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Abstract 

Lockery, Rawlins, and Gray's (1985) study indicated that (a) habituation and 

dishabituation were elicited in the shortening reflex of the medicinal leech by photic and 

electrical stimulation, and that (b) the neural mechanisms that underlie behavioral 

responses, parallels behaviors of the gill-withdrawal reflex in Aplysia calif arnica. 

However, Kristan et al. (1982) and Debski and Friesen's (1985) studies suggest that a 

swimming response can be elicited by electrical stimulation to the specific region of the 

leech. Similar to studies of Aplysia cal~rarnica, the leech demonstrates nonassociative 

learning, including habituation and sensitization, through a variety of behavioral 

responses. Thus, the present study replicated Kristan, McGirr, and Simpson's (1982) and 

Debski and Friesen's (1985) research, to demonstrate (a) habituation and (b) a swimming 

response as a result of electrical stimulation to the posterior area of the leech. As 

expected, a swimming response was elicited when stimulus were presented to the 

posterior region. However, habituation did not occur. 
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Ap/ysia and Leech Habituation 8 

was placed inside the box, which could be easily opened by performing some simple 

action. Once outside the puzzle box, the animal was rewarded. By carrying out numerous 

trials, Thorndike was able to examine operant learning in the form of the learning curve: 

the curve declined quite gradually as the learning process proceeded. This learning curve 

suggested that the animals learned to escape in small increments, with no evidence at all 

of understanding or insight. 

Later, B.F. Skinner extended Thorndike's findings by devising a procedure in 

which the instrumental response could be performed repeatedly and rapidly. This was 

done by employing the use of an experimental chamber, or Skinner box, in which a rat 

pressed a lever or a pigeon pecked at a lighted key. Unlike Thorndike's puzzle box, the 

Skinner box allowed the animal to remain in the presence of the lever or key for an 

extended period of time, while choosing the rate at which it conducted the preferred 

action. 

Habituation and sensitization are examples of non-associative learning, in which 

an organism learns that significant associations do not always exist between events; 

events may be unrelated or irrelevant. Habituation occurs when a previously-displayed 

response diminishes, when no reward or punishment follows; this lack of response is not 

a result of fatigue or sensory adaptation. When fully habituated, an organism will not 

respond to a stimulus even though weeks or months have elapsed since the last 

presentation. Sensitization occurs when the response to a harmless stimulus increases, 

when that stimulus occurs after a punishing stimulus. Specifically, sensitization is 

thought to underlie both adaptive, as well as maladaptive learning processes in the 

orgallism. 
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Aplysia californica 

Kandel, the most notable researcher regarding the neural basis of nonassociative 

learning, observed the gill withdrawal of the sea hare, Aplysia. Kandel and his colleagues 

showed that after habituation from siphon touching, gill withdrawal response weakened. 

To restore gill withdrawal once again, a paired noxious electrical stimulus was applied to 

the tail and a touch to the siphon. After this sensitization, a light touch was applied to the 

siphon; Aplysia produced a strong gill withdrawal response. When tested several days 

after the initial trials, this response was still manifested. 

Influenced by the groundbreaking work of Kandel, the Aplysia (sea hare), as well 

as Drosophila (genus of small flies) , Hermissenda (opalescent sea slug), Astacoidea 

(locust), and Acrididae (crayfish), have been the main focus for the study of invertebrate 

behavioral plasticity. In particular, the Aplysia californica has been a useful model 

because of a defensive withdrawal reflex of the mantle organs of this sea hare; a large sea 

slug with a soft internal shell. This simple behavior is illustrated by a well-defined neural 

circuit, which underlies a variety of forms of nonassociative learning. The withdrawal 

reflex studied in Aplysia caltfornica consists of the coordinated contraction of the siphon, 

gill, and mantle shelf in response to tactile stimulation. This reflex is similar to vertebrate 

defensive escape and withdrawal responses, which can be modified by experience 

(Hawkins & Kandel, 1984). 

The siphon is a funnel-like spout that extends from the posterior region between 

the parapodia and is thus, externally visible (Stopfer & Carew, 1987.) The gill is quite the 

opposite, as it is obscured by the mantle shelf, which in tum is covered by the parapodia, 

preventing any external observation (Figure 1.) Due to the anatomical arrangement, 
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siphon withdrawal is easily monitored in freely moving animals; response magnitude in 

this case is typically expressed in tenns of the duration of the siphon withdrawal. The gill 

can only be reliably observed in restrained animals, where the parapodia and mantle shelf 

are withdrawn. Response magnitude in this case is usually expressed in tenns of 

amplitude of gill withdrawal. The significance of the two different response measures 

coincides with the preparations used: siphon duration, unrestrained, freely moving 

animals; gill amplitude, restrained preparations. As expressed by Stopfer et al. (1970), 

these two distinct response measures are useful in behavioral experiments; it has 

generally been assumed that one component of the reflex provides a reliable index of the 

other. 

Thus, in Ap/ysia, habituation occurs when the animal initially responds to a tactile 

stimulus to the siphon by quickly withdrawing its gill and siphon. In some instances, 

reflex responses of the animal are reduced to a fraction of their initial value with repeated 

exposure to a stimulus (Hawkins & Kandel, 1984.) Thus, habituation can last from 

minutes to weeks depending on the number and pattern of stimulations. 

To assess, Pinsker et aI., (1970) conducted a 3-part experiment, which tested the 

neural correlates and mechanisms of habituation and dishabituation of the gill withdrawal 

reflex in Aplysia. 

In their first experiment, Pinsker et aI., examined habituation and dishabituation 

as seen in the behavioral reflex, by the abdominal ganglion of Ap/ysia. This ganglion, 

which offers a number of advantages for cellular neurophysiology, contains a small 

number of nerve cells; all of which are large enough for recording synaptic potentials and 

for direct stimulation with rnicroelectrodes. Similarly, due to their large size, most of 
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potentials, which allows a greater amount of Ca ++ to flow into the tenninal and thus 

enhances transmitter release. 

Long-term sensitization appears to involve changes at the same locus, because it 

is accompanied by an increase in the number and size of active zones at sensory neuron 

synapses speculate that an increase in cAMP levels may trigger these long-tenn changes 

in the sensory neurons in parallel with the short-tenn changes. 

Considerable progress has been made in explaining the neural basis of 

habituation. One explanation researchers have developed holds that one component of the 

siphon duration and gill amplitude provides a reliable index of the other. 

Following the word of Pinsker et al. (1970) and Carew et al. (1979), Stopfer and 

Carew (1987), assessed this hypothesis on restrained animals; the tails were pinned to the 

wax bottom of the aquarium and the parapodia and mantle were retracted to reveal the 

gill. This preparation was used to simultaneously measure the amplitude of gill 

withdrawal and the duration of siphon withdrawal. 

Once restrained, two different experimental procedures were used (a) input-output 

experiments consisted of an ascending series of stimuli, each stimuli was separated by a 

7-minute rest period. A weak electrical stimulus was delivered to the siphon via a silver 

wire electrode to elicit withdrawal reflexes; (b) habituation experiments consisted of a 

series of 10 tactile stimuli to the siphon at a 3D-second interstimulus interval (ISI). For 

these experiments, the siphon was brushed with a soft nylon bristle to evoke reflex 

withdrawals; a nylon bristle was used so that the results could be directly compared with 

previous work examining learning in this reflex. 
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The correlation between gill amplitude and siphon duration, across a broad range 

of response magnitudes of the withdrawal reflex was found by Stopfer and Carew, 

(1987). Specifically, in all experiments, the correlations were statistically significant in 

six out of seven preparation; the response measures of gill amplitude and siphon duration 

were highly correlated. The average correlation across all experiments indicated that 

there was a clear positive covariation between the two response measures. In the second 

series of experiments, habituation of the reflex response was produced by a weak, 

constant intensity stimulus. In all five experiments, significant habituation was evident by 

using either the measure of gill amplitude or siphon duration, t(4) = 19.0 and 11.0, 

respectively, p < .005 in each case. Thus, during a simple form ofleaming such as 

habituation, either of the two response measures appears to provide a highJy reliable 

index of the reflex responses. 

To further assess, Eberly and Pinsker (1984) examined the Interneuron II (lnt II), 

a central pattern generator (CPO) that is located in the abdominal ganglion, which 

spontaneously generates large stereotyped contractions of the gill and siphon. The 

characteristic bursts of synaptic excitation and inhibition in individual siphon and gill 

motor neurons is associated with spontaneous contractions. Thus, Eberly and Pinsker 

(1970) believed that the amplitude of gill withdrawal and the duration of siphon 

withdrawal in response to different stimulus intensities depended on whether an Int II 

burst was triggered. 

Intact Aplysia implanted with cuff electrodes on the siphon nerve were analyzed. 

Specifically, centrally mediated responses of both gill and siphon were examined. Thus, 

siphon stimuli were jets of seawater delivered by a hand-held tube connected to a 
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habituation, retention of habituation, and a number of variables that affect these 

processes. 

Hirudo medicinalis 

The leech, which belongs to the annelids phylum, has been found to habituate to a 

number of different stimuli. Additionally, when localized to the leech body wall, the 

stimuli can evoke a variety of behavioral responses, including bending (contraction from 

stimuli), shortening (abrupt longitudinal contraction), and swimming (the elongation, 

flattening, and undulation ofIeech body); each of these responses may occur alone or in 

combination with others as part of a complex behavioral sequence (Gee, 1913). 

Research in leech neurobiology began with the pioneering work of W. Gee who 

first demonstrated that progressively lesser disruptions of an ongoing ventilator response 

were the result of repetitive presentations of a shadow or a jarring motion. Kaiser 

extended these findings and showed that the rate of habituation to the shadow was 

negatively correlated to the intensity of light. Similarly, Lockery et al. (1985) 

demonstrated habituation of the photic-elicited shortening response and Stoller and 

Sahley (1985) described habituation, sensitization, and classical conditioning of the 

touch-elicited shortening response in the intact animal. In addition to modulating the 

shortening reflex, habituation has been observed to affect more complex behaviors, such 

as the shock-elicited swimming response (Deb ski and Friesen, 1985) and the motor 

response elicited by water current (Ratner, 1972.) 

Although a number of different leech species exist, species of the order Hirudinea 

are considered to be the most advanced annelid, as well as the most common; more 
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allows researchers to characterize movements of the animal over time, to detennine the 

probable sequence of muscle activation during particular behaviors, to measure the motor 

neuronal firing patterns as the intact part of the animal perfonns the behaviors, to 

characterize the neuronal interconnections underlying behaviors in an isolated nerve cord, 

and to con finn observations (Esch & Kristan, Jr., 2002). Furthennore, researchers have 

found motor neuron firing patterns that would produce swinuning (Kristanet aI., 1974), 

shortening (Shaw & Kristan, 1995, 1999), and crawling (Baader, 1997) if that part of the 

animal were still intact. Similarly, researchers have found that the same firing patterns 

were seen in the completely isolated nervous system (Kristan & Calabrese, 1976; 

Eisenhardt et aI. , 2000). 

Similar to the gill-and-siphon withdrawal reflex of Aplysia, the shortening reflex 

of the leech has been the main focus of many researchers, who have suggested that the 

behavioral correlates of such phenomena may actually be habituation and sensitization of 

the shortening reflex (Magni & Pellegrino, 1975). Thus, demonstration of nonassociative 

modification of this reflex could serve to link the cellular studies already in progress with 

behavioral events. Since much of the neural circuitry of the shortening reflex is already 

known, the result would be a well-charted reflex circuit in which to study the neural basis 

of nonassociative learning (Kramer, 1981; Kristan, 1982.) 

Ratner (1972) focused his attention on the responses of movements to repeated 

light onset with the leech species, Macrobdella decora (Ratner, 1972); the same leech 

species that is described by Mann (1962). More specifically, Ratner investigated 

habituation and retention of habituation of responses to these stimuli. 
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Prior to the experiment, Ratner created controlled conditions similar to ones 

described by Lockery et aJ. (1985). For instance, Ratner created temperature-controlled 

chambers in order to overcome the difficulty in reliably eliciting contractions to stimu]i; 

the temperature of each chamber ranged from 20° -21 ° C. Additionally, different levels 

of light onset were used to produce consistent conditions: once placed in temperature­

controlled chambers, the specimens were placed on the floor and were covered at all 

times by a sheet of opaque black plastic; when a beaker containing a specimen was 

moved, illumination from a ruby-red bulb was used. Moreover, Ratner described the 

criterion for a response, habituation, and retention of habituation: the topography of a 

response to light typically consisted of the worm's releasing the anterior sucker form the 

side of the beaker and attaching it in a different 10cation; the criterion for habituation was 

eight consecutive trials with no movement response after which the beaker containing the 

worm was returned to the floor under the black plastic sheet, and another worm in its 

beaker was taken for testing for original habituation; tests for retention of habituation 

were conducted exactly like tests for original habituation (Ratner, 1972). Finally, two 

retention intervals were established for each worm: the first retention test was conducted 

24 hours after original habituation, and the second retention test was conducted 48 hours 

after original habituation. 

In general, the results from Ratner's first experiment demonstrated habituation 

and retention of habituation of responses to light onset. More specifically, the results 

from the habituation phase of the experiment showed that all worms respond initially to 

an increase in the level of illumination, and that the frequency of responses increased 

temporarily from the first to the second block oftrials before gradually decreasing to zero 
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for aU worms (Ratner, 1972). Furthermore, the fact that retention of habituation was 

found over two successive 24-hr. period extends the generality of evidence for retention 

of habituation by annelids, and provided the first evidence of retention of habituation 

with a species of leech. The results also provided clear evidence of retention of 

habituation of responses that were elicited by an increase in illumination for a species of 

annelid. Finally, the results bear on the generality of Ratner's analysis of retention of 

habituation in which retention is assumed to be determined by the strength of the eliciting 

stimulus, where the stronger the eliciting stimulus, the less the retention of habituation. 

According to this view, habituation of responses to light can be retained for 24 hours if 

the light is a moderate or weak elicitor of responses, as in the present study. 

In his second experiment, Ratner studied leech responses to pulses of water 

current and habituation of responses to these stimuli. Additionally, as a further step in the 

investigation of the characteristics of habituation with repeated stimulation, Ratner tested 

two groups of leeches with different intertrial intervals; intertrial intervals (IT!) appeared 

to be a relatively robust variable in studies of habituation including those using annelids 

(Ratner, 1970). 

Overall, the results provide evidence that leeches respond to changes in water 

currents and that the responses were similar in topography to the responses of Dina 

microstoma as described by Gee (1912). That is, on trials early in habituation the worms 

responded by swimming against the water current. 

Lockery, Rawlins, and Gray (1985), who agreed with this demonstration, studied 

the shortening reflex of the Hirudo medicinalis in response to photic stimuli. Lockery et 
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al. (1985) studied four types ofleaming in three separate experiments: short-term 

habitation, long-term habituation, dishabituation, and sensitization. 

In their first experiment, Lockery et al. (1985) distinguished between short and 

long term habituation; short-term habituation was observed at interstimulus intervals (lSI) 

of the order of seconds or minutes, while long-term habituation was observed at 

interstimulus intervals of the order of hours or days (Kandel, 1976.) Moreover, it was 

noted that activity levels could be reduced by storing the animals at low temperatures (5-

7°C); this plan was necessary in reliably eliciting contractions to photic stimuli since 

active animals were less likely to contract than active ones. Thus, animals were studied 

either in stored containers at room temperature or in cold conditions. 

The study indicated the presence of short-term habituation by the decline in the 

number of shortening responses occurring in successive lO-trial blocks. Statistically, 

short-term habituation was demonstrated by the significant effect of blocks, F(3 , 324) = 

47.l5 , p < .001. Storage temperature clearly affected short-term habituation as it was also 

statistically significant, F(3 , 324) = 3.97, p < .01. On the other hand, long-term 

habituation did not occur as there was a steady linear increase in response probability 

over the first 6 days (Lockery et aI., 1985.) 

In the second experiment, Lockery et al. (1985) tested dishabituation at the 

behavioral level focusing on the shortening reflex. Furthermore, electric shock was 

chosen as the dishabituating stimulus as it appeared that the shortening reflex was 

mediated by a fast conducting system; electric shock created a transient longitudinal 

contraction (Framer, 1981). Moreover, demonstration of dishabituation at the behavioral 

level paralleled a previous neural analogue of dishabituation (Belardetti, Biondi, 
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of crests and troughs results from an antero-posterior progression of this contraction cycle 

in successive segments (Kristan, Jr., 1974). 

In investigations of the semi-intact leech focusing on a swimming behavioral 

response, researchers are actually focusing on an ensemble of rhythmically active motor 

neurons, which generate the contractile rhythm of the dorsal and ventral longitudinal 

muscles. This motor neuron ensemble consists of dorsal and ventral excitors and dorsal or 

ventral inhibitors. The excitors cause contraction of the longitudinal muscles in dorsal or 

ventral territories of the body wall via direct excitatory synaptic input. The inhibitors 

cause relaxation of the longitudinal muscles in corresponding body wall territories by 

inhibitory synaptic inputs both to the muscle fibers at the periphery and to the 

homonymous excitors within the segmental ganglion. Thus during the troughs or dorsal 

phase of the segmental swim cycle, an impulse burst of each of four dorsal excitors 

contracts the dorsal body wall longitudinally while an impulse burst in at least one ventral 

inhibitor relaxes the ventral body wall and inhibits the activity of the ventral excitors. On 

the other hand, during the crest, or ventral phase of the cycle, an impulse burst in each of 

the three ventral excitors contracts the ventral body wall longitudinally, while an impulse 

burst in each of two dorsal inhibitors relaxes the body wall and inhibits the activity of the 

dorsal excitors (Kristan, Jr., & Calabrese, 1976). 

Furthermore, Debski and Friesen (1985) conducted an experiment in which the 

body wall flap of the leech was attached to an otherwise isolated ventral nerve cord. 

Therefore, the stimulus was a hght stroke applied repeatedly to this body wall flap. In 

preparing the leech, Debski and Friesen (1985) used a method similar to that of Boulis 

and Sahley (1988): the nerve cord or connective was severed between the head and the 
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On the basis of such recordings, Kristan, Jr. identified 10 cells as motor neurons 

generating the rhythmic swimming movements: five produce dorsal spike bursts, four are 

dorsal muscle excitors and one is a ventral muscle inhibitor; four produce ventral spike 

bursts, three are ventral muscle excitors, and two are dorsal muscle inhibitors. 

Additionally, two kinds of connections were found: excitors of the same set of muscles 

were linked by electronic junctions, and each inhibitor was connected via a central 

inhibitory path to the excitors of the same set of muscles which the inhibitor inhibits 

peripherally (Kristan, Jr., 1974). Overall, Kristan's findings indicate that the bursts in the 

inhibitors make the muscle contractions rhythmic, allowing the leech to swim. 

In the present study I will attempt to investigate these issues further by (a) 

attempting to measure habituation, through repeated electrical stimulation presented at 

different intensities across different locations on the leech and (b) replicating Kristan, 

McGirr, and Simpson's (1982) study to determine if electrica] stimulation to the posterior 

region of the leech produces a swimming response. 

Based on the past studies, I predict that when presented with electrical stimulation 

to the posterior region of the leech, a swimming behavior will occur. Additionally, I 

predict that habituation of the swimming response will occur after repeated stimulation; 

as characterized by a gradual decrease in swimming duration and length, or distance 

covered. Thus, results will reveal: 

1. Consistent with past research, Hirudo medicinalis demonstrate nonassociative 

forms of learning, specifically habituation and sensitization (Kristan et aI., 1982). 

2. Hirudo medicinalis exhibit a pattern of responses to the stimulus trains of 

different intensity at different locations. 
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II. Materials and Methods 

Subjects. Leeches, Hirudo medicinalis, were obtained from a commercial supplier and 

maintained at room temperature (200 e) in cloth-covered glass aquaria, filled with 

approximately 5 cm of non-chlorinated tap water. The leeches were unfed. All 

experiments were performed on intact leeches. 

Apparatus. At the start of the experiment, all animals were maintained in a glass 

aquarium filled with 5 cm of non-chlorinated tap water; the glass aquarium was fitted 

with lined measurements to determine swim length. Leeches were allowed to acclimate 

for approximately one day after arrival. The habituating stimulus was an electrical 

stimulation delivered through tapered electrodes with their tips approximately 1 mm apart. 

A Grass SD 9 stimulator was used to produce 1 ms electric pulses, at 10Hz. To be sure 

that the observed behavioral responses were to electrical and not to mechanical 

stimulation, the electrodes were placed gently on the skin with the stimulator turned off. 

There was usually no response to the electrode placement, and the electrical stimulus was 

delivered about 3s after the electrode made contact. If there was a response to touch, the 

electrical stimulus was delivered about 60 s after completion of the touch-elicited 

response. 

Procedure: After completion of the acclimation period, stimuli were presented at 0.5Y 

gradations, ranging from intensities which did not elicit a response, usually about 3.5Y to 

intensities above which no new behavior could be produced, which was no higher than 

I2Y. After each I ms presentation, ]eeches were observed for I min before the next 

presentation. Similarly, 3 m elapsed between trials; the three trials dictated the area of the 

leech that was stimulated: trial I-posterior, trial 2-middle, and trial 3-anterior. Overall, 
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activity. This swimming response experienced habituation, involving changes in swim 

initiation and swim maintenance. 

One possible explanation for this finding can be drawn from the fact that some 

leeches were more active then others. Although the leeches were tested at the beginning 

to ensure that the observed response was behavioral and not mechanical, there was no 

way to ensure that all leeches, on each trial, did not respond to mechanical stimulation; in 

instances that this did occur, leeches were given a I-minute rest period with the 

electrodes on the leech and then stimulated. 

Another possible explanation lies in the fact that little information is known about 

leech social interactions and patterns of communication. If leeches do possess some 

method of communication, this would clearly alter my finding. However, when trials 

were completed for each leech, they were moved to a separate location to prevent 

repeated stimulation; the observed behaviors and responses did not vary for leeches 

stimulated at the beginning (with other leeches) or leeches at the end (without other 

leeches). 

Throughout the study, most of the responses I observed were expected. However, 

an interesting finding that I can across involved classical conditioning or sensitization 

patterns within leeches. With the repeated presentation of different intensities over a 

period oftime, the swimming behavior did not elicit habituation, but the leeches did learn 

to recognize that the electrodes produced a negative consequence. Thus, at higher 

intensities when stimuli have already been presented multiple times, the leech contracts at 

the slightest touch of the electrodes, without deliverance of a shock. These observations 

parallel many behaviors seen in Aplysia. 
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Specifically, Hawkins, Greene, and Kandel (1998) studied classical conditioning, 

as well as differential conditioning and second-order conditioning of the gill-withdrawal 

reflex. They examined the gill withdrawal reflex in a dissected preparation of Aplysia, 

when it was stimulated with a conditioned tap, controlled by a force stimulator. 

Additionally, an electric shock delivered to the mantle shelf was the uncontrolled 

stimulus; during paired training, the tap began 500 ms before the shock and during 

unpaired training, the interstimulus interval was 2.5 min. 

Their first experiment, which consisted of four groups of animals with 15 animals 

per group, indicated that paired training produced an increase in the response to the tap 

that was most reliable on the final posttest. There was a significant overall difference 

between the groups, F (3,56) = 6.66, p, < .001 and paired training produced a 

significantly greater enhancement of gill withdrawal than each of the other training 

conditions. These results demonstrate classical conditioning of the gill-withdrawal reflex 

(Hawkins et aI., 1998). 

Overall, the study demonstrated that correlations exist between the types of 

learning that occur within Aplysia cal{fornica and Hirudo medicinalis. Similarly, the 

study proves that Hirudo medicinalis follow patterns of responses to stimuli of different 

intensities and presented at different locations. 

Lastly, to make a truly valid argument further research should be conducted with 

both intact and semi-intact leech preparations to determine the types of learning that 

occur. 
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Caption 

Figure I. Anatomy of Aplysia californica. Dorsal view of an intact Aplysia. The 

parapodia mantle shelf have been retracted to allow direct observation. 
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Figure Caption 

Figure 2. Semi-intact preparation. Dorsal view of the semi-intact Aplysia. Ganglion has 

been quartered and pinned in place, while the connectives remain intact. 
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Caption 

Figure 





Ap/ysia and Leech Habituation 50 

Figure Caption 

Figure 4. The neuronal basis of three behaviors in the medicinal leech. A. The three types 

of preparations used to study leech behavior. Intact animals (top), semi-intact preparation 

(middle), and completely isolated nerve cord (bottom). B. A whole-body shortening 

response before and after a touch to the front end. Activity of motor neurons to the dorsal 

(top trace) and ventral (bottom trace) longitudinal muscles as shown by the 

electrophysiological traces. C. Illustration of 12 successive frames of a leech swimming 

from right to left. D. Illustration of left-to-right crawl step. The six drawings show 

essential features of the step. 
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Figure Caption 

Figure 5. The average mean distance covered for all intensities and trials. 
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Figure Caption 

Figure 6. Average mean distance covered for all trials, defined by intensity level. 
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Figure Caption 

figure 7. Average mean distance covered for each intensity level and trial. 
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