
TO FIND A WAY HOME

by P h ilip  M artin, S e a tt le , Washington

Each y e a r , from aroxmd the end o f  May im t i l  the beginning o f  November, 
G reater Shearwaters cru ise o f f  the New England coast and throughout the 
North A t la n t ic . The en t ire  estim ated world popiolation o f  f i v e  m illio n  
b ir d s , howeVer, nests on three sm all islands in  the South A t la n t ic , two 
m illio n  pa irs  alone on N igh tinga le Is lan d , a speck o f land no more than 
one sq.uare m ile  in  ex ten t, about half-way between Buenos A ire s , Argen­
t in a , and Cape Tovn, South A fr ic a . How do the shearwaters fin d  th e ir  
way over the boundless seas to th e ir  ancestra l "need le-in -a-haystack" 
colony?

This is  a dramatic, but by no means unique, i l lu s t r a t io n  o f the remark- 
able homing and n av iga tion a l a b i l i t ie s  o f b irds . The problem o f how 
b irds  o r ien t themselves and fin d  th e ir  way from place to  p lace has puz­
z l e !  animal b eh av io ris ts  fo r  yea rs . We are s t i l l  a long way from tru ly  
understanding the phenomenon, but there have been in tr igu in g  advances 
in  the f i e l d  over the past twenty years.

PerhapB the problema o f  a navigating b ird  can be made more tan g ib le  i f  
we compare them to the problema faced by a lo s t  person. In order to  
f in d  one's way in  the track less  w ilderness, one needs to  know d ire c t io n ; 
in  other words, a compasa is  necessary. However, we are not out o f the 
woods y e t ;  i t  does a lo s t  person l i t t l e  good to have a compass i f  he 
does not know which d irec t ion  to  take. A map, to o , is  ess en tia l. In 
the f ig u ra t iv o  sense, b irds too must have a map and compass.

What cues might b irds use fo r  navigation? Man has long used c e le s t ia l  
In form ation , the p os it ion  o f  the sun and the s ta rs , but u n t il recen tly  
there  was very l i t t l e  evidence to  support the notion that b irds a lso  
iised a "sun-compass" or a "star-compass. "  Now i t  is  v ir tu a l ly  certa in  
that some b ird s , at le a s t ,  have th is  a b i l i t y .  Much o f  the experimenta- 
t io n  that has been done has used our fa m ilia r  fr ien d  the pigeon (a lb e it  
e s p e c ia lly  ta len ted  ind iv idu á is  bred fo r  th e ir  homing a b i l i t y )  and 
Keeton ( 19T^) Has p resen te ! an ex ce llen t summary o f  the most important 
d iscove ries  made in  pigeon homing experimenta.

Some o f  the f i r s t  advances in  the study o f  the sun-compass were made by 
Gustav nramer in  the ea r ly  1950's ,  using s ta r lin gs  as sub jects . Kramer 
kept his b irds in  c ir cu la r  cages w ith severa l food cups loca ted  around 
the edge. He found that i t  was qu ite  easy to  tra in  s ta r lin gs  to  seek
food  at a cup loca ted  in  a p a rticu la r  compass d ire c t io n , regard less o f
whether the cage was ro ta ted  or moved to  a d if fe r e n t  lo ca tion . On sun- 
ny days the b irds were able to  ló ca te  a s p e c if ic  cup co n s is ten tly ; how­
eve r , on overcast days the s ta r lin g s ' cup choice became random, and 
when the sun's apparent p os ition  was a l t e r e !  w ith  m irro rs , the s ta r lin g s ' 
cup choice was a lte red  to  match! This experimental evidence ce r ta in ly  
in d ica ted  that s ta r lin gs  were able to  use the sun as a compass, but 
there is  a fu rth er com plication. The sun is  not a sta tionary  l ig h t  
source; i t s  p o s it ion  in  the sky s h ifts  approximately 15 degrees per 
hour (360 degrees o f the c ir c le  d iv id e ! by 2k hours in  the day). I f  
the b irds were using the sun as a compass they must be able to  correct
fo r  th is  apparent motion o f  the sun. Sure enough, when placed under an
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a r t i f i c i a l  l ig h t  source which acted as a sta tion ary  "sun," the s ta r lin gs  
s h ifted  th e ir  cup choice approximately 1 5  degrees per hour to  compénsate 
fo r  the movement th e ir  in te rn a l d o c k  to ld  them must have occurred! 
(G r i f f in ,  1 9 6 U; Keeton, 197^).

This re su lt  in d ica tes  an accurate in te rn a l time sense must be operating 
in the b ird s , although we r e a l ly  don 't know how accurate or very much 
about what keeps the d o ck  t ick in g . The concept o f  an in te rn a l d o ck  
should be very fa m ilia r  to  anyone who has experienced " j e t  la g "  a f t e r  a 
tra n sa tla n tic  f l i g h t ,  or anyone who usually wakes up 10 minutes be fore  
the alarm d o c k  is  set to  go o f f .  We know that in te rn a l d ock s  and 
calendara function  in  many areas o f  animal behavior, b ird  m igration  and 
navigation  among them. We sh a ll return to  th is  subject in  discussing 
experiments which use manipulation o f  the b ird s ' time sense to  te s t  
certa in  th e o r ie s .

The experiments o f  Kramer and others showed that b irds could make use o f 
the sun as a compasa, but the "map" element o f  a navigation  system was 
s t i l l  unknown. In 1953, another o f  the pioneers in  th is  f i e ld ,  G. V. T. 
Matthews, proposed what is  known as the sun-arc hypothesis o f  b ird  nav i­
ga tion , which e lega n tly  describes how a b ird  could get a l l  o f  the In ­
form ation needed fo r  navigation  from so la r cues (see Figure l ) .  There 
has been much arg\mient about whether b irds ac tu a lly  have the sensory 
ca p a b ility  to  analyze so la r movement w ith the accuracy demandad fo r  th is  
System. Most experimental evidence in d ica tes that b irds do not use th is  
System, and one experiment described by Keeton is  worth recounting here. 
In th is  t e s t ,  the in te m a l d ock s o f  homing pigeons were disrupted.
They were " t im e -sh ifted " s ix  hours behind r e a l tim e; th is  was done by 
keeping them in  an endosad room where the l ig h ts  were turnad on and o f f  
s ix  hours a ft e r  sunrise and sun.set, r e s p e c t iv e ly . (Day length  and 
ligh t/dark  cycles are in tim a te ly  associated w ith the maintenance o f  in ­
tern a l d ock s  and calendare in many animáis and plante t o o . )  These 
t im e -s h ifteá  b irds were then re leaseá  lÓO m iles south o f home at noon, 
which was 6:00 a.m. to  our t im e-sh ifted  sub jects . I f  a b ird  were using 
the sun-arc system i t  would "th ink" something l ik e  th is ,  " I t  is  6:00 a.m. 
at home, but here the sun is  in  the noon p o s it io n , th e re fo re  I  must be 
h o rr ib ly  fa r  east o f  home, and I  must f l y  w est." In  a c tu a lity , the p i ­
geons in th is  experiment headed in  the opposite d ire c t io n , to  the east!

\ position of home sun
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Figure 1. TKE SUiJ-ARC HYPOTKESIS works l ik e  th is  : the 'bird who is  d is ­
p laced looks at the sun at time T and notes i t s  p o s it ion . By watching 
the sun's movement the b ird  extrapolates where the sun w i l l  be at i t s  
h ighest po in t— the noon p os it ion . The b ird  compares th is  noon p os ition  
w ith the noon p os it ion  o f  the sun at home by memory. In th is  case, the 
noon p o s it ion  at home is  point B and since the noon p os ition  at the 
b ir d 's  present lo ca tion  is  lower, i t  knows that i t  is  north o f  home. The 
east/west displacement can be determined by comparing the observed po­
s it io n  o f  the sun at time T with the b ird 's  memory o f  how fa r  along i t s  
are the sun would be at time T at home. In th is  case, at home the sion 
would be at poin t A, not so fa r  along i t s  are, so the b ird  knows i t  is  
east o f  home. To get back, i t  must f l y  in  a southwesterly d irec tion .
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F igu re 2. F igure 2A shows the p red icted  f l i g h t  l in e  o f  the tim e-sh ifted  
b ird  i f  i t  is  using the sun-arc method. I t  sees the sun in  the noon 
p o s it ion  (to  the south) and since i t  thinks i t  is  only 6:00 a .m ., 
figu res  that i t  is  d ra s t ic a lly  fa r  east. I t  then f l i e s  o f f  to  the west. 
The experim ental b irds did not do th is ,  they flew  o f f  to  the east. I f  
we take i t  fo r  granted that the "map" t e l l s  the b ird  that i t  has to  f l y  
north , then th inking that the sun is  at the normal 6:00 a.m. p o s it ion  in 
the east the b ird  would f l y  90 degrees counter-clockwise from the sun as 
in  F ig . 2B. However, since the b ird  is  t im e-sh ifted  s ix  hours behind, 
and the sun is  in  the noon p o s it io n , the same lin e  o f  reasoning leads 
the b ird  to  f l y  due eas t, as in  F ig . 2C.

How to  exp la in  th is  resu lt?  I f  we assume that some unknown "map" t e l l s  
our pigeon that i t  is  south o f  home, then i t  would "th in k ,"  "F'ly d o ck  
t e l l s  me i t  is  6:00 a.m. and the sun is  th e re fo re  in the eai-t. I  want 
to  f l y  north which should then be 90 degrees counter-clockwise from the 
s\m's d ir e c t io n ."  (Hang in  th ere . F igure 2 should help you wade through 
a l l  o f  th is . ) Since i t  is  r e a lly  noon, and th e re fo re  the sun is  to  the 
south, th is  90 degree swing points the pigeon east. The catch in  th is  
explanation  is  that nobody has been able to  id e n t ify  the "map," so we 
are at something o f  an impasse, except that we are p re tty  sure that the 
pigeons are not using the sun-arc System.

There are large groups of migrants which are surely not using solar cues 
much for navigation— most passerines, some shorebirds, and sometimes 
loons , ducks, geese and alcids are nocturnal migrants. The orientation 
System of one nocturnal migrant in particular, the Indigo Bunting, has
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been the subject o f  in ten s ive  examination by Stephen T. Emlen o f Cornell 
U n ivers ity . His experiments are worth looking at not only fo r  what they 
t e l l  U S  about buntlngs, but a lso as a study in  C reative o rn ith o logy . The 
fo llow in g  account has been gleaned from severa l o f  his a r t ic le s  (Emlen,
1967a, 196Tb, 1969, 1975).

Emlen's f i r s t  experiments were designad to  te s t  the buntings' a b i l i t y  to 
use stars as an a id  to  navigation . A t o ta l o f  33 buntlngs were capturad 
durlng the spring seasons o f  1 9 6 k  and I 9 6 5 , and kept in  a v ia r le s  In , or 
near, Ann Arbor, Michigan. Experiments were conducted in spring and 
f a l l ,  when the blrds showed readiness fo r  m igration , whlch can be de ter­
minad in  severa l ways. P r io r  to  m igration many migrante deposit la rge  
amounts o f  body fa t  as fu e l fo r  the journey (o ften  30% to  h0% o f the body 
w e igh t). More important fo r  these experiments is  the phenomenon known as 
" Zugunruhej " a Germán term gen era lly  tran s la ted  as "m igratory re s t le s s -  
n ess ." I t  has long been known that diurnal b ir d s , which are usually qui- 
escent during the n igh ttim e, may s h ift  th e ir  behavior dram atlcally durlng 
m igration  p er iod s . They become very a c tive  from evenlng through most o f 
the n igh t; i f  they are in  c a p t iv ity  the birds f lu t t e r  against the cage 
repeated ly . I t  was also noticed  that o ften  these f lu t te r in g s  were o r i -  ' 
ented in the appropriate d lrec tion  fo r  m igration ( i . e . ,  north in  spring , 
South in f a l l ) ,  and th is  has become a valuable to o l fo r  experimentation.

Figures 3- At l e f t  is  the Emlen bunting cage in  cross -section . The 
f lo o r  is  an ink pad; the s lop ing sides are covered w ith b lo t t ln g  paper, 
and a screened top permlts a view o f  the sky. When the bunting under- 
going m igratory restlessness f lu t te r s  up along the s id es , i t s  inky fe e t  
make marks on the b lo t t in g  paper. At the r ig h t is  a representation  o f 
a b lo t t in g  paper record o f  a ty p ic a l spring b ird . As one would expect, 
the marks are h eav ily  concentrated to the northeast.

When Emlen’ s buntings showed signs o f  m igratory restlessness they were 
p laced in  s p e c ia lly  designed cages (see Figure 3) w ith  s lop ing sides 
covered w ith  b lo t t in g  paper and an ink pad fo r  a f lo o r .  Thus, when a 
b ird  hopped up from the f lo o r  and f lu t te re d  against the side o f  the cage, 
i t s  fo o tp r in ts  were recorded on the b lo t t in g  paper and la te r  these marks 
could be analyzed to  determine whether the bunting had a tendency to 
f lu t t e r  in any p a rticu la r  d ire c t ion . Some o f  the buntings were tested  
outdoors under natural sky cond ition s , and some were tes ted  in  a plane- 
tarium where the skles were subject to  the whims o f the experlm enter.
The birds tested outdoors over the two-year period generally showed the 
expected orientations— south in fall, and northeast in spring.

Tests in the planetarium y ie ld ed  s im ila r resu lts  , but there were some 
added tw is ts . When sou th -orlen ting birds in  f a l l  were exposed to  a
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reversed sky pa ttern , in  which the north s ta r was actu a lly  p ro jec ted  on 
the South side o f  the planetarium, the b irds reversed th e ir  o rien ta tion  
to  correspond to  the s ta r pattern . During the sp r in g , b irds normally 
o r ien tin g  northeast would head towards the southerly sec tor o f  th e ir  
cages when faced w ith a reversed s ta r pattern . Birds tes ted  in the plan- 
etarium became le ss  a c t iv e  and th e ir  o r ien ta tion  d e ter io ra ted  markedly 
when the stars were turned o f f  and d iffu s e  "m oonlight" introduced.

Having establi-shed that buntings did indeed o r ien t by the s ta rs , Emlen 
then se t out to  d iscover how they were doing i t .  He carne up w ith  two 
a lte rn a tiv e  p o s s ib i l i t i e s .

1. They were lo ca tin g  a p a rticu la r  s ta r or group o f  stars and then 
f ly in g  at a certa in  ar.gle w ith respect to  that s ta r. Just as Kramer's 
s ta r lin gs  did w ith  the sun, the bvmtings would have to  compénsate fo r  
the apparent movement o f  the stars across the aky, again dependent on an 
accurate in te rn a l d o c k . Only in  th is  case the b irds would have to  deal 
w ith  a vast number o f  s ta rs , as opposed to  only one sun. Furthermore, 
fac in g  the north in  the northern hemisphere the stars r is e  on the r igh t 
and set to  the l e f t ;  in the Southern h a lf o f the sky the stars r is e  on 
the east and set to  the r ig h t . A b ird  would have to  know what stars i t  
was look ing at in order to  make the proper co rrection  fo r  th e ir  change 
in  p o s it ion .

2. The second p o s s ib i l i t y  is  that buntings were using fix e d  s ta r 
patterns to  point the way. We do th is  when we ló ca te  the north s ta r , 
P o la r is ,  by fo llow in g  an imaginary l in e  passing through the "p o in ter 
s ta rs " in  the Big Dipper. The advantage o f th is  system is  that an in ­
te rn a l time sense is  unnecessary; the Big Dipper ro ta tes  around P o la r is , 
but the poin ters always po in t to  P o la r is ,  which is  always in the north.

To te s t  these hypotheses Emlen placed buntings under planetarium skies 
which were sh ifte d  out o f  phase w ith  the b ird s ' in te rn a l d o c k . I f  the 
buntings were using system § 1  th is  would produce a s itu a tion  where the 
b ir d s ' in te rn a l d o c k  would lead  them to  make improper compensation.

As a hypothetica l example, l e t  us say the skies are sh ifte d  four hours 
ahead, then a b ir d 's  "reason ing" would run something l ik e  th is ,  
d o c k  t e l l s  me that i t  is  10:00 p.m. and I  should th ere fo re  f l y  20 de- 
grees to  the r ig h t  o f  s ta r X in order to  go n orth ." But since the skies 
have been s h ifte d , s ta r X is  r e a lly  in the 2:00 a.m. p o s it ion  and is  
ro ta ted  6o degrees counter-dockw ise from where the b ird  thinks i t  is .  
That 20 degree compensation then is  inappropriate and sends the b ird  o f f  
in  the wrong d irec t ion .

On the other hand, i f  the b ird  was using system #2, then tim e -sh ift in g  
would have no e f f e c t .  In f a c t , when the experiment was conducted, w ith 
sk ies th ree , s ix ,  and tw elve hours ahead o f  and behind re a l tim e, the 
b ird  was s t i l l  able to  o r ien t c o rre c t ly . This in d ica tes  that i t  was 
using s ta r pa ttern s, a system independent o f time sense.

What s ta r patterns were the buntings using, then? Emlen was able to 
p lay w ith nature on a grandiose sca le in  the planetarium, removing and 
rep lac in g  sections o f  the sky, in d iv idu a l s ta rs , or c o n s te lla t io n s . Ke 
foimd that the buntings r e ly  on the stars that l i e  w ith in  35 degrees o f
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P o la r is  (in clud ing the con s te lla tion s  Cassiopeia, Cepheus, Draco, and 
Ursa Major, the Big D ipper). However, there vas considerable va r la t io n  
among h is te s t  subjects regarding whlch stars were ess en tia l fo r  naviga- 
t io n , and there seemed to be considerable redundancy in  th e ir  guldance 
Systems; that i s , i f  one group o f stars were blocked ou t, another group 
would s u ff ic e .  Considering the s itu a tion  on a p a rt ly  overcast n ig h t , 
th is  would be a usefu l a b i l i t y .

Later experiments showed that i t  Is  the ro ta tio n a l axis o f  the n ight sky 
(w ith  stars ro ta tin g  around P o la r is ) that serves as a re ference system 
fo r  buntings in  learn ing to  navigate. To in ves t iga te  the development o f 
naviga tion a l a b i l i t y ,  i t  was necessary to  ra is e  young buntings from 1-10 
days o íd  (no mean fea t in  i t s e l f ) .  The young birds were d iv ided  in to  
three groups, ra ised  under varying cond itions.

Group I  was ra ised  in a d if fu s e ly  l i t  room, without ever being exposed 
to  a poin t source o f l ig h t .  During th e ir  f i r s t  f a l l  they were tes ted  in  
the planetarium under simulated normal autumn sk ies. Their o r ien ta tion  
was random.

Group I I  was ra ised  without a glimpse o f the sun, but they were allowed 
to  view a simulated n ight sky in  the planetarium every other n ight during 
August and September. The n ight sky was ro ta ted  in a normal fashion to  
duplícate natural cond itions. Unlike the f i r s t  group, these b irds were 
able to  o rien t south co n s is ten tly .

Group I I I  was also allowed to view the planetarium sky. However, instead 
of rotating around Po la ris , the sky was made to rotate aroxind Betelgeuse, 
a very bright star in the constellation Orion. When nocturnal res tless -  
ness began, these birds oriented l80 degrees away from Betelgeuse, re -  
sponding as i f  i t  were the north star!

Apparently, young buntings learn how to navigate by observlng the ares of 
the sta rs ' paths, thus locating the axis of rotatlon. Since older birds 
can orient under a fixed star pattern in a planetarium, the relationship  
of the stars is apparently learned and subsequently the buntings can nav- 
Igate without actually observing any actual motion. Emlen suggests a 
fasclnating hypothesis on the valué o f having young birds learn the axis 
of rotation, rather than having a fixed hereditary instruction which says 
somethlng l ik e , "Thou shalt follow the North Star in spring." He notes 
that there is  a wobble in the direction to which the earth 's axis o f ro­
tation points (lik e  that seen in a spinnlng top) which causes the posl- 
tion of the pole in the sky to swing around in a c irc le  k j  degrees in d i- 
ameter every 26,000 years. Though the rate of this change may seem verj' 
gradual to u s, i t  seems Impossible that a genetically coded set of in - 
structions could keep pace. By having each generation learn anew where 
the polar axis is  located the problem of obsoleto instructions is avoided.

Once the b ird  has learned how to  ló ca te  the north/south a x is , what t e l l s  
i t  to  f l y  one way along the axis in spring , and the opposite way in fa l l?  
Emlen sought to  answer th is  questlon w ith an experlment in vo lv ln g  "photo- 
period ism ," the e f f e c t  o f  day length  on the p h ys io lo g ica l s ta te . Photo- 
p eriod  e f fe e ts  have been known fo r  cen turies— the ancient Japanese a rt o f 
Yogai consisted o f  a r t i f i c i a l l y  lengthening the day lengths fo r  cage 
b irds by can d le -ligh t in order to  induce m id-winter song (W elty , 1975)•
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Photoperiod has profound e f fe c ts  on the le v e ls  o f  production o f  many hor­
mones, and these in turn have complex and in te rre la te d  e f fe c ts  on basic 
body functions and behavior, includlng the breedlng cy c le . Even a cur- 
sory look at th is  subject is  beyond the scope o f  th is  a r t ic le ,  but the 
reader should be aware o f  the basls fo r  Emlen's tin k erin g  in  the exp er i- 
ment described below.

A group o f  male buntings were capturad and kept in  c a p t iv ity  over the 
w in ter. One group; (the con tro l) was exposed to  day-lengths s im ila r to  
what they would experience on th e ir  w in tering grounds, as simulated by 
the l ig h ts  in th e ir  f l i g h t  room. These b irds molted from w in ter brown 
to  spring blue in  February and A p r il and began to  show m igratory re s t -  
lessness in  May. The second group was subjected to  manipulations o f  the 
day-length  as fo llow s ; in  ea rly  f a l l  the lig h ts  in th e ir  f l i g h t  room 
were kept on fo r  longer periods o f tim e, sim ulating spring day-lengths 
o f  15 hours. This caused the buntings to  molt in to  spring plumage in 
January. Beginning in March, the day-lengths were shortened, so that by 
May they molted back to  basic brown, and they too showed m igratory re s t -  
le ssn ess .

E ss en tia lly  then, Emlen had produced two groups o f  b ird s— one group phys- 
io lo g ic a l ly  ready fo r  spring , the other fo r  autumn. When testad  under 
id e n t ic a l spring n ight sk ies in  the planetarium, the "sp ring " birds 
headed north , w h ile the "autumn" birds headed south, demonstrating that 
the d ir e c t io n a l choice was under p h ys io lo g ica l con tro l. A s im ila r re - 
su lt  has been achieved w ith W hite-throated Sparrows, by adm inistering 
d ir e c t ly  doses o f  two hormones, p ro la c tin  and co rtico s te ro n e .

These experimente have given us a b e tte r  understanding o f  the m igratory 
behavior o f  buntings than perhaps any other sp ec ie s , but there are s t i l l  
many gaps to  be f i l l e d .  The fa c t  that the bunting navigation  system 
seems to  function  independently o f any in te rn a l time sense ru les out the 
p o s s ib i l i t y  that some nocturnal equ iva len ! o f  the sun-arc system could 
be u t i l is e d  to  determine la t itu d e , or t e l l  a b ird  which way to  go i f  i t  
is  fo rced  o f f  course. In other words, as w ith the p igeons ' sun-compass, 
we have d iscovered the "compass" but the "map" element o f  the system re -  
mains unknown.

In con tras !, ea r ly  experimente by Sauer ind ica ted  that European warblers 
were capable o f  true b i-coord in a te  navigation  by the s ta rs . This points 
up one o f  the major d i f f i c u l t i e s  in  the f i e ld :  there is  no reason to
expect a l l  b irds to  navigate in  the same manner. Rather, i t  is  probable 
th a t d if fe r e n t  species use d if fe re n t  systems, and perhaps the in d iv id u a l 
b ird  has a number o f  systems at i t s  d isposa l.

This la s t  p o s s ib i l i t y  was strongly  suggested to  W illiam  Keeton when he 
n oticed  that some o f  his homing pigeons made i t  home on overeas! days, 
henee w ithout b en e fit  o f  the sm-compass. C lock -sh ifted  pigeons , w hile 
d iso rien ted  on sunny days, performed as w e ll as normal birds under over­
eas ! sk ies . These resu lts  suggested an a lté rn a te  system, independen! o f  
sun or in te rn a l d o c k  that could be c a lled  upon when needed. What could 
th is  be? Obviously, homing pigeons can use simple v isu a l cues when 
covering fa m ilia r  ground, but they a lso home from unfam iliar locations 
and some pigeons can home w hile b lin d -fo ld ed .

One suggestion has been some kind o f  in e r t ia l  guidance system, s im ila r



tü that used in -modern rocketry. For instance, a homing pigeons being 
ca rr ied  away from the home l o f t  would sense the d irec tion  and magnitude 
o f  each a cce le ra tion  over the en tire  journey, derive the vec tor sun and 
come up withe a re su ltin g  distance and d irec t ion  o f displacement. Stran- 
ger thinga have happened but the theory has met w ith a good deal o f  
skepticism .

However, another theory long held in  disrepute has gained more acceptance 
in recen t y ea rs . Researchers are Corning up w ith more and more évidence 
t o  support the idea that b irds may be able to  detect magnetic f i e l d s , 
s p e c i f ic a l ly  the general d ipo le f i e ld  o f  the earth and use th is  Informa­
tion  fo r  navigation  purposes.

In the 1960's  experimentation p rim arily  by Germán s c ie n t is ts  using the 
kuropean Robin proved that d ire c t io n a l choices could be in fluenced by 
sub jecting the b irds to  an a r t i f i c i a l l y  produced magnetic f i e ld  o f  sim i­
la r  in te n s ity  to  the ea rth 's  at températe la t itu d e s . Later studies 
showed, s u rp r is in g ly , that the h or izon ta l component o f  the magnetic 
f i e ld  (represented by the d irec tion  o f  a compass need le) did not in flu -  
ence o r ien ta t io n , while the v e r t ic a l  component (represented by the "d ip " 
o f a compass need le ) d id. The robins were apparently responding to  the 
angle between the v e r t ic a l  component o f the f i e l d  and the p u lí o f g ra v i-  
ty  (W iltschko and W iltschko, 1972).

Homing pigeons have a lso  been found to  be s en s it iv e  to  magnetic f ie ld s .  
Magnets p laced on the p igeons ' heads did not in te r fe r e  w ith  th e ir  o rien ­
ta tio n  on bunny days, but on cloudy days th e ir  o rien ta tion  was reduced 
to  random. In another experiment, devices known as Helmholtz c o ils  were 
attached to  p igeons' heads, powered by b a tte r ie s  strapped to  th e ir  backs. 
The helmholtz c o i l  produces an electrom agnetic f i e l d  that can be revers ­
ad in  d ire c tion . Again, no e f f e c t  was produced on sunny days, but on 
cloudy days an amazing resu lt occurred— when the electrom agnetic f i e ld  
was orien tad  in one d ire c t io n , the birds flew  homeward, but when the 
f i e ld  was reversad they tended to  f l y  d ir e c t ly  away from home!

A recent study used radar track ing o f  m igrating birds passing over the 
antennas o f  the Navy's P ro je c t  Seafarer s it e  in Wisconsin. There are 
two antennas there which generate an ac current; at a distance o f  100 to  
900 m eters, the strength  o f  the magnetic f i e l d  was ca lcu la ted  to  be less  
than one percent o f  the ea rth 's . The tracks o f  the m igrants, as they 
flew  over the antennas, were c la s s i f ie d  as " l in e a r "  i f  they proceeded in 
a s tra ig h t l in e  without d ev ia tion , or "n on -lin ea r" i f  they seemed to  
swerve over the antennas. The resu lts  were co rre la ted  w ith the condition  
o f  the antennas: whether they were o f f ,  whether e ith e r  or both were on, 
or "changing" the current from 0-75 amps or 75-0 amps. Here are the 
r e s u lts :

antennas condition tí linear tí non-linear

o ff 157 6 (W )
on 20k 28 { I 2f0

changing 53 21 (28̂ )

The s ig n if ic a n t ly  higher percentages on non-linear tracks in  the second 
two ca tegories  in d ica tes that migrants may be s en s it iv e  enough to  s h ifts  
in  magnetic f i e l d  to  react w ith in  minutes (Larkin and Sutherland, 1977).
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The returns are not a l l  in  by any means. For instance, Kmien (1970) re -  
ported no apparent use o f  geomagnetic cues in Indigo bunting o rien ta tion  
and found no evidence that they could detect magnetic f i e ld s . We have 
no idea what sense organs birds might use to  detect magnetic f i e ld s ,  and 
very l i t t l e  idea o f  how they would a c tu a lly  tran s ía te  th is  In form ation  to  
n av iga tion a l in s tru c tion s . In c id e n ta lly , i t  has been suggested tha t 
since anomalies in  the ea rth 's  magnetic f i e ld  o ften  correspond to  the 
p o s it ion  of. m id-oceanic is la n d s , sea birds such as the Greater Shear- 
waters mentioned at the beginning o f th is  a r t ic le  might use th is  to  
ló ca te  th e ir  breeding colon ies (Freedman, 1973).

I t  is  d i f f i c u l t  fo r  U S  to  deal w ith  magnetic f i e ld  detection  because i t  
is  a sensory ca p a b ility  which we, ou rse lves , do not possess. Perhaps 
b irds are capable o f  gathering other sensory input which we cannot de­
t e c t .  A recent study on homing pigeons incidates that they are capable 
o f  d etec tin g  very low frequency sound in  the v ic in i t y  o f 10 Hertz (H z ),*  
re fe r re d  to  as in fra son ic  rad ia tion . IVo shock e lectrodes and two FCG 
e lec trod os  to  monitor heart ra te were p laced in the pigeons. In frason ic  
stimulus was given  fo r  ten seconds, fo llow ed  by an e le c t r ic  shock, which 
resu lted  in acce le ra tion  o f  heart ra te . A fte r  a few t r i á i s ,  a cond ition - 
ed responso occurred so that the heart ra te increased when the birds were 
exposed to  the sound stimulus even in the absence o f  the shock. Later 
experimente in vo lv in g  surgery proved that the receptors fo r  in frasón ica 
are looa ted  in  the inner ear (lad low sk i, K re ith ern , and Keeton, 1977).

There are many sources o f in fra son ic  rad ia tion : wind, thunderstorms,
weather fr o n ts , auroras, ocean waves, earthquakes, and many man-made de- 
v ic e s . I t  would seem b e n e fic ia l fo r  birds to  be able to  detect many o f  
these th in gs , but i t  is  not at a l l  c lea r how they would use th is  in fo r -  
mation fo r  nav iga tion . ( i f  b irds §£_ use in frason ic  cues, one can id ly  
specu late whether the ever-in creas in g  presence o f  man-made devices pro- 
ducing low-frequency sound resu lts  in an adjunct occurrence o f  stray 
b irds  whose n av iga tion a l systems have been "jammed".)

tíeyond th is , our th eories  ge t more and more specu la tive . When i t  is  a l l  
sa id  and done, we r e a l ly  have many more questions than answers about the 
r id d le  o f b ird  m igration . R ecently , on a foggy morning at sea about 
m iles east o f  Cape Cod, I  saw scores o f  warblers f ly in g  low over the 
water in  a l l  d ire c tion s , I t  was a s ta r t l in g  reminder o f  the fa c t  that 
m illio n s  o f  avian deaths must re su lt each season as migrants are lo s t  at 
sea. However, the t ru ly  astonishing fa c t  is  that so many make i t — hun- 
dreds and thousands o f  m iles there and back again (W illiam s, e t . a l . ,  
1977). Meanwhile, I  think i t  is  rather e x c it in g  that there is  s t i l l  
such a basic unsolved mystery in o rn itho logy. For the presen t, in the 
f i e l d  o f  b ird  o r ien ta tion  and m igration , we are almost as much in the 
fo g  as those warblers.

* To g iv e  some idea o f  what th is  means, the note middle C has a p itch  o f 
256 Hz (o ften  re fe rred  to  .is "cyc les  per second"). The note C an octave 
above middle C has a valué o f  512 Hz, double that o f  middle C. An oc­
tave below middle C has a p itch  o f 128 Hz, h a lf  the frequency o f  middle 
C, and so on. Oiir range o f  hearing is  about 20 Hz to 20,000 Hz (about 
10 octaves, i f  you work i t  ou t) although the lower end o f th is  range is  
"heard" as v ib ra tio n , and lower p itched sounds produced at s u ff ic ie n t  
volume are f e l t  as pain , not sound. Ten Hz, th e re fo r e , is  about an 
octave below the threshhold o f  human hearing.
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