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evidence that sucker in any treatment combination recognized the bass odor alone as a
strong immediate threat (time spent dashing, F325=0.42, p=0.7434). The raw data

collected can be found in Table B.1.

Survivorship experiment

Previously exposing June sucker to the odor of bass fed June sucker (hereafter
referred to as training) resulted in increased survival of sucker when exposed to a bass for
90 minutes. One hundred percent of trained sucker survived the encounter with a bass,
while 82.5 % of naive sucker survived and a predation event occurred in 50% of trials
with naive sucker (Fig. 6). In three of four trials where predation occurred one sucker was
consumed, two sucker were consumed in the fourth trial (Fig. 7). Mean survival of naive
sucker was significantly less than trained sucker (t;=-2.497, p=0.0206). The raw data

collected can be found in Table C.1.
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FIGURE 3. Time spent dashing (mean + SE) by treatment in experiment one. Time spent
dashing was calculated by subtracting pre-exposure from post-exposure values for each
trial. Significance was determined using ANOVA (F3 44 = 15.52, p <0.0001). Letters
above bars indicate significant differences among treatments identified by REGWQ post

hoc mean comparison (p < 0.05).
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FIGURE 4. Time spent freezing (mean + SE) for control and bass treatments in experiment
one. Time spent freezing was calculated by subtracting pre-exposure from post-exposure

values for each trial. Means were compared using a paired t-test (oo = 0.73, p = 0.4713).
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FIGURE 5. Time spent freezing (mean + SE) by exposure history after two and ten days in
experiment two. Time spent freezing was calculated by subtracting pre-exposure from
post-exposure values for each trial. Significance was determined using ANOVA (F3 23 =
6.31, p <0.0021). Letters above bars indicate significant differences among treatments

identified by Tukey post hoc test (p < 0.03).
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DISCUSSION

Incorporating behavior into the study of conservation biology has been a topic of
interest for some time (see Behavioural ecology as a tool in conservation biology, Oikos
77:2). Antipredator behavior, specifically ways to combat native prey naiveté, is an area
that is potentially useful for managers (Shumway 1999; Caro 2007). As captive
propagation programs increase in fisheries management, interest in training hatchery-
raised fish in everything from natural feeding to antipredator behavior has also increased
(Suboski & Templeton 1989; Brown & Laland 2001; Wisenden et al. 2004).

In my experiments I found evidence to support my first hypothesis that June sucker
do not have an innate recognition of bass odor. I saw no difference in the behavior of
sucker exposed to predator odor alone and the control. Naiveté towards a novel predator’s
odor is consistent with other studies (Brown 2003). Hatchery-raised rainbow trout
(Oncorhynchus mykiss) have been shown to be naive to the odor of both cutthroat trout
(Oncorhynchus clarkii) and northern pike (Esox lucius) (Brown & Smith 1998; Mirza &
Chivers 2003). Yet some hatchery raised fish do appear to retain an innate recognition of
a predator’s odor with whom they share a co-evolutionary history. Atlantic salmon
(Salmo salar) have been shown to possess an innate recognition of the danger posed by
northern pike (Hawkins et al. 2007b). Chinook salmon (Oncorhynchus tshawytscha) have
also been shown to possess an innate recognition of northern pikeminnow (Ptychocheilis
oregonensis). Similarly, arctic charr (Salvelinus alpines) were shown to respond innately

to the odor of brown trout (Salmo trutta) (Vilhunen & Hirvonen 2003).
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My second hypothesis, that June sucker produce and react to a conspecific alarm
cue, was also supported by my data. Sucker exposed to June sucker alarm cue alone
exhibited the highest levels of dashing behavior. Production of conspecific alarm cue is
one of the characteristics of the super-order Ostariophysi (Helfman et al. 1997). Suckers
are a member of the ostariophysan super-order; thus my results were expected.

I also found support for the hypothesis that June sucker can recognize conspecific
alarm cue in the odor of a largemouth bass which has eaten June sucker. I saw
significantly higher levels of dashing in fish exposed to the odor of largemouth bass
which had eaten June sucker than in those exposed to distilled water. The amount of time
spent dashing was significantly higher in those sucker exposed only to alarm cue
compared to those exposed to bass odor plus alarm cue. One possible explanation for this
is that the concentration of alarm cue would be much higher in the alarm cue only
stimulus simply because the bass plus alarm cue treatment contains both predator odor
and alarm cue. Concentration of alarm cue may serve as an indicator of the proximity of
the predation event or the threat posed by the approaching predator (Mirza & Chivers
2003; Zhao et al. 2006). If concentration does convey information about proximity or
threat level a stimulus which contains a higher concentration of the alarm cue would be
expected to elicit higher levels of fright response. Hawkins et al. (2007b) found that the
fright response of Atlantic salmon to pike increased as concentration increased. Similarly,
Zhao et al. (2006) found that the fright response of goldfish (Carassius auratus) to pike
odor and goldfish alarm cue increased as the concentration of the stimulus was increased.

My fourth hypothesis, that sucker can learn to associate bass odor with the threat of

predation was also supported by my data. Although my results showed June sucker can
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learn to associate largemouth bass odor with the threat of predation, this association
disappeared by 10 days after exposure. The short length of time that June sucker retain a
fright response to predator odor may be due to a lack of reinforcement of the association.
More research is needed to investigate the effectiveness of coupling chemical cue training
with visual reinforcement of a predation event in increasing the length of retention. The
short retention length makes sense considering the “odor cocktail” in which fish live in
the natural environment. There are a wide variety of odors which would be present at any
given time in addition to the predator odor and alarm cue. It would be not be to the fish’s
advantage to form a permanent association between every odor present and danger after a
single exposure to conspecific alarm cue. Therefore, fish may retain a short association,
and in the absence of reinforcement, the association may disappear.

Examples of learned recognition of a novel predator odor are abundant in the
literature. The length of retention of the learned recognition appears to vary significantly
between species. Rainbow trout have been shown to retain a fright response to a learned
predator odor for 21 days, brook trout (Salvelinus fontinalis) have only been found to
retain an association for 10 days (Brown & Smith 1998; Mirza & Chivers 2000). In many
species that have been shown to learn from alarm cues (ex. Chinook salmon, walleye,
glowlight tetras, goldfish, Atlantic salmon) the duration of association has not been tested
(Berejikian et al. 1999; Darwish et al. 2005; Zhao et al. 2006; Leduc et al. 2007).

Despite the short duration of the association, training June sucker to recognize
largemouth bass odor did increase survival in a later encounter with a bass. The increase
in survival supports my fifth hypothesis: Training sucker to recognize bass odor will

increase survival in a later encounter with a bass. Although statistically significant the
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Table A.1. Data from alarm cue experiment. Stimulus indicates the stimulus
injected during the trial (dh20=control, js=alarm cue, bass= bass odor alone, bjs=
bass odor plus alarm cue). Dashingpre indicates the amount of time where
dashing behavior was observed during the pre-exposure period. Dashingpost
indicates the amount of time where dashing behavior was observed during the
post-exposure period. Dashingdift is the difference between dashingpost and
dashingpre. Freezepre indicates the amount of time where freezing behavior was
observed during the pre-exposure period. Freezepost indicates the amount of time
where freezing behavior was observed during the post-exposure period.

Freezediff is the difference between freezepost and freezepre.
dashing dashing dashing freeze  freeze  freeze

tank date stimulus  pre post diff pre post diff
1 11/11/2007 bjs 0.00 0.00 0.00 0.00 105.81 105.81
2 11/11/2007 js 0.00 22.49 22.49 0.00 166.76 166.76
3 11/11/2007 dh20 0.00 0.00 0.00 130.58 288.16 157.58
4  11/11/2007 bass 0.00 5.78 578 2293 141.24 118.31
1 11/12/2007 js 0.00 43.72 43.72 6743 117.69 50.26
2 11/12/2007 dh20 0.00 5.62 562 7172 167.73 96.01
3 11/12/2007 bass 29.68 31.59 191 191.72 115.85 -75.87
4  11/12/2007 bjs 0.00 21.50 21.50 0.00 144.58 144.58
1 11/14/2007 bass 14.41 15.17 0.76 12.18  200.31 188.13
2 11/14/2007 bjs 0.00 62.38 62.38 0.00 136.76 136.76
3 11/14/2007 js 0.00 81.37 81.37 0.00 123.73 123.73
4 11/14/2007 dh20 0.00 0.00 0.00  20.55 66.72 46.17
1 11/15/2007 bjs 0.00 9.69 9.69 142.77 175.00 32.23
2 11/15/2007 js 0.00 43.02 43.02 13998 160.18 20.20
3 11/15/2007 dh20 0.00 0.00 0.00 234.06 279.37 45.31
4 11/15/2007 bass 0.00 0.00 0.00 0.00 168.47 168.47
1 11/17/2007 dh20 0.00 9.72 9.72 0.00 157.83 157.83
2 11/17/2007 bass 0.00 0.00 0.00 0.00 200.40 200.40
3 11/17/2007 bjs 0.00 0.00 0.00  64.36 17.06 -47.30
4 11/17/2007 js 0.00 38.85 38.85 0.00 167.93 167.93
2 11/18/2007 bjs 0.00 50.60 50.60 11.97  226.75 214.78
1 11/18/2007 bass 0.00 0.00 0.00 10332 233.82  130.50
3 11/18/2007 js 0.00 0.00 0.00 285.70 300.00 14.30
4 11/18/2007 dh20 0.00 0.00 0.00 0.00 227.77  227.77
1 2/5/2008 bass 0.00 2.06 2.06 0.00 275.65  275.65
2 2/5/2008  bjs 0.00 0.00 0.00 5.00 5.00 0.00
3 2/5/2008 js 0.00 5.62 5.62 15.19 14494  129.75
4 2/5/2008 dh20 431 0.00 -4.31 48.55 15496  106.41
1 2/7/2008 js 0.00 73.03 73.03 35.69 195.70  160.01
2 2/7/2008  dh20 0.00 0.00 0.00  36.00 137.60 101.60



Table A.1. continued

date

2/7/2008

2/7/2008
2/10/2008
2/10/2008
2/10/2008
2/10/2008
2/16/2008
2/16/2008
2/16/2008
2/16/2008
3/14/2008
3/14/2008
3/14/2008
3/14/2008
4/18/2008
4/18/2008
4/18/2008
4/18/2008

stimulus
bass
bjs
dh20
bass
bjs
js
bjs
js
dh20
bass
bjs
js
dh20
bass
js
dh20
bjs
bass

dashing

pre

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.34
0.00
0.00
0.00

dashing
post

242
0.00
0.00
0.00
0.00
47.65
0.00
43.10
0.00
0.00
18.87
64.05
0.00
0.00
33.57
0.00
37.52
0.00

dashing
diff
242
0.00
0.00
0.00
0.00
47.65
0.00
43.10
0.00
0.00
18.87
64.05
0.00
0.00
31.23
0.00
37.52
0.00

freeze
pre

0.00
14.69
0.00
120.61
127.72
0.00
2.94
5.50
100.25
232.92
54.15
0.00
66.98
0.00
78.81
30.88
39.49
8.10

freeze
post

94.63
47.47
24.34
187.77
168.15
20.28
45.89
55.64
177.10
295.10
147.08
181.92
124.76
92.55
222.07
140.03
181.49
159.84

freeze
diff
94.63
32.78
24.34
67.16
40.43
20.28
42.95
50.14
76.85
62.18
92.93
181.92
57.78
92.55
143.26
109.15
142.00
151.74
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Table B.1. Data from learning experiment. Time indicates the group (1-4) in which the
trial was run. Trials in group one were run first, group two second, etc. Treat indicates
the number of days since exposure. Exp indicated the stimulus injected during the trial
(bass= bass odor alone, bjs= bass odor plus alarm cue). Dash pre indicates the amount of
time where dashing behavior was observed during the pre-exposure period. Dash post
indicates the amount of time where dashing behavior was observed during the post-
exposure period. Dash diff is the difference between dash post and dash pre. Freeze pre
indicates the amount of time where freezing behavior was observed during the pre-
exposure period. Freeze post indicates the amount of time where freezing behavior was
observed during the post-exposure period. Freeze diff is the difference between freeze
post and freeze pre.

tank

T O SR S R e I I o L B I S S

time

N — = W h W NN W A BN WRR W~ DND~ DN~ —

[N S S S L

date
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/16/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008
7/24/2008

treat
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exp
bass
bass
bass
bass
bass
bass
bass
bass
bjs
bjs
bjs
bjs
bjs
bjs
bjs
bjs
bass
bass
bass
bass
bass
bass
bass
bass
bjs
bjs
bjs
bjs
bjs

dash
pre

0.00
1.85
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

dash
post

0.00
0.00
0.00
0.00
33.07
0.00
0.00
0.00
0.00
0.00
17.01
0.00
0.00
0.00
0.00
0.00
0.00
6.23
0.00
0.00
13.56
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

dash
diff
0.00
-1.85
0.00
0.00
33.07
0.00
0.00
0.00
0.00
0.00
17.01
0.00
0.00
0.00
0.00
0.00
0.00
6.23
0.00
0.00
13.56
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

freeze
pre

23.97
74.13
0.00
2.02
178.90
0.00
79.05
0.00
175.15
115.62
16.98
21.09
50.20
61.75
48.43
31.68
65.96
0.00
21.16
140.77
159.75
14.50
166.05
87.05
255.28
132.65
244.03
202.44
72.44

freeze
post

23.79
76.74
9.91
17.46
200.46
78.49
248.84
209.81
260.03
235.27
179.74
229.70
278.03
289.67
277.84
269.52
91.58
68.74
98.57
242.10
272.68
151.38
276.35
200.00
253.56
167.77
300.00
297.92
199.61

freeze
diff

-0.18
2.61
9.91
15.44
21.56
78.49
169.79
209.81
84.88
119.65
162.76
208.61
227.83
227.92
22941
237.84
25.62
68.74
77.41
101.33
112.93
136.88
110.30
112.95
-1.72
35.12
55.97
95.48
127.17



Table B.1. continued

tank time date
4 3 7/24/2008
4 1 7/24/2008

3 3 7/24/2008

treat
10
10
10
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dash dash dash freeze freeze  freeze
exp  pre post diff pre post diff
bjs 0.00 0.00 0.00 149.66 282.71 133.05
bjs 0.00 0.00 0.00 62.34 19544 133.10
bjs 0.00 0.00 0.00 0.00 16540 165.40
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Table C.1. Data from survivorship. Exphist refers to the exposure
history of the sucker (bjs= bass odor plus alarm cue, bass=bass odor
alone). Bass identifies the specific largemouth bass used in the trial.

day exphist bass trial tank  survived eaten
bass
bass
bass
bjs
bjs
bass
bass
bjs
bass
bjs
bjs
bass
bjs
bjs
bass
bjs
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