
ditioning" auditory signal (sinusoidal 
sound of 0.5 s duration). In order not 
to impair the birds' learning disposition 
by neurosis shocks as weak as possible 
were applied, in both the "training 
phase" and the actual tests. Both 
phases merged since the accompanying 
computer program continuously indi- 
cated the reliability of the learning suc- 
cess achieved. 
The limits of hearing as determined in 
3 pigeons (Fig. 1) coincide rather well. 
The maximum discrepancy between in- 
dividual curves is 15 dB, found at the 
frequencies of 8 and 10 kHz. It must 
be taken into account that each of the 
48 measure points (Fig. 1) is statisti- 
cally significant. The error probability 
(Student's t-test; s. [5], p. 109) was less 
than 2.5% in three cases, in the over- 
whelming majority 1% and less. Com- 
paring the data of previous authors 
(Fig. 2), the correspondence in the gen- 
eral shape of the auditory thresholds 
has to be emphasized: high sensitivity 
around 1-2 kHz, a flat slope towards 
lower tones and a very steep rise of the 
curve up to ~0 kHz, where the upper 
limit of hearing has to be defined. As 
well the comparison with several song 
birds (lit. s. [4]) and the parakeet [1] 
shows a clear similarity. While in these 
the area of maximal sensitivity is 
shifted upwards by about one octave, 
again no substantial auditory activity 
is found at a frequency above 10 kHz. 
Only the study of Harrison and Furu- 
moto [2], gives the lowest thresholds 
of pigeons at frequencies between 2 and 
3 kHz, that is by about 5 dB below the 
results determined here. According to 
the authors own interpretation, differ- 
ences up to 10 dB in the sound intensity 
stated may have occurred, since the ap- 
plied method of operant conditioning 
required free mobility of the pigeon 
within the sound field of the box. 

Summarizing, pigeons do not stand 
back in their absolute hearing sensitivi- 
ty behind other species of birds, though 
the behavioral meaning of vocal utter- 
ances of song birds and parrots must 
be rated considerably higherl The 
sounds involved in social contacts of 
pigeons are produced below 500 Hz. At 
most the offspring's "Nestpiepen" 
covers the range up to the frequency 
of best hearing, not requiring however, 
a sensitivity of such a marked degree. 
An explanation could be offered by an- 
alysing the sounds which are generated 
during flight. It is reasonable to assume 
that other bird species whose range of 
best hearing and of vocal utterances 
correspond, as well might use their 
hearing additionally for flight control. 
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Tranquillizer Reduces Electric Organ Discharge 
Frequency in a Teleost Fish 

B. Kramer 
Zoologisches Institut der Universit/it, D-8400 Regensburg 

One of the difficulties in the develop- 
ment of psychoactive drugs was the 
testing of their behavioural effects. 
Also, the involvement of specific 
neurotransmitter substances (the 

action of which can either be blocked 
or enhanced by centrally acting drugs) 
in the production of behaviour is still 
unclear (cf., e.g., [~]). 
Therefore, a behavioural test was 

looked for which enabled a more pre- 
cise measurement of the effects of psy- 
choactive drugs. A necessary condition 
for this was a stable baseline of the cho- 
sen behaviour before drug administra- 
tion. The most stable neuronally paced 
behaviour known is found among some 
weakly electric fishes such as Apterono- 
tus aIbifrons (Gymnotiformes) with its 
electric organ discharge (EOD) [2]. 
Five fish, obtained from a tropical fish 
dealer, were placed in individual 45-1 
aquaria (26.0 + 0.1 ~ Frequency 
measurements were taken three times 
a day, during the light phase (700 to 
1900 h) when the fish were hiding in 
their porous pot shelters. 
In untreated fish, only small frequency 
fluctuations of unknown cause were 
observed (Fig. 1). On day 2, the tran- 
quillizer chlorpromazine (" Mega- 
phen" Bayer) was added to the aquar- 
ium water (0.125 rag/l). This concen- 
tration caused a significant decrease in 
the attack-, the sexual-, and the nest- 
building activity of the sunfish (Perci- 
formes) [3]. 
Within about 3 h, there was a fre- 
quency drop by a mean of 26.2+ s.c. 
9.6 Hz. This significantly differs from 
each of the previous measurements 
(Fig. 1 ; p < 0.05; two-tailed paired t- 
test). No indication of anaesthesia (cf. 
[2]) was found. 
The drug was removed on day 3, 24 h 
after administration, by totally ex- 
changing the aquarium water. Another 
24 h later, on day 4, the mean EOD 
frequency had nearly recovered. 
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Fig. 1. EOD frequency of Apteronotus albi- 
frons over time. Dashed lines represent + 1 
standard error of the mean of paired differ- 
ences for 5 individuals. Arrow (+): the 
tranquillizer chlorpromazine was added to 
the aquarium water; arrow ( - ) :  chlorpro- 
mazine was removed. Note the frequency 
drop following drug administration. Inset: 
electric organ discharge of A. albifrons 
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The observed frequency change may 
seem small, however, given the high 
baseline stability and the near impossi- 
bility to elicit any frequency change to 
all kinds of stimuli or disturbances in 
this fish [4], except temperature change 
and specific, jamming electric stimuli, 
the change is considerable [2]. In addi- 
tion, jamming stimuli elicited only fre- 
quency increase (up to a few Hz), not 
decrease. 
The present results demonstrate a tran- 
quillizing effect of chlorpromazine also 
for the EOD of high-frequency, high- 
precision electric fish. Interestingly, 
formaldehyde-induced fluorescence 
histochemistry (Falck-Hillarp tech- 
nique) combined with microspectro- 
fluorometry showed that, among many 
other structures, the neurons of the 
medullary pacemaker nucleus which 
commands the electric organ contain 
biogenic amines (catecholamines) in 
the brain of Eigenmannia, a related 
gymnotiform fish [5]. 

The animal model presented here ap- 
pears suitable for the investigation of 
the behavioural effects of psychoactive 
drugs. It offers speed, accuracy and 
simplicity over the more complex etho- 
logical methods, as employed in [3]. 
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Magnetic Field Induced Temperature Change in Mice 

D. Sperber, R. Oldenbourg* and K. Dransfeld 
Fakultfit ffir Physik der Universit/it, D-7750 Konstanz 

The motivation for the present study 
came from the recent observation by 
Gremmel et al. [1]. They found that 
magnetic fields as commonly used in 
N M R  tomography cause sizeable tem- 
perature changes (A T ~  5 ~ in the hu- 
man body. While performing similar 
experiments on mice we also detected 
magnetic field induced temperature 
changes. In addition to the results by 
Gremmel et al. we found a clear rela- 
tionship between the magnetic field 
gradient relative to the mouse and the 
sign of induced temperature change. 
Furthermore we investigated the satu- 
ration of the temperature change in 
magnetic fields up to 8 T. 
Horizontal magnetic fields were pro- 
duced by a superconducting coil con- 
taining a coaxial cylindrical sample 
chamber (diameter 5 cm, length 
29 cm). The magnetic field was parallel 

* Present address: Martin Fisher School of 
Physics, Brandeis University, Waltham, 
MA/02254 USA 

to the axis of the sample chamber. It 
was nearly homogeneous in the center 
of the chamber and showed a field gra- 
dient towards either side of the center 
(Fig. 1, top). The air temperature in- 
side the sample chamber was kept at 
23 • 0.2 ~ during all experiments. 
Experiments were performed on both 
nude mice (nu/nu mouse, BALB/c) and 
coated mice (BALB/e). A mouse was 
mechanically fixed with two plastic 
belts on a plastic ruler. The surface 
temperature of the mouse was mea- 
sured ventrally, dorsally, and at the tail 
using platinum resistance thermome- 
ters (Pt 100). The rectal temperature 
was measured using a thermistor (YSI, 
model 520). All temperature values were 
continuously recorded. After fixing the 
mouse and attaching the thermore- 
sistors, the mouse was located at one 
of the positions A, B or C inside the 
sample chamber as shown in Fig. 1. 
In order to keep the mouse as calm 
as possible the sample chamber was 
darkened and protected from draft. To 

reduce the influence of vibrations and 
acoustic noise the experiments were al- 
ways performed during the night be- 
tween 8 p.m. and 6 a.m. 
Due to the handling and preparation 
before an experiment, the mouse usual- 
ly became excited and its temperature 
increased. After the mouse was located 
inside the sample chamber it took 
about 3 h for the temperature to reach 
its normal value. Afterwards the tem- 
perature of the mouse stayed constant 
within 0.1 ~ for several hours (in 
Fig. 2 from 3 to 5 h for example). Then 
the magnetic field was raised by in- 
creasing the current through the coil. 
A field of 3 T (all given field strengths 
quoted were measured at the center of 
the sample chamber) was reached in 
5 rain. 
The result of an experiment performed 
with the mouse in position B is shown 
in Fig. 2. About 4 rain (not visible on 
the time scale in Fig. 2) after the mag- 
netic field started to increase the rectal 
and dorsal surface temperature of the 
mouse also started to rise. Although 
the magnetic field was kept constant 
at a value of 3 T the temperature con- 
tinued to increase and reached satura- 
tion only 3 h later. On switching off 
the magnetic field (switch-off time 
5 rain) it took 2 h for the temperature 
to return to its normal value. No mat- 
ter where the temperature was mea- 
sured (see caption of Fig. 1) they all 
varied with time in nearly the same 
way. The temperature change at the 
ventral side of the mouse and at the 
tail was measured between the two 
curves given in Fig. 2. 
All mice already react to relatively 
weak fields. A magnetic field of only 
0.4 T induces a detectable increase of 
temperature of 0.45 ~ But the tem- 
perature increase begins to reach satu- 
ration in a magnetic field of 2 T. A fur- 
ther increase of the field from 2 to 8 T 
leads only to a small temperature in- 
crease of about 0.2 ~ 
In all our experiments with the mouse 
kept in position A or B, we observed 
a field-induced increase of temperature. 
However, if the experiment was per- 
formed with the mouse in position C 
we observed a decrease of temperature 
when the magnetic field was moved up. 
In this case, decreasing the field to zero 
led to an increase of temperature until 
the normal level was reached again 
within about 2 h. 
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