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The influence of visual and chemical cues in anti-predator behavior was studied using juvenile black 
rockfish (Sebastes melanops), and cabezon (Scorpaenichthys marmoratus). In a lab experiment, 
the prey, S. melanops, and the predator, S. marmoratus were subjected to four treatments of visual 
and chemical cues. S. melanops spent more time in the eelgrass (Zostera marina), and less time on 
the side with the predator when S. marmoratus was visually present. When a chemical cue of the 
predator was present, the prey spent more time near the walls of the aquariums. This study helps in 
understanding fish behavior, including prey detection and risk assessment.
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Introduction
Responses to predators have often been 

studied in Cyprinodontiformes, Gasterosteiformes, 
and Perciformes (Kelley and Magurran, 2003). To 
detect a predator, fishes use chemical, electrical, 
visual, and sound signals (Sloman et al., 2006). 
In seagrass communities, most fish are carnivores 
(Moyle and Cech, 2004). An example of a predator-
prey interaction among fishes in seagrass habitats is 
juvenile black rockfish and cabezon.

Black rockfish are common from Alaska 
to northern California (Love and Thorsteinson, 
2002). Juvenile rockfish can be found in areas such 
as kelp beds and eelgrass. Z. marina is common in 
seagrass habitats in temperate regions (Moyle and 
Cech, 2004). The eelgrass beds are suitable nursery 
habitats due the abundance of nutrients and shelter 

(Moyle and Cech, 2004).  One important predator 
is cabezon, which feeds on small fish and fish 
eggs (Goodson and Weisgerber, 1988). Cabezon 
generally rest on the bottom but may move up the 
water column (Love, 1996). These predators may 
move slowly but they are also ambush predators 
(Clemens and Wilby, 1949). Small fish, such as 
juvenile rockfish, need to make quick decisions 
about when to escape if a predator is in close 
proximity (Sloman et al., 2006). Using their senses 
allows for the detection of predators and risk 
assessment. Some species can recognize the scent 
of a predator nearby (Evans, 1998). Vision is also 
important for survival, functioning in detection, 
recognition, and habitat selection (Evans, 1998). 

In this study, I hypothesized that the 
response of juvenile S. melanops to S. marmoratus 
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would be stronger when a chemical cue is present 
compared to a visual cue. Juveniles would likely 
spend more time in the eelgrass refuge when they 
are able to detect a predator’s scent, but visual cues 
could have an effect as well. When chemical and 
visual cues are present, S. melanops might become 
more frantic, moving up and down the tank as well 
as keeping away from the edges of the tanks. I also 
hypothesized that the prey would be more active 
when exposed to chemical and visual cues at the 
same time. Combined senses should have a greater 
effect on a prey’s risk assessment of a predator.

Materials and Methods

Species Collection
 In Campbell Cove in Bodega Bay, 
California, 50 black rockfish and four cabezon 
were collected using a seine net. Each species was 
put into 10-gallon tanks covered with 45-gallon 
black trash bags on three sides. This prevented the 
fish from being affected by its surroundings. The 
average fish lengths of juvenile black rockfish were 
measured. Both predator and prey were not fed for 
the entire experiment.

Observation tank set up
 Two 10-gallon observation tanks were set 
up with coverings identical to the holding tanks. 
On the left side of the tank, an artificial eelgrass 
patch with an air stone was placed. Black mesh and 
twenty-two strands of 3/16 inch emerald curling 
ribbon 34 cm in length made up two 17.8 x 17.8 
cm artificial eelgrass patches for each observation 
tank. Each tank also had a 10 x 10 x 30.5 cm glass 
container placed on the right side of the tank, 2.5 
cm from the edge. The container acted as a barrier 
between predator and prey. Seawater from the 
predator tank after one hour with no water flow 
made up the chemical cue. This was kept in 1000 
ml Erlenmeyer flasks an all tanks were maintained 
at 15 °C.

Experimental Design
 Twenty-four fish were randomly assigned 
to one of four treatments individually. At the start 

of each treatment, the prey fish was placed in the 
middle of the tank. The control with no chemical 
and no predator was set up to ensure the fish would 
not react to anything in the tank. In the visual 
treatment, the predator was placed in the glass 
container before the prey was in the tank. In the 
chemical treatment, only 250 ml of the chemical 
cue was present. The visual chemical treatment had 
both the chemical cue and predator present before 
the prey was put in the tank. One tank was set up 
for the control and visual treatments while the other 
was set up for the chemical and visual chemical 
treatments. 
 Each treatment was filmed for approximately 
12 minutes with a Polaroid t730 camera. Data were 
collected every minute for 10 minutes. Horizontal 
location, vertical location, perimeter location, and 
activity levels were recorded. Activity level was 
based on a behavior scale of increasing activity, 
from one to three.

Statistical Analysis
 The data were analyzed in JMP and two-
way ANOVA test was applied. For all tests, the x 
variables were overall treatment and the y factors 
were the percentage of time in horizontal locations, 
vertical locations, and near the tank walls as well as 
average activity level. 

Results

Horizontal Location
 The juvenile black rockfish spent more time 
in the eelgrass when they could see the predator (p 
= 0.0154, Table 1, Figure 1). The treatments with a 
visual component showed that black rockfish were 
in the eelgrass more often compared to the control 
and chemical treatments. There were no significant 
differences in the percent time in free space, defined 
as the space between the eelgrass and the predator, 
among treatments (Figure 2). The prey also spent 
less time on the predator side when they could see 
the predator (p = 0.0160, Table 2, Figure 3). 

Vertical Location
 Black rockfish were often on bottom of 
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confirmation (Hartman and Abrahams, 2000). When 
one source of information is reduced, another cue 
becomes important (Kelley and Magurran, 2003). 
This could mean vision is the primary detection 
source for juvenile black rockfish and chemical 
cues are not heavily relied on, even when lacking 
sight. Another sense could be more important for 
detecting a predator and determining risk. In their 
natural habitat, there are likely chemical predator 
cues everywhere in the water in seagrass beds. 
 The chemical cue could have also lacked 
concentration. Schreckstoffe, or alarm substance 
(AS) is known as a stronger chemical cue for some 
fishes than predator odor (Strombal et al., 2003).  
When prey is injured, the organism can send out 
a warning signal, with responders showing anti-
predator behavior (Kelley and Magurran, 2003). 
Although AS applies to fishes in the superorder 
Ostariophysi, a similar substance could be found in 
rockfish.   
 One behavior that black rockfish did show 
when presented with chemical cues was spending 
more time by the walls. The prey could smell the 
chemical and wanted to escape the area, therefore 
retreating to the edge. In the real world, there are 
no tanks in the ocean. However, other structures in 
the eelgrass environment could serve as shelter, so 
the black rockfish could have been trying to find 
another refuge. Rockfish tend to inhabit areas with 
vertical structures or boulders and crevices (Love 
and Thorsteinson, 2002). The aquarium walls could 
be another form of shelter, utilizing the aquarium 
structure could be an additional safety measure.
 Most juvenile black rockfish did not swim 
up and down the water column actively. This species 
usually spends its time on the bottom, having a 
cabezon present either chemical or visually did not 
change their vertical swimming position. Activity 
did not increase when a predator was present, 
either visually or chemically. The film recordings 
were during the day, when black rockrish are active 
(Love and Thorsteinson, 2002). Being active might 
not be the best behavior to display in front of a 
predator. 
 To expand on this research, other predators 
can be used such as lingcod. Cabezon are not 

the tank despite differing treatments (Figure 4). 
Treatments with chemical and visual cues showed 
similar results to the control. Black rockfish spent 
little time in the middle (Figure 5). They also rarely 
went to the top (Figure 6). 

Perimeter Location
 When chemical cues were present, black 
rockfish spent more time near the aquarium walls 
(p = 0.0343, Table 3, Figure 7). The fish spent time 
near the walls in the control and visual treatments 
as well, but not as much as in the chemical and 
visual chemical treatments. 

Activity Level
 All four treatments showed similar results in 
activity level, with values between 1 and 1.5 (Figure 
8). There were no significant differences among 
treatments with chemical and visual components. 

Discussion
 Overall, juvenile black rockfish spent more 
time using refuge, eelgrass, and away from cabezon 
when visually present. This could indicate the 
greater importance of visual cues in risk assessment 
in the eelgrass environment. The juvenile rockfish 
could respond more when they know they are in a 
high-risk environment using their sight. In contrast, 
they did not respond to chemical cues. The black 
rockfish could have detected the cabezon using 
scent, but determined that they were not in danger 
so did not need to retreat to cover. This could 
explain why the black rockfish responded similarly 
in controls and chemical treatments. In a previous 
study with slimy sculpins as the prey, chemical 
cues from brook trout water signaled the presence 
of a predator but visual cues were used to assess 
threats (Chivers et al., 2001). Prey species may rely 
on eyesight more when calculating risk. However, 
black rockfish were less likely to be on the predator 
side with the combination of chemical and visual 
cues, indicating the use of both senses.  
 Sensing chemicals may also be of secondary 
importance compared to vision. In another 
study, fathead minnows responded more to the 
chemical cue of yellow perch when lacking visual 
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the only predators of juveniles in the eelgrass 
community. A field study can also be done to 
observe prey responses to predator cues in the real 
world. Behaviors shown in laboratory experiments 
may differ from natural environments. Using real 
eelgrass may have a great effect on the results. Prey 
species are also not typically limited to a small area 
to hiding or fleeing

Conclusion
 Juvenile black rockfish spend more time 
in eelgrass habitats when cabezon is visually 
present. More importance appears to be placed 
on visual cues when determining whether to take 
refuge. When a chemical cue was present, the prey 
spent more time at the tank edges. Although this 
experiment was done in a laboratory setting, the 
results did give an indication on prey behavior. This 
study could further expand research on how fish use 
their senses for prey detection and risk assessment 
in seagrass communities.
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Figures and Tables

Figure 1: The time juvenile black rockfish, S. melanops, spent in eelgrass shelter. S. melanops were in the 
eelgrass more during the visual and visual chemical treatments. The letters indicate difference according to 
Tukey results.

Table 1: Sequential (Type 1) Tests for Figure 1. The treatments with a visual component showed 
significant differences.

B B A A



UC Davis | EXPLORATIONS: THE UNDERGRADUATE RESEARCH JOURNAL
Vol. 17 (2015) S. Giger p.7    

7

Figure 2: The amount of time spent between the eelgrass and the predator. S. melanops occupied the free 
space similarly for all treatments.
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Figure 3: The percentage of time spent on the predator side of the tank. The control and chemical 
treatment result were similar while the visual and chemical treatments. The letters indicate difference 
according to Tukey results.

Table 2: Sequential (Type 1) Tests for Figure 3. The treatments with a visual component showed significant 
differences.

A A B B
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Figure 4: The percentage of time S. melanops on the bottom of the tank. The fish were generally on the 
bottom for all treatments.
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Figure 5: The percentage of time S. melanops in the middle of the tank. The fish were in the middle for a 
short amount of time.
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Figure 6: The percentage of time S. melanops in the top of the tank. The fish rarely spent time in the top 
area.
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Figure 7: The time spent near the walls, including the corners. The letters indicate difference according to 
Tukey results.

Table 3: Sequential (Type 1) Tests for Figure 7. The treatments with a chemical component showed 
significant differences

B A B A
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Figure 8: The average activity level on a scale of increasing movement. The value 1 indicated slight 
movement and 3 indicated rapid movement.


