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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 
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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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