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Odor Detection Thresholds in Tree Swallows and Cedar Waxwings 
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Most Procellariiformes, cathartid vultures, pigeons, 
and kiwis use their sense of smell for orientation and 

foraging (Stager 1964, Wenzel 1968, Grubb 1974, Papi 
1986, Waldvogel 1989, Lequette et al. 1989). Other- 
wise, little is known concerning the importance of 
olfaction to birds, although anatomical evidence sug- 
gests that many species should possess an acute sense 
of smell (Bang and Cobb 1968, Wenzel 1973, Bang and 
Wenzel 1986). Recently we began to collect behav- 
ioral and physiological data on the olfactory ability 
of passerines (Clark and Mason 1987, 1989; Mason et 
al. 1989; Clark and Smeraski 1990). Passerines are of 
special interest because the relative size of their ol- 
factory bulb is among the smallest reported for birds 
and, conventionally, olfactory prowess is assumed to 
correlate positively with relative bulb size (Bang and 
Cobb 1968). The present study is designed to assess 
the sensitivity of passetines to a standard odorant. 
While by no means a complete assay of olfactory func- 
tion, the results of experiments such as this one per- 
mit interspecific comparisons of sensitivity, and they 
serve as a relative index of olfactory ability. Such 
evaluations are prerequisite to speculations concern- 
ing whether or not a species uses olfaction in the 
wild. 

Five adult Tree Swallows (Tachycineta bicolor) were 
trapped at nest boxes in May 1988 at Tinicum National 
Wildlife Refuge, Philadelphia, Pennsylvania, and 
transported to the Monell Center. In August 1989, 
five adult Cedar Waxwings (Bombycilla cedrorum) were 
obtained from USDA/APHIS personnel in Gaines- 
ville, Florida, and transported to the Monell Center 
in Philadelphia. In the laboratory, the birds were 
housed individually in cages in a room with a con- 
stant ambient temperature of 23øC, and a constant 14L: 
10D cycle (0700-2100). Water, food (crickets, meal- 
worms, and grapes for the Tree Swallows; banana 
mash, blueberries, and apples for the waxwings), and 
medicated shell grit were available ad libitum. The diet 
was supplemented daily by vitamin solution injected 
into the fruit. Four birds of each species remained in 
good health and maintained weight throughout the 
experiments. 

I used cyclohexanone (CH) [C•H.00, mw 98.14, bp 
155.6øC, d2ø 4 0.9478] as the standard odorant. This sub- 
stance was selected because its physicochemical prop- 
erties and binding to receptor proteins were the sub- 
ject of previous studies in our laboratory (Mason et 
al. 1984, 1987). Although CH is without any known 
biological significance to either species, vertebrate ol- 
factory receptors are sensitive to a wide range of re- 
agents that are not encountered naturally (Fazzalari 
1978). This suggests that the functional design of such 

receptors is for the perception of volatile chemicals 
per se. Besides, the search for biologically relevant 
odorants for passetines seems premature in the ab- 
sence of data that imply that olfactory sensitivity ex- 
ists. 

Tree Swallows and Cedar Waxwings were evalu- 
ated for their ability to detect odor using a cardiac 
conditioning paradigm (Michelsen 1959, Walker et 
al. 1986). Cardiac conditioning is a technique to train 
animals to associate electric shock with a strong odor 
cue. The cardiac acceleration that occurred in re- 

sponse to odor presentation, but prior to shock, was 
interpreted as a conditioned response. 

Details on how subjects were prepared, signal pro- 
cessing, and the odor delivery system are published 
elsewhere (Clark and Mason 1989). Briefly, birds were 
restrained and placed within a darkened sound-at- 
tenuating chamber with their nares placed at the exit 
port of a dilution olfactometer. Heart rate was mon- 
itored with a Type II ECG lead configuration (Sturkie 
1965) via a high impedance probe, amplifier, and os- 
cilloscope. The frequency of heart beats was counted 
by processing the 'R' component of the amplified ECG 
signal to a TTL pulse via a Schmitt trigger circuit, and 
recording the timed pulses via custom software to a 
computer. 

Birds were trained to attend to the reinforced stim- 

ulus (S*) by presenting 10 s of CH at 5% vapor satu- 
ration (% VS) and following it immediately with elec- 
tric shock (2.5 VDC for 2 s) applied across the legs of 
the subject through the recording electrodes. The ECG 
signal was lost at this point, so records were kept only 
during the 10 s before and 10 s during stimulus de- 
livery. This concentration was selected because pre- 
vious evidence suggested that 5% VS represents a 
strong olfactory cue, but not so strong as to elicit 
trigeminal responding (Walker et al. 1979). To control 
for possible attentiveness to cues associated with op- 
eration of the olfactometer, birds were presented with 
I0 s of a nonreinforced control (So; i.e. humidified, 
filtered air, matched to the vapor saturation of the 
S*). The S* and So were presented in paired trials with 
the sequence within pairs randomly selected. The in- 
tertrial intervals between all stimulus presentations 
were randomly selected (60-300 s) via the computer- 
automated dilution olfactometer. A cardiac accelera- 

tion of at least 10% of the prestimulus heart rate in 
response to stimuli was interpreted as positive. To 
avoid fatigue, birds were never given more than I00 
trials per day. The minimum number of trials given 
any bird was 30. If the training criterion was not met 
(3:1 S*:S0 positive response over 20 consecutive trials), 
the bird was given a day's rest, and training was re- 
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Fig. 1. The average detection threshold to differ- 
ent intensities of cyclohexanone. The horizontal line 
reflects the upper 95% confidence limit for respond- 
ing to humidified air (the control). The detection 
threshold was defined as the concentration where 

response probability exceeded the baseline value. 

sumed on the following day. Approximately half the 
birds reached criterion on the first training day; no 
bird took more than three training days. Cedar Wax- 
wings trained to the criterion condition more quickly 
than Tree Swallows. After the training criterion was 
met, birds were tested for detection threshold to CH 

(nonreinforced presentation) in an ascending odor 
concentration series. Each concentration series was 

presented five times to each individual. At the end 
of each series, birds were presented with one blank 
(0% VS) and five reinforced presentations of 5% VS 
CH (S+). This •'einforcement guarded against extinc- 
tion of the conditioned response during the course 
of testing. 

The lowest detection thresholds were observed for 

Cedar Waxwings (Table 1) and are similar to the range 
of values reported for European Starlings (Sturnus vul- 
garis), Brown-headed Cowbirds (Molothrus ater), Rock 
Doves (Colurnba livia), and Northern Bobwhite (Colinus 
virginianus) (Stattelman et al. 1975, Clark and Mason 
1989, Clark and Smeraski 1990). The detection thresh- 
old for CH in Tree Swallows was much higher (Fig. 
1). Individual detection thresholds within each spe- 
cies ranged over one order of magnitude (Table 1). 
These individual differences are expected. In pigeons, 
the between-subject differences in detection for other 

T^BLE 1. Range of detection threshold to cyclohex- 
anone for Cedar Waxwings, Tree Swallows, and 
humans. Because barometric pressure and room 
temperature varied, the actual number of molecules 
of odorant at the olfactometer port varied some- 
what, even though odor dilutions were held con- 
stant throughout experiments (see Dravnieks 1975). 

% vapor 
Bird ppm Molecules/ml saturation 

Cedar Waxwing 
Min 6.80 1.698 x 10 •4 0.150 
Max 86.46 2.137 x 10 •5 1.300 

Tree Swallow 

Min 73.42 1.813 x 10 '2 1.300 
Max 317.80 7.785 x 10 • 5.000 

Human a 0.40 1.000 x 10 •3 

Stone et al. 1972 (Percept. Psychophys. 12: 501-504). 

reagents can be as much as three orders of magnitude 
(Henton 1969, Henton et al. 1966, Walker 1983, Walk- 
er et al. 1986). The smaller variability reported here 
most likely reflects the homogeneous conditions ex- 
tant in a single laboratory. Similar small variation for 
detection thresholds occurs for other vertebrates (Faz- 
zalari 1978), including humans, where the between- 
subject differences in detection to an odorant also are 
approximately one order of magnitude (Murphy and 
Cain 1986). 

The average detection thresholds differed in each 
species (Fig. 1). The number of responses to presen- 
tation of blanks (0% VS) was used to calculate the 
mean rate of false positives (0.12 for Tree Swallows 
and 0.15 for Cedar Waxwings). The upper 95% con- 
fidence limit was used to define the intrinsic rate of 

responding (0.158 for Tree Swallows and 0.182 for 
Cedar Waxwings). The concentration for which re- 
sponding occurred above the intrinsic response rate 
was assumed to define the detection threshold. The 

average detection threshold to CH for swallows was 
2.5% VS (133.6 ppm, 3.313 x 10 •5 molecules/ml at 23øC 
with 760 mm Hg), whereas the average detection 
threshold for waxwings was 0.3% VS (16.03 ppm, 3.976 
x 10 •4 molecules/ml). For perspective, at one atmo- 
sphere and 23øC, a 1.3% VS dilution of CH presented 
to humans has a strong odor resembling peppermint 
and oil, but a dilution of 0.3% VS is not usually ap- 
parent. The humans' threshold to CH is slightly lower 
than the values reported for waxwings (Table 1). 

Direct comparison to the sensitivity of other birds 
can be made only approximately because no single 
reagent has been used as a standard odorant. None- 
theless, the detection values reported here for Cedar 
Waxwings compare favorably with the lowest values 
reported for other birds, whereas those for Tree Swal- 
lows are among the highest reported (Clark and Ma- 
son 1989). Though they did not measure threshold 
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values, Wenzel and Sieck (1972) reported that detec- 
tion capabilities of canaries, quailß ducksß Turkey Vul- 
ture, Manx Shearwater (Puffinus puffinus), and Black- 
footed Albatross (Diomedea nigripes) for a variety of 
reagents were in the 0.01-0.5 ppm range. These re- 
suits suggest that nonpasserines have slightly better 
olfactory acuity. 

Animals that consume fruit may attend to chemical, 
as well as visual, cues to assess ripeness. This is the 
case for frugivorous bats, which are attracted to vol- 
atiles emitted from ripening fruit (Reiger and Jakob 
1988). Perhaps this accounts for the better sense of 
smell in the predominantly frugivorous waxwing than 
in the insectivorous swallow. Whether waxwings ac- 
tually attend to volatiles emitted from ripe and unripe 
fruit remains to be determined. Based on preliminary 
data we suggest that passetines that are primarily 
insectivorous are characterized by a poor sense of 
smellß whereas birds that are predominately frugivo- 
rous, omnivorousß and granivorous are characterized 
by a good sense of smell (Clark and Mason 1989ß Clark 
and Smeraski 1990ß L. Clark unpubl.). 

Birds were held under USFWS permit PRT-719909. 
Experimental procedures comply with NIH and 
USDA/APHIS guidelines on experimental use on an- 
imals and were approved by Monell's Institutional 
Animal Care and Use Committee. I thank J. R. Mason 

and C. A. Smeraski for reading an earlier draft of this 
paper. M. Avery kindly provided the Cedar Wax- 
wings. 

LITERATURE CITED 

BANG, B. G., & S. COBB. 1968. The size of the olfactory 
bulb in 108 species of birds. Auk 85: 55-61. 

ß • B. M. WENZEL. 1986. Nasal cavity and ol- 
factory system. Pp. 195-225 in Form and function 
in birds, vol. 3 (A. S. King and J. McLelland, Eds.). 
London, Academic Press. 

CLARK, L., & J. R. MASON. 1987. Olfactory discrim- 
ination of plant volatiles by the European Star- 
ling. Anita. Behav. 35: 227-235. 

, & . 1989. Sensitivity of Brown-headed 
Cowbirds to volatiles. Condor 91: 922-932. 

ß & C. A. SMERASra. 1990. Seasonal shifts in 
odor acuity by starlings. J. Exp. Zool. 177: 673- 
680. 

DRAVNIEKS, A. 1975. Instrumental aspects of olfac- 
tometry. Pp. 1-62 in Methods of olfactory re- 
search (D. G. Moulton, A. Turkß and J. W. John- 
ston Jr., Eds.). Londonß Academic Press. 

FAZZALARI, F.A. 1978. Compilation of odor and taste 
threshold values data. Philadelphia, Am. Soc. Test. 
Materials. 

GRUBB, T. C. 1974. Olfactory navigation to the nest- 
ing burrow in Leach's Petrel (Oceanodroma leu- 
corrhoa). Anita. Behav. 22: 192-202. 

HENTON, W. W. 1969. Conditional suppression to 

odorous stimuli in pigeons. J. Exp. Anal. Behav. 
12: 175-186. 

ß J. C. SMITH, & D. TUCKER. 1966. Odor dis- 
crimination in pigeons. Science 153: 1138-1139. 

LEQU•r'i'E, B., C. VERHEYDEN, & P. JOUVENTIN. 1989. 
Olfaction in subantarctic seabirds: its phyloge- 
netic and ecological significance. Condor 91: 732- 
735. 

MASON, J. R., L. CLARK, & T. H. MORTON. 1984. Se- 
lective deficits in the sense of smell caused by 
chemical modification of the olfactory epitheli- 
um. Science 226: 1092-1094. 

--, & --. 1987. Covalent modifica- 

tion of Schiff base-forming proteins: in vitro ev- 
idence for site specificity and behavioral evi- 
dence for production of selective hyposmia in 
vivo. Ann. New York Acad. Sci. 510: 468-471. 

, M. A. ADAMS, & L. CLARK. 1989. Anthranilate 

repellency to starlings: chemical correlates and 
sensory perception. J. Wildl. Manage. 53: 55-64. 

MICHELSEN, W.J. 1959. Procedure for studying ol- 
factory discrimination in pigeons. Science 130: 
630-631. 

MURPHY, C., & W. S. CAIN. 1986. Odor identification: 

The blind are better. Physiol. Behav. 37: 177-180. 
PAPI, F. 1986. Pigeon navigation: solved problems 

and open questions. Monit. Zool. Italiano (N.S.) 
20: 471-517. 

REIGER, J. F., & E. M. JAKOB. 1988. The use of olfaction 
in food location by frugivorous bats. Biotropica 
20: 161-164. 

STAGER, K. E. 1964. The role of olfaction in food 

location by the Turkey Vulture (Cathartes aura). 
Los Angeles County Mus. Contr. Sci. 81: 1-63. 

STATTELMAN, A. J., R. B. TALBOT, & D. B. COULTER. 
1975. Olfactory thresholds of pigeons (Columba 
livia), quail (Colinus virginianus) and chickens (Gal- 
lus gallus). Comp. Biochem. Physiol. 50A: 807- 
809. 

STONEß H., G. T. PRYORß & G. STEINMETZ. 1972. A 

comparison of olfactory adaptation among seven 
odorants and their relationship with several 
physicochemical properties. Percept. Psycho- 
phys. 12: 501-504. 

STURKIE, P.D. 1965. Avian physiology. Ithacaß New 
York, Cornell Univ. Press. 

WALmVOGEL, J. A. 1989. Olfactory orientation by 
birds. Pp. 269-322 in Current ornithology, vol. 6 
(D. M. Power, Ed.). New Yorkß Plenum Press. 

WALKER, J.C. 1983. An operant procedure for testing 
olfactory capacities in restrained pigeons. Phys- 
iol. Behav. 30: 165-168. 

ß D. TUCKr•, & J. C. SMITH. 1979. Odor sen- 

sitivity mediated by the trigeminal nerve in the 
pigeon. Chem. Senses Flav. 4: 107-116. 

ß D. B. WALKER, C. R. TAMBIAH, & K. S. GILMORE. 

1986. Olfactory and nonolfactory odor detection 
in pigeons: elucidation by a cardiac acceleration 
paradigm. Physiol. Behav. 38: 575-580. 



180 Short Communications [Auk, Vol. 108 

WENZEL, B. M. 1968. The olfactory prowess of the 
Kiwi. Nature (London) 220: 1133-1134. 

--. 1973. Chemoreception. Pp. 389-415in Avian 
biologyß vol. 3 (D. S. Farner and J. R. King, Eds.). 
New Yorkß Academic Press. 

ß & M. H. $IECK. 1972. Olfactory perception 
and bulbar electrical activity in several avian spe- 
cies. Physiol. Behav. 9: 287-293. 

Received 9 March 1990, accepted 15 July 1990. 

Feeding Time and Brood-rearing Capacity in the Common Treecreeper 
( Certhia œamiliaris) 

MARKKU I(UITUNF. N • AND JUKKA SUHONEN 2 
•Department of Biology, University of Jyv•skyl•, Yliopistonkatu 9, 

SF-40100 Jyv•skyl[i, Finland, and 
2Konnevesi Research Station, Department of Biology, University of Jyv•skyl[i, 

SF-44300 Konnevesi, Finland 

Lack (1954, 1966, see also Ricklefs 1980) proposed 
that seasonal and geographical changes in day length 
could be partially responsible for the seasonal and 
geographical variation in clutch sizes found in birds. 
This idea is based on the ability of the adult birds to 
forage longer and feed more offspring if more day- 
light hours are available. The idea has received little 
direct experimental testing (Murphy 1978; Yom-Tov 
and Hilborn 1981; Moller 1984; Lundberg 1985a, b), 
and only Lundberg found evidence--albeit weak-- 
supportive of Lack's hypothesis. At least three prob- 
lems complicate tests. First, clutch size does not al- 
ways increase proportionately with latitude. Secondß 
differences in clutch size with latitude are not con- 

sistent between species. Third, some trends between 
clutch size and latitude are contrary to the general 
pattern (e.g. in owls; Perrins and Birkhead 1983). Even 
where the results are consistent with Lack's expla- 
nation, it is difficult to assess causality without ex- 
periments to separate effects of day length from ef- 
fects of food supply. Surprisinglyß the effect of day 
length has not been studied experimentally. Resource 
availability during the breeding season in relation to 
clutch size has been studied experimentally a great 
deal. For example, researchers supplied extra food 
(see Davies and Lundberg 1985, Arcese and Smith 
1988), or manipulated the brood size (see Lessells 1986, 
Gustafsson and Sutherland 1988, Pettifor et al. 1988, 
Orell and Koivula 1988). 

The Common Treecreeper (Certhia familiaris, here- 
after Treecreeper) is a suitable species with which to 
study this problem. Clutch size in Treecreepers first 
increases with time during the breeding season and 
then decreases (Kuitunen 1987) roughly in propor- 
tion to its food supply (Kuitunen 1989), the ambient 
temperature, and the length of the day (Kuitunen and 
Suhonen 1989). Treecreepers prefer mature forestsß 
and nestlings are fed mainly on spiders (Kuitunen 
and T6rm•il•i 1983, Suhonen and Kuitunen 1990) found 
in crevices on tree trunks. The variation of this type 

of food supply between years (Huhta 1965) is less 
than that of passerine food supply, which is gleaned 
from the small foliage (e.g. Gibb 1960, Betts 1955, 
Perrins 1965). As a consequence, the resources and 
environments used by specialized species such as the 
Treecreeper may be more predictable from one year 
to the next than those of the more commonly studied 
avian species (e.g. Parus and Ficedula; but see Bryant 
1975, 1988). 

The Treecreeper forages only on tree trunk surfac- 
es, where food density is low (Kuitunen 1989), and 
its home range is relatively large (Kuitunen and Helle 
1988). In mature coniferous forests, the tree density 
is also low, and Treecreepers fly large distances during 
foraging. Thus one could assume that the Treecreeper 
may be greatly affected in its ability to forage by 
seasonal change in day lengthß which was also sup- 
ported by Kuitunen and Suhonen (1989). 

We examined experimentally the effects of day 
length on foraging ability and reproductive success 
of Treecreepers by preventing adult birds from feed- 
ing their young for certain periods. We attempted to 
determine (1) if nestlings in the "manipulated" broods 
developed more slowly and suffered from a higher 
mortality due to starvation than those in the control 
nests, and (2) if the adult birds had the capacity to 
compensate for the loss in foraging and feeding time. 
Positive answers for these questions would support 
the idea that the brood-rearing capacity of the adult 
birds would be better if the day is longer. 

We performed field experiments from late May to 
mid-Juneß 1987 and 1988, in central Finland (62ø37'N, 
26ø20'E). We studied five experimental and five control 
Treecreeper nestsß all located in mature, spruce-dom- 
inated coniferous forests in an area that contained 50 

Treecreeper nest boxes (Kuitunen 1985) that had been 
used by approximately 15 pairs a year since 1983. Two 
of the experiments were conducted in 1987 and three 
in 1988. Pairs were chosen for similarity in the timing 
of hatching and brood size (see Table 1) and assigned 


