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structure of synthetic magnetite (Fe30 4 ) (ref. 3). It should 
be noted, however, that while the reduction of the magnetic 
moment on heating in synthetic magnetite is caused by 
oxidation to ferric oxide, this is probably not the case with 
4.canthopleura haddoni. 

We also found that the remanence in virgin state of the 
radula was less than O· l per cent of the maximum reman
ence (that is 30 EMU/g) in this material. This negates, in 
our opinion, the speculation that the magnetic material 
might serve as a guidance device for navigation1 • 
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Non-thermal Effects of Microwave 
Radiation on Birds 
MICROWAVE 1·adiation produces .both thermal and non
thermal effects in biological systems1• 2• The thermal 
offect is manifested as a rise in temperature of the 
irmdiated system and is accompanied by physiological 
responses depending on the intensity and duration of the 
field. Non-thermal effects are manifested as changes in 
eellular metabolism caused by both resonance absorption 
and induced EMFs and, when neural structures are 
involved, are often accompanied by a specific behavioural 
response. An important difference between thermal and 
non-thermal effects is in the matter of time scale. Chickens 
oxposed to a "slightly thermal" microwave field (20-50 
mW/cm") respond with an escape or avoidance reaction 
within a few seconds of the onset of radiation•. 

The rapidity and compelling nature of this reaction led 
us to investigate microwaves in relation to the bird strike 
problem whieh is now roaching serious proportions in 
airline operations. Experiments are being conducted to 
determine the effectiveness of microwave radiation as a 
means of deterring birds from feeding in the vicinity of 
11,irport runways and of dispersing birds from commercial 
flight lanes. 

The physiological correlates of this behavioural pattern 
have been studied to develop the escape reaction further 
and to determine tho most effective form of microwave 
field. Experiments were conducted on three species of 
chickens using a 9·3 Gc/s microwave generator pulsed at 
416 p.p.s. with a pulse width of 2·3 µsec. Peak power 
int,o thfl horn antenna is 94 kW and the average power is 
correspondingly 90 W. The field intensity in the calibrated 
test cage at a level 6 in. above the floor is set at 46 mW /cm 2 

(average value). 
The general pattern of behaviour of both young and 

fully grown chickens in the test cage is as follows. At the 
onset of radiation the wing outside the field of radiation 
becomes collapsed and the opposite wing is extended. A 
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similar phenomenon is observed with the legs. The 
chickens incline their heads so that the eye closest to the 
field of radiation is oriented to the field and the sagittal 
axis of the head is kept in line with the appropriate axis 
of the body. The bird turns down to the outside of the 
field following this axis of the body. It is apparent that 
in this turning reaction the outer side of the animal is 
paralysed and on reaching the floor of the cage the reaction 
is manifested by increased extensor reaetion of the inner 
(field) side and the head is turned to face the centre of 
the field. 

On occasions this pattern of behaviour has not occurred 
and the following observations have been made. It seems 
that some animals present a hyperactive side. When these 
animals are radiated with the weak side facing the centre 
of the field they rapidly orient themselves to present the 
strong or hyperactive side to the field. The previously 
described behavioural pattern then ensues. Some birds 
are excited at or before the time of radiation because of 
outside influences, for example, handling, change of cage. 
These animals eontinue to be excited and at the onset of 
radiation move along the field so that one side of the head 
and body will be alternately outside and inside the field. 
Chickens in these conditions either reach a terminal 
state in the experiment by remaining quiet for a fow 
seconds and then collapsing to the corresponding side, or 
in their agitation initiate flight. 

During all these experiment.al procedures we have 
observed that different reactions can be obtained from a 
bird depending on which surface is irradiated. Very 
little or no reaction is detected if tho bird is irradiated 
from below, thereby affecting its ventral surface. When 
irradiated from above, however, a clear distinction has 
b een observed between the distal dorsal and tail regions 
of the animal and the head, and the neck to proximal 
dorsal regions. In the first case, an excitatory effect is 
obtained which can lead to the animal changing position 
or flying. The second case usually ends in a collapsing 
action as previously described. 
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Bacteria-free Culture of 
Oyster Larvae 
LARVAL cultures of many marine bivalve molluscs have 
been maintained through stages leading up to meta
morphosis and the principal requirements are now known, 
particularly for the European oyster Ostrea edulis L., the 
American oyster Orassostrea virginica (Gmelin) and the 
American clam Mercenaria mercenaria (L.). It is common 
experience that cultures may fail unexpectedly and there 
is evidence that bacterial contamination is often the 
cause1 ,a. In this laboratory we have also had inconsistent 
results and sudden mortalities, and have found that 
bacterial counts vary greatly and are often high, even 
when antibiotics are used. Although antibiotics reduce 
the percentage of failures, Hidu and Tubiash3 have shown 
that streptomycin, which is commonly used for this 
purpose, can increase the total bacterial number; its 
beneficial effect is to limit harmful bacteria and to increase 
useful types. The use of antibiotics leads to levels of 
success that would be acceptable in hatchery work, but it 
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