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Following the Scent of Avian Olfaction 
Researchers are gaining greater respect for a bird's ability to foElow its 
nose, a skill that may he@ it find food or navigate over Long distances 

It turns out Toucan Sam may not have been a 
liar after all. In the 197% the bright-billed 
cartoon spokesbird for Kall&s Froot 
bops cereal boasted in television ads that he 
could "follm his nose" to the d ' s  '"deli- 
cious h i t  smell." But amused biologists 
calledSamasham.Thecowaionalwis- 
dom,bas edons tud i e so f~~my ,  held 
thatmoabirdshadliukmnosense ofsmell. 

Since then, however, retaxwhers have 
steaddypeckedr&rayatthatidea-They've 
shown that even birds with relatively small 
o l f h c t o r y ~ b r a i n ~ ~ i e  
for - . . g a ~ ~ h f r o m a  
f i a g r a n t s r o m t t - c a n n o f ~ ~ o d o n ,  
bUtalsousedremta~food,~&lectprime 

s u c h a s t h e s n o w y ~ l t b a t ~ k t h e  
South Polar seas. Dwing the same period, 
o m i t h d o g i s t K e n s ~ o f ~ L o s ~ l e s  
C o u n t y N 8 k i . d ~ ~ ~ m ~  
that the turkey v u l h ~ ,  d i k e  Axldubrm's 
blackvu l tures , cou ld f iad~by~r l .b  
deed, Stager noted that some clever wgi- 
neershadharnessedthevulAne'so~ 
prowess to find leak8 in mrtural gas 
p i p e k  The sight of circling wlm 
c o u I d l e a d w w k c r e w s t o ~ , ~ ~  
b e c a u s e g a s i s " f l a v d w i t h e t h y 1 ~  
tan,achemicalthatsmellsWcarrioa. 

Meanwhile, behaviobehavioral Ber- 
nice Wenzel of the unhemity of CaMbmb, 
L o s A n g e l e s , w a s ~ t b a t ~  

whether the birds use olfactory clues to find 
their way over unfamiliar ground back to 
their coops. Over the last decade, however, 
researchers have mp&edly shown that pi- 
geons whose sense of smell is blocked by 
wax or an anaesthetic placed in their nostrils 
take significantly longer to find home 
base-or fail completely. And last year Ital- 
i a n r e s e a r c h e m , i n c ~ A x m a ~ o o f  
theUniversityofPrsa,showedthatyoung 
bitds with damaged olfactory tissues are un- 
abk to learn b togate fram visual land- 
marks alone. "Pigeons appear to be able to . . extrapolate a map of unfamalrar esvirolE 
ments by s e d n g  incoming odors from dif- 
ferent wind directions,'' says Guilford, 
though they probably also rely on visual 
gtxideposts closer to home. 

Smell also helps some birds build their - - - - 
nesting material, and navigate across- nmb, chemical ecologist Larry Clark of the 
vast stretches of u n k ~ m  terrain. US. Jkpmat of Agricultm's National 
"We're realizing tbat avian olfactkm is- Wdlifk Resamh Center in Fort Collins, 
n't some strange minor quirk oonflned CoboPaQo, dkamvd in the 1980s. He found 
to a few species," says behavibehaviopa ecol- thatibmpe8n~prelyon§melltofind 
ogist Tim Guilford of Oxford Universi- the green ptants tbey commonly weave into 
t y i n t h e w ~ i a g d o m . * w  
ings-cmly* 
a major role in w S! needfotsunrlvtj,butoQuldottso~ 
p r a c t d  appliatbm. i~ ,coI.rservrftioa 
andhrmulg. 

The once w i w  nation that 
few birds could follow their he& &st- 

I 
e d o n s t u d i e s o f b i d ~ d t b e ~ ~ o f  
a few influentid laannal h&&ims. Rani- 
nent 19th- bird &&+ JQhn James 
A u d u b o n , f o r ~ ~ t f i e m i s -  
conception that vulture$ Qa"t amdl to 
find the reeking carcasses tlwrt make dimx 
afterheconduGtedanexpe-timent.indhiGh 
he presented black vultures with covered 
and uncovered bodies; they flocked only to 
the flesh in plain sight. And m i y  anatomists 
noticed that b a s  had , s d k  cAfkCt0I.y 
bulbs than mamnmais do and €has txmdmbd 
that smell likely played We d e  in the fife 
of birds. 

Bythe 1 9 6 0 s , ~ c 1 , ~ ~ - - b r u s h  
f i n d i n g s w m ~ w a y t o a ~ c ~ m ~ l i -  
c a t e d p i c t u r e . I n e l y ~ c i t e d B V M f E ~  
inthelate19609aartearly70ar,Bet9)FBang, 
*wasafE~withtheWoadsHOkMa- 
rine Biological Laboratory in hdamchusetts, 
lneasured the size ofthe olfbztoq bulb rela- 
tive to averall brain size in 151 bird p i e s .  
She found tbat w h a w  olfactory tissue took 
upaI i t t l eas3%ofthebra iqsofd  
fm-dweellung songbirds such as the black 
capped ChicldX, tbe buIbs a ~ ~ a ~ t d  fbr 
upto37%ofthebrsinsofsarne&& 

dm& that helps reduce po- 
- I c a i a y ~ ~ m d ~ @ p o p u -  
~.Heatsofoundhintstbatjmitasthe 

so@ centem in the brains of some male 
~ ~ ~ t h e m a t i n g s e a s o n ,  
tbeolfdzctorybulbsofstailingsabFaphy 
wfmea the nesting season is aver. 

Ex&Q which pi- 
~ d o t h e r b i r d s h o m e i n o a r e -  
&mosttya1nys&y.~hl199,a 

cMnned petrels (if&#, ' s e P i a u s ~ a t s e g ~ o l f a c t i o n s p e -  
~ t o ' J s e d L n e t f g a  . dl& CWrielle N& of &e Univady 

ofw-Davis,& 
l z l e ~ o f a t l e a s ~  
cuefbrs0meseabirds.WhileNevitrwas 
&.tad an antadc xwqamb mike, .a 
storm dislodged a heavy tool bcrx and 

whereinthemiddle ~ i t h ~ ~ ~ k i d n q , T h e i n -  
inBang'Sbllb*--m j u r y c o n f i t h e ~ h t o h e r ~ g i v -  
s & l e m z n t s . ~ ~ b i t d s w a e p ~ i n a  ingherplerdyoftimeto+hawan&& 
bdixwihasteady thekbmtd s e a b i r d s s u c h a s ~ l s a n d ~ ~ ~ e ~ ,  

l e a s e d ~ u s o d o r s . ' ' r w ~ a w a n ~  
~ d f s c t m h a d b e e J l ~ 9 t l y s ~  
oddf0lks,Wth!eisraaew9s~nruchue,in 
the&"the*~tecidlsSkaa$ 
a g m x s i m o f a o ~ a r e n t a a t o s t u d y  akintofmdaHlaviPlg~inahaptack 
smellinother fhrilding~nEltudie8tTyWemelandothCw, 
r~gadm of N~ittbeiievedthebirdsmli~minginona 
tion9'to OdOIs, Hkslzel says. 

I 
~dsignalbutnoonehadmauagedto g 

AstheevIdenceWbirdscansmellbe- i d e a t i f y t f i e ~ ~ p l e d t h e b ' l r d s '  p 
gm P- 9, rewmbm begin p h b g  ~ T b e n , d u r i n g a s t o p i n h r r r t a ~  @ 

down the role af olfktion in bittf belpwor. Chile, a research tam including atmospkxic 
Homing pigeon aficionados, for instance, &mist Tm Bates of the National Abmo- 
had had a long-standing contmwq over sgheric and Oceanic A-s h d i c  



O L F A C T I O N  

Marine Environmental Laboratory in Seattle, sity of New England in Armidale, Australia, 
Washington, boarded the ship. who are using combinations of odors and 

Nevitt says Bates "was just being nice" in colored beads. Related studies that monitor 
chatting with the injured interloper he dis- where olfactory stimuli are processed in the 
covered in the team's quarters. But Bates brain have also produced hints that chicks 
says he found Nevitt's ol- can develop "lateral- 
faction problem interest- ized" olfaction, in 
ing. "I told her that if I had which the right and 
to put a bet on [an ocean- left nostrils feed sepa- 
ic] compound that had an rate signals to the 
odor, it would be dirnethyl brain. In a kind of 
sulfide (DMS)," a gas giv- multitasking, cells in 
en off by phytoplankton, "the left nostril might 
microscopic plants that be on the lookout for 
live in surface waters. He noxious odors, while 
gave Nevitt a map of a the right is involved 
DMS plume over Antarc- in something else," 
tics's Drake Passage* Sniffing out the good. European star- she says. 
which showed that the lings use smell to find beneficial nesting other scientists are 
compound concentrates material, but appear to lose that ability studying how chicken 
over zones of upwelling when breeding is done. farmers might benefit 
and mixing, where the from imprinting chicks 
phytoplankton concentrate. "It changed the on certain odors while they are still in the 
way I thought about the problem," Nevitt re- egg. Preliminary studies have shown that 
calls. "I realized the birds were navigating chicks exposed to odors in the final days of 
through an olfactory landscape," complete development-when tissue plugs melt out of 
with low-concentration valleys and DMS- 
rich mountain peaks. The tiny crustaceans NE 
eaten by the seabirds can also-elevate DMS 
levels when they chow down on phytoplank- 
ton, providing a potentially solid food clue 
for the birds. 

Nevitt was eventually able to document 
that several kinds of petrels and prions, an- 
other type of seabird, home in on DMS-laced 
vegetable oil slicks more often than odorless 
control slicks. But the preliminary fmdings, 
~ublished in Nature in 1995. raised new 
iuestions. How, for instance, 'do the birds 
follow the changing @ents of DMS in the 
often turbulent atmosphere, where odor 
plumes can become fragmented? One possi- 
bility, she says, is that the odor cue prompts 
the birds to execute a search pattern, such as 
a broad turn, just as some salmon automati- 
cally swim against the prevailing current u p  

$ on encountering a desirable odor. Over the 
3 next year, Nevitt and ornithologist Henri 

Weimerskirch of France's CNRS research 
agency in Villiers will look for such response 

g patterns as thc j  use satellites to track snowy 
$ petrels and other antarctic seabirds on their 

foraging trips. They will also block some 
birds' sense of smell to see if that alters the 

f foraging strategy. 
3 While petrels may follow their noses to 
f food, chickens apparently call on olfaction to 
$ help them avoid eating bad-tasting insects. 
5 Guilford and colleagues have shown that 
g chicks presented with bright, contrasting col- 
5 ors typical of insects that produce noxious 
@ odors won't reject the offering unless they 
& can sense both odor and color. Such "multi- 
% modal" responses are also being studied by 

Lesley Rogers and colleagues at the Univer- 

nostrils and the chick begins breathing 
air that seeps through the eggshell-are 
attracted to the same smells after hatching. 
If the findings hold up, adding familiar 
odors to food and coops could improve pro- 
duction by reducing the stress the birds ex- 
perience when confronted with new set- 
tings and foods, notes poultry scientist 
Bryan Jones of the Roslin Institute in Mid- 
lothian, United Kingdom. 

And Nevitt speculates that olfaction 
studies might eventually influence conser- 
vation strategy too, by helping breeders of 
endangered birds provide the olfactory cues 
needed to get the young birds off to a good 
start. Rogers and others caution, however, 
that progress could be slow, because lab and 
field studies involving odors "are hellishdy 
difficult to set up and control." Toucan ex- 
perts, for instance, say figuring out whether 
real toucans use fruit odors in foraging 
could take years. But Guilford is upbeat 
about the prospect of learning more about 
how birds use smell. "There is plenty of 
room for speculation," he says, "and plenty 
more for experiments." -DAVID MALAKOFF 

I W S  - -  - 

Salmon Follow Watery 
Odors Home 

Researchers are beginning to understand how salmon form the critical ol- 
factory memories that guide them home from the sea to the streambeds 
where they hatched years before 

While the smell of ksh-baked bread may ologists are learning just how salmon form 
pull us irresistibly down unfamiliar streets un- the- olfactory memories that guide them 
ti1 we stand at the bakery door, that's about as home. They are uncovering the physiological 
much as we humans ever rely on olfaction to changes that prepare s&on f& ol- 
guide our travels. But for some animals, 01- factory imprinting and are finding out when 
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factory homing is a matter of life and death. in the animals' life cycles those changes oc- 
Recent work has shown that some birds de- cur. They are also gleaning clues to the bio- 
pend heavily on their sense of smell to find chemical basis of imprinting. 
food and to navigate (see page 
704). And salmon sniff their 
way back from ocean or lake to 
the streambed where they 
hatched, guided by an odor 
signature derived from the 
unique mix of elements such as 
plants, animals, and soils in their 
home stream and imprinted on 
their memory years earlier. 

The survival of a salmon 
' 

population depends on the 
fish's ability to return to their 
birthplace to spawn, because 
many of their physical and be- 
havioral traits have been select- 
ed over generations for the sur- 
vival advantage they provide in 

This work should 
help the management 
of salmon and their 
close relatives, though 
not necessarily of all 
fish that use olfactory 
homing. Some, such 
as lamprey eels, fmd 
spawning sites by 
sniffing out phero- 
mones, an achieve- 
ment that appears to 
be instinctive rather 
than learned. 

N&lmsahnon 
represent an important 
and kquently threat- 
ened species, and con- 

that pruticular Stream. Now Homeward bound. Migrating salmon servation managers 
neuroscientists and fisheries bi- like these follow olfactory cues. are eager to put the 




