of anxiety during the procedure and they
had V-A differences of 1.2 and 0.4 ng/ml.
The latter value is toward the lower end
of the range (see Table 1) and is not con-
sistent with a simple relationship be-
tween anxiety and the magnitude of the
V-A difference.

Concerning the degree to which uri-
nary MHPG reflects brain NE metabo-
lism, the following points should be
noted. In addition to MHPG, dihydroxy-
phenethyleneglycol (DHPG) is an impor-
tant metabolite of brain NE (4, /4), and
it is likely that a large fraction of this
product on entering the body pool is O-
methylated to form MHPG. Thus, the
portion of the MHPG that is derived
from DHPG, and therefore from brain
NE metabolism, is not accounted for in
the estimates given here. On the other
hand, some of the MHPG formed in
brain, on entering the body pool, may be
converted to other products such as 4-
hydroxy-3-methoxymandelic acid [‘‘va-
nillylmandelic acid’> (VMA)] and thus
may not appear in urine as MHPG. For
example, one group of investigators
found that after an injection of deute-
rated MHPG into monkeys, 7 percent of
the label was recovered as VMA; in con-
trast, another group found no labeled
VMA in urine during a 24-hour period
after the infusion of PH]MHPG into the
internal jugular bulb of the monkey; and
a third report indicates that in an in-
fant with a neuroblastoma, 27 percent
of an injected bolus of P(HIMHPG was
recovered as [PH]VMA (/5). Also, the
mean P,CO, for the subjects was 33.9 =
1.1 torr, which is below the normal value
of 40 torr, and because hypocapnia
decreases CBF the actual CBF may
have been less than that used to com-
pute MHPG production per brain per
minute.

In future work with humans, measure-
ment of the V-A difference for a neuro-
transmitter metabolite coupled with a di-

" rect measure of CBF should yield infor-
mation on brain neurotransmitter sys-
tems that will be of importance to in-
vestigators from a variety of disciplines.
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Abstract. Research on pigeon homing suggests that magnetic field information is
used for orientation. The ability of pigeons to sense magnetic fields may be associat-
ed with a small, unilateral structure between the brain and the skull which contains
magnetite in what appears to be single domains.

Many homing pigeons are able to find
their way home after being released at an
unfamiliar site. They typically take up an
appropriate homeward flight direction
shortly after release. To do this, the
birds must know where they are with re-
spect to home and be able to judge direc-
tion; that is, they must have both a
““map’’ and a ‘‘compass sense’’ (/). On
sunny days, their compass appears to de-
pend on the sun since clock-shift experi-
ments predictably deflect departure
bearings (2). Since the same clock-
shifted pigeons depart directly toward
home on cloudy days, some nonsolar
backup compass must be available (3).
Because the ability of pigeons to orient
on cloudy days is disrupted when small
magnets () or paired coils (5) generating
a magnetic field are affixed to their
heads, it seems likely that the backup
compass is partly or wholly magnetic,
and is located in the head or neck. Since
the initial homeward orientation of pi-
geons on sunny days is slightly affected
by paired coils (6) and magnetic storms
(7), and can be virtually abolished when
the birds are released at strong magnetic
anomalies (8), it is possible that the sun-
ny-day compass has a magnetic com-
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ponent or that the mysterious ‘‘map’’
system may utilize magnetic field infor-
mation.

Very little is known about how pi-
geons might sense the earth’s field. How-
ever, we know of only three general
strategies which an organism might use
to detect magnetic direction. One meth-
od would be to measure the electric field
(that is, charge separation) generated by
moving a conductor through a magnetic
field. This is almost certainly the system
employed by elasmobranch fishes (9).
Since the weak, static field of a set of
coils attached to (and hence moving
with) a pigeon nevertheless disrupts
cloudy-day homing (5), the compass
probably does not involve an induction
detector. A second possibility would be
to use permanent magnets, perhaps by
measuring the torque generated as they
attempt to twist into alignment with the
earth’s field (/0). Chitons (//), honey
bees (/2), and many species of mud bac-
teria (/3) do possess single domains (tiny
unit magnets) of magnetite which, ex-
cepting chitons, may be used for magnet-
ic field orientation. The third strategy
might be to sense the effects of para-
magnetic fields which are produced by
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