double-backed, or convoluted fish-
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