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MATTERS ARISING 
Guidance system for 
pheromone 
orientation in moths 

THE explanation proposed by Kennedy 
and co-workers1 of a new guidance system 
for pheromone orientation contains 
several conclusions inconsistent with 
previous publications: (1) the conclusion 
that "persistent upwind flight requires 
decreases as well as increases in the 
pheromone stimulus" conflicts with the 
behaviour reported for another moth 
Anagasta kiihniella 2, and the persistent 
upwind orientation of flying Drosophila 3, 
walking silk moths4, cockroaches5 and 
grasshoppers6 to uniform and constant 
odours. Possibly the sustained upwind 
flight could not be elicited in Adoxophyes 
orana because the concentration in the 
cloud was too low: "at least 30 times lower 
than the average concentration in the 
plume". 

(2) The hypothesis that zig-zagging and 
casting flight is a programmed function of 
pheromone concentration and that " the 
amplitude of these cross-wind movements 
change(s) inversely with the strength of 
the pheromone stimulus" cannot be 
supported critically by only the anecdotal 
comparison of A. orana flight without 
pheromone against that in a single 
pheromone concentration. Alternatively 
these observations might only be asso­
ciated with the presence or absence of 
pheromone. 

(3) That " zig-zagging and casting flight 
is not a response to loss of pheromone" is 
not adequately supported by noting 
"frequent track reversals inside the 
pheromone corridor". An alternative 
conclusion is that not all turns are elicited 
by the same mechanism. Reversal turns 
not related to a plume boundary have 
previously been reported in other 
insects4'5, but this does not imply that 
turns made specifically at the boundary or 
after a change in the pheromone concen­
tration are not elicited as a stimulus 
response. For example, cockroaches turn 
both at the plume boundary and at irreg­
ular points within the plume 7 . 

An integrated orientation system rather 
than the models discussed by Kennedy 
and co-workers 1 would be more consis­
tent with present information. In an 
integrated system, several factors contri­
bute to the control of the rate and patterns 
of turning, including compensatory turns 
made to correct deviations from the pre­
ferred wind angle, reversal turns made at 
the plume boundaries, stochastic turns, 
and turns initiated internally at a 
regulated frequency if a turn has not yet 
been elicited by one of the previous 
factors. In addition, the concentration of 
pheromone must also regulate the flight 
speed and the preferred wind angle. 
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KENNEDY ET AL. REPLY-The new 
guidance system we proposed is admit­
tedly inconsistent with earlier pub­
lications, not least our own, and was 
therefore not lightly arrived at. Tobin and 
Bell's numbered points are discussed 
briefly below but reference should also be 
made to the full account of this work 
which appears elsewhere1

• 

(1) In the long run some inconsistencies 
will surely turn out to reflect real 
differences between cases. However, for 
the moment note that the only two pub­
lished examples2

•
3 of persistent upwind 

flying-as distinct from walking-in uni­
form odour are anecdotal. Our reason for 
mentioning the non-persistent upwind 
flights in the very low concentration of our 
tunnel-filling pheromone cloud, was exis­
ting evidence from other moths4'5 that 
upwind flight is retarded by high rather 
than low pheromone plume concentra· 
tions. However, we also mentioned non­
persistence in our side 'corridor' 
pheromone cloud, and the concentration 
in that was higher than the average in the 
broken pheromone plume where upwind 
flight was persistent1

• Thus we concluded 
that the non-persistence recorded was due 
to the continuity of stimulation in the 
unbroken pheromone clouds, not the 
concentration. 

(2) The quoted remark did refer only to 
the presence or absence of pheromone, 
but it rested on the non-anecdotal1 finding 
that onset of the pheromone stimulus 
reduced the amplitude of cross-wind 
movements while cessation of the stimulus 
increased it; and, in another flying moth, 
changing the concentration of pheromone 
present has likewise been shown to 
produce an opposite change in ampli­
tude4. 

(3) We expected, but did not find, some 
evidence of pheromone loss inducing 
cross-wind reversal of the flight track by 
Adoxophyes orana. Of course, we cannot 
say it never happens, but we can say that 
the probability of such a reversal increases 
significantly on entering pheromone1

; and 
in another moth cross-wind movements 
had already been shown to lengthen on 
leaving pheromone5

• 

Like Tobin and Bell, we regard this 

guidance system as a highly integrated 
one5

•
6 but go further in regarding the sto­

chastic reversal turns, not as a separate 
class of turn, but as turns initiated inter­
nally at a frequency that is regulated sto­
chastically by the pheromone inputs. 
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Tilt of the central 
gas disk of the Galaxy 

BLITZ ET AL.1 have suggested that the tilt 
of the central galactic gas disk might be 
explained by a bending wave instability 
due to a gravitational interaction between 
the thin gas disk and the central stellar 
bulge. However, the instability theory due 
to Bertin and Mark2 on which this sugges­
tion is based, is inapplicable in the case of 
the central gas disk. For the theory to 
apply, the vertical gravitational forces on 
the gas disk must be due largely to its own 
self gravity with only a small contribution 
from the bulge. The frequency of the 
bending waves of a thin self-gravitating 
disk is then given by2

•
3 (21rGlk)112 where 

l is the surface mass density and k is the 
radial wavenumber of the bending wave, 
yielding the group velocity used by Blitz et 
al. 1 to predict the scaling law for the height 
of the bend (h) as a function of radial 
distance from the galactic centre (,). 

However, the gravitational force 
experienced by the gas disk between r = 
300 pc and 2 kpc is dominated by the stel­
lar potential. The central stellar bulge is in 
fact significantly flattened4 (major and 
minor semi-axes are 2.5 and 1.3 kpc), 
while the stellar disk component (thick­
ness -500 kpc) is not completely negligi­
ble in the central region4. The magnitude 
of the vertical gravitational acceleration at 
height h due to the stellar potential is 
therefore approximately that of an oblate 
spheroid with mass density p* and eccen­
tricity close to unity5, that is, 41rGp*h. 
Whilst the magnitude of the vertical 
acceleration due to the self gravity of the 
bent disk can be estimated2 to be 
211-Gklh. Using p* = 6M0 pc·3 (ref. 6) 
and l = 6M 0 pc- 2 (ref. 7) at r = 1 kcp, the 
ratio of the stellar field acceleration to that 
of the gas self gravity is A/ 1r, where A is the 
wavelength of the bending wave in 
parsecs. Because A - r for the tilt, the 
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