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ABSTRACT.—The sugar-tasting abilities of four species of tanagers and two species of man-
akins were tested. Three tanager species were able to detect differences in diets containing
8%, 10%, and 12% sugar. In pairwise choice trials, they preferred the diet highest in sugar.
Neither species of manakin discriminated among the three diets. This apparent difference
in tasting abilities of tanagers and manakins may be a result of their fruit-handling tech-
niques. Tanagers crush fruits in their bills, thereby releasing juices onto their tongues. Man-
akins swallow fruits whole; their tongues rarely encounter fruit juice. Hence, manakins’ fruit-
handling technique is poorly suited for sensing the taste cues in fruit juices. Variation in
fruit sugar concentration is common within and among plant species and is great enough
to be detected by birds. Birds probably have selected for sweeter fruits. Received 17 April

1986, accepted 22 September 1986.

SUGARs are one of the major and character-
istic constituents of soft fruits (Hulme 1971).
Sugar is likely to play an important role in fruit
selection because it is a good energy source,
birds can taste it (Duncan 1960), and its con-
centration varies within and among fruit species
{(White 1974, McDiarmid et al. 1977, Stiles 1980,
Moermond and Denslow 1983, Wheelwright et
al. 1984).

Previous studies have demonstrated that
some birds can detect sugar (Kare et al. 1957,
Duncan 1960, Gentle 1972, Kare and Rogers
1976, Stiles 1976). Many of these studies are
difficult to interpret in an ecological context,
however, because the species tested (e.g. Rock
Doves, Columba livia; and chickens, Gallus gal-
lus) seldom encounter sweet substances in the
wild and were presented with seemingly ar-
bitrary concentrations of sugar (Wenzel 1973).
Taken together, the studies indicate that nec-
tarivorous and frugivorous birds may be most
likely to exhibit preferences for sweet sub-
stances (Kare and Rogers 1976).

We know very little about how taste sensi-
tivity contributes to food selection by wild birds
because few studies have combined laboratory
taste experiments with complementary field
observations (Stiles 1976, “Brower and Fink
1985). I used field- and laboratory-collected data
to determine experimentally if tropical fruit-
eating birds can taste sugar. If so, do they prefer
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sweeter substances, and can they discriminate
between substances that differ only slightly in
sugar concentration? Sugar concentrations used
in the experiments reflected the natural range
of fruit sugar concentrations found in locally
available wild fruits.

METHODS

I worked at the La Selva Biological Station in
northeastern Costa Rica (see Holdridge et al. 1971 for
a site description). Birds were captured at La Selva
and maintained in captivity for at least 5 months be-
fore beginning the experiments. They were kept sep-
arately in I X 1 x 0.5-m cages. All birds remained
in good health throughout the study.

I selected six of the most common fruit-eating
species at La Selva, four species of tanagers (Olive-
backed Euphonia, Euphonia gouldi; Tawny-crested
Tanager, Tachyphonus delatrii; Scarlet-rumped Tana-
ger, Ramphocelus passerinii; and Palm Tanager, Thrau-
pis palmarum) and two manakins (Red-capped Man-
akin, Pipra mentalis; and White-collared Manakin,
Manacus candei). I ran replicate experiments on two
individuals of each species.

I maintained birds on a diet that consisted primar-
ily of mashed bananas and soy protein isolate in an
agar base (Denslow et al. in press). I will refer to it
as “banana mash.” Its base sugar concentration was
approximately 8%. When making the experimental
diets, I dissolved sucrose in the boiling agar base to
increase the sugar concentration to 10% or 12%. Con-
centrations were measured with a Bellingham and
Stanley hand-héld refractometer. The 8% sugar diet
had little, if any, added sucrose. I used sucrose be-
cause fructose was not easily available. However, su-
crose is a common constituent of tropical fruits (C. E.
Freeman, H. and I. Baker pers. comm.).
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Every morning at approximately 0600 I presented
each bird with two Petri plates of banana mash. [
offered all three possible pairwise combinations of
the three sugar concentrations (8% vs. 12%, 8% vs.
10%, 10% vs. 12%) over a 36-day period. Each pairwise
choice trial lasted 12 days. Plates contained 49-51 g
of the mash weighed to the nearest 0.1 g. Plates were
reweighed at noon to determine amount eaten, and
all birds were then given one plate of unadulterated
mash (8% sugar) for the afternoon. Although the
plates were equally accessible from any point on a
perch (one plate was in front of the perch, the other
behind), I reversed plate positions after the sixth day
of a trial to avoid position-effect biases. A coin toss
determined the initial position of the plates with re-
spect to the perch.

To test for differences in amounts of banana mash
eaten from each plate, I used Wilcoxon and Walsh
tests. Both tests are nonparametric and based on the
distribution of the difference in the amount eaten
from the two plates on a given morning (Siegel 1956).
After calculating differences for each individual on
each of 12 days of a pairwise trial, I tested for differ-
ences between individuals of each species with Wil-
coxon tests. Eighty-three percent (15/18) of these tests
were nonsignificant (P > 0.05). The three significant
tests were between individuals that showed prefer-
ences in the same direction, one bird with a much
stronger preference than the other. Given this low
individual variation, I averaged the daily differences
in amount of mash eaten within each species on each
day. I then used these 12 averages to test the null
hypothesis of no difference in the amount eaten from
the two plates. All tests were two-sided. In discussing
the results of these tests I assume that a bird eats
more of the banana mash it prefers.

I estimated sugar concentration in 73 species of
common fruits at La Selva. This fruit sample included
all the species most commonly eaten by the six species
of captive frugivores. Fruit sugar in juice was esti-
mated by readings with the refractometer. I selected
only juicy fruits, avoiding dry or lipid-rich species,
which give poor or inaccurate refractometer readings
(White and Stiles 1985). I took readings on at least 10
fruits of each species to calculate the average solute
concentration. The refractometer detects any solute;
it is not specific for sugars. Thus, refractometry may
overestimate sugar concentration in some fruits. The
limitations of refractometry data in estimating nutri-
tional rewards of fruits are discussed by White and
Stiles (1985).

I examined within- and between-plant variation in
fruit sugar content of a single species, Hamelia patens
(Rubiaceae), a small, common secondary tree species.
On each of 18 trees I sampled 20 ripe fruits for sugar
analysis. Nine of the trees were growing in full sun-
light, and 9 were in full or partial shade. To test for
effects of infructescence position on berry sugar, I
sampled fruits on exposed branch tips as well as
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within the crown from 2 large Hamelia trees. Forty
fruits were selected from each tree, 20 from exposed
infructescences and 20 from shaded infructescences.
Fruit volume was calculated by assuming the fruits
were prolate ellipsoids.

RESULTS

There were marked differences among the
bird species in their abilities to detect differ-
ences in the sugar concentration of their diet
(Table 1). The manakins, considered as a group
or by species, did not distinguish between the
diets in any pairwise choice (P > 0.5, Wilcoxon
statistic = 1,431, n = 72 paired choices; P > 0.5,
Walsh tests, n = 12 days for each test; Table 1).
In contrast, the tanagers, as a group, preferred
the sweeter banana mash in pairwise choices
(P < 0.001, Wilcoxon statistic = 8,064, n = 144
choices). Only one tanager species, Tachyphonus
delatrii, failed to exhibit a preference for the
sweeter diet. With one exception, the other
three tanager species ate significantly more of
the sweeter mash in all pairwise combinations
(P < 0.05, Walsh tests, n = 12 for each test;
Table 1).

Manakins and Tachyphonus may not have dis-
criminated between the diets because they
could not taste the sugar, could not discrimi-
nate between the two concentrations offered,
or could taste the sugar but were indifferent to
it. The three tanager species’ ability to discrim-
inate between diets may have been based on
metabolic effects rather than on taste. I doubt
this explanation for two reasons. First, during
the first hours of a trial, tanagers always sam-
pled from both plates and rapidly and consis-
tently chose the sweeter diet. Second, if the
birds selected the sweeter diet by plate position
based on previous metabolic experience, they
would have eaten more of the low-sugar diet
on day 7, when plate position was switched.
This did not happen. In 17 of 18 trials, the high-
sugar diet was chosen on day 7 (x* = 14.2, P <
0.01). Furthermore, on the first day of the trials,
the tanagers chose the high-sugar diet in
18 of 18 cases. These observations are inconsis-
tent with the hypothesis that tanagers were se-
lecting diets based on positive postingestional
effects associated with plate position. The sim-
plest explanation is that they were tasting sugar
and preferred the sweeter diet.

Juicy fruits at La Selva averaged 8.7% sugar
(SD = 3.8, n = 73 species). Hence, the range of
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Fig. 1. Means and 95% confidence intervals of fruit

sugar concentration of 18 Hamelia patens trees. The
trees differed significantly in the sugar concentration
of their fruits (F = 22.5, df = 17, 342, P < 0.001,
ANOVA). The top nine trees were fully exposed to
sun; the bottom nine were shaded.

sugar concentrations used in the experiments,
8-12%, was encountered commonly by birds in
the field. Within each of the 73 species tested,
the average standard deviation of sugar con-
centration was 0.97 (+0.58). Thus, a 1-2% range
in sugar concentration is common within as
well as between species.

The 18 trees of Hamelia varied significantly
in the sugar concentration of their fruits (Fig.
1). Trees in full sunlight bore sweeter fruits
than did shaded trees (F = 30.7, df = 1, 342,
P < 0.001, ANOVA). Similarly, on the two large
trees, fruits on exposed portions of the tree were
significantly sweeter than those shaded within
the tree crown (F = 22.9, df = 1,76, P < 0.01,
ANOVA). Although fruits exposed to sun had
higher concentrations of sugar than fruits in
the shade, their total sugar content may not
have been higher because shaded fruits were
larger than sun-exposed fruits (volumes =
325.2 £ 122.0 mm? and 234.2 + 89.9 mm?, re-
spectively; n = 360 fruits, T = 7.59, P < 0.001).

DIsCUSSION

Fruit-eating birds can make fine-scale deci-
sions in selecting among fruits (Moermond and
Denslow 1983). Thus, slight differences in fruit
composition or presentation may influence
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which fruits they prefer (Howe and Vande
Kerckhove 1980, Herrera 1981, Jordano 1984,
Moermond and Denslow 1985). Such differ-
ences are common even within a species and
affect how quickly individual fruits are re-
moved and, presumably, seeds are dispersed
(Howe and Vande Kerckhove 1980, Denslow
and Moermond 1985). Rapid fruit removal is
important to plants because ripe fruits quickly
rot or are attacked by insects (Thompson and
Willson 1978, 1979; Stiles 1980; Herrera 1982).
Hence, small but detectable variation in fruit
sugar concentration may influence fruit remov-
al and, ultimately, dispersal success.

The Hamelia data show that detectable vari-
ation in fruit sugar concentration occurs within
a species and is partially dependent on expo-
sure to light. Other fruit species show a similar
response to light; sunlit fruits tend to have
higher sugar concentrations than shaded fruits
(McDiarmid et al. 1977, Jordano 1984). In trop-
ical forests, tree-fall gaps are areas of high light
intensity (Chazdon and Fetcher 1984) and thus
may contain sweeter fruits than the shaded
understory. Fruits in gaps are removed more
quickly than fruits in the neighboring under-
story (Thompson and Willson 1979, Denslow
and Moermond 1982, Moore and Willson 1982).
I suggest that a mechanism for these higher
removal rates in gaps may involve birds tasting
and preferentially selecting fruits high in sug-
ar. Similarly, selective removal of fruits from
different parts of a tree may be influenced by
varying fruit sugar concentrations. However,
other factors such as crop size, conspicuous-
ness, and infructescence structure are also like-
ly to influence removal rates (Denslow and
Moermond 1982, Howe and Smallwood 1982,
Morden-Moore and Willson 1982, Moermond
and Denslow 1983, Santana C. and Milligan
1984).

Manakins feed primarily on fruit (Snow
1962a, b; Foster 1977; Worthington 1982), yet
the two species I studied demonstrated no sug-
ar-tasting ability. In contrast, most of the tan-
agers tested apparently could taste sugar. I pro-
pose that the apparent discrepancy between the
sugar-tasting abilities of the tanagers and man-
akins could be related to their different fruit-
handling techniques. Manakins swallow fruits
whole with little or no mastication, whereas
tanagers usually crush fruits in their bills,
squeezing juices into their mouths (Snow 1962a,
Moermond 1983, Moermond and Denslow 1985,
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Levey in press). Because taste buds of manakins
rarely come into contact with any part of a fruit
except skin surface, manakins may not sense
fruit juices as well as tanagers do. It does not
necessarily follow that they have a more rudi-
mentary sense of taste than tanagers; their fruit-
handling technique simply is not well suited
for detection of fruit taste cues. Further exper-
iments and anatomical evidence are needed to
determine how the difference in sugar-tasting
ability of manakins and tanagers is related to
taxonomy, morphology, and behavior.

The apparent difference in tasting abilities
may lead to differences in fruit selection based
not only on fruit sugar content but also on sec-
ondary compounds. Such compounds are com-
mon in fruit pulp and affect feeding prefer-
ences of frugivores (Herrera 1982). Sherburne
(1972) and Sorensen (1983) demonstrated ex-
perimentally that birds actively avoid fruits
containing known toxins. Manakins may be less
deterred than tanagers by secondary com-
pounds, especially if the compounds taste bad
but do not inhibit nutrient assimilation.
Whether a manakin or tanager feeds on fruits
is important to many plant species because tan-
agers generally drop, and thus do not disperse,
seeds larger than 4 mm (Levey in press). Large-
seeded plants may discourage tanagers from
feeding on their fruit and dropping their seeds
by increases in the secondary-compound con-
tent of their fruit pulp. In this way a large-
seeded plant may filter out poor dispersers and
encourage frugivores most likely to disperse its
seeds (Janzen 1979).

Tachyphonus delatrii was the only tanager
species tested that lacked a sugar-tasting abil-
ity. In a pilot study, however, two individuals
of this species ate significantly more of a ba-
nana mash containing 11% sugar than an iden-
tical diet with 8% sugar (P < 0.05, Walsh test,
n = 8 days). Intraspecific variation in tasting
ability has been noted previously (Ficken and
Kare 1961). Fecal analysis (Levey unpubl. data)
and the proportionately longer and narrower
bill of Tachyphonus (see Herrera 1984) suggest
it is probably more insectivorous than the oth-
er three tanager species. If fruit is less impor-
tant in its diet, then its sugar-tasting ability may
be less refined and more variable than other,
more frugivorous tanagers.

How well Rhamphocelus, Thraupis, and Eu-
phonia can discriminate among fruits of different
sugar concentrations remains to be examined. I
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did not determine the limit of sugar-tasting
ability in these species. Because they consis-
tently chose between artificial diets that dif-
fered by only 2% sucrose, they probably can
detect even smaller differences in sugar con-
centration. Furthermore, natural fruits vary in
both sugar concentration and composition.
Glucose, sucrose, and especially fructose are
common in tropical fruits (Chan and Kwok
1975, H. and . Baker pers. comm.), and hum-
mingbirds can distinguish among these sugars
(Stiles 1976). The tanagers’ ability to distin-
guish small differences in sucrose concentra-
tion suggests that they may also be able to taste
other sugars.

Tropical fruit-eating birds can discriminate
between synthetic diets that differ only slight-
ly in sugar concentration. However, this ability
may be restricted to those frugivores that crush
fruits before swallowing. Because detectable
sugar variation occurs naturally both within and
between fruit species, birds may be an impor-
tant factor in the evolution of sweet fruits.

ACKNOWLEDGMENTS

This study was funded by a Noyes Fellowship ad-
ministered through OTS and a Frank M. Chapman
Fund Award from the American Museum of Natural
History. D. A. Clark, D. B. Clark, and R. Diaz provid-
ed valuable logistical support. J. Alvarado and L. Mu-
fioz helped care for the birds. The manuscript ben-
efited from comments by or discussion with J. Blake,
]J. Denslow, E. DeVito, J. T. Emlen, C. E. Freeman, S.
Halkin, S. Knight, B. Loiselle, T. Moermond, E. San-
tana C., E. Stiles, D. White, and three anonymous
reviewers.

LITERATURE CITED

BROWER, L. P, & L. S. FINk. 1985. A natural toxic
defense system in butterflies vs. birds. Ann. New
York Acad. Sci. 443: 171-186.

CHAN, H. T, & S. C. M. Kwok. 1975. Identification
and determination of sugars in some tropical food
products. J. Food Sci. 40: 419-420.

CHAZDON, R. 1, & N. FETCHER. 1984. Photosynthetic
light environments in a lowland tropical rain
forest in Costa Rica. J. Ecol. 72: 553-564.

DENsLOW, J. S., D. J. LEvey, T. C. MOERMOND, & B. C.
WENTWORTH. In press. A synthetic diet for fruit-
eating birds. Wilson Bull.

, & T. C. MOERMOND. 1982. The effect of ac-

cessibility on fruit removal from tropical shrubs:

an experimental study. Oecologia 54: 170-176.




178

, & . 1985. The interaction of fruit dis-
play and the foraging strategies of small frugiv-
orous birds. Pp. 245-253 in The botany and nat-
ural history of Panama (W. G. D’Arcy and M. D.
Correa A., Eds.). Monogr. in Syst. Bot. 10. St.
Louis, Missouri Botanical Garden.

DuNCAN, C. J. 1960. Preference tests and the sense
of taste in the feral pigeon. Anim. Behav. 8: 54-
60.

FICKEN, M. S., & M. R. Kare. 1961. Individual vari-
ation in ability to taste. Poultry Sci. 13: 71-77.

Foster, M. S. 1977. Ecological and nutritional ef-
fects of food scarcity on a tropical frugivorous
bird and its food source. Ecology 58: 73-85.

GENTLE, M. J. 1972. Taste preferences in the chicken
(Gallus domesticus L.). Brit. Poultry Sci. 13: 141-
155.

HEerrera, C. M. 1981. Fruit variation and competi-
tion for dispersers in natural populations of Smi-
lax aspera. Oikos 36: 51-58.

1982. Defense of ripe fruits from pests: its

significance in relation to plant-disperser inter-

actions. Amer. Natur. 120: 218-241.

. 1984. Adaptations to frugivory of Mediter-
ranean avian seed dispersers. Ecology 65: 609-
617.

HoLpbrIDGE, L. R., W. C. GRENKE, W. H. HATHAWAY,
T. LIANG, & J. A. Tos. 1971. Forest environ-
ments in tropical life zones: a pilot study. Ox-
ford, Pergamon Press.

Howg, H. F,, & J. SMALLWOOD. 1982. Ecology of seed
dispersal. Ann. Rev. Ecol. Syst. 13: 201-228.

, & G. A. VANDE KERCKHOVE. 1980. Nutmeg
dispersal by tropical birds. Science 210: 925-927.

HulME, A. C. 1971. The biochemistry of fruits and
their products, vol. 2. New York, Academic Press.

Janzen, D. H. 1979. New horizons in the biology
of plant defenses. Pp. 331-350 in Herbivores, their
interactions with secondary plant metabolites (G.
A. Rosenthal and D. H. Janzen, Eds.). New York,
Academic Press.

JorDANO, P. 1984. Seed weight variation and dif-
ferential avian dispersal in blackberries, Rubus
ulmifolius. Oikos 43: 149-153.

Karg, M. R, R. Brack, & E. G. ALLisoN. 1957. The
sense of taste in the fowl. Poultry Sci. 36: 129-
138.

, & J. G. ROGERs. 1976. Sense organs. Pp. 29-
52 in Avian physiology (P. D. Sturkie, Ed.). New
York, Springer-Verlag.

Levey, D.J. In press. Seed size and fruit-handling
techniques of avian frugivores. Amer. Natur.

McDiarMID, R. W., R. E. RicKLEFS, & M. S. FOSTER.
1977. Dispersal of Stemmadenia donnell-smithii
(Apocynaceae) by birds. Biotropica 9: 9-25.

MoEerMOND, T. C. 1983. Suction-drinking in tana-
gers and its relation to fruit handling. Ibis 125:
545-549.

DoucLas J. LEVEY

[Auk, Vol. 104

, & J. S. DENsLow. 1983. Fruit choice in neo-
tropical birds: effects of fruit type and accessi-
bility on selectivity. J. Anim. Ecol. 52: 407~420.
, & 1985. Neotropical avian frugi-
vores: patterns of behavior, morphology, and
nutrition with consequences for fruit selection.
Pp. 865-897 in Neotropical ornithology (P. A.
Buckley, M. S. Foster, E. S. Morton, R. S. Ridgely,
and F. Buckley, Eds.). Ornithol. Monogr. No. 36.

MOoOORE, L. A, & M. F. WILLsON. 1982. The effect of
microhabitat, spatial distribution, and display size
on dispersal of Lindera benzoin by avian frugi-
vores. Can. J. Bot. 60: 557-560.

MORDEN-MOORE, A. L., & M. F. WiLLSON. 1982, On
the ecological significance of fruit color in Pru-
nus serotina and Rubus occidentalis: field experi-
ments. Can. J. Bot. 60: 1554-1560.

SANTANA C,, E,, & B. G. MILLIGAN. 1984. Observa-
tions on the foraging behavior of toucanets, bell-
birds and quetzals feeding on lauraceous fruits
in Costa Rica. Biotropica 16: 152-154.

SHERBURNE, J. A. 1972. Effects of seasonal changes
in the abundance and chemistry of the fleshy
fruits of northeastern woody shrubs on patterns
of exploitation by frugivorous birds. Ph.D. dis-
sertation, Ithaca, New York, Cornell Univ.

SIEGEL, S. 1956. Nonparametric statistics for the be-
havioral sciences. New York, McGraw-Hill.

SNow, D. W. 1962a. A field study of the Black and
White Manakin, Manacus manacus, in Trinidad.
Zoologica (N.Y.) 47: 65-104.

. 1962b. A field study of the Golden-headed
Manakin, Pipra erythrocephala, in Trinidad. Zoo-
logica (N.Y.) 47: 183-198.

SORENSEN, A. E. 1983. Taste aversion and frugivore
preference. Oecologia 56: 117-120.

STILES, E. W. 1980. Patterns of fruit presentation and
seed dispersal in bird-disseminated woody plants
in the eastern deciduous forest. Amer. Natur. 116:
670-688.

StiLes, F. G. 1976. Taste preferences, color prefer-
ences, and flower choice in hummingbirds. Con-
dor 78: 10-26.

THOMPSON, J. N., & M. F. WILLSON. 1978. Evolution
of temperate fruit/bird interactions: phenologi-
cal strategies. Evolution 33: 973-982.

, & 1979. Disturbance and the dis-
persal of fleshy fruits. Science 200: 1161-1163.

WENZEL, B. M. 1973. Chemoreception. Pp. 389-415
in Avian biology, vol. 3 (D. S. Farner and J. R.
King, Eds.). New York, Academic Press.

WHEELWRIGHT, N. T., W. A. HABER, K. G. MURRAY, &
C. GUINDON. 1984. Tropical fruit-eating birds
and their food plants: a survey of a Costa Rican
lower montane forest. Biotropica 16: 173-192.

WHITE, D. W, & E. W. STiLes. 1985. The use of re-
fractometry to estimate nutrient rewards in ver-
tebrate-dispersed fruits. Ecology 66: 303-307.




April 1987]

WHITE, S. C. 1974. Ecological aspects of growth and
nutrition in tropical fruit-eating birds. Ph.D. dis-
sertation, Philadelphia, Univ. Pennsylvania.

WORTHINGTON, A. 1982. Population sizes and
breeding rhythms of two species of manakins in

Sugar Tasting in Frugivorous Birds

179

relation to food supply. Pp. 213-226 in The ecol-
ogy of a tropical forest (E. G. Leigh, Jr., A. S.
Rand, and D. M. Windsor, Eds.). Washington,
D.C., Smithsonian Inst. Press.

100 Years Ago in

The Ruk

From “General Notes” (1887, Auk 4: 167-168):

““What constitutes a Full Set of Eggs? —The ques-
tion as to what constitutes a full set of eggs, and how
to determine the number with any certainty, is a mat-
ter to which I desire to call attention, and, in doing
so, will say that I have given the matter considerable
thought, and have reached the conclusion, on account
of the many nest robbers of the birds, that the larger
number is the only safe one to enter as a full set. For
example, say thirty nests of first sets of a species are
found, with birds sitting, as follows: Four nests with
four eggs in each; six nests with three eggs in each;
ten nests with two eggs in each; and ten nests with
one egg in each. In this case I would enter three and
four—possibly two to four—as a full set. But in no
case one to four, believing the undisturbed birds of
a species do not vary much, if any, as to number of
eggs laid. Say four eggs in first set, and three in the
second; that is, in case the first set is destroyed, or the
birds rear two or more broods in a season; for I find
as a rule that the first set is the larger one.

“Many of the birds, especially the larger ones that
breed in trees, as Hawks, Herons, etc., cannot hide
their bulky nests; in fact, the branches overhead are
more a protection to the thieves than to the nests
when the parent birds are away; for all birds, however

watchful, will, during the early stages of laying and
love making, steal away from their nests a short time,
for a sail or flirtation, which affords the cunning Crows,
Jays, squirrels, etc., an opportunity to come up from
the lower limbs and steal the eggs unobserved, or
before the parent birds can return to protect them.
Such robberies, and the advancement of incubation,
make the birds more watchful and closer sitters. But,
with all their vigilance, I think to find a full set the
exception and not the rule. It is to the interest of paid
collectors and dealers in eggs to have the smaller as
well as the larger number treated as full sets. But the
oblogist at heart, whether a collector or not, can have
but one desire, and that is to arrive at the facts in the
case.

“In my ‘Revised Catalogue of the Birds of Kansas,’
I was governed in giving the dimensions and color-
ation of the eggs by the sets examined, but I did not
venture to change the number when given by other
writers, lest such changes, based on my limited ob-
servation, might prove erroneous or misleading; but
the more I look the matter over, its importance to my
mind increases. I therefore call attention to it, hoping
to draw out, through ‘The Auk’ and other sources,
the views of others.—N. S. Goss, Topeka, Kans.”



