
New Rules for AAAS-Newcomb Cleveland Prize 

The AAAS-Newcomb Cleveland Prize, which previously hon- appearing in the Reports section. Nominations must be typed, and 
ored research papers presented at AAAS annual meetings, will the following information provided: the title of the paper, issue in 
henceforth be awarded annually to the author of an outstanding which it is published, author's name, and a brief statement of 
paper published from September through August in the Reports justification for nomination. Nominations should be submitted to 
section of Science. The first competition year under the new rules the AAAS-Newcomb Cleveland Prize, AAAS, 1515 Massachusetts 
starts with the 3 September 1976 issue of Scicncc and ends with that Avenue, NW, Washington, D.C. 20005. Final selection will rest 
of 26 August 1977. The value of the prize has been raised from with a panel of scientists appointed by the Board of Directors. $2000 to $5000; the winner also receives a bronze medal. The award will be presented at a session of the annual meeting 

To be eligible, a paper must be -t first-time presentation (other -it which the winner Will be invited to present a scientific paper 
than to a departmental seminar or colloquium) of previously reviewing the field related to the prize-winning research. The 
unpublished results of the author's own research. Reference to review paper will subsequently be published in Scicncc. In cases 
pertinent earlier work by the author may be included to give of multiple authorship, the prize will be divided equally between 
perspective. or among the authors; the senior author will be invited to speak at 

Throughout the year, readers are invited to nominate papers the annual meeting. 

The study reported here was con- 
ducted at the WTF for Project Seafarer 
from 21 April to 10 May 1975 (6). The 

4 WTF consists of an oscillator which 
JR. en otis emits a sinusoidal signal at 72 to 80 hertz 

.17 (7) and which connects to the earth in 
two orthogonal dipole antennas, oriented 
approximately north-south and east- 

Birds Respond to Project Seafarer's west. The antennas, each 22.6 km long, Migrating form a cross and are suspended about 8 
Electromagnetic Field m above the surface of the ground. Cur- 

rents in the antennas could be varied 
Abstract. Radar tracking of individual migrating birds flying over a large alternat- from 75 to 300 amp at 1800 volts or could 

ing-current antenna system showed that the birds turned or changed altitude more be shut off by means of a shunt through a 
frequently when the antenna system was operating than when it was not. These re- load resistor. The two antennas could be 
salts suggest that birds sense low-intensity alternating-current electromagnetic fields operated independently, and signals in 
during nocturnal migratory flight. them were phase-independent. At dis- 

tances of 100 to 400 m, the electric field 
Orientation to d-c magnetic fields found evidence that migrating birds re- generated by the antenna is calculated to 

whose strengths are comparable to that acted to the low-frequency a-c magnetic be about 0.07 volt/in in air. The calcu- 
of the earth (about 40 microteslas) has field as they flew over the antenna; these lated magnetic field at these distances 
been reported in honeybees (1) and birds results imply that birds can detect mag- ranges from about 0.1 to 0.5 microtesla, 
2). Attempts to condition birds to mag- netic stimuli fairly rapidly, that their sen- less than 1 percent of the earth's magnet- 
netic stimuli in the laboratory have rare- sitivity to a-c fields is much greater than ic field (8). During the experiment, the 
ly been successful, even under condi- the sensitivity that would be required to current in one or both antennas was 
tions sufficient to demonstrate other detect the earth's d-c field, and that they changed every 15 minutes (9), and as a re- 
unexpected sensory capabilities (3); how- may use magnetic information during the suIt there were five experimental condi- 
evei, positive effects have been obtained course of nocturnal migration. tions: (i) north-south antenna on (NS), 
with birds engaged in homing or "migra- (ii) east-west antenna on (EW), (iii) both 
tory restlessness" (2). Little evidence is antennas on (NS+EW), (iv) both an- 
available bearing on the nature of postu-  300 tennas off ("oW'), and (v) either single 
lated magnetic receptors in birds, their  225 antenna or the pair of antennas changing C 
sensitivities, or the conditions under 2. iso- -" -'--------- (A). The condition A involved current 
which birds might use magnetic orienta-  changes from 0 to 75 amp or from 75 to 0 
tion. amp (Fig. 1) (10). The condition "on" 

By contrast, a-c fields have been much Tim e-s- signifies that NS?EW, NS, or EW was 
less well investigated. Southern (4) re- Fig. I. Antenna current as a function of time on. 
cently reported that orientation in ring- during a transition from "on" to "off." Cur- A low-power tracking radar (11, 12) 
billed gull chicks (Larus delawarensis) rent decreased linearly from 300 amp (solid used to follow individual migrating birds 
confined directly above a portion of the line) or 150 amp (dashed line) to 75 amp and was situated 81 m from the intersection 
antenna buried at a depth of 1 m at the was then shunted abruptly to a load resistor. of the antennas. Because the intensity of The duration of the ramping of the current 
U.S. Navy Wisconsin Test Facility from 300 to 75 amp was 100 to 110 seconds; the a-c magnetic field near the WTF de- 
(WTF) was disrupted by the a-c fields the duration of the ramping from 150 to 75 creases linearly with distance from the 
generated by the antenna. In the course amp was 45 to 52 seconds. (The reverse Se- antennas, we tracked birds flying over 
of investigating environmental effects of quence obtained during a transition from the WTF at low altitudes (80 to 300 m "off' to "on.") When both antennas were 
the suspended antenna of the Navy's changing state, the current transitions from 75 above the ground). At short ranges, the 
Project Seafarer (5) at the WTF, we to 0 amp were nearly simultaneous. radar provided plots of the birds' posi- 
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tions in the XY plane and their altitudes 
accurate to 5 to 10 m. Free weather bal- 
loons were tracked to measure local 
winds. 

An experienced assistant who had no 
knowledge of the antenna condition 
measured computer plots or photographs 
of a computer display and subjectively 
classified the tracks as "linear" if they 
were straight and level or "nonlinear" if 
they included XY turns (Fig. 2), altitude 
changes, or changes in speed. In all, 469 
tracks were found to be acceptable; 414 
were linear and 55 were nonlinear. Out 
of 55 tracks classified as nonlinear, 40 in- 
volved XY turns, 24 of which resulted in 
the bird's resuming its former course and 
16 of which resulted in the bird's altering 
its course for the remainder of the track, 
often 50 to 80 seconds. Twenty out of the 
40 XY turns were accompanied by 
changes in altitude; eight of these alti- 
tude changes were transient in nature, 
and 12 were sustained changes, nine de- 
scents and three ascents. In addition, 
three birds changed altitude without turn- 

ing and four "hovered" (12). The behav- 
ior of eight birds did not fall into the 
above simplified categories. Tracks less 
than 15 seconds in duration were ex- 
cluded from consideration, and artifacts 
were noted (13). The remaining tracks 
were then sorted according to antenna 
condition. Data were gathered from 2100 
to 0200 hours C.S.T. whenever weather 
permitted, on 11 nights. Most birds flew 
downwind, toward the west or north- 
west. 

No effects of the electromagnetic radi- 
ation were observed in birds which flew 
straight and level. Analyses of the mean 
angular direction (14) and the speed for 
414 linear tracks showed that differences 
among antenna conditions were slight 
compared to the variation within antenna 
conditions (15). However, nonlinear 
tracks occurred significantly more often 
in condition "on" than in condition 
"off" and still more often in condition A 
(Table 1). Although this overall effect is 
highly significant statistically, it is never- 
theless not possible to show conclu- 
sively for any one case that a bird re- 
sponded to an antenna-related stimulus 
at a particular time for several reasons. 

(i) Nonlinearities did occur during con- 
dition "off" (16). (ii) Nonlinearities oc- 
curred not only as antenna currents were 
changing from 0 to 75 amp but also be- 
fore and after such a change (17). (iii) 
Birds may show a latency in responding 
either to steady or to changing antenna 
current, and they may react to the ramp- 
ing (sloping) portion of the antenna 
cycle. Responses to condition A oc- 
curred primarily on 3 out of 11 nights; 
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Table 1. Numbers of linear and 
tracks under "off," "on," and A at 
ditions. The overall difference - 
three conditions was significant 
P <- .001, N = 469). Two-by-two; 
also yielded significant differences 
in every case. 

Antenna L Linear condition 

"Off' 157 
"On" 204 

A 53 

thus there were significantly n 
linearities during condition A th 
steady ("on" and "off') c 
(Fisher exact test, P < .05) 
wind condition nor cloud cove 
to account for the occurren 
sponses on some nights but n( 
ers. Further detailed analyses 
additional information on the 
the effects (18). 

Aside from the low-frequer 
tion, no cues could be found t 
account for the birds' respon, 
WTF. The only artificial light at 
during the experiments came 
room lights in the transmitter 
usually only through one or 
dows. A high-quality tape reco 
made at a distance of about 2 
the transmitter during an anten 
cycle from "off' to NS+EW 
the transmissions were inaudil 

North 
/ NS anter 

200 r 

/ Start of track 

Fig. 2. An XY plot of a nonlinear t 
imposed on a diagrammatic sketch 
tenna. The track is 163 seconds lo 
every 7.5 seconds is circled, begi 
the first point. Zigzags near the 
track are due to noise in the rada 
The track shows a nonlinearity ir 
preceding an antenna change from 
at 84 seconds. The initial course w 
within a few seconds after the cl 
altitude was initially 190 m, began 
concurrent with the appearance 
nonlinearity, and continued increa 
ally throughout the remainder of 
The nonlinearity occurred during t 
period of decreasing antenna curr 
and not at the abrupt transition fr 
amp. 

I nonlinear distance. (Since nonlinearities usually oc- 
itenna con- curred at more than ten times this dis- 
among the 

2 on= 29.9t tance from the transmitter, we believe 

X2 analyses that birds could not have perceived any 
s (P < .01) sounds emanating from the transmitter.) 

Blind procedures were followed at three 
stages in the experiment: most birds 
were tracked by investigators who had 

6 
- 

(4%)- no knowledge of the antenna condition; 

28 (124%) nonlinear tracks were identified by an as- 
21 (28%) sistant who did not know the antenna 

condition; and artifacts in the tracks 
which might have been mistaken for non- 
linearities were noted before the tracks 

nore non- were categorized with respect to antenna 
ian during condition. Moreover, all tracks showing 
:onditions artifacts were categorized as linear, thus 

Neither biasing the data against the observed re- 
~r appears sult. 
ce of re- The data are inadequate to permit an 
ot on oth- evaluation of the long-term environmen- 
yielded no tal effects of the proposed Project Sea- 
nature of farer on resident or transient migrant 

birds. Some nonlinearities consisted of 
icy radia- minimal disturbances in the birds' gener- 
that might al path (Fig. 2), whereas others were 
ses to the course or rate-of-climb changes which 
t the WTF persisted. (The WTF in operation during 
from the our investigation was different from the 
building, proposed Project Seafarer in several im- 

two win- portant respects. For instance, the Sea- 
)rding was farer facility is projected to be very much 
!0 m from larger in geographical extent than the 
na change WTF and will transmit continuously in a 
to " off"; condition similar to our "on" condition.) 

ble at this Indications that birds may be sensitive 
to magnetic fields much less intense than 
the earth's dipole have emerged from in- 

ina vestigations by Keeton et al. (19) and 
-~ Southern (20). Both showed that the ori- 

entation of homing birds is affected by 
naturally occurring disturbances in the 
earth's magnetic field within the range 

f antennas 10-5 to 10-2 hertz. Large natural distur- 
bances ("magnetic storms") are similar 

EW antenna in strength to the artificial fields imposed 
on low-flying migrant birds in our study. 
Demonstration of a high degree of sensi- 
tivity to magnetic fields, both to natural 
disturbances and to the extremely low- 
frequency a-c fields generated by the 

rack super- WTF, suggests a heretofore unsuspected 
i of the an- degree of sophistication in birds' use of 
rng; a point magnetic fields in orientation. The re- 
inning wthe sults presented here imply that some 
r interface. birds can detect low-intensity magnetic 
mmediately changes within a few seconds and that 
75 to 0 amp orientation involving the use of magnetic 
as 

rnesumed cues may be used during flight. These 
hange. The 
i increasing considerations suggest that birds may 
of the XY make use of local (10 to 1000 km) magnet- 
tsing gradu- ic features of the earth's surface in migra- 
the track. tion and orientation. 

he ramping 
thent (Fing 1RONALD P. LARKIN 
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tenna current change for the first four nights of 
data collection. The timing error was approxi- 
mately ? 3 seconds for the other seven nights. 

18. 'The choice of specific "on" condition (NS, EW, 
or NS+EW) did not seem to affect the fre- 
quency or the nature of the nonlinearities. No 
pattern of change in antenna condition (for ex- 
ample, NS+EW to NS, or NS+EW to EW), 
initial condition, or final condition was found. 
On the basis of a paired-comparison analysis, 
we concluded that there was no significant ten- 
dency for birds exhibiting nonlinearities to be 
closer to an energized antenna than controls at 
the same point in time relative to the beginning 
of the track (Wilcoxon matched pairs signed 
ranks test, P > .05). Comparing data for individ- 
ual nights, we found no relationship between the 
3-hour K values (an index of natural magnetic 
activity) and either the presence of non- 
linearities, the standard deviations of the flight 
directions, or the mean flight directions. Values 
of Kp (a global index of K) ranged from 0+ to 
4+. Data were obtained from the World Data 
Center A, Boulder, Colo. Furthermore, on the 
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The devastating effects of massive oil 
spills on seabird survival are well docu- 
mented (1), but little is known about the 
effects of exposure to oil on bird repro- 
duction. Others have reported that the 
coating of eggs in nests by spraying (2) or 
by contact from oiled feathers (3) re- 
duced hatching, presumably by inter- 
fering with normal respiratory gas ex- 
change through the shell. 

We now report that yolk structure, egg 
production, and hatchability were af- 
fected by feeding single doses of bunker 
C oil, a high-viscosity fuel oil, to Japa- 
nese quail (Coturnix coturnix japonica). 
Structural effects on yolk were also 
noted with bunker C oil in chickens (Gal- 
lus gallus domesticus) and in Canada 
geese (Branta canadensis moffitti), but 
effects on hatchability were not tested 
with these species. Two crude oils and a 
high aromatic No. 2 fuel oil also affected 
yolk structure in quail and chickens. The 
birds most vulnerable to the hazards of 
oil ingestion are seabirds and waterfowl 
(1). However, we used quail as an avail- 
able model animal to simulate the expo- 
sure that a wild female bird would experi- 
ence if she ingested a small amount of oil 
during yolk formation. 

Young laying quail 10 to 24 weeks of 
age, weighing 130 to 150 g, were main- 
tained as mated pairs in cages, at 21? to 
23?C with 14 hours of light commencing 
at 7:30 a.m. Water and food were freely 
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basis of a visual examination of the computer 
plots, we concluded that the presence or geomet- 
rical configuration of a nonlinearity was not 
influenced by the position or path of a bird, nor 
was the configuration of a nonlinearity influ- 
enced by the antenna condition. 
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available. The diet was a commercial tur- 
key starter mash containing 26 percent 
crude protein supplemented with small 
pieces of oystershell. Laying chickens 
used in another experiment were fed a 16 
percent protein diet. Canada geese were 
fed a 24 percent protein turkey breeder 
diet. Eggs were studied by freezing, fix- 
ing, and staining to reveal structural vari- 
ation (4). They were degassed under vac- 
uum overnight, frozen in air at -20?C for 
24 hours, thawed briefly in water to re- 
move the shells, and fixed in 4 percent 
formalin at 65?C for 18 hours. They were 
then cut in half and one half was put into 
6 percent aqueous potassium dichromate 
for 16 hours at 65?C, washed to destain, 
stored in 0.05 percent mercuric chloride, 
and sliced at a thickness of 2 mm. Slices 
from the formalin-fixed half were stained 
with acidified potassium ferrocyanide to 
reveal available iron (4). Most of the 
work was done with a Venezuelan bun- 
ker C oil, one of the four reference oils of 
the American Petroleum Institute (5). 
The other three were a Kuwait crude oil, 
a south Louisiana crude oil, and a high 
aromatic (approximately 40 percent) No. 
2 fuel oil. Weighed amounts of oil were 
fed in capsules (capsule No. 3 for quail; 
No. 000 for chickens and geese). Oils 
used as controls were a mineral oil (light, 
National Formulary, Pilgrim) and a re- 
fined safflower seed oil (Saffola). For the 
hatchability trials, the females of mated 
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Altered Yolk Structure and Reduced Hatchability of Eggs 
from Birds Fed Single Doses of Petroleum Oils 

Abstract. Yolk deposited by Japanese quail was abnormal for 24 hours after the 
oral administration of a single capsule containing 200 milligrams of bunker C oil. 
Both the structure and the staining properties of the yolk were affected. Fewer eggs 
were laid during the 4 days after dosing, compared to controls, and hatchability was 
drastically reduced. Hatchability returned to normal in 4 days. Three other reference 
oils also affected yolk structure. Canada geese given 2 grams and chickens given 
500 milligrams of bunker C oil produced eggs with abnormal yolk rings. 
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