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Abstract Calanoid copepods typically exhibit escape
reactions to hydrodynamic stimuli such as those gener-
ated by the approach of a predator. During the sum-
mers of 2000, 2001 and 2004, two small calanoid
species, Temora turbinata Dana, 1849 and Paracalanus
parvus Claus, 1863 were exposed to a visual predatory
fish, the blenny Acanthemblemaria spinosa Metzelaar,
1919, and their predator-prey interactions were
recorded using both high-speed and standard video-
graphic techniques. Copepod escape reaction compo-
nents, including swimming pattern, reactive distance,
turning rate, and jump kinetics, were quantified from
individual predation events using motion analysis tech-
niques. Among the observed escape reaction compo-
nents, differences were noted between the species’
swimming patterns prior to attack and their response
latencies. Temora turbinata was a continuous cruiser
and P. parvus exhibited a hop-and-sink swimming pat-
tern. During periods of sinking, P. parvus stopped
beating its appendages, which presumably reduced any
self-generated hydrodynamic signals and increased
perceptual abilities to detect an approaching predator.
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Response latency was determined for each copepod
species using a hydrodynamic stimulus produced by a
1 ms acoustic signal. Response latencies of T. turbinata
were significantly longer than those of P. parvus.
Despite some apparent perceptual advantages of P.
parvus, the blenny successfully captured both species
by modifying its attack behavior for the targeted prey.

Introduction

To evade the immediate threat of an approaching
predator, calanoid copepods typically exhibit an escape
reaction. This reaction results from the integration of
several sensory and behavioral characteristics: (1)
degree of sensitivity to stimuli (Fields and Yen 1997,
Lenz and Hartline 1999), (2) latency of response (time
between onset of the stimulus and initiation of the
reaction) (Lenz et al. 2000; Buskey et al. 2002; Buskey
and Hartline 2003), and (3) movement kinetics of the
response, (i.e., escape speed, and acceleration, direc-
tion, and distance traveled) (Buskey et al. 2002; Bus-
key and Hartline 2003). Variations of these sensory
and behavioral traits among copepod species may con-
tribute to differences in escape performance. Further-
more, the importance of individual escape reaction
components will vary with the type of predator.
Copepods exhibit various swimming patterns rang-
ing from continuous to intermittent locomotion. Cope-
pods that maintain a nearly constant frontward motion
have been termed ‘continuous cruisers.” Intermittent
swimmers can be classified as either ‘hop-and-sink’
swimmers, taking brief forward jumps followed by a
short period of sinking when appendage motion ceases,
or ‘cruise-and-sink’ swimmers, characterized by longer
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periods of forward swimming followed by brief sinking
phases (Bainbridge 1952). The pausing of motion dur-
ing intermittent swimming is believed to increase the
perceptual abilities of the copepod by reducing any
self-generated hydrodynamic noise (O’Brien et al.
1989; Bundy and Paffenhofer 1996; Yen 2000; Kramer
and McLaughlin 2001).

Many vertebrate predators, such as fishes, rely on
copepods as a major food source. Fishes possess many
sophisticated sensory systems including vision, hearing,
and a lateral line. The spinyhead blenny, Acanthemb!-
emaria spinosa, has been referred to as a hemisessile
organism, living within crevices of coral skeletons
(Kotrschal and Lindquist 1986; Clarke 1992). Because
the blenny visually detects its prey, the color, size, and
motion of the prey item should significantly affect the
prey’s chance of survival. Small, nearly transparent
organisms are more difficult to see; however, an irregu-
lar or intermittent swimming pattern can counteract
this advantage (Zaret 1980; Wright and O’Brien 1982;
Peterson and Ausubel 1984; Buskey et al. 1993).

A copepod’s success in escaping from visual verte-
brate predators depends on its ability to detect the
attacking predator’s approach and to respond quickly
and effectively. The present study was designed to eval-
uate copepod escape performance in response to the
blenny Acantheblemaria spinosa and to determine the
relative importance of particular escape reaction com-
ponents in response to a visual, vertebrate predator. As
a member of the superfamily Megacalanoidea, Paracal-
anus parvus is believed to possess myelinated sensory
and motor axons which would act to increase the con-
duction speed of nerve impulses (Ritchie 1984).
Temora turbinata belongs to the superfamily Centropa-
goidea, and although this species has not been exam-
ined specifically, Lenz et al. (2000) found the congener
T. longicornis has non-myelinated axons. Thus, we pre-
dicted that the non-myelinated 7. turbinata would have
lower escape success from the blenny, since they
should have longer response latencies.

Materials and methods
Fish and copepod collection and care

Two calanoid copepod species were chosen from the
same habitat, indicating they were acclimated to the
same ambient hydrodynamic regime. Individuals of
both species, Temora turbinata Dana, 1849 and
Paracalanus parvus Claus, 1863, are relatively small
with average prosome lengths <1 mm. The hop-and-
sink swimming pattern of P. parvus may provide a
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perceptual advantage over the continuous cruiser,
T. turbinata.

During the summers of 2000, 2001 and 2004, cope-
pods were collected by towing a 0.5 m diameter,
153 pum mesh net from The University of Texas Marine
Science Institute pier located on the Aransas Ship
Channel (27° 50.3'N; 97° 3.1'W). The net was held
within the stream of an incoming or outgoing tide for
5-10 min, depending on current velocity. Contents of
the cod end were diluted with unfiltered sea water and
returned to the laboratory for live sorting. Under a dis-
secting microscope, adult Temora turbinata and Para-
calanus parvus were isolated using a Pasteur pipette.
The species were kept separately in small glass beakers
containing 0.2 pm filtered sea water and were used
within 1 h of sorting.

The spinyhead blenny, Acanthemblemaria spinosa
Metzelaar, 1919 (Osteichthyes: Blenniidae) was col-
lected from Teague Bay Reef on the northeast coast of
St Croix, US Virgin Islands (17° 48'N; 64° 53'W) in the
summers of 2000 and 2001, and from the northwest cor-
ner of Glover’s Reef (16° 99.5'N; 87° 47.5'W) in Belize
in the summer of 2004. Collection involved anesthetizing
fish with approximately 1 ml of 0.1% quinaldine sulfate
and capturing them within test tubes. Immediately fol-
lowing capture, fish were transferred to aerated jars to
expedite recovery from the anesthetic. They were kept
for up to 1 week in aerated plastic basins before being
transported to The Marine Science Institute. The fish
were split into groups of three or four and maintained
within a flow-through system consisting of 8.3 | aquaria
with continuously flowing filtered sea water pumped
from the Aransas Ship Channel. Water temperature
ranged from 25-28°C. Fish were exposed to a diel 12 h
light:12 h dark cycle and were fed newly hatched Arz-
emia salina nauplii twice a day. Their diet was supple-
mented with natural zooplankton assemblages daily.
Fish were provided shelters crafted from Sculpey® poly-
mer clay which were equivalent in size to 1/8th of a
sphere with a 4 cm radius. These tube-dwelling blennies
were 20-25 mm in total length and they resided within
cylindrical holes (21 mm radius, 25 mm long) at the cen-
ter of each shelter’s curved face. The hemisessile nature
of the spinyhead blenny is amenable to predator—prey
studies. The blenny remains within its shelter, darting
out to attack prey using both suction and ram-feeding
(Clarke 1992; Clarke et al. 2005).

Copepod swimming patterns in the absence
of a predator

Eight groups of five individuals were sorted per cope-
pod species. One group of Temora turbinata was gently
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added to a 23 x 8.0 x4.0cm clear acrylic plastic
chamber filled with 0.2 um filtered sea water. After a
10 min acclimation period, copepod routine swimming
behaviors were recorded for 2 min at 30 frames s~
(FPS) using a Cohu video camera (model 3315)
equipped with a Nikon Nikkor 55 mm lens. The cam-
era was positioned to look through a 2.3 cm slice of the
water. [llumination of this slice was provided by a fiber
optic light above the chamber and a ring of infrared
light-emitting diodes behind the chamber. Video
observations were repeated on the remaining seven
groups of T. turbinata and with all eight groups of Par-
acalanus parvus.

The 2 min recordings were played through a Motion
Analysis VP-110 video-to-digital processor, which digi-
tized the outlines of the observed copepods and sent
the information to a computer at a filtered sampling
rate of 15 FPS. The video-computer motion analysis
system ExpertVision Cell-Trak processed the digitized
images and calculated the swimming speed (mm s™!) of
each of the observed swimming paths. The mean swim-
ming speed of each 2 min observation period was cal-
culated. A grand mean was calculated for each species
by averaging the means of the eight groups of cope-
pods.

Hydrodynamic stimuli

A hydrodynamic stimulus was produced through the
use of an acoustic signal. A Philips PM 5712 pulse gen-
erator produced a single sine wave pulse of 1 ms dura-
tion. The pulse was amplified by an RCA SA-155
integrated stereo amplifier, which allowed adjustment
of the signal’s amplitude before being sent to an 8.9 cm
dual cone audio speaker. The experimental chamber,
rested on a sheet of Plexiglas® placed on top of the
speaker cone. The 1 ms acoustic pulse translated into
the vibration of the experimental chamber and its con-
tents. High-speed video recording at 1000 FPS was per-
formed using a Redlake MotionMeter® model 1140.
The pulse of the signal generator triggered the camera
and marked the onset of the stimulus. Response
latency (ms), the time between the onset of the stimu-
lus and the initiation of the escape reaction, was deter-
mined for each copepod species through slow motion
playback of these high-speed recordings.

Predator—prey interactions

Predator—prey interactions were recorded using both
standard and high-speed videographic techniques. A
Cohu camera (model 3315) with a Nikon Nikkor
55 mm lens was used for standard video recording.

High-speed video was recorded at 1000 FPS using the
Kodak Motion Corder Analyzer SR-3000. The high-
speed recordings were then played back at 30 FPS and
recorded using a Panasonic AG1960 videocassette
recorder. Blennies were transferred within their shel-
ters to a 10.0 x 10.0 x 10.0 cm clear acrylic plastic con-
tainer filled with approximately 800 ml of 0.2 um
filtered sea water for standard video recordings or to a
7.1 x 3.3 x 6.1 cm container for high-speed video
recordings.

For both standard and high-speed video experi-
ments, blennies were starved 20-24 h prior to experi-
mentation. They were allowed 10 min to acclimate
before a group of approximately 100 copepods of a sin-
gle species was added. Predator—prey interactions were
recorded for up to 30 min. Approximately ten interac-
tions were evaluated per replicate to reduce the proba-
bility of analyzing the re-attack of the same copepod.
Ten replicates were performed per species, using ten
different blennies (one trial with each species for each
blenny). Experiments involving the same blenny were
spaced several days apart.

A fiber optic light centered above the experimental
chamber provided illumination for all experiments.
Additionally, the shortened exposure time of the
high-speed recordings required the use of a ring of
infrared light-emitting diodes to provide adequate
dark-field illumination to capture the images. A ruler
was videotaped at the end of each trial to calibrate
distances.

Video analysis

Standard video recordings were reviewed using slow-
motion playback and frame-by-frame analysis. Infor-
mation regarding predation events was gathered and
categorized according to a modified version of Hol-
ling’s (1959) components of predation model, which
can be chronologically summarized as: encounter —
approach— attack — capture — ingestion. During an
encounter, the blenny or the copepod perceives the
presence of the other as indicated by direct contact or
the initiation of an attack or escape motion. Movement
of the blenny towards the copepod was termed the
approach. An attack occurred when the blenny com-
bined this forward motion with the opening of its
mouth and initiation of suction feeding. Copepods
exhibited escape reactions to approaches and to
attacks.

Several components associated with each species’
escape behavior and detection abilities were examined,
including swimming pattern, reactive distance, and
jump kinetics. Copepod swimming behavior in the
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frames immediately prior to a predation event was
classified as one of the following: (1) slow forward
cruising (produced through the beating of feeding
appendages); (2) irregular, fast forward cruising or an
escape jump; and (3) sinking (no beating of append-
ages).

Once an escape reaction is initiated, its kinetics
(direction, speed, acceleration, and distance) may influ-
ence escape success. To analyze the kinetics, high-
speed video recordings of individual escape jumps
were played through the Motion Analysis VP-110
video-to-digital processor. Digitized images were pro-
cessed using the ExpertVision Cell-Trak system. For
each of the observed escape reactions, swimming path,
speed (mm s~!), acceleration (m s~2), and number of
thrusts per jump were calculated.

A second computerized image analysis system,
Nikon Metavue®, was used to quantify the speed of the
blennies as they approached and attacked copepods.
Video segments were converted to digital format, and
blenny approach and attack speeds were calculated by
tracking a point on the blenny’s upper lip through each
video frame. This system was also used to measure
copepod reactive distance (mm) from the blenny and
escape jump distance (mm) from the standard video
recordings. These values may underestimate the dis-
tance traveled throughout an escape reaction since
copepods often jumped out of the recorded field of
view and their escape jumps were rarely perpendicular
to the camera. In a few cases, the position of the blenny
or the direction of the escape jump made it impossible
to quantify copepod reactive distance or jump distance,
respectively.

Statistical analysis

Statistical analyses were computed by Systat software
(v. 11). Interspecific comparisons of mean swimming
speeds of the copepods, reactive distance to the blenny,
response latency to the near-field hydrodynamic stimu-
lus, and blenny attack speed were made using a Stu-
dent’s t test. Statistical analyses were stratified by
blenny to control for variation among individual preda-
tors. Swimming pattern within a species was analyzed
using Pearson chi-square tests.

Interspecific comparisons of escape reaction kinetics
in response to the blenny were performed using multi-
variate analysis of variance (MANOVA), and the same
was done for the escape reaction kinetics in response to
the near-field hydrodynamic stimulus. A two-way
MANOVA was run to compare the kinetics of each
species’ escape reactions between the blenny and the
near-field hydrodynamic stimulus.
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Results
Copepod swimming patterns

Temora turbinata displayed the swimming pattern of a
continuous cruiser while, Paracalanus parvus demon-
strated a typical hop-and-sink swimming pattern
(Fig. 1). Mean (£+SE) swimming speeds of T. turbinata,
1.81 +0.19 mms~!, and P. parvus, 1.83 + 0.17 mm s,
were not significantly different (Student’s ¢ test,
P =0.92). However, the mean (+SE) swimming speed
of T. turbinata was significantly different than the mean
speed of P. parvus during ‘hops’, 3.26 + 0.37 mm s~
(Student’s ¢ test, P =0.005), and mean sinking speed
0.99 & 0.11 mm s~! (Student’s ¢ test, P = 0.004).

Predator—prey interactions

Over 100 interactions were observed between blennies
and each copepod species (Temora turbinata, n = 158;
Paracalanus parvus, n =138). No difference between
species was found in escape success and 79.8 and 78.3%
of encounters resulted in capture for 7. turbinata and

A T. turbinata

B P.parvus

Swimming speed (mm s'1)

14 R v

0 T T T T
0 2 4 6 8 10
Times (s)

Fig.1 Temora turbinata and Paracalanus parvus. Examples of
routine swimming for a 7. turbinata and b P. parvus. Each figure
is based on the swimming path of one copepod over 10 s
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P. parvus, respectively (Mantel-Haenzel Chi-Square
Test, P =0.86).

Temora turbinata and Paracalanus parvus display
characteristic swimming patterns of a continuous
cruiser and a hop-and-sink swimmer, respectively.
Temora turbinata displayed similar swimming patterns
prior to both captures and escapes (Fig. 2a; Pearson
Chi-Square Test, P = 0.23). The majority of all interac-
tions were preceded by slow swimming (Fig.2a). In
contrast, P. parvus escaped significantly more often
when passively sinking prior to attack (Fig. 2b; Pearson
Chi-Square Test, P < 0.0005).

There was no significant difference in reactive dis-
tance between the species (Fig.3; Student’s ¢ test,
P =0.70) and no relationship was found between
reactive distance and the escape speed of the associ-
ated jump (Pearson correlation, r = —0.25). The suc-
cessful escape of Paracalanus parvus was usually
preceded by passive sinking. The average reactive dis-
tance of P. parvus during interactions preceded by
periods of passive sinking (1.85mm, n=17) was
slightly longer than when preceded by active swim-
ming behavior (1.29 mm, n=4; Student’s ¢ test,

100 - .
A T. turbinata mmmm Capture (n = 124)
3 Escape (n=20)

80 -

60 4 -

40 A
g 20
g _
g . [
7]
(=%
S 100]BP. parvus mmm Capture (n = 108)
g 1 Escape (n=24)
7]
o 80 4

*

60 4 =]

40 -

20 4

0 -
Cruise Irregular MNone/Sink
Swim pattern

Fig. 2 Temora turbinata and Paracalanus parvus. Proportion of a
T. turbinata (n = 144) and b P. parvus (n = 132) contacts resulting
in capture or escape while exhibiting a cruising, irregular, or sink-
ing motion prior to attack

P =0.056). Temora turbinata displayed significantly
longer jump distances than P. parvus (Fig. 4, Mann—
Whitney rank sum test, P = 0.045). Swimming behav-
ior of P. parvus did not affect jump distance (Stu-
dent’s t test, P = 0.37).

Blenny approach speed was examined over 20 ms
prior to either capture or escape events. Approach
speeds prior to capture and escape events (n =21 for
both) showed little variation until the blenny was
within 8 ms of the attack (Fig. 5). Blennies that success-
fully captured the copepod rapidly accelerated from a
mean speed (£SE) of 289+ 3.1 mms™' to 1733 +
13.6 mm s~!. Unsuccessful attacks resulted when the
blenny maintained a constant approach speed of
approximately 28 mm s~!. Blenny approach speed was
not correlated with reactive distance (r=0.37 for
Temora turbinata, r = 0.40 for Paracalanus parvus) or
the jump distance (r=0.09 for T. turbinata, r = 0.30
for P. parvus). The blenny exhibited significantly
slower mean (+SE) speeds when successfully capturing
T. turbinata (130.83 +9.56 mms~') versus P. parvus
(22532 +13.66 mms~!) (Fig. 6; Student’s ¢ test,
P < 0.0005).

60

A T.turbinata (n = 18)
50 1 Mean = 1.87 mm

40 A

30 4

20 A

10 A

Percent per category

B P. parvus (n = 20)
50 1 Mean = 1.74 mm

40 1

30 A

20

10 A

] - l |
0.0 1.0 2.0 3.0 4.0 5.0
Distance (mm)

Fig. 3 Temora turbinata and Paracalanus parvus. Distribution of
reactive distances for a Temora turbinata (n = 18) and b P. parvus
(n = 20) when attacked by a blenny
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501 A T turbinata (n=19)
Mean = 7.74 mm
40 |
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Fig. 4 Temora turbinata and Paracalanus parvus. Distribution of
jump distances for a T. turbinata (n = 19) and b P. parvus (n = 21)
when attacked by a blenny

2

—=e—— (Capture average (n = 21)
Escape average (n = 21)

— i

s 2 oo
8 5 8

Mean approach speed (mm s")
8
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Fig. 5 Ancanthemblemaria spinosa. Mean approach speed main-
tained by a blenny prior to capture (n = 21) or escape (n = 21) of the
copepod prey (data for T. turbinata and P. parvus combined), where
0 ms represents the capture or escape reaction of the copepod

The kinetics of successful escape reactions did not
differ between species (Table 1). During escape reac-
tions, Temora turbinata and Paracalanus parvus attained

maximum speeds exceeding 850 and 700 mms ',
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respectively and accelerations exceeding 300 m s~2 for
both species (Table 1).

Hydrodynamic stimuli

The hydrodynamic stimulus elicited escape reactions
by both copepod species. Response latencies for
Temora turbinata were highly variable and ranged
between 3 and 50 ms (Fig. 7a). The majority of escape
reactions (80%) occurred within 30 ms of stimulus
onset. Mean response latency for Paracalanus parvus
was 3.32 + 0.19 ms (Fig. 7b).

Differences between species were also noted for the
escape reactions elicited by the hydrodynamic stimu-
lus. Temora turbinata displayed significantly lower

300
| —e—— P.parvus (n=11)
| —-—=-— T turbinata (n = 10)

250 1

200
150 |

100

Mean attack speed (mm s'1)

50

-20 -16 -12 -8 -4 0 4 8
Time (ms)

Fig. 6 Temora turbinata and Paracalanus parvus. Mean attack
speed exhibited by a blenny prior to capture 7. turbinata (n = 10)
and P. parvus (n = 11). Copepod capture occurs at 0 ms

Table 1 Temora turbinata and Paracalanus parvus—summary of
behavioral components of escape responses to the blenny preda-
tor, Acanthemblemaria spinosa

Component T. turbinata P. parvus Probability
(P)

Maximum 463 (531; 407 (29.4; 0.27
speed (mm s™}) 208-866) 181-721)

Average escape 253 (32.8; 227 (20.0; 0.40
speed (mm s~ 1) 102-519) 97-452)

Maximum 125 (19.8; 125 (13.1; 0.95
acceleration 27-351) 60-326)
(ms~?)

Average 5.7 (0.8; 8.0 (1.0; 0.13
number of 1-12) 1-17)
thrusts

Jump distance 8.9 7.5 0.48
(mm)

Mean values are based on 17 escape jumps for 7. turbinata and 20
for P. parvus. SE and range are in parentheses. Probability (P)
values for differences between the copepod species calculated us-
ing analysis of variance
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Table 2 Temora turbinata and Paracalanus parvus—summary of
100 A T. turbinata (n = 20) behavioral components of escape responses to a near-field hydro-
Mean = 21.10 ms dynamic stimulus
80 1 Component T. turbinata  P. parvus Probability
(P)
%] Maximum 201 (8.0; 318(12.6;  0.00%
speed (mm s~ 1) 108-304) 189-485)
40 Average escape 109 (4.8; 142 (8.1; 0.00*
speed (mms~}) 53-167) 86-259)
Maximum 61 (2.9; 109 5.4; 0.00*
§ 20 1 acceleration 30-123) 62-183)
S (ms™?)
g o ! Average number 3.5(0.4; 2.7(0.3; 0.11
g ihicd B P. parvus (n = 19) of thrusts 1-12) 1-8)
S & Mean = 3.32 ms Mean values are based on 49 escape jumps for T. turbinata and 30
= g0 ] escape jumps for P. parvus with SE and ranges in parentheses.
g 40 Probability (P) values for differences between the copepod spe-
é cies calculated using analysis of variance. Significant differences
60 - @ %0 are indicated with an asterisk (*, o = 0.05)
T 2
40 | 5 Table 3 Statistical comparison of the behavioral components of
e 10 the two copepods in response to blenny and the near-field hydro-
5 dynamic stimulus
20 01t 23456 7 8 80 Component Stimulus Species Stimulus x
Latency (ms) (P) (P) species (P)
0 T T T T T
0 10 20 30 40 50 Maximum 0.00* 0.35 0.00*
Latency (ms) speed (mm s~ 1)
Fig. 7 Temora turbinata and Paracalanus parvus. Distribution of Averadge esca;zel: 0.00% 0-92 0.03%
response latencies for a T. turbinata (n=20) and b P. parvus spee (mm s75) ; 3 ;
Maximum 0.00%* 0.02* 0.01%*
(n=19) to the hydrodynamic stimulus acceleration
(ms™)
Average number 0.00%* 0.38 0.02%*
of thrusts

maximum escape speeds, average escape speeds, and
maximum accelerations than P. parvus (Table 2). In
fact, values recorded for all measures of jump kinetics
in response to the hydrodynamic stimulus were signifi-
cantly lower than those recorded in response to the
blenny (Table 3).

Discussion

Paracalanus parvus exhibits a hop-and-sink pattern of
swimming while Temora turbinata displays a continu-
ously cruising pattern. Paracalanus parvus is captured
significantly more often during bouts of swimming, and
escapes significantly more often when attacked during
periods of sinking. The intermittent locomotion of P.
parvus appears to promote detection of hydrodynamic
stimuli, providing them with a slight perceptual advan-
tage over the continuously swimming 7. turbinata
(Fig. 2b). During successful escape reactions from the
blenny, Temora turbinata and Paracalanus parvus
achieved similar escape speeds, accelerations, and
jump distances.

Mean values are based on 49 escape jumps for 7. turbinata and 30
escape jumps for P. parvus with SE and ranges in parentheses.
Probability (P) values for differences between the copepod spe-
cies calculated using analysis of variance. Significant differences
are indicated with an asterisk (*, o = 0.05)

Prey swimming behavior affects their conspicuous-
ness to visual predators (Zaret 1980; Wright and
O’Brien 1982). Copepod swimming behavior ranges
between continuous and intermittent locomotion.
While irregular swimming patterns may increase an
organism’s probability of being detected by planktivo-
rous fish (Buskey et al. 1993), short pauses within a
smooth pattern of motion may provide prey with brief
moments of invisibility to predators (Kramer and
McLaughlin 2001). Pauses in copepod propulsion also
result in sinking, which decrease the amount of self-
generated hydromechanical noise and enhance their
perceptual abilities (Fig.2b; Yen 2000; Kramer and
McLaughlin 2001).

Although characteristically longer response laten-
cies were measured for Temora turbinata, the short
latencies of Paracalanus parvus did not enhance their
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escape success during predator—prey interactions.
These latencies were measured in response to a hydro-
dynamic stimulus that produced flow disturbances
varying both spatially and temporally from those cre-
ated by an approaching blenny. Within the 8 ms prior
to a successful attack, the blenny rapidly accelerated
from speeds of only 21 to 176 mm s~1. If P. parvus has a
similar response latency (ca. 3 ms) to both the hydro-
dynamic stimulus and the approaching blenny, then P.
parvus would have ample time to detect and respond to
the velocity gradients created by the approaching
blenny. Temora turbinata may have the capacity to
detect an approaching blenny, but had response
latencies > 10 ms to the hydrodynamic stimulus,
thereby reducing their ability to elicit an escape reac-
tion before being caught. This may explain why blen-
nies adopted slower attack speeds during interactions
with T. turbinata. Faster attack speeds were required to
capture P. parvus.

Escape performance of both species was signifi-
cantly reduced when exposed to the hydrodynamic
stimulus further demonstrating the differences in the
flow disturbances created by the hydrodynamic stimu-
lus and the blenny. Significantly different jump kinetics
were measured for Temora turbinata and Paracalanus
parvus. Paracalanus parvus exhibited greater escape
speeds and accelerations than 7. turbinata. However,
in response to the blenny attack, no differences were
noted between the two species’ jump kinetics. This sug-
gests that blennies present a different stimulus to each
species, perhaps a reduced hydrodynamic stimulus
when attacking prey with greater perceptual abilities or
shorter response latencies.

Additionally, copepod species appear to modify
their escape behavior in relation to the stimulus
strength they encounter. A discrepancy between
copepod escape velocities was found for both
Temora turbinata and Paracalanus parvus in
response to the hydrodynamic stimulus and the
blenny. Similarly, Suchman (2000) observed faster
escape velocities by Acartia hudsonica in response to
Cyanea sp. than responding to Aurelia aurita, thus
indicating that Cyanea sp. provided a stronger stimu-
lus than A. aurita. Viitasalo et al. (1998) compared
the escape behavior of two calanoids, Eurytemora
affinis and Temora longicornis, to three hydrody-
namic stimuli: (1) mysid shrimps, (2) juvenile stickle-
backs (fish), and (3) an artificial flow field (siphon-
generated flow field). Eurytemora affinis reacted at
longer distances from mysid attacks than from stick-
lebacks and had higher escape speeds in response to
mysid encounters. Both species displayed lower
escape velocities to the artificial flow field and their
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reaction distances were greater than those prior to
sticklebacks (Viitasalo et al. 1998).

To fully understand the process of predation, it is
necessary to consider predator—prey interactions from
the perspective of both the predator and the prey. Just
as we analyze predation events along certain ‘compo-
nents of predation,” we must examine the individual
components comprising an organism’s escape behav-
ior. Focusing on a single component, e.g., escape speed
or reaction distance, may provide only a partial picture
of the predator—prey relationship. The perceptual and
behavioral components measured here suggested that
both the increased sensitivity to hydrodynamic stimuli
resulting from a hop-and-sink swimming pattern and
the short (3.32 ms) response latency of Paracalanus
parvus enhanced its escape success from a visual, verte-
brate predator. However, the blenny compensated for
these adaptations of the copepods resulting in equal
success in capturing both copepod species equally.
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