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Summary

Based on the respiratory reflex as response criterion, the following conclusions may 

be drawn regarding the electrodetection threshold of Scyliorhinus canicula embryos 

and juveniles in uniform electrical a.c. fields of 0.01 to 10 Hz.

1. Dogfish embryos inside egg capsules have a higher detection threshold for 

uniform electrical fields than those hatched. The threshold difference -  about a 

factor of two – can be explained by the resistance of the egg capsule.

2. Dogfish embryos inside egg capsules respond to lower stimulus strengths of 

uniform electrical fields perpendicular to the body axis, than to those parallel with 

the body axis.

3. Longer, and accordingly older, specimens of dogfish juveniles have lower 

electrodetection thresholds to uniform electrical fields than shorter, and younger, 

ones. This finding might support the electroreception enhancement hypothesis, at 

least under uniform field conditions. On the other hand, the non-linearity of the 

threshold-length relationship favours development of the nervous system as a more 

likely cause.

4. Dogfish embryos shorter than 2.5 cm inside egg capsules, and with a yolk sac, do 

not even respond to uniform electrical fields of 600 µV/cm peak-to-peak.

5. Embryos inside the egg capsules, showing respiratory bursts, respond incidentally  

if stimulated with a single 0.3 Hz a.c. cycle and 1.5 µV/cm peak-to-peak  strength.

6. Calculations according to Holzer (1933) predict that the average resistivity of the 

contents of the egg capsule with embryo is 55 Ohm.cm.
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Introduction

The data presented hereafter were collected as a sideline of the PhD project of Nico 

Pals (Pals-N 1982) at the Rijksuniversiteit Utrecht during 2 to 7 November 1979 and 

1 to 12 November 1983. Whereas the main focus of academic ativities during the 

observation period was on teaching practicals and on other research projects, our 

attention was drawn involuntarily to the ongoing respiratory or swimming 

movements of the embryos inside the dogfish egg capsules, which could be 

interrupted by offering external stimuli of different kinds. We wondered if the 

embryos inside the egg capsules were already sensitive to electrical stimuli and to 

what extent.  Although the results of the two weeks of experiments were promising, 

they were not considered adequate for submission to a commercial scientific journal. 

During indexation of the Electroreception collection of Stichting De Traditie, however, 

and after reading the paper of Kempster et al. (2013), we decided  nevertheless to 

summarise the unpublished old data (1979 and 1983) and to make them available 

through Stichting De Traditie's reference series.

Materials and Methods

Dogfish. The animals studied in these experiments were embryos and juvenile 

specimens of the common dogfish, Scyliorhinus canicula. The eggs were delivered in 

the laboratory and were kept in plastic netting inside the main aquarium (about 30 

m3) of the laboratory at temperatures of 14 to 17 ºC. The 8 specimens studied in the 

week of 2 to 7 November 1979 were tested in a small container with recirculating 

water, dimensions 33 x 12 x 8 cm (lwh), for about 2 hours. Two of them were 

encapsulated embryos, 6 hatched juveniles with lengths of 9 to 16 cm. The 5 

specimens studied from 1 to 12 November 1983 were studied in a somewhat larger 

test tank without recirculation, dimensions 50 x 30 x 20 cm (lwh), but provided with 

an air stone for water motion. One specimen was an encapsulated embryo, the other 

four were hatched juveniles with lengths fo 11 to 18 cm. The precise stage of 

development of the animals was unknown.

Observation of responses. Responses of the embryos and juveniles to electrical 

stimulation consisted of interruption of respiratory movements, or of a change in 

respiratory rhythm. Whether or not a stimulus evoked a response, depended on the 

subjective judgement of the observer. During the first experimental week (1979) 

responses were studied by mere visual inspection. During the second experimental 

week (1983) the responses were monitored by measuring the reflection of the 

moving gills with an optical device (figure 1) and recording the reflected signal with 

a Hewlett-Packard oscillographic recorder 7702B.

Figure 1.  Optical sensor to monitor the gill movements of the dogfish juveniles and 
embryos. The plexiglass tube, with a diameter of 8 mm, functions as a light guide, 
illuminating the gills laterally. The gills reflect the light to the phototransistor in the 
tip. Examples of the recording see for instance figure 3 and 8 ff.
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Figure 2. Stimulation electrode designed to generate a uniform electrical field. A 
single silver rod electrode is placed in the closed back compartment; the holes 
drilled in the separation function as a set of distributed current sources. The front is 
covered by plastic gauze in order to ensure an appropriate distance to larger 
dogfish. Dimensions 5 x 17 x 24 cm.

The optical device consisted of a plexiglass tube functioning as a light guide to 

illuminate the gills. A phototransistor mounted in the tip of the tube measured the 

reflected light and delivered a signal stable enough to detect deviations.

Whether or not a response occurred was again to the judgement of the observer.

Stimulation. Uniform electrical stimulus fields were generated by a Wavetek 112B   

function generator, in combination with a custom made current source and two 

types of electrodes, to create uniform stimulus fields. Stainless steel mesh 

electrodes were used in the small container during the 1979 observations. Custom 

made electrodes provided with salt bridges were used in the larger container during 

the 1983 observations (figure 2). The resistivity of the seawater was 30 Ohm.cm. In 

order to find the electrodetection threshold we presented single cycle a.c. stimuli at 

various 'frequencies'. Before offering a stimulus, the amplitude was set, after which 

pressing the single-shot button of the function generator delivered a single stimulus 

cycle (figure 3). The effective stimulus range was found by trial and error, i.e. by 

raising he stimulus amplitude from low to higher values. The inter-stimulus interval 

was kept at about 5 minutes in order to avoid habituation. 

Figure 3. Example of a stimulus and its response from the 1983 experiment. Upper 
trace: changing reflection by gill movements, representing respiratory rhythm and 
response; reflection in arbitrary units. Lower trace: A single stimulus cycle of '0.3 
Hz', and amplitude 250 nV/cm peak-to-peak. The response lasts about 5 s. Time 
scale: 5 mm = 1 s. Modified from figure 10.

During the 1979 experiments only the stimulus values at which a positive response 

occurred were recorded. The average of the 2 to 3 lowest stimulus values were 

considered the detection threshold. Detection thresholds were determined at 

frequencies of 0.01, 0.03, 0.1, 0.3, 1, 3, and 10 Hz. During the 1983 experiment, all 

responses –  both positive and negative – were recorded. The threshold was then 
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defined by that particular value of the stimulus at which the number of negative 

responses exceeded the number of positive responses, or vice versa. The detection 

thresholds were determined at a single frequency only, namely 0.3 Hz.

Calibration. The stimulus field was calibrated by measuring the gradient in the test 

tray with the aid of two silver-silver chloride measuring electrodes, a single silver 

electrode as ground, a PAR 113 B differential pre-amplifier, and a standard 

oscilloscope.

Results

The results of the observation period of 1979 are summarised in figure 4. Each point 

represents a threshold value based on not more than 3 stimulus observations at 

which the experimenter decided to have observed a deviation in the respiratory 

rhythm of the embryo or juvenile, after having raised the stimulus amplitude after 

the absence of a response. Whereas the observations fail to comply with the 

demands of a rigorously designed experimental protocol, they nevertheless show a 

consistent pattern. Responses to stimulation with a uniform electrical field could be 

obtained at stimulation amplitudes  between 1 and 600 µV/cm peak-to-peak. Small 

specimens had higher response thresholds than larger ones, as had the embryos 

inside their capsules compared to those outside the egg capsules. There are three 

frequency curves that deserve special attention. The curves labelled 8Pi and 8Li 

(figure 4 and 5) suggest than a uniform field perpendicular to the body axis is more 

effective that a field in parallel. The curves labelled 8Li and 9Lo  (figures 4 and 6) on 

the other hand suggest that the egg capsule weakens the effectiveness of the 

stimulus field. The graphs of figure 4 also demonstrate that uniform fields are most 

effective in evoking a response in the frequency range of 0.03 to 3 Hz. Above 3 Hz, 

the response threshold rises drastically. 

Stimulation at a frequency of 0.01 Hz gave similar results as stimulation at 0.03 Hz. 

Figure 4. Overview of the respiratory response thresholds of 6 different specimens of  
Scyliorhinus canicula.  The legends have to be read as follows: e.g. 8Pi stands for  8 
cm length, electric field Perpendicular to the body axis, inside egg capsule; 9Lo 
stands for:  9 cm length, Longitudinal field, i.e. parallel with the body axis, outside 
egg capsule.

Because the ascending phase of a 0.01 single cycle stimulus is almost a sawtooth, 

the response occurs before the top of the sinus is reached, provided the stimulus is 

strong enough. And while stimulating with 0.01 Hz singe cycles takes much time, we  

decided to skip the  0.01 Hz stimuli and take 0.03 as the lowest frequency.

Embryos smaller than 5 cm did not respond to electrical stimulation, not even if the 

stimulus amplitude was raised to 600 µV/m. In order to check the validity of the 

enhanced electroreception hypothesis (Kajiura & Holland 2002), the response 

thresholds of the various fish at 0.3 Hz were plotted as a function of length. The 

results plotted in figure 7 show three clusters of data, that seem to support the 

enhanced electroreception hypothesis. The highest thresholds are found for the four 

small embryos inside their egg  capsules. The other four hatched individuals of the 

1979 batch provide further support (except the 16 cm specimen). The four 
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Figure 5. Detail of figure 4:  Response threshold after longitudinal stimulation (8Li) 
and perpendicular stimulation (8Pi). Same specimen inside egg capsule.

Figure 6. Detail of figure 4:  Response threshold inside (8Li) and outside (9Lo) egg 
capsule. The same specimen, two different estimations of length!

Figure 7. Response thresholds of all specimens studied  at stimulus frequencies of 
0.3 Hz and as a function of body length. The data suggest that the older the dogfish 
are, the lower their detection threshold is. In: inside egg capsule. out: after 
hatching.

specimens of the 1983 batch also support the enhanced electroreception hypothesis, 

though less convincingly. One encapsulated embryo of 2.5 cm, did not respond to 

stimuli with amplitudes of even 500 µV/cm peak-to-peak.

Discussion and conclusion.

The data of just two weeks cursory experimenting between practicals and other 

liabilities lead to interesting conclusions. If we take length as representative 

parameter for the developmental stage or age, the response threshold to electrical 

stimuli, which is assumed to be identical to the stimulus detection threshold of the 

central nervous system, decreases with age. Whether this is due to size, and 

consequently to spanning a larger potential difference in the medium, or due to 

development of the nervous system is open to investigation. If the threshold 
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decrease were merely due to size, this would support the electroreception 

enhancement hypothesis (Kajiura & Holland 2002) for uniform electrical fields. The 

non-linearity of the relationship between size and response threshold, however, 

seems to favour ripening and development of the nervous system instead. A pure 

size dependency would result in a simple linear dependency. The frequency 

dependency of the response threshold of embryos and juveniles in uniform fields, 

corresponds surprisingly well to the one of adult specimens (cf. Peters & Evers, 

1985). The single cycle stimulus procedure worked satisfactorily, because it 

simplified the evaluation of the stimulus-response relation. The general picture that 

arises is that inside egg capsules the response threshold is higher than outside. 

Apparently the stimulus is attenuated by the capsule. Calculations according to 

Holzer (1933) predict that the average resistivity of the contents of the egg capsule 

with embryo is 55 Ohm.cm. Also the orientation in the uniform field matters. The 

embryos inside an egg capsule seem more susceptible to stimulus fields 

perpendicular to the body axis, than to 'longitudinal' fields. The longer, or more likely 

the older, the specimen, the lower its response threshold is. 

The stimulus interval of about 5 minutes seemed sufficiently long to avoid 

habituation. Throughout this paper the respiratory reflex or response occurring at 

the weakest electrical stimulation is considered identical with the electrodetection 

threshold. Whether or not this assumption is correct depends on the definitions and 

on the response criterion used. According to Peters et al. (2007) the term detection 

threshold is used rather than the more colloquial sensitivity. The latter term should 

be reserved for the steepness of the I-O curve of the sensory organ.
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Appendix

Hereafter some scanned  copies of the original recordings (figures 8-12) are 

presented. The recording in figure 10 is the original of the recording presented in 

figure 3. In the latter the middle piece was removed to save space.
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Figure 8. Copy of a section of an original recording of the respiratory response of a 
Scyliorhinus canicula juvenile to stimulation by a uniform electrical single cycle a.c. 
field of 0.3 Hz and 100 nV/cm peak-to-peak. Resistivity seawater 29 Ohm.cm, 
temperature 14 oC, length of specimen 11 cm, date 3 November 1983, time 11.10 h 
lt. Upper trace (1): gill movements in arbitrary units. Lower trace (3): stimulus signal.  
Traces 2 and 4: unused marker traces.

Figure 9. Copy of a section of an original recording of the respiratory response of  
Scyliorhinus canicula juvenile to stimulation by a uniform electrical single cycle a.c. 
field of 0.3 Hz and 150 nV/cm peak-to-peak. Resistivity seawater 29 Ohm.cm, 
temperature 14 oC, length of specimen 11 cm, date 3 November 1983, time 11.30 h 
lt. Upper trace (1): gill movements in arbitrary units. Lower trace (3): stimulus signal.  
Traces 2 and 4: unused marker traces.
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Figure 10. Copy of a section of an original recording of the respiratory response of 
Scyliorhinus canicula juvenile to stimulation by a uniform electrical single cycle a.c. 
field of a 0.3 Hz and 250 nV/cm peak-to-peak. Resistivity seawater 29 Ohm.cm, 
temperature 14 oC, length of specimen 11 cm, date 3 November 1983, time 11.20 h 
lt. Upper trace(1): gill movements in arbitrary units. Lower trace (3): stimulus signal. 
Traces 2 and 4: unused marker traces.

Figure 11. Copy of a section of an original recording of the respiratory response of a 
Scyliorhinus canicula juvenile  to stimulation by a uniform electrical single cycle a.c. 
field of 0.3 Hz and 1 µV/cm peak-to-peak. Resistivity seawater 29 Ohm.cm, 
temperature 14 oC, length of specimen 11 cm, date 3 November 1983, time 11.57 h 
lt. Upper trace (1): gill movements in arbitrary units. Lower trace (3): stimulus signal.  
Traces 2 and 4: unused marker traces.
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Figure 12. Respiratory bursts of a Scyliorhinus canicula embryo inside its egg capsule. Temperature 15 oC. Resistivity seawater 29 Ohm.cm. Date: 3 November 1983. Tme: 16.00 h  
lt. Airstone active. Upper trace (1): gill movements. Lower traces (3): no stimulus. Traces 2 and 4: unused marker traces. Time scale: 1 division (mm on paper chart) is 1 s.
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