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Predator-recognition training of hatchery-reared
walleye (Stizostedion vitreum) and a field test of
a training method using yellow perch (Perca
flavescens)

Brian D. Wisenden, Josh Klitzke, Ryan Nelson, David Friedl, and
Peter C. Jacobson

Abstract: Fishes reared in captivity are predator-naive and suffer large predation mortality when stocked into lakes
with a full complement of predators. We tested the potential of predator training to enhance post-stocking survival

of hatchery-reared walleye (Stizostedion vitreum). In the first part of the study, we found that walleye (i) use chemical
cues for assessing predation risk, (if) do not have innate recognition of the odor of northern pike (Esox lucius) as an
indicator of predation, and (iii) associate predation risk with pike odor after a single simultaneous encounter with pike
odor and chemical alarm cues from walleye skin. In the second part of the study, we attempted to mass-train yellow
perch, Perca flavescens (as a surrogate for walleye), to fear pike odor. Perch response to pike odor was not changed
by placing sponge blocks containing pike odor and perch alarm cues around the perimeter of a pond. On pre- and
post-training assays, perch avoided traps scented with perch alarm cues, but did not avoid traps labeled with pike
odor or water. We conclude that recognition training offers potential as a management tool for walleye, but significant
logistic challenges must be solved before it can be implemented.

Résumé : Les poissons élevés en captivité n’ont pas I’expérience de la prédation et ils subissent une forte mortalité
due a la prédation lorsqu’ils sont introduits dans des lacs qui contiennent une gamme complete de prédateurs. Nous
évaluons ici le potentiel d’un entrainement aux prédateurs pour augmenter la survie apres I’empoissonnement chez des
dorés jaunes (Stizostedion vitreum) élevés en pisciculture. Dans la premiere partie de 1’étude, nous avons trouvé (i) que
les dorés utilisent des signaux chimiques pour évaluer les risques de prédation, (i7) qu’ils ne reconnaissent pas de facon
innée 1’odeur du grand brochet (Esox lucius) comme indicateur du risque de prédation et (iii) qu’il suffit d’'une seule
exposition simultanée a 1’odeur de brochet et aux substances d’alerte de peau de dorés pour qu’ils associent 1’odeur

de brochet au risque de prédation. Dans la seconde partie de 1’étude, nous avons essayé d’entrainer des groupes de
perchaudes, Perca flavescens (en remplacement des dorés) a craindre 1’odeur des brochets. La réaction des perchaudes
a I’odeur de brochets ne change pas lorsqu’on place des blocs d’éponges contenant I’odeur de brochet et les signaux
d’alerte de la perchaude sur le périmetre d’un étang. Dans les tests avant et apres 1’entrainement, les perchaudes
évitent les pieges marqués de signaux d’alerte de perchaudes, mais pas ceux marqués d’odeur de brochet ou d’eau.
Nous concluons que I’entrainement a la reconnaissance d’odeurs peut avoir un potentiel comme outil d’aménagement
des dorés, mais qu’il y a des problemes logistiques importants a résoudre avant son utilisation.

[Traduit par la Rédaction]

Introduction

Chemical cues are ubiquitous in aquatic environments
(Wisenden 2003). Olfaction is the most ancient of the senses
and provides information for such critical activities as find-
ing food, avoiding predators, and cueing reproductive behav-
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ior (Hara 1993; Kats and Dill 1998; Stacey and Sorensen
2002). Several classes of chemical cues are used for detect-
ing predation risk. Alarm cues are chemicals released when
tissue is damaged by a predatory attack (Chivers and Smith
1998). These cues are released only in this context and
thereby reliably indicate risk to conspecifics and ecologi-
cally similar heterospecific prey (Mathis and Smith 1993c;
Chivers and Smith 1998). Behavioral responses to these cues
reduce the probability of predation (Mathis and Smith
1993a; Mirza and Chivers 2000; Gadzewich and Chivers
2002).

Because of the steep selection gradient imposed by preda-
tion, a significant fitness benefit accrues from recognition of
risk from indirect indicators. Many prey species use the
presence of conspecific chemical alarm cues to extend the
range of stimuli that indicate risk (Chivers and Smith 1998).
When alarm cues are released, chemical and visual stimuli
correlated with the event, such as predator odor, diet of the

© 2004 NRC Canada



Wisenden et al.

predator, smell of the habitat, and appearance of the preda-
tor, become associated with predation risk (Suboski 1990;
Chivers and Smith 1998). As testimony to the extreme im-
portance of predator recognition, a single simultaneous
exposure to alarm cues and a novel stimulus is sufficient for
learned recognition to occur, persisting for at least 4 months
in fathead minnows (Pimephales promelas; Chivers and
Smith 1994), at least 10 days in brook char (Salvelinus
fontinalis; Mirza and Chivers 2000), and 21 days in rainbow
trout (Oncorhynchus mykiss; Brown and Smith 1998). By
attending to correlates of alarm-cue release, prey species
quickly track temporal and spatial shifts in predator identity
and abundance.

This learning paradigm has application to fisheries man-
agement in instances where fish are reared in predator-free
environments and subsequently released into natural waters
that contain predators (Suboski and Templeton 1989). Mor-
tality of stocked fish due to predators is a perennial problem
for stocking programs (Santucci and Wahl 1993; Szendrey
and Wahl 1996). Recognition training could improve the sur-
vival rate of stocked fish and thereby improve the cost-
effectiveness of hatchery programs, enhance fishery quality,
and contribute to the economic benefits associated with the
recreational sport fishery and related tourism industry. Rec-
ognition training has been shown to be effective for several
species of hatchery-reared salmonids (Brown and Smith
1998; Berejikian et al. 1999; Mirza and Chivers 2000).

To successfully apply predator-recognition training to
hatchery-based stocking programs, four conditions must be
met. The first three are (1) that the game species use chemi-
cal cues for assessing predation risk, (2) that they do not al-
ready have an internal cognitive recognition of the predator
odor (or sight) as an indicator of danger, and (3) that they
associate predation risk with predator odor (or sight) after a
single simultaneous exposure to conspecific chemical alarm
cues and stimuli from predators. The fourth condition is fea-
sibility of implementation (see below).

In the first part of this study we explore the potential ap-
plication of predator-recognition training to hatchery-reared
walleye (Stizostedion vitreum). The Minnesota Department
of Natural Resources intercept spawning walleye in the
spring spawning run, strip their gametes, incubate fertilized
eggs in a hatchery, and transfer the resulting larvae to small
prairie pothole lakes that serve as rearing ponds. The combi-
nation of shallow water (mean depth 2.8 m) and frequent
low winter concentrations of dissolved oxygen ensure that
large piscivorous fish usually do not survive over winter
(“carryover”) to prey upon the next crop of walleye the
following year. In the fall, as temperatures begin to cool,
walleye fingerlings, by now approximately 15-20 cm in
length, are harvested from the rearing ponds and transferred
to area lakes for fishery enhancement. Although walleye are
efficient predators as adults, as juveniles they are subject to
the same predation pressures as other similar-sized fish.
Mortality over the first 2 weeks after stocking can be high,
and a large proportion is thought to be due to predation,
northern pike (Esox lucius) being the dominant predator.
Here we test if walleye fall fingerlings can be trained to
recognize pike odor, thereby satisfying the first three condi-
tions outlined above.

Following the establishment of the potential for recogni-
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tion training, there remains the significant logistical problem
of developing a mechanism of training walleye on a scale
typical of fisheries stocking programs. Whereas laboratory
studies typically train fish on an individual-by-individual ba-
sis, the state of Minnesota alone stocks 1.2 million walleye
fingerlings annually. To be a practical tool for fisheries man-
agement, the method of recognition training must be simple
and rapid, and not demand additional facilities or personnel
(i.e., inexpensive). This is the fourth condition for the suc-
cessful implementation of predator-recognition training in
fisheries management.

In the second part of this study, we attempted to train a
whole population of yellow perch, Perca flavescens (as a
surrogate for walleye), by applying alarm cues and pike
odor directly to the small lake in which they lived. Perch
are an appropriate surrogate for walleye because both pos-
sess percid club cells in the epidermis (darters, Smith 1982;
walleye, Wisenden 2003; perch, Shireen Alemadi and Brian
Wisenden, Minnesota State University Moorhead unpub-
lished data), which are a likely component of alarm cues in
the Percidae.

Materials and methods

Walleye training experiment

Approximately 200 juvenile walleye were obtained from
Axberg Pond, a walleye rearing pond located in western
Minnesota near Moorhead (46°50’N, 96°10’W). Fish were
transferred to the aquatic research facilities at Minnesota
State University Moorhead (MSUM) and held in four 570-L
holding tanks (88 cm x 75 cm x 82 cm high) at 21 °C. Each
tank was fitted with two biological filtration columns, and
partial water changes (about 15% of tank volume) were
conducted weekly. Walleye were fed fathead minnows pur-
chased from a bait dealer.

Ten test aquaria were set up in two rows along one wall in
a room in the MSUM aquatic-research facility. Test aquaria
were 190 L in volume (91 cm x 46 cm x 48 cm high) with a
thin layer of naturally colored gravel and a large-capacity
power filter hanging on the outside of the short pane. A
sponge filter in the center of the tank received two tubes of
airline tubing; one delivered compressed air, while the other
served as a means by which chemical stimuli could be
injected surreptitiously. A grid with cell dimensions of
10 cm x 10 cm was drawn on the front (long) viewing pane
to be used for scoring vertical distribution and activity (de-
scribed below). The outer surfaces of the back and sides
were painted blue to preclude visual contact among fish in
the test aquaria. The solid appearance of painted glass
seemed to promote a sense of security in walleye and help
them adjust to captivity. Dim ambient lighting also helped
walleye adjust to captivity. Room lighting was limited to two
partially shaded 25-W floor lamps. We placed three juvenile
walleye in each test aquarium. We found that social inter-
actions among a group of three stimulated activity and nor-
mal foraging behavior. Normal feeding on fathead minnows
commenced almost immediately after the walleye were net-
ted and transferred from the holding tanks to test aquaria,
but resumption of normal swimming activity required about
a week of acclimation to the test tank.

Chemical alarm cues were collected from 17 juvenile
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walleye (total length (TL) = 18.7 = 0.62 cm (mean + SE).
Each fish was killed humanely by cervical dislocation with a
knife blade and measured, and skin fillets were removed
from each side. The skin fillets were measured (length and
average width) to calculate the area of skin removed, and
placed in a beaker of chilled dechlorinated tap water. A total
of 1006.06 cm? of walleye skin was collected from the 17
walleye. The fillet area collected per fish was 59.1 + 4.8 cm?.
A kitchen hand blender was used to rupture percid epidermal
club cells and simulate the release of chemical cues during a
predatory attack. The resulting solution was filtered through
a loose wad of polyester wool to remove scales and connec-
tive tissue and diluted to a final volume of 1200 mL.
Aliquots of 60 mL were frozen at —20 °C until needed. At
the same time, we froze 60-mL aliquots of blank dechlor-
inated tap water that had been passed through a wad of poly-
ester fiber. Each 60-mL dose contained 50 cm? of walleye
skin, approximately equivalent to one donor fish.

Predator odor was collected from a northern pike (TL =
50.6 cm) collected from Boyer Lake, Minnesota (46°52'N,
96°03 "W). The pike was held for 7 days in a 75-L aquarium
containing dechlorinated tap water. Tank water was removed
in 120-mL aliquots and frozen at —20 °C until needed.

Each group of three fish was tested twice. On the first
(conditioning) day, walleye were given 120 mL of pike
odor + 60 mL of water (control treatment) or 120 mL of
pike odor + 60 mL walleye skin extract (experimental treat-
ment). These trials served to (i) test for preexisting recogni-
tion of pike odor as dangerous (control treatment) and
(i) determine if walleye respond to injury-released alarm
cues with antipredator behavior (experimental treatment).
Ultimately, the first trial provided walleye the opportunity to
associate alarm cues with pike odor. After each batch of
conditioning trials was completed (several hours), tank water
was siphoned out of each tank until just the backs of the
walleye were exposed (a depth of about 5 cm). Each test
tank was immediately refilled with fresh dechlorinated tap
water. Thus, test stimuli were mostly removed from the test
tank, and any cues that remained were greatly diluted. We
did not capture the walleye and move them to a new tank to
completely exchange the water because walleye become
highly stressed when handled. This stress may have inadver-
tently caused walleye in control trials (pike odor + water) to
associate pike odor with the stress of handling. On the sec-
ond (test) day, about 2-5 days later, each group of three
walleye was retested with 120 mL of pike odor alone. This
trial tested for a learned association between pike odor and
predation risk. We predicted that walleye previously exposed
to walleye skin and pike odor would now recognize pike
odor as an indicator of predation risk, whereas control
walleye would continue to be indifferent to pike odor.

Most trials were conducted in the morning (0700-1100),
when walleye were most active. Activity was scored as the
total number of grid lines crossed by the three walleye. Ver-
tical distribution was recorded by noting which of the four
horizontal zones each fish occupied at 10-s intervals over the
10-min observation period. Vertidal distribution ranged from
a maximum value of 720 (all fish on the bottom for the en-
tire observation period). We recorded activity and vertical
distribution for 10 min (prestimulus observation period).
Then, for 90 s, we injected test stimuli. Behavioral recording
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resumed for another 10 min (post-stimulus observation pe-
riod). After a batch of test trials was finished the fish were
killed by cervical dislocation with a knife blade and mea-
sured. To clean test tanks, we stirred the gravel to suspend
fecal pellets and drained all the water by siphon.

We used Wilcoxon-Mann—Whitney tests (Siegel and
Castellan 1988) to compare the magnitude of behavioral
change between the treatments, followed by Wilcoxon’s
matched-pairs signed-ranks tests to test for deviation from
zero for individual treatments (Siegel and Castellan 1988).
We used one-tailed probability distributions because dozens
of previous studies had indicated that antipredator behavior in
response to chemical alarm cues is manifested as a reduction
in activity and movement to the bottom (for reviews see Lima
and Dill 1990; Chivers and Smith 1998; Wisenden 2003).

Field population training of yellow perch

This experiment was conducted in Deming Lake, Minne-
sota (47°10°N, 95°10’W), within the boundaries of Itasca
State Park. This lake is 5.5 ha in area and contains yellow
perch, pumpkinseed sunfish (Lepomis gibbosus), fathead
minnows, northern redbelly dace (Phoxinus eos), golden
shiners (Notemigonus crysoleucus), blacknose shiners
(Notropis  heterolepis), brook stickleback (Culaea
inconstans), lowa darters (Etheostoma exile), and black bull-
head (Ameiurus melas). Large piscivorous species are not
known to occur in this lake.

Alarm cues of perch were prepared by killing 28 perch
(TL = 7.98 + 0.81 cm) by decapitation and removing skin
fillets from each flank. A total of 271.25 cm? of perch skin
was collected and placed in well water resting on a bed of
ice. A conventional kitchen hand blender was used to rup-
ture percid club cells and simulate the release of chemical
cues due to a predatory attack. The solution was diluted to
2700 mL and filtered through a wad of polyester wool. The
concentration of perch skin extract was 0.1 cm? of skin per
I mL of solution.

We prepared pike odor from a northern pike (TL =
38.6 c¢cm) seined from Lake Itasca, Minnesota (47°13'N,
95°12’W). The pike was placed in a 75-L aquarium for
3 days to allow dietary cues to pass out of the pike’s gut
(Mathis and Smith 1993b). The water was replaced with
37 L of fresh lake water and another 3 days were allowed to
pass. We used this aquarium water as pike odor.

The experiment compared the numbers of fish captured in
minnow traps scented by sponge blocks soaked in either water
(control), pike odor (predator odor), or perch skin extract
(chemical alarm cues). We used conventional cellulose kitchen
sponge (unscented) cut into cubes (2 cm x 2 cm x 3 cm) that
could hold 5 mL of test stimulus. Thus, each sponge holding
perch skin extract contained the equivalent 0.5 cm? of skin.
On the first day of the experiment we set 45 traps around the
perimeter of Deming Lake. We set the traps in groups of
three, each trio containing one of each stimulus type. The
three traps in each group were placed in the water simulta-
neously, then we waited 5 min before setting the next trio.
Traps were left in the water for 2 h, after which we pulled
trios individually at 5-min intervals. This protocol main-
tained a constant fishing time of 2 h for every trap and pro-
vided 5 min per trio to process the catch.
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Fig. 1. Median (+ quartiles) walleye (Stizostedion vitreum) activ-
ity before (open bars) and after (hatched bars) the introduction
of test stimuli. On the training day, walleye received pike (Esox
lucius) odor plus either water (control) or walleye skin extract
(alarm cues). On testing day, the same walleye were retested
with pike odor only (*, P < 0.05; ns, nonsignificant, P > 0.05.)
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We waited 3 days and then placed 60 pairs of scented
sponges around the perimeter of the lake at intervals of about
5 m. Sponges were attached together in pike odor — perch
alarm cue pairs. Sponges were larger for the second day of the
experiment. Sponge blocks (2.6 cm x 2.6 cm x 3.9 cm) were
each infused with 15 mL of skin extract, thus holding the
equivalent of 1.5 cm? of perch skin area. Sponge blocks hold-
ing pike odor were 3.5 cm x 3.5 cm x 3.8 cm and each held
30 mL of pike odor. These sponges were left in the lake for
2 h. After another 4 days (7 days since the first trapping experi-
ment), we reset 45 traps in trios as before, with sponge blocks
of the same dimensions as on the first day. Trap trios, as be-
fore, contained either water, pike odor, or perch skin extract.

We used Kruskal-Wallis one-way analyses of variance
(KW) to test for differences among sponge treatments fol-
lowed by post-hoc a-adjusted pairwise comparisons among
treatments (Siegel and Castellan 1988).

Results

Walleye training experiment

Upon first exposure to pike odor, walleye given pike odor +
walleye skin extract (alarm cue) decreased activity signifi-
cantly more than walleye given pike odor + water (Wilcoxon—
Mann—Whitney test, z = 2.821, P = 0.002; Fig. 1). A compar-
ison of activity before and after introduction of stimuli
showed no change for walleye given pike odor + water
(Wilcoxon’s matched-pairs signed-ranks test, T+ = 78, n =
15, P = 0.165) but a significant decrease for walleye given
pike odor + walleye skin extract (T~ = 119, n = 15, P <
0.001; Fig. 1). Walleye in both treatments increased vertical
distribution (time near bottom) (pike odor + water: T+ = 96,
n = 14, P = 0.002; pike odor + walleye skin extract: 7+ =
80, n = 13, P = 0.007; Fig. 2), suggesting a general appre-
hensiveness in response to novel stimuli. Vertical distribution
did not differ between treatments (z = 0.29, P = 0.386).
Overall, walleye did not respond strongly on first exposure
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Fig. 2. Median (+ quartiles) walleye vertical distribution (i.e.,
which of the four horizontal zones each fish occupied at 10-s
intervals over the 10-min observation period) before (open bars)
and after (hatched bars) the introduction of test stimuli. On the
training day, walleye received pike odor plus either water (con-
trol) or walleye skin extract (alarm cues). On testing day, the
same walleye were retested with pike odor only (*, P < 0.05; ns,
nonsignificant, P > 0.05).
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to pike odor alone, but did respond to the combination of
pike odor and walleye skin extract.

When retested with pike odor, walleye previously given
pike odor + water did not change activity (7~ =58, n = 15,
P = 0.467); however, walleye previously given pike odor +
walleye skin extract significantly decreased activity (T~ =
113, n = 15, P < 0.001; Fig. 1). The change in activity
differed significantly between the treatments (z = 1.91, P =
0.028). Thus, after a single, simultaneous exposure to pike
odor and conspecific alarm cues, walleye later responded to
pike odor alone in the same way as to walleye skin extract
on the first day — with the antipredator response of reduced
activity. Although vertical distribution shifted in the pre-
dicted direction, there were no statistically significant
changes in vertical distribution for either treatment on the
second day (pike odor + water: T+ =78, n =15, P = 0.165;
pike odor + walleye skin extract: T* = 55, n = 13, P =
0.271; Fig. 2). There was no significant difference between
treatments in vertical distribution (z = 0.145, P = 0.444).

Perch population training in Deming Lake

Upon first exposure to test cues, perch avoided traps
labeled with perch skin extract but gave no indication
that they recognized pike odor as dangerous (KW = 8.59,
P < 0.020; Fig. 3a). The numbers of perch captured in the
three trap types were 127, 125, and 57 for pike odor, water,
and perch skin extract, respectively. Alpha-adjusted post-hoc
pairwise comparisons showed that traps labeled with perch
alarm cues caught significantly fewer perch than traps
labeled with either pike odor or water. Pike-odor- and water-
labeled traps did not differ in perch catches (Fig. 3a). Fol-
lowing seeding of Deming Lake with sponges of perch skin
and pike odor, the response of perch to the test stimuli re-
mained virtually unchanged from the first day of trapping
(KW = 8.16, P = 0.02), with 88, 84, and 16 perch caught in
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Fig. 3. Median (+ quartiles) number of yellow perch (Perca
flavescens) and pumpkinseed (PK) sunfish (Lepomis gibbosus)
caught per trap in Deming Lake, Minnesota, on the first day

(a) and the second day (b) of the experiment. Traps were
scented with either perch skin extract (hatched bars), water (open
bars), or pike odor (stippled bars) (ns, nonsignificant, P > 0.05).
The letters above the bars denote statistical significance in
pairwise comparisons at P < 0.05.
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traps scented with pike odor, water, and perch alarm cues, re-
spectively (Fig. 3b). Simultaneous addition of alarm cues and
novel predator odor did not result in demonstrable acquired
recognition by perch of pike odor as an indicator of risk.
Density of pumpkinseed sunfish was sufficient to test for
a cross-species reaction to perch alarm cues (Chivers and
Smith 1998; Pollock et al. 2003) and the potential of a
learned association of predation risk with pike odor via a
cross-species alarm cue. On first exposure, pumpkinseed
sunfish did not show differential catch numbers based on
chemical stimuli in each trap (KW = 1.43, P = 0.488). On
the first day, 316, 320, and 229 sunfish were captured in
traps labeled with pike odor, water, and perch skin, respec-
tively (Fig. 3a). After the lake was seeded with pike odor
and perch alarm cues, sunfish on the second exposure con-
tinued to ignore both perch alarm cues and pike odor (KW =
0.74, P = 0.691). We caught 162, 176, and 129 pumpkinseed
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sunfish for pike odor, water, and perch alarm cue treatments,
respectively (Fig. 3b).

Discussion

We succeeded in establishing the potential for predator-
recognition training of hatchery-reared walleye (conditions
1-3 above), but we did not succeed in demonstrating a
method for implementing it on a large scale (condition 4
above). Juvenile walleye in our study used chemical cues for
assessing predation risk, did not have a preexisting genetic
template for recognizing pike odor, and used alarm cues to
acquire recognition of pike odor as an indicator of predation
risk. Therefore, there exists the potential to train hatchery-
reared walleye to recognize significant sources of predation
risk before they are stocked into established fish communi-
ties. Through predator-recognition training, predator-naive
hatchery-reared fish gain some of the survival skills nor-
mally acquired in the wild. This, in turn, could lead to better
post-stocking survival of walleye, improve the cost-
efficiency of stocking programs, enhance fishery quality, and
stimulate economic benefits associated with it.

Several hatchery-reared salmonid species are able to ac-
quire predator recognition through releaser-induced training
(rainbow trout, Brown and Smith 1998; chinook salmon
(Oncorhynchus tshawytscha), Berejikian et al. 1999; brook
char, Mirza and Chivers 2000). Antipredator behavioral re-
sponse to predator odors translates into survival benefits
when trained hatchery-reared fish encounter predators
(Berejikian et al. 1999; Mirza and Chivers 2000). Our study
is the first to apply recognition training to a hatchery-reared
percid game species.

To our knowledge, our data represent the first field dem-
onstration of perch avoidance of conspecific alarm cues;
thus, this study provides an important field verification of
earlier laboratory results (Mirza et al. 2003). This is also the
first field test for a response to predator kairomones. Be-
cause we were able to detect avoidance of perch alarm cues,
it seems likely that we would have detected avoidance of
pike odor if acquired recognition had occurred. We cannot
say from our data whether our inability to detect an effect
was caused by inadequacies in the method of training (seed-
ing), in the method of testing (scented traps), or both. We
can only speculate whether predator recognition may have
been achieved with a more intensive seeding of alarm and
predator cues. We added a total of 1.8 L of pike odor and
75 cm? of perch skin (equivalent to slightly more than eight
perch) distributed along about 300 m of shoreline.

Pumpkinseed sunfish in Deming Lake have never shown
any response to chemical alarm cues from either conspecific
sunfish (Jennifer Dehn, University of Minnesota, and
Brian Wisenden, Minnesota State University Moorhead, un-
published data), heterospecific fathead minnows (Wisenden
et al. 2003), or perch (this study). Centrarchid populations in
other locations exhibit alarm reactions to alarm cues (e.g.,
Brown and Brennan 2000). We do not know why Deming
Lake pumpkinseed sunfish appear to be unresponsive to these
cues.

An alternative mechanism for recognition training is to
seed the holding tanks used to transport walleye from the
rearing ponds (or hatchery) to the destination lake. Holding
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tanks have a relatively small volume and would require less
alarm cues and less effort to achieve predator-recognition
training. We are currently testing this method.

Another possible mechanism for mass training is to re-
lease a predator into the rearing pond a few weeks before
harvest of the fingerlings. Previous work has shown that
predator introduction causes chemical and visual recognition
of the predator by entire populations of minnows in 1 week
to a few weeks (Chivers and Smith 1995; Brown et al.
1997). Assuming that a large pike would not survive over
winter in a small pond, predator stocking a week or two be-
fore walleye harvest might be an effective approach to trans-
fer predator recognition to juvenile walleye. The loss of
fingerling walleye to a single pike over a few weeks would
be small compared with the potential increase in survival of
remaining walleye once they were stocked into a large lake
with a large pike population. There is inherent risk in this
approach in that mild winters allow large fish in rearing
ponds to survive to the following season. The resulting
carry-over significantly reduces rates of harvesting walleye
fingerlings.

Releaser-induced predator-recognition learning is a widely
occurring phenomenon among taxa ranging from Platy-
helminthes (Wisenden and Millard 2001) to Arthropoda
(Wisenden et al. 1997), fishes (G6z 1941; Magurran 1989;
Chivers and Smith 1994), birds (McLean et al. 1999), and
mammals (McLean et al. 2000). The flexibility of this learn-
ing paradigm allows prey to adapt to predation landscapes
that shift over ecological time and space. The application of
this powerful ecologically selected learning mechanism to
enhance resource management holds much promise for any
species reared in a predator-free environment and later re-
leased into the wild. The outstanding challenge to this
method is streamlining the logistics of the training process
to accommodate the large numbers of animals typically in-
volved in resource-enhancement programs.
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